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ABSTRACT:

The objective of this study was to confirm the nutritional risk factors for asthma and obesity in adolescents
using a cross-sectional survey. We included male and female adolescents aged 10 to 19 years of age in this
study. The indicators of nutritional status used in this study were body mass index, the height-for-age index,
and arm and waist circumferences. We used a food frequency questionnaire to estimate the average
consumption of sodium. Physical activity was assessed using the International Physical Activity Questionnaire,
and asthma characteristics were evaluated using the International Study of Asthma and Allergies in Childhood
(ISAAC). Factors associated with asthma in bivariate and multivariate analyses were assessed using the Poisson
regression analysis. The significance level was set at 5%, and the analyses were performed using the SPSS
statistical package. We evaluated 1362 students with an average age of 15.65 + 1.24 years. There was a
positive risk for asthma between females (PR = 1.41) and asthma severity in adolescents with a high sodium
intake (PR = 2.30). Within overweight adolescents, the prevalence for asthma risk washigher among females
(PR = 1.66) and the high sodium intake group (PR = 1.98). An increased risk for asthma severity correlated
with high sodium intake (PR = 3.07). There was a higher risk for asthma and its severity in females with high
sodium intake. The same pattern was observed for adolescents with excessive weight.
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INTRODUCTION

Asthma and obesity are diseases that have
reached epidemic proportions, especially in westernized
countries. Theories have been proposed to explain the
association between obesity and asthma. Theoretical
assumptions included he direct effects of obesity on
functional, genetic, hormonal, and immunological
(1-3).
Moreover, increased weight has been associated with

lifestyle and eating habits (4, 5).

mechanisms and inflammatory responses

Significant changes in dietary and nutritional
standards have been proposed worldwide. These
changes are characterizedas part
There

consumption of processed foods and a more sedentary

of aprocess
callednutritional transition. is an increasing
lifestyle provided by technological advances, especially
among children and adolescents who remain in front of
televisions, videogames and computer devices for
many hours (6, 7). The low level of physical activity in
adolescents with asthma may be associated with
obesity because these verity of the disease can
contribute to a sedentary lifestyle; however, obesity
and a large amount of time spent watching TV can

increase the risk of respiratory symptoms (8, 9).

In addition to the relationship with respiratory
health and sedentary behavior, the habit of watching
television promotes a change in eating routine and
increases the risk of obesity in children and adolescents
(10). These habits are also associated with a higher
consumption of salty snacks (11) that are rich in
sodium and increase the risk of bronchial hyperrespon-
siveness and wheezing in children and adolescents
(12).

Despite the promising discoveries and

hypotheses available in the current literature, finding
son the prevalence of asthma, the effects of a

sedentary lifestyle and the role of sodium are scarce.
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Therefore, this study assessed the nutritional risk

factors for asthma and obesity in adolescents.
METHODOLOGY

This

observational design and was completed with a group

study consisted of across-sectional
of adolescents from 16 public high schools located in
the urban area of the city of Santa Maria-RS/Brazil

from May to November 2012.

We included male and female adolescents
aged 10 and 19 years who were regularly enrolled in
the schools where data collection occurred. All subjects
agreed to participate, and their parents signed an
informed consent form. We excluded three adolescents
with cerebral palsy and two adolescents with Down

syndrome.

Sampling was performed by randomly polling
classes. The sample size estimation to show statistically
2.0 for the

prevalence of obesity (15%) among adolescents with

significant differences with a RR=

and without asthma (21%), a significance level of 0.05
and a power level of 80% was calculated as 395

individuals.

The research project used to develop this study
was approved by the Ethics Committee in research of
the Rio Grande do Sul Federal University (UFRGS)
under the protocol n. 20009. All participants received
the

received the overall results of the student analyses.

results of their assessment, and the school

The data referring to sample characterizations,
anthropometric evaluations and asthma characteristics
were collected by the authors and previously trained
students from the undergraduate program in nutrition.
The questionnaires were applied in the classroom for
all of the present students and in the absence of the

teacher.

Anthropometric measurements were assessed

individually and in duplicate using standard techniques
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and calibrated equipment in a private room. We
assumed a maximum difference value of 1.0cm or 100g
between measurements. For the analysis, we used the

average value of each measure (13).

