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Abstract. – Asthma can have clinical sea-
sonal fluctuations due to different exposure fac-
tors. The analysis of our data and literature
confirm a seasonal trend of asthma severity. In
this brief review, authors discuss the possibility
to adapt maintenance therapy level to clinical
seasonal fluctuations, by increasing treatment
in some seasons to prevent exacerbations and
by decreasing it in others, when symptoms are
low, in order to minimize costs and maximize
safety.

Literature and our data (concerning studies
carried out in areas with a temperate climate)
indicate that asthma severity is reduced in
summer while it tends to increase in the other
seasons.

Authors conclude that a preventive increasing
maintenance treatment level during the season
when we know that patients worsen (starting
some weeks before symptom worsening) may
reduce asthma exacerbation risks. On the con-
trary, a summer treatment reduction, in patients
that improve during this period, may be consid-
ered only in asthma phenotypes with a benign
disease course in time.

Key Words:
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tion, Exacerbation.

Introduction

Asthma Seasonality
It is already known that asthma can show clin-

ical seasonal fluctuations, especially in areas
with temperate climate. In fact, in spring, when
airborne pollen exposure increases, and in winter,
when allergenic indoor exposure and the risk of
viral/bacterial airway infection are higher, a
greater use of asthma medication prescriptions
and emergency department visits were docu-
mented1-4. In addition, climate factors and air
pollution, which change with the alternation of
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the seasons, can influence asthma status often
favouring its exacerbation5-10. The impact of sea-
son variations can also be detected on the magni-
tude of airway hyperresponsiveness. Higher risks
of more severe airway hyper-responsiveness
(AHR) were found in autumn/winter and spring,
whereas a lower risk was described in summer11-13.
Allergens, bacteria, viruses and other environ-
mental factors can interact with a defective air-
way epithelium. In fact, they activate the epithe-
lial-mesenchymal trophic unit (EMTU) that, con-
sequently, starts the cascade of events leading to
airway inflammation14, with a worsening of pre-
vious clinical conditions, especially in winter and
spring. On the contrary, during the summer, a
lower exposure to allergen/viral/bacterial/envi-
ronmental factors may reduce the level of airway
inflammation and consequently lead to an im-
provement of asthma symptoms. The above de-
scribed changes in clinical asthma status may be
responsible for a seasonal variation in the main-
tenance and relief treatment level (as shown also
by our data), which can be lowered when asth-
matics do not experience symptoms and in-
creased when symptoms worsen4,15,16.

Our data also seem to confirm such trend. In
our area, in fact (as shown in Figure 1), in the
three-year period 2010-2012, the frequency of
admissions to emergency rooms for asthma exac-
erbations (ICD-9 493.XX code) was clearly relat-
ed to seasons, both in children/adolescents (aged
between 5 and 17 years) and young adults (aged
between 18 and 40 years), with a significantly
lower exacerbation rate in summer compared to
the other seasons. Comparisons of monthly data
were performed using the chi-square test. P val-
ues < 0.05 were considered statistically signifi-
cant. The statistical package SPSS 16.0 (SPSS
Inc., Chicago, IL, USA) was used for analysis. A
parallel trend (more marked in children/adoles-
cents) was observed in the number of mainte-
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Figure 1. Percentage of monthly emergency room accesses observed in children/adolescents (> 5 and < 17 years) and adults
(≥18 and ≤ 40 years) in a three-year period between 2010 and 2012 observed in the Grosseto area, Tuscany. All accesses to
Emergency departments recorded with an ICD-9 493.XX code were considered. The number of admissions to emergency de-
partments for asthma was described as a percentage of the total number of emergency admittances. A χ2 test was used to com-
pare the monthly emergency room visit trends The use of the data for the purpose of this article was approved by the local Ethi-
cal Committee.

nance (inhaled corticosteroids alone or in fixed
association with long acting bronchodilators and
montelukast) and relief (short-acting bron-
chodilators and oral corticosteroids) asthma med-
ication prescriptions (Figure 2).

