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BACKGROUND: Asthma disproportionately affects individuals with lower income. High
uninsured rates are a potential driver for this disparity. Previous studies have not examined
the effect of the Affordable Care Act (ACA) on asthma-related outcomes for individuals with
low income.

RESEARCH QUESTION: What is the impact of insurance status and the ACA on asthma out-
comes for adults 18 to 64 years of age in households with low-income status?

STUDY DESIGN AND METHODS: This study was a pooled cross-sectional observational study
using National Health Interview Survey data from 2011 through 2013 and 2016 through
2018. Individuals 18 to 64 years of age with a history of asthma and low income were
included. Survey-weighted regression modeling and mediation analysis was used to explore
the relationship of insurance status and asthma control. Univariate and multivariate survey-
weighted regression modeling then was used to evaluate the correlation of the ACA and
asthma outcomes.

RESULTS: We identified 4,043 individual observations. Having health insurance was corre-
lated with improved asthma outcomes (OR, 1.25). This relationship was completely mediated
by cost barriers to medications and physician visits. Although the ACA resulted in significant
changes in insurance status (OR, 2.4), no statistically significant change was found in asthma
outcomes. Furthermore, cost barriers to both medications and physician visits persisted in
the insured population, 20.7% and 30.0%, respectively.

INTERPRETATION: Insurance coverage is associated with improved asthma control for adults
18 to 64 years from households with low socioeconomic status. The ACA reduced the rates of
uninsured, but did not have the same magnitude of effect on reducing cost barriers. The
persistence of cost barriers may explain in part the lack of population-level improvement in
asthma control. CHEST 2022; 161(6):1465-1474
KEY WORDS: Affordable Care Act; asthma outcomes
FOR EDITORIAL COMMENT, SEE PAGE 1429
rdable Care Act; FPL = federal poverty
and Holm; NHIS = National Health

vision of Pulmonary, Critical Care &
ersity of California, San Diego, La Jolla,
Policy and Management (J. Macinko, M.
ielding School of Public Health, Uni-
les, Los Angeles, CA.

FUNDING/SUPPORT: The authors have reported to CHEST that no
funding was received for this study.
CORRESPONDENCE TO: Rajat Suri, MD; email: rsuri@health.ucsd.edu
Copyright � 2022 American College of Chest Physicians. Published by
Elsevier Inc. All rights reserved.
DOI: https://doi.org/10.1016/j.chest.2022.01.011

1465

mailto:rsuri@health.ucsd.edu
https://doi.org/10.1016/j.chest.2022.01.011
http://crossmark.crossref.org/dialog/?doi=10.1016/j.chest.2022.01.011&domain=pdf
http://chestjournal.org


Take-home Points

Study Question: For individuals with low income,
does insurance status improve asthma outcomes, and
what effect has the Affordable Care Act (ACA) had
on asthma control?
Results: Having insurance is associated with
improved asthma outcomes, but this did not translate
to a statistically significant population-level improve-
ment in asthma outcomes during the period after ACA
implementation.
Interpretation: Persistent cost barriers and under-
insurance for individuals with low income may
explain the lack of population-level improvement for
asthma in the period after ACA implementation,
despite improvements in uninsured rates.
Asthma affects 8% of the adult population in the United
States and accounts for 9.8 million office visits annually.1

Prior studies found that asthma disproportionately
impacts individuals with lower socioeconomic status,
resulting in an increased risk of treatment failure and
asthma exacerbations.2 Additionally, adults with asthma
have demonstrated higher odds of experiencing an
exacerbation because of interruptions in health-care
coverage, no insurance, or public insurance defined as
Medicaid and Medicare.3-5 In fact, individuals without
insurance more commonly delay or forgo filling asthma
medications and also self-adjust dosing to ration
supply.6 Furthermore, biologic medications, which are
newer and effective, but more costly, are prescribed
predominantly to individuals with higher income and
commercial insurance.7 Therefore, insurance status and
the associated financial barriers limiting access to
medications and physician visits are potential drivers for
the increased disease burden in lower socioeconomic
groups.

