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Abstract

Background. Studies on the association between asthma and anxiety in Asian children

are limited. Therefore, we aimed to evaluate the association between asthma and anxiety

among Japanese elementary school students.

Methods. A cross-sectional study of the association between asthma and anxiety in

primary school children in Matsuyama City was conducted in 2014. The questionnaires

included inquiries on asthma, anxiety, and other demographic variables. After excluding

missing values, 17,752(51.5% male) children were included in the analysis. The

presence of asthma(yes/no) was answered by guardians. A score of four or more on the

emotional symptom subscale of the Strengths and Difficulties Questionnaire was

considered as having anxiety. A Rohrer Index score of 145 or more was considered as

overweight. We estimated the prevalence ratio(PR) of having anxiety in relation to the

presence of asthma based on the Poisson regression model.

Results. The multivariate PR(95% Confidence Interval) of having anxiety in asthmatic

boys compared to non-asthmatic boys was 1.56(1.21-1.99). The association was more

evident in older than younger boys, where PR=1.32(0.93-1.88) for younger vs.

1.87(1.32-2.64) for older boys(p for interaction=0.08); and in non-overweight boys than

overweight, where PR = 1.64 (1.27-2.13) and 0.94(0.41-2.19)(p for interaction=0.22),



respectively. Similar associations were not found for girls.

Conclusion. Asthma was significantly associated with anxiety in boys, particularly in

older boys.



Introduction

Asthma is the most common global chronic disease in children, and its

prevalence has increased since the 1980s 1. Although it seems to have plateaued in

recent years, the current prevalence for asthma in children younger than 18 years in the

United States is estimated to be as high as 8.4%, according to data from 2017 1.2, In

Japan, a nationwide survey in 2015 reported that 8.2%—10.2% of children aged 6 to 15

years had asthma 3. It is important to appropriately manage asthma symptoms to ensure

they are controlled, as severe asthma attacks can be fatal 4. Chronic asthma symptoms

can also have an adverse effect on a child’s daily activities and school attendance 4.

In addition to these physical symptoms, the association between asthma and

psychological symptoms or socio-behavioral characteristics have also been previously

reported. Several studies have identified characteristics such as immaturity of

personality 5, lower social adaptability ¢, as well as higher levels of distress 7, anxiety,

and depression ® among children with asthma. A previous study conducted on asthmatic

children reported that comorbid mental illness may be associated with more severe

asthma symptoms °.

In children, the associations between being overweight, and exhibiting

symptoms of asthma and mental illness have been previously reported. Overweight



asthmatic children have been reported to experience more severe asthma symptoms !0 or

a decreased response to therapies 1. On the other hand, a number of studies have

reported that being overweight may be associated with a higher risk of having anxiety,

depressive symptoms 12, or exhibiting poorer emotional functioning 13 in children.

Although severe asthma symptoms and mental health problems are both clearly

associated with being overweight, the intermediate effect of being overweight on the

association between asthma and anxiety remains unclear.

Moreover, age differences were found in the prevalence of both asthma and

mental illness 4 14, Therefore, the association between asthma and mental illness in

children is expected to differ between age groups. However, to date, no studies have

examined the effect of age on the association between asthma and mental illness.

Although a previous study conducted in the United Arab Emirates has reported

the association between asthma and psychiatric morbidity in a community sample of

children 13, the study population (n =911 children) was relatively small. To our

knowledge, no similar studies have been conducted in a large sample of community-

dwelling children in Japan, where the prevalence of child overweight or obesity is

relatively low. Therefore, we aimed to evaluate the association between asthma and

anxiety and the effect of age on this association in a large community sample of



elementary school students in Japan. Since previous studies have suggested that the

prevalence of anxiety differs by sex 1617, we hypothesized that the association between

anxiety and asthma may differ according to sex, and we stratified all analyses by sex.



Methods

1. Subjects

A cross-sectional study was conducted in 2014 on all 46 elementary schools in

Matsuyama City, a regional city in Japan with an approximate population of 500,000.

Schools delivered self-administered questionnaires to the parents or guardians of the

students. Parents or guardians of the students signed an informed consent form prior to

participating in the survey. The response rate was 90.1%. Of the 24,296 students,

students whose gender were not able to be determined were excluded; thus, 22,035

students remained. Moreover 6,544 of the responses obtained were excluded due to

insufficient data on height, weight, and other items; therefore, total of 17,752 (51.5%

male) students were included in the analysis. The study protocol was approved by the

Juntendo Human Research Ethics Committee (#2014085).

