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Temperature variability and asthma hospitalisation in
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ABSTRACT

Background Both cold and hot temperature have
been associated with the onset of asthma, but it remains
largely unknown about the risk of asthma hospitalisation
associated with short-term temperature fluctuation or
temperature variability (TV).

Objective To explore the association between short-
term exposure to TV and asthma hospitalisation in Brazil.
Methods Data for asthma hospitalisation and weather
conditions were collected from 1816 Brazilian cities
between 2000 and 2015. TV was calculated as the

SD of all daily minimum and maximum temperatures
within 07 days prior to current day. A time-stratified
case-crossover design was performed to quantify the
association between TV and hospitalisation for asthma.
Results A total of 2818911 hospitalisations for
asthma were identified during the study period. Each
1°Cincrease in 0—7 days' TV exposure was related to

a 1.0% (95% C1 0.7% to 1.4%) increase in asthma
hospitalisations. The elderly were more vulnerable to

TV than other age groups, while region and season
appeared to significantly modify the associations.

There were 159305 (95% Cl 55293 to 258 054)
hospitalisations, US$48.41 million (95% Cl US$16.92

to US$78.30 million) inpatient costs at 2015 price and
450.44 thousand inpatient days (95% Cl 156.08 to
729.91 thousand days) associated with TV during the
study period. The fraction of asthma hospitalisations
attributable to TV increased from 5.32% in 2000 to
5.88% in 2015.

Conclusion TV was significantly associated with
asthma hospitalisation and the corresponding substantial
health costs in Brazil. Our findings suggest that
preventive measures of asthma should take TV into
account.

INTRODUCTION
Asthma is the second prevalent chronic disease
of respiratory system,' affecting 272.68 million
(242.30-304.70 million) people globally.” Brazil is
a middle-income tropical country where the prev-
alence of asthma is among the highest worldwide.?
The prevalence of asthma symptoms in Brazil was
20% and 23% in adolescents and adults aged 18-54,
respectively.® In 2011, asthma ranked fourth among
the leading causes of hospital admissions in Brazil.*
The causes of asthma exacerbations are compli-
cated. The strongest risk factor is atopy involving
a combination of genetic predisposition with
environmental exposure such as allergens and
pollutants.” Recently, ambient temperature has

What is the key question?

» Is short-term exposure to temperature
variability associated with increased risk
of hospitalisation for asthma and how
much health and economic burden of
asthma hospitalisations was attributable to
temperature variability exposure in Brazil?

What is the bottom line?

» Temperature variability was significantly
associated with hospitalisations for asthma,
especially for the elderly, while region and
season appeared to significantly modify the
associations.

Why read on?

» This is the first national scale study with
a considerably large sample size and time
quantum to systematically assess the
association between temperature variability
and hospitalisation for asthma and to
quantify the attributable costs associated with
temperature variability exposure.

been identified as one of the important factors for
morbidity/mortality, and its risk on asthma should
also be highlighted.’ ®

A growing body of research has provided evidence
about temperature-related asthma exacerbation
using indicators such as daily mean temperature or
its transformation to reflect heat wave or cold spell,
and shown both cold and hot temperatures could
increase the risks of asthma onset.” ® However,
these temperature indicators can only reflect the
degree of temperature itself and cannot evaluate the
impact of temperature fluctuations. Recent studies
have found that temperature variability (TV), an
indicator of short-term temperature fluctuations
or stability, was positively associated with risks of
all-cause, cardiovascular, respiratory mortality and
morbidity, after adjusting for daily mean tempera-
tures.” '° This suggests that a high TV may have
adverse health impacts independent of tempera-
tures. Up to now, limited evidence is available on
the impacts of TV on asthma morbidity in the
world. As temperature fluctuates greatly between
day and night in most parts of Brazil, there is an
urgent need to explore the association between TV
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Therefore, to fill the knowledge gap, we conducted a nation-
wide time-stratified case-crossover analysis to explore the asso-
ciation between short-term TV exposure and hospitalisations for
asthma in 1816 cities in Brazil during 2000-2015.