Also another study15, performed on children,
confirmed that emergency department and outpa-
tient visits were lower during the summer, in-
creased in September, peaked in October or No-
vember and remained high during the winter. The
autumnal peak may be due to a greater exposure
to dust mite or viral infections that occur early in
autumn when children go back to school thus in-
creasing infection transmission17-19. According to
our data, except for the October peak, the worsen-
ing of symptoms and asthma exacerbations were
more restricted in winter and spring in adults. An-
other study found a higher worsening of symp-
toms, urgent care utilization and prednisone use in
winter than in the other seasons in adults16. The
greater diffusion of infections in winter may also
explain the higher emergency room accesses and
asthma medication use in adults in this season.
Whereas, a greater airborne pollen exposure in
Spring, mainly due to grass pollen1,2, may explain
the urgent visit and prescription peak in this sea-
son observed in our area.

Such season variability may induce a modula-
tion of therapy on the basis of “asthma seasonali-

ty”. In fact, during the summer, the poor symp-
tom perception, may lead patients (and probably
also some physicians) to reduce or even interrupt
treatment when symptoms turn to low intensity
or disappear completely. More than 50% of asth-
matics have a poor adherence to treatment20,21 al-
so because they are low symptom perceivers. GI-
NA guidelines22 envisage the step-up and the
step-down of treatment according to symptom
control but they do not specifically refer to a pos-
sible seasonal treatment modulation.

Such asthma seasonal trend has led us to try
and give an answer to the following question: is
it sensible to adapt the therapy level to the sea-
sonal fluctuations of asthma severity?

Asthma Treatment Reduction in Summer
As already said, according to our data and to

those reported in literature4,15-19, a reduction of
asthma drug prescriptions was detected in sum-
mer both in adults and especially in children, as a
consequence of an improvement or a complete
disappearance of symptoms in this season, which
is probably accompanied also by a better pul-
monary function. This improvement may even
involve a treatment discontinuation in this sea-
son. Physicians, and above all children’s parents,
may also be responsible for a wrong asthma
management as they may worry to over-treat
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Figure 1. Number of monthly maintenance and relief asthma medication prescriptions in children/adolescents (> 5 and < 17
years) (A-E) and adults (≥18 and ≤ 40 years) (F-L) in a three-year period between 2010 and 2012 observed in the Grosseto area,
Tuscany, Italy. All the prescriptions recorded by our territorial pharmacy with R03 and HO2 Anatomical Therapeutic Chemical
code (ACT) were considered. Beclometasone, ciclesonide, mometasone, fluticasone and budesonide were categorized as “inhaled
corticosteroids”, whereas beclometasone/formoterol, fluticasone/salmeterol and budesonide/formoterol were considered as “fixed
combinations”. Betamethasone, prednisolone and prednisone were considered together as oral corticosteroids and salbutamol as a
short-acting bronchodilator. The use of the data for the purpose of this article was approved by the local Ethical Committee.



children. In fact, they may be inclined to reduce
or even suspend treatment when children feel
better. The summer hiatus may contribute to in-
creases in health care use and asthma medication
prescriptions in the autumn15,17-19. This seems not
to implicate subjects that had taken inhaled corti-
costeroids in August18. A lower level of airway
inflammation during the summer probably tends
to increase progressively, if not treated, until it
becomes, after a while, symptomatic during the
autumn/winter seasons. This may also be valid
for adults. Therefore, it may be incorrect to re-
duce, or even more, suspend treatment complete-
ly when symptoms are low or disappear at least
in some patients. Airway inflammation is always
present in asthma also when symptoms are low
or when asthma is intermittent in subjects with
normal lung function23,24. Airway inflammation
seemed not to regress completely even when a
higher level of inhaled corticosteroids were
used25. On the other hand, symptoms may be un-
der-perceived despite a remarkable level of air-
way inflammation. In fact, a variable percentage
of 26-38% of controlled asthma patients showed
an increased level of fractioned exhaled nitric ox-
ide (FeNO)26,27. In addition, it must be underlined
that, according to GINA guidelines22, the goal
(when treating asthmatics) should be to achieve
and maintain an optimal clinical control. Asth-
matics with a FEV1 <80%, but without symp-
toms, should be considered as partly controlled
patients22. These subjects should not reduce their
treatment level. In fact, in children and adults
with persistent asthma symptoms, daily and regu-
lar ICSs treatment was more efficacious than in-
termittent ICSs therapy in improving lung func-
tion, airway inflammation, asthma control and
relief drug use28. We still do not know whether
therapy modulation can be considered in subjects
with normal pulmonary function and poor symp-
toms perception.