2. Questionnaires

The self-administered questionnaire included questions regarding the

student’s asthma and anxiety, as well as biological variables such as age, height, and

weight. The answers ‘no’ and ‘yes’ to the question ‘Is your child diagnosed with

asthma?’ were defined as ‘no asthma’ and as ‘having asthma’, respectively. Anxiety



was evaluated using the emotional symptoms subscale of the Strength and Difficulties

Questionnaire (SDQ). We also compared “younger” and “older” children based on

school grade in order to examine the effect modification of age. Japanese elementary

school consists of first to sixth grades as follows: first grade (67 years old), second

grade (7-8 years old), third grade (8-9 years old), fourth grade (9-10 years old), fifth

grade (10—11 years old), and sixth grade (11-12 years old). We defined children in the

first to third grades as “younger” children and those in the fourth to sixth grades as

“older” children. We estimated the genders of the students from their given names, and

the students whose gender could not be determined were excluded from the analysis.

Although estimating children’s gender from their given names might have led to

misclassification, it is culturally easy in Japan to distinguish gender based on given

names !3. Therefore, we believe that we were able to appropriately identify gender with

high accuracy. The Rohrer Index, which is a widely-used anthropometric statistic, was

used to measure levels of obesity in children.

Assessment of Anxiety

The original SDQ was developed by Goodman as a brief behavioral screening tool

for children, and is now available in various languages 16. The SDQ can be answered by



parents, teachers, or children themselves 6. In the present study, parents were asked to
complete the questionnaire. The SDQ comprises 25 question items divided over five
subscales: emotional symptoms (5 items), hyperactivity symptoms (5 items), conduct
problems (5 items), peer relationship problems (5 items), and prosocial behavior
problems (5 items) !°. The Emotional Symptoms Scale is shown in Appendix 1.
Possible responses to each item include “not true”, “somewhat true” or “certainly true”.
Each item is scored 0 for “not true”, 1 for “somewhat true”, and 2 for “certainly true”.
The total emotional symptoms score reflects the sum of the five items and ranges from 0
to 10 1°. Matsuishi et al. previously validated the Japanese version of the SDQ and
defined “normal”, “borderline”, and “clinical” (or “abnormal’) ranges for each subscale
within the Japanese community-based normative sample to allow for accurate
comparison across countries. In the Emotional Symptoms Scale, “normal” is defined as
a score of 0 to 3, “borderline” as a score of 4, and “clinical” (or “abnormal”) as a score
of 5 to 10 6. Since the cut-off point of 4 demonstrated 100% sensitivity for detecting
generalized anxiety disorder in a study conducted on children in a Brazilian community

20 our study regarded an Emotional Symptoms Subscale score of > 4 as an indication of

anxiety symptoms.
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Assessment of Overweight

The Rohrer Index (calculated as weight [kg]/height [cm]3 x107) 2! was used to

assess child obesity in the present study. This index is often used in school-based

screening in Japan 22, Since the Rohrer Index is calculated using only the factors of

weight and height, it changes with age, and may underestimate obesity in school-aged

children 22. Although gender, age, and height-specific assessment (percent ideal body

weight method) have more commonly been used to evaluate obesity in recent pediatric

settings 22, we used the simpler Rohrer Index to assess child obesity in the present study.

In general, children who have a Rohrer Index of 145 and over are considered to be

overweight in Japan. Therefore, we defined children as overweight if they had a Rohrer

Index > 145 and non-overweight if they had a Rohrer Index <145.

3. Statistical methods

The prevalence ratio (PR) was estimated using the Poisson regression model for all

subjects and for each gender in order to examine the association between asthma and

anxiety. The “no asthma” group was used as a reference. Age, gender and Rohrer Index

score were included in the multivariate analysis. We also conducted stratified analyses

to examine the effect modification of gender and overweight status (Rohrer

11



Index<145 vs. >145) and age group (first to third grades vs. fourth to sixth grades) on

the association between asthma and anxiety. All statistical analyses were performed

using SAS version 9.4 software (SAS Institute Inc., Cary, NC, USA).

