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Abstract

Background: Lower socioeconomic status (SES) has consistently been associated with poorer 

outcomes in individuals with cystic fibrosis (CF). Previous studies have compared outcomes for 

children with and without private insurance coverage, however the potential role of changes in 

insurance status on early health outcomes in children with CF remains unknown.

Objectives: To describe the variability in insurance status in early childhood and to evaluate 

whether insurance variability was associated with poorer outcomes at age 6.

Methods: Retrospective observational study using the Cystic Fibrosis Foundation Patient 

Registry. Insurance status was defined as: always private (including Tricare), exclusively public, 

or intermittent private insurance (private insurance and exclusively public insurance in separate 

years) during the first 6 years of life. Outcomes at age 6 included body mass index (BMI) and 

FEV1 percent predicted (maxFEV1pp).

Results: From a 2000–2011 birth cohort (n=8,109), 42.3% always had private insurance, 

30.0% had exclusively public insurance, and 27.6% had intermittent private insurance. BMI 

percentiles did not differ between groups; however, children with intermittent private insurance 

and exclusively public insurance had a 3.3% and 6.6% lower maxFEV1pp at age 6, respectively, 

compared to those with always private insurance.
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Conclusions: A substantial proportion of young children in a modern CF cohort have public or 

intermittent private insurance coverage. While public insurance has been associated with poorer 

health outcomes in CF, variability in health insurance coverage may also be associated with an 

intermediate risk of disparities in lung function as early as age 6.
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1. Introduction

Cystic fibrosis (CF) is a multisystem genetic disorder, characterized by growth deficits 

and a decline in pulmonary status over time. Earlier diagnosis through prenatal testing 

and newborn screening (NBS) has allowed increased attention to optimizing CF outcomes, 

specifically interventions to improve early nutritional status. These efforts, in addition to 

aggressive treatment of chronic respiratory infections and management of co-morbidities, 

demonstrate that interventions in childhood can impact long-term health outcomes and 

survival.1–3 Despite these advances, variations in disease severity and progression persist, 

irrespective of genotype and associated co-morbidities.4,5 One proposed explanation for 

the heterogeneity in CF health outcomes is socioeconomic status (SES), as lower SES has 

consistently been associated with poorer clinical outcomes in individuals with CF.6

SES is a multi-dimensional construct used to describe the social standing or class of an 

individual.7–9 Insurance status is one component of SES that is commonly used as an 

individual-level SES measure to approximate an individual’s financial resources. While 

public insurance status has not been associated with differences in health care access 

or utilization in CF,10 comparing individuals with non-private insurance (Medicaid or no 

insurance) to those with private insurance has demonstrated that non-private insurance 

is associated with worse outcomes on key measures of health among children and 

adolescents with CF, including weight and lung function.11,12 However, it is recognized 

that many individuals in the US, even those with chronic diseases,13,14 have variability in 

insurance coverage over time, often associated with changes in employment and income. 

Understanding the association between variability in insurance coverage and key measures 

of health is important for a better understanding of how SES impacts health outcomes in CF.

Tumin et al. recently reported findings from a U.S.-based adolescent and young adult 

CF cohort and demonstrated a statistically significant difference in lung function among 

individuals with continuous private insurance compared to individuals with continuous 

public insurance as well as those with intermittent public insurance.15 These findings 

suggest that among older children and young adults with CF, variability in insurance status 

may be associated with health outcomes in between individuals who were always covered by 

public insurance compared to those who were never eligible for public insurance. Variability 

in insurance coverage during a critical period of development such as early childhood is 

shown to place individuals, especially those at lower income levels, at particular risk for 

worse health outcomes,16–18 however it is unknown if this association exists for children 

younger than 6 years of age with CF.
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Given early lung function and nutritional status predict long-term morbidity and mortality 

in CF,19–21 it is important to identify if SES factors such as insurance variability in 

the preschool age place individuals at higher risk for poor outcomes on key health 

measures as early as age 6 years in order to address early disparities, which may persist 

throughout the lifespan. The purpose of this study was to describe the variability in 

health insurance coverage in early childhood and to determine whether exclusively public 

and intermittent private insurance coverage was associated with poorer clinical outcomes 

compared to continuous private insurance coverage. We hypothesized that exclusively public 

and intermittent private insurance coverage would be associated with worse nutritional and 

respiratory outcomes at 6 years compared to continuous private insurance coverage.