The body mass weight in kg was obtained while
the adolescents were barefoot and wearing minimal
clothing using platform scales (Plenna, Sao Paulo, Brazil)
with @ maximum load of 150kg and a range of 100g.
Height was measured while the subjects were standing
barefoot using an extensible stadiometer (Sanny, Sdo
Paulo, Brazil) fixed on a flat wall without a baseboard
(13).

The anthropometric indicators used included the
body mass index for age (BMI-Z) and the height-for-age
index (H/A-Z). These parameters were analyzed with
Anthro Plus version 1.04, and the results were obtained
using the z-score and classified according to WHO
guidelines (13). Adolescents with a BMI-Z greater than
+1 were classified as overweight.

For arm circumference (AC) measurements, we
used an inextensible measuring tape (Secca, ON, USA)
that was positioned perpendicular to the long axisof the
arm at the midpoint (distance between the acromion
and theolecranon). The measurement value was

classified based on Frisancho (14).

Waist circumference (WC) was measured usinga
Secca® (ON, USA) in elastic measuring tape positioned
at the minimum circumference between the iliac crest
and the last rib. An excess of abdominal fat was defined
as a WC higher than the 80" percentile for age and sex
(15).

We used a food frequency questionnaire for
foods with high sodium content (FFQSo) to estimate the
average daily intake of sodium. The survey inquires
about 15 types of food, including the frequency and
portion size consumed. The final result was calculated as
the average consumption of sodium in grams/day (16).
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Intake values above the Tolerable Upper Intake Level
(UL) for age (17) were considered inadequate. The cut-
off for the UL was based on the high sodium intake of
Brazilians (18, 19).

The typical physical activity of adolescents was
assessed using the short and validated version of the
Brazilian adolescents of the International

(IPAQ),

populations into three categories: insufficiently active,

Physical

Activity  Questionnaire which  classifies
sufficiently active and very active (20). The survey
included questions regarding the practice of sports and
the daily hours of exposure to television, videogames

and computers.

Asthma characteristics were evaluated by the
International study of asthma and allergies in childhood
(ISAAC) self-administered questionnaire, which was
validated after its translation into Brazilian Portuguese
(21).

Asthma was assessed by the overall ISAAC
score, as recommended by Wandalsen et al. (22). To
identify adolescents with asthma, we used acut-off score
>6 on the ISAAC questionnaire (21). More severe
asthma cases were defined by wheezing in the last 12
months and one or more positive responses to the
following questions: inability to speak at least two
complete words during an attack of wheezing, more
than 12 crises in the last year, and greater than one

night per week of nocturnal awakenings (23, 24).
Statistical analyses

The results are expressed as the mean and
standard deviation. To assess the distribution of
variables, the Kolmogorov-Smirnov test was used. To
analyze the association between qualitative variables,
the chi-square test was applied. Gross and adjusted
estimation of prevalence ratios were calculate dusing a
Poisson regression analysis with a confidence interval of
95% (95% CI) and a robust adjustment of variance in
bivariate and multivariate

analyses, respectively.
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Covariates with a value of p <0.20 in the bivariate
analysis were used in the Poisson multiple regression

analysis (multivariate analysis).

The cut-off level for significance was 5%, and
the analyses were performed using SPSS (Statistical

Package for the Social Sciences) software version 18.0.
RESULTS

We evaluated 1362 students from 57 classes
across 16 high schools in the city of Santa Maria/RS. The
average age of the adolescents was 15.65 *+ 1.24 years,
and the prevalence of signs and symptoms related to
asthma among all adolescents were stratified by BMI-Z
(Table 1). There were no significant differences in the
signs and symptoms of asthma between adolescents

with and without obesity.

Table 2 shows the physical activity and

nutritional characteristics of the study participants.
There is greater prevalence of obesity in females. There
were statistically significant differences between
overweight adolescents and adolescents with asthma,
A total of 57.1% of the

overweight adolescents with severe asthma consumed a

particularly in females.

high amount of sodium on a daily basis.

the

determined that out of 22 adolescents with short

Based on height-for-age index, we

stature, 12 were classified as overweight. Among
asthmatic students, there was no individual that was

overweight and had a short stature.

The bivariate and multivariate analyses adjusted

for the age of all adolescents, showed a significant risk

Table 1. The prevalence of signs and symptoms related to asthma in overweight and non-overweight

adolescents according to the ISAAC questionnaire.