12



Results

Table 1 shows characteristics of all the subjects in this study. In all subjects,
the mean age was 9.5 (SD+1.7) years old, the percentage of younger children was
48.9%, the mean score of the Rohrer Index was 124.1 (SD+15.2), and the prevalence of
being overweight, having asthma, or having anxiety were, 9.3%, 6.0% and 7.8%,
respectively. The prevalence of being overweight and having asthma was higher in
boys than in girls (9.9%, in boys vs. 8.8% in girls for being overweight (P=0.01); 6.9%
in boys vs. 5.0% in girls for having asthma (P<0.01)). The prevalence of anxiety was
higher in girls than in boys (7.4% in boys vs. 8.3% in girls (P=0.03)).

Table 2 shows characteristics of subjects according to gender and the presence
of asthma. The prevalence of anxiety in boys with “no asthma” and in boys “having
asthma” was 7.1% (n=607) and 11.2% (n=71), respectively. Meanwhile, anxiety was
present in 8.2% (n=671) of girls with “no asthma” and 9.8% (n=42) who had asthma.

Table 3 shows the PRs (95% Confidence Interval [CI]) for anxiety according to
the presence of asthma. The multivariate PR (95% CI) of having anxiety in asthmatic
compared to non-asthmatic children was 1.39 (1.15-1.68).

The multivariate PR (95% CI) was greater in boys, at 1.56 (1.21-1.99), compared with

1.19 (0.87-1.62) for girls, although the interaction was not significant (p for

13



interaction=0.17).

Table 4 shows that the association in boys was more evident in older than

younger boys, where PR = 1.32 (0.93-1.88) for younger vs. 1.87 (1.32-2.64) for older

boys (p for interaction=0.08); and in non-overweight boys than overweight, where PR =

1.64 (1.27-2.13) and 0.94 (0.41-2.19), respectively (p for interaction=0.22). In girls, no

significant association was found in either younger or older girls, where PR = 1.07

(0.67-1.69) for younger vs. 1.30 (0.85-1.99) for older girls. In addition, no significant

association was found in either non-overweight or overweight girls, where PR = 1.27

(0.92-1.76) and 0.66 (0.21-2.09), respectively (Appendix 2).
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Discussion

In our study, asthma was significantly associated with anxiety among boys but

not among girls. In the stratified analysis, asthma was significantly associated with

anxiety only among non-overweight boys, but not among overweight boys, or either

category of girls (overweight and non-overweight).

Asthma was associated with anxiety among children in the present study,

which is consistent with previous findings 8. Although the potential mechanisms

underlying the association between asthma and anxiety remain unclear, some biological

mechanisms have been considered. These include the activation of fear-based neural

networks 23 or an activation of the suffocation alarm system 24 due to repeated attacks of

breathlessness. Among asthmatic children, the occurrence of an asthma attack was

associated with anxiety 2°. Thus, repeated breathlessness due to asthma attacks may

cause abnormalities in the fear-based neural network or poor regulation of the

suffocation alarm system in the central nervous system, which may then cause children

to have an excessive fear of asthma symptoms. The excessive fear of an asthma attack

may lead to anxiety.

On the other hand, there is some evidence that mental illness can contribute to

the subsequent course of asthma °. One of the explanations for this association is the

15



dysregulation of the neurobiological stress response system. Children with mental

illness show high autonomic nervous system reactivity, principally in the

parasympathetic branch 26, which can cause a contraction of bronchial airways and lead

to asthma. Psychological stress also causes the release of stress hormones 27, increase

immune responses arising from helper T2 (Th2) cells 27, and induce IgE production and

mast cell degranulation, which exacerbates allergic inflammation in asthma 27. Given

these mechanisms, it is conceivable that asthma and anxiety may have a bidirectional

association.

Asthmatic children experience many difficulties on a daily basis, due to disease

symptoms or treatment requirements. Children with asthma more often have an activity

limitation due to their condition 4, causing them to miss more school days than children

without asthma 4 28. In school, asthmatic children may have less friends to play with 29,

may be more often confronted with “rejection by peers” ?® and more frequently

experience bullying 2. Physical activity provides an opportunity for social interaction,

improvement in physical self-perceptions, and independence; all of which promote

positive mental health 30. Asthmatic children may lack equal opportunities to fully

participate in those activities.

In the present study, the PRs (95% CI) of having anxiety in children with

16



asthma compared to those without tended to be higher in older boys. In a longitudinal

study on adults, patients with longer elapsed time since their initial asthma diagnosis

had a higher incidence of anxiety 3!. It can be expected that older asthmatic boys may

have been diagnosed as asthmatic at a younger age. Older asthmatic boys may have

experienced activity limitations for a longer time than younger asthmatic boys, which

means the former may have felt stressed for a longer period. This may explain the

higher prevalence of anxiety in this category. Therefore, our results suggest the

importance of appropriate mental health assessment in older children with asthma and

of the adequate management of asthma symptoms in younger asthmatic children to

prevent future mental illness.