METHODS

Study area

Brazil is the largest country in South America, with most of
its territory lying in the tropics. It is composed of five regions,
including the north, northeast, southeast, south and central west.
The climate in Brazil varies considerably across diverse topog-
raphy, with the hottest temperature in the northeast and the
coolest temperature in the south region. The average tempera-
ture of Brazil is about 25°C.

Data collection

Hospitalisation data

Data on asthma hospitalisation were collected from 1816 cities
representing 79% of the national population during 1 January
2000 and 31 December 2015 (online supplemental table S1).
Individual-level hospitalisation records, including date of admis-
sion, length of stay and hospitalisation expenses were extracted
from Brazilian Unified Health System database.!! International
Classification of Diseases, 10th revision was used to identify
patients diagnosed with asthma. In this study, hospitalisations
with principal cause coded as J45 asthma (including predomi-
nantly allergic asthma, non-allergic asthma, mixed asthma and
asthma unspecified) and J46 status asthmaticus (acute severe
asthma) were extracted. Demographic information including
age, sex and residential city were collected. As it is not possible
to identify individuals with multiple hospitalisations due to
limited access to detailed data, all demographic information was
recorded for each asthma-related hospitalisation. Emergency
room visits without dispatching to hospital admission were not
included in this study.

Meteorological data

Daily meteorological data including daily maximum tempera-
ture (T,u), minimum temperature (T,.:;) and daily mean relative
humidity for each city were collected from interpolated grids
(0.25° x 0.25°) estimated based on 735 nationwide weather
stations in Brazil. Daily weather conditions of each city were
represented by the observations of the grid cell located at the
centroid of each city based on longitude and latitude.” Then,
we linked the city-level meteorological data to hospitalisation
records in the same city.

Exposure definition

In this study, TV was used to represent temperature stability/
fluctuations. TV is a complex indicator established and validated
in the previous study to estimate the combined risk related to
intraday and interday temperature fluctuations and their lagged
associations with asthma.’ TV is calculated as the SD of T, and
Tonax for the current day and lag days. For example, TV0-1 was
calculated as SD of T,,, and T,.. for the current and preceding
1day (Tmax,1ago, Tmax,mgl, Tm,‘nflago, Tminflagl); TV0-2 was calcu-
lated as SD of T,., and T,... for the current and preceding 2 days
(Toax—tago>s Donax—iagts Donax—iagzs Domin—iagos Domin—tagts Lmin—iag2)s and so

on for TV0-3 to TV0-7.

Study design
We modelled the TV-hospitalisation association using a time-
stratified case-crossover design with a conditional logistic

regression. The time-stratified case-crossover design is widely
used to assess the association between short-term environmental
exposure (eg, temperature and air pollution) and daily mortality/
morbidity.'* It compares the exposure level in the day when the
health event occurs (case day) with the levels in control days
which are selected in a relatively small window (eg, calendar
month), to control for seasonality and long-term trend.'* It can
also adjust individual demographic characteristics which unlikely
change within the small-time window, such as sex, weight and
smoking. In this study, for each admission date of cases, control
days matched by day of the week in the same calendar month,
the same year and in the same city were assigned, to control for
the impacts of day of the week, seasonality, long-term trend and
spatial variation. Thus, each case has 3 or 4 control days (before
and/or after the date of cases).

Statistical analysis

TV-asthma hospitalisation association

In the conditional logistic model, a linear function was applied
to TV to assess the association between TV and asthma hospi-
talisation.” Different TV exposures (from TV0-1 to TV0-7)
were put into model separately. Non-linear and delayed rela-
tionship between daily mean temperature/relative humidity and
hospitalisation for asthma were controlled using a distributed
lag non-linear model (DLNM), as several studies identified them
as potential confounders.” A 3 df natural cubic spline allowing
extrapolation in the tails of the boundary knots was applied
for daily mean temperature, daily mean relative humidity and
their lagged association with asthma up to 7days.”®* A binary
variable indicating whether the date was a public holiday was
also included in the model to control for the influence of public
holidays, such as travel and changes in hospital admissions. The
association between TV and hospitalisation for asthma was
presented as the relative risk (RR) with 95% CI associated with
per 1°C increase in TV.

We further conducted stratified analyses. Analyses were
repeated using the data stratified by age group (0-4, 5-19,
20-39, 40-59, 60-79 and =80 years), sex, region, season and
type of asthma. Hot season and cold season were defined as the
four adjacent hottest and coldest months for each city, respec-
tively. The remaining months were coded as the moderate
season.

