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	 Background:	 The purpose of this study was to determine whether PA is associated with asthma control using data from the 
National Health and Nutrition Examination Survey (NHANES) for 2011-2020. We did not find a relationship be-
tween physical activity (PA) and asthma control.

	 Material/Methods:	 In this study, we measured asthma control by counting asthma attacks and emergency room visits for asth-
ma in the past year. Physical activity was divided into recreational physical activity and work physical activity. 
A total of 3158 patients (³20 years old) were included in the study, of which 2375 were in the asthma attack 
group and 2844 were in the emergency care group, with indicators of asthma control and physical activity as 
dichotomous variables. Multiple sets of covariates were selected, such as age, gender, and race. Multiple logis-
tic regression analysis and subgroup analysis were used to analyze the data.

	 Results:	 Active workload was significantly correlated with acute asthma attacks, but the relationship with emergency 
care was not statistically significant. We found that the relationship between physical activity and emergency 
care was influenced by race, education, and economic level.

	 Conclusions:	 The amount of work activity was correlated with acute asthma attacks, and the relationship between physical 
activity and emergency case was influenced by race, education, and economic level.
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Background

Asthma is a common disease in children and adults, charac-
terized by airway inflammation and obstruction due to in-
creased mucus production, and is associated with a serious 
global health burden [1]. According to GINA 2020, asthma af-
fects approximately 300 million people worldwide, which is re-
sponsible for a global disease burden of 11 million years of life 
lost (YLLs) and 25 million disability-adjusted life years (DALYs) 
per year [2,3]. Asthma is a public health problem that impos-
es significant administrative costs on health systems world-
wide. In 2010, approximately 8.2% of U.S. adults had asthma, 
and of those, 49.1% had an asthma attack in the past year [4]. 
This highlights the importance of symptom management and 
disease control [4]. Asthma seriously affects people’s physical 
and mental health, resulting in reduced learning efficiency, lim-
ited physical activity, and reduced quality of life [5]. Therefore, 
to improve the awareness of the risk of asthma, how to ef-
fectively treat asthma has become an important goal of asth-
ma prevention and treatment in recent years. Multiple factors 
contribute to the development of asthma, such as unhealthy 
lifestyle factors, including lack of physical activity/exercise, in-
creased sedentary time, and poor nutrition, and obesity may 
play a role [6]. The difference between physical exercise and 
physical activity should be pointed out. According to the World 
Health Organization definition: Physical activity is any bodily 
movement that results from the expenditure of energy by the 
skeletal muscular system. Exercise is a planned, structured, re-
petitive and purposeful physical activity that seeks to improve 
or maintain one or even several elements of physical fitness. 
For asthma patients, physical training is a widely accepted ad-
junct to both pharmacologic and non-pharmacologic therapy [7]. 
However, the effect of physical activity on asthma is contro-
versial. Many previous studies have shown that exercise is a 
trigger for asthma and reducing exercise is an effective means 
of controlling asthma symptoms [8]. However, recent studies 
have demonstrated that daily exercise can help improve asth-
ma symptoms [9]. Combined exercise training (resistance and 
aerobic exercise) was found to improve cardiopulmonary func-
tion and muscle strength in children and adolescents with asth-
ma in a 12-week randomized trial [10]. Aerobic exercise train-
ing was found to potentially improve asthma control and lung 
function, but not airway inflammation, in a meta-study [11].

The National Health and Nutrition Examination Survey (NHANES) 
is a population-based cross-sectional survey designed to col-
lect information on the health and nutrition status of adults 
and children in the United States. The unique feature of this 
survey is that it combines interviews and physical examina-
tions. To determine the causality of physical activity in the 
development of asthma, we used NHANES data from 2011 to 
2020 to examine the relationship between exercise intensi-
ty and acute asthma attacks/emergency room admission in 

adults with asthma, and to assess whether this relationship 
was influenced by potential confounding factors.

Material and Methods

Data Sources

In this study, we used the cross-sectional survey of NHANES 
in 5 cycles(2011-2012, 2013-2014, 2015-2016, 2017-2018, 
and 2019-2020). The data we used was obtained from pub-
licly available databases. The inclusion criteria were as fol-
lows: 1) NHANES participants were 20 years old and above; 
2) NHANES participants diagnosed with asthma were identi-
fied. Exclusion criteria were as follows: 1) Acute attacks or in-
complete visits to the emergency department for asthma in 
the past year; 2) Participants with incomplete indicators of 
work activity or recreational activity; 3) A very small number 
of participants lacked covariates, such as gender, education, 
marriage, and hypertension. The study design and inclusion 
and exclusion criteria are shown in Figure 1. Only public da-
tasets were used in this study, and ethics approval was not 
required. The NHANES protocols were approved by the NCHS 
Research Ethics Review Board, and written informed consent 
forms were provided by all participants. More information is 
available at http://www.cdc.gov/nchs/nhanes.htm.

Physical Activity Assessment

The World Health Organization (WHO) defines physical activ-
ity as the production of physical activity by any skeletal mus-
cle that requires the expenditure of energy. In this study, we 
included work activities and recreational activities.

Work activity: Work activity was measured in the “Physical 
Activity” questionnaire. In the “Physical Activity” question-
naire, each participant was asked about vigorous work activ-
ity, number of days vigorous work/number of days moderate 
work, and minutes of vigorous-intensity work/minutes moder-
ate-intensity work. Physical Activity Guidelines recommended 
at least 75 minutes of high-intensity exercise per week or 150 
minutes of appropriate exercise per week. The weekly amount 
of exercise was calculated through the questions, which was 
then divided into active (³ recommended amount of activity), 
less active (< recommended amount of activity), and inactive 
according to the above suggestions.

Recreational activity: Work activity was measured in the 
“Physical Activity” questionnaire. In the “Physical Activity” 
questionnaire, each participant was asked about vigorous work 
activity, number of days vigorous recreational activities/num-
ber of days moderate recreational activities, and minutes vig-
orous-intensity work/minutes moderate-intensity recreational 
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activities. Physical Activity Guidelines recommended at least 
75 minutes of vigorous exercise per week or 150 minutes of 
appropriate exercise per week. The weekly amount of exercise 
was calculated through the questions, which was then divided 
into active (³ recommended amount of activity), less active (< 
recommended amount of activity), and inactive according to 
the above suggestions.