The Affordable Care Act (ACA) expanded Medicaid
up to 138% of the federal poverty level (FPL) with the
hopes of improving health outcomes by decreasing
uninsured rates and subsequently reducing the
individual’s financial burden. However, the Supreme
Court rendered this expansion optional, leaving it up
to individual states to decide the outcome of this
provision. Despite the ruling, subsequent studies
demonstrated effectiveness in the overall policy, with a
reduction in individuals without insurance and
increase in Medicaid enrollees.8-16 Medicaid expansion
1466 Original Research
resulted in 13.1 million new Medicaid enrollees in
states that voluntarily expanded and 1.69 million new
enrollees for states that did not expand Medicaid.17 It
is postulated that previously eligible individuals in
nonexpansion states realized their eligibility and
therefore increased enrollment.17,18

In addition to the expansion of Medicaid, the ACA
established an insurance marketplace that offered
private health insurance with an income-based tax-
credit subsidy for individuals between 100% and
400% of the FPL. The policy also included
regulations to ban discrimination based on pre-
existing conditions and to ban annual or lifetime
benefit limits. Of the total decrease in individuals
without insurance, 40% is attributed to the insurance
marketplace.18

Ultimately, this increased insurance coverage improved
an individual’s ability to pay for health care.8,19 Fewer
people are delaying medications and physician visits
because of cost, and catastrophic fees occur less
frequently.9-14 For individuals with asthma, data from
the Behavioral Risk Factor Surveillance System
demonstrated a trend toward decreased inability to pay
for medications and physician visits.20 This translated
into a 15% increase in respiratory and allergy
medications in states that expanded Medicaid.21,22

Interestingly, states with higher cost-sharing models
through drug co-pays experienced a smaller increase in
prescription medications.22

Disease-specific outcome measurements have been more
difficult to assess given the complexity of contributing
factors and short follow-up periods. However, a linked
survey and administrative data study demonstrated a
mortality benefit for individuals with low income after
Medicaid expansion.16 Furthermore, other studies have
demonstrated improvement in HIV identification and
viral suppression, lower incidence of ruptured
appendicitis, and better hypertension control.15,23,24 To
our knowledge, no studies have evaluated outcome
measurements for asthma.

This study sought to add to the literature by evaluating
the effect of insurance status on asthma control,
specifically for the low-income adult population 18 to 64
years of age. Furthermore, it evaluated factors that
mediate the association of insurance status and asthma
outcomes. Finally, the study aimed to evaluate the effect
of the ACA on insurance status, cost barriers, and
asthma control.
[ 1 6 1 # 6 CHES T J U N E 2 0 2 2 ]



Study Design and Methods
This is a pooled cross-sectional observational study using National
Health Interview Survey (NHIS) data from 2011 through 2013
(before ACA implementation) and from 2016 through 2018 (after
ACA implementation). The years 2014 and 2015 were treated as a
washout period. A total of 29 states expanded Medicaid by 2015.25 It
is important to note that five states and the District of Columbia
began expanding Medicaid to different degrees before 2014.26

Additionally, two states expanded Medicaid in 2016.25

The NHIS is a cross-sectional in-person household interview survey.
The number of participants sampled ranged from 72,831 in 2018 to
108,131 in 2012. The response rate ranged from 64.2% in 2018 to
82% in 2011. This dataset excludes individuals in correctional
facilities and long-term care as well as US nationals living abroad or
families with all adults who are active-duty military.27

We excluded individuals younger than 18 years and older than 65 years
to focus the analysis on nonelderly adults who were most likely to
benefit from the policy. Of the remaining population, we selected
sample adults who identified as currently having asthma, as defined
by the question, “Do you still have asthma?” Nonsample adults were
not asked asthma-specific questions. Ideally, the studied population
would include only those at < 138% of the FPL to limit the analysis
to those eligible for Medicaid expansion. Based on the cutoffs
available in the public-use NHIS dataset, individuals at < 149% of
the FPL were selected for this analysis. Of the total sample,
1.38% were defined in a larger category of 100% to 199% of the
federal poverty level. Additionally, 4.85% were categorized as
“undefinable” or “unknown.” For these subsets, imputed family
income and family size were used to identify those at less than the
138% threshold.28

The independent variable was defined as having any health insurance
coverage at the time of the survey, and the dependent variable was
defined as having asthma control. Direct measures of asthma control
such as daily symptom burden are not available. Therefore, we used
indirect measures of asthma control as defined by the American
Thoracic Society and European Respiratory Society.29 Individuals
with asthma were asked if they had an asthma attack or episode in
the previous 12 months, visited the ED for asthma in the previous
12 months, or required hospitalization for asthma in the previous
12 months. Answering “no” to all three questions was defined as
having asthma control.