Asthma Phenotypes and Possible
Treatment Seasonal Modulations

As already said, dropping treatment may foster
an increase of inflammation and therefore the de-
velopment of airway remodelling and conse-
quently pulmonary function decline. In fact,
some clinical trials have highlighted a slowing
down of FEV1 decline with a continuous inhaled
corticosteroid treatment29-33. As remodelling can
already be observed during childhood34,35, treat-
ment should never be reduced. Probably, an
adulthood asthma level may be a consequence of

a suboptimal infancy therapy level. However, ad-
mittedly, remodelling does not develop in all sub-
jects36,37 and, therefore, a certain amount of asth-
matics may show a benign course of the disease.
These subjects may be subjected to a seasonal
modulation of treatment. In fact, there are differ-
ent asthma phenotypes. Some authors38 have
identified two main phenotypes: one with re-
versible (RAO) and one with fixed airflow ob-
struction (FAO). The first one may show a low or
no FEV1 decline, whereas the second one, may
have an accelerated loss in lung function36. In ad-
dition, the RAO phenotype may be characterized
by a higher response to treatment, whereas the
FAO phenotype may show a moderate/low or no
response to therapy. In FAO patients, the inflam-
matory pattern can vary from neutrophilic - with
a CD8 T-cell involvement similar to the one
found in COPD - to eosinophilic - with a CD4
Th2 cell involvement akin to that of asthma pa-
tients without FAO38. The neutrofilic pattern de-
termines a more accelerated lung function de-
cline non-responsive to treatment, whereas the
eosinophilic pattern may be fairly/partially re-
sponsive to therapy with a possible slowing down
of FEV1 decline. In fact, the improvement in lung
function after 8 weeks was observed only in the
Th2 inflammatory phenotype but not in the non-
Th2 type39. Therefore, seasonal modulation of
treatment, on the basis of symptom perception,
may be considered in asthmatics with reversible
airflow obstruction, who might be highly respon-
sive to treatment and who might reduce/suspend
treatment during the summer. They are usually
subjects with normal (or almost normal) pul-
monary function. On the contrary, FAO asthmat-
ics with a prevalent Th2-phenotype (eosinophilic
pattern) should not reduce the treatment level
when symptoms are low because a prolonged
treatment decreasing and, above all, a therapy
suspension may increase airway inflammation
and consequently influence remodelling and fa-
cilitate lung function decline. Furthermore, this
reduction/suspension of treatment can favour dis-
ease exacerbations that can accelerate lung func-
tion decline40,41. On the contrary, asthmatics who
show an accelerated FEV1 decline (neutrophilic
pattern), might not be responsive to a continuous
and high-dosage anti-inflammatory treatment and
the course of their disease might not be affected
at all. A continuous reduction and/or suspension
of therapy starting since childhood may affect the
pulmonary function of declining subjects’ adult-
hood. Unfortunately, nowadays, we do not have a
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clinical marker that may allow us to identify sub-
jects with “normal” pulmonary function who
may develop a fixed obstruction and whose re-
duction/suspension of treatment may have nega-
tive effects in time. Therefore, it might not be ad-
visable either to reduce or stop treatment during
summer without asthma phenotyping.

