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Abstract 

Objectives 

 Pediatric asthma is heterogeneous with phenotypes that reflect differing underlying inflammation 

and pathophysiology. Little is known about the national prevalence of certain obesity and allergy related 

asthma phenotypes or associated characteristics. We therefore assessed the national prevalence, risk 

factors, and parent-reported severity of four asthma phenotypes: not-allergic-not-obese, allergic-not-

obese, obese-not-allergic, and allergic-and-obese.  

Methods 

 We analyzed data from the 2007-2008 National Survey of Children’s Health (NSCH) of 10-17 

year-olds with parent-reported asthma. We described sociodemographic and health risk factors of each 

phenotype and then applied logistic and ordinal regression models to identify associated risk factors and 

level of severity of the phenotypes.  

Results 

 Among 4,427 children with asthma in this NSCH cohort, the association between race and 

phenotype is statistically significant (p<0.0001); white children with asthma were most likely to have 

allergic-not-obese asthma while black and Hispanic children with asthma were most likely to have the 

obese-non-allergic phenotype (p<0.001). ADD/ADHD was more likely to be present in allergic-not-obese 

children (OR 1.50, CI 1.14-1.98, p=0.004). The phenotype with the highest risk for more severe 

compared to mild asthma was the obese-and-allergic asthma phenotype (OR 3.34, CI 2.23-5.01, p<0.001). 

 

Conclusions  

 Allergic-not-obese asthma comprised half of our studied asthma phenotypes, while obesity-

related asthma (with or without allergic components) comprised one-fifth of asthma phenotypes in this 

cohort representative of the U.S. population. Children with both obese and allergic asthma are most likely 

to have severe asthma. Future management of childhood asthma might consider more tailoring of 

treatment and management plans based upon different childhood asthma phenotypes. 
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Introduction  

 Asthma causes substantial morbidity due to poorly controlled symptoms in up to one-third of 

patients.(1) While many factors contribute to lack of asthma control, one challenge is the variable nature 

of underlying inflammation of asthma—e.g. eosinophilic, neutrophilic, mixed, or paucigranulocytic.(2) 

Research on adults and children with asthma has identified several asthma phenotypes using secondary 

data analysis from previously performed intervention trials; these include allergic-related, obese-related, 

early-onset, late-onset, viral-induced, symptom-related, smoking-related, exercise-induced, and aspirin-

related asthma.(3-11)  

 Experts believe that some of these phenotypes reflect the underlying pathophysiology of the 

patients and identifying these phenotypes might allow clinicians to differentiate inflammation types, and 

thereby tailor optimal medications.(12-15) There are some types of inflammation that do not respond as 

well to corticosteroids,(16) yet this medication class is typically the first-line approach across-the-board 

for all children with asthma.(17) While asthma treatment guidelines provide a somewhat uniform 

approach for all patients in terms of medication use, an even more effective strategy might be to inform 

treatment choice based on the underlying inflammatory process represented by different phenotypes of 

asthma. 

 Two pediatric asthma phenotypes identified through previous clustering work to further study are 

obese-related and allergic-related phenotypes because they likely represent contrasting underlying 

inflammation.(18) Allergic-asthma represents eosinophilic inflammation(19) and obese-asthma can 

represent a non-T helper 2 (Th2) mediated inflammation response (e.g. neutrophilic inflammation).(20-

22) Patients with both allergies and obesity can represent a mixed inflammation picture and those with 

neither can represent paucigranulocytic or different underlying inflammation pattern. A personalized 

approach to asthma treatment might base treatment on the inflammatory process; thus identifying asthma 

phenotypes becomes important.(23, 24) 
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To our knowledge the national prevalence of different combinations of allergic and obese-related 

pediatric asthma phenotypes are unknown. Similarly, patient characteristics or risk factors related to each 

phenotype are not well understood. There are an estimated 6.2 million children with asthma,(25) 6.1 

million with hay fever, 4.1 million with food allergies, 8.8 million with skin allergies,(26) and 12.7 

million with obesity(27) in the United States (U.S.), but it is unknown how many children have 

concomitant asthma plus obesity and/or allergies. In addition, more information is needed about the 

relationship of pediatric obese and allergic-related asthma and health-risk factors and asthma severity. For 

example, factors such as poverty, stressors, and secondhand smoke might be associated with different 

asthma phenotypes or with different asthma severity.  

