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ENVIRONMENTAL CONDITIONS

AND CHILDHOOD ASTHMA IN LISBON.
AN EXPLORATORY ANALYSIS FOR AUTUMN THUNDERSTORMS
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Abstract — Asthma attacks triggered by thunderstorms have been described in
several countries. The rises in pollen concentrations, attributed to atmospheric electrical
discharges, were considered the leading cause of these outbreaks. The presence of various
pollutants as well as certain weather conditions may contribute synergistically to the
onset of exacerbations in patients with a previous diagnosis of asthma. This study aims to
investigate whether atmospheric electrical discharges exert any influence on the number
of emergency admissions due to childhood asthma, in autumn, in Lisbon. The investiga-
tion will examine whether there are isolated or combined effects of meteorological varia-
bles, pollutant and pollen concentrations that favour an increase in the number of exacer-
bations of asthma symptoms. For this purpose we compared the number of asthma
admissions in periods with and without thunderstorms in a Lisbon paediatric emergency
service. Increasing pollen concentrations attributed to thunderstorms reported in the lite-
rature were not found in Lisbon in the days analysed. There was also an absence of rela-
tionship between admissions for asthma and air pollution. Associations between hospi-
talisations due to asthma crisis and atmospheric variables were documented. In Lisbon,
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no influence of atmospheric electrical discharges in the variation of the number of emer-
gency admissions due to childhood asthma was verified in the studied period (autumn).
On the contrary, it was verified that a decrease in minimum temperature positively rein-
forces these admissions.

Keywords: Asthma, thunderstorms, atmospheric electrical discharges, minimum
temperature, Lisbon

Resumo — CONDICOES AMBIENTAIS E ASMA INFANTIL EM LISBOA. ANALISE EXPLO-
RATORIA EM DIAS DE TROVOADA NO OUTONO. Crises de asma desencadeadas por trovoa-
das tém sido descritas em varios paises, como consequéncia do aumento das concentragdes
de polenes. Varios poluentes e certas condi¢des meteorologicas podem contribuir sinergi-
camente para a agudizacdo dos sintomas em individuos com asma. Investiga-se se as des-
cargas eléctricas atmosféricas (DEA) aumentam as admissdes hospitalares a urgéncia
infantil, no Outono, em Lisboa. Analisaram-se as entradas numa urgéncia pediatrica em
Lisboa, comparando o nimero de admissdes por asma em periodos com e sem trovoadas.
O aumento das concentragdes de polenes no ar, atribuido as trovoadas nio se verificou, em
Lisboa, no periodo analisado. Confirmou-se também a auséncia de relagdo entre admis-
soes por asma e poluentes e documentaram-se associagdes entre aquelas e as varidveis
atmosféricas. Nao se observou associagio entre descargas eléctricas atmosféricas e admis-
soes ao Servigo de Urgéncia pediatrico por asma. No entanto, verificou-se que a diminui-
¢do da temperatura minima provocou o aumento de admissdes hospitalares por asma no
periodo estudado.

Palavras-chave: Asma, trovoadas, descargas eléctricas atmosféricas, temperatura
minima, Lisboa.

Résumé — CONDITIONS ATMOSPHERIQUES ET ASTHME INFANTILE A LISBONNE: UNE
ANALYSE PRELIMINAIRE PORTANT SUR LES JOURS ORAGEUX. On a décrit en divers pays
une augmentation des crises d’asthme pendant les jours d’orage, surtout a cause d’un
accroissement des concentrations en pollens, liées aux décharges électriques. Mais
d’autres causes peuvent étre la présence de divers polluants dans I’air ou encore certaines
situations météorologiques. On a comparé le nombre de décharges ¢lectriques au nombre
d’admissions en urgence infantile causées par I’asthme, pendant un automne a Lisbonne.
On n’a pas observé d’augmentation de la concentration de I’air en pollens, attribuée aux
orages dans la bibliographie pendant cette période, ni de rapport entre les admissions
pour asthme et la concentration en polluants ou la fréquence de décharges électriques. Il
semble, par contre, que la baisse de la température minimale provoque une augmentation
de ces admissions.