Boys and girls may perceive and respond to stress differently. Lahaye et al.

suggested that boys with asthma are particularly vulnerable to difficulties in their

psychological and social functioning 32. In a prospective cohort study, Milam et al. also

reported a strong dose-response relationship between parental stress at baseline, and

child wheezing at the 1-year follow-up in boys, but not in girls 33. Moreover, as stated

above, asthmatic children are generally less active . In children, the level of physical

activity is inversely related to emotional functioning 3. Although light physical activity

has been shown to decrease peer problems in both boys and girls, more intense physical

17



activity may achieve this only in boys 34. In contrast to boys, sedentary leisure-time

activity (e.g. art activities) is also associated with fewer mental problems in girls 3.

Therefore, the limitation of physical activity may affect the child’s stress, and the effect

may be stronger in boys than in girls.

Although there were no significant interactions between asthma, anxiety and

being overweight, the association between asthma and anxiety tended to be more

evident among non-overweight students. Being overweight may thus have a potential

effect on the association between asthma and anxiety.

The strengths of our study are the large sample size (as a result of recruiting all

elementary school students in Matsuyama City) and the very high response rate (90%).

We may therefore be able to generalize our findings to an Asian population.

There are some limitations in this study. First, we did not use the Diagnostics

and Statistical Manual of Mental Disorder- 5 (DSM-5) 3¢ for the diagnosis of anxiety.

Nonetheless, the SDQ has been diagnostically validated for parents identifying anxiety

symptoms, as mentioned by Silva et al 20. In our study, the prevalence of anxiety was

7.8%. This prevalence was similar to previous studies (i.e., 7.1% for the U.S. population

14.6.0% to 6.2% for the Brazilian population 37). Therefore, it may be appropriate to

generalize our results to other populations. Second, there may have been a potential

18



misclassification of the diagnosis of asthma due to the dichotomous (yes/no) responses

to the questionnaire. However, the prevalence of asthma in the present study was similar

to that found in a general survey that used a similar asthma assessment 38. Third,

although a previous study showed that the occurrence of an asthma attack was

associated with anxiety 25, we did not obtain information about the frequency of asthma

attacks. Therefore, we were not able to examine the effect of asthma attack frequency

on anxiety in the present study. Fourth, we were not able to consider the effects of other

unknown factors (i.e., history of atopy, cigarette smoke exposure, preterm birth, rescue

medication use) due to the lack of data. Fifth, as a cross-sectional study, any causal

relations could not be shown. Hence, the associations between asthma, anxiety, and

obesity need to be further confirmed in a longitudinal study.
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Conclusion

This study demonstrated an association between asthma and anxiety among

community-dwelling children in Japan. Comorbid mental illness in asthmatic children is

associated with increased health care utilization and significantly higher health care

costs compared to asthmatic children without comorbid mental illness 3°. Therefore, it is

important to assess not only asthma symptoms but also mental status, particularly in

older elementary school children.

20



Acknowledgements

We gratefully acknowledge the children who participated in the survey, their

parents, and the members of the educational committee in Matsuyama City who took

part in this study. This study was supported by MEXT/JSPS KAKENHI Grant Number

JP2640844 and a research grant from Juntendo University (Tokyo, Japan).

Conflicts of interest

The authors stated no conflict of interest regarding this manuscript.

21



References

1. Akinbami LJ, Simon AE, Rossen LM. Changing Trends in Asthma Prevalence Among

Children. Pediatrics. 2016;137(1):e20152354.

2. Centers for Disease Control and Prevention. National Current Asthma Prevalence

(2018). 2020; Available at:

https://www.cdc.gov/asthma/most_recent national asthma data.htm. Accessed 3t April

2020.

3. Morikawa E, Sasaki M, Yoshida K, Adachi Y, Odajima H, Akasawa A. Nationwide

survey of the prevalence of wheeze, rhino-conjunctivitis, and eczema among Japanese

children in 2015. Allergol Int. 2020;69(1):98-103.

4. Akinbami LJ, Moorman JE, Liu X. Asthma prevalence, health care use, and mortality:

United Status, 2005-2009. National Health Statistics Reports. 2011;32:1-16.