Evaluation of Covariates

We comprehensively screened for 12 confounding factors that 
might be associated with physical activity and asthma control, 
including age, race, gender, history of alcohol use, marital his-
tory, educational history, smoking history, hypertension, his-
tory of high cholesterol, diabetes, and BMI. We divided each 
covariate into a reference group and other groups for easy 
contrast analysis. In addition, we set Don’t Know/Refused/
Undetectable to Unknow group and removed invalid values. 
The following data processing was performed:

Gender: Male and female.

Age: It was a continuous variable and was not grouped.

Ethnicity/race: Race was divided into non-Hispanic white (ref-
erence group), non-Hispanic black, Mexican-American, and 
other Hispanic.

Marital history: Married, cohabiting with partner, widowed, di-
vorced, separated, never married.

Drinking Behavior: Drinking behavior was measured on the 
“Alcohol Use” questionnaire, in which each respondent was 
asked how many times they had consumed alcoholic bever-
ages in the past 12 months, and was asked about the average 
amount of water consumed on those days when they consumed 
alcoholic beverages. Based on these questions, the average 
number of alcoholic beverages consumed per week during the 
past 12 months could be calculated. According to the National 
Institute on Alcohol Abuse and Alcoholism (NIAAA), the aver-
age number of alcoholic beverages consumed per week was 
classified as moderate (1 drink for women or 1-2 drinks for 
men), heavy (2-3 drinks for women or 3-4 drinks for men), and 
binge (³4 drinks for women or ³5 drinks for men).

Smoking history: Smoking behavior was measured in the 
“Smoking: Cigarette Use” questionnaire, in which participants 
were asked whether they had smoked at least 100 cigarettes in 
their life, and whether they had smoked cigarettes when asked. 
Based on answers to these questions, smoking history was cat-
egorized as non-smoker, former smoker, and current smoker.

BMI status: Body mass index was calculated as weight/height2 
based on measured height and weight, and then classified as 
not overweight (<25), overweight (25-30), and obese (³30).

NHANES (2011~2020)

Inclusion criteria:
1. ≥20 years old
2. Diagnosed with asthma
Exclusion criteria:
1. Incomplete asthma control status indicators
2. Incomplete work activity or recreational activity indicators

Relevant subjects screened (n=3678)

Participants considered eligible in the study
(n=3158)

Emergency care group
(n=2844)

Emergency care subgroup
(n=496)

No emergency care group
(n=2348)

Incomplete covariates

Complete emergency care data

Asthma care group
(n=2376)

Asthma care subgroup
(n=1430)

No asthma care group
(n=946)

Complete asthma attacks data

Figure 1. Flow chart.
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Diabetes: History of diabetes was measured in the “Diabetes” 
questionnaire, which asked “Has a doctor told you that you 
have diabetes?” Depending on the answer, diabetes was clas-
sified as yes or no.

History of hypertension: History of hypertension was mea-
sured in the “hypertension & hyperlipidemia” questionnaire, 
in which participants were asked “Have you ever been told 
you have high blood pressure?” According to the answer, his-
tory of hypertension was categorized as yes or no.

History of hyperlipidemia: History of hyperlipidemia was mea-
sured in the “hypertension & hyperlipidemia” questionnaire, 
in which participants were asked “Has a doctor ever told you 
that you have high cholesterol?” Depending on the answer, 
the history of hyperlipidemia was categorized as yes or no.

Household income-to-poverty ratio: An index defined as the 
ratio of household income to poverty. The ratio was catego-
rized as 1-5 and ³5.

Asthma Control Condition

We evaluated asthma control through 2 dimensions: 1) asth-
ma attack within 1 year: Asthma attacks were measured in the 
“Medical Conditions” questionnaire, in which each respondent 
was asked “Have you ever been told you have asthma?” Based 
on answers to these questions, asthma attacks were divided 
into an asthma attack subgroup and a no asthma attack sub-
group; 2) Emergency care visits for asthma in the past year: 
Asthma attacks were measured in the “Medical Conditions” 
questionnaire, in which each respondent was asked “During 
the past 12 months, did you visit an emergency room or ur-
gent care center because of asthma?” According to respons-
es to these questions, asthma attacks were divided into an 
emergency care subgroup and a no emergency care subgroup.

Statistical Analysis

We used data from the NHANES (2011-2020) database. 
Continuous variables were expressed as mean±standard de-
viation, while categorical variables were expressed as percent-
age (95% CI). According to the categorization and distribution 
of the variables and data, the chi-square test or the t test was 
used to test the differences. Missing values were processed by 
multiple imputations. Logistic regression models were used to 
analyze the relationship between physical activity (work ac-
tivity and recreational activity) and asthma control (asthma 
attacks/emergency room visits for asthma). Three separate 
models were constructed. In Model 1, no variables were ad-
justed; in Model 2, gender, age, race, and marital status were 
adjusted. In Model 3, all covariates (gender, age, race, mari-
tal status, history of alcohol consumption, history of smoking, 

hypertension, high cholesterol, diabetes, and BMI) were ad-
justed. Covariates such as gender, race, and marital status 
were included as subgroup factors in our study and were in-
cluded in the study for grouping analysis. In addition, weight-
ed analysis is very important in the results of NHANES data. 
Various sample weights were available through the NHANES 
dataset, such as interview weight (wtint2yr), MEC (Mobile 
Examination Center) exam weight (wtmec2yr), and several 
subsample weights. Choosing the correct sample weight for 
the analysis depended on the variables used. All weights in-
volved in this study were obtained from the Demographic Data. 
NHANES (2011-2020) involved a combination of 5 survey cy-
cles, with the data weighted according to what the NHANES 
provided to the analysts, such as combining multiple cycles. 
All data were analyzed using STATA SE15.