Adolescents
Questionnaire Total* | Non-overweight* | Overweight* P
(n=1362) (n=995) (n=367)

Wheezing or whistling at any time | 588 (43,2) 424(51,1) 164(12,0) 0,493
Wheezing or whistling in the chest | 282 (20,7) 221(15,5) 71(5,2) 0,452
Attacks of wheezing 38 (2,8) 25(1,8) 71(5,2) 0,306
Sleep been disturbed due to wheezing| 179 (13,1) 136(10,0) 43(3,2) 0,344
Wheezing to limit your speech 46 (3,4) 33(2,4) 13(1,0) 0,848
Ever asthma 219 (16,1) 149(10,9) 70(5,1) 0,069
Wheezy during or after exercise 217 (16) 162(12,0) 55(4,1) 0,564
Dry cough at night 491 (36,2) 360(26,5) 131(9,7) 0,882
Score and cut-off point (=26) 279(20,5) 207(15,2) 72(5,3) 0,796
Severe asthma 78(5,7) 56(4,1) 22(1,6) 0,631

e e e e e e e e e e e e e e —————
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Adolescents Asthma Severe asthma
Variables Total |Overweight*| Total |Overweight*| Total |Overweight*
(n=1362)| (n=367) (n=279) (n=72) (n=78) (n=22)
S Male 574(42.1) 155(42.2) |85(30.5)**| 22(30.6)** 23(29.5)** 7(31.8)
ex
Female 788(57.9) | 212(57.8) 194(69.5) 50(69.4) 55(70.5) 15(68.2)
H/A-Z Appropriate [1340(98.4)| 335(96.7)** | 273(97.3) 72(100) 74(94.9)** 22(100)
Short 22(1.6) 12(3.3) 6(2.2) 0 4(5.1) 0
Z\Qggggt 862 (63.3) 224(61) 182(65.2) 44(61.1) 49(62.8) 12(54.5)
WC
With excess | 500(36.7) 143(39) 97(34.8) 28(38.9) 29(37.2) 10(45.5)
Eutrophic 792 (82.2)| 212(82.8) 163(81.5) 41(77.4) 50(87.7) 14(87.5)
AC
Obesity 172(17.8) 44(17.2) 37(18.5) 12(22.6) 7(12.3) 2(12.5)
Insuff. active [806 (67.4)| 210(67.3) 172(65.6) 47(69.1) 46(63.9) 14(67.1)
IPAC Suff. active [270 (22.6) 72(23.1) 61(23.3) 14(20.6) 20(27.8) 4(23.3)
Very active 120 (10) 30(9.6) 29(24.2) 7(10.3) 6(8.3) 2 (9.6)
<4 hours 363(30.3) 84(26.8) 73(27.9) 17(25) 21(29.2) 3(15)
Tv/video
>4 hours 834(69.7) | 229(73.2) 189(72.1) 51(75) 51(70.8) 17(85)
No 545(45.7) 134(43.1) 127(48.5) 26(38.2) 34(47.2) 7(35)
Sports
Yes 648(54.3) 177(56.9) 135(51.5) 42(61.8) 38(52.8) 13(65)
Adequate 716(74.3) 191(75.5) 124(70.1) | 25(54.3)** 28(57.1)** 6(42.9)**
Sodium/day
High 248(25.7) 78(24.5) 53(29.9) 21(45.7) 21(42.9) 8(57.1)

! | Index height-for-age (H/A-Z), Waist circumference (WC), Arm circumference (AC), International Physical Activity | i
nQuestlonnalre (IPAQ), Number of subjects (percentage), n (%). Data were analyzed using a Pearson’s chi-!
Isquare test, **p<0.05.

for asthma in females and severe asthma in adolescents bivariate analysis. However, in the multivariate analysis,
with high sodium intake (Table 3). only high sodium intake was associated with asthma.

