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ABSTRACT

Background: Although understanding the seasonal patterns of asthma deterioration 
is important to prevent asthma exacerbation, previous approaches have limitations in 
evaluating the actual trend of asthma exacerbation.
Objective: This study aimed to evaluate the seasonal and monthly variations in the peak 
expiratory flow rate (PEFR) among children with asthma.
Methods: A total of 89 patients with asthma were enrolled between December 2012 and 
March 2015. The PEFR in the morning and evening was recorded daily, and the percentage 
change in PEFR from baseline was calculated. Generalized estimating equation models were 
constructed after adjusting for age, sex, body mass index, and sensitization to house dust 
mites or pollen.
Results: The PEFR records of 11,222 person-days showed a significant decrease in the 
morning and evening in autumn than in winter by −1.9% (95% confidence interval [CI], 
−3.73 to −0.15) and −2.1% (95% CI, −3.80 to −0.37), respectively. The morning PEFR was 
significantly lower in April, August, October, and December than in January with changes 
of −4.2% (95% CI, −7.08 to −1.23) in April, −3.1% (95% CI, −5.79 to −0.47) in August, −3.7% 
(95% CI, −6.09 to −1.21) in October, and −1.9% (95% CI, −3.62 to −0.12) in December. The 
percentage change of evening PEFR significantly decreased by −3.3% (95% CI, −6.38 to 
−0.25) in April and by −3.3% (95% CI, −5.56 to −1.07) in October.
Conclusion: The PEFR in children with asthma was lower in autumn than in winter. In terms 
of monthly patterns, the PEFR was significantly reduced in April and October than in January. 
These results can serve as a basis for preventing asthma exacerbations by developing seasonal 
or monthly management strategies for children with asthma.
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INTRODUCTION

Asthma is a common chronic disease characterized by persistent inflammation of the airways 
and hyperresponsiveness to physiologic or triggering factors. According to the International 
Study of Asthma and Allergies in Childhood, the 12-month prevalence of asthma symptoms 
in Korean elementary schoolchildren increased from 4.9% in 2000 to 10.3% in 2010 [1]. A 
recent study conducted in the United States reported that 50% of children with asthma had 
experienced at least one asthma attack in the past year [2]. Patients with asthma missed 
an average of 3.2 school days, and 5.5% of patients experienced limitations in their daily 
activities due to the occurrence of asthma symptoms [2]. Moreover, asthma is associated with 
unhealthy lifestyle habits, such as obesity and sedentary behaviors, which lead to decreased 
physical and psychological wellness. Therefore, asthma is recognized as a major global health 
issue [3].

Although asthma exacerbations can occur at any time throughout the year, several studies 
have reported seasonal patterns of asthma attacks, demonstrating that asthma exacerbations 
occur most commonly in the fall and least commonly during summer [4, 5]. Most previous 
studies analyzed the number of prescription drugs or the frequency of healthcare visits to 
assess the level of asthma severity [4, 6-8]. However, those assessments are influenced by the 
availability of medical care or the behavior of individual patients in terms of coping with an 
asthma attack. Now, many patients with asthma use symptom relievers, and not all patients 
visit the emergency department when they experience asthma exacerbations. Therefore, 
the previous studies had limitations in evaluating the actual trend of asthma symptom 
prevalence because the indicators could not reflect the individual-level estimates of daily 
asthma symptom.

The peak expiratory flow rate (PEFR) is the maximum expiratory flow rate after a hard 
inspiration and is correlated with forced expiratory volume in 1 second (FEV1) [9]. As the 
PEFR values objectively indicate airway obstruction, its measurement can help monitor the 
individual-level fluctuations in the lung functions of patients with asthma; PEFR measurement 
is easy to perform, less time consuming, and low cost [9-11]. The PEFR is a valuable tool for 
assessing asthma status, even in patients with low perception of respiratory symptoms, and 
for evaluating the influence of environmental triggers. A recent study has demonstrated that 
low PEFR variability could be a useful indicator of good asthma control [12].

