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Introduction. Seasonal variation in asthma has been widely recognized. The aim of this study was to describe seasonal patterns of asthma
symptoms and asthma medication use in a cohort of pediatric asthma medication users and to study determinants of seasonal childhood
asthma. Methods. For this study, 602 children participating in the Pharmacogenetics of Asthma medication in Children: Medication with
Anti-inflammatory effects) cohort were included. Parents were asked about their child’s respiratory symptoms and quick-reliever medication use
over the past year. Logistic regression analysis was used to study determinants of seasonality in asthma control (the level of disease control based
on symptoms, limitations in activities, and rescue medication use). Results. There was a decline in asthma symptoms and asthma medication
use during the summer period and a peak occurred from autumn to spring. The prevalence of wheeze ranged from 32% in summer to 56% in
autumn. The prevalence of respiratory symptoms and medication use was significantly lower during summer (p < .0001). Oral steroids and
antibiotics use and strong parental necessity beliefs were associated with uncontrolled asthma, regardless of seasonality. Allergic rhinitis was
associated with an increased risk of uncontrolled asthma during spring [odds ratio (OR): 1.9; 95% confidence interval (CI): 1.3–2.8] and summer
(OR: 1.9; 95% CI: 1.2–3.0). Eczema was associated with a higher risk of uncontrolled asthma during autumn (OR: 1.5; 95% CI: 1.0–2.2) and
winter (OR: 1.3; 95% CI: 1.0–1.9). Conclusion. We showed seasonal patterns in asthma symptoms and medication use. Associations were shown
between allergic rhinitis and asthma control during spring/summer and eczema was associated with uncontrolled asthma during autumn/winter.
Seasonality in asthma morbidity and health-care use is most likely associated with atopic constitution and viral infections, which are common
during fall, winter, and spring.
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INTRODUCTION

Asthma is the most common chronic disorder in
childhood and one of the leading causes for pediatric
emergency department visits (1, 2). Seasonal patterns in
asthma medication use (3) and pediatric asthma hospital
admissions have been described previously (4). A decline
in medication use and hospital admissions was found
during the summer period (5). A review article of Sears
and Johnston (6) described a peak in hospitalization for
pediatric asthma patients in Canada in September (during
the period 1990–2004).

It has been suggested that variable environmental
factors might account for the observed seasonal patterns
in asthma symptoms and related health-care utilization.
Previous studies have shown associations between climate
factors (i.e., temperature, humidity, rainfall, barometric
pressure) and asthma exacerbations (4, 7, 8). In contrast,
Gergen et al. (9) found no correlation between seasonal
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patterns of asthma and atopy, environmental tobacco
smoke exposure, and air pollutants.

The purpose of this study was to describe possible
seasonal patterns of asthma symptoms in a cohort of
pediatric asthma medication users. In addition, we inves-
tigated determinants of asthma control and investigated
whether there were seasonal differences in predictors of
asthma control status. This might be of interest for the
treating physician when assessing asthma control and
appropriate treatment strategies. Better understanding of
seasonal risk factors could be useful for lifestyle changes
and prevention of asthma (exacerbations).

METHODS

Study Population and Setting

Recruitment of the Pharmacogenetics of Asthma medi-
cation in Children: Medication with Anti-inflammatory
effects (PACMAN) cohort started in April 2009 by
means of selecting pediatric asthma medication users
from community pharmacies. Details of this study
protocol have been described elsewhere (10). Briefly,
children aged 4–12 years who are regular users (≥3
prescriptions within the last 2 years and ≥1 prescription
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in the last 6 months) of asthma medication (Anatomical
Therapeutic Chemical code R03) were selected from
pharmacies in The Netherlands. Selected children and
their parents were invited for a visit to their own
community pharmacy. Recruitment for the PACMAN
cohort took place throughout the year. Nevertheless, most
children were included in spring (46%) and autumn (30%)
as a result of holiday seasons (summer and winter). Only
7% of the population was included during summer and
17% was included during winter. The PACMAN study
has been approved by the Medical Ethics Committee of
the University Medical Center Utrecht.

During the pharmacy visit, parents filled in a ques-
tionnaire to collect information regarding general health,
asthma and respiratory symptoms, medication use, adher-
ence, parent’s beliefs about medicines, and environmental
and socio-demographic factors. Furthermore, the child’s
inhalation technique was scored with an inhaler-specific
inhalation control checklist (10).

