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Abstract

Background: Increased physical activity (PA) may protect against asthma but PA can trigger 

asthma symptoms.

Objective: To investigate relationships between moderate to vigorous PA (MVPA) assessed 

during routine care visits and incident asthma.

Methods: Retrospective cohort of 542,486 children, 2–17 years from 2010–2017 with MVPA 

assessed (exercise vital sign) during routine care visits. Association of MVPA and asthma was 

analyzed using Cox proportional hazards (HR) regression models as a function of age with MVPA 

and body mass index (BMI) as time-varying factors, adjusted for race/ethnicity, socioeconomic 

status, air pollution.

Results: Mean MVPA was 5.4 (SD 4.4) h/wk. Crude asthma incidence density rate (IDR) was 

highest in children with < 1 h/wk of MVPA (IDR 9.07, 95% CI 8.79, 9.36) and lowest in children 

engaging in 4–7 h/wk of MVPA (IDR 6.55, 95% CI 6.33, 6.77). In adjusted models, an increase in 

MVPA was associated with lower asthma risk in children reporting 0 h/wk of MVPA (HR 0.981, 

95% CI 0.973, 0.990). In children with ≥8 h/wk of MVPA, an increase in MVPA was associated 

with higher asthma risk (1.005,95% CI 1.002, 1.009). There was no significant BMI by MVPA 

interaction.

Conclusion: Increasing MVPA in children with low activity levels is associated with lower 

asthma risk, children reporting high levels of activity may experience greater asthma risk as their 

activity levels increase further. Understanding the role of PA in the development of asthma and 
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assessing MVPA during routine care visits in children may help to develop targeted interventions 

and guide asthma management.
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INTRODUCTION

Asthma, one of the most common chronic clinical syndromes in children, affects 

approximately 5.5 million children in the United States, and has significant impacts on 

families and society including school absenteeism, emergency room visits, and healthcare 

related costs.1–3 While the underlying etiology of asthma development is multifactorial, 

unhealthy lifestyle factors, including decreased physical activity, increased sedentary time, 

and poor nutrition, likely play a role.4 Further, it is now well established that obesity, which 

is associated with a sedentary lifestyle and reduced participation in physical activity,5 is a 

significant risk factor for both asthma development and increased morbidity.6

Physical activity, a modifiable risk factor, plays an essential role in healthy growth and 

development in children and adolescents. However, over the past decades, significant 

reductions in physical activity have led to decreased aerobic fitness and coincided with 

dramatically increasing rates of asthma and obesity.7, 8 Exercise is a common trigger for 

bronchoconstriction in children with asthma, but poor asthma control, asthma severity, 

exercise-induced laryngeal dysfunction, or air pollution exposure could be contributing 

factors.9 Increased particle deposition in the lower airways from air pollution during exercise 

may put children in urban environments at higher risk for asthma.10, 11 Some studies have 

shown that increased physical activity is protective against the development of asthma 

in contrast to other studies where higher levels of physical activity increased the risk 

of asthma symptoms.5, 12–14 Quantifying physical activity, particularly in large population-

based studies is challenging and the various physical activity tools/questionnaires as well 

as categorization of physical activity can contribute to these mixed results. In children, 

only a handful of prospective studies examining weight status and the risk of asthma 

have accounted for physical activity levels.15 Lastly, the majority of studies examining 

relationships between physical activity, weight status and asthma have been cross-sectional 

with only a few longitudinal cohorts.16–18

The objective of our study was to characterize the association of physical activity, obesity 

and asthma risk in a population-based cohort of children enrolled in a large comprehensive 

health care system in which physical activity is assessed as “exercise vital sign” regularly 

during routine care.19 The Kaiser Permanente (KP) “exercise vital sign” is a simple 

screening tool using 2-questions to assess moderate to vigorous physical activity (MVPA). 

Leveraging data collected from this tool allows us to examine the effect of MVPA over time. 

We hypothesized that increased physical activity would decrease the risk of asthma among 

normal weight and overweight/obese children.
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PATIENTS AND METHODS

Study Design and Setting

A retrospective cohort study between Jan 01, 2010 to Dec 31, 2017 was conducted 

among health plan members of Kaiser Permanente Southern California (KPSC), a large, 

prepaid, integrated managed healthcare system that served approximately 4.7 million 

members throughout Southern California as of March 2020 (~19.5% of the Southern 

California population). Members received their care in medical offices and hospitals 

owned by KPSC throughout the seven-county region. The membership is diverse and 

similar in socioeconomic characteristics to the region’s census demographics.20 The Kaiser 

Permanente Southern California Institutional Review Board approved the study and granted 

a waiver for informed consent.

