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Association between meteorological factors and frequency
and severity of asthma exacerbations attended in the pediatric
emergency room
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Object: the influence of climate on asthma exacerbations has already been demonstrated but the
studies that analyze the association between different meteorological factors and acute asthma exa-
cerbation in pediatric patients are limited. The aim of the present study is determining association
between some meteorological conditions and asthma exacerbations in children in a third level referral
Academic Hospital located in an oceanic-climate area.

Methods: we conducted a descriptive and retrospective study in 1 to 16 years old patients presenting
with an asthma attack in the emergency department, during a 5-year period. Data about age, sex and
the need for hospital admission were collected. Meteorological data (wind speed, rain, sunlight, tem-
perature, humidity and barometric pressure) were obtained from the Environmental Research Center.
The number of emergency department visits and percentage of hospital admissions were correlated to
meteorological factors using logistic regression analysis.

Results: a total of 8534 asthma exacerbations were attended in the emergency department with a
peak incidence in September. It was found that sunlight and rain were significantly and inversely corre-
lated with emergency department visits and percentage of hospital admissions.

Conclusions: this study, conducted in an oceanic-climate area, confirms the previously described sea-
sonal pattern for asthma exacerbations. We probe a statistically significant and inverse correlation
between rain and sunlight and the number of emergency department visits for asthma and percenta-
ge of hospital admissions due to asthma attack.
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Resumen

Relacion entre factores meteorolégicos y nimero y gravedad de crisis
asmaticas atendidas en urgencias

Introduccién: la influencia del clima en las exacerbaciones asmaticas ha sido demostrada, pero los
estudios que analizan la relacién de los diferentes factores meteorolégicos con la crisis asmatica en
Pediatria son limitados. El objetivo de este estudio es analizar |a relacién entre varios factores meteo-
rolégicos y las crisis asmaticas en una poblacién pediatrica de un hospital de tercer nivel situadoen una
regién con clima oceanico.

Material y métodos: estudio descriptivo retrospectivo de los pacientes de 1 a 16 afos atendidos en
urgencias por crisis asmatica, durante un periodo de cinco afios. Se recogié la edad, el sexo y la necesi-
dad de ingreso hospitalario. Las variables meteoroldgicas (velocidad del viento, precipitaciones, radia-
cion solar, temperatura, humedad relativa y presion barométrica) se obtuvieron del Centro de Investi-
gacion del Medio Ambiente (CIMA). Se analizé mediante regresion logistica la relacion de las variables
meteorolégicas con el nimero de visitas a urgencias y el porcentaje de ingresos por crisis asmética.

Resultados: se identificaron 8534 visitas a urgencias por crisis asmatica, con un pico de incidencia en
septiembre. Se obtuvo una relacion inversa estadisticamente significativa de la radiacion solar y las
precipitaciones con el nimero de visitas a urgencias y el porcentaje de ingresos.

Conclusiones: este estudio, realizado en una region de clima oceanico, confirma el patrén estacional ya
descrito previamente para las exacerbaciones asmaticas. Se evidencia asociacion inversa estadistica-
mente significativa entre las precipitaciones y la radiacién solar con el nimero de visitas a urgencias y
el porcentaje de ingresos por crisis asmaticas.
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INTRODUCTION

MATERIAL AND METHODS

Asthma is one of the most prevalent chronic res-
piratory diseases, affecting 1% to 18% of the world
population. It is one of the main chronic child-
hood diseases, with a prevalence of 10% in Spain,
similar to the overall prevalence in the European
Union. It is more frequent in coastal areas and in
boys aged 6 to 7 years.?

Itis a heterogeneous disease characterised by the
chronic inflammation of the airway, manifesting
with bronchial hyperresponsiveness and airflow
obstruction. The obstruction is variable and revers-
ible, either spontaneously or with pharmacologi-
cal treatment, at least partially.>?

Asthma attacks, also known as exacerbations, in-
volve worsening of symptoms relative to baseline
in asthma patients to an extent that requires med-
ical care and treatment. They are considered the
most frequent medical emergency in paediatric
care, with approximately 20% of patients requiring
emergency care, and accounting for approximately
5% of emergency department visits. In addition,
nearly 15% of patients that visit the emergency de-
partment require admission to an inpatient ward
or the intensive care unit.* As a result, asthma ex-
acerbations place a considerable burden on the
health care system and have a deleterious impact
on the quality of life of affected children and their
families.