Seasonal Differences in Asthma Symptoms and
Medication Use

Parents were asked about their child’s airway symptoms
over the past 12 months. The questionnaire completed
during the pharmacy visit contained questions regard-
ing the presence of asthma symptoms, limitations in
activities, sleep disturbances, and extra medication use
during the different seasons in the past 12 months. (For
example: “Has your child had tightness of the chest or
shortness of breath during summer (June–August)?”) In
addition, a question on the frequency of the described
symptoms during the different seasons was added:
“How often did your child experience these symptoms
during spring/summer/autumn/winter?” (Answers: daily,
weekly, monthly, or rarely symptoms.) The prevalence
of asthma symptoms (wheeze, cough, and shortness of
breath), sleep disturbances, limitations in daily activities,
and rescue medication use was compared for the four
seasons.

Definition of Asthma Control

Asthma control was defined based on the international
Global Initiative for Asthma guidelines (11). First, asthma
control was defined based on the presence of symptoms
in a specific season. Uncontrolled asthma was defined as
≥ 3 of the following items present in a specific season:
(1) daytime asthma symptoms, (2) nighttime asthma
symptoms, (3) limitations in daily activities, and (4)
rescue medication use. Subsequently, this initial definition
of asthma control was adjusted for the frequency of
symptoms during a season. Children with frequent
symptoms (daily or weekly symptoms during a season)
were classified as uncontrolled; children with monthly
symptoms were classified as partially controlled; and
children who experienced symptoms rarely (less than
once a month) during a season were classified as well
controlled.

Determinants of Uncontrolled Asthma throughout the
Seasons

We studied the influence of child characteristics [gender
(male vs. female), ethnicity (Dutch (non-immigrant) vs.
non-Dutch (immigrant)), presence of eczema and allergic
rhinitis (yes/no)], medication use [adherence (good vs.
poor), inhalation technique (good vs. poor), parental
perception towardmedicationuse, courseof antibiotics and
oral steroids during past year (yes/no)], and environmental
factors [environmental tobacco smoke exposure (yes/no),
pet exposure (yes/no), and living environment (urban vs.
rural environment)] on asthma control.

Parent-reported adherence was assessed by using the
Medication Adherence Report Scale (MARS) comprising
five questions on medication use behavior (12). The
MARS was dichotomized using a cut-off point for the
sum score: a score of <21 was considered as poor
adherence (13, 14). Inhalation technique was scored using
a validated questionnaire developed by van der Palen
et al. (15). Parental perception toward medication use
include beliefs about medication (both parental necessity
beliefs and concerns about their child’s medication use)
and knowledge about asthma medication. Beliefs about
medicines were assessed using the validated Beliefs about
Medicines Questionnaire (BMQ). This questionnaire
comprises two scales with each five questions: the
necessity scale and the concerns scale. All items are
measured on a 5-point Likert scale (16). The questions
on necessity beliefs focus on the need for medication
use to maintain present and future health. The questions
on concerns focus on concerns about potential adverse
consequences of medication use. Higher scores on the
specific scales indicate stronger need beliefs or concerns.
BMQ scores greater than scale midpoint (>15) were
considered as stronger beliefs (14).

Statistical Analysis

Chi-square test was used to compare frequency data.
Logistic regression analysis was used to study deter-
minants of uncontrolled asthma. Odds ratios (ORs)
and their corresponding 95% confidence intervals (CIs)
were calculated. Univariate analyses were performed to
study individual determinants of uncontrolled asthma
and multivariate analysis was performed to assess
independence of the associated factors. The only variables
associated with uncontrolled asthma (p < .10) in the
univariate analyses were included in the multivariate
analysis. The inclusion of potential confounders in the
logistic regression model was based on the assessment of
the influence of each potential confounder on the OR for
the association between the univariate-associated factors
and uncontrolled asthma. The child’s gender, ethnicity,
parental beliefs about medicines, exposure to pets,
environmental tobacco smoke, and living environment
were all considered potential confounding factors. Age
was included as covariate in the model. Potential
confounding factors were included in the multivariate
model if they induced a 10% change or more in the crude



696 E. S. KOSTER ET AL.

regression coefficient for the determinant of interest (17).
All analyses were performed using SAS Version 9.1 (SAS
Institute, Cary, NC, USA).

RESULTS

Study Population

Until February 2011, 2114 children were selected from
67 Dutch pharmacies. For 595 (28.1%) of these children
there was no contact telephone number registered in the
pharmacy nor could a telephone number be traced through
Internet or a national telephone number service. Another
393 (18.6%) parents, whose telephone numbers were
known, could not be reached after at least five phone
calls during office hours. Therefore, in total, 1126 parents
could be invited by telephone and of these, 684 parents
(60.7%) agreed to participate. No data were obtained from
82 (12.0%) children due to various reasons (e.g., child was
unwilling to participate, parents/children did not show
up at the scheduled appointment, or the parents/children
were willing to participate, though unable to come to the
pharmacy in the period of patient inclusion). As a result,
602 children were included in the study indicating a
response rate of 53.5%. The general characteristics of this
population are shown in Table 1: 62% of the participants
were male and the mean age was 8.3 years. Almost 75%
of the children had a doctor’s diagnosis of asthma.