Results

Characteristics of Participants

In this study, a total of 2375 cases were included in the asth-
ma attack subgroup, and 2844 were included in the emergen-
cy care subgroup (Tables 1, 2). In the asthma attack subgroup, 
the mean age of the group was 44.665. There were differenc-
es in age, gender, race, marriage, hypertension, high choles-
terol, and BMI between the 2 subgroups. The asthma attack 
subgroup tended to be more female, Other Hispanic White, 
Widowed, and more likely to be obese and have high choles-
terol. In the emergency care group, the mean age within the 
group was 47.360 years. There were differences in age, sex, 
race, education, household income-to-poverty ratio, and BMI 
between the 2 subgroups. The patients in the emergency care 
subgroup were predominately female, with some college or 
AA degree, household income-to-poverty ratio of 1 to 5, and 
were more likely to be obese.

Relationship Between Physical Activity and Asthma 
Control

This study analyzed the relationship between work activities 
and recreational activities and asthma attacks and emergen-
cy room admission due to asthma. For analysis, we divided 
the level of physical activity into 3 categories: active, less ac-
tive, and not active. The correlation between physical activity 
and asthma control is shown in Table 3. In the asthma attack 
work activities group, we found that within the unadjusted 
group, the active work activities subgroup was more likely to 
have an asthma attack within 1 year compared to the no ac-
tive work activities subgroup. In model 2, age, gender, and 
race were slightly adjusted. In model 3, age, race, gender, al-
cohol consumption history, marital history, education histo-
ry, smoking history, hypertension, high cholesterol history, 
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Baseline characteristics
Total 

(n=2375)
No asthma attack 

(n=946)
Asthma attack 

(n=1429)
P value

Age (mean±SD, year) 	 44.655	 (0.495) 	 44.259	 (0.804) 	 44.928	 (0.627)

Gender <0.001

	 Male 	 0.348	 (0.322, 0.375) 	 0.419	 (0.377, 0.463) 	 0.581	 (0.537, 0.623)

	 Female 	 0.652	 (0.625, 0.678) 	 0.299	 (0.266, 0.334) 	 0.701	 (0.666, 0.734) <0.001

Race

	 Mexican-American 	 0.056	 (0.048, 0.065) 	 0.067	 (0.054, 0.083) 	 0.048	 (0.039, 0.060)

	 Other Hispanic 	 0.059	 (0.051, 0.068) 	 0.049	 (0.038, 0.062) 	 0.066	 (0.055, 0.079)

	 Non-Hispanic White 	 0.665	 (0.643, 0.687) 	 0.684	 (0.651, 0.716) 	 0.653	 (0.055, 0.079)

	 Non-Hispanic Black 	 0.138	 (0.126, 0.151) 	 0.151	 (0.132, 0.172) 	 0.130	 (0.115, 0.146)

	 Other Race – including Multi-Racial 	 0.081	 (0.069, 0.096) 	 0.049	 (0.037, 0.065) 	 0.103	 (0.084, 0.126) <0.001

Marital status

	 Married 	 0.426	 (0.399, 0.455) 	 0.401	 (0.359, 0.445) 	 0.444	 (0.407, 0.481)

	 Widowed 	 0.078	 (0.066, 0.092) 	 0.072	 (0.053, 0.095) 	 0.082	 (0.067, 0.101)

	 Divorced 	 0.131	 (0.113, 0.151) 	 0.111	 (0.086, 0.141) 	 0.145	 (0.121, 0.173)

	 Separated 	 0.029	 (0.022, 0.039) 	 0.031	 (0.019, 0.051) 	 0.028	 (0.020, 0.040)

	 Never married 	 0.177	 (0.157, 0.199) 	 0.188	 (0.157, 0.223) 	 0.169	 (0.144, 0.198)

	 Living with partner 	 0.065	 (0.052, 0.08) 	 0.076	 (0.055, 0.103) 	 0.057	 (0.043, 0.076) <0.001

Education

	 Less than 9th grade 	 0.038	 (0.032, 0.046) 	 0.047	 (0.035, 0.062) 	 0.032	 (0.025, 0.041)

	 9-11th grade 	 0.090	 (0.077, 0.104) 	 0.096	 (0.075, 0.123) 	 0.085	 (0.070, 0.103)

	� High school graduate/GED or 
equivalent

	 0.190	 (0.169, 0.212) 	 0.203	 (0.17, 0.241) 	 0.180	 (0.155, 0.208)

	 Some college or AA degree 	 0.341	 (0.314, 0.368) 	 0.261	 (0.225, 0.301) 	 0.395	 (0.359, 0.432)

	 College graduate or above 	 0.249	 (0.223, 0.276) 	 0.271	 (0.231, 0.314) 	 0.233	 (0.202, 0.268)

Alcohol

	 Unknow 	 0.094	 (0.081, 0.108) 	 0.122	 (0.1, 0.147) 	 0.074	 (0.059, 0.093) 0.399

	 Moderate 	 0.219	 (0.196, 0.244) 	  0.195	 (0.162, 0.234) 	 0.236	 (0.204, 0.27)

	 Heavy 	 0.183	 (0.162, 0.207) 	  0.163	 (0.132, 0.199) 	 0.198	 (0.169, 0.229)

	 Binge 	 0.093	 (0.078, 0.109) 	 0.073	 (0.054, 0.1) 	 0.106	 (0.087, 0.128)

	 Unknow 	 0.347	 (0.321, 0.374) 	 0.371	 (0.33, 0.412) 	 0.331	 (0.298, 0.366) 0.442

Smoking

	 Non-smoker 	 0.473	 (0.446, 0.501) 	 0.463	 (0.42, 0.506) 	 0.481	 (0.444, 0.517)

	 Used to smoke 	 0.239	 (0.215, 0.264) 	  0.239	 (0.203, 0.278) 	 0.239	 (0.209, 0.272)

	 Currently smoking 	 0.206	 (0.185, 0.229) 	  0.191	 (0.158, 0.227) 	 0.216	 (0.189, 0.247)

	 Unknow 	 0.082	 (0.07, 0.096) 	 0.108	 (0.088, 0.132) 	 0.064	 (0.05, 0.082) 0.059

Table 1. Baseline characteristics of asthma patients with different asthma attack subgroup.
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and diabetes were slightly adjusted. The results of OR values 
in both models were consistent with the trend of OR values 
in the unadjusted model group, indicating that active work-
load was more likely to cause acute asthma attacks. In the 
emergency care group, the 3 models showed the same re-
sults: recreational work was not significantly associated with 
acute asthma attacks within 1 year. We used the same meth-
od to construct 3 models (Model 1, Model 2, Model 3) to as-
sess the relationship between physical activity and emergen-
cy room visits due to asthma attacks, and the results showed 
that there was no significant association between physical ac-
tivity and emergency care.