Study population

Routine assessment of physical activity during most medical visits in KPSC medical offices 

including pediatric clinics was implemented in 2010. The population for the present analysis 

consisted of children and adolescents between the ages of 2 and 17 who were actively 

enrolled in a KPSC health plan between Jan 01, 2010 to Dec 31, 2017.21 Eligible youth 

(n=953,388) had a baseline visit with MVPA assessment (exercise vital sign) during the 

study period, at least 6 months of health care coverage prior to their baseline visit to rule out 

pre-existing asthma, at least 12 months of follow-up, were not pregnant, and had no prior 

indication of asthma, wheezing, allergic rhinitis, or complex care conditions (Figure 1).22, 23 

We then excluded youth without plausible weight and height measurements defined as above 

or below 3 SD from the mean as well as BMI below the 0.5th (11.02 kg/m2) and above the 

99.5th percentile (39.98 kg/m2) and those without physical activity assessment.24 The final 

analytical cohort was comprised of 542,486 youth.

Physical activity and body mass index

The exercise vital sign is a modification of the Behavioral Risk Factor Surveillance System 

(BRFSS) and Youth Risk Behavior Surveillance (YRBS) physical activity questions.25, 26 

In adults, the measure has shown reliable test/retest responses and acceptable results for 

time trends.27–29 At KPSC, the exercise vital sign was first implemented in 2009 in routine 

adult care and in 2010 for pediatric care to identify patients not meeting recommended 

physical activity levels.25 Medical assistants and nurses collect exercise vital sign responses 

during the outpatient visit before the provider interacts with the patient. The exercise vital 

sign can be administered in less than 30 seconds. For children, the exercise vital sign is 

assessed during many pediatric outpatient visits but limited to a maximum of one assessment 

every 3 months if more medical visits occur. In adults, the exercise vital sign showed good 

discriminant validity and seemed to result in more conservative estimates of physical activity 

behavior when compared with national surveys.19 The exercise vital sign consists of two 

brief questions directed to the parent or guardian of the pediatric patient until the age of 

12 years and to the patient directly for adolescents 13 years and older: 1) “On average, 

how many days per week does your child (do you) engage in moderate-to-vigorous physical 

activity (like a brisk walk)?” and 2) “On average, how many minutes does your child 

(do you) engage in physical activity at this level?” These responses are multiplied to give 
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minutes per week of reported MVPA. The questions are asked by a medical assistant or 

nurse when they are recording traditional vital signs and are triggered by the EHR system. 

MVPA assessments were available in 63% of pediatric members with annual assessments of 

~39.5% in all years.

Body weight and height were obtained from the electronic medical records. They are 

routinely measured by trained staff on calibrated scales at almost every medical office 

visit.30 Body mass index (BMI) was calculated as weight in kilograms divided by the square 

of height in meters. Definitions of weight class in children and adolescents were based on 

the sex-specific BMI-for-age growth charts developed by the Centers for Disease Control 

and Prevention (CDC).31 For descriptive purposes, youth were categorized at baseline 

as underweight (BMI-for-age <5th percentile), normal weight (BMI-for-age ≥5th to <85th 

percentile), overweight (BMI-for-age ≥85th to <95th percentile), moderately obese (BMI-for 

age ≥95th to <97th percentile), and severely obese (BMI-for age ≥97th percentile).

Follow-up for asthma incidence

Children were followed for incident asthma until their last follow-up visit, death, or the 

end of the study on September 30, 2018. Asthma was defined as 1) physician-diagnosed 

asthma (International Classification of Diseases, 9th Revision, Clinical Modification codes 

ICD-9-CM 493.xx, ICD-10 J45.xx) and at least 2 prescriptions specific to asthma rescue 

or controller medication (inhaled corticosteroids, oral corticosteroids, leukotriene modifiers, 

long-acting beta-agonists, mast-cell stabilizers, other oral bronchodilators, and short-acting 

beta-agonists) within 24 months after diagnosis, or 2) physician-diagnosed wheezing 

(ICD-9-CM 786.07, ICD-10 R06.2) and at least 2 prescriptions specific to asthma rescue 

or controller medication within 12 months after diagnosis.