 The goal of this study was to characterize obese and allergic related pediatric asthma phenotypes 

among older children in a large national cohort of children in the U.S., the National Survey of Children’s 

Health (NSCH). Our specific objectives were to 1) describe the prevalence of obese and allergic pediatric 

asthma phenotypes, 2) assess sociodemographic factors associated with each phenotype, and 3) estimate 

the relationship of obese and allergic related phenotypes and severity of asthma.  

 

Methods 

Sample  

The NSCH survey is a recurring nationally representative survey of parents of U.S. residents. The 

survey is conducted in English and Spanish for children ages 0-17, with sampling methods that use the 

State and Local Area Integrated Telephone Survey created by the National Center for Health Statistics. 

We analyzed data from the 2007-2008 NSCH, which included a total of 91,642 completed surveys. We 

used this dataset because it included questions about allergic status; which were not present in the 2011-

2012 survey (the most recent publicly available data at the time of this study). Children 10-17 years were 

 

 

 
 
 
 
 



 

 

4 

included if their parents responded positively to asthma questions, and if body mass index percentile and 

allergic status were documented. The University of California Los Angeles (UCLA) institutional review 

board approved a waiver of consent for this secondary data analysis of de-identified data. 

Measurements 

Asthma presence and severity 

Asthma status was determined by a positive response to “Has a doctor or other health care 

provider ever told you that your child had asthma?” and “Does your child currently have asthma?”(28) 

The severity of asthma was determined by caregiver response to the question “would you describe 

(his/her) asthma as mild, moderate, or severe?”(29, 30) 

Obese presence 

 We categorized a child as obese if they met the U.S. Preventive Services Task Force 

recommendation statement definition of ≥95% body mass index (BMI) percentile for age based upon the 

Center for Disease Control growth charts.(31, 32) The BMI percentiles in the dataset were predetermined 

by the Data Resource Center for Child and Adolescent Health from the parent-reported height and weight. 

They estimated participants were at the midpoint of the year for their reported age. In the NSCH, the 

height and weigh data is only available to calculate BMI for children aged 10-17 because it has been 

demonstrated that height is overestimated and weight is underestimated by caregiver report in children 

less than10-years-old.(33) Therefore our sample was limited to children 10-17 years of age. 

Allergic presence 

Allergic status was determined by a positive response to the question “During the past 12 months, 

have you been told by a doctor or other health care provider that your child had a) hay fever or any kind 
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of respiratory allergy, b) any kind of food or digestive allergy, or c) eczema or any kind of skin 

allergy”?(34)  

Sociodemographic and Health Risk Factors (Covariates) 

 Demographic features assessed from this dataset included age, sex, race, and urban setting. We 

included additional socioeconomic risk factors based upon the previous literature that might be 

independently associated with greater asthma severity or obesity.(35-39) Factors included in our analysis 

were family income, caregiver education, family structure, parental mental illness (stressor), insurance 

status (with uninsured as a marker for access), unsafe neighborhood (stressor), and caregiver’s overall 

rating of the child’s health status. Risk factors such as parental asthma status were not available in this 

dataset. 

Analysis 

We divided the cohort into four phenotypes based on prior literature and that represents different 

underlying inflammation: Not-allergic-not-obese, allergic-not-obese, obese-not-allergic, and obese-and-

allergic. We used descriptive statistics to describe sociodemographic and health risk factors among the 

cohort. We used chi-square tests of association/analysis of variance (ANOVA) to examine the association 

between categorical/continuous sociodemographic and health risk factors related to pediatric phenotypes.  

