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Low Fitness and Increased Sedentary Time are Associated with Worse 
Asthma – The National Youth Fitness Survey 
 

Kim D. Lu MD1 | Erick Forno MD, MPH2,3 | Shlomit Radom‐Aizik PhD1 | 

Dan M. Cooper MD1 
 
Abstract 
Background: Asthma is the most common chronic illness in children and is independently 
impacted by obesity and by fitness. The National Youth Fitness Survey collected data on aerobic 
fitness, body composition, and health outcomes in children 6 to 11 years old. The goal of this 
study is to test hypotheses regarding relationships between asthma, aerobic fitness, and sedentary 
time in this uniquely studied cohort of young children. 
Methods: A total of 665 children (6‐11 years old; 49% male) were included in 
analyses. We explored relationships between asthma outcomes and aerobic fitness (measured by 
endurance time), self‐reported sedentary time, and body mass index categories. Fitness was 
categorized as unfit (lowest 25% of endurance times) or fit. 
Multivariate logistic regression models were created for asthma outcomes and adjusted for race, 
age, sex, poverty status, and overweight/obesity. 
Results: Among the participants, 17.9% had a previous history of asthma and 11.4% had current 
asthma. Additionally, 37.3% of participants were overweight or obese. Low fitness was 
significantly associated with increased odds of past asthma, current asthma, asthma attacks, 
wheeze with exercise, and wheeze with activity limitations in multivariate models. Increased 
sedentary time was significantly associated with increased odds of previous asthma, current 
asthma, asthma attacks, and wheeze with activity limitations. 
Conclusion: Decreased aerobic fitness and increased sedentary time were associated with worse 
asthma outcomes in this group of children (6‐11 years old). This data suggest that fitness and 
sedentary time, both modifiable factors, each have an independent effect on asthma and should 
be included in assessments and management of asthma health. 
 
 
1 | INTRODUCTION  
 

Asthma, the most common chronic disease of childhood, continues to cause substantial 
morbidity among the approximately 6 million children affected in the United States.1 The 
underlying etiology of asthma is likely multifactorial and is influenced by lifestyle factors 
including physical activity/exercise and sedentary time.2 

Increased physical activity is associated with improved cardiovascular outcomes, 
psychological health, and plays an important role in the growth and development of children.3 
Yet, rates of physical activity have declined over the past 50+ years, while rates of obesity have 
increased, with almost one in five school‐age children currently affected.4,5 The 2018 United 
States Report Card on Physical Activity for Children and Youth reported that only ~24% of 
children of 6 to 17 years old met the recommended guidelines for 60 minutes of physical activity 
daily.6 Children with asthma tend to be less physically active than their healthy peers.7,8 While 
the mechanisms responsible for the reduced PA are not entirely clear, negative self‐ efficacy, 
child and parental health beliefs, and poor asthma control play a role.9,10 Improving physical 
activity and fitness is associated with improved asthma outcomes including improved asthma 



control, decreased airway hyperresponsiveness, and decreased airway inflammation.11   

The combination of obesity, decreased physical activity and increased sedentary time, 
each of which can stimulate inflammation, can lead to a vicious cycle in the obese child with 
asthma, making asthma management challenging. A few studies have evaluated the relationship 
between asthma, obesity, and fitness, primarily in adolescents or adults.12,13 In a previous study, 
we found that higher fitness was associated with decreased asthma morbidity in adolescent 
males.14 Understanding relationships between asthma, aerobic fitness, and sedentary time in 
young children are critical because the clinical trajectory of childhood asthma has important 
implications for management, prognosis, and overall health.15,16 To the best of our knowledge, 
there are currently no studies evaluating the relationships between asthma, obesity, and aerobic 
fitness in children less than 9 years of age. In addition, the evidence of sedentary time on 
children with asthma and asthma‐related outcomes is lacking. 