The study’s conceptual model did not posit any direct relationship
between insurance status and asthma control. Instead, we
hypothesized that the effect of insurance on asthma control was
mediated fully by cost barriers to medications and physician visits.
Cost barriers to medications were defined as needing but unable to
afford prescription medicine in the previous 12 months. Similarly,
cost barriers to physician visits were defined as needing but unable
to afford medical care, follow-up care, or specialist care in the
chestjournal.org
previous 12 months. Confounders include sex, age, race or ethnicity,
education level, smoking status, routine influenza vaccine, and
having an established relationship with a physician. Race or ethnicity
was defined as White, Black, Hispanic, and other. Other included
American Indian or Alaskan Native, Asian, multiracial, or race
group not releasable. Education level was defined as high school or
less, some college, or Bachelor’s degree or higher. Potential
confounders such as genetics, environmental factors, and other
public health interventions are not included in the dataset.

Survey-weighted data were used for this analysis. A descriptive analysis
was performed for uncontrolled and controlled asthma. A design-
corrected F test was performed to evaluate differences between the
two groups. The next analysis used the Karlson, Bernt, and Holm
(KHB) model to test the hypothesis that cost barriers to physicians
or medications are mediators in the relationship of insurance status
and asthma outcomes.30,31 Given the nonlinear regression models,
the KHB method was used to allow comparison of the regression
coefficients before and after the addition of potential mediators to
the model.

A set of nested survey-weighted logistic regression models was built to
assess the relationship between insurance status and asthma control.
The first model included demographic variables and confounders.
The second and third models included the hypothesized mediators
of cost barriers to physician visits and medications in a stepwise
fashion.

The next set of analyses evaluated the periods before and after ACA
implementation. The approach used was similar to intention-to-treat
analysis in that all states were given the opportunity to expand
Medicaid, but not all chose to do so. The public-use NHIS dataset
did not allow for specifications based on states. For the analysis, we
identified a comparative group of sample adults at > 400% of the
FPL who were 18 to 64 years of age with a concurrent diagnosis of
asthma. Descriptive characteristics were obtained using survey-
weighted data with a design-corrected F test. We further explored
the association of ACA implementation on insurance status and cost
barriers to physician visits and medications. An adjusted Wald test
using the suest command was used to evaluate for different
magnitudes of effect by ACA implementation.

A survey-weighted logistic regression model then was used to evaluate
the association of ACA implementation on asthma outcomes. Before
ACA implementation was defined as 2011 through 2013, and after
ACA implementation was defined as 2016 through 2018. Sex, age,
race or ethnicity, and education level were confounders in this
analysis. A subsequent model incorporated individuals at > 400% of
the FPL to evaluate if the interaction of high income and ACA
implementation revealed a different association with asthma outcomes.

Stata version 15 software (StataCorp) was used for the analysis. This
study was based on de-identified publicly available data and was
considered exempt from human subject review.
Results
The 6 years of NHIS data resulted in 562,658 individual
observations. After selecting for a population with low
income, 18 to 64 years of age, sample adults currently
with asthma, and dropping individuals with any missing
data (2.91%), the final sample size was 4,043 individual
observations. The comparative group of individuals at >
400% of the FPL with all other similar characteristics
had 1.82% missing data and a final sample size of 3,512
observations.

Survey-weighted descriptive analysis of controlled and
uncontrolled asthma for individuals with low income is
depicted in Table 1. A larger proportion of individuals
with controlled asthma was younger than among those
with uncontrolled asthma. The controlled asthma group
included a lower percentage of female patients and a
1467
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TABLE 1 ] Descriptive Analysis by Asthma Control Status

Variable Uncontrolled Asthma Controlled Asthma Total Population P Valuea

Age, y < .001

18-29 27.21 (24.74-29.84) 39.5 (36.53-42.55) 32.98 (30.96-35.08)

30-39 17.79 (15.82-19.94) 16.8 (14.77-19.05) 17.33 (15.88-18.88)