Mots-clés: Asthme, orage, décharges électriques atmosphériques, température
minimale, Lisbonne.
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I.  INTRODUCTION

As part of the “RAIDEN” project, financed by FCT, the Portuguese Foundation
for Science and Technology, research was conducted on the spatial and temporal
variability of thunderstorms over mainland Portugal based on the first seven years
(2003-2009) of atmospheric electric discharge (AED) records, provided by the AED
detection network setup by Instituto Portugués do Mar e da Atmosfera (IPMA). For
more on these records please see Santos et al. (2012), Sousa et al. (2013) and Correia
(2013). As part of the aforementioned project, Professor Henrique Andrade, in col-
laboration with physicians of Dona Estefania Hospital in Lisbon, initiated a study on
the possible links between thunderstorms and the increase in the number of asthma
attacks in children living in Lisbon.

The increase in number of asthma attacks linked to thunderstorms has been
reported around the world. The first studies were made in the beginning of the 1980s
in the UK (D’Amato, 2012; Anderson, 2001). Other countries to report surges in the
number of asthma attacks linked to the occurrence of thunderstorms are Australia
(Bellomo, 1992; Girgis, 2000; Marks, 2001), the USA (Grundstein, 2008), Canada
(Villeneuve, 2005) and Italy (D’ Amato, 2005; Losappio, 2011). Several mechanisms
were put forward as the triggers of asthma crisis, the most widely accepted being an
increase in the concentrations of airborne pollen during and immediately after the
occurrence of thunderstorms (Marks, 2007). The increase in pollen concentrations is
due to the rupture of pollen grains through osmotic shock, which occurs during thun-
derstorms on the smaller sized particles that, when inhaled, reach the lower air pas-
sages thus increasing the allergic reaction (Suphioglu, 1992; Vaidyanathan, 2006;
Taylor, 2007; Grudstein, 2009). Other factors can work in synergy to increase asthma
attacks during thunderstorms, for example the increase in pollutants such as ozone,
nitrogen oxides and particulate matter (PM) (Fauroux, 2000; Johnston, 2006; Ruffoni,
2013). Alcoforado (1991) found a link between increases in the occurrence of asthma
attacks and clear, calm anticyclone conditions in the city of Lisbon during Spring.

The records for thunderstorms in Portugal show a relatively low frequency of
these events, even for the country’s centre, interior and southern regions where the
occurrence is higher, with a yearly average AED for 2003-2009 of 15 days to 20 days
with registered electrical activity. In the Lisbon area the average was of 10 days a year.

Autumn and more specifically the September-November trimester is the time of
year with the highest occurrence of AED in mainland Portugal (Correia, 2013). The
month of September registers the highest number of incidences with an average of
23.5% of the yearly total of days with thunderstorms. During this season the average
density of AED are nevertheless lower than during the summer, especially in the inte-
rior regions of Portugal. As for the spatial distribution, AED are more frequent in the
centre, interior and south of Portugal. During both autumn and the spring-summer
seasons, there is a well-defined daily cycle in the temporal distribution of AED, which
occur more frequently during the afternoon, with peaks between 4p.m. and 5p.m.
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II. AIM

The aim of this study is to investigate whether thunderstorms, namely, the
records of atmospheric electric discharges, exert any influence on the number of
asthma admissions to the paediatric emergencies (in autumn, in Lisbon). In
parallel, the study aims at understanding which atmospheric variables are associa-
ted with the increase of paediatric asthma admissions. Lastly, it is also important
to identify the environmental conditions (isolated or a combination of meteoro-
logical, pollutant and pollen concentration effects) that are consistent with asthma
symptoms.

III. METHODS AND DATA
1. Atmospheric Electric Discharge Data

AED are one of the most important manifestations in the development cycle
of vertically developed clouds, such as Cumulonimbus or Cumulus congestus,
which occur during unstable atmospheric conditions known as thunderstorms. In
2002 IPMA installed and has since maintained a network for the detection of AED
in mainland Portugal, made-up of four sensors that capture two types of AED, in-
tra-cloud and cloud-ground.