Attributable health burden of hospitalisation for asthma

To identify the absolute impact of the TV, we used attributable
fraction (AF) and attributable cases (AC) to quantify the attribut-
able burden of hospitalisation for asthma due to TV. The equa-
tions are described as follows:

R‘Ri,t = eXp (/Bper 1 increase X N,t)
AC;, = Number of cases; x (RR;, — 1) /RR;,

AC =323 °AC,
it

AF = _4€

total cases
where 7 stands for the city 7, # denotes the day #, B 1 increase
is the region-specific coefficient estimated from case-crossover
analyses conducted in the region where the city is located.
In addition, we estimated the number of days in hospital for
asthma due to TV by multiplying the AC by the case-average
length of stay.
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Attributable economic burden of hospitalisation for asthma
We calculated the total hospital admission cost due to TV in year
y with the following equation'?:

Attributable costs = > AC, x Cost, x CPI,
y

where Cost, stands for the case-average hospital admis-
sion expenses in year y. CPI, is the product of Customer Price
Indexes (CPI) from year y+1to year 2015. Annual CPI data
in Brazil obtained from the World Bank were shown in online
supplemental table S2).

Sensitivity analysis

Sensitivity analyses were performed to examine the robustness
of our results. We changed the df (from 3 to 6) for daily mean
temperature, relative humidity and their lag days. The statistical
significance of differences between RRs estimated from sensi-
tivity analyses and our primary models were assessed using fixed
effect meta-regression model with no statistical adjustment.
Fixed effect model was used because sensitivity analyses were
based on the same samples. For example, the estimates for main
model and sensitivity analysis were entered as the dependent
variable (along with SE for weighting), and the binary predictor
(main model and sensitivity analysis) was entered as the indepen-
dent variable.

R software (V.3.6.2) was used to perform all analyses. R
package ‘dlnm’ (V.2.4.2) and ‘mvmeta’ (V.1.0.3) was used
to perform DLNM model and meta-regression. A two-sided
p<0.05 was declared as statistically significant.

Patient and public involvement

This research was done without patient or public involvement.
This study is exempted from ethics approval because anony-
mised data was used for analyses.

RESULTS

From 2000 to 2015, a total of 2818911 hospitalisations for
asthma were identified. Among them, 87.4% were diagnosed
with J45 asthma. Over 50% were children and teenagers under
19 years of age, with approximately 38% cases aged 0—4 years. A
relatively large proportion of the included hospitalisations were
recorded in the northeast (45.2% for J45% and 54.2% for J46)
compared with other regions. The proportion of females was
slightly higher than that of males (table 1).

Table 2 shows the distributions of meteorological factors by
region in 1816 cities. During the study period, the daily T,..
and T,., showed a similar but marked variation between regions,
with the highest values recorded in the north (32.3°C for T
and 22.7°C for T,,,) and the lowest values recorded in the south
(25.8°C for T,u and 15.5°C for T,.). TV was highest in the
lag 0-1 days and gradually decreased with longer windows. The
central west had the highest TV for all exposure periods, with all
values above 6°C. Relatively lower values of TV were found in
the north and northeast.

Regional variation

Figure 1 shows the associations between TV and asthma hospi-
talisations at both national and regional levels. In general, there
were significant associations between TV and hospitalisations
for asthma at national level. The magnitude of the associations
increased with longer exposure, with the strongest association
recorded for the TV0-7 (RR 1.010, 95%CI 1.007 to 1.014).
For different regions, significant and stronger associations were

Table 1 Summary of hospitalisations for asthma in 1816 Brazilian
cities, 2000-2015
Subtype

Characteristic J45 asthma J46 status asthmaticus
Total, no (%) 2463963 (87.4) 354948 (12.6)
Region, no (%)

North 56295 (2.3) 1763 (0.5)

Northeast 1113415 (45.2) 192316 (54.2)

Central West 180341 (7.3) 34964 (9.9)

South 401391 (16.3) 51563 (14.5)