South Korea could experience intense dust storms during spring when the peak level of 
particulate matter (PM) concentration is affected by dusts originating from China and 
Mongolia [13]. Yellow dust or Asian dust generally occurs from March to May [14]. The 
seasonal average levels of PM with a diameter <10 μm (PM10) and total suspended particles in 
Korea are the highest during spring [15, 16]. We hypothesized that environmental changes 
may influence the asthma control status in Korean children according to the season or 
month, and it must be assessed in an objective manner, different from that in the previous 
studies. Therefore, this prospective study aimed to evaluate the seasonal and monthly 
patterns of the lung function by daily monitoring of the PEFR in children with asthma.
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MATERIALS AND METHODS

Study population and study design
We enrolled 89 children aged below 18 years with asthma between December 2012 and March 
2015 and followed them for at least 1 year. Asthma was diagnosed by a pediatrician on the 
basis of clinical symptoms and positive airway hyperresponsiveness [17]. Spirometry was 
performed at baseline in all patients following the American Thoracic Society guidelines 
[18]. Airway hyperresponsiveness was confirmed by assessing the provocation concentration 
of methacholine causing a 20% decrease in FEV1 (PC20) (<16 mg/mL). Patients treated with 
corticosteroids 2 months prior to the clinical evaluation and with severe comorbidities, 
including congenital heart disease, bronchiolitis obliterans, and malignant disease were 
excluded. This study was approved by the Institutional Review Board of Samsung Medical 
Center, Seoul, Korea (IRB No. 2016-02-090-003). The requirement to obtain an informed 
consent was waived.

The skin prick test (SPT) was performed on the backs of children using a standard method 
[19]. Commercial extracts of the following common allergens were used (Allergopharma, 
Reinbek, Germany): house dust mites (HDMs, Dermatophagoides pteronyssinus, and D. farinae), 
molds (Alternaria, Aspergillus, Cladosporium, and Penicillium), pollen (timothy, bermuda, meadow 
grass, alder, birch, elder, oak, Japanese cedar, ragweed, mugwort, short ragweed, Japanese 
hops, pine, and fat hen), animal dander (dogs and cats), and cockroach. Histamine and 
isotonic saline were used as positive and negative controls, respectively. A mean wheal 
diameter of ≥3 mm indicated a positive SPT.

For the PEFR measurement, patients inhaled until they reached their total lung capacity and 
then rapidly exhaled as forcefully as possible through the PEFR meter (Mini-Wright peak 
flow meter, Clement Clarke International, Harlow, UK) before receiving their daily dose 
of bronchodilator in the morning and evening. Patients were educated on how to use the 
PEFR meter by a trained researcher and a pharmacist. The highest measurement achieved 
after 3 attempts at each time point was recorded in a diary or mobile application and used to 
calculate the percentage change of PEFR. Data from the first 3 months were excluded from 
the analysis as they may not have reflected the patterns of seasonality during the initial period 
of treatment.

Statistical analysis
Data were expressed as mean ± standard deviation and analyzed using the SAS ver. 9.1 
software (SAS Institute, Cary, NC, USA). Percentage change in the PEFR from baseline in 
each patient was expressed as PEFR change from 80% of the personal best PEFR: percentage 
change in the PEFR = [(daily PEFR–80% of personal best PEFR)/80% of personal best PEFR] 
× 100. The average values of percentage change in the PEFR in each season or month were 
calculated, and a generalized estimating equation (GEE) method was applied for repeated 
measures to compare the change in the PEFR by season or month. To adjust for the intra-
individual correlation, a working correlation structure was selected using quasi-likelihood 
under the independence model information criterion. Seasons were defined according to the 
meteorological definitions: winter as December–February, spring as March–May, summer as 
June–August, and autumn as September–November.

The GEE models were constructed to explore the influence of season and month on PEFR 
differences after adjusting for age, sex, body mass index (BMI), and sensitization to HDMs or 
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pollen. The BMI was calculated as weight in kilograms divided by height in meters squared. 
In addition, a subgroup analysis was performed based on the HDM sensitization status and 
estimated the effect of sensitization to each pollen, such as tree, grass, or weeds. A p value of 
<0.05 was considered significant.