In order to build a sample of thunderstorm days in autumn in the Lisbon area,
AED data from the period of 2003-2009 were made available by IPMA through the
RAIDEN project collaboration protocol. As stated above, the information was
obtained from the detection network implemented over mainland Portugal, through
sensors that function combining two detection methods (known as DF, Direction
Finders and TOA, Time of Arrival), which are efficient and precise at capturing the
electromagnetic signal produced by the AED. In this study, only the cloud-ground
AED were considered since the intra-cloud discharges do not have a significant
impact on atmospheric conditions that might influence allergenic symptoms. In
this manner, the sample for “thunderstorm days in the Lisbon area” during autumn
(2003-2009), are days where AED cloud-ground were registered within a quadran-
gular sector (fig. 1) with around 40 km each side, centred about the Dona Estefania
Hospital. Despite the lack of control over whether patients arriving at that hospital
with asthma symptoms are doing so from within the defined area, the defined spa-
tial limits (fig. 1) allow for the hypothesis that the Hospital’s admissions for asth-
matic patients are related to the thunderstorms (AED) detected within the area. The
parameters considered for the AED were the total amount of discharges within the
area of study. Other parameters, such as polarity, current intensity or multiplicity,
were not considered relevant.
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Fig. 1 — AED occurrence area considered in order to define sample days during autumn
in Lisbon (2003-2009). The dots indicate the locations of EAD observed in the sample
(except for the maritime area of the rectangle).
Fig. 1 — Area de ocorréncia de DEA considerada na definicdo da amostra de dias de trovoada
de Outono, na area de Lisboa (2003-2009). Os pontos assinalam as localizagdes das DEA
registadas nesta amostra, que ndo incluiu ocorréncias na area maritima do rectangulo.

The sample contained a total of 20 days with registered thunderstorms
between the 1% of September and the 15" of November, a period that is considered
to be representative of the warmest phase in autumn. Table I presents a general
description of the atmospheric electric discharge during those 20 days. Out of the
sample total, 45% of days with registered thunderstorms occurred in September
and were characterised by the severity of the storms with a higher number of regis-
tered AED — 433 — making up a total of 68% of all the registered AED. Of note is
a single day (9" of September 2009) with an exceptionally high number of AED
(178), an extreme event in the context of atmospheric electric discharges in the
Lisbon area for the period of 2003-2009 (Carracga et al., 2012). In October and
November the days with registered thunderstorms had similar numbers of daily
AED, with a daily maximum of 23 and 25 AED.
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Table I — Description of thunderstorm days of the sample, in autumn, based
on the occurrence of AED in the Lisbon area.
Quadro I — Caracterizagdo sumaria dos dias de trovoada da amostra estudada, no Outono,
com base na ocorréncia de DEA na darea de Lisboa.

Source: IPMA.
Thun(;i:;ztorm AED counts Minimug:i?;/ig%: zl(r)ll(linrtr;aximum
September 9 433 9/48.1/178
October 8 140 8/17.5/23
Novemberer 3 61 11/20.3/25
Total 20 634 8/31.7/178

In addition to this sample, a control sample was created made-up of a random
selection of 40 days without registered AED, during the same time-period in autumn
and for the same region.

2. Meteorological variables

The meteorological data were obtained from the National Climatic Data Center
(NCDC). Values of temperature, humidity, precipitation, wind, cloud cover and
atmospheric pressure for the Gago Coutinho weather station in Lisbon were used.
This station (located within the Dona Estefdnia Hospital’s area of influence) is not
influenced by terrain or urban construction, as it is situated next to the airport, which
is why it is used as a reference station representative of regional climate (Andrade,
2003; Alcoforado ¢ Andrade, 2006).

3. Air quality

When thunderstorms occur, electrical discharges can increase pollen concentra-
tions and can also contribute towards the production of nitrogen oxides, and thus
towards an increase in ozone concentrations (Dales et al., 2003; Grundstein and
Sarnat 2009; Ruffoni et al., 2013). The increase in pollutant concentrations and the
fragmentation of airborne particles, making them more easily inhaled, are pheno-
mena that can contribute to increase the number of asthma attacks (Burch and
Levetin, 2002; Moreira et al, 2008; D’ Amato, Cecchi and Annesi-Maesano, 2012).