40-49 19.6 (17.39-22.02) 15.85 (13.77-18.18) 17.84 (16.28-19.52)

50-64 35.4 (32.87-38.01) 27.85 (25.22-30.64) 31.85 (30.02-33.75)

Sex < .001

Female 72.54 (69.90-75.03) 61.69 (58.71-64.58) 67.44 (65.40-69.42)

Race or ethnicity .469

White 52.13 (49.13-55.11) 49.71 (46.51-52.92) 50.99 (48.69-53.29)

Black 23.37 (20.83-26.11) 23.35 (20.80-26.11) 23.36 (21.42-25.43)

Hispanic 17.24 (15.01-19.73) 18.06 (15.51-20.93) 17.63 (15.87-19.54)

Otherb 7.26 (5.95-8.83) 8.87 (7.17-10.92) 8.02 (6.90-9.30)

Education .408

High school or less 56.12 (53.27-58.93) 58.87 (55.80-61.88) 57.41 (55.30-59.49)

Some college 35.67 (32.99-38.43) 33.18 (30.36-36.12) 34.5 (32.532-36.54)

Bachelor’s degree or more 8.22 (6.83-9.85) 7.95 (6.42-9.81) 8.09 (7.04-9.29)

Insurance status .11

Uninsured 20.69 (18.49-23.08) 18.21 (15.97-20.69) 19.53 (17.83-21.36)

Cost barriers to seeing physician < .001

Delayed care 42.23 (39.42-45.08) 32.11 (29.30-35.05) 37.47 (35.33-39.66)

Cost barriers to medications < .001

Cost barrier 33.20 (30.62-35.88) 19.54 (17.28-22.01) 26.78 (24.95-28.69)

Having a usual place of care .629

No usual place 14.07 (12.06-16.35) 14.83 (12.83-17.07) 14.43 (13.01-15.96)

Smoking status .482

Current smoker, % 34.81 (32.32-37.39) 33.48 (30.78-36.28) 34.19 (32.33-36.09)

Flu vaccine .445

No vaccine 60.01 (57.20-62.76) 61.61 (58.65-64.50) 60.76 (58.77-62.72)

Data are survey weighted and presented as percentage (95% CI), unless otherwise indicated.
aDesign-corrected F test to compare groups.
bIncludes American Indian or Alaskan Native, Asian, multiracial, or race group not releasable.
lower percentage of cost barriers to physician or
medication access compared with the uncontrolled
asthma group. The controlled asthma group showed a
trend toward having more insurance, although this did
not reach statistical significance with a P value of .11. No
difference was found regarding race or ethnicity and
education level. In further survey-weighted descriptive
analysis not depicted in Table 1, of those individuals
with cost barriers to either medications or physician
visits, asthma control was 39.8% compared with
52.7% without any cost barriers.

The relationship between insurance status and asthma
control is believed to be mediated through reducing cost
barriers to physician visits and medications. This
1468 Original Research
hypothesis was tested with the KHB model. Cost barriers
to physicians and medications both independently
demonstrated significant mediation, resulting in a
nonsignificant relationship between insurance status and
asthma control.

Although 51.7% of individuals with low income without
insurance reported having medication-related cost
barriers, only 20.7% of individuals with low income with
insurance reported having these issues. Similarly, a
difference in cost barriers to physician visits from
68.3% to 30.0% was reported. When combining both
metrics for cost barriers, 72.3% of individuals with low
income without insurance reported cost barriers
compared with 37.6% for those with insurance.
[ 1 6 1 # 6 CHES T J U N E 2 0 2 2 ]



TABLE 2 ] Survey-Weighted Logistic Regression Model for Asthma Control With OR (95% CI)

Variable Model 1 Model 2 Model 3

Unweighted sample size, No. 4,046 4,046 4,043

Sex

Male Reference . .

Female 0.64a (0.54-0.77) 0.65a (0.54-0.77) 0.66a (0.55-0.79)

Age

Age 0.98a (0.98-0.99) 0.98a (0.98-0.99) 0.98a (0.98-0.99)

Race or ethnicity

White Reference . .