To address concerns that the association between physical activity and asthma is driven 

by possible exercise-induced asthma, persistent asthma defined as diagnosis of asthma and 

prescription of both a rescue and controller medication was used as secondary outcome.32

Covariates

We obtained self-reported race and ethnicity information from health plan administrative 

records and birth records. We categorized self-reported race/ethnicity as non-Hispanic 

White, Hispanic (regardless of race), African American, Asian or Pacific Islander, and other 

or unknown race/ethnicity. We used insurance through government health care assistance 

programs such as Medicaid, as a proxy for low annual income. To control for the exposure 

to air pollutants, we used ozone concentrations and emission of fine particles using 

CalEnvironScreen 3.0.32, 33 Ozone concentration, measured in parts per million (ppm), is 

calculated as the maximum amount of ozone in an 8-hour period per day that is over the 

8-hour state standard of 0.07 ppm. The daily excess concentrations are then averaged over 

three years (2009–2011) to create one community ozone value for every census tract. Fine 

particle emission is measure as annual means in micrograms per cubic meter (μg/m3) in 

2009–2011. Data for both PM2.5 and ozone were estimated at the center of the census 

tract.32, 33
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Statistical Analysis

We compared clinical and demographic characteristics by physical activity group (≤1.0 h, 

1.0–4.0 h, 4.1–7.9 h, ≥8 h) and by BMI group (<85th, 85-<95th, 95-<97th, ≥97th percentile of 

BMI-for-age). Incidence rates of asthma were estimated by dividing the number of asthma 

cases by the total person-years of follow-up, overall and within each sub-group. Confidence 

intervals (CIs) were estimated assuming that the occurrence of asthma follows Poisson 

distribution. We analyzed the association of physical activity, body mass index and asthma 

using Cox proportional hazards regression models with age as time-scale.34, 35 Baseline 

factors, low annual income and self-reported race/ethnicity were treated as fixed factors, 

physical activity (MVPA hours/week) and BMI (kg/m2) were modeled as time-varying 

continuous factors.36–38 We assessed the potential non-linear relationship between MVPA 

and asthma by including quadratic MVPA2 terms in the model. Based on the lowest Akaike 

information criterion (AIC), the models that best fit our data included both a linear MVPA 

term and a quadratic MVPA2 term. All BMI and/or MVPA measurements available were 

included in the analysis. Missing values for physical activity and BMI were imputed by 

using the average of non-missing values from the closest date prior to or after the date of 

the missing measure.39 For some youth, only one physical activity (n=115,989) or one BMI 

assessment (n=45,003) was conducted and treated as constant. We tested effect modification 

by adding interaction terms between MVPA and other variables in the model. We did not 

find any significant interactions beyond those reported. We performed several sensitivity 

analyses: 1) To address concerns that the association between physical activity and asthma 

is driven by possible exercise-induced asthma, we repeated our final models restricted 

to persistent asthma as the outcome, defined as diagnosis of asthma and prescription of 

both rescue and controller medication; 2) To address concerns of bias by pre-existing but 

undiagnosed asthma, we excluded incident asthma which occurred during the first 6 months 

of follow-up; 3) To address concerns of MVPA reporting accuracy in children ages 2–4 

years, we repeated the analysis excluding MVPA measures and cases that occurred before 

the age of 5 years. All statistical analyses were conducted using SAS version 9.4 (SAS 

Institute, Inc., Cary, NC, USA).

RESULTS

Study population characteristics

The study population was 48.2% male, 53.6% Hispanic, and 22.1% receiving government 

health care assistance (Table 1). Parents/guardians or children reported a mean of 5.4 (SD 

4.4) h/week of MVPA with 17.7% of children with ≤1 h/week of MVPA. Overall, 32.1% 

of children were overweight or obese. MVPA decreased with increasing body weight class 

(Table E1).

Asthma incidence rates

In 2,401,653 person-years and a mean follow-up time of 4.43 (SD 2.52) years, we identified 

18,622 incident asthma cases. Of these, 9,944 cases were classified as persistent asthma, 

defined as diagnosis of asthma with a prescription of both controller and rescue medication 

and 8,050 cases of intermittent asthma with a prescription of rescue medication only. 

Another 628 children with asthma had a controller prescription only. Overall, the crude 
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incident rate of asthma was 7.754 (95% CI 7.643, 7.866) per 1,000 person years (Table 2). 

Incidence of asthma was highest in children 2–5 years of age, African American children, 

and those receiving government health care assistance. The incidence of asthma increased 

with BMI-for-age class with an incidence of 8.810 (95% CI 8.463, 9.171) per 1000 person 

years in children with severe obesity compared to 7.650 (95% CI 7.517, 7.786) per 1000 

person years in children who were underweight or normal weight. The crude incidence of 

asthma varied by MVPA categories, with the incidence of asthma highest in those reporting 

≤1 h/week (9.070/1000 person years) and lowest in those reporting 4.1–7.9 h/week of 

MVPA (6.549 per 1000 person years).