As already stated, there are asthmatics who
have a poor symptom perception and who are in-
clined to follow a reduced level of therapy or no
therapy at all. It seems that up to 60% of asth-
matics are not able to detect changes in their lung
function42. Probably, the measurement of frac-
tional exhaled nitric oxide (FeNO) may help us.
Recent evidence indicates that FeNO identifies T-
helper cell type 2 (Th2)-mediated airway inflam-
mation with a high positive and negative predic-
tive value for identifying corticosteroid respon-
sive airway inflammation43,44. Therefore, FeNO
and especially the alveolar fraction of exhaled
NO, may be a reliable adjunct to traditional tests
in the assessment of asthma43,44. Importantly, it
may be useful for identifying and excluding ICS-
responsive airway inflammation. Collectively,
asthma managed using FeNO seems to be associ-
ated with lower exacerbation rates compared
with clinical algorithms alone. Furthermore,
FeNO may be useful in identifying patients at
risk for future impairment or loss of asthma con-
trol during reduction/cessation of ICS treat-
ment43,44. Therefore, FeNO measurement may be
the instrument that would permit us to modulate
treatment at least in some patients.

Preventive Increase of Maintenance
Treatment During Adverse Seasons

On the basis of our results, we realized that
there is a worsening of symptoms in some sea-
sons. An increase in the use of salbutamol, oral
corticosteroids and fixed combinations was ob-
served especially in young adults in spring. This is
in accordance with the study of Canova et al.1 con-
firming that, especially in Southern Europe, young
asthmatics sensitized to grass were more likely to
report asthma attacks between March and June.
All this suggests a possible preventive increase in
the level of treatment (either increasing the dosage
of inhaled corticosteroids, or adding montelukast
or long-acting bronchodilators) in allergic asth-
matics in some seasons. For example, a treatment
increase should be introduced some weeks before
the spring in grass sensitized asthmatics and/or be-
fore the autumn in house dust mite sensitized sub-
jects and carried on for the whole season. Vice

versa, the therapy level might be taken back to
baseline or even reduced (perhaps only in some
subjects, as we have already observed) in the other
seasons, for example in summer (like in Southern
Europe) when the allergy burden in pollens and in
house dust mite is low. This approach could pre-
vent exacerbations during the spring, when expo-
sure to pollen is high and therefore the inflamma-
tion level is higher too. Besides, a drug dosage re-
duction might minimize costs and maximize safe-
ty. Our data seem to support what already stated.
In fact, a higher use of asthma medications during
the winter seems to have repercussions on the fol-
lowing season with a reduced amount of asthma
relief medication prescriptions (short-acting bron-
chodilators and oral corticosteroids) especially in
children. This appears to be in line with another
study observing that subjects who were prescribed
inhaled corticosteroids in August showed a lower
incidence of medical contacts in September18.
Guidelines do not consider the possibility to pre-
ventively increase the level of treatment, but sup-
port that a step-up of therapy should be performed
when a worsening of symptoms/control is under
way19. On the other hand, guidelines report that
acute asthma is preventable with optimal control
of chronic asthma. On this respect, there is evi-
dence that higher doses of inhaled corticosteroids
might be effective in preventing progression to se-
vere exacerbations or the use of oral corticos-
teroids45,46. Also a daily, rather than intermittent,
treatment resulted more effective in terms of exac-
erbation reduction, as cited before28. In addition, in
patients with chronic asthma and seasonal aeroal-
lergen sensitivity, montelukast treatment provided
significant asthma control during the allergy sea-
son compared with placebo47. Therefore, when
dealing, for example, with a patient who worsens
yearly in spring, we may temporarily increase his
treatment level some weeks in advance and then
continue for the whole season to reduce the risk of
exacerbations during the following months. Per-
haps, using a combination of low values of ACT
and FEV1 with high levels of FeNO, when sub-
jects are stable, may predict a near future exacer-
bation48-50 and therefore help us establish when
treatment should be increased.

Conclusions

There are asthma seasonal variations that
must be considered in the disease management.
Asthma seasonality may favour a poor adher-
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ence to treatment. A seasonal maintenance
treatment modulation may be a valid approach
in order to minimize costs and maximize safety.
However, a treatment reduction in summer can
be suggested only for a restricted number of
patients who have a normal pulmonary function
and a benign disease course in time. Probably,
only when we succeed in characterizing the
various asthma phenotypes, this approach will
probably be taken into account. An increasing
preventive treatment level during the season
when patients worsen (starting some weeks be-
fore symptom worsening) may reduce asthma
exacerbation risks.
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