Subgroup Analysis

We found no significant correlation between physical activ-
ity and emergency room admissions for asthma. Therefore, 
we further analyzed the factors affecting the correlation be-
tween the 2 groups. The subgroup analysis of work activities 
revealed that the correlation between the 2 was affected by 
gender, race, education, economic level, and smoking histo-
ry, as shown in Table 4. Female, current smoker, high school 
graduate/GED or equivalent, active work activities with asth-
ma were more likely to be seen in the emergency room with 

an acute episode of the disease, while asthma patients with 
high cholestasis, a household income to poverty ratio of 5, 
and non-Hispanic Black asthma patients were be more likely 
to present to the emergency department for acute episodes 
of the disease. The correlation between the recreational ac-
tivity and emergency admissions was influenced by gender, 
education, and marriage (Table 5). People who were female, 
college graduate or above, divorced, and had recreational and 
work activities with asthma were more likely to be seen in the 
emergency room for asthma.

Discussion

Asthma is a common, chronic, lower respiratory disease world-
wide. For patients with asthma, physical training is widely ac-
cepted as an adjunct to pharmacological and non-pharmacolog-
ical treatment. The effect of physical training on the symptoms 
of asthma patients is controversial. In this study, active work 
exercise induced acute asthma attacks, while recreational ex-
ercise was not significantly associated with acute asthma at-
tacks. Further analysis suggested that the association between 
physical training and emergency room visits was influenced by 
gender, race, education, economic level, and smoking history.

Table 1 continued. Baseline characteristics of asthma patients with different asthma attack subgroup.

Baseline characteristics
Total 

(n=2375)
No asthma attack 

(n=946)
Asthma attack 

(n=1429)
P value

High blood pressure

	 Yes 	 0.352	 (0.326, 0.379) 	 0.353	 (0.313, 0.395) 	 0.352	 (0.318, 0.387)

	 No 	 0.441	 (0.414, 0.469) 	 0.403	 (0.362, 0.446) 	 0.467	 (0.431, 0.504)

	 Unknow 	 0.207	 (0.185, 0.231) 	 0.244	 (0.209, 0.283) 	 0.181	 (0.154, 0.212) 0.044

High cholesterol

	 Yes 	 0.396	 (0.369, 0.424) 	 0.377	 (0.336, 0.42) 	  0.410	 (0.374, 0.447)

	 No 	 0.214	 (0.194, 0.236) 	 0.179	 (0.15, 0.213) 	 0.238	 (0.21, 0.268)

	 Unknow 	 0.389	 (0.363, 0.417) 	 0.443	 (0.401, 0.486) 	  0.352	 (0.318, 0.388) <0.001

Diabetes

	 Yes 	 0.124	 (0.108, 0.142) 	 0.113	 (0.09, 0.142) 	 0.131	 (0.11, 0.156)

	 No 	 0.859	 (0.84, 0.876) 	  0.871	 (0.841, 0.896) 	  0.851	 (0.826, 0.873)

	 Unknow 	 0.015	 (0.01, 0.021) 	  0.015	 (0.008, 0.027) 	  0.015	 (0.009, 0.024) 0.368

BMI

	 £25 	 0.263	 (0.239, 0.289) 	 0.299	 (0.26, 0.34) 	  0.239	 (0.209, 0.271)

	 25-30 	 0.239	 (0.216, 0.264) 	  0.248	 (0.213, 0.287) 	  0.233	 (0.202, 0.266)

	 ³30 	 0.454	 (0.426, 0.482) 	 0.410	 (0.369, 0.453) 	 0.484	 (0.447, 0.52)

	 Unknow 	 0.044	 (0.034, 0.056) 	  0.043	 (0.029, 0.063) 	  0.045	 (0.033, 0.061) <0.001
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Baseline characteristics
Total 

(n=2844)
No emergency care 

(n=2348)
Emergency care 

(n=496)
P value

Age (mean±SD, year) 	 47.346	 (0.322) 	 47.649	 (0.358) 	 45.596	 (0.716) 0.887

Gender

	 Male 	 0.335	 (0.310, 0.360) 	 0.355	 (0.328, 0.383) 	 0.211	 (0.172, 0.256)

	 Female 	 0.665	 (0.640, 0.690) 	 0.645	 (0.617, 0.672) 	 0.789	 (0.744, 0.828) <0.001

Race

	 Mexican-American 	 0.055	 (0.048, 0.064) 	 0.053	 (0.045, 0.063) 	 0.066	 (0.047, 0.092)

	 Other Hispanic 	 0.061	 (0.054, 0.07) 	 0.058	 (0.049, 0.067) 	 0.085	 (0.065, 0.112)

	 Non-Hispanic White 	 0.659	 (0.638, 0.68) 	 0.687	 (0.665, 0.709) 	 0.49	 (0.427, 0.554)

	 Non-Hispanic Black 	 0.139	 (0.128, 0.151) 	 0.127	 (0.115, 0.139) 	 0.216	 (0.180, 0.257)

	 Other Race – including Multi-Racial 	 0.085	 (0.073, 0.098) 	 0.075	 (0.064, 0.088) 	 0.142	 (0.099, 0.2) <0.001

Marital status

	 Married 	 0.482	 (0.456, 0.508) 	 0.494	 (0.465, 0.522) 	 0.411	 (0.350, 0.475)

	 Widowed 	 0.096	 (0.084, 0.11) 	 0.094	 (0.081, 0.110) 	 0.106	 (0.078, 0.142)

	 Divorced 	 0.153	 (0.135, 0.172) 	 0.146	 (0.127, 0.166) 	 0.196	 (0.148, 0.255)