Southeast 712521 (28.9) 74342 (20.9)
Age, years*
Mean (SD) 21.2 (25.4) 19.8 (24.5)
Median (P,.—P,,) 6.9 (2.3-37.6) 6.7 (2.3-33.0
No (%)
0-4 932488 (37.9) 134626 (37.9)
5-19 652765 (26.5) 105852 (29.8)
20-39 281120 (11.4) 36478 (10.3)
40-59 272036 (11.0) 36241 (10.2)
60-79 250486 (10.2) 32096 (9.0)
>80 75065 (3.1) 9655 (2.7)
Sex, no (%)*
Male 1219445 (49.5) 175574 (49.5)
Female 1244517 (50.5) 179371 (50.5)

*There are three missing values in age and four missing values in sex.

found in northeast and south region while the associations were
not significant in north, central west and southeast region.

Demographic and seasonal variation

Figure 2 shows the age-specific associations between TV and
asthma hospitalisations. Generally, the older, the more suscep-
tible to TV, except those aged 60-79 years. The strength of asso-
ciations increased with longer exposure, especially for children
and young adults aged under 39 years. The RRs for asthma
hospitalisations associated with per 1°C increase in TV0-7 were
1.007 (95% CI 1.002 to 1.012), 1.011 (95% CI 1.004 to 1.018),
1.015 (95% CI 1.005 to 1.024) for those aged 0—4 years, 5-19
years and 20-39 years, respectively. However, for the people
aged above 80 years, the association stabilised at a higher level
across all exposure periods.

Figure 3 shows the sex-stratified, subtype-stratified and
season-stratified associations between TV and asthma
hospitalisations. Female and male had similar associations.
Hospitalisations for J46 status asthmaticus showed stronger
association with TV than hospitalisations for J45 asthma.
The association was strongest for moderate season with the
highest risk of hospitalisation at TV0-7 exposure (RR 1.022,
95% CI 1.016 to 1.029).

Attributable burden

Table 3 shows the attributable burden of hospitalisations due
to TV0-7. There were 5.65% (95% CI 1.96% to 9.15%) of
asthma hospitalisations attributable to TV, corresponding to
159305 (95% CI 55293 to 258054) hospital admissions,
US$48.41 million (95% CI US$16.92 to US$78.30 million)
inpatient costs at 2015 price and 450.44 thousand days
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Table 2 Distributions of meteorological factors by region in 1816 Brazilian cities, 2000-2015

Median (P,,, P,,)

Variables North Northeast Central west South Southeast

T ee(°C) 32.3(30.9, 33.5) 30.6 (28.6, 32.3) 30.5 (28.1,32.6) 25.8 (21.6,29.2) 27.9 (25.3,30.3)
T, .in(°C) 22.7(21.5,23.7) 21.4(19.6,22.8) 18.8 (16.4,20.7) 15.5(12.0, 18.2) 17.5(14.7,19.5)
TVO0-1 (°C) 5.5 (4.7, 6.4) 5.3 (4.4,6.5) 6.8 (5.8, 8.0) 6.2 (5.1,7.3) 6.3 (5.2, 7.4)
TV0-2 (°C) 5.2 (4.5,6.1) 5.1(4.2,6.2) 6.5 (5.6, 7.6) 6.0 (5.1,7.0) 6.0 (5.1,7.0)
TV0-3 (°C) 5.1 (4.4,6.0) 5.0 (4.1, 6.0) 6.4 (5.5,7.4) 6.0 (5.1,6.8) 5.9(5.1,6.8)
TV0-4 (°C) 5.0 (4.4,5.9) 4.9(4.1,5.9) 6.3 (5.4,7.4) 5.9 (5.2,6.8) 5.8(5.1,6.7)
TV0-5 (°C) 5.0 (4.4,5.8) 4.9 (4.0,5.9) 6.3 (5.4,7.3) 5.9 (5.2,6.7) 5.8 (5.1, 6.6)
TV0-6 (°C) 4.9 (4.4,5.8) 4.9 (4.0,5.8) 6.2 (5.4,7.3) 5.9 (5.2,6.7) 5.8 (5.1,6.6)
TVO-7 (°C) 4.9(4.3,5.8) 4.8 (4.0,5.8) 6.2 (5.4,7.2) 5.9(5.3,6.7) 5.8 (5.1, 6.6)

Average relative humidity (%) 83.4(78.4, 86.9)

75.1 (67.5, 81.5)

71.0 (60.2, 80.1) 77.0 (69.2, 84.1) 74.5 (67.5, 80.3)

T . Maximum temperature; T ., minimum temperature.