5. Okubo M, Inoue H, Hazama H, Hanaoka I, Ogura C, Kinura H. Characteristics of

personality and Parent-child Relationship in Children with Bronchial Astma. Shinshin-

Igaku. 1988;28(4):351-360.

6. Shibutani S, Takaki S. The Personality Traits in Asthmatic Children. Shinshin-Igaku.

1987;27(6):502-509.

7. Gillaspy SR, Hoff AL, Mullins LL, Van Pelt JC, Chaney JM. Psychological distress in

22



high-risk youth with asthma. J Pediatr Psychol. 2002;27(4):363-371.

8. Katon W, Lozano P, Russo J, McCauley E, Richardson L, Bush T. The prevalence of

DSM-1V anxiety and depressive disorders in youth with asthma compared with controls.

J Adolesc Health. 2007;41(5):455-463.

9. Tibosch MM, Verhaak CM, Merkus PJ. Psychological characteristics associated with

the onset and course of asthma in children and adolescents: A systematic review of

longitudinal effects. Patient Educ Couns. 2011;82(1):11-19.

10. Luder E, Melnik TA, DiMaio M. Association of being overweight with greater asthma

symptoms in inner city black and Hispanic children. J Pediatr. 1998;132(4):699-703.

11. Forno E, Lescher R, Strunk R, Weiss S, Fuhlbrigge A, Celedon JC. Decreased

response to inhaled steroids in overweight and obese asthmatic children. J Allergy Clin

Immunol. 2011;127(3):741-749.

12. Esposito M, Gallai B, Roccella M, Marotta R, Lavano F, Lavano SM, Mazzotta G,

Bove D, Sorrentino M, Precenzano F et al. Anxiety and depression levels in prepubertal

obese children: A case-control study. Neuropsychiatr Dis Treat. 2014;10:1897-1902.

13. Hoare E, Marx W, Firth J, McLeod S, Jacka F, Chrousos GP, Manios Y, Moschonis

G. Lifestyle behavioural risk factors and emotional functioning among schoolchildren:

The Healthy Growth Study. Eur Psychiatry. 2019;61:79-84.

23



14. Ghandour RM, Sherman LJ, Vladutiu CJ, Ali MM, Lynch SE, Bitsko RH, Blumberg

SJ. Prevalence and Treatment of Depression, Anxiety, and Conduct Problems in US

Children. J Pediatr. 2019;206:256-267.¢253.

15. Swadi H. Psychiatric morbidity in a community sample of Arab children with asthma.

J Trop Pediatr. 2001;47(2):106-107.

16. Matsuishi T, Nagano M, Araki Y, Tanaka Y, Iwasaki M, Yamashita Y, Nagamitsu S,

lizuka C, Ohya T, Shibuya K et al. Scale properties of the Japanese version of the

Strengths and Difficulties Questionnaire (SDQ): A study of infant and school children in

community samples. Brain Dev. 2008;30(6):410-415.

17. Moriwaki A, Kamio Y. Normative data and psychometric properties of the strengths

and difficulties questionnaire among Japanese school-aged children. Child Adolesc

Psychiatry Ment Health. 2014;8(1):1.

18. Malmasi S, Dras M. A Data-driven Approach to Studying Given Names and their

Gender and Ethnicity Associations. Proceedings of Australasian Language Technology

Association Workshop. 2014:145-149.

19. Goodman R. The Strengths and Difficulties Questionnaire: A research note. J Child

Psychol Psychiatry. 1997;38(5):581-586.

20. Silva TB, Osorio FL, Loureiro SR. SDQ: Discriminative validity and diagnostic

24



potential. Front Psychol. 2015;6:811.

21. Ohnishi M, Leshabari S, Ambikile JS, Oishi K, Nakao Y, Nishihara M. Associations

among anthropometric measures, food consumption, and quality of life in school-age

children in Tanzania. J Rural Med. 2017;12(1):38-45.

22. Komiya H, Masubuchi Y, Mori Y, Tajima N. The validity of body mass index criteria

in obese school-aged children. Tohoku J Exp Med. 2008;214(1):27-37.

23. Nardi AE, Freire RC, Zin WA. Panic disorder and control of breathing. Respir Physiol

Neurobiol. 2009;167(1):133-143.

24. Klein DF. False suffocation alarms, spontaneous panics, and related conditions. An

integrative hypothesis. Arch Gen Psychiatry. 1993;50(4):306-317.