2. Methods

2.1 Study population

We performed a retrospective cohort study utilizing data from the Cystic Fibrosis 

Foundation Patient Registry (CFFPR), a longitudinal, encounter-based registry of individuals 

with CF treated at CFF accredited centers in the United States.22 The study population 

included children born between January 1, 2000 and December 31, 2011, enrolled in the 

CFFPR between 2000–2017, and diagnosed with CF before age 2. Subjects were excluded if 

they had fewer than 3 annualized insurance entries prior to 6 years of age, were exclusively 

uninsured (viewed as a distinct group from those with exclusive public insurance), received 

a lung transplantation or passed away prior to age 6 or did not have an encounter between 6–

6.99 years. This study was approved by The Johns Hopkins University Institutional Review 

Board (IRB00175552).

2.2 Primary Exposure

Participant’s type of insurance was collected annually in the CFFPR and early life insurance 

status was categorized for this study as always private, exclusively public or intermittent 

private using all available insurance data prior to 6 years. Individuals who had commercial 

or private insurance (i.e., health insurance through their parent’s employers, including 

TriCare or other military health plans) at every annualized encounter were categorized 

as always private. Individuals with exclusively taxpayer-funded or public health insurance 

(Medicare, Medicaid, State Special Needs Programs, and Indian Health Service) at each 

annualized encounter were categorized as exclusively public. Individuals who had both 

private and public insurance in an annualized encounter were defined as having private 

insurance for that year, as many individuals receive public insurance due to medical status, 

special health care needs or medical expenditures.23 Individuals who had private insurance 

in at least one annual encounter and exclusively public insurance in at least one annual 

encounter were categorized as intermittent private.

2.3 Primary Outcomes

Primary outcome data were recorded at clinical encounters in the CFFPR. The primary 

outcomes of interest were: (1) best forced expiratory volume in 1 second % predicted 

(maxFEV1pp) based on the Global Lung Initiative reference equations24 between 6–6.99 
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years (when spirometry can reliably be performed) and (2) highest body mass index (BMI) 

percentile based on the Center for Disease Control growth charts between 6–6.99 years.

2.4 Secondary Outcomes

Secondary outcome data were recorded at clinical encounters in the CFFPR, except for 

exacerbations, which were recorded annually. Secondary outcomes included mean BMI 

percentile between 6–6.99 years, mean FEV1pp between 6–6.99 years, as well as variability 

of FEV1pp, defined as the difference between the highest and lowest FEV1pp values 

between 6–6.99 years of age for individuals with more than one FEV1pp measurement 

in that timeframe.

2.5 Statistical Analysis

Demographic and clinical characteristics of children were compared between insurance 

groups (always private, exclusively public and intermittent private) using ANOVA and χ2 

tests for continuous and categorical variables, respectively. Comparisons of lung function 

and BMI measures between 6–6.99 years were compared between groups. Missing data 

were not imputed.

Unadjusted and multivariable linear regressions were used to evaluate the association 

between insurance status and all FEV1pp and BMI outcomes at age 6–6.99 years. Two 

separate multivariable analyses were conducted. Initially, we included covariates identified 

a priori that have been previously reported to be associated with nutritional status or 

lung function in CF including sex, race (white vs. non-white), ethnicity (Hispanic vs. 

non-Hispanic), age at diagnosis, year of birth, CFTR genotype (0,1, or 2 F508del variants), 

exocrine pancreatic status defined using (1) the Clinical and Functional Translation of CFTR 

project (www.cftr2.org), (2) fecal elastase or (30) pancreatic enzyme supplementation, 

surgically placed feeding tube (gastrostomy or jejunostomy) status and rates of methicillin-

resistant Staphylococcus aureus (MRSA) and Pseudomonas aeruginosa (Pa) chronic 

endobronchial infection, defined as having at least one positive culture in at least two 

separate years between 4–6.99 years (likely chronic infection with MRSA or Pa). As a 

sensitivity analysis, a second multivariable model included other SES covariates including 

log of residential median household income (ascertained from residential zip code closest 

to time of birth and 2010 U.S. census data (www.census.gov), and a dummy categorical 

variable of the highest level of maternal education at or prior to 6 years of age (as recorded 

in CFFPR). Children with private coverage throughout the study period were the reference 

group. A p<0.05 was considered statistically significant for all comparisons. Statistical 

analyses were performed using Stata version 15.0.