RESULTS

Overall, 89 patients (62 boys and 27 girls) were enrolled. The patients' mean age was 8.9 ± 
2.9 years (range, 4.3–17.9 years) (Table 1). The methacholine PC20 of all patients was <16 mg/
mL (geometric mean, 1.79 mg/mL; range, 0.09–13.62 mg/mL). Of the PEFR records of 11,222 
person-days, 2,619 (23.3%) were collected in spring, 2,347 (20.9%) in summer, 2,958 (26.4%) 
in autumn, and 3,298 (29.4%) in winter. Each patient filled out a symptom diary for 197.6 ± 
145.8 days.

In the adjusted GEE model, the morning PEFR was significantly lower in autumn than in winter 
(–1.9%; 95% confidence interval [CI], −3.73 to −0.15) (Fig. 1). However, no significant decrease 
was found in spring (−1.8%; 95% CI, −3.63 to 0.10) and summer (−1.1%; 95% CI, −3.13 to 0.97). 
Meanwhile, the evening PEFR was significantly lower in autumn than in winter (−2.1%; 95% 
CI, −3.80 to −0.37) (Fig. 1). Likewise, there was no statistical difference in the evening PEFR in 
spring (−1.3%; 95% CI, −3.36 to 0.67) and summer −1.1% (95% CI, −3.31 to 1.01).

The monthly pattern was analyzed with January as the reference month. The morning PEFR 
was significantly lower in April, August, October, and December than in January in the 
adjusted GEE model: −0.6% (95% CI, −2.09 to 0.91) in February, −1.3% (95% CI, −3.63 to 
0.95) in March, −4.2% (95% (CI, −7.08 to −1.23) in April, −2.6% (95% CI, −5.45 to 0.30) in 
May, −0.2% (95% CI, −2.69 to 2.35) in June, −2.1% (95% CI, −4.78 to 0.58) in July, −3.1% (95% 
CI, −5.79 to −0.47) in August, −2.3% (95% CI, −5.12 to 0.54) in September, −3.7% (95% CI, 
−6.09 to −1.21) in October, −2.1% (95% CI, −4.37 to 0.11) in November, and −1.9 (95% CI, 
−3.62 to −0.12) in December (Fig. 2). The evening PEFR was significantly lower in April and 
October than in January, with percentage changes in PEFR of 0.1% (95% CI, −1.46 to 1.61) in 
February, −0.3% (95% CI, −2.62 to 2.07) in March, −3.3% (95% CI, −6.38 to −0.25) in April, 
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Table 1. Characteristics of the study subjects at enrollment (n = 89)
Characteristic Value
Male sex 62 (69.7)
Age (yr) 8.9 ± 2.9
Body mass index (kg/m2) 17.7 ± 2.8
PC20 (mg/mL) 2.9 ± 2.7
FEV1 (L) 1.86 ± 0.73
FEV1 (% predicted value) 85.7 ± 12.9
Sensitization

House dust mite 70 (78.6)
Tree pollen 38 (42.7)
Weed pollen 32 (36.0)
Grass pollen 21 (23.6)
Dog 25 (28.1)
Cat 24 (27.0)
Mold 31 (34.8)
Cockroach 6 (6.7)

Values are presented as number (%) or mean ± standard deviation.
PC20, provocative concentration of methacholine causing a 20% decrease in FEV1; FEV1, forced expiratory volume 
in 1 second.



−2.0% (95% CI, −5.07 to 1.04) in May, 0.3% (95% CI, −2.39 to 2.92) in June, −2.0% (95% CI, 
−4.75 to 0.80) in July, −2.6% (95% CI, −5.33 to 0.07) in August, −2.3% (95% CI, −5.13 to 0.45) 
in September, −3.3% (95% CI, −5.56 to −1.07) in October, −1.6% (95% CI, −3.73 to 0.47) in 
November, and −1.2% (95% CI, −2.88 to 0.46) in December (Fig. 2).