Weather can affect the course of asthma directly,
acting on the airway, and indirectly, by affecting
the levels of allergens and pollutant in the air> Few
studies have analysed the association between
meteorological factors and asthma exacerbations
managed in the paediatricemergency care setting,
and their findings have been contradictory.

The aim of our study was to assess the impact of
various meteorological variables on the paediatric
asthma exacerbations managed in the emergency
department of a tertiary care hospital located in a
region with oceanic climate.
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The study was conducted in Cantabria, an autono-
mous community in northern Spain with oceanic
climate. The latter is characterised by abundant
rains distributed regularly throughout the year
and mild temperatures within a narrow range, also
in summer and winter.

We conducted a retrospective descriptive study of
patients aged 1 to 16 years who presented with
asthma exacerbations to the paediatric emergency
department of the Hospital Universitario Marqués
de Valdecilla (Santander, Spain) over a period of 5
years. This hospital is a tertiary care facility that is
the referral hospital for the entire paediatric popu-
lation of Cantabria (approximately 72 000 inhabit-
ants under 16 years), and has a paediatric emergen-
cy department that manages 39 800 emergency
visits a year. The diagnostic and therapeutic man-
agement of asthma exacerbations conforms to a
specific protocol approved for the hospital, which is
based on national asthma management guidelines
and the protocol developed by the Sociedad Espa-
fiola de Urgencias Pediatricas (SEIP, Spanish Society
of Paediatric Emergency Medicine).

To identify eligible cases, we searched the elec-
tronic health record database and its diagnostic
codes. We included patients aged 1 to 16 years
managed in the paediatricemergency department
between January 1, 2014 and December 31, 2018.
We searched for the terms “asthma exacerbation”
and “bronchospasm”. We excluded infants aged
less than 1 year to avoid potential confusion with
viral infections, such as bronchiolitis. We collected
data on the date of birth, management at the
emergency department, sex and need of hospital
admission.

We obtained meteorological data from the Centro
de Investigacion del Medio Ambiente (CIMA, Cen-
tre of Environmental Research) for a weather sta-
tion located 25 km from the hospital. We collected
the monthly mean values for: wind speed (m/s),
temperature (°C), relative humidity (%), atmos-
pheric pressure (mbar), solar radiation (W/m?) and
precipitation (litres/m?).
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We summarised normally distributed variables as
mean and standard deviation and nonparametric
variables as median and interquartile range. We
expressed qualitative or categorical variables as
absolute frequencies and percentages. In the com-
parative analysis of quantitative data, we used the
t test for independent samples or, in the case of
variables without a normal distribution, the Mann-
Whitney U test. To compare qualitative variables,
we used the y? test. We considered p values <0.05
statistically significant. The association between
the different meteorological factors and the num-
ber of asthma exacerbation episodes managed in
the emergency department and their severity (as-
sessed through the proportion that required hos-
pital admission) was assessed by means of logistic
regression. We repeated the same analysis by age
group, dividing the sample into 4 groups (1 to 2
years, 3to 6 years, 7to 10 years and 11 to 16 years).
The statistical analysis was conducted with the
software IBM SPSS statistics for Macintosh, version
20.0 (Armonk, NY: IBM Corp).

RESULTS

During the study period, there were 8534 emer-
gency department visits due to asthma exacerba-
tion or bronchospasm that accounted for 4.2% of
emergency department visits in that period. This
corresponded to a mean of 142.23 visits per month
for this presenting problem (standard deviation
[SD] 64). The median age of the sample was 4
years (interquartile range [IQR] 2-7) and 61.8% of
the patients were male.

Hospital admission was required in 11.8% of cases
(1004 patients), and admissions related to asthma
exacerbations amounted to 8.7% of total paediat-
ricadmissions from the emergency departmentin
the study period. Table 1 presents the annual dis-
tribution of emergency department visits and ad-
missions due to asthma exacerbation.

Figure 1 presents the monthly distribution of
emergency department visits due to asthma exac-
erbation. There was a gradual increase in the first
months of the year, followed by a decrease in the
summer months, and an incidence peak starting
in September. A mean of 219.8 patients were man-
aged in the month of September, accounting for
7.8% of total de emergency department visits.

Figure 2 shows the monthly trends in the meteoro-
logical factors under study.

The logistic regression analysis performed to as-
sess the impact of meteorological factors on the
number of emergency department visits due to
asthma exacerbation found a statistically signifi-
cant inverse correlation with solar radiation and
precipitation. The remaining meteorological fac-
tors under study did not seem to have a significant
impact on the number of emergency visits made
by our patients (Table 2).