Seasonal Differences in Asthma Symptoms and
Medication Use

Figure 1 shows the prevalence of reported asthma
symptoms and reliever medication use for the entire
population over the past year (during the 12 months
preceding the pharmacy visit). There was a decline
in asthma symptoms (cough, shortness of breath, and
wheeze) and rescue medication use during the summer
period and a peak occurred from autumn to spring.
The prevalence of respiratory symptoms and rescue
medication use was significantly lower during the summer

TABLE 1.—Characteristics of study population.

Study population (n = 602)

General
Male gender (%) 61.6
Age, mean (SD) 8.3 ± 2.5
Caucasian ethnicity (%) 87.4

Clinical characteristics
Allergic rhinitisa (%) 46.1
Eczemaa (%) 64.9
Food allergya (%) 51.2
Doctor-diagnosed asthma (%) 74.4

Medication use in the past 12 months
SABA 82.7
ICS 87.5
Antibiotics 36.0
Oral steroids 7.0

Notes: SABA, short-acting beta-agonist; ICS, inhaled corticosteroids.
aBased on parental reporting in the questionnaire.
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FIGURE 1.—Overall seasonality of asthma symptoms and medication use.

period compared with the other seasons (p < .0001).
Cough was the most frequently reported respiratory
symptom with a prevalence ranging from 53% in summer
to 82% during autumn. Wheeze, more specific for asthma,
was reported for 32% in summer and ranged to 56%
during autumn.

Seasonal variation in wheeze and asthma medication
use was evident across both age groups (children aged
under 6 years and children aged 6 years and older)
(Figure 2A). Figure 2B shows that seasonal variation
in both genders is evident and nearly identical. For
atopic children, wheeze and rescue medication use were
significantly higher (p < .05) during spring and summer
(Figure 2C).

Determinants of Uncontrolled Asthma

Figure 3 shows asthma control during different seasons.
Well-controlled asthma rates ranged from 19% in autumn
and winter, 21% in spring to 29% in summer. Uncon-
trolled asthma rates are lowest in summer (31%) and
highest in spring (45%), autumn (48%), and winter (48%).
The univariate and multivariate associations between
potential determinants and uncontrolled asthma in the
different seasons are shown in Tables 2 and 3. Both
oral steroids use and antibiotics use during the past
year were associated with increased risk of uncontrolled
asthma in all seasons. The same was true for parental
necessity beliefs toward their child’s medication use.
Allergic rhinitis was associated with an increased risk
of uncontrolled asthma during spring (OR: 1.9; 95% CI:
1.3–2.8) and summer (OR: 1.9; 95%CI: 1.2–3.0). Eczema
was associated with a higher risk of uncontrolled asthma
during autumn (OR: 1.5; 95% CI: 1.0–2.2) and winter
(OR: 1.3; 95% CI: 1.0–1.9).

DISCUSSION

We showed the existence of seasonal variation in
respiratory symptoms and medication use in a cohort
of pediatric asthma medication users. The prevalence
of asthma symptoms (wheeze, shortness of breath, and
cough) and rescue medication use was lowest in summer.
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FIGURE 2.—Seasonality of asthma symptoms and medication use by (A)
age, (B) gender, and (C) atopic status (a child was considered atopic if one
of the following conditions was present: eczema or allergic rhinitis).

Uncontrolled asthma was present in approximately
one-third of the children during summer (31%) compared
with up to half of the population in spring (46%),
autumn (48%), and winter (48%) periods. This is in
line with other studies reporting a summer improvement
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FIGURE 3.—Seasonality of asthma control.

and a clear pattern of fall–winter worsening for asthma
symptoms and related health-care utilization (3, 6, 9).
Strong parental beliefs toward the need for medication
use were associated with a higher risk of uncontrolled
asthma in all seasons except summer. Antibiotics use and
oral steroids use were also associated with uncontrolled
asthma symptoms, regardless of seasonality. During
spring and summer, allergic rhinitis was associated with
uncontrolled asthma and during autumn and winter
eczema was associated with a higher risk of uncontrolled
asthma, suggesting that atopic constitution plays an
important role in asthma control in these children.