Testing aerobic fitness in young children is challenging, requiring motivation and 
coordination, as well as skilled technicians and specialized equipment.17 However, physiologic 
measurements of fitness are needed as increasing evidence shows that aerobic fitness in children 
tracks across the lifespan and is an important biomarker of health and disease, including 
cardiovascular disease risk.18,19 The National Youth Fitness Survey (NYFS) was conducted in 
2012 by the Centers for Disease Control and Prevention (CDC) to obtain nationally 
representative data on the physical activity and fitness levels of children and adolescents. NYFS 
collected data on aerobic fitness (endurance time [ETmax]), sedentary time, body mass index 
(BMI), and asthma outcomes in children 6 to 11 years old. The goals of our study were to 
evaluate relationships between asthma, aerobic fitness, and sedentary time in this unique cohort 
of young children. We hypothesized that lower levels of fitness or increased sedentary time 
would be associated with worse asthma outcomes and could moderate the relationship between 
asthma and obesity in young children. 
 
 
2 | PATIENTS AND METHODS  
 

The NYFS was conducted alongside the 2011 to 2012 National Health and Nutrition 
Examination Survey (NHANES). The NYFS used the same complex, stratified, and multistage 
probability cluster sampling design as NHANES, and conducted a home interview followed by 
physical assessments in a mobile examination center, including cardiorespiratory fitness (CRF) 
assessments and body measurements. The survey protocol was approved by the Research Ethics 
Review Board at the National Center for Health Statistics' and written informed consent was 
obtained from each participant's parent or legal guardian. Participants aged 7 to 11 years 
provided additionally signed assent to participate. 
 
 
2.1 | Asthma outcomes 
 

All participants were asked (by proxy if under 16 years) whether “a doctor or other health 
professional ever told you that you have asthma” (past asthma). Those who answered “yes” were 
asked a series of additional questions, including whether they “still have asthma” (current 
asthma), and whether they had experienced an asthma attack in the past 12 months (asthma 
attack). The primary outcomes for these analyses are a report of past asthma and current asthma. 



A separate set of questions was asked about wheezing. Wheeze outcomes used in these 
analyses include a report of wheezing related to exercise or physical activity (yes/no) (wheeze 
with exercise) and limiting of usual activities due to wheezing or whistling (yes/no) (wheeze 
with activity limitations). 
 
 
2.2  |   Body composition 
 

Height and weight were measured using a portable stadiometer and a portable digital 
weight scale. BMI was expressed as weight in kilograms divided by height in meter squared 
(kg/m2). Weight status was classified into underweight, normal weight, overweight, 
and obese based on the age‐ and sex‐specific 5th, 85th, and 95th percentiles of the 2000 CDC 
growth charts cutoff points.20 In the current study, overweight and obese were combined as 
overweight/obese (Ow/Ob). 

Calf and triceps skinfolds were measured to the nearest 0.1 mm using a skinfold caliper. 
Arm and calf measurements were made on the right side of the body. Predicted percent body fat 
was calculated using the Slaughter‐Lohman equation.21 Percent fat categories were calculated 
based on body fat reference curves for children.22 The 2nd, 85th, and 95th percentiles define the 
cutoff points for underfat, overfat, and obese. 
 
 
2.3  | CRF testing 
 

Aerobic fitness was evaluated by an age‐specific treadmill protocol designed to obtain the 
participant's ETmax as the key exercise outcome variable. Full details of the protocol can be found 
at www.cdc.gov/nchs/data/nnyfs/treadmill.pdf. Participants were assigned to one of three age‐
specific treadmill testing protocols varying in grade and speed (ages, 6‐7, 8‐9, and 10‐11). The 
treadmill test protocol was designed to find ETmax values between 5 and 12 minutes. The 
protocols include a 1‐minute warmup, seven 2‐minute stages designed to maximally exercise 
most children, three 1‐minute additional stages for exceptionally fit children, and a 2‐minute 
recovery stage.23 Heart rate was monitored throughout the exercise tests by electrodes attached to 
the participant's chest. 