When it came to the proportion of hospital admis-
sion as an indicator of the severity of the managed
asthma exacerbations, we found a strong associa-
tion with the number of emergency department
visits (p = 0.000). Eliminating this factor from the
analysis, we found a statistically significant in-
verse association between the proportion of hos-
pital admission and both solar radiation and pre-

Table 1. Annual distribution of emergency department visits and hospital admissions due to asthma

exacerbations

Year Total visits Visits due to Percentage of Total Admissions due Percentage of
asthma visits due to admissions to asthma admissions due to
asthma asthma

2014 41589 1748 4.2% 2218 207 9.3%
2015 39437 2054 5.2% 2712 254 9.3%
2016 39171 1928 4.9% 2389 224 9.3%
2017 39942 1343 3.3% 2164 143 6.6%
2018 38974 1461 3.7% 2103 190 9.0%
Total 199113 8534 4.2% 11 xw586 1018 8.7%
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Figure 1. Monthly distribution of emergency visits due to asthma exacerbation

400

350

B 2o

B 2o

2016

B 2or

cipitation. For the rest of the meteorological
factors under study, we also found no association
with the percentage of patients admitted to hospi-
tal (Table 3).

In the subanalysis by age group we once again
found a statistically significant inverse association
between the number of emergency department
visits due to asthma exacerbation and both pre-
cipitation and solar radiation, except in the oldest
age group (11-16 years), in which we only found an
inverse association with precipitation. We did not
find an association with any other meteorological
factor in any of the age groups (Table 4).

DISCUSSION

The studies in the literature analysing the role of
different meteorological factors in asthma exacer-
bations in the paediatric population have yielded
heterogeneous and, in some instances, contradic-
tory results, with differences in the meteorological
variables found to be associated with exacerba-
tions or the direction or strength of the associa-

tion.oY7
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Previous studies have found an association of

asthma exacerbations with environmental tem-

perature,®* relative humidity,®79 111315

tion’6*8,11,16,17 7,10-11,13-15

pheric pressure

precipita-

wind velocity and atmos-

12-14'

In our study, of all the meteorological variables un-
der consideration, only precipitation and solar ra-
diation exhibited a statistically significant associa-
tion with exacerbation, which was negative.

In our sample, the results show that an increase in
precipitation is associated with a decreased num-
ber of emergency department visits and hospitali-
zations due to asthma exacerbation. The previous
evidence on the association between precipitation
and asthma exacerbations in children is scarce and
contradictory. However, our findings were similar
to those reported by Xirasagar et al., whose study
found an inverse association between precipita-
tion and hospital admissions due to asthma exac-
erbation in children aged less than 2 years.*® Simi-
larly, Witonsky et al. published a retrospective
study that found an inverse association between
precipitation and the frequency of emergency de-
partment visits due to asthma exacerbation.® In
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Figure 2. Monthly variation in the analysed meteorological factors
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opposition, other studies found a direct associa-
tion between precipitation and asthma exacerba-

tions.”t”

The negative association between precipitation
and emergency department visits due to asthma
found in our study could be explained taking into
consideration factors related to pollution. A study

conducted in Taiwan found a strong association
between certain meteorological variables and air
pollution that could contribute to triggering asth-
ma exacerbations.® The authors simultaneously
analysed the frequency of emergency department
visits due to asthma exacerbation, several mete-

orological variables and the concentration of the
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Table 2. Logistic regression analysis of the association

between emergency department visits due to
asthma exacerbation and meteorological factors

Beta t p
(Constant) -0.579 0.565
Wind speed -0.196 -1.233 0.223
Temperature -0.086 -0.471 0.639
Relative humidity 0.010 0.069 0.945
Atmospheric pressure 0.096 0.733 0.467
Solar radiation -0.587 -3.329 0.002
Precipitation -0.458 -3.057 0.004

Table 3. Logistic regression analysis of the association

between the number of hospital admissions due to
asthma exacerbation and meteorological factors

Beta t p
(Constant) 0337 0.737
Wind speed -0.159 -0.898 0373
Temperature -0.060 -0.292 0.771
Relative humidity 0.090 0.580 0.564
Atmospheric pressure -0.037 -0.256 0.799
Solar radiation -0.395 -2.004 0.050

major air pollutants. They found lower concentra-
tions of most of the pollutants included in the
analysis (sulphur dioxide, nitrogen dioxide de, par-
ticular matter with a diameter of less than 10 pm
and of less than 2.5 um) in association with great-
er precipitation, which suggests that these pollut-
ants are partly removed from the air by rainfall.
The authors also found a reduction in the number
of emergency department visits on rainy days,
which was greater in children compared to adults.®

This hypothesis could explain our results, although
we were unable to demonstrate it, as we did not
have records of the concentration of the different
air pollutants and thus could not include these fac-
tors in the analysis.