25. Ortega AN, McQuaid EL, Canino G, Ramirez R, Fritz GK, Klein RB. Association of

psychiatric disorders and different indicators of asthma in island Puerto Rican children.

Soc Psychiatry Psychiatr Epidemiol. 2003;38(4):220-226.

26. Boyce WT, Quas J, Alkon A, Smider NA, Essex MJ, Kupfer DJ. Autonomic reactivity

and psychopathology in middle childhood. Br J Psychiatry. 2001;179:144-150.

27. Trueba AF, Ritz T. Stress, asthma, and respiratory infections: pathways involving

airway immunology and microbial endocrinology. Brain Behav Immun. 2013;29:11-27.

28. Roder I, Kroonenberg PM, Boekaerts M. Psychosocial functioning and stress-

25



processing of children with asthma in the school context: Differences and similarities

with children without asthma. J Asthma. 2003;40(7):777-787.

29. Collins JE, Gill TK, Chittleborough CR, Martin AJ, Taylor AW, Winefield H. Mental,

emotional, and social problems among school children with asthma. J Asthma.

2008;45(6):489-493.

30. Lubans D, Richards J, Hillman C, Faulkner G, Beauchamp M, Nilsson M, Kelly P,

Smith J, Raine L, Biddle S. Physical Activity for Cognitive and Mental Health in Youth:

A Systematic Review of Mechanisms. Pediatrics. 2016;138(3):e20161642.

31. Lee YC, Lee CT, Lai YR, Chen VC, Stewart R. Association of asthma and anxiety:

A nationwide population-based study in Taiwan. J Affect Disord. 2016;189:98-105.

32. Lahaye M, Luminet O, Van Broeck N, Bodart E. Psychological, social and school

implications of asthma: a comparison of Belgian French-speaking children having asthma

with healthy children. Acta Clin Belg. 2012;67(1):25-29.

33. Milam J, McConnell R, Yao L, Berhane K, Jerrett M, Richardson J. Parental stress

and childhood wheeze in a prospective cohort study. J Asthma. 2008;45(4):319-323.

34. Ahn JV, Sera F, Cummins S, Flouri E. Associations between objectively measured

physical activity and later mental health outcomes in children: findings from the UK

Millennium Cohort Study. J Epidemiol Community Health. 2018;72(2):94-100.

26



35. Badura P, Geckova AM, Sigmundova D, van Dijk JP, Reijneveld SA. When children

play, they feel better: Organized activity participation and health in adolescents. BMC

Public Health. 2015;15:1090.

36. The Japanese Society of Psychiatry and Neurology. The Japanese version of the

Diagnostic and Statistical Manual of Mental Disorders, 5th ed(DSM-5) Tokyo: IGAKU-

SHOIN; 2014. P187-231.

37. Anselmi L, Fleitlich-Bilyk B, Menezes AM, Araujo CL, Rohde LA. Prevalence of

psychiatric disorders in a Brazilian birth cohort of 11-year-olds. Soc Psychiatry Psychiatr

Epidemiol. 2010;45(1):135-142.

38. Arakawa H, Hamasaki Y, Kohno Y, Ebisawa M, Kondo N, Nishima S, Nishimuta T,

Morikawa A. Japanese guidelines for childhood asthma 2017. Allergol Int.

2017;66(2):190-204.

39. Richardson LP, Russo JE, Lozano P, McCauley E, Katon W. The effect of comorbid

anxiety and depressive disorders on health care utilization and costs among adolescents

with asthma. Gen Hosp Psychiatry. 2008;30(5):398-406.

27



Table 1: Characteristics of the study subjects

All Boys Girls P value
N 17,752 9,138 8,614
Age mean (SD) 9.5 (1.7) 9.5 (1.7) 9.5 (1.7) 0.55
Younger 8673 (48.9) 4499 (51.9) 4174 (48.1) 0.30
(grade=1 to 3) n(%)

Rohrer Index 124.1 (15.2) 124.8 (15.3) 123.4 (15) <0.01
mean (SD)

Overweight*a n (%) 1,658 (9.3) 903 (9.9) 755 (8.8) 0.01
Asthma n (%) 1,062 (6.0) 632 (6.9) 430 (5.0) <0.01
Anxiety*® n (%) 1,391 (7.8) 678 (7.4) 713 (8.3) 0.03