Participants who did not complete CRF testing were excluded from our analysis, 
including those who were excluded from fitness testing based on medical conditions, certain 
medications, physical limitations, and safety limitations per discretion of the nurse practitioner. 
This included participants who had untreated asthma or were prescribed a medication for asthma 
before participating in exercise or sports but had not brought the inhalant to the mobile 
examination center. 
 
 
2.4 | Physical activity and sedentary time 
 

Proxy‐reported physical activity was obtained from the physical activity questionnaire 
using the question: “During the past 7 days, on how many days was [child's name] physically 
active for a total of at least 60 minutes per day? Add up all the time [child's name] spent in any 
kind of physical activity that increased [his/her] heart rate and made [him/her] breathe hard some 



of the time.” Responses ranged from 0 to 7 days. 
Screen time, defined as hours of television (TV) watching plus computer use, was 

estimated from responses to two separate questions: (a) “Over the past 30 days, on average how 
many hours per day did [child's name] sit and watch TV or videos?” and (b) “Over the past 30 
days, on average about how many hours per day did [child's name] use a computer or play 
computer games outside of school?” For both questions, response options were as follows: none, 
less than 1 hour, 1 hour, 2 hours, 3 hours, 4 hours, and 5 hours or more hours. Screen time was 
calculated by adding the time contributed from both questions. Children were categorized as 
meeting screen‐time recommendations if the combined screen time was 2 hours or less per day.24 
 
 
2.5 | Statistical analyses 
 

Of 762 children who were eligible for the treadmill protocol, 665 children (6‐11 years 
old; 49% male) completed the NYFS age‐specific maximal treadmill protocol and were included 
in our analyses. Underweight participants (BMI < 5 percentile) were excluded from analyses as 
they were too few in number (n = 17) to analyze as a group. We evaluated relationships between 
asthma outcomes (past and current asthma, asthma attacks, wheeze with exercise, and activity 
limitations due to wheezing) with endurance times, BMI categories, and self‐reported sedentary 
time. Fitness was categorized as low fit (lowest 25% of ETmax). Multivariate logistic regression 
models were created for asthma outcomes and adjusted for race, age, sex, poverty status (ratio of 
family income to poverty), and BMI category. Interactions between aerobic fitness/screen time 
and sex, race, poverty status, and BMI categories on asthma outcomes were tested. All analyses 
used the examination sample weights to account for NHANES sampling methods. Analyses were 
performed with STATA 11.2 (StataCorp, College Station, TX). P < .05 was considered 
statistically significant for main effects. 
 
 
3 | RESULTS  
 

Baseline demographics are presented in Table 1. The mean age was 8.4 years, 49.4% of 
participants were male, and 64.4% were of normal weight. Approximately, 12% of participating 
children had current asthma. Approximately, 42.5% of children reported more than 2 hours of 
screen time daily, and 57.5% of children reported physical activity of at least 60 minutes daily. 
Sociodemographic and physiologic characteristics of participants with and without current 
asthma are shown in Table S1. 
 



 

 
Abbreviations: BMI, body mass index; NYFS, National Youth Fitness Survey. 
aThe analytic sample excludes underweight participants (n = 17), those that did not complete fitness test 
(n = 50), and those that did not complete the examination (n = 30). 
 
 
 
 
 



3.1 | Asthma, fitness, and obesity 
 

Mean ETmax values were significantly lower in children with past asthma, current asthma, 
and those with asthma attacks compared to controls (Figure 1). Mean ETmax values were also 
significantly lower in overweight and obese children compared to normal‐weight children: 626.5 
seconds (SD ± 106.7), 552.4 seconds (SD ± 105.4), and 688.8 seconds (SD ± 134.5), 
respectively (P < .01). 

Mean ETmax values by healthy controls vs asthma and normal weight vs 
overweight/obese are illustrated in Figure 2; Ow/Ob children with asthma had significantly 
shorter endurance times compared to normal‐weight controls for all of the asthma outcomes. For 
example, Ow/Ob children reporting asthma attacks had a mean endurance time of 533.8 seconds 
(95% confidence interval [CI] 483.8, 583.9) compared to normal‐weight controls with a mean 
endurance time of 698.4 seconds (95% CI 686.6, 710.2) and P < .05. 