 Next, in order to evaluate the sociodemographic and health risk factors associated with each 

asthma type, we modeled the four phenotypes as dependent variables in a nominal multivariable logistic 

regression model, keeping the not-allergic-not-obese phenotype as the reference group. Since all of the 

children in the cohort had asthma, we chose this group as the comparison because we found that in an 

ordinal logistic regression model, obesity and allergy were associated with more severe asthma 

individually and combined.  
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 We included the variables of age (< or ≥12 years old), sex (male or female), race/ethnicity (white, 

black, Hispanic, or other), federal poverty level (FPL) <300% family income level, highest caregiver 

education (high school or greater than high school), insurance status (none, public, private or unknown 

type), family structure (single mother, two parents, or other), divorced parent, smoker in household, 

emotional health of parent (fair/good or poor), >2 hours screen time/day, presence of television in child’s 

room, exercise <3 times per week, unsafe neighborhood, presence of a mental health/behavioral diagnosis 

(attention-deficit disorder (ADD)/attention-deficit hyperactivity disorder (ADHD), depression, anxiety, 

conduct or behavior disorder, or autism), and presence of other chronic illness (diabetes or seizures) in the 

child. We also included the interaction between a) poverty and family structure, and b) poverty and 

insurance status and both of the interaction terms were not statistically significant. We included variables 

that were statistically significant (p<0.05) and used Bayesian information criterion (BIC) to select a 

model with the best fit.  

Finally, we performed partial proportional odds ordinal logistic regression to identify the 

sociodemographic and health risk features associated with the outcome of more severe asthma (categories 

being mild, moderate, or severe). We first performed the model selection procedure using variables of age 

(< or ≥12years old), sex, race, obese status, allergy status, family income, caregiver education, family 

structure, secondhand smoke exposure, emotional health of parent, screen time, exercise, type of 

neighborhood, insurance status, and mental health/behavioral diagnosis as independent covariates. To 

determine the final set of covariates, we selected those with a p-value <0.05, which led to the most 

parsimonious model with the best fit using BIC. The interaction between FPL <300% and insurance type 

was significant, which means the effect of insurance was modified by income level. Pairwise interactions 

between FPL<300% and unsafe neighborhood; FPL <300% and race; race and insurance status; race and 

obesity; caregiver education and obesity/allergy/FPL<300%/unsafe neighborhood/mental health behavior 

diagnosis; and obesity and allergies were not statistically significant. Obesity and caregiver education did 
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not meet the proportionality odds assumption. We performed statistical analysis using Statistical Analysis 

System (SAS) 9.4; Cary, North Carolina.   

 

Results  

 Of the 91,642 children in the NSCH 2007-2008 survey cohort, there were 4,562 (4.9%) children 

ages 10-17 years old in the analytic dataset with asthma. Of these children, 145 (3.1%) were excluded 

because they did not have a documented allergy, asthma severity or a BMI percentile. Therefore, our final 

analysis comprised 4,427 children.  

Prevalence of Asthma Phenotypes  

 Of the children ages 10-17 years old with asthma in the 2007-2008 NSCH survey cohort, the 

most common group was the allergic-not-obese (49.4%), followed by not-allergic-not-obese (30.8%), 

obese-and-allergic (12.2%), and obese-not-allergic (7.6%) phenotypes.  

Sociodemographic and Health Risk Factors Associated with Asthma Phenotypes 

 Overall, males comprised a significantly higher proportion of all the phenotypes, more so in the 

obese-and-allergic phenotype. Across all race/ethnicities, allergic asthma was more prevalent than other 

phenotypes. The largest proportion of white children with asthma had the allergic-not-obese phenotype 

and the largest proportions of black and Hispanic children with asthma had the obese-and-allergic 

phenotype (Table 1). The two phenotypes that included obese children (obese-allergic and obese-not-

allergic) had a higher proportion (vs. the two non-obese phenotypes combined) of families with the 

following characteristics: <300% of the FPL, less educated caregivers, more single mother households, 

more secondhand tobacco smoke exposure, less than three hours per week of physical activity, and 

perceived as having less overall good health (Table 2).  
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Features Associated with Asthma Phenotypes 

