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Abstract

Objective: to determine the prevalence of asthma risk
associated with anthropometric indicators of excess weight
and body fat distribution.

Methodology: cross-sectional study including adoles-
cents between 10 and 19 years of age. The anthropome-
tric indicator used to classify excess weight was the body
mass index (BMI-Z); those used for abdominal adiposity
were waist circumference (WC), waist-to-height ratio
(WHtR) and the conicity index (CI). Asthma characte-
ristics were evaluated using the International Study of
Asthma and Allergies in Childhood (ISAAC) question-
naire. The significance level was 5%, and the analyses
were performed using Statistical Package for the Social
Sciences (SPSS) Version 18.0.

Results: adolescent students (n=1362; 788 [57.9%] fe-
male) with a mean age of 15.65+1.24 years were evalua-
ted. A high prevalence of asthma, excess weight (BMI-Z)
and excess abdominal adiposity (WC and WHtR) was
observed in the females. Only CI values for excess abdo-
minal adiposity were higher for males than for females.

Adolescents with excess abdominal adiposity, as shown
by the WHtR, had a 1.24 times higher risk of having
asthma compared with non-obese adolescents. Boys with
excess abdominal adiposity, as classified by CI, presen-
ted a 1.8 times greater risk of asthma. The risk of severe
asthma was 3 times higher among adolescents who were
classified as severely obese via the BMI-Z.
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INDICADORES ANTROPOMETRICOS DE LA
OBESIDAD GENERAL Y CENTRAL EN LA
PREDICCION DE ASMA EN ADOLESCENTES;
OBESIDAD CENTRAL EN ASMA

Resumen

Objetivo: determinar la prevalencia de riesgo de asma
asociado con indicadores antropométricos de exceso de
peso y la distribucion de la grasa corporal.

Metodologia: estudio transversal que incluye adoles-
centes entre 10 y 19 aiios de edad. El indicador antro-
pométrico utilizado para clasificar el exceso de peso fue
el indice de masa corporal (IMC-Z); los utilizados para
la adiposidad abdominal fueron la circunferencia de la
cintura (CC), la relaciéon cintura-estatura (RCE) y el in-
dice de conicidad (IC). Las caracteristicas del asma se
evaluaron utilizando el cuestionario International Study
of Asthma and Allergies in Childhood (ISAAC). El nivel
de significacion fue del 5%, y los analisis se realizaron
con el Statistical Package for the Social Sciences (SPSS)
version 18.0.

Resultados: fueron evaluados estudiantes adolescentes
(n=1362; 788 [57,9%] mujeres) con una edad media de
15,65+1,24 afios. Se observé en las mujeres una alta pre-
valencia de asma, exceso de peso (IMC-Z) y exceso de
adiposidad abdominal (WC y RCE). Solo los valores de
IC para el exceso de adiposidad abdominal fueron mayo-
res para los hombres que para las mujeres.

Los adolescentes con exceso de adiposidad abdominal,
como lo demuestra la RCE, tenian 1,24 veces mas riesgo
de tener asma en comparacién con los adolescentes no
obesos. Los nifios con exceso de adiposidad abdominal,
segun la clasificaciéon de IC, presentaron 1,8 veces mayor
riesgo de asma. El riesgo de asma grave era 3 veces ma-
yor entre las adolescentes que fueron clasificados como
severamente obesos a través del IMC-Z.



Conclusion: this study showed that excess body weight
and abdominal obesity are associated with an increased
risk of asthma and asthma severity in adolescents. Thus,
additional BMI measurements are suggested for asthma-
tics.

(Nutr Hosp. 2015;32:2540-2548)
DOI:10.3305/nh.2015.32.6.9851
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Abbreviations

BMI: Body Mass Index.

WHO: World Health Organization.

WC: Waist Circumference.

WHtR: Waist-to-height Ratio.

CI: Conicity Index.

ISAAC: International Study of Asthma and Aller-
gies in Childhood.

PR: Prevalence Ratio.

BMI-Z: Body Mass Index for age.

OR: Odds Ratio.

Introduction

Asthma, wheezing and hyperreactivity of the
airways associated with high body mass index (BMI)
in children and adolescents are subjects of continuous
research, but the physiopathological bases and cause
and effect factors are not completely understood. Stu-
dies suggest that in obese individuals, increased mass
of the abdomen and chest wall reduces functional
residual capacity, leading to a decrease in the length
of the smooth muscle of the airway. Moreover, obese
individuals assume a respiratory pattern characterised
by high frequency and decreased flow volume, which
predisposes them to increased airway responsiveness'.