ETmax values were weakly correlated with reported days of physical activity (at least 60 
minutes) with r = .219 and P < .001. 

Odds of asthma outcomes in lower fit children are shown in Table 2. Overall, lower 
aerobic fitness was significantly associated with increased odds of past asthma, current asthma, 
asthma attacks, wheeze with exercise, and wheeze with activity limitations, after adjusting for 
age, sex, race, poverty status, and BMI category. There were no significant interactions between 
aerobic fitness and obesity status for any of the asthma outcomes analyzed (all P > .05). Being 
overweight/overfat or obese (based on BMI categories or body fat) was not significantly 
associated with worse asthma outcomes (see Table 3 and Table S2). 
 

 
FIGURE 1 Mean endurance times are significantly lower in children with a previous history 
of asthma, current asthma, and those with asthma attacks (gray bars) compared to controls (black 
bars). *P < .05 
 
 



 
FIGURE 2 Mean endurance times (95% CI) by healthy controls vs asthma and normal weight 
vs overweight (Ow)/obese (Ob). Ow/Ob children with asthma have the shortest endurance times 
compared to normal‐weight controls for all of the asthma outcomes. For asthma attacks, controls 
include those with current asthma but no asthma attacks as well as healthy controls. *P < .05 
indicates a significant difference between Ow/Ob children with asthma outcome and normal‐
weight controls. CI, confidence interval 
 

TAB LE 2 Odds of asthma outcomes in low fit compared to higher fit children 
 

 OR (95% CI) OR (95% CI) 
 Unadjusted Adjusted 

Past asthma 2.34 (1.34, 4.06) 2.45 (1.27, 4.72) 

Current asthma 2.50 (1.16, 5.39) 3.09 (1.15, 8.33) 

Asthma attacks 3.05 (1.09, 8.49) 4.50 (1.57, 12.92) 

Wheeze with exercise 3.13 (1.28, 7.64) 4.73 (1.55, 14.45) 

Wheeze with activity limitations 2.57 (1.14, 5.81) 4.53 (1.85, 11.16) 

Note: Models are adjusted for age, sex, race, poverty status, and BMI category. Significant ORs 
are bolded (P < .05). 
Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio. 

 
 
 



TAB LE 3 Odds of asthma outcomes for normal weight vs overweight/obese children 
 

 OR (95% CI) OR (95% CI) 
Unadjusted Adjusted 

Past asthma 1.41 (0.82, 2.41) 1.02 (0.55, 1.89) 

Current asthma 1.26 (0.66, 2.39) 0.84 (0.39, 1.82) 

Asthma attacks 0.94 (0.30, 2.99) 0.60 (0.20, 1.82) 

Wheeze with exercise 1.25 (0.54, 2.88) 0.85 (0.34, 2.10) 

Wheeze with activity 
limitations 

0.75 (0.31, 1.84) 0.47 (0.17, 1.28) 

Note: Adjusted for sex, age, race, poverty, and fitness. Abbreviations: CI, confidence 
interval; OR, odds ratio. 

 
 

TABLE 4 Odds of asthma outcomes in children reporting more than 2 h of screen time daily 
compared to children reporting 2 h or less of screen time daily 

 
 OR (95% CI) OR (95% CI) 

Unadjusted Adjusted 

Past asthma 1.79 (1.07, 2.99) 1.84 (1.18, 2.87) 

Current asthma 1.82 (1.05, 3.17) 1.98 (1.32, 2.96) 

Asthma attacks 1.70 (1.08, 2.66) 1.87 (1.04, 3.36) 

Wheeze with exercise 1.48 (0.74, 2.97) 1.63 (0.84, 3.16) 

Wheeze with activity 
limitations 

2.25 (1.00, 5.06) 2.71 (1.00, 7.33) 

Note: Adjusted for sex, age, race, poverty, BMI category, and fitness. Significant ORs are 
bolded (P < .05). 
Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio. 