Black 1.03 (0.83-1.3) 1.00 (0.81-1.2) 1.02 (0.83-1.3)

Hispanic 1.11 (0.86-1.4) 1.09 (0.83-1.4) 1.10 (0.84-1.4)

Otherb 1.16 (0.85-1.6) 1.14 (0.83-1.5) 1.11 (0.81-1.5)

Education

High school or less Reference . .

Some college 0.88 (0.73-1.1) 0.89 (0.74-1.1) 0.89 (0.74-1.1)

Bachelor’s degree or more 0.95 (0.68-1.3) 0.98 (0.71-1.4) 0.93 (0.67-1.3)

Smoking status

Current smoker Reference . .

Nonsmoker 1.01 (0.85-1.2) 0.98 (0.82-1.2) 0.97 (0.82-1.2)

Having a usual place of care

No Reference . .

Yes 1.04 (0.79-1.4) 1.01 (0.76-1.3) 1.04 (0.78-1.4)

Flu vaccine

No Reference . .

Yes 0.99 (0.82-1.2) 0.99 (0.82-1.2) 1.00 (0.83-1.2)

Insurance status

Uninsured Reference . .

Insured 1.25c (1.0-1.6) 1.09 (0.86-1.4) 1.02 (0.80-1.3)

Cost barrier to physician

Yes Reference . .

No . 1.45a (1.2-1.7) .

Cost barrier to medications

Yes Reference . .

No . . 1.93a (1.6-2.3)

Data are presented as OR (95% CI), unless otherwise indicated.
aP # .005.
bIncludes American Indian or Alaskan Native, Asian, multiracial, or race group not releasable.
cP # .05.
Model 1 of the multiple logistic regression analysis
showed higher odds for asthma control when having
insurance coverage (Table 2). The second model added
cost barriers for physician visits, which showed an
associated OR of 1.45 for asthma control. The third
model showed that when all else was equal, not having a
cost barrier to medication was associated with an
increased odds for asthma control (OR, 1.93). Cost
barrier to physicians was removed in this model because
chestjournal.org
of concern of collinearity. As expected, based on the
KHB model, adding mediators for cost barriers to
physicians and medications removes the association of
insurance status and asthma control.

Before and after ACA implementation survey-weighted
descriptive analysis is shown inTable 3.A significant decrease
was found in the uninsured population for individuals with
both low andhigh income, although themagnitude of change
is different, –13.2% vs –2%. A significant decrease in cost
1469
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TABLE 3 ] Descriptive Analysis by Period Before Implementation (2011-2013) and After Implementation (2016-
2018) of the ACA for Individuals With Both Low and High Income

Variable

Low Income High Income

Before ACA
Implementation

After ACA
Implementation P Valuea

Before ACA
Implementation

After ACA
Implementation P Valuea

Uninsured 26.0 (23.5-28.7) 12.8 (10.7-15.2) < .001 4.8 (3.7-6.2) 2.8 (2.0-3.8) .01

Cost barrier to
physician

44.1 (41.2-47.1) 30.6 (27.6-33.8) < .001 13.6 (11.7-15.6) 14.3 (12.4-16.4) .65

Cost barrier to
medications

31.5 (28.9-34.1) 21.9 (19.5-24.6) < .001 6.4 (5.1-8.0) 6.9 (5.5-8.5) .66

Asthma control 45.4 (42.8-48.0) 48.6 (45.3-52.0) .13 53.0 (50.0-55.9) 57.1 (54.2-60.0) .05

Data are survey weighted and presented as percentage (95% CI), unless otherwise indicated.
ACA ¼ Affordable Care Act.
aDesign-corrected F test to compare groups.
barriers for physician visits andmedicationswas seen only for
individuals with low income. Interestingly, only high-income
individuals showed statistically significant improvement in
asthma outcomes, with asthma control improving from
53% to 57.1% (P¼ .046).

Table 4 shows theunivariate analysis ofACA implementation
for low-income individuals and its association with insurance
status and two mediators of cost barriers. The period after
ACA implementation showed ameaningful increase in being
insured (OR, 2.4). More precisely, the uninsured rate
decreased from 26.0% to 12.8% after ACA implementation.
The association of period after ACA implementation and no
cost barrier tophysicians ormedications, although statistically
significant, was of a lower magnitude (OR, 1.79 and 1.63,
respectively).AnadjustedWald test using the suest command
confirmed the difference in association of the ACA on
insurance status comparedwith reducing cost barriers to both
physicians and medications.