The distribution of body fat may play an important
role in the association between obesity and asthma,
but little research has considered the role of abdomi-
nal adiposity. In adults, this measure is significantly
associated with an increased risk of asthma®®. In the
child population, central obesity has been associated
with asthma, increased asthma severity, reduced lung
function and atopy.

Thus, excess weight can increase the risk of develo-
ping asthma in predisposed individuals. However, the
results are still controversial because of the limitations
inherent in the methodology used in this research®.
Prominent among these limitations is the fact that most
studies use BMI as the main anthropometric measure
to determine excess weight and obesity. This index is
used as an epidemiological and clinical indicator and
is an inexpensive and easy measurement, but it does
not allow the distribution of body composition to be
examined. Anthropometric evaluation should therefo-

Conclusion: este estudio mostré que el exceso de peso
y la obesidad abdominal se asocian con un mayor riesgo
de asma y asma severa en adolescentes. Por lo tanto, se
sugieren mediciones de IMC adicionales para los asma-
ticos.

(Nutr Hosp. 2015;32:2540-2548)
DOI:10.3305/nh.2015.32.6.9851

Palabras clave: Adolescente. Asma. Indice de masa corpo-
ral. Obesidad abdominal.

re use other indicators, such as waist circumference,
waist-height ratio and conicity index, which are also
inexpensive tools that are easy to standardise’.

Given the above, the present study aims to deter-
mine the prevalence of asthma risk associated with
anthropometric indicators of excess weight and body
fat distribution.

Methodology

This study had a cross-observational design and was
conducted with adolescents aged 10 to 19 years of both
genders from public high schools located in the urban
area of the municipality of Santa Maria-RS, Brazil,
from May to November 2012.

These individuals agreed to participate, and their
parents signed a consent form. Adolescents with neu-
rological damage or any type of physical disability,
birth defect or other factor that would prevent evalua-
tion were excluded.

Sampling was performed by randomly drawing
classes. The calculation of sample size was performed
to provide a difference of RR=2.0 in the prevalence of
excess weight (15%) among adolescents with and wi-
thout asthma (21%), considering a significance level
of 0.05 and a power of 80%. This required at least 395
individuals. Sampling was increased by 10% to allow
for possible losses and refusals, making a total of 435
students.

The research project designed for this study was
approved by the Ethics Committee of the Universi-
dade Federal do Rio Grande do Sul - UFRGS under
Protocol No. 200009. It is noteworthy that the evalua-
tions were returned to all participants and the school
received the overall results of the screening in which
the students participated.

Data relating to the sample characterisation, an-
thropometric evaluations and asthma characteristics
were collected in the schools by the author and by pre-
viously trained undergraduate nutrition students. The
questionnaires were administered in the classroom to
all students that were present, and anthropometric me-
asurements were taken individually in a private room.

Anthropometric measurements were taken using
standardised techniques with calibrated equipment
and in duplicate, assuming a maximum difference of
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1.0 cm or 100 g between measures. The mean value of
each measure was used for the evaluations®.

Body mass (weight) in kg was obtained with the
participant wearing minimal clothing and barefoot.
Plenna® platform scales with a maximum load of 150
kg and 100 g variation were used for this purpose.
Height was measured using a Sanny® brand extensible
stadiometer affixed to a smooth wall without a footer.
The participants were barefoot during height measu-
rement®.

The anthropometric indicator used to classify nutri-
tional status was the BMI for age (BMI-Z), analysed
using the program Anthro Plus Version 1.04 (WHO,
2009). The results were obtained as a z-score and clas-
sified according to WHO criteria®.

The anthropometric indicators used to classify abdo-
minal adiposity were waist circumference (WC), waist-
to-height ratio (WHtR) and the conicity index (CI).

WC was measured using a Secca® brand inelastic
tape positioned at the minimum circumference be-
tween the iliac crest and the last rib. Excess abdominal
fat was defined as a WC greater than the 80th percen-
tile for age and gender’.

WHIR was determined by dividing the waist cir-
cumference (cm) by the height (cm). The cut-off point
used as a threshold for the diagnosis of excess abdomi-
nal fat was 0.43%°.

CI was calculated using the mathematical equation
described by Valdez'". The cut-off point for abdominal
obesity used in this study was <1.1'".

The characteristics of asthma were evaluated in
writing using the International Study of Asthma and
Allergies in Childhood (ISAAC) self-administered
questionnaire, which was validated after translation to
Portuguese/Brazil 2.