 
 
3.2 | Asthma and sedentary time 
 

Approximately, 42.5% of children reported more than 2 hours of screen time daily. 
Children reporting greater than 2 hours of screen time daily had increased rates of past asthma, 
current asthma, asthma attacks, and wheeze with activity limitations compared to children 
reporting 2 hours or less of screen time daily. Odds of asthma outcomes in children reporting 2 
hours or more of screen time daily compared to children reporting 2 hours or less of screen time 
daily are shown in Table 4. Increased sedentary time remained significantly associated with 
increased odds of past asthma, current asthma, asthma attacks, and wheeze with activity 
limitations, after adjusting for multiple confounders. 
 



 
4 | DISCUSSION  
 

In this unique cohort of children ages 6 to 11 years in the United States, we found that 
lower levels of aerobic fitness were seen in children with past asthma, current asthma, asthma 
attacks, wheeze with exercise, and wheeze with activity limitations. We also found that increased 
sedentary time was associated with worse asthma outcomes including past asthma, current 
asthma, asthma attacks, and wheeze with activity limitations. To the best of our knowledge, this 
is one of the first studies to test the associations of aerobic fitness, sedentary time, and asthma 
outcomes in young children. 

Guldberg‐Moller et al25 followed 1360 children longitudinally in the Odense schoolchild 
study with CRF testing at 9 years of age with follow‐up up through 29 years of age. The authors 
found that lower physical fitness at age 9 was significantly associated with ever having asthma. 
Mcnarry et al26 studied 20 577 children 9 to 12 years old in the UK who completed a 20‐m 
shuttle run test and found that children with asthma had lower shuttle run performance compared 
to healthy controls. They also found a significant sex effect and sex/ asthma interaction on 
shuttle run performance. Our findings are consistent with these earlier reports, while at the same 
time, we extend these associations to children as young as 6 years old. Our findings are in 
contrast to those of Chen et al12 who followed 2758 children in Taiwan from 4th to 6th grade 
who completed an 800‐m sprint test to determine CRF. Children were categorized into low and 
high fit based on sex and age‐corrected z‐score. They found that low fitness was not associated 
with active or physician‐diagnosed asthma. The authors concluded that central obesity was most 
associated with asthma, and low fitness and high screen time increased the risk for central 
obesity. In our analysis, increased weight was associated with poor aerobic fitness; however, we 
did not find a statistically significant relationship between obesity and asthma outcomes. 

While the majority of studies have shown associations between overweight/obesity and 
asthma in children, there have been studies showing no association between obesity and asthma 
including a few large studies in younger children similar in age to this cohort.27–30 In addition, 
obesity did not moderate the relationship between asthma and aerobic fitness. The discrepancies 
may be due to differences in the patient population, the definition of “fitness,” or the testing 
administered (ie, a field sprint test administered at the schools compared to the NYFS 
progressive maximal treadmill test). 

The increase in sedentary time, particularly the excessive screen time in children over the 
past several years, is concerning and has prompted updated guidelines from the American 
Academy of Pediatrics and the American Heart Association.31,32 Increased sedentary time, 
independent of aerobic fitness, is associated with poor health outcomes including obesity, type 2 
diabetes, as well as all-cause and cardiovascular disease mortality.33,34 A recent systematic 
review by Cordova‐Rivera et al35 found that in adults with asthma, physical activity is reduced 
and is associated with worse asthma outcomes. These investigators also reported that sedentary 
time did not differ between adults with asthma and controls though only four studies were 
included. While there are an increasing number of studies using objective measures of physical 
activity such as actigraphy, few studies have studied sedentary time in children with asthma. 
Rota et al36 found that children with asthma engaged in significantly more screen time compared 
to healthy controls (median 35 vs 26 h/week, respectively) in an urban environment. Protudjer et 
al37 found that high screen time (>1 h/day) was associated with greater odds of asthma, and this 
relationship was more pronounced in overweight youth. We found that children with an average 



reported screen time greater than 2 hours daily had significantly increased odds of current 
asthma, with an adjusted odds ratio of 1.93. Increased screen time was also associated with 
increased odds of past asthma, asthma attack, and wheezing with activity limitations. 