A subgroup analysis was performed after the patients were divided into 2 groups according to 
the HDM sensitization status. In patients who were sensitized to HDMs, the morning PEFR 
was significantly lower in April, July, August, and October than in January: −5.8% (95% CI, 
−7.90 to −1.02) in April, −4.4% (95% CI, −5.98 to −0.20) in July, −5.2% (95% CI, −6.52 to −1.17) 
in August, and −5.7% (95% CI, −6.97 to −1.80) in October (Fig. 3). The evening PEFR was 
significantly lower in April, August, September, and October than in January: −7.1% (95% CI, 
−7.8 to −0.49) in April, −6.3% (95% CI, −6.07 to −0.61) in August, −6.2% (95% CI, −6.17 to 
−0.18) in September, and −6.7% (95% CI, −6.02 to −1.48) in October (Fig. 4). In patients who 
were not sensitized to HDMs, no statistical significance was found in the monthly variations 
in PEFR measured in the morning or evening.
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Fig. 1. Seasonal patterns of peak expiratory flow rate (PEFR) measured in the morning and in the evening. 
Seasonal variation was analyzed using a generalized estimating equation. The percentage change in morning and 
evening PEFR was significantly increased in autumn relative to the reference season of winter. *p < 0.05.
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Fig. 2. Monthly patterns of peak expiratory flow rate (PEFR) measured in the morning and evening. Monthly 
variation was analyzed using a generalized estimating equation. The decrease in morning and evening PEFR was 
significant in April and October relative to the reference month of January. *p < 0.05.



We also analyzed the effect of sensitization to pollens after adjusting for age, sex, and BMI. 
We found a significant effect of the tree pollen sensitization to the morning PEFR (p = 
0.007). In addition, the grass pollen sensitization had a significant influence on the evening 
PEFR (p = 0.036).

DISCUSSION

This panel study investigated the seasonal and monthly patterns of the lung function in 
children with asthma. This study was designed to continuously measure and monitor the 
PEFR in Korean children with asthma within 1 year. We obtained the PEFR change data and 
investigated the variability according to season or month after the first 3 months, because 
appropriate management of asthma might not have been performed yet during this period. 
Our results demonstrated that individual-level lung function was the worst in autumn, 
followed by spring, summer, and winter. The PEFR was significantly lower in April and 
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Fig. 3. Monthly pattern of morning peak expiratory flow rate (PEFR) in patients who were sensitized or not 
sensitized to house dust mites (HDMs). Monthly variation was analyzed using a generalized estimating equation. 
The decrease in morning PEFR was significant in April, July, August, and October relative to the reference month 
of January in patients who were sensitized to HDMs. *p < 0.05.
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Fig. 4. Monthly pattern of evening peak expiratory flow rate (PEFR) in patients who were sensitized or not 
sensitized to house dust mites (HDMs). Monthly variation was analyzed using a generalized estimating equation. 
The decrease in evening PEFR was significant in April, August, September, and October relative to the reference 
month of January in patients who were sensitized to HDMs. *p < 0.05



October than in January. These results are consistent with a recent study, which reported that 
the monthly number of emergency department visits related to asthma peaked during fall [6].

There have been conflicting reports regarding seasonal variations in asthma symptoms. In a 
Taiwanese study using one-stage stratified cluster random sampling and a questionnaire, the 
frequency of asthma aggravation peaked in winter [7].

An Italian study that investigated the number of emergency calls for asthma exacerbations 
revealed that the prevalence of asthma symptoms peaked in autumn and spring [4]. Similarly, 
a recent large-scale population-based study in Israel showed that unscheduled visits to the 
primary care physician and drug prescriptions for asthma deterioration were most common 
in September [5]. These conflicting results could be due to the differences in study design, 
climate conditions, or the method of assessing asthma exacerbations. In particular, patient's 
behavioral patterns toward asthma exacerbation, such as the use of symptom reliever or 
visits to the hospital for emergency care vary in different countries. Therefore, the number of 
prescription drugs or the frequency of healthcare visits does not always reflect the symptom 
changes or physiologic status of individual patients with asthma. By contrast, we used daily 
measurements of PEFR in this prospective study in order to overcome the methodological 
limitations of previous studies. Finally, we verified the results of previous Korean studies; i.e., 
the prevalence of asthma exacerbation peaked in spring or autumn [6, 20].