	 Separated 	 0.029	 (0.022, 0.037) 	 0.028	 (0.021, 0.038) 	 0.033	 (0.020, 0.055)

	 Never married 	 0.175	 (0.156, 0.196) 	 0.172	 (0.152, 0.194) 	 0.194	 (0.146, 0.253)

	 Living with partner 	 0.065	 (0.053, 0.079) 	 0.066	 (0.053, 0.082) 	 0.059	 (0.039, 0.087) 0.055

Education

	 Less than 9th grade 	 0.040	 (0.034, 0.047) 	 0.037	 (0.030, 0.044) 	 0.059	 (0.043, 0.081)

	 9-11th grade 	 0.100	 (0.088, 0.114) 	 0.097	 (0.084, 0.113) 	 0.118	 (0.090, 0.153)

	� High school graduate/GED or 
equivalent

	 0.243	 (0.222, 0.266) 	 0.246	 (0.223, 0.270) 	 0.229	 (0.180, 0.286)

	 Some college or AA degree 	 0.349	 (0.324, 0.374) 	 0.335	 (0.308, 0.362) 	 0.432	 (0.369, 0.497)

	 College graduate or above 	 0.267	 (0.242, 0.293) 	 0.285	 (0.257, 0.313) 	 0.159	 (0.116, 0.215) <0.001

Family income

	 1~5 	 0.641	 (0.614, 0.666) 	 0.625	 (0.596, 0.653) 	 0.737	 (0.672.0.793)

	 5 	 0.201	 (0.178, 0.226) 	 0.215	 (0.189, 0.242) 	 0.119	 (0.077, 0.179)

	 Unknow 	 0.158	 (0.141, 0.177) 	 0.161	 (0.142, 0.181) 	 0.145	 (0.104, 0.198) 0.001

Alcohol

	 No 	 0.148	 (0.132, 0.166) 	 0.147	 (0.129, 0.166) 	 0.158	 (0.121, 0.205)

	 Moderate 	 0.259	 (0.236, 0.284) 	 0.267	 (0.242, 0.294) 	 0.212	 (0.164, 0.269)

	 Heavy 	 0.206	 (0.185, 0.229) 	 0.199	 (0.177, 0.223) 	 0.251	 (0.195, 0.316)

	 Binge 	 0.117	 (0.102, 0.133) 	 0.113	 (0.097, 0.131) 	 0.139	 (0.103, 0.185)

	 Unknow 	 0.269	 (0.247, 0.293) 	 0.274	 (0.249, 0.300) 	 0.24	 (0.192, 0.296) 0.886

Table 2. Baseline characteristics of asthma patients with different Emergency cases subgroup.
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Poorly controlled asthma is a common problem, often result-
ing in missed school, absenteeism, emergency room visits, 
and hospitalizations. In a population-based study, people with 
asthma performed less physical activity and were more likely 
to be sedentary on a daily basis compared to non-asthmatic 
populations [11]. During exercise, asthma symptoms are of-
ten worsened because of excessive physical activity and lim-
ited physical conditions. High-intensity workload can lead to 
acute asthma attacks, which fits with our study. Lifestyle chang-
es, particularly reduced physical activity, are one of the rea-
sons for the increased incidence and severity of asthma [6]. 
In a study of 201 adults with asthma, daily physical activity 
was associated with decreased lung function within 12 years 
of asthma diagnosis. Annual declines in FEV1 and FVC were 
slower in the high physical activity group than in the low phys-
ical activity group [12]. Russell et al found that lighter physi-
cal activity may have long-term benefits, while increased ac-
tivity intensity did not significantly improve asthma [13]. Our 

study results do not suggest an appropriate workload for asth-
ma symptom control. Most studies on physical training inter-
ventions for asthma patients have focused on various types 
of aerobic exercise, such as jogging, resistance exercise, and 
walking, and have been conducted in professional settings un-
der the guidance of physical therapists, making it difficult to 
generalize to real-world situations. A limitation of our study 
is that it did not exclude participants with other systemic dis-
eases, which may have biased the results.

Interestingly, in our study, low cholesterol was a risk factor for 
acute asthma attacks in the active exercise group. Vigorous 
physical activity had a causal effect on HDL, LDL, total choles-
terol, and triglycerides. We can assume that the active exer-
cise group is mostly dominated by people with low cholesterol. 
However, a Mendelian randomized analysis found no correla-
tion between lifestyle factors and HDL, LDL, total cholesterol, 
and triglycerides [14]. However, there are some studies that 

Table 2 continued. Baseline characteristics of asthma patients with different Emergency cases subgroup.

Baseline characteristics
Total 

(n=2844)
No emergency care 

(n=2348)
Emergency care 

(n=496)
P value

Smoking

	 Non-smoker 	 0.514	 (0.488, 0.54) 	 0.517	 (0.489, 0.546) 	 0.492	 (0.428, 0.555)

	 Used to smoke 	 0.26	 (0.238, 0.284) 	 0.264	 (0.239, 0.290) 	 0.24	 (0.193, 0.294)

	 Currently smoking 	 0.226	 (0.205, 0.247) 	 0.218	 (0.196, 0.242) 	 0.269	 (0.217, 0.328) 0.086

High blood pressure

	 Yes 	 0.387	 (0.363, 0.413) 	 0.392	 (0.365, 0.42) 	 0.361	 (0.304, 0.422)

	 No 	 0.497	 (0.471, 0.523) 	 0.490	 (0.462, 0.518) 	 0.549	 (0.477, 0.602)

	 Unknow 	 0.115	 (0.099, 0.135) 	 0.118	 (0.100, 0.140) 	 0.099	 (0.068, 0.143) 0.740

High cholesterol

	 Yes 	 0.427	 (0.401, 0.453) 	 0.427	 (0.399, 0.45) 	 0.423	 (0.361, 0.488)

	 No 	 0.257	 (0.237, 0.279) 	 0.255	 (0.233, 0.279) 	 0.270	 (0.222, 0.325)

	 Unknow 	 0.316	 (0.292, 0.341) 	 0.317	 (0.291, 0.345) 	 0.307	 (0.291, 0.345) 0.898