 The results of the multinomial logistic regression analysis are presented in Table 3. As compared 

to non-allergic-non-obese asthma, children of black or Hispanic race/ethnicity, (versus white), males, 

younger (age <12 years), low-income family, and less exercise (<3 times per week) were all significantly 

associated with the two phenotypes that include obesity (obese-not-allergic and obese-and allergic) and 

are overall consistent with risk factors for obesity except for age. The only feature significantly associated 

with the allergic-related phenotypes (allergic-not-obese and obese-and-allergic) was a mental 

health/behavioral diagnosis in the child. In particular, among children with both asthma and ADD/ADHD, 

ADD/ADHD was more likely to be present in allergic-not-obese children (odds ratio (OR) 1.50, 

confidence interval (CI) 1.14-1.98, p=0.004) than other phenotypes as compared to not-allergic-not-obese 

children.  

 

 

Asthma Severity  

 There was a significant association between severity of asthma and phenotypes (p<0.001)—

allergic-related phenotypes were more likely to have more severe asthma. Severe asthma was most 

prevalent in the obese-and-allergic phenotype (7.7%) and least prevalent in the not-allergic-not-obese 

phenotype (1.6%) as shown in Figure 1. 

 We then modeled the severity of asthma (dependent variable) using multivariable ordinal logistic 

regression controlling for obesity, allergy, race, poverty level, caregiver education level, insurance status, 

neighborhood safety, and mental health/behavioral diagnosis. There were 4,047 complete cases included 

in the model. All the covariates except obesity and caregiver education satisfied the proportionality odds 

assumption.  
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 In regard to phenotype characteristics, obesity-related phenotypes were independently associated 

with a 1.59 higher odds of more severe asthma as compared to mild asthma (CI 1.09-2.30, p=0.015), 

adjusting for the above-mentioned covariates. Allergy-related phenotypes were independently associated 

with a 2.11 higher odds of more severe asthma as compared to mild asthma (CI 1.79-2.47, p<0.001). 

Furthermore, the presence of both obesity and allergies (obese-and-allergic phenotype) was associated 

with a 3.34 higher odds of more severe versus mild asthma (CI 2.23-5.01, p<0.001), Table 4.  

Apart from asthma phenotypes, several sociodemographic factors were independently associated 

with more severe asthma: being black and Hispanic vs. white race/ethnicity, poverty, no health insurance, 

and the presence of a mental health/behavioral diagnosis. There was a significant interaction between 

income level and insurance (p=0.044), which implies that the risk of severe asthma was higher for those 

without insurance who are also below poverty level (Table 4).  

 

Discussion 

 In the 2007 NSCH cohort, 61.6% of children have allergic related asthma, and about one-fifth of 

older children with asthma have obesity-related asthma. Further, allergy-related phenotypes were 

associated with more severe asthma than phenotypes without allergies. Children who have asthma and are 

obese with allergies were reported to have the most severe asthma. 

 Our multivariable analysis determined that the risk factors most associated with an obese-related 

asthma phenotype were largely the same as some of the risk factors for pediatric obesity-- parental 

obesity, >8 hours of television per week, more weight gain in the first year of life, heavier birth weight, 

less sleep, lower socioeconomic status, being male, black or Hispanic race/ethnicity, and increased 

sedentary time.(40, 41)  
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 We do not have a clear explanation for why the risk factor that was the most independently 

associated with an allergic-related asthma phenotype (when compared to the not-allergic-not-obese 

group) was the presence of a mental health/behavior diagnosis. Although numbers were small, when we 

analyzed children with only ADD/ADHD we found that it was significantly associated with the allergic-

not-obese phenotype. We also noted that among children with asthma in this dataset, a mental 

health/behavioral diagnosis was associated with more severe asthma. Perhaps children with behavior or 

