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Introduction 
 Asthma is one of the common diseases with a high prevalence in children. Globally, the prevalence of asthma 

varies per region, and a high prevalence is observed in resource-rich countries [1]. In addition, it is known that the 

prevalence of asthma particularly increased in children over the last 40 years [2]. In Japan, number of patients with asthma 

has been fluctuating between 1984 and 2014, whereas the mortality rate has been on a continuous decrease over the years 

[3]. The prevalence of asthma is particularly high in children [3] and investigating the causes and preventive measures for 

asthma in children is of prime importance in Japan. 

 The prevalence of asthma varies with respect to region also in Japan, and urban areas have often been shown to 

be associated with a higher prevalence of asthma [4,5]. A previous study in Japan analyzed the School Health Statistics 

Survey in 2006 and revealed that the prevalence of asthma tended to be higher among children in metropolitan areas 

compared with the other regions [6]. Conversely, the difference in the prevalence has not been investigated, and it is 

unknown whether the difference increased or decreased over the years. In addition, air pollution is a major risk factor for 

asthma [7], and an increase in air pollutant concentrations following the economic development after World War II has 

caused a major pollution problem, which led to a disease called Yokkaichi asthma in Japan [8]. However, differences in 

trends of air pollutant concentrations by urbanization levels of various regions have not been investigated in Japan in recent 

years. Air pollutant concentrations decreased in Tokyo over the recent decades [9,10], and the relationship between regional 

urbanization levels and the prevalence of asthma may have changed in recent years. Moreover, investigating the trend of 

air pollutant concentrations by regional urbanization level will be meaningful for understanding the trends in the prevalence 

of asthma in Japan. 

 We investigated the trends in the prevalence of asthma and air pollutant concentrations among children by 

regional urbanization level using nationwide government statistics of Japan. 

 

Abstract 
Although it has been known that the prevalence of asthma tends to be higher among children in the metropolitan areas 

of Japan, trends of the prevalence with respect to the regional urbanization level has not been investigated in recent 

years. We investigated trends in the prevalence of asthma among children and air pollutant concentrations by regional 

urbanization levels using data from the School Health Statistics Survey in Japan from 2006 to 2019. We calculated the 

age-standardized prevalence of asthma for each year, gender, regional urbanization level, and annual percent change 

(APC). In addition, the slope index of inequality (SII) and relative index of inequality (RII) were calculated for evaluating 

disparity in age-standardized asthma prevalence depending on regional urbanization levels. Moreover, we calculated 

the mean of the annual average values by regional urbanization levels for sulfur dioxide (SO2), nitrogen dioxide (NO2), 

suspended particulate matter (SPM), carbon monoxide (CO), and photochemical oxidant (Ox) from 2006 to 2018. We 

found that the age-standardized prevalence significantly decreased in the periods in the metropolis for males and 

females, and the degree of the decrease was largest in the metropolis. Conversely, the age-standardized prevalence 

increased in towns and villages, and the APC was greater than zero. In addition, both the SII and RII showed significant 

decreasing trends in the study period, and the regional disparity shrank over the years. Moreover, concentrations of the 

air pollutants were highest in the metropolis throughout the years except for Ox, whereas the difference in the 

concentrations of NO2, SPM, and CO decreased between the metropolis and the other areas over the years. In conclusion, 

disparity in asthma prevalence depending on regional urbanization level decreased from 2006 to 2019, and there is a 

possibility that regional difference in trend of the air pollutants is related to the result. 
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Materials and Methods 
Data 
 Data from the School Health Statistics Survey conducted by the ministry of education, culture, sports, and science 

in Japan was used [11]. The School Health Statistics Survey aims at investigating the development and health status of 

children in schools. The survey is conducted every year, and randomly chosen schools in Japan respond to the survey. In 

the survey, schools are stratified by number of children for each prefecture and type of school, and target schools are 

randomly chosen from each stratum in each prefecture [12]. Over 3 million children become targets of the health status 

survey every year [12]. Data on the prevalence of asthma by urbanization level for children aged 6-17 years from 2006 to 

2019 were used in this study. Urbanization levels consist of the metropolises, medium sized cities, small sized cities, and 

towns and villages. The metropolis refers to government ordinance designated cities and wards of Tokyo, and medium 

sized cities refer to cities having a population of over 150 thousand inhabitants. Small sized cities refer to cities with a 

population of less than 150 thousand [12]. In addition, data on population for each municipality were obtained from the 

survey on population, demographics, and number of households based on the basis resident register [13], and data on 

population of specific age in 2015 were obtained from the census [14]. 

 Moreover, data on air pollutant concentrations were obtained from the environmental database governed by the 

National Institute for Environmental Studies in Japan [15]. The database collects data on air pollutant concentrations 

collected from nationwide air pollution monitoring stations, and the data from 2006 to 2018 was made available to the public. 