Diabetes

	 Yes 	 0.140	 (0.124, 0.158) 	 0.141	 (0.124, 0.161) 	 0.134	 (0.106, 0.170)

	 No 	 0.838	 (0.819, 0.856) 	 0.835	 (0.813, 0.855) 	 0.855	 (0.819, 0.885)

	 Unknow 	 0.222	 (0.014, 0.033) 	 0.024	 (0.015, 0037) 	 0.010	 (0.004, 0.024)

BMI 0.730

	 £25 	 0.258	 (0.235, 0.282) 	 0.263	 (0.238, 0.289) 	 0.230	 (0.179, 0.290)

	 25-30 	 0.252	 (0.23, 0.275) 	 0.264	 (0.239, 0.290) 	 0.180	 (0.136, 0.235)

	 ³30 	 0.469	 (0.443, 0.495) 	 0.452	 (0.424, 0.480) 	 0.570	 (0.506, 0.632)

	 Unknow 	 0.021	 (0.016, 0.028) 	 0.022	 (0.016, 0.029) 	 0.020	 (0.011, 0.034) <0.001
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seem to refute this conclusion. In a 130-year prospective co-
hort study of individuals from 17 high-income, middle-income, 
and low-income countries, higher recreational and non-rec-
reational physical activity was associated with a lower risk 
of mortality and cardiovascular disease events [15]. In a co-
hort study with 5-year follow-up, higher levels of recreation-
al physical activity were strongly, hierarchically, and inverse-
ly associated with the risk of acute myocardial infarction [16].

In addition, there was no significant relationship between 
adult asthma emergency department visits and physical ac-
tivity in this study. Several studies have confirmed racial and 
socioeconomic differences in emergency room visits among 

adult asthma participants [17]. We believe that adult emer-
gency room visits for asthma are not determined by asthma 
symptom control, but by other factors such as race and eco-
nomic level that play a dominant role. This agrees with our 
study. In a study analyzing data from the National Hospital 
Ambulatory Medical Care Survey (NHAMCS) between 2010 
and 2015, asthma-related emergency room visits and post-
emergency hospitalizations were more frequent in children, 
Blacks, and Hispanics [18]. Therefore, national governments 
should develop effective interventions to reduce ethnic or so-
cioeconomic health disparities. Helen et al showed racial dif-
ferences in childhood asthma. Racial disparities in childhood 
asthma were reduced after controlling for factors of physical 

Model 1 Model 2 Model 3

OR 95%CI P value OR 95%CI OR 95%CI P value

Asthma attack

Work activity

Inactive Ref Ref Ref

Active
1.815 

(1.382, 2.382)
<0.001

2.12 
(1.633, 2.752)

1.812 
(1.384, 2.)

<0.001

Less active
1.116 

(0.744, 1.675)
0.633

1.091 
(0.733, 1.625)

1.000 
(0.651, 1.525)

0.989

Recreational activity

Inactive Ref Ref Ref

Active
0.970 

(0.760, 1.378)
0.880

1.023 
(0.76, 1.378)

1.048 
(0.765, 1.437)

0.769

Less active
0.866 

(0.687, 1.202)
0.506

0.910 
(0.688, 1.202)

0.886 
(0.659, 1.192)

0.425

Emergency care

Work activity

Inactive Ref Ref Ref

Active
1.106 

(0.822, 1.488)
0.505

1.135 
(0.836, 1.539)

1.049 
(0.785, 1.909)

0.754

Less active
1.493 

(0.910, 2.451)
0.113

1.506 
(0.936, 2.421)

1.435 
(0.807, 1.845)

0.139

Recreational activity

Inactive Ref Ref Ref

Active
0.968 

(0.695, 1.348)
0.848

0.994 
(0.706, 1.398)

1.213 
(0.846, 1.738)

0.293

Less active
0.938 

(0.648, 1.360)
0.738

0.955 
(0.656, 1.392)

1.060 
(0.725, 1.550)

0.763

Table 3. The relationship between physical activity and asthma control und er different models.

Model 1: Unadjusted. Model 2: Adjusted age, gender, race. Model 3: Adjusted age, gender, race, history of alcohol consumption, 
marital history, educational history, smoking history, hypertension, high cholesterol history, diabetes, BMI, work activity/recreational 
activity.

e939350-9
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Ye W. et al: 
Relationship between physical activity and adult asthma control
© Med Sci Monit, 2023; 29: e939350

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

DATABASE ANALYSIS



Active work activities Less active work activities No active work activities

OR 95% CI P value OR 95% CI P value OR 95% CI P value

Age (mean±SD, year)
1.003 

(0.984, 1.022)
0.752

0.946 
(0.91, 0.983)

0.91
1.006 

(0.993, 1.02)

Gender

	 Male Ref Ref Ref

	 Female
3.051 

(1.905, 4.886)
<0.001

0.965 
(0.317, 2.941)

0.317
1.677 

(1.088, 2.583)
0.019

Race

	 Mexican-American Ref Ref Ref

	 Other Hispanic
0.487 

(0.164, 1.444)
0.194

0.07 
(0.01, 0.494)

0.01
0.71 

(0.343, 1.47)
0.356

	 Non-Hispanic White
0.723 

(0.272, 1.922)
0.515

0.583 
(0.054, 6.234)

0.054
0.888 

(0.476, 1.658)
0.71

	 Non-Hispanic Black
0.362 

(0.155, 0.844)
0.019

0.051 
(0.01, 0.273)

0.01
0.418 

(0.237, 0.739)
0.003

	� Other Race – including Multi-
Racial

0.984 
(0.416, 2.331)

0.971
0.403 

(0.075, 2.169)
0.075

0.828 
(0.463, 1.481)

0.525

Education

	 Less than 9th grade Ref Ref Ref

	 9-11th grade
2.592 

(0.793, 8.476)
0.115

0.999 
(0.035, 28.344)

0.035
1.817 

(0.914, 3.61)
0.088

	� High school graduate/GED or 
equivalent

4.207 
(1.859, 9.518)

0.001
2.256 

(0.41, 12.42)
0.410

0.985 
(0.51, 1.904)

0.964

	 Some college or AA degree
2.123 

(0.998, 4.515)
0.051

2.235 
(0.517, 9.667)