Asthma was evaluated using the overall ISAAC sco-
re, an indicator recommended by Wandalsen et al.".
The ISAAC score cut-off used to identify adolescents
with asthma was >6'2. Asthma was considered more
severe when, in addition to wheezing in the past 12
months, there was one or more positive responses to
the following questions: inability to speak at least two
complete words during a wheezing attack, more than
12 crises in the last year and awakenings as a result of
asthma (>1 night per week)™.

The results were expressed as the mean and stan-
dard deviation, and the Kolmogorov-Smirnov test was
applied to evaluate the distribution of variables. The
chi-square test was applied to analyse the association
between qualitative variables. Raw and adjusted pre-
valence ratio (PR) estimates with a confidence interval
of 95% (95% CI) were calculated using the Poisson
regression method with robust adjustment of variance
in bivariate analyses.

The significance level adopted was 5%, and the
analyses were performed using Statistical Package for
the Social Sciences (SPSS) version 18.0.

Results

Atotal of 1362 students were evaluated from 57 clas-
ses in 16 high schools in the city of Santa Maria, RS.
The mean age of the adolescents was 15.65+1.24 years;
788 (57.9%) were female, and 574 (42.1%) were male.

Table I summarises the frequency of affirmative
answers to questions on the ISAAC questionnaire and
the asthma score and severity. A statistically signifi-
cant higher prevalence rate of signs and symptoms was
observed among females.

Table I
Prevalence of signs and symptoms related to asthma according to the ISAAC questionnaire, in overweight and
non-overweight adolescents

Adolescentes
Questionnaire Total* Male* Female*® P
(n=1362) (n=574) (n=788)
Wheezing or whistling. any time 588 (43.2) 226 (16.6) 362 (26.6) 0.016%*
Wheezing or whistling in the chest 282 (20.7) 92 (6.8) 190 (14) <0.05%*
Attacks of wheezing 38 (2.8) 12 (0.9) 26 (1.9) 0.181
Sleep been disturbed due to wheezing 179 (13.1) 58 (4.3) 121 (8.9) 0.005%*
Wheezing to limit your speech 46 (3.4) 11 (0.8) 35(2.6) 0.011%**
Ever asthma 219 (16.1) 84 (6.2) 135(9.9) 0.220
Wheezy during or after exercise 217 (16) 70 (5.2) 147 (10.8) 0.002%*
Dry cough at night 491 (36.2) 167 (12.3) 324 (23.9) <0.05%%*
Score and cut-off point(=6) 279 (20.5) 85 (14.8) 194 (24.6) <0.05%%*
Severeasthma 78 (5.7) 23 (1.7) 55 (4) 0.020

ISAAC, International study of asthma and allergies in childhood; *of subjects (percentage), n (%); Value obtained by Pearson’s chi-square test,

#4p <0.05.
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The classification of nutritional status by anthropo-
metry is shown in table II. There was a higher preva-
lence of excess weight according to BMI-Z and excess

Table II
Prevalence of nutritional state according to indicators
of excess adiposity in adolescents according to gender

Adolescentes
Nutritional
status Total* Male* Female* P
(n=1362) (n=574) (n=788)
BMI-Z
Eutrophic 995 (73.1) 419 (30.8) 576 (42.3) 0.979
Overweight 255 (18.7) 109 (8.0) 146 (10.7)
Obesity 94 (6.9) 38 (2.8) 56 (4.1)
Severeobesity 18 (1.3) 08 (0.6) 10 (0.7)
wC

Withoutexcess 862 (63.3) 356 (26.1) 506 (37.2) 0.407
Withexcess 500 (36.7) 218 (16) 282 (20.7)

WHR
Withoutexcess 776 (57) 337 (24.7) 439 (32.2) 0.269

Withexcess 586 (43) 237 (17.4) 349 (25.6)

CI

Eutrophic 699 (51.3) 208 (15.3) 491 (36.0) 0.001%*
Obesity 663 (48.7) 366 (26.9) 297 (21.8)

BMI-Z, Body mass index (escore-z); WC, Waist Circumference;
WHR, Waist/Height Ratio; CI, Conicity Index. *Number of subjects
(percentage), n (%); Value obtained by Pearson’s chi-square test.
*##p<0.05.

abdominal adiposity according to the WC and WHtR
indicators for females and according to CI for males,
with statistical significance.

As demonstrated in figure 1, adolescents with a sco-
re =6 and severe asthma had a higher prevalence of
excess weight (in the case of females) and obesity (in
the case of males). The boys with asthma had a higher
prevalence of excess abdominal fat (according to CI)
than the girls with asthma. Those with severe asth-
ma showed the same trend, but prevalence of obesity
(according to WC) was higher among females. There
were statistically significant associations between as-
thma and CI, only in males, and between asthma and
WHtR.