In addition, the data on annual average values of sulfur dioxide (SO2), Nitrogen dioxide (NO2), suspended particulate matter 

(SPM), carbon monoxide (CO), and photochemical oxidant (Ox) in each station were used in this study because these 

pollutants are known to be associated with the incidence of asthma [7,16]. 

 An approval by an institutional review board was not required for this study because we used only publicly 

available data. 

 

Statistical analysis 
 We calculated the age-standardized prevalence of asthma for each year, gender, and regional urbanization level 

using the population aged 6-17 years of Japan in 2015 as standard population. We also calculated the annual percent change 

(APC) of the age-standardized prevalence and its 95% confidence interval (CI) by applying a linear regression model on 

logarithm of the age-standardized prevalence using year as an explanatory variable. 

 Furthermore, we calculated the slope index of inequality (SII) and relative index of inequality (RII) for evaluating 

the disparity in the age-standardized prevalence of asthma with respect to regional urbanization levels [17,18]. These are 

indexes of inequality and often used in social epidemiology. The SII can be interpreted as the difference in health outcome 

between the lowest and the highest social ranks, and the RII can be interpreted as the ratio between the two ranks. A more 

detailed explanation of the indexes is available in a previous study [19]. Populations for each regional urbanization levels 

are necessary for calculating the indexes, and they were obtained by aggregating the population in each municipality by 

regional urbanization level. We obtained the 95% CI of the RII by the bootstrap method. We also calculated the annual 

change (AC) of the SII and RII and it 95% CI by applying a linear regression model on these indexes using year as an 

explanatory variable. AC represents the index value change in a year and corresponds to the regression coefficient of the 

linear regression model. 

 We aggregated the air pollutant data of each station for each municipality and calculated the mean of the annual 

average concentration by regional urbanization level for each year and each the air pollutant. All the statistical analysis was 

conducted by R3.6.3 (https://www.r-project.org/). 

 

Results 
 Table 1 shows the age-standardized prevalence of asthma (%) by year, gender, and urbanization level and its APC. 

The age-standardized prevalence was highest in the metropolis in 2006 for males and females. However, it significantly 

decreased in the study period in the metropolis for males and females, and the degree of the decrease was largest in the 

metropolis. Conversely, the age-standardized prevalence increased in towns and villages, and APC was greater than zero. 
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Table 1. Age-standardized asthma prevalence (%) by year, gender, and regional urbanization level and its APC. 

Gender and year 

Urbanization level 

Metropolis 
Medium sized 

cities 
Small sized cities 

Towns and 

villages 

Males 

2006 4.74  3.36  3.16  3.03  

2007 4.80  3.31  3.34  3.54  

2008 4.73  3.53  3.29  3.20  

2009 4.78  3.40  3.47  3.32  

2010 4.85  3.62  3.47  3.32  

2011 4.48  3.85  3.54  3.86  

2012 4.68  3.85  3.66  3.40  

2013 4.55  3.71  3.86  3.61  

2014 4.10  3.61  3.50  3.48  

2015 4.11  3.56  3.78  3.60  

2016 3.90  3.24  3.54  3.68  

2017 3.98  3.41  3.46  3.90  

2018 3.62  3.27  3.24  3.42  

2019 3.38  3.10  3.18  3.28  

APC (95% CI) −2.51 (−3.19, −1.83) −0.46 (−1.38, 0.47) 0.17 (−0.74, 1.08) 0.72 (−0.24, 1.69) 

Females 

2006 3.10  2.28  2.11  2.20  

2007 3.37  2.19  2.28  2.51  

2008 3.21  2.34  2.16  2.20  

2009 3.20  2.26  2.34  2.26  

2010 3.21  2.42  2.45  2.44  

2011 2.98  2.64  2.42  2.69  

2012 3.12  2.48  2.43  2.09  

2013 3.01  2.45  2.53  2.43  

2014 2.85  2.41  2.36  2.39  

2015 2.69  2.39  2.48  2.49  

2016 2.70  2.28  2.45  2.64  

2017 2.61  2.31  2.41  2.71  

2018 2.49  2.32  2.12  2.35  

2019 2.33  2.29  2.13  2.22  

APC (95% CI) −2.41 (−3.00, −1.82) 0.06 (−0.65, 0.77) 0.15 (−0.80, 1.11) 0.49 (−0.69, 1.69) 
 

APC, annual percent change; CI, confidence interval 
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Table 2. SII and RII for age-standardized asthma prevalence (%) depending on regional urbanization level by gender 

and its annual change. 