As demonstrated in Figure 1 and Table 4, The multivariate analysis also showed that severe

overweight adolescents that were female and had a high asthma was more prevalent in adolescents with a high

sodium intake showed a significant risk of asthma in the sodium intake.
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DISCUSSION

In this study, female sex and high sodium intake
increased the risk for asthma. There was an additional
risk for asthma in females and those with high sodium
intake among overweight adolescents. There were no
differences in the signs and symptoms of asthma
between overweight and non-overweight adolescents;
however, females with asthma showed a higher

prevalence of obesity.
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Asthma and obesity are among the most
prevalent diseases in children. Both pathologies have
the

countries.

increased in parallel over recent decades,

the

possibility of the association and risk between asthma

particularly in western Therefore,
and obesity has garnered a great deal of attention. Many
studies used across-sectional design to show an
association between asthma and obesity in the adult

population, especially in women. This association in
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i Table 4. The risk factors for asthma and asthma severity among overweight adolescents |

! identified with a multivariate analysis

Asthma Severe asthma
Overweight* Overweight*
Variables
(n=367) (n=367)
PR CI95% P PR CI95% P
Sex
Male Ref. -- - - -- -
Female 1.03 | 0.59-1.78 0.911
AC
Eutrophic Ref. -- - - -- -
Obesity 1.71 0.98-2.97 0.058
TV/video
<4 hours - -- - Ref. -- -
>4 hours 3.84 | 0.49-2.95 0.196
Sodium/day
Adequate Ref. -- - Ref. - -
High 248 | 1.46-4.19 0.001" 3.07 | 1.039.13 | 0.043'

'Arm circumference (AC), 95% confidence interval (CI95%), prevalence ratio (PR), reference
| (Ref.).*adjusted for age, multiple regression-Poisson, "p<0,05.

children and adolescents remains contradictory (3, 21).

Recently, cross-sectional studies and studies
with a prospective design (25-28, 31-33) reported an
association between asthma and obesity in children and
adolescents, especially among women (31, 33). Notably,
the 95th percentile for BMI was used as the cut-off for
nutritional status (25-27). These results are consistent
with the hypothesis described in the meta-analyses
completed by Beuther and Sutherland (36) and Chen et
al. (37), which concludes that the incidence of asthma is
weight-dependent. In contrast, other authors (29, 30,
34, 35) did not observe this association in the pediatric
population. However, these authors used the 85th
percentile for BMI as the cut-off point. This cut-off value
corresponds to a z-score +1, which was the cut-off

value used in the present study.
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Our findings are in accordance with other
studies (38, 39) that showed a higher prevalence of
asthma or severe asthma in females (OR= 1.48 to 2.44).
In the current study, the prevalence rate for asthma in
all female participants and in all overweight adolescents
was 1.66. This meta-analysis also showed that
overweight/obese males are more susceptible to asthma
(RR: 2.47 for boys, 1.25 for girls); however, a weight-
dependence for the incidence of asthma was only

significant in girls (37).

There is a significant debate regarding the effect
of gender on asthma. Previous studies showed that boys
have a higher incidence of asthma in childhood, but girls
show the higher incidence during adolescence. Potential
mechanisms to explain this phenomenon include
pulmonary mechanics, sleep disorders and leptin, and

the influence of hormones, such as estrogen (37, 40).
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Notably, the majority of studies used BMI as the
sole indicator of nutritional status. New findings indicate
that body composition, including WC, in the pediatric
population may increase the risk of asthma (3);
however, we did not observe this characteristic in the
present study. Interestingly, there was a tendency
toward a positive risk for asthma based on the AC within
overweight adolescents. This indicator reflects body
composition, and it can be used as a practical and
feasible measurement during clinical examination,
especially when weight and height data are not available

(41).

the

between excess adipose tissue and asthma include

Possible explanations for relationship
genetic factors, mechanical changes, airway hyperre-
sponsiveness, alteration of hormonal substances, such
as cytokines and chemokines, and changes in lifestyle,

including physical activity and nutrition (42).

Another indicator of nutritional status is the H/A
index. A total of 2% of adolescents with asthma and 5%
of adolescents with severe asthma also had a short
stature; however, no adolescent with a small stature
was overweight. These results are consistent with the
study by Baum et al. (43) that reported children with
allergy-related diseases, including asthma, are more
likely to have a low height for their age. Asthmatics
show a characteristic pattern of growth, /e., decreased
growth rate, especially patients with severe asthma (44).
Studies suggest that the use of inhaled corticosteroids at
the recommended doses does not adversely affect the

final growth of children and adolescents (45, 46).

The nutritional status of adolescents is likely
related to asthma, and many theories have been
proposed to elucidate the mechanism of this association.
Dietary measures should be considered in analyses
because the energetic control and quality of diet are
considered possible inflammatory stimuli. Few studies
have investigated the expenditure and consumption of

energy, which are determinants of energy balance and
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body weight. In children and adolescents with asthma,
we found that the resting energy expenditure is similar
between children with and without asthma; however,
the estimated energy intake exceeds the resting energy

expenditure in children with asthma (47).