An analysis of each of the ISAAC questionnai-
re questions found significant associations, adjusted
for age and gender, for wheezing after exercise PR:
1.35 (95% CI 1.06 to 1.73) (p=0.014) and PR: 1.42
(95% CI 1.11 to 1.82; p=0.005) for the WC and CI
excess adiposity indicators, respectively. Among the
males with severe obesity, there was a risk of impaired
speech during crises; for those with excess adiposity
according to CI, there was a risk of sleep disturbed by
wheezing.

The prevalence asthma ratios according to the
pre-established model are shown in tables III and I'V. It
is noteworthy that adolescents had a 1.24 times higher
risk of asthma scores =6 when classified with excess
abdominal adiposity by the WHtR, and males had a
1.8 times greater risk according to the CI indicator.
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Fig. 1.—Association between the classification of anthropometric indicators, overall score and asthma severity among adolescents

according to gender.

BMI-Z, z-score of body mass index; WC, waist circumference; WHIR, waist-height ratio; CI, conicity index; chi-square test, *p < 0.005.
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The risk of having severe asthma was 3 times higher
among individuals who were classified as severely
obese using the BMI-Z.

Discussion

The Brazil has a high prevalence of asthma in indi-
viduals aged 13-14 years, ranging from 11.8 to 30%.
The prevalence of asthma among adolescents in San-
ta Maria, RS was higher compared to the total for all
cities in southern Brazil that participated in Phase III
of the ISAAC study. Considering wheezing over the
past 12 months and asthma throughout life, the pre-
valence rates were 19%-20.7% and 13.6%-16.1% for
ISAAC and the present study, respectively. For im-
paired speech, the prevalence in this study was lower
(4.7% and 3.4%)".

Furthermore, the prevalence of asthma evaluated
by overall score (=6) was approximately 5% and 7%
higher than in studies of adolescents from public and
private schools in Parand state cities'® and in Rio de
Janeiro".

In this study, asthma was predominant among ado-
lescent females, corroborating other studies of this age
group'*'#19. Although an association between female
gender and asthma in adolescence has been recogni-
sed, the cause of this association has not yet been iden-
tified, and factors such as hormonal and psychosocial
influences and environmental exposures for each gen-
der have been indicated®.

Regarding nutritional status measured by BMI
among all adolescents, the prevalence rates were 6%
and 3% higher for excess weight and obesity compa-
red with the Brazilian population. When classified by
gender, the rates were higher for women in this study
and for men according to IBGE?'.

This study showed a higher prevalence of excess
abdominal adiposity for the whole sample than that
obtained in the study by Wu et al.?>. However, both
studies showed higher percentages of excess abdo-
minal fat in females according to the WC and WHtR
indicators. In contrast, Sant’Anna er al.’ reported that
there were no significant differences between genders
regarding WC and WHtR indicators.

It is noteworthy that among the adolescents studied,
those with asthma had higher rates of excess adiposity
according to the BMI-Z and WC indicators for females
and according to the WHtR and CI indicators for ma-
les. These results are similar to those found in a study
of adults where females were significantly more likely
to present obesity according to BMI and WC2. In con-
trast, Kronander et al.* and del Rio Navarro® found
no link between asthma and WC, but they did observe
that men with abdominal obesity had an increased risk
of developing asthma.

Asthma severity in most studies has included a me-
dical diagnosis, and the odds ratio (OR) has ranged
from 1.12 to 2.6**%. These results are similar to those

of this study, in which individuals with severe asthma
showed a 3 times higher risk when classified with se-
vere obesity via BMI-Z.

Most studies that have evaluated the correlations
between adiposity and asthma have used self-reported
height and weight to calculate BMI and have used va-
rious cut-off points. Most studies have considered the
95th percentile corresponding to obesity according to
the growth curves of the Center for Disease Control
and Prevention (CDC)%*. Currently, the WHO charts®
provide a set of standards that allow comparisons of
data from different populations. These standards are
considered the most sensitive available reference for
the diagnosis of excess weight and appropriate for
classifying nutritional disorders in Brazilian adoles-
cents. It is noteworthy that this is one of the first stu-
dies to compare excess adiposity according to BMI-Z
using the WHO?® standard for asthma.

Despite its strong correlation with measures of adi-
posity in adolescents, BMI may not be an accurate me-
asure of the changes in body composition that occur in
this age group and that are distinct between genders.
Many authors employing nutritional indicators have
shown significant correlations between WC and BMI
and between WHtR and intra-abdominal adipose tis-
sue’?’.