There is little published evidence on the associa-
tion of solar radiation and asthma exacerbations.
Most studies have not found a significant associa-
tion, and the results of studies that did are contra-
dictory.?

In our study, we found an inverse association be-
tween solar radiation and the frequency of emer-
gency department visits and hospital admissions

Rev Pediatr Aten Primaria. 2023;25:145-54
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due to asthma exacerbation. One of the possible
explanations is the pathophysiology of asthma,
which is based on airway inflammation. Solar ra-
diation, acting as an immunosuppressant through
T cell-mediated mechanisms, could have a positive
effect on the modulation of chronic pulmonary
diseases,'® and thus exert a protective effect
againstasthma exacerbations. This was consistent
a previous study that found an inverse association
between solar radiation and the frequency of
emergency department visits in adult patients
with chronic obstructive pulmonary disease.*
However, the evidence on this association in the
paediatric population with asthma is currently in-
sufficient.

Considering other factors, the environmental tem-
perature is the meteorological factor associated
most frequently with asthma exacerbations in the
literature, predominantly in an inverse direc-

tion 6-8,10-12

However, we did not find a statistically significant
association with temperature in our study, which
could be due to the type of climate in our region, in
which temperatures are mild year-round and vary
within a narrow range.

Several studies have analysed the impact of vari-
ous meteorological factors and pollutants on asth-
ma exacerbations in different age groups, reveal-
ing that infants and children under 5 years are less
susceptible to these factors compared to older
children. However, as age increases, an increasing
number of factors have been found to be signifi-
cantly associated with exacerbations.®*® A possi-
ble reason is thatinfants and young children spend
more time at home sheltered from exposure to
environmental factors, so that dust mites in the
home and viral infection are the main triggers of
asthma exacerbations. In school-aged children
and adolescents, due to their lifestyle habits, the
association with environmental factors is similar
than that observed in adults. Another factor to
take into account is the greater adherence to
maintenance treatment on account of parental su-
pervision in younger children compared to adoles-
cents, who may have residual airway inflamma-
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Table 4. Logistic regression analysis by age group of the association between emergency department visits due to

asthma exacerbation and meteorological factorss

Wind speed Temperature Relative Atmospheric | Solar radiation Precipitation
humidity pressure

1-2 years (n = 2996)

Beta -0.102 -0.163 -0.070 0.178 -0.605 -0.419
t -0.698 -0.965 -0.542 1.480 -3.730 -3.038
p 0.488 0.339 0.590 0.145 0.000 0.004
3-6 years (n = 3256)

Beta -0.216 -0.036 0.064 0.003 -0.534 -0.423
t -1.283 -0.187 0.434 0.019 -2.855 -2.655
p 0.205 0.852 0.666 0.985 0.006 0.010
7-10 years (n = 1647)

Beta -0.273 -0.101 0.068 0.034 -0.383 -0.459
t L3 -0.517 0.459 0.244 -2.035 -2.867
p 0.113 0.607 0.648 0.808 0.047 0.006
11-16 years (n = 635)

Beta -0.163 0.073 -0.039 0.087 -0.420 -0.139
t -0.908 0.356 -0.248 0.592 -2.117 -0.825
p 0.368 0.723 0.805 0.556 0.039 0.413

tion and be more vulnerable to the effects of
various environmental factors.

In our study, we found differences in the group
aged 11 to 16 years, in whom the association was
only significant with precipitation, and not with
solar radiation. Previous studies have not reported
similar results, and this finding could be due to this
group being the smallest in our study. On the other
hand, we did not find differences that have been
previously described in younger age groups.

In our study, the emergency department visits due
to asthma in the paediatric population amounted
to 4.2% of total de emergency department visits, a
percentage that was slightly smaller compared to
the reviewed literature. We also found a lower rate
of hospital admission (11.8%),* which could reflect
an adequate level of asthma control in our region.

The monthly distribution of emergency depart-
ment visits due to asthma exacerbation exhibited
a seasonal pattern (Fig. 1) that had already been

6,10,13,20-22 with an

described in numerous studies,
increase in the spring and an even higher peak in
autumn, in late September, around week 38 of the
year, with a relative frequency of emergency de-

partment visits of 15%.2°! this pattern may be

explained by a combination of factors such as
school attendance, exposure to viral agents, mete-
orological factors and airborne allergens and pol-
lutants.