3. Results

A total of 10,826 children enrolled in the CFFPR were born between January 1, 2000 

and December 31, 2011. Of these, 1,951 (18.0%) individuals were diagnosed with CF 

after 2 years of age, 707 (6.5%) had <3 annualized insurance entries prior to 6 years, 12 

(0.11%) were exclusively uninsured, and 59 (0.5%) died or received a lung transplantation 

prior to 6 years, resulting in 8,109 children who met inclusion criteria and comprised 
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the analytic population. Of these, 3,433 (42.3%) were classified as always having private 

insurance coverage, 2,439 (30.0%) as having exclusively public insurance coverage, and 

2,237 (27.6%) had intermittent private insurance coverage (Figure 1).

Demographic and clinical characteristics of children, by early life insurance status, are 

presented in Table 1. Almost 11% of children with intermittent private insurance were 

non-white, while almost 16% of children with exclusively public insurance were non-white, 

while approximately 11% of children with intermittent private insurance were Hispanic and 

almost 20% of children with exclusively public insurance were Hispanic. This contrasts 

with children with private insurance, where only 4% of children were non-white and 5% 

were Hispanic. Maternal education and median household income by zip code were highest 

in children with private insurance, followed by those with intermittent private and those 

children with exclusively public insurance. The highest proportion of children with no 

copies of F508del variants were in the exclusively public insurance group. Of note, feeding 

tube placement by 6 years differed by insurance status with tube placement reported in 

15.3% of those with always private insurance, 22.6% of those with intermittent private 

insurance, and 24.6% of those with exclusively public insurance. Number of outpatient visits 

between 6–6.99 years of age did not differ by insurance status, however those with public 

and intermittent private insurance spent more days hospitalized between 6–6.99 years than 

those with private insurance.

The proportion of children with positive cultures for common respiratory pathogens differed 

between insurance status groups (Table 1). Children with exclusively public insurance 

had the highest rate of at least one respiratory culture positive for MRSA (45.8%), 

followed by those with intermittent private insurance (38.9%) and those with always private 

insurance (29.6%), with similar findings for Pa (74.7%, 72.1%, and 68.7%, respectively). A 

greater proportion of individuals with exclusively public insurance and intermittent private 

insurance had chronic infection with MRSA (24.3% and 19.3% respectively) than among 

children with always private insurance (13.9%); similar findings were seen with Pa chronic 

infection (21.6%, 18.8%, 15.7%, respectively). Finally, PEx between 4–6 years also differed 

by insurance group with the highest mean number of exacerbations, 1.1 (SD=2.1) occurring 

in children with exclusively public insurance followed by 0.8 (SD=1.8) in children with 

intermittent private insurance and 0.5 (SD=1.1) in children with always private insurance.

Differences between the included and excluded populations are detailed in Supplemental 

Table 1. Notably those excluded were more likely to be non-White or Hispanic and have 

no F508del variants. Those excluded had lower maximum BMI percentile at age 6, but 

were less likely to ever culture MRSA or Pa and did not differ on FEV1pp or pulmonary 

exacerbations at age 6.

3.1 Lung Function

The average maxFEV1pp between 6–6.99 years for the study population was 101.9±17.1% 

(Table 2). In crude analyses, children with intermittent private insurance had a 3.3% (95% 

CI: −4.3, −2.2) lower maxFEV1pp at 6–6.99 years and children with exclusively public 

insurance had a 6.6% (95% CI: −7.7, −5.6) lower maxFEV1pp at 6–6.99 years compared 

to those with always private insurance (Table 3). For children with intermittent private 
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insurance, these results persisted after adjustment for demographic and clinical factors (2.6% 

lower; 95% CI: −3.6, −1.6), and after accounting for other SES covariates (1.9% lower; 

95%CI: −3.0, −0.8). Similarly, children with exclusively public insurance had significantly 

lower maxFEV1pp compared to children with private coverage in both adjusted models (β 
=−5.8; 95%CI: −6.9, −4.8 and β =−4.4; 95%CI: −5.6, −3.2). Results were consistent when 

comparing the mean FEV1pp at 6–6.99 years between insurance categories while variability 

in FEV1pp did not differ by insurance status in the adjusted models.