These data reinforce that the increase in the

prevalence of asthma, especially in westernized
countries, is associated with environmental factors, such
as dietary intake and sedentary lifestyle. Indeed, these
fundamental rolein the

elements likely play a

development and progression of asthma (48).

There was no statistically significant change in
the risk of asthma based on the level of physical
activities, sedentary activities and sports practice;
however, the risk for severe asthma was higher among
students classified as insufficiently active, and the risk
doubled for overweight students that spent more than 4
hours a day doing sedentary activities. A previous study
in children found no association between regular sport
activity and asthma symptoms, but children who spent
five or more hours per day watching television were
more likely to have wheezing and asthma (48). Cabral et
al. (49) studied children with asthma and found a higher
prevalence of exercise-induced bronchospasm in more
serious asthma cases; however, the intensity of the
bronchoconstriction response to exercise was not related
to asthma severity. Rodrigues et al. (50) observed that
obese students showed more hyperresponsiveness to
exercise. The authors did not consider this a reason to
limit physical activity but rather suggested that this
limitation be combined with other factors related to

adipose tissue.

Notably, 70% of the

adolescents evaluated in this study watched television or

over overweight
played videogames for more than four hoursper day.
The exposure to television is associated with an increase
in the consumption of salty snacks, and these two
in both obesity and the

behaviors are implicated

development of asthma (11) (5).

Vol-1 Issue 3 Pg. no. 55


http://www.openaccesspub.org/
http://openaccesspub.org/
http://openaccesspub.org/journals/index.php?jid=36

Freely Available Online

The consumption of fast foods that are high-
calorie and rich in sodium and saturated/trans-fat is
associated with the symptoms of wheezing and
bronchial hyperresponsiveness in children; thus, diet
plays an important role in the pathogenesis of asthma
(5, 48).

The risk of asthma and increased asthma
severity in all participants with high sodium intake was
approximately two-fold higher. For overweight children,
this risk was three-fold higher. Corroborating these
findings, previous studies showed that the addition of
salt to food led to a greater than two-fold increased risk
for wheezing and asthma (48). The consumption of
snacks (three times/week) was associated with asthma

symptoms at a risk of 4.8 (5).

The influence of sodium on asthma is not yet
fully understood. One potential explanation is that
sodium exacerbates asthma via the hypersensitization of
bronchial smooth muscle. This muscle is permeable to
sodium, and an increase in sodium consumption leads to
muscle hyperpolarization. Another hypothesis is that the
asthma is associated with increased ouabain, an
inhibitor of the sodium/potassium pump that causes
the

relationship between the response capacity of the

sodium intracellular accumulation. However,
airways (asthma) and urinary sodium excretion (an
indicator of intake) in response to increased sodium
intake is unclear (12). Based on the currently available
evidence, we cannot conclude that reducing salt in the
diet will help treat or manage asthma symptoms;
however, sodium intake among asthmatics should abide
by the recommendations available for the age-group of

the patient (17).

During adolescence, many changes occur that
influence the development of particular lifestyles,
including nutrition and physical activity. We are the first
to report a Brazilian study that specifically investigated
the prevalence of asthma based on the sodium intake of

adolescents; however, one limitation of the study is that
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the effects of asthma protective nutrients as potential
confounders were not assessed. Another limitation is the
lack of uniform criteria for the definition of asthma
across studies. The ISAAC questionnaire is widely used
for this purpose because of its specificity; however, the
symptoms obtained by this survey are subject to biases

because the information is self-reported.
CONCLUSIONS

This study found no differences between
adolescents with asthma and obesity; however, the
prevalence of asthma was higher in overweight females.
There was a higher risk for females and those with a
high sodium intake for asthma and severe asthma,
respectively. Among overweight adolescents, there was
an additional risk for females and those with a high
sodium intake. Asthma and obesity are multifactorial
diseases with environmental factors that are significant
predictors of quality of life. Thus, we suggest further
research is needed to clarify the relationship between
asthma and obesity and the influence of sodiumon this
association. Adolescents need to learn about these risk
factors because school is an ideal location for health

promotion and risk prevention.
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