The concentrations of nitrogen dioxide (NO,), ozone (O,), PM less than
2.5 ug/m® and PM less than 10 pg/m?® were analysed for the 40 days of the control
sample and the sample’s 20 days. Hourly data from the stations closest to the Dona
Estefania Hospital in Avenida da Liberdade, Beato, Olivais, Odivelas and Entrecam-
pos (QualAr — Portuguese Environmental Agency - table 1), were analysed.

Air quality was determined by both the time-limits of pollutant concentration set by
decree-law no. 102/2010, of the 23" of September, and by two levels: alert levels (level
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above which a short period of exposure represents risk to human health and immediate
measures must be adopted) and information levels (level above which a short period of
exposure represents risk to human health for that part of the population that is particularly
sensitive and above which the need for immediate public advice in needed).

Table II — Brief statistics of pollutants.
Quadro 1l — Caracterizacdo sumaria dos poluentes.

Source: QualAr - Agéncia Portuguesa do Ambiente.

Standard . Exceedances
. Average . Amplitude .
Pollutants Stations ( ug /m’) deviation ( pg /m’) (average daily
He (pg/m?) e hours)
Entrecampos 5.8 21.1 71.5 0.2
Olivais 36.5 17 58.2 0
Nitrogen dioxide .
NO Av Liberdade 63.3 222 78.6 2.4
’ Odivelas 404 205 729 0.4
Beato 322 16.7 57 0
Entrecampos 34.8 18.7 59.3 0
Ozone Olivais 44.4 20.7 63.8 0
03 Odivelas 52.2 20.4 67 0
Beato 45.6 19.6 64.3 0
Entrecampos 19.2 5.7 20.1 0
PM < 2.5 pg/m?
Olivais 13.9 4.7 15.6 0
Entrecampos 42.6 11.5 39.5 5.9
Olivais 26.8 9.8 333 2.1
PM <10 pg/m?
Av Liberdade 48.2 13.9 48.9 10
Odivelas 33.8 9.3 33.9 2.6

PM - Particulate matter

Values of PM 2.5 and PM 10 greater than 50 ng/m* were considered above the
limit for Human Health Safety (Decree-law no. 102/2010); values lower than
30 pg/m3 are considered to be good air quality levels and values between 30 and 50
are considered medium air quality levels.

Hourly mean nitrogen dioxide levels were fixed between 120 pg/m’ and
100 pg /m?3as the upper and lower limits, respectively. As for ozone concentrations,
values should not be above 180 pg /m? for the information level, or above 240 ug/m?
for the alert level, also for a reference period of 1 hour.

For the analysed period, ozone concentrations were below the above-refe-
renced levels.

As for NO,, there were several days where the upper limits were exceeded. This
gas is a product of the oxidisation of NO, which is originated by vehicle emissions,
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making it a good indicator for the amount of traffic. The Avenida da Liberdade
weather station illustrates this point as it is the station closest to an area of high
traffic intensity and was the station that registered the highest NO, concentrations
(table II). The Entrecampos weather station registered similar values, however
Olivais station values did not pass the legal limits and Beato station only exceeded
these limits during a two-hour period. The latter two stations are located farthest
from the main road arteries and essentially reflect the regional signal.

Critical values were registered during two days in Entrecampos (during 2 hours
on 12/9/2007 and 1 hour on 19/9/2007) and during a 7 day period in Avenida da
Liberdade (between 1 to 13 hours, daily). The month of September 2007 registered
the highest number of days above the critical values, which were also the warmest
days in the sample.

Only two weather stations (Entrecampos and Olivais) had data for the smaller
dimension PM (<2,5 pg/m?), and never registered values above the legal limit of
50 ug/m? (table IT). Moderate quality data were registered for 8 hours in Entrecampos
and during 6 hours in Olivais, with both stations registering the highest values for the
same five days.

PM 10 ug/m?® values were registered in 4 of the chosen stations, with Avenida
da Liberdade station showing the highest values (16 days), followed by Entrecampos
(15 days), Olivais (10 days) and Odivelas (7 days). During the warmest days in 2007
(19/9, 20/9, 21/9 and 16/10) values were above critical levels during 24 hours in
Avenida da Liberdade.