3.2 Nutritional Status

The average maximum BMI percentile between 6–6.99 years for the study population 

was 65.5 ± 23.1 (Table 2). In contrast to lung function, neither maximum nor mean BMI 

percentile between 6–6.99 years differed by insurance category in unadjusted models or 

adjusted models including demographic and clinical characteristics (Table 3). Moreover, 

there were no group differences in the proportion of children with underweight BMI 

percentiles (<10th percentile or <50th percentile) or overweight BMI percentiles (>85th 

percentile or >95th percentile) (Supplemental Table 2 and 3). To examine whether the higher 

rate of feeding tube placement in those with public or intermittent private insurance may 

have contributed to any observed differences in BMI outcomes, we evaluated BMI percentile 

in those who did not have a feeding tube placed. For individuals without feeding tubes, no 

difference was seen in maximum or mean BMI percentiles between insurance categories 

(ANOVA p=0.33 and p=0.86, respectively).

4. Discussion

This study evaluated the association between early life health insurance status, as a proxy for 

SES, and respiratory and nutritional outcomes among children with CF at 6 years. While a 

plurality of individuals in our study always had private insurance coverage, a large segment 

of the pediatric population (27.6%) had intermittent private coverage (receiving private and 

exclusively public insurance in different years) prior to age 6. Consistent with studies in 

adolescents and adults, very young children with exclusively public insurance had the lowest 

maxFEV1pp at age 6. Importantly our results suggest that individuals who intermittently 

have private coverage during early childhood also have lung function at 6 years that is 

between peers who consistently have private insurance coverage and peers with exclusively 

public coverage, suggesting a stepwise association with this SES proxy.

These results support the importance of carefully addressing early social determinants 

of health given evidence that these early disparities may be amplified as children enter 

adolescence and adulthood. The recent study by Tumin and colleagues, which also used 

CFFPR data, reported 30–40% of individuals aged 12–23 years had intermittent public 

coverage and found a more rapid decline in lung function associated with public insurance 

compared to private insurance within this older cohort.15 Similar to our findings with 

FEV1pp, they also observed a more rapid decline with intermittent public insurance 

coverage compared to private insurance, although not as rapid as that seen with public 

insurance. Taken together, these results provide strong evidence that the combination 

of societal factors that prevent individuals from having continuous private insurance 

Dickinson et al. Page 6

J Cyst Fibros. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



coverage (i.e., educational attainment, annual household income and occupational status) 

are associated with disease severity and pulmonary decline over time.

In addition to identifying non-genetic factors such as SES (including insurance variability) 

that contribute to the heterogeneity in CF disease, these findings also highlight the need 

for improved detection of early lung function changes given the growing evidence that 

CF disparities in lung function begin in early childhood but may not become clinically 

apparent until the first year that pulmonary function testing is regularly assessed. While 

FEV1pp remains a strong predictor of mortality in CF, young patients often cannot perform 

the maneuvers required for valid spirometry testing making it less useful in detecting early 

lung disease in CF. As such, there continues to be a need to expand the clinical use 

of pulmonary function testing techniques such as multiple breath washout25 and forced 

oscillation techniques26 to detect the evolution of inflammation and obstruction in otherwise 

asymptomatic children and inform interventions to prevent pulmonary function decline 

among higher risk groups.

While CFTR modulator therapies may improve respiratory symptoms and grant extensions 

on lifespan for individuals with qualifying mutations, our results indicate that individuals 

with exclusively public and intermittently private insurance are less likely to have an 

F508del variant and more likely to identify as Hispanic, which is associated with lower 

FEV1 and higher rates of mortality.27 Given the relative proportion of Hispanic patients 

diagnosed with CF has been rising over time, reflecting national population trends, we 

have concerns that some of these disparities may increase; thus further focus is needed 

to understand the intersection between race/ethnicity and SES on health outcomes in CF. 

Although we identified intermittent private insurance coverage as being associated with 

poorer outcomes compared to private insurance, it is unclear how changes in health care 

delivery through legislation may change outcomes as well; the Patient Protection and 