We have shown that parental perception toward
medication use is a very important factor in pediatric
asthma control. Within the Prevention and Incidence of
Asthma and Mite Allergy (PIAMA) cohort we have
also studied the determinants of uncontrolled asthma
and showed parental necessity beliefs to be associated
with uncontrolled asthma (18). This finding was against
our expectation, as previous research has shown an
association between strong necessity beliefs and higher
adherence rates for asthma medication (19) which, in turn,
is expected to lead to improved asthma control. However,
also in this study, regardless of seasonality, strong parental
beliefs toward the necessity of their child’s medication use
were associated with higher risk of uncontrolled asthma.
Therefore, we believe that these strong need beliefs may
reflect a population with more severe asthma.

Children with reported oral steroids use and antibiotics
use were at an increased risk of uncontrolled asthma. Oral
steroids use has been associated with inadequate asthma
control (20). Oral steroids are prescribed for treatment
of severe exacerbations (11, 21, 22), and antibiotics are
used in the treatment of respiratory symptoms such as
acute coughing (22). Use of these drugs may reflect more
severe, uncontrolled disease.

We found allergic rhinitis to be associated with a
higher risk of uncontrolled asthma during spring and
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TABLE 2.—Determinants of uncontrolled asthma (uncontrolled vs. controlled): univariate analysis.

Spring OR (95% CI) Summer OR (95% CI) Autumn OR (95% CI) Winter OR (95% CI)

Child characteristics
Male gender 1.1 (0.7–1.5) 1.1 (0.7–1.7) 0.7 (0.5–1.0) 0.7 (0.5–1.0)
Dutch ethnicity (non-
immigrant)

0.5 (0.3–1.0) 0.5 (0.3–1.1) 0.9 (0.5–1.6) 0.6 (0.3–1.1)

Eczemaa 1.5 (1.1–2.2) 1.4 (1.0–2.3) 1.7 (1.1–2.4) 1.4 (1.0–2.0)
Allergic rhinitisa 2.0 (1.4–2.8) 2.0 (1.3–3.1) 1.1 (0.8–1.6) 1.3 (0.9–1.9)

Medication use
Good adherence 1.0 (0.7–1.4) 1.2 (0.8–1.8) 1.4 (1.0–2.0) 1.2 (0.8–1.7)
Poor inhalation technique 0.8 (0.5–1.2) 1.0 (0.6–1.8) 1.1 (0.7–1.7) 0.9 (0.6–1.4)
Strong need beliefsa 1.9 (1.3–2.7) 1.5 (1.0–2.3) 2.0 (1.4–2.8) 2.0 (1.4–2.9)
Strong concern beliefsa 1.5 (1.0–2.3) 1.3 (0.8–2.2) 1.5 (1.0–2.3) 1.8 (1.2–2.8)
Antibiotics 2.0 (1.4–2.9) 1.8 (1.2–2.9) 1.9 (1.3–2.7) 2.7 (1.9–3.9)
Oral steroids 3.7 (1.8–7.7) 3.6 (1.7–7.5) 4.5 (2.0–9.9) 2.2 (1.1–4.5)

Environmental factors
Environmental tobacco
smoke exposure

1.0 (0.6–2.0) 1.5 (0.7–3.2) 0.5 (0.3–1.0) 0.8 (0.4–1.6)

Pets 1.0 (0.7–1.4) 1.0 (0.7–1.6) 1.2 (0.9–1.7) 1.3 (0.9–1.9)
Urban environment 0.9 (0.6–1.2) 1.5 (0.7–3.2) 1.0 (0.7–1.4) 1.5 (1.0–2.1)

Notes: OR, odds ratio; CI, confidence interval. Values in bold indicate significance at p < 0.05.
aBased on parental reporting in the questionnaire.

TABLE 3.—Determinants of uncontrolled asthma (uncontrolled vs. controlled): multivariate analysis.

Spring OR (95% CI) Summer OR (95% CI) Autumn OR (95% CI) Winter OR (95% CI)

Child characteristics
Male gender – – 0.7 (0.5–1.1) 0.7 (0.5–1.0)
Dutch ethnicity
(non-immigrant)

0.7 (0.4–1.3) – – –

Eczemaa 1.2 (0.8–1.8) 1.1 (0.7–1.9) 1.5 (1.0–2.1) 1.3 (1.0–1.9)
Allergic rhinitisa 1.9 (1.3–2.8) 1.9 (1.2–3.0) – –