(95%CI 156.08 to 729.91 thousand days) in hospital. All
groups had similar AF when stratified by sex, season and
subtype. However, there existed considerable variation
of AF between different regions, with the highest 8.16%
of cases attributed to TV in the northeast region. When
examining the economic burden due to TV, attributable
costs were remarkably higher for children aged 0-4 years
(US$18.75 million, 95% CI US$6.24 to US$30.61 million),
northeast region (US$31.42 million, 95% CI US$19.79 to
$42.65 million) and J45 asthma (US$42.72 million, 95% CI
US$14.80 to US$69.22 million). Asthma-related length of
hospitalisation stay attributed to TV varied by subgroups:
children aged 0-4 years (177.07 thousand days, 95% CI
58.40 to 289.67 thousand days) generated the largest
asthma-related length of hospitalisation stay attributed to

TV, followed by children and adolescents aged 5-19 years
(102.11 thousand days, 95% CI 37.47 to 163.49 thousand
days).

During the study period, the annual hospital admissions
showed a marked decrease, from 290.22million in 2000 to
79.42 million in 2015. The asthma-related hospitalisation rates
demonstrated a similar decline trend, with the highest 2.18%0
in 2000 and the lowest 0.50%0 in 2015 (figure 4A). However,
the AF of asthma due to TV showed a tendency to increase from
5.32% in 2000 to 5.88% in 2015, which had parallels with the
trend of TV0-7 exposure (figure 4B).

In the sensitivity analyses, changing the parameters in the
model changed the results minimally (online supplemental tables
$3-S7).
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Figure 1 Relative risks (and 95% Cls) for asthma hospitalisations associated with every 1°C increase in TV from TV0—1 to TV0-7 at both national

and regional levels. TV, temperature variability.
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DISCUSSION

To the best of our knowledge, this is the first and largest study to
explore the association between TV and asthma hospitalisations
on a national scale in Brazil, even in the world. We found that
TV was significantly associated with hospitalisations for asthma.
Assuming causality, TV was responsible for about 5.7% asthma
hospitalisations in Brazil over 2000-2015, corresponding to
considerable healthcare burden and costs.

There are several pathophysiological mechanisms behind
the association between asthma onset and TV. First, sudden
change in temperature may cause cooling of the upper respi-
ratory tract and subsequent desquamation of mucosal epithe-
lial cells, finally leading to the dysfunction of local respiratory
defenses.’* ¥ Second, bronchopulmonary vagal afferent nerves
could be activated by temperature change. This process involves
the provoking of autonomic nerve reflex, finally triggering a
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Figure 3 Relative risks (and 95% Cls) for asthma hospitalisations associated with every 1°C increase in TV from TV0-1 to TV0-7 in different

subgroups. TV, temperature variability.
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Table 3 The attributable fractions, attributable cases, attributable costs and attributable length of hospitalisation stay associated with TV0—7

exposure
Attributable length of
Attributable fraction Attributable cost (95%Cl, hospitalisation stay (95%Cl,
Subgroup (95%Cl, %) Attributable cases (95% Cl, no) million US$) thousand days)
Overall 5.65 (1.96 t0 9.15) 159305 (55293 to 258054) 48.41 (16.92 to 78.30) 450.44 (156.08 to 729.91)
Age, years
0-4 5.40 (1.78 to 8.83) 61825 (20420 to 101109) 18.75 (6.24 to0 30.61) 177.07 (58.40 to 289.67)
5-19 5.78 (2.12 10 9.25) 39812 (14635 to 63719) 11.83 (4.38 0 18.91) 102.11 (37.47 t0 163.49)
20-39 5.84 (1.99 to 9.48) 18471 (6311 to 30010) 5.47 (1.88 to 8.87) 49.38 (16.78 t0 80.31)
40-59 5.69 (1.90 t0 9.29) 17546 (5858 to 28651) 5.37(1.80 t0 8.76) 52.77 (17.59 to 86.19)
60-79 5.94 (2.14 t0 9.54) 16643 (6011 to 26747) 5.37 (1.95 to0 8.61) 53.25 (19.23 to 85.59)
>80 6.30 (2.59 10 9.83) 5008 (2058 to 7817) 1.62 (0.66 to 2.53) 15.92 (6.54 to 24.85)
Sex
Male 5.61(1.91109.12) 78262 (26708 to 127177) 23.77 (8.18 to 38.56) 218.81 (74.56 to 355.68)
Female 5.69 (2.01 t0 9.19) 81042 (28585 to 130877) 24.64 (8.74 10 39.74) 231.67 (81.57 to 374.26)
Region
North 13.60 (-1.97 to 26.68) 7897 (-1145 to 15490) 2.32 (=0.34 to 4.55) 20.01 (-2.90 to 39.26)
Northeast 8.16 (5.14 t0 11.08) 106607 (67149 to 144731) 31.42 (19.79 to 42.65) 292.68 (184.35 t0 397.35)