Effect of MVPA and BMI

In models adjusted for sex, self-reported race/ethnicity, and annual income, MVPA was 

associated with the risk of asthma (Table 3). We found a significant quadratic time-varying 

MVPA term, indicating that the effect of increasing MVPA on asthma risk changes 

depending on the current MVPA level. An increase of MVPA was associated with a lower 

asthma risk at lower levels (0–4 h/week) of MVPA. For sedentary children with 0 hours of 

MVPA, an increase in 1 h/wk of MVPA decreased their asthma risk (HR 0.981, 95% CI 

0.973, 0.990, Figure 2A). In contrast, for high-active children with ≥8 hours MVPA, the risk 

of asthma increased for each additional 1 h/wk of MVPA (HR 1.005, 95% CI 1.002, 1.009). 

These relationships remained significant even after adjusting for air pollution exposure.

BMI was positively associated with asthma risk (HR 1.042 for each kg/m2, 95% CI 1.039, 

1.046). However, there was no significant interaction between BMI and MVPA.

Sensitivity analyses

Demographics of the eligible (n=953,388) and analytical cohort (n= 542,486) were 

essentially the same (Table E2).

Limiting incident asthma to persistent asthma slightly strengthened the effects compared to 

all incident asthma cases as outcomes (Figure 2B, Table 3).

Excluding incident cases of asthma occurring in the first 6 months of follow up (excluded 

cases n=3,488) did not essentially alter the results of the analysis (Table E3). Results 

remained unaltered when we excluded cases and MVPA measures before the age of 5 years 

(excluded cases n=5,040).

DISCUSSION

In this large retrospective population-based cohort of 542,486 Southern California children, 

MVPA was associated with decreased asthma risk in children reporting low levels of 

physical activity but increased asthma risk in children reporting higher levels of physical 

activity. To our knowledge, this is the first longitudinal analysis evaluating physical activity 

and weight status on asthma risk in children in the United States.

Physical activity plays a key role in healthy child growth and development but is usually, 

not regularly assessed, monitored or prescribed during routine pediatric care.40 To fill this 
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gap, a self-reported exercise vital sign has been incorporated into electronic health records 

in health systems including Intermountain Healthcare and Kaiser Permanente (KP) which 

is embedded into a decision support tool alerting medical providers of inadequate physical 

activity to prompt counseling or support referral.19, 41–43 In adults, the KP exercise vital 

sign was a valid proxy measure of physical activity in COPD, for example, patients who 

reported higher physical activity had less airway obstruction, used less supplemental oxygen 

and higher quality of life compared to inactive and less active patients.44

Studies investigating the relationship between physical activity and asthma development 

have been contradictory.8, 45 The lack of standardized, validated approaches to measure 

PA can contribute to these mixed results. Objective measures of physical activity using 

accelerometer have been used in only a few primarily cross-sectional studies.46 Two 

systematic reviews found that physical activity played a protective role for asthma in 

children and adults.45, 46 In a birth cohort, Byberg et al found low levels of PA between 3–6 

and 6–10 years of age were positively associated with asthma by 10.8 years.18 Vogelberg et 

al studied 2910 adolescents and found that increasing physical activity was associated with 

decreased prevalence of wheeze in unadjusted analyses, however, the association was no 

longer significant after adjusting for smoking.14

In contrast to above studies, other studies have found no relationship between physical 

activity and asthma outcomes.46 Eijkemans et al studied 1838 children from a birth 

cohort, measured physical activity, sedentary behavior and screen time by questionnaire and 

accelerometers (in a subset) at age 4 or 5 years and assessed asthma development between 

age 6 and 10.16 The authors found that levels of physical activity at early school age, 

assessed by questionnaire or accelerometer, was not associated with asthma development in 

childhood. A population based study of 4983 children found no longitudinal associations 

between physical activity and asthma in either direction.17 However, the frequency of 

assessments occurred only every 2 years and their definition of current asthma was based 

on any asthma medication or wheezing related illness in the past 12 months in contrast to 

our definition of asthma based on at least 2 prescriptions of asthma medications as well as 

continuous assessments of physical activity and asthma at medical visits.