Year 
Males Females 

SII (95% CI)1 RII (95% CI)2 SII (95% CI)1 RII (95% CI)2 

2006 1.93 (−1.12, 4.97) 1.71 (1.04, 1.96) 1.06 (−1.02, 3.14) 1.54 (0.94, 1.82) 

2007 1.40 (−2.84, 5.64) 1.45 (0.90, 1.83) 0.93 (−2.62, 4.49) 1.43 (0.80, 2.06) 

2008 1.76 (−0.89, 4.41) 1.60 (1.03, 1.82) 1.19 (−0.93, 3.30) 1.61 (0.97, 1.86) 

2009 1.57 (−1.80, 4.94) 1.51 (0.98, 1.75) 1.00 (−1.36, 3.37) 1.48 (0.95, 1.73) 

2010 1.73 (−0.96, 4.42) 1.57 (1.04, 1.73) 0.84 (−1.21, 2.89) 1.37 (0.98, 1.59) 

2011 0.83 (−1.31, 2.97) 1.23 (0.88, 1.41) 0.43 (−1.03, 1.89) 1.17 (0.85, 1.40) 

2012 1.47 (−0.01, 2.95) 1.45 (1.06, 1.59) 1.12 (−0.12, 2.37) 1.55 (1.02, 1.77) 

2013 0.98 (−1.12, 3.08) 1.28 (0.94, 1.41) 0.61 (−0.77, 2.00) 1.26 (0.96, 1.39) 

2014 0.73 (−0.34, 1.81) 1.22 (1.01, 1.29) 0.54 (−0.56, 1.63) 1.24 (0.98, 1.36) 

2015 0.48 (−1.11, 2.07) 1.13 (0.91, 1.24) 0.19 (−0.73, 1.12) 1.08 (0.94, 1.16) 

2016 0.16 (−2.15, 2.47) 1.05 (0.82, 1.26) 0.04 (−1.57, 1.65) 1.02 (0.80, 1.23) 

2017 0.13 (−2.34, 2.60) 1.04 (0.81, 1.28) −0.11 (−1.62, 1.41) 0.96 (0.78, 1.16) 

2018 0.26 (−0.99, 1.52) 1.08 (0.92, 1.20) 0.25 (−0.78, 1.29) 1.11 (0.85, 1.26) 

2019 0.11 (−0.87, 1.08) 1.03 (0.92, 1.12) 0.20 (−0.25, 0.64) 1.09 (0.94, 1.16) 

AC (95% CI) −0.15 (−0.19, −0.11) −0.05 (−0.06, −0.04) −0.09 (−0.12, −0.06) −0.04 (−0.06, −0.03) 

AC, annual change; CI, confidence interval; SII, slope index of inequality; RII, relative index of inequality 
1 The SII can be interpreted as the difference in the age-standardized prevalence between the least urbanized area and the most urbanized area 
2 The RII can be interpreted as the ratio of the age-standardized prevalence between the least urbanized area and the most urbanized area  

 

 Table 2 shows the SII and RII for the age-standardized prevalence of asthma (%) with respect to the urbanization 

level by gender and its AC. Values of SII > 0 and RII > 1 indicate that the prevalence of asthma increases with an increase in 

urbanization levels. However, both the SII and RII showed significant decreasing trends across the study period, and the 

disparity with respect to the urbanization level shrank over the years. The RII was significantly > 1 for males and females 

during some years until 2014, whereas no significant disparity was observed later. 

 Figure 1 shows the early mean of annual average concentrations of SO2, NO2, SPM, CO, and Ox by urbanization 

level. The concentrations of all the air pollutants showed decreasing trends across the study period except for Ox. The 

concentrations of pollutants in metropolis were the highest throughout the years except for Ox, and those for towns and 

villages tended to be the lowest. Conversely, the degree of the decrease was largest in the metropolis for NO2, SPM, and CO, 

and the difference in concentrations decreased between the metropolis and the other areas particularly for NO2, SPM, and 

CO. Conversely, the concentration of Ox was high in small sized cities, towns, and villages, and the difference in 

concentrations decreased over the years based on the urbanization levels. 
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Figure 1. Yearly mean of annual average concentrations of SO2, NO2, SPM, CO, and Ox by regional urbanization level. 