mental health issues are less adherent to medications, and therefore have less controlled symptoms. In 

addition, stress itself can be a trigger for asthma symptoms. Interestingly, a relationship between mental 

health and/or behavioral diagnoses such as ADHD and asthma/allergic disorders has been reported 

previously in the literature, although the underlying mechanism is unclear.  Hypotheses include possible 

genetic and environmental influences, the release of nerve growth factor (NGF) by mast cell activation or 

abnormal NGF regulation causing persistent inflammation.(42-44) Studies investigating histamine 

function’s role has had mixed results, some with negative findings (45, 46), and further research is 

underway.(47) We did not find that exposure to tobacco smoke was significantly associated with any 

asthma phenotype or with asthma severity.  This may be due to collinearity with other risk factors 

included in the models. 

 The obese-and-allergic phenotype was associated with the highest risk of more severe asthma. 

This relationship has been described in the adult literature and mouse models without a unified 

explanation. Possible explanations are that obesity increases allergic-related airway hyperreactivity and 

serum IgE, changes in eosinophil location in the airway, adipokines (adiponectin and leptin) affect 

allergic inflammation, and alteration of pathways such as chitinase 3-like-1 affect both obesity and 

allergic inflammation.(48-51)  

 Our study has several strengths. We analyzed a large national survey that included parent-

reported height and weight (allowing for an estimated BMI), detailed questions about asthma and 
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allergies, and a rich set of covariates. We attempted to control for covariates likely to be related to asthma 

prevalence and severity. Nevertheless, there are some limitations to this work. First, the survey data is 

based upon caregiver report and may not be completely accurate. Caregivers may underestimate the 

diagnosis of asthma when self-reporting, so that our estimates of the national prevalence of asthma and 

different asthma phenotypes might be conservative. A report of physician-diagnosed asthma can prevent 

reporting errors; however, there is still potential for misclassification. Allergic status was determined 

based upon a question that inferred the child had discussed allergies with a physician in the past year. 

While this question was used to determine allergic status in previous studies, this may underestimate the 

number of children with allergies. Asthma severity was also parent-reported rather than derived from an 

objective measure such as forced expiratory volume in 1 second (FEV1). Parent-reported asthma severity 

has been used in prior asthma studies,(29, 30) but studies have shown that parents are not always accurate 

and tend to underestimate the severity and control of their child’s asthma.(52-54) We were unable to 

include children <10 years old because the parent-reported BMI in this age group is less accurate.(33) Of 

note, self-reported BMI for older children can also be at risk of height overestimation and weight 

underestimation.(55) Finally, we studied an older dataset and pediatric asthma phenotypes may have 

changed over the past ten years; however, there was not a newer NSCH dataset available that captured 

data about allergic status of children and these phenotypes have been identified in recent literature. 

 Despite these limitations, we feel our findings have immediate implications for the management 

of childhood asthma. The risk of asthma severity based on obesity and allergic status highlights the 

importance of incorporating the concept of asthma phenotypes into the management strategy of children 

with asthma to achieve a more individualized care plan. Our findings highlight the importance of 

identifying and treating co-morbidities and addressing modifiable patient or family risk factors such as 

children’s behavioral or mental health conditions.  
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Our findings also have implications for the future management of childhood asthma. There is 

some literature to suggest that medication treatment could be tailored based on a child’s asthma 

phenotype and underlying inflammation. Allergic inflammation is related to Th2 pathways and it has been 

demonstrated that corticosteroids are more effective for eosinophilic inflammation.(56) Whereas, obese 

inflammation may be related to other inflammatory pathways including those related to neutrophils and 

Th17(22) and may benefit from treatment with other medications. One report suggests that adults with 

obese-and-allergic asthma respond favorably to montelukast, a leukotriene receptor antagonist.(57) In 

terms of children who are both obese and allergic, it has been postulated that mast cells may be involved 

in obese asthma; therefore mast cell stabilizers may have potential as an additional therapy for this 

phenotype.(58, 59) While it is too early to recommend tailored asthma medications at this point, further 

studies of treatment for different asthma phenotypes may elucidate helpful strategies to personalize 

asthma treatment.   