Exercise is a common trigger for bronchoconstriction in children with asthma, but poor 

asthma control, air pollution exposure, or fitness could be contributing factors.9 Asthma 

prevalence is increased in athletes and there have been a few cross-sectional studies 

reporting increased risk of asthma associated with high levels of physical activity in 

children and adults.13, 47 While we do not know if the children in this cohort had exercise-

induced asthma, which may cause children to limit their levels of physical activity, we 

restricted our analysis on those with persistent asthma (both a prescription of controller and 

rescue medications); this restriction slightly strengthened the findings. Another possible 

explanation relevant to our study population in Southern California is the impact of 

environmental exposures and air pollution on asthma risk in children who spend a lot of their 

time active outdoors,33 as exercise can increase air pollution exposure through increased 

ventilation and lower nasal responses. However, we did try to control for air pollution 

exposure.
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Our findings that the association between physical activity and asthma risk differs by the 

child’s level of physical activity suggests that there may be a healthy range of physical 

activity levels. Del Giacco and colleagues hypothesized that there is a U-shaped dose-

response relationship between physical activity levels and asthma with both inactivity 

and strenuous exercise associated with higher asthma risk.48 Studies in animals and 

humans suggest that aerobic exercise may have an anti-inflammatory effect through 

a reduction in pro-inflammatory cytokine production, decreased airway smooth muscle 

hypertrophy and hyperplasia, and enhanced regulatory T cell responses. Additionally, 

improving cardiorespiratory fitness can improve asthma symptoms, control and quality of 

life in asthmatics.8, 49 In elite athletes, asthma risk is increased and may be secondary to 

increased exposure to environmental agents through increased ventilation, ongoing damage 

and reduced repair to the respiratory epithelium, and increase airways inflammation.48 

Alternatively, the likelihood that athletes have increased numbers of exercise bouts, each 

of which can lead to exercise induced bronchoconstriction (EIB), suggests that the general 

anti-inflammatory effect of physical fitness is mitigated by the pro-inflammatory response 

of each acute bout of exercise. Exercise-induced laryngeal dysfunction is also common in 

highly active children and can mimic EIB.50

One of the major strengths of our study include medical record data from a large, 

community-based population with asthma outcomes based on a diagnosis by a health care 

providers as well as prescription of asthma-specific medications. Previous studies have 

relied on parental report of asthma diagnosis, which may be over-reported and not supported 

by a physician diagnosis. BMI was based on measured weight and height instead of self-

report. The study population is generally reflective of Southern California and includes 

a high proportion of children born to low income families.21 The cohort study design 

reduced the chance of possible bias inherent in case-control and hospital-based studies. The 

longitudinal design over 8 years of follow-up where exercise vital sign was collected at 

most clinic visits is based on a large, multi-ethnic pediatric population which allowed us to 

investigate the effect of physical activity and other covariates such as BMI over time instead 

of relying on baseline PA and BMI. The large sample size enabled evaluation of the physical 

activity and BMI with higher precision than previous studies and allowed us to examine 

interactions.

Limitations include the possibility of residual confounding inherent to the observational 

design, including the possibility of differential distribution of unmeasured or incompletely 

measured confounders. To address concerns of potential confounding, we considered a 

wide range of possible confounders including environmental exposure. Another limitation 

is the use of exercise vital sign based on parental report of physical activity and not an 

objective measure of physical activity such as accelerometers. Moreover, data on reliability 

and validity of an exercise vital sign in children is almost completely lacking.50 Quantifying 

physical activity in younger children is challenging, however sensitivity analyses excluding 

children 2–4 years of age were unchanged. Because physical activity was not assessed 

at every visit and imputed, we also performed sensitivity analyses without imputing 

physical activity with comparable results. Last, our ability to identify exercise-induced 

bronchoconstriction was limited, but we attempted to restrict the analyses to those with 

persistent asthma.
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Conclusions.

Asthma risk differed by levels of reported levels of moderate to vigorous physical activity., 

Children reporting relatively low levels of physical activity had lower asthma risk as activity 

levels increased in contrast to children reporting higher levels of activity who manifested 

greater asthma risk as activity levels increased. Highly active children may have increased 

exercise-induced bronchoconstriction or air pollution exposure. Asthma risk also increased 

with BMI. Understanding the role of physical activity and BMI, both modifiable factors, as 

well as the role of routine screening for exercise as a vital sign in the development of asthma 

in children will help to develop targeted interventions and guide asthma management.
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Highlights:

What is already known on this topic? In general, physical activity is important for healthy 

growth and development for children but is a common trigger for asthma symptoms.

What does this article add to our knowledge? This study shows that different levels of 

physical activity are associated with asthma risk in children and adolescents.

How does this study impact current management guidelines? These findings emphasize 

the need to assess physical activity levels in children when considering asthma risk.
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Figure 1. 
Study flow chart.
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Figure 2. 
Effect of MVPA on the risk of any asthma and persistent asthma (prescription of rescue and 

controller medication)

*Adjusted for sex, race/ethnicity, government health care assistance, and air pollution 

(ozone levels); stratified by baseline year. Missing values for BMI or MVPA were imputed 

(equivalent to Model 1 in Table 3).

Green indicates a decrease and red an increase in asthma risk
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