School attendance, especially at the start of the
school year after the summer vacation,, plays a key
role in this autumn peak.?® Hervas et al. found that
school attendance was independently associated
with an increased incidence of asthma exacerba-
tions in children.*® Analysing asthma seasonal pat-
terns in several countries where the school year
starts at different times, it becomes apparent that
the incidence of asthma exacerbations increases 2
to 3 years from the date school starts.®2° In our
study, the autumn incidence peak essentially
started in the fourth week of September, the week
afterthe school year starts. In countries where stu-
dents return to school in August instead of Sep-
tember, the peak is not as high.?® Thus, it seems
that there are other factors at play that contribute
to the development of asthma exacerbations in
September, which may include infectious or mete-
orological factors.

Respiratory viruses are closely associated with

most asthma exacerbationsin children and adults,
especially rhinovirus, whose incidence peaks in
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early autumn.?® A simultaneous increase in res-
piratory infections and hospital admissions due to
asthma exacerbations has been described in chil-
dren during the school year.** Therefore, it would
be reasonable to assume that respiratory viruses,
and rhinovirus in particular, may play an impor-
tantroleinthe epidemic peak observed in autumn.
When it comes to the different age groups, the
peak is higher and occurs earlier in children, while
in older adults it tends to occur one or two weeks
later.? A possible explanation for this lag is the
role of children and youth attending school as the
main vectors of transmission of the infectious
agents involved in the asthma exacerbations of
the rest of the family.

As concerns meteorological factors, a study by
Witonsky et al. found a negative association be-
tween environmental temperature and asthma
exacerbations that was stronger in boys and in the
autumn, when the decline in temperatures was
associated with an increased frequency of emer-
gency department visits. Therefore, meteorologi-
cal factors may also promote asthma exacerba-
tionsinautumn. In a study conducted by Hervas et
al.*® that applied logistic regression analysis, the
model, which combined meteorological factors
and school attendance, could explain 98.4% of the
asthma exacerbations in the paediatric age group.

Thus, itis reasonable to hypothesise that the peak
observed in September, which coincides and is di-
rectly associated with the beginning of the school
year, is due to a combination of factors, such as
weather conditions and an increased exposure to
respiratory viruses.

The increase in asthma exacerbations that occurs
in the spring seems to be associated with an in-
creased exposure to specific airborne allergens. A
previous study found a statistically significant as-
sociation between pollen counts and the volume
of emergency department visits due to asthma, an
association that was stronger in the spring
months.®

Still, there are several limitations to our study. First
of all, its retrospective design, with the intrinsic
limitations that it carries. Our results cannot be
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extrapolated to other populations with different
sociodemographic, environmental or climate char-
acteristics. In addition, we did not analyse other
factors that could contribute to asthma exacerba-
tions, such as respiratory viruses, airborne aller-
gens and environmental pollutants.

Since the diagnosis of asthma exacerbation is
chiefly based on the clinical presentation, it may be
difficult to differentiate exacerbations from viral
respiratory infections. To minimise confounding,
we excluded infants aged less than 1 year, as it is
the population with the highest incidence of bron-
chiolitis. Notwithstanding, we cannot rule out the
possibility that some of the cases included in the
study were cases of viral infection.

Thisis the second study conducted in Spain to ana-
lyse the association between weather conditions
and asthma exacerbations in the paediatric popu-
lation.1® However, it is the first conducted in north-
ern Spain, a region with oceanic climate.

CONCLUSION

Our study corroborated the seasonal pattern in
asthma exacerbations previously described in the
paediatric population. We found a statistically sig-
nificant inverse correlation between precipitation
and solar radiation in an oceanic climate, on one
hand, and the number of emergency department
visits and hospital admissions due to asthma exac-
erbation, on the other.

Research on this subject is clinically relevant be-
cause knowledge of the weather conditions that
contribute to asthma exacerbations in the paedi-
atric population would allow us to make specific
recommendations to at-risk groups in order to
minimise exposure to those environmental trig-
gers. It would also allow health care providers to
anticipate potential increases in the volume of
emergency visits and hospital admissions and re-
organise resources as needed. Lastly, knowledge of
characteristic seasonal patterns allows optimiza-
tion of maintenance therapy, and it is essential
that patients at risk who discontinue maintenance
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inhaled corticosteroid therapy in the summer re-
sume treatment before returning to school in the
autumn.
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