Medication use
Good adherence – – – –
Poor inhalation technique – – – –
Strong need beliefsa 1.7 (1.1–2.5) 1.1 (0.7–1.9) 1.8 (1.3–2.6) 1.8 (1.2–2.6)
Strong concern beliefsa 1.1 (0.7–1.7) – 1.4 (0.9–2.1) 1.4 (0.9–2.2)
Antibiotics 2.2 (1.4–3.3) 1.8 (1.1–3.1) 1.8 (1.2–2.6) 2.8 (1.9–4.0)
Oral steroids 2.8 (1.3–6.1) 3.4 (1.5–7.9) 4.4 (2.0–9.9) 1.6 (0.8–3.3)

Environmental factors
Passive smoking – – 0.4 (0.2–1.1) –
Pets – – – –
Urban environment – – – 1.5 (1.0–2.1)

Notes: OR, odds ratio; CI, confidence interval. Values in bold indicate significance at p < 0.05.
aBased on parental reporting in the questionnaire.

summer periods. During these months, exposure to grass
pollen is highest which may trigger the allergic reaction
observed in allergic rhinitis. The majority of children with
asthma also have allergic rhinitis (23). Both conditions
are characterized by inflammation of the respiratory
mucosa, and due to their mechanistic intertwine one
condition can exacerbate the other (24). It has been shown
that asthmatic children with allergic rhinitis have more
hospitalizations and more frequent emergency department
visits compared with children without allergic rhinitis
(25). Allergic rhinitis might therefore be a marker
for more difficult-to-control asthma and poorer asthma
outcomes. Therefore, treating allergic rhinitis may result
in better asthma outcomes (26). Furthermore, Erbas et al.
(27) showed that high levels of airborne grass pollen,
which may cause the allergic reaction observed in patients

with allergic rhinitis, influenced hospital admissions for
asthma. Eczema, also an allergic disorder, was associated
with uncontrolled asthma during autumn and winter.
Rhinitis is more common in spring, while eczema
exacerbations are more common in fall and winter. This
finding, together with allergic rhinitis associations with
uncontrolled asthma during spring/summer, suggests that
an atopic constitution plays an important role in asthma
control.

Besides the importance of atopy, the seasonal pattern of
respiratory symptoms and asthma medication use found
in this study may also be attributed to viral infections
caused by influenza as an additional factor. Olenec et al.
(28) showed that most asthmatic children in their study
were infected with viruses during the peak common
cold seasons (spring and fall). These viral infections
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were associated with loss of asthma control. It is known
that primary care visits for respiratory disorders are
driven primarily by viral circulations. Winter visits were
threefold higher than summer visits as shown in the study
of Moineddin et al. (29). Increased severity of asthma
morbidity may be driven primarily by respiratory viruses
(rhinovirus in late summer/early fall) and factors related
to holiday season such as undertreatment of symptoms
during periods with lack of daily routine. Furthermore,
school return may be an important reason for a peak
after summer: school return may induce stress which can
lead to more severe symptoms, and re-exposure to viral
infections in the school environment may contribute to
this peak (6).

One of the strengths of our study was the availability of
information on asthma symptoms for the different seasons
over the past year. Many observational studies only have
data on respiratory symptoms concerning the past month
or the past week. In contrast to these studies, we were
able to study the presence of asthma symptoms over
the past year and were able to stratify for the different
seasons. Another strength of the PACMAN cohort study
is that we included pediatric patients in the primary care
setting. This has the advantage that we have a cohort
which includes a very broad range of asthmatics and not
only focuses on children in a specialized care group (lung
physician/pediatrician) as most children are also treated
within the primary care setting. Furthermore, the response
rate in our study was high and comparable with other
Dutch cohort studies including a physical examination in
pediatric patients (30, 31).

One of the limitations of our study was that symptoms
were based on parental report. Parents may not always
be able to give an accurate estimate of their child’s
asthma symptoms and medication use as described by
Dell et al. (32). Recall bias might have been a problem
as parents were asked retrospectively about their child’s
respiratory symptoms. However, this resembles daily
clinical practice, where asthma management in young
children is also based on parental reporting of symptoms.
Furthermore, most children were included during spring
or autumn. This is probably due to the holiday seasons in
both summer and winter.

CONCLUSION

The current study showed seasonal patterns in both
the prevalence of asthma symptoms and the rescue
medication use. We have found uncontrolled asthma to
be associated with parental perception toward medication
use and use of oral steroids and antibiotics, regardless
of seasonality. Furthermore, we showed associations
between allergic rhinitis and asthma control during spring
and summer and between eczema and asthma control
during autumn and winter. Thus, atopic constitution is
associated with control of asthma symptoms. Atopic
children might be more sensitive to seasonal influences,
such as increased allergen exposure during spring.
Seasonality in asthma morbidity and health-care use

is most likely associated with exacerbations caused by
allergic rhinitis and viral infections, which are common
during fall, winter, and spring.
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