 

Discussion 
 In this study, we evaluated the degree of disparity in the prevalence of asthma with respect to urbanization level 

using RII and SII as disparity indexes and showed the changes in RII and SII values over the study period. Urbanization 

level-related disparity in asthma prevalence existed in Japan because SII was significantly higher than zero and RII was 

significantly higher than one in some of the years in the study period. In other words, the age-standardized prevalence 

asthma prevalence tended to increase with an increase in regional urbanization level in some years. However, AC of the RII 

and SII values over the years was significantly decreased, and it was shown that the disparity in the prevalence of asthma 

with respect to the areal urbanization level decreased over the analyzed periods for males and females. Major reasons for 

these results were that the age-standardized prevalence in the metropolitan areas particularly decreased across the study 

period, whereas those for rural areas increased. We hereby discuss possible reasons for this phenomenon. 
 Air pollutant concentrations in the metropolis were the highest for all pollutants in 2006 except for Ox. Air 

pollution problems were particularly serious in urban areas [20], and this is considered to be related to the high prevalence 

of asthma in 2006 like other countries [21]. Conversely, some regulations against air pollution have been implemented 

particularly in metropolitan areas in Japan [9], and it was shown in the present study that concentrations of SPM, NO2, and 

CO particularly decreased in the metropolis in the study period. Therefore, a decrease in the prevalence of asthma in the 

metropolis in recent years might be caused due to a significant decrease of air pollutant concentrations. Contrarily, reasons 

for an increasing trend in the prevalence of asthma in towns and villages are unknown because most of the air pollutant 

concentrations also decreased in these areas in the study period. Concentration of Ox showed an increasing trend in the 

periods, and it might be related to the increasing trend for towns and villages. Or, causes other than air pollution are 
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considered to be related to the trend in towns and villages. Moreover, the concentration of Ox suddenly decreased in 2011 

regardless of the regional urbanization level; the reasons for this phenomenon have not been unveiled in Japan. 
 Smoking is another major risk factor for asthma. Passive smoking has an effect on children, and maternal smoking 

during pregnancy was also shown to be related to the incidence of asthma in Japan [22,23]. In Japan, the prevalence of 

smoking is known to be higher in metropolitan areas compared with the other areas for females [24]. The prevalence of 

smoking significantly decreased from 2004 to 2019, and the degree of decrease of the prevalence was a little bit larger in 

metropolitan areas compared with the other areas [24]. Although the degree of decrease in rural areas has not been 

investigated, there is a possibility that the degree of decrease of the prevalence of smoking is low in rural areas in the study 

period. It is known that socioeconomic differences in the smoking prevalence increased from 2001 to 2016 in Japan [25], and 

regional socioeconomic status might be associated with trends of smoking.  
 Other indoor environmental factors, such as mold and dampness, have been identified as risk factors of asthma 

[26]. According to a review, children in inner-city are exposed to various indoor allergens, such as mice, house dust mites, 

and mold, and these factors are related to the development of asthma [27]. In addition, according to a study investigating 

the association between indoor environmental factors and the development of asthma in Japan, reinforced concrete houses 

or apartment buildings increase the load of indoor air pollutants because of airtightness [28]. Therefore, differences in living 

environments, including indoor environmental factors, due to urbanization levels might be related to the trend and 

difference in asthma prevalence. 
 As an implication, it was suggested from the results that the prevalence of asthma might tend to be larger in towns 

and villages compared with the urban areas in the future if this trend continues. It was shown that the age-standardized 

prevalence in towns and villages showed an increasing trend in both males and females, and it is important to identify the 

causes of this phenomenon. Factors, such as the prevalence of smoking and obesity are possibly related to the trends because 

obesity is also a risk factor for asthma [29], and it is meaningful to confirm differences in trends in these factors with respect 

to different regions in the future. Moreover, although we focused on urbanization level, studies on other regional 

characteristics, such as industrial areas and non-industrial areas, will be helpful. 
 There are some limitations in this study. First, the School Health Statistics Survey targets only children, thus the 

trends in adults are unknown. A similar study targeting adults is also warranted for verifying the difference in trends for 

urban and rural areas. Second, we could obtain only the data after 2006 because only those data were publicly available. 

Analyzing the data of longer periods will be meaningful for understanding the causes of the trends in prevalence. Third, air 

pollution monitoring stations do not exist in all the municipalities in Japan, and the number of stations was relatively small 

in towns and villages. Therefore, there may be some biases in air pollutant concentrations in towns and villages. On the 

other hand, the results of this study are based on a nationwide survey conducted by the ministry of education, culture, 

sports, science and technology in Japan, and the results represent the overall trend in Japan. 
 

Conclusions 
 We investigated trends in the prevalence of asthma and air pollutant concentrations by urbanization level in Japan 

from 2006 to 2019. We found that the age-standardized prevalence significantly decreased in the study period in the 

metropolis for males and females, whereas the age-standardized prevalence increased in towns and villages. Both the SII 

and RII showed significant decreasing trends, and the disparity with respect to urbanization level shrank over the years. 

The concentrations of pollutants in the metropolis were highest throughout the years for SO2, NO2, SPM, and CO, whereas 

the difference in concentrations of NO2, SPM, and CO decreased between the metropolis and other areas. 
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