Conclusion 

 Pediatric asthma can be classified into distinct phenotypes related to obesity and allergies. In 

older children across the U.S., allergic-not-obese asthma comprises half of all asthma phenotypes, while 

obesity-related asthma (with or without allergic components) comprises one-fifth of asthma phenotypes. 

Children with the phenotype associated with both obesity and allergies are at greater risk for severe 

asthma than children without either obesity or allergies. A next step toward personalized asthma 

management is increased consideration of asthma phenotypes and their risk factors in the treatment plan 

for children with asthma. 
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Table 1. Cohort demographic descriptive statistics of children ages 10-17 years with each of the four 

asthma phenotypes. 

Demographics Sample Size 

(N) 

Not-allergic-not-

obese N (%) 

Allergic-not- 

obese N (%) 

Obese-not-

allergic N(%) 

Allergic-and-

obese N(%) 

       4427 1363 (30.8%) 2186 (49.4%) 336 (7.6%) 542 (12.2%) 

Age yr, Mean (sd) ***§ 13.8 (2.3) 14 (2.3) 13.8 (2.3) 13.4 (2.3) 13.3 (2.4) 

Sex
*** 

     

Female 2025 668 (49.0%) 1016 (46.5%) 123 (36.6%) 218 (40.3%) 

Male 2402 695 (51.0%) 1170 (53.5%) 213 (63.4%) 324 (59.7%) 

 

Race
*** 

     

White, non-Hispanic 2863 900 (66.0%) 1502 (68.7%) 161 (47.9%) 300 (55.3%) 

Black, non-Hispanic 695 198 (14.5%) 287 (13.1%) 84 (25.0%) 126 (23.3%) 

Hispanic 412 118 (8.7%) 185 (8.5%) 46 (13.7%) 63 (11.6%) 

Multiracial/Other 387 119 (8.7%) 187 (8.6%) 41 (12.2%) 41 (7.6%) 

Missing/unknown 69 28 (2.1%) 25 (1.1%) 4 (1.2%) 12 (2.2%) 

 

Geographic*** 
     

Metropolitan 2396 706 (51.8%) 1207 (55.2%) 184 (54.8%) 299 (55.2%) 

Non-metropolitan 2031 657 (48.2%) 979 (44.8%) 152 (45.2%) 243 (44.8%) 

*** 
p-value<.001, 

** 
p-value<.01, 

*
 p-value<.05.  

§
ANOVA, the rest by Chi-square test 
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Table 2. Cohort sociodemographics and health risk factors of the four phenotypes. 

Sociodemographic and Health Risk 

Factors 

Sample 

Size (N) 

4427 

Not-allergic-not-

obese N (%) 

1363 (30.8%) 

Allergic-not- 

obese N (%) 

2186 (49.4%) 

Obese-not-

allergic N (%) 

336 (7.6%) 

Allergic-and-obese 

N (%) 

542 (12.2%) 

Family Income
*** 

     

             <300% FPL 1266 350 (25.7%) 529 (24.2%) 160 (47.7%) 227 (41.9%) 

             ≥300% FPL 2823 903 (66.2%) 1510 (69.1%) 150 (44.6%) 267 (49.2%) 

             Missing/unknown  331 110 (8.1%) 147 (6.7%) 26 (7.7)% 48 (8.9%) 

Highest Caregiver Education
*** 

     

             HS or less  1152 355 (26.1%) 458 (21.0%) 167 (49.7%) 172 (31.7%) 

             More than HS  3223 986 (72.3%) 1711 (78.3%) 165 (49.1%) 361 (66.6%) 

Insurance Status 
***

      

         Public insurance 1172 326 (23.9%) 488 (22.3%) 146 (43.5%) 212 (39.1%) 

         Uninsured 239 90 (6.6%) 93 (4.3%) 26 (7.7%) 30 (5.5%) 