Table 5 presents results of multivariate logistic
regressions of asthma control before and after ACA
implementation. The period after ACA implementation
TABLE 4 ] Univariate Logistic Regression of Period
After ACA Implementation Compared With
Reference Group of Period Before ACA
Implementation on Insurance Status and
Cost Barriers to Physicians and Medications

Variable OR P Value

Having insurance 2.40 < .001

No cost barrier to physicians 1.79 < .001

No cost barrier to medications 1.63 < .001

Adjusted Wald test using suest command revealed a significant difference
in effect of ACA implementation on insurance status vs physician cost
barrier (P ¼ .03) and medication cost barrier (P ¼ .004). No difference was
found in effect of ACA implementation on physician cost barrier
vs medication cost barrier. ACA ¼ Affordable Care Act.

1470 Original Research
was associated with higher odds (OR, 1.16) of improved
asthma control compared with the period before
Medicaid expansion. This was not statistically
significant, with a P value of .09. A second model
incorporated individuals with high income as a
comparative group. No difference was found between
the two groups regarding the correlation of asthma
control before and after the implementation of the ACA.

Discussion
Although prior studies evaluated the effect of insurance
status on asthma control regardless of income, this study
sought to elucidate this association for the low-income
adult population 18 to 64 years of age. Furthermore, this
study evaluated the association of ACA implementation
on insurance status, asthma control, and the proposed
mediators of these associations for low-income
individuals.

This study showed several significant findings. For
individuals between 18 and 64 years of age and of lower
income status, having health insurance showed a
significant correlation with improved asthma outcomes.
This is consistent with prior studies that demonstrated
the significance of insurance coverage in the general
population.3-5,32-34 This analysis differs from prior
literature in that it focused on a financially vulnerable
population—and the association was maintained.

Second, we found that despite this association of having
insurance and improved asthma outcomes, ACA
implementation did not demonstrate a statistically
significant association for improved asthma control.
However, with an OR of 1.16 (b ¼ 0.15), the magnitude
of observed clinical difference may be clinically relevant.
This analysis was performed as an intention-to-treat
analysis for the country because it included states that
[ 1 6 1 # 6 CHES T J U N E 2 0 2 2 ]



TABLE 5 ] Multivariate Logistic Regression Model of Period After ACA Implementation Compared With Reference
Group of Period Before ACA Implementation on Asthma Control

Variable

Model 1 Model 2

b Coefficient P Value b Coefficient P Value

Sex

Male Reference Reference

Female –0.44 (–0.62 to –0.27) < .001 –0.37 (–0.50 to –0.24) < .001

Age –0.02 (–0.02 to –0.01) < .001 –0.01 (–0.01 to –0.01) < .001

Race or ethnicity

White Reference Reference

Black 0.05 (–0.16 to 0.26) .63 0.05 (–0.13 to 0.23) .56

Hispanic 0.07 (–0.18 to 0.33) .58 –0.03 (–0.25 to 0.20) .82

Othera 0.16 (–0.14 to 0.46) .31 0.17 (–0.05 to 0.39) .12

Education

High school or less Reference Reference

Some college –0.15 (–0.33 to 0.03) .10 –0.02 (–0.16 to 0.13) .81

Bachelor’s degree or more –0.05 (–0.37 to 0.27) .74 –0.07 (–0.24 to 0.10) .41

Affordable Care Act implementation

Before Reference Reference

After 0.15 (–0.02 to 0.32) .09 0.14 (–0.03 to 0.31) .11

Income

Low . . Reference

High . . 0.34 (0.20-0.56) < .001

After implementation � high income . . 0.03 (–0.20 to 0.27) .781

ACA ¼ Affordable Care Act.
aIncludes American Indian or Alaskan Native, Asian, multiracial, or race group not releasable.
both expanded and did not expand Medicaid. By the end
of 2018, 31 states and the District of Columbia had
expanded Medicaid. With 19 states not expanding, the
potential correlation may have been dampened. Since
the end of the inclusion period of 2018 for this study, an
additional six states have expanded Medicaid.25

A third significant finding of our study is that the
relationship of insurance and asthma outcomes is
mediated strongly through decreasing cost barriers to
physician visits and medications. Despite this mediation,
cost barriers to both physicians and medications
persisted for individuals with low income, despite having
insurance. Cost barriers to medications remained for
20.7% of the insured low-income population, whereas
cost barriers to physicians remained at 30.0%. The ACA
showed a population effect on insurance status.
However, it did not have the same degree of effect on
removing cost barriers to physicians or medications.