4. Emergency admission records

During the 60 days analysed, clinicians consulted 14,464 children resulting in the
same number of admissions in the hospital’s emergency, and 1023 were asthma admis-
sions (table IV). From each of the patient’s admission charts information relating to
time of admission, date of admission, age, sex and patient postal code were collected.

5. Pollen information

Pollen-concentration data were obtained from the Portuguese Network of Aero-
biology (http://www.rpaerobiologia.com/). Data were retrieved for the analysed days
and for the five days preceding and succeeding those dates. The predominant pollens
were from the Parietaria and Chenopodium grain types, registering values that were,
on average, higher during the control days than the days with thunderstorms.

6. Statistical analysis
An initial comparison between numbers of admission in both samples (thunder-

storm and control) was made using an analysis of variance ANOVA. In all analyses
the total daily number of asthma cases was considered, as well as the percentage of
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asthma cases relative to the total number of admissions. Spearman correlation matri-
ces were made for all the variables that were retrieved and considered important in
the consulted literature.

A regression analysis was made with the aim of establishing a link between the
pollen counts, meteorological variables and air quality and the amount of patients
arriving at the paediatric emergency for the sample days. The pollen counts used for
this study were for those with the highest concentrations: Chenopodium, Parietaria,
Poaceae, Cupressaceae and the total value of all species present. Both the daily
concentrations and the previous days mean average concentration (up to five days)
were analysed. Different meteorological variables were accounted for: maximum,
minimum and average temperature; wind speed direction, average speed and maxi-
mum wind gust, relative humidity, pressure, precipitation and cloud cover. Also used
were values of maximum (MaxTAn), minimum (MinTAn) and average temperature
anomaly (calculated as a function of a normal reference monthly value for each of
the mentioned temperatures). The air quality values used were the average concen-
tration and the number of hours that concentration values were above critical levels
for the pollutants referenced in table I1I. Discriminant analysis was used in order to
classify groups of days by the various variables, in the variety of contexts analysed.
This analysis was considered to be a simple and robust tool that adequately interprets
the differences between two groups, as it allows for the investigation of the diffe-
rences between two samples of different days according to the same set of indepen-
dent variables (Hand, 2006). The tool allows for an easy treatment of qualitative
variables (such as wind direction) necessary for the analysis. This statistical
approach also has the advantage of providing a predictive analysis and of allowing
for the definition of a single or a set of variables that allows for the prediction of the
number of arrivals at the paediatric emergency services.

In the analysis presented, values were considered to be statistically significant if
they had a p value that was less than 0.05. The software used for statistical analyses
were SPSS (version 17.0), SAS (version 9.00), XLSTAT and Statistica (version 7).

IV. RESULTS

The forty days of the control sample were analysed and compared to the thun-
derstorm sample of twenty days. This comparison showed that the days with the
highest absolute values for maximum and average temperatures occurred in the con-
trol sample and that, on average, days with thunderstorms were slightly warmer
when comparing maximum, minimum and average temperatures (table I1I). Wind
speed was higher for days with thunderstorms and precipitation values were, on ave-
rage, also higher. Only 17% of the control sample days registered precipitation
values, whereas 80% of thunderstorms days registered precipitation (precipitation
days were defined as days with precipitation values over 0.1mm). Relative humidity
was also on average higher for thunderstorm days than for the control sample.
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Table I1I — Statistics of meteorological variables on thunderstorm days (T)
and for no thunderstorms days (NT).
Quadro Il — Caracterizagdo sumaria das variaveis meteorologicas
nos dias com trovoada (T) e nos dias sem trovoada (NT).