         Private insurance 2974 938 (68.8%) 1584 (72.5%) 161 (47.9%) 291 (53.7%) 

Family Structure
*** 

     

           Single mother 1032 270 (19.8%) 484 (22.1%) 103 (30.7%) 175 (32.3%) 

          Two bio/adopted parents 3012 953 (69.9%) 1563 (71.5%) 186 (55.3%) 310 (57.2%) 

           Other (including step-family) 361 132 (9.7%) 130 (6.0%) 45 (13.4%) 54 (9.9%) 

Divorced Parent      

            Yes 542 159 (11.7%) 258 (11.8%) 48 (14.3%) 77 (14.2%) 

            No 3853 1190 (87.3%) 1916 (87.7%) 286 (85.1%) 461 (85.1%) 

Smoker (any household member)
 ***

      

            Yes
 

1310 400 (29.4%) 588 (26.9%) 137 (40.8%) 185 (34.1%) 

            No 3087 951 (69.8%) 1586 (72.6%) 197 (58.6%) 353 (65.1%) 

Fair/poor Emotional Health  (parent)
*** 

     

            Yes 548 153 (11.2%) 244 (11.2%) 54 (16.1%) 97 (17.9%) 
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            No 3847 1197 (87.8%) 1928 (88.2%) 279 (83.0%) 443 (81.7%) 

Screen Time      

             >2hrs/day 1861 579 (42.5%) 890 (40.7%) 154 (45.8%) 238 (43.9%) 

            ≤2hrs/day 2562 784 (57.5%) 1296 (59.3%) 182 (54.2%) 304 (56.1%) 

TV in room
*** 

     

            Yes 2520 776 (56.9%) 1140 (52.2%) 243 (72.3%) 361 (66.6%) 

            No 1895 581 (42.6%) 1043 (47.7%) 92 (27.4%) 179 (33.0%) 

Physical activity
***

      

           Exercise (< 3times/week) 1669 474 (34.8%) 790 (36.1%) 149 (44.4%) 254 (47.2%) 

           Exercise (≥ 3days/week) 2758 889 (65.2%) 1396 (63.9%) 187 (55.6%) 286 (52.8%) 

Neighborhood
*** 

     

          Unsafe 592 158 (11.6%) 267 (12.2%) 64 (19.1%) 103 (19.0%) 

          Safe 3792 1190 (87.3%) 1902 (87.0%) 269 (80.1%) 431 (79.5%) 

Mental health/behavior diagnosis
*** 

     

         Yes 1556 381 (28.0%) 809 (37.0%) 120 (35.7%) 246 (45.4%) 

         No 2871 982 (72.1%) 1337 (63.0%) 216 (64.3%) 296 (54.6%) 

Other medical diagnosis
*** 

     

          Yes 4298 1335 (98.0%) 2138 (97.8%) 317 (94.4%) 508 (93.7%) 

          No 129 28 (2.0%) 48 (2.2%) 19 (5.65%) 34 (6.3%) 

Overall in good health
*** 

     

           No 348 60 (4.4%) 160 (7.3%) 37 (11.0%) 91 (16.8%) 

           Yes
 

4078 1303 (95.6%) 2025 (92.6%) 299 (89.0%) 451 (83.2%) 

*** p-value<.001, ** p-value<.01, * p-value<.05. Values may not add up to 100% because missing values of <2% not reported in 

table. 
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Table 3. Multivariable analysis of risk factors associated with each phenotype (reference is not-allergic-not-

obese phenotype).  