Central West

South

Southeast
Subtype

J45 Asthma

J46 Status asthmaticus
Season

Cold

Hot

Moderate

0.21 (-7.28 10 7.16)
5.25(2.01 to 8.38)
2.61 (-0.52 to 5.65)

5.66 (1.95 t0 9.19)
5.57 (2.07 t0 8.91)

458 (-15673 to 15412)
23779 (9086 to 37968)
20564 (—4123 to 44452)

0.14 (-4.65 to 4.57)
7.38(2.821t0 11.78)
6.47 (-1.30 to 13.99)

1.27 (-43.54 t0 42.81)
74.01 (28.28 t0 118.18)
58.46 (—11.72 to 126.36)

5.57 (1.79 t0 9.15)
5.78 (2.12 10 9.25)
5.58 (2.00 to 9.00)

139539 (47 938 to 226 423) 42.72 (14.80 to 69.22) 394.68 (135.48 to 640.55)
19766 (7356 to 31631) 5.68 (2.13 10 9.07) 55.72 (20.56 to 89.33)
53044 (17073 to 87079) 16.03 (5.21 to 26.26) 151.47 (48.66 to 248.74)
46392 (17032 to 74229) 14.21 (5.26 to 22.70) 129.27 (47.39 to0 206.91)
48886 (17502 to 78833) 14.86 (5.34 to 23.93) 138.42 (49.48 t0 223.28)

TV, temperature variability.
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reduction in peak expiratory flow.'® Third, temperature change
could be responsible for the release of inflammatory mediators
by mast cells, affecting the balance of humoral or cellular immu-
nity."” *® Fourth, temperature change might act as a mediator
to accelerate the transmission of inhalable allergens by a dehy-
drating effect.”

In this study, we used a novel TV indicator which combines
both intraday and interday variability of temperature. Although
no study has assessed the association between this novel TV indi-
cator and asthma hospitalisations, several studies have assessed
the impacts of intra-day changes in temperature (eg, diurnal
temperature range).”>>> Three studies observed a significant
relationship between diurnal temperature range and hospital
visits for asthma.’’*? However, a study among children aged
3-18 years reported a significant negative correlation between
asthma-related emergency department and diurnal temperature
change.”® The potential reasons might be that the study excluded
hospitalisation related to emergency department visits and did
not consider the potential lagged associations with temperature
change. Notably, using intraday changes in temperature as the
sole exposure factor is not sufficient when depicting the impact
of temperature change as it cannot capture interday variability
of temperature.’ In this study, TV was used to fully account for
both intraday and interday changes in temperature and their
lagged associations with hospitalisation for asthma. Our results
demonstrated that per 1°C increase in TV0-7 corresponded to
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a 1.0% (RR 1.010, 95%CI 1.007 to 1.014) increase in the risk
of asthma hospitalisation. Although the estimates were small in
magnitude, the health and economic burden attributable to TV
were considerable.