0.517
1.005 

(0.533, 1.895)
0.988

	 College graduate or above
3.227 

(1.592, 6.542)
0.001

1.291 
(0.327, 5.097)

0.327
1.288 

(0.693, 2.393)
0.423

Marital status

	 Married Ref Ref Ref

	 Widowed
0.757 

(0.338, 1.697)
0.500

5.905 
(0.426, 81.865)

0.426
1.393 

(0.576, 3.373)
0.462

	 Divorced
1.315 

(0.444, 3.899)
0.621

3.432 
(0.192, 61.197)

0.192
1.516 

(0.56, 4.102)
0.413

	 Separated
0.987 

(0.414, 2.351)
0.976

4.128 
(0.274, 62.081)

0.274
2.062 

(0.809, 5.259)
0.130

	 Never married
0.557 

(0.151, 2.059)
0.381

6.596 
(0.269, 161.531)

0.269
1.636 

(0.512, 5.226)
0.406

	 Living with partner
0.528 

(0.215, 1.298)
0.164

1.632 
(0.12, 22.111)

0.120
2.393 

(0.944, 6.068)
0.066

Family income

	 Unknow Ref Ref Ref

	 1~5
0.649 

(0.356, 1.183)
0.158

0.872 
(0.183, 4.148)

0.183
1.727 

(0.942, 3.168)
0.077

	 5
0.281 

(0.099, 0.796)
0.017

0.595 
(0.104, 3.405)

0.104
1.379 

(0.603, 3.153)
0.447

Table 4. Work activities-emergency care subgroup analysis.
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Table 4 continued. Work activities-emergency care subgroup analysis.

Active work activities Less active work activities No active work activities

OR 95% CI P value OR 95% CI P value OR 95% CI P value

BMI

	 Unknow

	 £25
0.997 

(0.262, 3.802)
0.997

2.471 
(0.133, 45.845)

0.133
0.647 

(0.256, 1.635)
0.358

	 25-30
0.838 

(0.22, 3.196)
0.796

5.512 
(0.304, 100.024)

0.304
0.407 

(0.157, 1.051)
0.063

	 ³30
1.703 

(0.474, 6.122)
0.415

2.828 
(0.165, 48.402)

0.165
0.823 

(0.333, 2.035)
0.673

Alcohol 0.357

	 Unknow Ref Ref Ref

	 No
0.457 

(0.185, 1.124)
0.088

6.055 
(0.989, 37.066)

0.989
1.577 

(0.871, 2.855)
0.133

	 Moderate
0.803 

(0.416, 1.554)
0.515

1.739 
(0.455, 6.64)

0.455
1.485 

(0.825, 2.671)
0.187

	 Heavy
1.652 

(0.829, 3.294)
0.154

4.303 
(1.079, 17.159)

1.079
1.662 

(0.901, 3.067)
0.104

	 Binge
1.206 

(0.561, 2.595)
0.632

8.95 
(1.874, 42.737)

1.874
1.061 

(0.564, 1.997)
0.855

Smoking

	 Non-smoker Ref Ref Ref

	 Used to smoke
0.600 

(0.332, 1.086)
0.265

6.078 
(1.428, 25.875)

0.015
1.181 

(0.712, 1.954)
0.521

	 Currently smoking
1.395 

(0.777, 2.506)
0.009

1.066 
(0.62, 1.834)

0.050
1.107 

(0.656, 1.867)
0.705

HBP

	 Unknow Ref Ref Ref

	 Yes
0.848 

(0.291, 2.473)
0.763

1.213 
(0.218, 6.741)

0.218
0.808 

(0.411, 1.592)
0.539

	 No
1.61 

(0.573, 4.528)
0.366

5.022 
(0.989, 25.505)

0.989
0.858 

(0.446, 1.65)
0.645

High cholesterol level

	 Unknow Ref Ref Ref

	 Yes
0.626 

(0.34, 1.155)
0.134

0.818 
(0.314, 2.132)

0.314
1.097 

(0.695, 1.731)
0.691

	 No
0.466 

(0.231, 0.943)
0.034

0.398 
(0.114, 1.39)

0.114
1.202 

(0.696, 2.076)
0.509

Diabetes

	 Unknow Ref Ref Ref

	 Yes
0.917 

(0.219, 3.84)
0.906

1.966 
(0.407, 9.489)

0.407
4.097 

(1.014, 16.555)
0.048

	 No
1.391 

(0.38, 5.088)
0.618 / /

4.162 
(1.062, 16.318)

0.041
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Active recreational 
activities

Less recreational work 
activities

Inactive recreational 
activities

OR 95% CI P value OR 95% CI P value OR 95% CI P value

Age
1.008 

(0.987, 1.03)
0.455

0.982 
(0.958, 1.006)

0.133
0.999 

(0.985, 1.013)
0.918

Gender

	 Male Ref Ref Ref

	 Female
2.059 

(1.08, 3.925)
0.028

1.730 
(0.861, 3.478)

0.124
2.199 

(1.461, 3.309)
<0.001

Race

	 Mexican-American Ref Ref Ref

	 Other Hispanic
0, 894 

(0.314, 2.542)
0.834

0.632 
(0.131, 3.042)

0.567
0.406 

(0.191, 0.862)
0.019

	 Non-Hispanic White
0.813 

(0.305, 2.164)
0.678

0.942 
(0.206, 4.317)

0.939
0.648 

(0.326, 1.287)
0.215

	 Non-Hispanic Black
0.297 

(0.132, 0.669)
0.003

1.357 
(0.399, 4.62)

0.625
0.253 

(0.135, 0.474)
<0.001

	� Other Race – including Multi-
Racial

1.023 
(0.443, 2.36)

0.958
1.841 

(0.499, 6.791)
0.359

0.608 
(0.31, 1.194)

0.149

Education

	 Less than 9th grade Ref Ref Ref

	 9-11th grade
0.475 

(0.085, 2.64)
0.395

38.939 
(8.376, 181.026)

0
1.287 

(0.636, 2.607)
0.483

	� Highschool graduate/GED or 
equivalent

1.616 
(0.558, 4.678)