Risk factors Allergic-not-Obese Obese-not-Allergic Obese-and-Allergic 

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

Ethnicity Black vs. White 0.98 (0.78-1.23)
 

1.90 (1.34-2.69)*** 1.62 (1.20-2.18)** 

  Hispanic vs. White 0.95 (0.74-1.24) 1.64 (1.10-2.48)* 1.37 (0.96-1.96) 

  Other vs. White 0.98 (0.76-1.26) 1.73 (1.14-2.62)* 0.94 (0.63-1.41) 

Gender (M vs. F) 1.09 (0.94-1.26) 1.83 (1.40-2.39)*** 1.55 (1.24-1.94)*** 

Age (<12 vs. ≥12)  1.13 (0.95-1.36) 1.71 (1.27-2.30)***
 

2.21 (1.73-2.83)*** 

Income FPL <300% (Y vs. N)  0.95 (0.79-1.15) 1.64 (1.21-2.24)** 1.70 (1.31-2.21)*** 

Caregiver education (HS or less vs more) 0.77 (0.64-0.93)** 1.84 (1.37-2.47)*** 0.90 (0.70-1.17) 

 

Family 

structure 

Single mother vs. Two 

Parents 
1.11 (0.92-1.35) 1.04 (0.76-1.44) 1.32 (1.01-1.73)* 

Other vs. Two Parents 0.57 (0.43-0.76)*** 0.99 (0.65-1.51) 0.92 (0.63-1.35) 

Mental Health/Behavior (Y vs. N) 1.75 (1.45-2.10)*** 1.30 (0.95-1.78) 1.85 (1.43-2.40)*** 

Smoker, any household member (Y vs. N) 0.88 (0.75-1.04) 1.31 (1.00-1.72) 1.08 (0.86-1.37) 

Exercise (<3 vs. ≥3 days per week) 1.11 (0.96-1.30) 1.59 (1.22-2.07)*** 1.68 (1.35-2.10)*** 

     *** 
p-value<.001, 

** 
p-value<.01, 

*
 p-value<.05 
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Table 4. Partial proportional odds ordinal multivariable regression model of risk factors associated with 

a higher severity of asthma (mild, moderate, severe) 

  

OR 95% CI p-value 

Obesity (yes vs. no) Severe vs. mild asthma 1.59 1.09-2.30    0.015 

  Moderate vs. mild asthma 1.10 0.92-1.32    0.311 

Allergy (yes vs. no)                                                      Severe vs. mild-mod asthma 2.11 1.79-2.47  <0.001 

Black vs. white Severe vs. mild-mod asthma 1.41 1.14-1.74    0.001 

Hispanic vs. white Severe vs. mild-mod asthma 1.46 1.15-1.86    0.002 

Other vs. white Severe vs. mild-mod asthma 0.98 0.75-1.27    0.857 

Unsafe neighborhood (yes vs. no)         Severe vs. mild-mod asthma
 1.23 1.00-1.53    0.052 

Behavioral Diagnosis (yes vs. no) 
        Severe vs. mild-mod asthma 1.38 1.17-1.64  <0.001 

Guardian education   Severe vs. mild asthma 1.91 1.33-2.74   <0.001 

 (HS or less vs more than HS) Moderate vs. mild asthma 1.10 0.92-1.32    0.295 

Comparisons: when obesity and allergy are both present 

Obese-and-allergic vs 

Not allergic-not-obese§ 

Severe vs. mild asthma 

Moderate vs. mild asthma 

3.34 

2.31 

2.23-5.01 

1.81-2.95 

   <.001 

   <.001 

Income FPL < 300%⌘ None vs. government insurance  1.99 1.62-2.44    <.001 

  Government vs. private insurance  3.40 2.24-5.15    <.001 

Income FPL ≥ 300%⌘ None vs. government insurance  1.26 0.93-1.71 0.130 

  Government vs. private insurance  0.85 0.51-1.41 0.530 

§
The covariates did not meet the proportionality odds assumption hence, two separate ORs are reported comparing 

severe vs. mild and moderate vs. mild level of asthma. Other covariates in the model have one OR for having a more 

severe level of asthma.  
⌘
 The interaction between Income<300%FPL and the insurance status is significant therefore, the OR for each level 

is reported separately. 
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Figure 1. Asthma severity (in percentage) distributed by phenotype.  

 

 

 

 

 
 
 
 
 