An analysis of the abdominal adiposity indicators in
this study showed that adolescents classified as having
excess abdominal adiposity showed a 1.24 times grea-
ter risk of asthma according to the WHtR indicator and
a 1.8 times greater risk for males according to the CI.
Although the indicators associated with asthma and
risk range differ, these results corroborate the findings
of Musaad et al.*, who showed that asthma was signifi-
cantly correlated with measures of central obesity, i.e.,
for every unit increase in WC, the OR for asthma was
significantly increased by approximately 3 times (OR,
2.95). In boys, the CI was positively associated with
asthma (OR, 2.43), and in girls, WC was negatively
associated with asthma (OR, 0.43). It is noteworthy
that the study evaluated American children and adoles-
cents, and the indicators were analysed by percentiles
and asthma diagnosed according to American Thora-
cic Society (ATS) standards.

Moreover, Leung ef al.?® evaluated WC, asthma and
atopy, among other indicators, using the ISAAC ques-
tionnaire. The study indicated that in Chinese children,
excess adiposity is associated with atopy, but not with
asthma. This is an important observation because aller-
gic sensitisation most likely contributes to the link be-
tween obesity and asthma.

In adults, the anthropometric variable evaluated in
addition to BMI is WC, with measurement performed
at the midpoint and asthma classified using a variety of
methods, including self-reported, validated question-
naires and spirometry. Risks vary from 1.01 to 2.23,
with differences between higher and lower risk popu-
lations and genders®**. Consistent with these outco-
mes, longitudinal studies indicate that regardless of
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BMI, excess abdominal adiposity was associated with
the late onset of asthma but not with early onset™.

The mechanisms by which asthma is affected by
abdominal adipose tissue are not clearly established,
although several hypotheses have been proposed. Ab-
dominal adiposity may mechanically affect the dia-
phragm and chest wall compliance with decreased lung
volumes, especially in the supine position. Another
hypothesis refers to the accumulation of visceral fat,
which is positively correlated with pro-inflammatory
markers, such as leptin, interleukin-6 and tumour ne-
crosis factor-o, and negatively correlated with anti-in-
flammatory markers, such as adiponectin, that contri-
bute to the hyper-responsiveness of the airways?'.

The present study highlights that there is a positive
prevalence ratio between WHtR and asthma. This as-
sociation and the risks presented may in part be explai-
ned by the few studies that evaluated the relationship
between WHIR and inflammatory markers. In non-as-
thmatics, WHtR is associated with the homeostasis
model assessment of insulin resistance (HOMA-IR).
The authors suggest that in this situation, lipolysis is
intensified, producing atherogenic dyslipidemia; toge-
ther with cytokine production by the visceral adipose
tissue, this effect promotes inflammatory reactions and
hepatic synthesis of C-reactive protein (CRP)?"*%

Among the limitations of this study, the absence
of uniform criteria for defining asthma in the studies
may be cited. The ISAAC questionnaire is widely
used for this purpose as its specificity has previously
been demonstrated, but the information obtained can
be subject to bias as the information is self-provided.
Furthermore, it is known that obesity can induce res-
piratory symptoms that mimic asthma; however, obe-
sity is not an independent predictor of asthma mis-
diagnosis®.

The non-inclusion of pulmonary function in studies
such as this does not seem to interfere specifically in
the results. Pulmonary function tests are not decisive
in the diagnosis of asthma because of their low sen-
sitivity, and the authors observed that non-asthmatic
obese children had responses that were very similar to
those of the non-obese asthmatic group?.

The classification of the students’ sexual maturation
could partially account for differences between the
genders and body composition; however, the pubertal
stage was not evaluated because the mean age of the
adolescents was 15 years and, according to the litera-
ture, such children would be classified as post-pubes-
cent*. Additionally, Vink ef al.* found no association
between sexual maturation and the prevalence of as-
thma.

As with other studies, there was a high prevalen-
ce of excess weight, obesity and asthma. Adolescents
with asthma have higher rates of excess adiposity ac-
cording to BMI-Z and WC indicators in females and
according to WHtR and CI in males. However, it is
suggested that excess body weight and abdominal obe-
sity are factors that increase the risk of asthma and its

severity in adolescents. Therefore, we recommend that
additional measures of BMI and WHtR are included
in the nutritional evaluation of asthmatic adolescents;
in this regard, the only additional measurement that
would need to be performed would be waist circumfe-
rence, which is quick, simple and inexpensive.
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