0.376
1.674 

(0.416, 6.741)
0.468

1.62 
(0.829, 3.166)

0.158

	 Some college or AA degree
2.347 

(1.017, 5.414)
0.046

0.712 
(0.269, 1.885)

0.495
0.985 

(0.503, 1.929)
0.966

	 College graduate or above
2.738 

(1.225, 6.12)
0.014

2.638 
(1.046, 6.653)

0.04
0.991 

(0.51, 1.928)
0.979

Marital status

	 Married Ref Ref Ref

	 Widowed
2.520 

(0.734, 8.657)
0.142

0.846 
(0.251, 2.854)

0.787
0.97 

(0.46, 2.044)
0.936

	 Divorced
5.324 

(1.079, 26.28)
0.040

4.316 
(0.963, 19.342)

0.056
0.576 

(0.249, 1.332)
0.197

	 Separated
4.114 

(1.072, 15.779)
0.039

2.101 
(0.568, 7.769)

0.266
0.791 

(0.357, 1.752)
0.563

	 Never married
4.365 

(0.814, 23.398)
0.085

0.453 
(0.027, 7.726)

0.584
0.807 

(0.301, 2.165)
0.67

	 Living with partner
1.570 

(0.387, 6.374)
0.528

1.169 
(0.326, 4.196)

0.811
1.018 

(0.455, 2.278)
0.965

Family income

	 Unknow Ref Ref Ref

	 1~5
1.076 

(0.427, 2.711)
0.877

0.611 
(0.259, 1.442)

0.261
2.074 

(1.203, 3.575)
0.009

	 5
0.659 

(0.178, 2.438)
0.532

0.276 
(0.061, 1.257)

0.096
1.796 

(0.764, 4.221)
0.179

Table 5. Recreational activities – emergency care subgroup analysis.
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Table 5 continued. Recreational activities – emergency care subgroup analysis.

Active recreational 
activities

Less recreational work 
activities

Inactive recreational 
activities

OR 95% CI P value OR 95% CI P value OR 95% CI P value

BMI

	 Unknow Ref Ref Ref

	 £25
0.431 

(0.106, 1.749)
0.239

0.327 
(0.033, 3.211)

0.338
1.063 

(0.416, 2.72)
0.898

	 25-30
0.355 

(0.089, 1.415)
0.142

0.240 
(0.023, 2.47)

0.23
0.729 

(0.28, 1.899)
0.517

	 ³30
0.597 

(0.152, 2.344)
0.460

0.482 
(0.052, 4.472)

0.521
1.221 

(0.5, 2.978)
0.661

Smoker

	 Non-smoker Ref Ref Ref

	 Used to smoke
1.194 

(0.613, 2.326)
0.603

0.763 
(0.324, 1.797)

0.536
1.043 

(0.629, 1.728)
0.871

	 Currently smoking
1.099 

(0.517, 2.334)
0.807

1.435 
(0.603, 3.41)

0.414
1.126 

(0.701, 1.809)
0.623

Alcohol

	 Unknow Ref Ref Ref

	 No
0.345 

(0.1, 1.193)
0.093

2.065 
(0.627, 6.799)

0.233
1.368 

(0.798, 2.344)
0.255

	 Moderate
1.872 

(0.742, 4.723)
0.184

0.941 
(0.354, 2.499)

0.903
1.039 

(0.585, 1.846)
0.896

	 Heavy
2.336 

(0.921, 5.927)
0.074

1.794 
(0.656, 4.908)

0.255
1.391 

(0.768, 2.519)
0.277

	 Binge
1.643 

(0.602, 4.486)
0.333

1.796 
(0.507, 6.357)

0.364
1.009 

(0.594, 1.714)
0.973

High blood pressure

	 Unknow Ref Ref Ref

	 Yes
0.601 

(0.199, 1.815)
0.367

0.443 
(0.154, 1.277)

0.132
1.32 

(0.646, 2.697)
0.446

	 No
1.242 

(0.489, 3.156)
0.648

0.483 
(0.154, 1.512)

0.211
1.652 

(0.816, 3.343)
0.163

High cholesterol 

	 Unknow Ref Ref Ref

	 Yes
0.689 

(0.295, 1.611)
0.39

0.848 
(0.433, 1.662)

0.631
0.829 

(0.525, 1.307)
0.419

	 No
0.653 

(0.242, 1.76)
0.4

0.478 
(0.19, 1.2)

0.116
0.686 

(0.403, 1.167)
0.164

Diabetes

	 Unknow Ref Ref Ref

	 Yes
1.961 

(0.391, 9.83)
0.413

1.080 
(0.062, 18.894)

0.958
5.052 

(1.283, 19.895)
0.021

	 No
2.517 

(0.573, 11.06)
0.222

1.151 
(0.073, 18.057)

0.92
5.865 

(1.553, 22.152)
0.009
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hardship. In particular, poor housing quality was strongly as-
sociated with asthma prevalence. Policymakers may consid-
er improving housing quality as a means of reducing asthma 
disparities[19].

This study has the following limitations. First, it was a cross-
sectional study with some limitations. The results of this study 
only assessed the association between physical activity and 
asthma attacks/emergency admissions, and specific types 
of physical activity were not taken into account. Second, the 
NHANSE statistics from which the data were sourced are sub-
ject to geographical limitations. Third, there are some missing 
data in this study, which may have caused the results to be bi-
ased. Fourth, this was a cross-sectional study and has limita-
tions in determining the causal relationship between asthma-
related variables and adult asthma control. Finally, our study 
included only living asthma patients; patients who died due 
to acute asthma attack were not included in the survey, which 
may have created a self-selection bias.

Conclusions

The amount of work exercise is correlated with acute asth-
ma attacks. Active workload can make asthma attacks more 
likely, while recreational activity is not correlated with acute 
asthma attacks. In contrast, gender, race, education, and eco-
nomic level have a greater impact on emergency room visits 
for asthma. National governments should develop effective in-
terventions to reduce other health disparities based on race 
or socioeconomic factors.

Declaration of Figures’ Authenticity

All figures submitted have been created by the authors who 
confirm that the images are original with no duplication and 
have not been previously published in whole or in part.
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