Affordable Care Act (ACA; 2010) has not appeared to increase private coverage or use 

of routine care among those with CF who were eligible.28

Contrary to our hypothesis, we did not observe any differences in BMI percentiles between 

insurance coverage groups, as was similarly noted in Tumin et al.’s older cohort. This may 

be secondary to the creation of CFF nutritional guidelines, an increased focus on early 

nutritional surveillance, as well as effective interventions for malnutrition, benefiting all 

individuals with CF regardless of SES. Additionally, despite the known association between 

lower childhood SES and higher BMI noted in the general population, we did not see an 

association between insurance status and the proportion of BMI percentiles that would be 

classified as overweight or obese. Of note, we did observe that those with public insurance, 

as well as those with intermittent private insurance were more likely to have feeding tubes 

placed by age 6. Although BMI percentiles are similar across insurance coverage groups 

in subjects without feeding tubes, we cannot exclude the possibility that the higher rate 

of feeding tube placement in the public and intermittent private insurance groups may 

contribute to similar BMI percentiles across the groups. Thus, it is possible nutritional 

outcomes are being achieved due to additional procedures such as surgically placed feeding 

tubes. Irrespective of BMI percentile, those with lower SES as measured by insurance status 

demonstrated lower lung function starting at age 6, indicating that optimizing nutritional 
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status, while imperative, may not overcome the deleterious effects of lower SES on lung 

health.

Understanding how SES impacts early health outcomes in CF remains critically important 

for modifying outcomes. Prior research by Schechter and colleagues demonstrated no 

significant differences in age at diagnosis or disparities in access to routine CF care (use of 

chronic pulmonary medications, clinic visits or rates of treatment of PEx) to explain worse 

health outcomes among individuals with public insurance compared to those with private 

insurance coverage.10,29,30 Other possible explanations for these differences in outcomes 

could include environmental exposures, including second-hand smoke11,12 and ambient 

air pollution,32,33 which contribute to CF lung disease34 and are associated with lower 

SES. Additionally, lower SES is associated with higher rates of chronic endobronchial 

infection with MRSA, thought to be related to overcrowding and nutritional status.35 Indeed, 

individuals with exclusively public and intermittent private insurance in our study were 

more likely to have chronic infection with MRSA and Pa, which are associated with air 

pollution exposure36,37 and severity of lung disease.38,39 Similarly, the association between 

SES and health outcomes in CF has been shown to be influenced by nonadherence40 and 

mental health co-morbidities, including anxiety and depression.41 Together, our findings in 

conjunction with the existing literature suggest that to improve lung outcomes for children 

with CF and public or intermittent private insurance, we may need to more aggressively 

identify and treat PEx and address factors associated with poverty such as reducing exposure 

to air pollution, addressing housing overcrowding, incorporating strategies to improve 

treatment adherence, and treating mental health diagnoses in addition to the aggressive 

nutritional interventions already provided.

There are several limitations to the present investigation. First, insurance status was used 

as a proxy for SES. As noted, SES is multi-factorial and there is no measure of SES 

considered to be the gold standard; as can be seen in our results the effect size associated 

with insurance status decreases when other markers of SES are added to the model (maternal 

education and estimated household income). Insurance status, which is often linked to 

household income, is one component of SES, however the use of broad categories (i.e., 

private, public, and intermittent private) may not capture the subtle nuances of insurance 

coverage, such as variation in U.S. state eligibility criteria for public insurance, the extent 

of coverage for specific therapies with private and/or public insurance, and the impact 

of disease severity and medical expenditures on eligibility for public insurance coverage. 

Additionally, insurance coverage is only one financial barrier to access to healthcare, the 

CFFPR does not capture insurance copays and other out-of-pocket healthcare expenses in 

the registry, and the median health care cost for CF based on private insurance claims is at 

least $131,000 per year in 2016.42 Secondly, the single annual measure of insurance status 

may not reflect variability within a given year or over time. Given the timespan of the cohort 

used in this study it is possible that cohort effects may exist in terms of care practices, 

income, Medicaid eligibility, etc. Another limitation is the generalizability of our results to 

the entire CF population, as our excluded population may have overall milder disease based 

on pancreatic sufficiency and is more likely to be non-White or Hispanic. Finally, there may 

be bias due to residual confounding resulting from other unmeasured confounders such as 
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environmental exposures including secondhand smoke exposure and neighborhood effects 

such as pollution, which may impact exacerbations as well as early health outcomes.