Minimum Maximum Average Stapd?.rd
deviation
Maximum temperature NT 17 37 25.02 5.022
(°O) T 20 34 25.12 4315
Minimum temperature NT 9 21 16.23 3.029
(°C) T 13 22 17.03 2.245
Mean temperature NT 13 28 19.60 3.546
(°C) T 16 26 20.01 2.815
Relative humidity NT 34 94 70.93 14.646
(%) T 47 91 76.25 12.339
Wind speed NT 3 25 9.24 3.924
(km/h) T 5 23 11.95 4.774
Precipitation NT 0 40 245 7.949
(mm) T 0 20 6.16 6.545

Wind values had significantly different characteristics in both samples, both in
speed and direction. During thunderstorm days, wind speed was substantially higher
than for the control sample (fig. 2). The wind direction on thunderstorm days pre-
sented a different pattern from the control sample. On days with thunderstorms the
wind blew mostly from North and South, whereas on control days the wind direction
was mainly from WNW and NW (fig. 2).

NORTH
35%
28%
21%
" 14%
.= %
WEST EAST WEST 7 EAST
WIND SPEED WIND SPEED
(m's) (mv's)

- -
M es-111 M ss-111
'SOUTH 57-88 SOUTH 57- 88
36- 57 36- 57
M 2i-36 B 2136
B os-21 B os- 21
Calms: 0.00% Calms: 0.00%

Fig. 2 — Wind speed and direction in thunderstorm (a) and no thunderstorm days (b).
Fig.2 — Velocidade e direc¢do do vento nos dias de trovoada (a) e nos dias de controlo (b).
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As for the admissions to the paediatric emergency, the average number of
admissions on days with thunderstorms was slightly higher than those for days in the
control sample (table V).

Table IV — Emergency admissions in Dona Estefdnia Hospital.
Quadro 1V — Entradas na urgéncia do Hospital D. Estefania.

Total Control Thunderstorm
Total admissions 1024 656 368
Admissions/day 16.23 15.62 17.52
Mean age 3.32 3.14 3.65
Boys (%) 61.78 63.82 58.58

The correlation matrices computed for the different variables gave clues on
how to proceed with the analysis. Table V only presents the statistically significant
Spearman correlation coefficients computed between all the considered variables
and the emergency admission variables (percentage and number of asthma cases).

Table V — Statistically significant Spearman correlation coefficients for environmental variables and
asthma emergency admissions in Dona Estefdnia Hospital (% and total). x - no significant correlation.
Quadro V — Coeficientes de correlagdo de Spearman, com significdncia estatistica,
entre as variaveis ambientais e as admissoes pediatricas no HDE por motivo
de asma (% e n° de casos). x — correla¢do ndo significativa.

Thunderstorm days Control days
Cases Percentage Cases Percentage

MaxT -.693%* -.488%* -.398%* X
MinT -.634%* X X X
AvgT X X -.383%* X
MaxTAn -.447* X X X
MinTAn X X -.329% X
AtmP X -473% X X
WS X 542% X X
DIR -.603%* -551%* X X

Maximum temperature (MaxT); minimum temperature (MinT); average temperature
(AvgT); maximum temperature anomaly (MaxTAn); minimum temperature anomaly
(MinTAn); atmospheric pressure (AtmP); wind speed (WS); wind direction (DIR)

** Correlation is significant at the 0.01 level; * Correlation is significant at the 0.05 level

The analysis presented in table V reveals that the level of significance of the
pairing varies when considering the percentage or the number of asthma cases.



190 P. Candrio, M. Fragoso, C. Mora and H. Nogueira

The analysis shows that pollen concentrations do not increase as a function of elec-
tric discharges, and that the concentration values were much lower than the critical levels
established in the aforementioned references, making them clinically irrelevant. Rapijeko
(2007) found that few patients previously established as sensitive to pollen grains reacted
to pollen concentrations of 20 grains/m?, showing only adverse reactions when concen-
trations reached 50 grains/m?. Pollen levels of 35 grains/m? (Brito ef al., 2010) and of 50
grains/m’ (Kiotseridis, 2013) were described in Spain and Sweden, respectively. In Lis-
bon, during the thunderstorm sample days, the maximum values of pollen concentrations
were 6.48 grains/m? for the Chenopodium grains, of 2.70 grains/m? for the Cupressaceae
grains and 4.32 grains/m? for the Parietaria grains. The low pollen concentrations, and
therefore clinically irrelevant values measured during the sample days determined that
these variables were of no influence on asthma patient admissions.