To our knowledge, few studies focused on the association
between asthma and TV among adults. Our study showed that
adults, especially the elderly, were also vulnerable to TV related
asthma hospitalisations. Particularly, contrary to the younger
generations who had increasing association between TV and
asthma hospitalisation with longer exposure, the risk in the
elderly changed slightly across different exposure periods. Due
to the lack of self-management ability, children tend to dress
inappropriately when facing a large fluctuation in tempera-
ture.”* In addition, their underdeveloped immune systems may
be incapable of offsetting the thermal stress and regulating
inflammatory response caused by swings in temperature.”
Another study summarised that the elderly were vulnerable to
change in temperature which might be partly attributed to their
weak thermoregulation ability.® *” Our results indicated that
equal attention should be paid to children, younger adults and
the elderly when preventing asthma induced by TV and further
research is warranted to focus on the potential differentiated
mechanisms.

The associations between TV and asthma hospitalisations
were stronger in moderate season than in cold and hot seasons.
This might be interpreted by the human behaviour, for example,
outdoor activities. In moderate season, people are willing to
spend more time to exercise in nature, which has been linked
to an increase in allergen exposure and to the increased risk of
asthma attack.” ’ Another reason could be the relatively high
level of ozone in springtime.***! Ground-level ozone is a pulmo-
nary irritant that affects the respiratory mucous membranes and
respiratory function.*” Besides, we also observed regional vari-
ation in TV vulnerability, which might be the result of different
socioeconomic background. The northeast is comparatively
underdeveloped, resulting in limited access to asthma control
and rescue medications.” Conversely, south region is the richest
area in Brazil, where people might have more access to asthma
treatment.”® However, there was a misuse of short-acting p-ag-
onist (SABA) to provide quick relief of asthma symptoms in
Brazil.>* Excessive use of SABA was associated with increased
risk of severe asthma exacerbations.*

In this study, we identified a reduction in asthma-related
hospital admissions, which could be the benefit of increasing
access to control and rescue medications resulting from economic
development.®*® However, both TV and the AF of asthma due to
TV had increase trends, implying that there might be an increase
in the proportion of health burden for asthma attributed to TV.
Our study indicated that rapid change in temperature in a single
day and continuous temperature change in several days should
be paid more attention in order to prevent the recurrence or
exacerbation of asthma.

Strengths and limitations of this study

Our study had several strengths. First, this is a national scale
study with a considerably large sample size and time quantum,
which allowed us to provided sufficient power for statistical
analyses. Second, the time-stratified case-crossover design used
in our study allowed us to adjust many risk factors of asthma
identified in previous studies (such as obesity and psychosocial
problems).”” Third, Brazil is home to an extraordinary variety
of climatic regions with more significant temperature change
between night and day than between seasons, which enabled us

to give a more complete view of the association between TV and
asthma.

The study also had some limitations. First, temperature expo-
sure used in this study was measured at city level, which was
less accurate compared with individual-level exposure and might
induce underestimation of associations. Second, we could not
identify individuals with multiple hospitalisations due to limited
access to data. However, this cannot influence our findings, as
hospitalisation for asthma is related to severe health status which
is not scheduled. Repeated hospitalisation is not only affected
by the first admission but also affected by other risk factors (eg,
temperature). Our study has ability to examine the impacts of TV
on all hospitalisations for asthma. Third, those with mild inter-
mittent asthma might be not included in this study because it is
possible for them to receive treatment in the emergency room
visits without dispatching to hospital admission. Fourth, there
might be misdiagnosis for children <35 years, as there is no gold
standard for diagnostic criteria of asthma exacerbation in this
age group. However, as doctors had to check any details related
to the final diagnosis (eg, family history of asthma, child’s history
of asthma, comprehensive physical examinations and a series of
laboratory tests), the chance for misdiagnosis is small. There-
fore, the effect estimates for children <3 years should be slightly
affected by the misdiagnosis. Finally, data on pollutants were not
controlled in this study, despite its association with increased risk
of respiratory diseases.*® * However, previous studies suggested
that changes in temperature could influence the concentration of
air pollutants and not the converse, which means air pollutants
tend to act as a mediator and it might be inappropriate to control
air pollutants in studies of temperature.*’

CONCLUSIONS

In conclusion, our study showed that TV was significantly
associated with asthma hospitalisations and the corresponding
substantial health costs in Brazil. Our findings suggested that
preventive measures of asthma should take TV into account.
Further investigation is also needed to help clarify the under-
lying mechanism behind this relationship.
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