In conclusion, our findings suggest that insurance status, as a proxy for income and other 

social determinants of health, influences health outcomes in CF, specifically the factors that 

result in individuals not having private insurance coverage during early life, is associated 

with lower lung function at age 6, albeit less so for those with intermittent private insurance 

coverage. Given that Tumin et al. found that these disparities associated with health 

insurance may persist into adulthood, it is critically important to address the unique barriers 

that individuals with CF and lower SES face in achieving their health goals and to determine 

how and why these disparities arise so early in childhood. CF teams are uniquely positioned 

to be able to provide treatment and services to delay the onset of lung function decline 

in these higher-risk children and to support advocacy at the local and national level for 

solutions to address non-medical factors that affect CF management and health outcomes.
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Highlights:

• Children with CF often switch between public and private insurance coverage

• Public insurance and variable insurance are associated with lower FEV1 and 

more pulmonary exacerbations at age 6

• Lung function disparities begin in early childhood and may be amplified 

throughout the lifespan

• Identifying risk factors for early lung function decline is essential for 

addressing health disparities

Dickinson et al. Page 13

J Cyst Fibros. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Study Population (n = 8,109)

Dickinson et al. Page 14

J Cyst Fibros. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dickinson et al. Page 15

Table 1.

Study Population

Mean ± S.D. Entire Study 
Population
(n = 8,109)

Always 
Private

(n = 3,433)

Intermittent 
Private

(n = 2,237)

Exclusively 
Public

(n = 2,439)

P Value

Sex (% female) 49.8% 50.1% 47.5% 51.3% 0.028

Race (% non-white) 9.8% 4.4% 10.6% 16.7% <0.001

Hispanic (% yes) 10.9% 5.3% 10.5% 19.2% <0.001

Age at Diagnosis (years) 0.23 ± 0.39 0.22 ± 0.40 0.23 ± 0.38 0.24 ± 0.38 0.07

CFTR Genotype (% 
reported)

2 F508del variants 48.7% 49.5% 51.0% 45.6%

<0.0011 F508del variants 38.6% 39.7% 38.4% 37.3%

0 F508del variants 12.7% 10.8% 10.6% 17.2%

Diagnosed by Newborn Screen (% yes) 43.6% 42.7% 43.8% 44.7% 0.34

Pancreatic Status (% Insufficient) 86.7% 84.3% 89.5% 87.4% <0.001

Feeding tube placement by 6yo (% yes) 20.1% 15.3% 22.6% 24.6% <0.001

Number of Outpatient Visits at 6yo (n=7,722) 4.5 ± 1.9 4.5 ± 1.9 4.5 ± 2.0 4.5 ± 2.0 0.47

Number of Hospital Days at 6yo (n=7,776) 3.2 ± 9.2 1.8 ± 5.9 3.3 ± 9.9 5.0 ± 11.6 <0.001

Median household income at birth ($ ‘000s; 
n=8,004) 58.0 ± 22.1 67.2 ± 24.7 54.1 ± 18.2 48.5 ± 15.7 <0.001

Highest level of maternal 
education at 6yo (% yes; 
n=6,648)

Less than high school 5.4% 0.4% 4.6% 13.5%

<0.001

High school graduate 25.1% 10.3% 29.5% 42.9%

Some College 21.4% 14.9% 27.2% 25.6%

College graduate 40.4% 60.7% 34.3% 16.0%

Masters/doctoral 
degree 7.7% 13.7% 4.4% 2.1%

Any MRSA positive culture (by 6yo) 37.1%
(n=8,105)

29.6%
(n=3,430)

38.9%
(n=2,236)

45.8%
(n=2,439) <0.001

Any Pa positive culture (by 6yo) 71.4%
(n=8,105)

68.7%
(n=3,430)

72.1%
(n=2,236)

74.7%
(n=2,439) <0.001

Likely MRSA Chronic Endobronchial Infection (by 
6yo)

18.5%
(n=7,381)

13.9%
(n=3,131)

19.3%
(n=2,049)

24.3%
(n=2,201) <0.001

Likely Pa Chronic Endobronchial Infection (by 
6yo)

18.3%
(n=7,381)

15.7%
(n=3,131)

18.8%
(n=2,049)

21.6%
(n=2,201) <0.001

Number of Pulmonary Exacerbations (between 4–
6.99yo)

0.8 ± 1.7
(n=7,578)

0.5 ± 1.1
(n=3,203)

0.8 ± 1.8
(n=2,109)

1.1 ± 2.1
(n=2,266) <0.001
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Table 2.