Understanding relationships between aerobic fitness and sedentary time, both modifiable 
factors, on asthma risk and morbidity, particularly in young children, provide potential 
opportunities for intervention. There is mounting data that fitness in children 
tracks across the lifespan and may prove to be an early modifiable indicator of cardiovascular 
disease risk later in life.38 Large longitudinal studies have shown that childhood asthma is 
associated with reduced pulmonary function that tracks into adulthood16; however, how fitness 
and sedentary time in young children affect asthma outcomes, including lung function in adults, 
is unknown. While the underlying mechanism(s) of improving fitness on asthma is unknown, a 
growing number of animal models and human studies suggest that aerobic exercise reduces 
airway remodeling, proinflammatory cytokines/responses including glucocorticoid receptor 
expression, and enhances regulatory T cell responses.39–41 Interventions targeting increased 
physical activity and decreasing sedentary time may be more effective in younger children, who 
have less autonomy and control of their external environment.42 

A major strength of our findings is the objective measure of fitness in a large group of 
young children using a maximal exercise test, which is extremely challenging in this age group. 
Furthermore, we did not find a significant association between overweight/obesity and asthma 
outcomes highlighting the importance of fitness independently and beyond the role of obesity in 
young children. In addition, the population was sampled to be representative of the US. 
Most recently, Proudfoot et al43 measured physical activity and fitness in a very young cohort (3‐
5 years old) and found that higher levels of fitness, even in young children, were associated with 
better cardiovascular health indicators including decreased arterial stiffness. One limitation of 
this study is the cross‐sectional design, and, thus, we are unable to establish temporal 
relationships between aerobic fitness, sedentary time, and asthma outcomes. While no objective 
measures of physical activity were collected, children with asthma reported fewer days of 
physical activity compared to controls, which likely contribute to their aerobic fitness. However, 
it is unclear whether young children who are less active are more likely to develop asthma or 
whether their asthma limits their activity levels. Another limitation is the asthma diagnoses or 
morbidity was based subjectively on questionnaires and, unfortunately, no objective measures of 
asthma were captured, including pulmonary function testing. Studies evaluating relationships 
between lung function and aerobic fitness have shown mixed results.44,45 Lastly, other potential 
confounders including family history (ie, asthma or allergy) or environmental exposures (ie, 
tobacco smoke and air pollution) or reliable medication use were not available in this cohort. 

Our data also suggest some intriguing possible biological mechanisms, namely the 
validity of the “hygiene hypothesis”—the notion that early life exposure to immune system 
mediators could influence the later development of asthma.46 In the hygiene hypothesis, asthma 
later in life is more frequent in children who grew up in “hygienic,” typically urban, 
environments. Children raised in agricultural settings in rural environments are more likely to be 
exposed to a variety of antigens that stimulate the immune system. This early exposure 
downregulates the immune system and reduces the risk of asthma later in life. Like the 
nonhygienic environment, exercise stimulates both pro‐ and anti‐inflammatory immune 
mechanisms,47 and studies in the murine model suggest that exercise‐induced 
bronchoconstriction can result even if the original immune stimulus is unrelated specifically to 
physical activity.48 Our observation of generally greater asthma severity in physically inactive 



young children leads to the speculation that physical inactivity early in life might limit immune 
downregulation enhancing the possibility of asthma later in life. 
 
 
5 | CONCLUSION  
 
In summary, these data suggest that aerobic fitness, a modifiable factor, has an independent 
effect on asthma outcomes. We also found that increased sedentary time is associated with worse 
asthma outcomes. Both aerobic fitness and sedentary time should be included in assessments and 
management of asthma health in children. 
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