The possible link between the number of daily electric discharges and the num-
ber of daily admissions to the paediatric emergency (both as percentage of cases and
number of cases) was explored, and no statistically significant correlations were
found between these variables.

Given the number of asthma admissions, the analysis of the two samples using
analysis of variance (ANOVA) showed an absence of statistically significant differences
between the two samples (table VI), which was verified for both percentage of emer-
gency asthma cases and number of emergency asthma patient cases. Given that there
was no statistically significant difference between the two samples, combined with the
low pollen concentration values, the decision was made to reclassify all the sample
days. In this manner, two new samples were created, the first with 19 days, representing
1/3 of the days with the highest number of asthma admissions, and a second containing
the remaining 38 days. The analysis of variance (ANOVA) was performed on the two
new samples, which were found to be statistically different (table VII).

Table VI — ANOVA statistics of thunderstorm and control samples (see text for details).
Quadro VI — Andlise ANOVA das amostras de dias controlo e de trovoada (detalhes no texto).

% Asthma cases Average Variance
Control days 6.80 6.85
Thunderstorm days 6.97 5.81

Source of variation F p-value F critical
Within groups 0.051615 0.821151 4.023017

Number of Asthma cases Average Variance
Control days 15.62 55.97
Thunderstorm days 17.52 62.94

Source of variation F p-value F critical

Within groups 0.051075 0.822073 4.023017
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Table VII — ANOVA statistics for reclassified samples (see text for details).
Quadro VII — Andlise ANOVA das amostras reclassificadas (detalhes no texto).

Percentage of asthma cases Average Variance
Days > % asthma 10.00354 1.64864
Days < % asthma 5.41194 2.167728

Source of variation F p-value F critical
Within groups 133.6683 2.39767E-16 4.016195

Number of asthma cases Average Variance
Days > cases 25.26316 17.31579
Day < cases 11.89474 22.52916

Source of variation F p-value F critical
Within groups 108.7126 1.22356E-14 4.016195

There was now a need to establish the relationship between the meteorological
and air quality variables and asthma admissions in the two new samples. In order to
address this, several discriminant analyses were conducted in order to identify the
factor, or set of factors, that determined the classification of the days in each of the
samples (table VIII and table 1X).

Table VIII — Results for classification of discriminant analysis (see text for details).
Quadro VIII — Resultados da classificacdo da andlise discriminante (detalhes no texto).

Predicted group membership
Class. Asthma cases Total
1 2
Counts 1 14 5 19
2 8 30 38
% 1 73.7 26.3 100,0
2 21.1 78.9 100,0

77.2% of original grouped cases correctly classified.
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Table IX — Standardized canonical discriminant function coefficients from discriminant analysis.
Quadro IX — Coeficientes estandardizados da analise discriminante.

Standardized discriminant function coefficients

Function
1

Wind direction 0.769
Relative humidity -0.430
Minimum temperature -0.422
Maximum temperature 0.418
Wind speed 0.270
Precipitation 0.085

A little over 77% of the sample days were well classified by the variables
listed above (when considering the number of daily cases). The days with the
highest number of emergency asthma admissions were characterised by lower mini-
mum temperature values (fig. 3), higher maximum temperatures, lower relative
humidity and greater wind speed. The wind direction was a relatively important
factor in the classification of the variables, whereas atmospheric pressure and preci-
pitation were less important.

40 -
35 1 . .
30 A .

25 A
20 A

Asthma cases

15 1
10 1

Fig. 3 — Asthma cases and minimum temperature relationship.
Fig. 3 — Relagdo entre o numero de casos de asma e a temperatura minima.

Poisson regression analysis served to model and examine the effects of the varia-
bles on emergency asthma admissions. Several regression models were built with
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different meteorological and air quality variables in order to determine the model
capable of explaining the most (the variables used were the same as those used for the
discriminant analysis). The Poisson regression confirmed the relative importance of
minimum (maximum) temperatures and its inverse (direct) relationship with the
increase in asthma cases (table X). Furthermore, it was verified that the increase in
asthma admissions was higher by winds blowing from the South and West.