The findings of our study have several important policy
implications. The persistent cost barriers despite having
chestjournal.org
insurance offer a potential explanation for the lack of
statistically significant population-level association of
asthma control in the period after ACA implementation.
Despite higher rates of insurance, individuals remained
underinsured with a significant cost burden. This is
consistent with the findings of Magge et al,35 who
described a prevalence of 34.5% of underinsurance for
low-income individuals. In their analysis, underinsured
status was defined as expenditures of > 5% of household
income or delaying medical care or prescriptions
because of cost. Our analysis was unable to calculate
expenditures as a percentage of household income, but it
did incorporate cost barriers to physician visits and
medications. With the narrower definition, 37.6% of
insured low-income adults 18 to 64 years of age with
asthma were underinsured.

The negative impacts of being underinsured are
compounded by the higher co-pays for brand-name
medications. This could contribute to the cost barriers
for medications, despite having insurance. In the United
States, options are limited for generic inhalers for
1471
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asthma. Fluticasone plus salmeterol and albuterol
became among of the first generic asthma medications
in 2019 and 2020, respectively.36,37 Both of these
occurred after the inclusion period of this analysis.
Additionally, Ghosh et al22 showed significant price
elasticity for respiratory and allergy medications within
this population. They demonstrated change in
medication use resulting from co-pays as either part of a
price sharing model or the result of brand name
medications. Negotiation of drug prices at a national
level may be necessary to reduce the cost barrier for
medications. This is especially important for a disease
like asthma that has a disproportionate burden on
individuals with lower socioeconomic status, has
significant price elasticity, and for which only a few
options for generic medications exist.

Cost-sharing models for health insurance are a tool used
to rein in costs and reduce overuse of health-care
services.38 However, a detrimental effect of this same
policy is the creation of barriers for necessary access to
care and treatment, which leads to underinsurance.
Further analysis is needed to optimize the balance of
cost-sharing on the spectrum of overuse and the
creation of barriers that hinder access to physician visits
and medications. This balance may lie at a different
point for those with high income vs low income.

Our findings must be interpreted in the context of our
study design. The cross-sectional design resulting in lack
of longitudinal follow-up and the observational study
design limit the causal inference one can draw. NHIS
data are self-reported data that are subject to recall bias,
which can influence the categorization of controlled
vs uncontrolled asthma. Furthermore, the outcome
variable of asthma control is evaluated using indirect
measures of exacerbations in an all-or-nothing format
and does not capture, for example, improvement in the
1472 Original Research
number of exacerbations. Additionally, this analysis does
not account for measures of direct asthma control,
which is defined by daily symptom burden.29

The inclusion criteria do not include citizenship status;
therefore, we cannot be sure that every individual is a
candidate for Medicaid expansion. Additionally, the
insurance status question asks only about having
insurance at the time of the survey, and does not
comment on having insurance all year. As prior studies
have demonstrated, interruptions in care can impact
asthma control negatively.3 By potentially including
individuals with coverage interruptions, the association
between insurance status and asthma control could be
reduced. Louisiana and Montana both expanded
Medicaid during the years 2016 through 2018.25 For
these states, some preimplementation period is included
in the postimplementation category.

The NHIS dataset also is unable to capture data on
environmental factors and genetics, which may
confound the results. Finally, ACA implementation
occurred at the same time as an economic recovery.
Isolating the effects of the ACA is not possible with this
study design.
Interpretation
For individuals with low income who are 18 to 64 years
of age, insurance coverage is associated with improved
asthma control. This effect is mediated by decreased cost
barriers to physician visits and medication access. The
ACA resulted in a significant decrease in the uninsured
population. However, the policy did not have the same
magnitude of effect on reducing cost barriers. The
continued issue of cost barriers and underinsurance may
explain the lack of population-level improvement in
asthma control.
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