The worsening of the lung function in autumn and spring relative to winter could be 
attributed to several environmental factors, including meteorological factors, viral infections, 
air pollution, and indoor or outdoor allergens. The largest diurnal temperature range 
(DTR) was observed in spring and autumn, which is associated with a higher frequency 
of emergency department visits or hospitalizations [21, 22]. Although the mechanism of 
asthma aggravation by DTR remains unclear, temperature changes within a short period of 
time can induce mild inflammation in the airway, which increases the risk of susceptibility 
to respiratory illness [21]. It is also presumed that patients with asthma avoid worsening 
of symptoms by staying indoors during the winter season [22]. In addition, respiratory 
virus infection was associated with 85% of the cases of asthma exacerbation, indicating 
their important role in asthma exacerbations in children [23, 24]. In particular, rhinovirus 
and influenza were more frequently detected in patients with asthma exacerbation than 
other respiratory viruses [25-27]. The Korean Centers for Disease Control reported that the 
incidence of rhinovirus and influenza infection was the highest in autumn and spring [28].

In Korea, the major source of PM in spring is the Asian dust from northern China and 
Mongolian desert with 40 μm/m3 increase in PM10 within 3 days of dust outbreak [14]. PM 
causes direct inflammation in the airways, mucosal edema, and cytotoxicity [29]. A recent 
meta-analysis found that exposure to high levels of PM significantly increased the risks of 
emergency room visits and hospital admissions in patients with asthma [30]. In another 
Korean study, PM2.5 and PM10 increased the hospital admission rate in spring and winter, 
respectively [31]. There was also an increase in the rate of Emergency Department visits due 
to asthma exacerbation after Asian dust days in Nagasaki, the western part of the Japanese 
island [32]. A recent Chinese study demonstrated a significant association between PM and 
poor respiratory outcomes, such as hospitalization and mortality in the winter season [33]. 
Subgroup analysis in the present study revealed that sensitization to HDMs had interaction 
effects on the monthly patterns of PEFR, especially in April, July, August, September, and 
October. A previous Korean study reported that the concentration of HDMs was the highest 
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in August, September, and October, which coincides with the months with higher number 
of individuals who had worse lung function reported in our previous study [34]. Our analysis 
also showed that the low PEFR in April, July, and August was associated with sensitization to 
tree or grass pollens. These results highlight the importance of inhalant allergens as factors 
that aggravate asthma because the levels of tree and grass pollens are usually high in the 
months of March to May and May to September, respectively, in Korea [35].

This study has some limitations. We did not adjust for respiratory viral infection and the use 
of controllers, which are the most important factors for asthma exacerbation. Participants 
who developed symptoms of respiratory tract infections were not allowed to undergo tests 
for determination of viral etiologies. In addition, the number of patients who used asthma 
controllers was higher in spring and autumn than in summer and winter without statistical 
significance (data not shown); this finding indicates that there is no need to adjust for the 
statistical analysis. Although the exact causes were not completely identified, our results are 
still considered significant because asthma is a complex disease aggravated by various risk 
factors, such as infection, allergens, climate, and air pollution. Indeed, seasonal variations 
in asthma exacerbation are the consequences of multiple environmental triggers. Second, 
sensitization to HDM was observed in 78.6% of the study patients. This finding implies that 
our study has a selection bias, which partly contributed to the reduction in the lung function 
in autumn. Lastly, we had difficulty maintaining the compliance of the patients with regard 
to recording their daily PEFR measurements all year round. It led to the wide variation in the 
number of records among the study participants. Nevertheless, our study provides useful 
information on the seasonal and monthly patterns of asthma status that can be used to 
develop individualized management plans depending on the season or month.

In conclusion, the lung function in Korean children with asthma is lower in autumn than in 
winter. In terms of monthly patterns, the PEFR is significantly lower in April and October 
than in January. These results can be used to prevent asthma exacerbations by developing 
seasonal or monthly management strategies for children with asthma.
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