*aRohrer Index > 145, *» Emotional symptoms score > 4
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Table 2: Characteristics of the study subjects according to the presence of asthma

All Asthma (-) Asthma (+) P value
Boys
N 9,138 8,506 (93.1) 632 (6.9)
Age mean (SD) 9.5 (1.7) 9.5 (1.7) 94 (1.7) 0.03
Rohrer Index 124.8 (15.3) 124.7 (15.3) 126.1 (15.6) 0.03
mean (SD)
Overweight*a n (%) 903 (9.9) 824 (9.7) 79 (12.5) 0.02
Anxiety*t n (%) 678 (7.4) 607 (7.1) 71 (11.2) <0.01
Girls
N 8,614 8,184 (95.0) 430 (5.0)
Age mean (SD) 9.5 (1.7) 9.5 (1.7) 93 (1.7) <0.01
Rohrer Index 123.4 (15) 123.3 (15) 125.3 (15.4) <0.01
mean (SD)
Overweight*a n (%) 755 (8.8) 711 (8.7) 44 (10.2) 0.27
Anxiety*t n (%) 713 (8.3) 671 (8.2) 42 (9.9) 0.25

*a Rohrer Index > 145, *» Emotional symptoms score > 4
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Table 3: Prevalence Ratios (95% CI) for anxiety according to the presence of asthma

Asthma (-) Asthma (+)
All
Anxiety*2 n (%) 1,278 (7.2) 113 (10.6)
Univariate model 1 1.39 (1.15-1.68)
Multivariate modell *b 1 1.39 (1.15-1.68)
Boys
Anxiety*2 n (%) 607 (7.1) 71 (11.2)
Univariate model 1 1.57 (1.23-2.01)
Multivariate model2*¢ 1 1.56 (1.21-1.99)
Girls
Anxiety*2 n (%) 671 (8.2) 42 (9.9)
Univariate model 1 1.19 (0.87-1.62)
Multivariate model2*e 1 1.19 (0.87-1.62)

*a Emotional symptoms score > 4, *» Adjusted for age, sex, Rohrer Index, *¢ Adjusted for age, Rohrer

Index
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Table 4: Prevalence Ratios (95% CI) for anxiety according to the presence of asthma after stratification

by age and overweight status among boys

Asthma (-) Asthma (+)
Younger (grade=1 to 3)

Anxiety*2 n (%) 324 (7.8) 35 (10.3)

Multivariate model*b 1 1.32  (0.93-1.88)
Older (grade=4 to 6)

Anxiety*2 n (%) 283 (6.5) 36 (12.3)

Multivariate model*b 1 1.87 (1.32-2.64)
Overweight*c (-)

Anxiety*2 n (%) 541 (7.0) 65 (11.8)

Multivariate model*b 1 1.64 (1.27-2.13)
Overweight*c (+)

Anxiety*2 n (%) 66 (8.0) 6 (7.6)

Multivariate model*b 1 0.94 (0.41-2.19)

*a Emotional symptoms score > 4, *® Adjusted for age, Rohrer Index, *¢ Rohrer Index > 145
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Appendix 1: The emotional symptom subscale of the Strengths and Difficulties Questionnaire

1. Often complains of headaches, stomach-aches or sickness

2. Many worries or often seems worried

3. Often unhappy, depressed or tearful

4. Nervous or clingy in new situations, easily loses confidence

5. Many fears, easily scared

Goodman R. The Strengths and Difficulties Questionnaire: a research note. J Child Psychol Psychiatry

1997; 38: 581-6.
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Appendix 2: Prevalence Ratios (95% Cl) for anxiety according to the presence of asthma after

stratification by age and overweight status among girls

Asthma (-) Asthma (+)
Younger (grade=1 to 3)
Anxiety*2 n (%) 319 (8.1) 19 (8.6)
Multivariate model*b 1 1.07 (0.67-1.69)
Older (grade=4 to 6)
Anxiety*2 n (%) 352 (8.3) 23 (11)
Multivariate model*b 1 1.30 (0.85-1.99)
Overweight*c (-)
Anxiety*2 n (%) 594 (8.0) 39 (10.1)
Multivariate model*b 1 1.27 (0.92-1.76)
Overweight*c (+)
Anxiety*2 n (%) 77 (10.8) 3 (6.8)
Multivariate model*b 1 0.66 (0.21-2.09)

*a Emotional symptoms score > 4, *® Adjusted for age, Rohrer Index, *c Rohrer Index > 145
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