Respiratory and Nutritional Outcomes at 6 Years of Age

Mean ± S.D. Entire Study Population
(n = 8,109)

Always Private
(n = 3,433)

Intermittent Private
(n = 2,237)

Exclusively Public
(n = 2,439)

P Value

FEV 1 pp Maximum 6yo 101.9 ± 17.1
(n=7,263)

104.9 ± 15.6
(n=3,119)

101.5 ± 16.8
(n=2,014)

98.1 ± 18.8
(n=2,130) <0.001

FEV 1 pp Mean 6yo 93.7 ± 17.5
(n=7,263)

97.1 ± 15.9
(n=3,119)

93.0 ± 17.1
(n=2,014)

89.3 ± 18.9
(n=2,130) <0.001

FEV1pp variability (Maximum 6yo 
– minimum 6yo)

19.4 ± 13.2
(n=6,643)

18.2 ± 12.5
(n=2,886)

19.9 ± 13.5
(n=1,832)

20.6 ± 13.7
(n=1,925) <0.001

BMI Percentile Maximum 6yo 65.5 ± 23.1
(n=7,736)

65.3 ± 23.1
(n=3,260)

65.5 ± 22.9
(n=2,162)

65.8 ± 23.4
(n=2,314) 0.75

BMI Percentile Mean 6yo 56.0 ± 24.3
(n=7,736)

56.6 ± 24.3
(n=3,260)

55.7 ± 23.9
(n=2,162)

55.7 ± 24.6
(n=2,314) 0.27
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Table 3.

Adjusted and Unadjusted Models for Lung Function and BMI at 6 Years of Age by Insurance Status

Unadjusted Model* Adjusted Model 1** Adjusted Model 2***

β value
(95% C.I.)

P value β value
(95% C.I.)

P value β value
(95% C.I.)

P value

FEV1pp
(Max. 6yo; n=5,961)

Always Private 0.0 - 0.0 - 0.0 -

Intermittent Private −3.3
(−4.3, −2.2) <0.001 −2.6

(−3.6, −1.6) <0.001 −1.9
(−3.0, −0.8) 0.001

Exclusively Public −6.6
(−7.7, −5.6) <0.001 −5.8

(−6.9, −4.8) <0.001 −4.4
(−5.6, −3.2) <0.001

FEV1pp
(Mean 6yo; n=5,961)

Always Private 0.0 - 0.0 - 0.0 -

Intermittent Private −3.9
(−4.9, −2.9) <0.001 −2.9

(−4.0, −1.9) <0.001 −2.1
(−3.2, −1.0) <0.001

Exclusively Public −7.6
(−8.7, −6.6) <0.001 −6.4

(−7.4, −5.3) <0.001 −4.6
(−5.8, −3.4) <0.001

FEV1pp variability
(Max. 6yo – min. 6yo; n=5,480)

Always Private 0.0 - 0.0 - 0.0 -

Intermittent Private 1.7
(0.8, 2.5) <0.001 1.1

(0.3, 2.0) 0.010 0.8
(−0.1, 1.7) 0.10

Exclusively Public 2.3
(1.5, 3.1) <0.001 1.5

(0.6, 2.4) 0.001 0.8
(−0.2, 1.8) 0.13

Maximum BMI
(Percentile; 6,342)

Always Private 0.0 - 0.0 - 0.0 -

Intermittent Private 0.0
(−1.4, 1.4) 0.99 0.0

(−1.4, 1.4) 0.98 0.2
(−1.3, 1.6) 0.84

Exclusively Public 0.7
(−0.7, 2.0) 0.32 0.1

(−1.3, 1.5) 0.87 0.5
(−1.2, 2.1) 0.58

Mean BMI
(Percentile; 6,342)

Always Private 0.0 - 0.0 - 0.0 -

Intermittent Private −1.0
(−2.5, 0.4) 0.16 −0.6

(−2.0, 0.9) 0.43 −0.5
(−2.1, 1.0) 0.49

Exclusively Public −0.7
(−2.2, 0.7) 0.31 −0.7

(−2.2, 0.7) 0.32 −0.5
(−2.2, 1.2) 0.56

*
Unadjusted model includes FEV1pp measure or BMI percentile as the dependent variable and insurance status as a dummy variable with the 

“always private insurance” set as the reference group.

**
Adjusted model 1 adds demographic and clinical covariates of cohort (year of birth), sex, age at diagnosis, race, ethnicity, number of F508del 

CFTR variants (dummy variable), exocrine pancreatic status, presence of feeding tube by 6 years of age, any MRSA, and any Pa to the unadjusted 
model.

***
Adjusted model 2 adds other SES covariates of log of estimated median household income at birth and highest level of maternal education 

(dummy variable) at 6yo to adjusted model 1.
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