Table X — Poisson regression - Analysis of parameter estimates (see text for details).
Quadro X — Regressdo de Poisson — Andlise de pardmetros (detalhes no texto).

Parameters Coef. Stapdgrd Wald 95% IC Chi -square  p-value
deviation

Maximum temperature 0.0046 0.0306 -0.0553 0.0646 0.02 0.8795
Minimum temperature -0.086 0.0496 -0.1832 0.0113 3.00 0.0831
Relative humidity 0.004 0.0064 -0.0086 0.0165 0.39 0.5328
Wind speed 0.0021 0.0162 -0.0297 0.0338 0.02 0.8988
South wind 0.4107 0.3072 -0.1915 1.0129 1.79 0.1813
West wind -0.4875 0.3833 -1.2387 0.2638 1.62 0.2035

V. DISCUSSION AND CONCLUSIONS

This study found no relationship between the occurrence of thunderstorms
and emergency paediatric asthma admissions in Lisbon during autumn. Despite
the fact that, on average, days with thunderstorms showed a higher number of
emergency asthma admissions, no statistical evidence was found to link the two
phenomena. In the same manner, no statistical evidence was found linking the
number of daily electric discharges with the number of asthma emergency
admissions. The increase in airborne pollen concentrations that several authors
have associated with the occurrence of thunderstorms did not occur in Lisbon
during the time of the study. The smallness of the sample of days with thunder-
storms could have been a contributing factor. On the other hand, it is possible that
air flux dynamics, described as causing an increase in the number of asthma cases,
might not have occurred, or if they did, they might not have affected the risk popu-
lation (Taylor et al., 2004; Nasser, Pulimood, 2009; D’ Amato et al., 2012). Autumn
was chosen for the analysis as the period of the year with the highest number of
AED in Portugal, together with the fact that, as it is not the period with the highest
pollen concentration (concentrations are low and stable), it would allow for an
easy identification of any peaks that could more easily be associated with the
occurrence of thunderstorms. It is possible, however, that the relationship might
occur for months with higher pollen concentrations in Lisbon, such as the months
of April and May (Caeiro et al., 2007).
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The absence of a relationship between asthma admission and the pollutants is
due to the relatively low concentration values and the relatively low number of
days where the risk levels were exceeded, despite the relationships previously
established when concentration values were below the risk levels determined by
law (Fauroux, 2000).

The inversely proportional relationship between hospital admissions and
minimum temperatures and the directly proportional relationship between hospital
admissions and maximum temperatures was established using discriminant ana-
lysis, and confirmed by the Poisson regression, albeit with low statistically
significant values (with the maximum temperatures established as less significant).
However, there was no statistical relationship between the daily temperature range
for the sampled days and asthma admissions, contrary to what was established
during spring in Lisbon (Alcoforado, 1991) where days with a large range in
temperature were associated to an increase in the number of asthma cases. The
relationships here established only demonstrate the relative importance of
the coldest and warmest days. The inversely proportional relationship with mini-
mum temperatures confirms the conclusions also reached in other studies (Rossi,
1993; Hervas, 2013), although other authors have shown the existence of directly
proportional relationships (Hashimoto, 2004; Mireku ef al., 2009) such as the one
found here. In all the analyses performed, the wind speed variable is directly pro-
portional to the number of asthma attacks (despite having a low importance). As
for wind direction, Poisson regression analysis found opposite signs for the diffe-
rent directions considered. The importance of wind direction is a matter deserving
a more in depth analysis, where a larger sample of consecutive days registering
higher pollen counts (spring) should be considered. The relationship between the
asthma attack variables and humidity was contradictory for the two analyses
performed, which did not allow for a conclusion.

As a final note: this study did not find that atmospheric electric discharges
had any influence on the number of paediatric emergency asthma admissions. At
the same time, no influence between AED and the increase in pollen concentra-
tions was found for Lisbon. These results might be due to the fact that the period
of thunderstorms occurrences analysed was autumn when pollen concentrations
are low, due to the limited number of sample days and due to the type of analysis
performed. A drop in the minimum temperature does seem to increase the amount
of asthma emergencies.
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