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Abstract

Background: Adults with congenital heart disease (ACHD) have traditionally been viewed as an

underinsured population. Whether this is true in the Affordable Care Act era is unknown. We

determined insurance patterns in ACHD patients compared to the non-ACHD cardiology popula-

tion in a contemporary cohort.

Methods: All cardiology outpatient visits between July 2016 and February 2017 to a large referral

center in the United States were reviewed. The primary payer was categorized as health mainte-

nance organization (HMO), preferred provider organization (PPO), Medicare, Medicaid, self-pay, or

other. Diagnosis and lesion severity of ACHD were extracted from ICD-10 diagnostic codes and

assigned according to the 2008 American College of Cardiology/American Heart Association

ACHD guidelines. Age-matching was used to account for baseline age differences between ACHD

and non-ACHD patients.

Results: E ACHD and 17 154 non-ACHD patients were identified. Without age-matching, ACHD

patients were significantly younger than non-ACHD patients (mean age 38.5 vs 63.8 years). After

age-matching (N5805 in each group), mean age was 39.5 years in both groups. ACHD patients

had less HMO (29.1% vs 34.7%, P5 .012) and Medicaid (12.4% vs 17.3%, P5 .006) coverage, but

more PPO (34.4% vs 27.5%, P5 .003) and Medicare (23.2% vs 18.1%, P5 .005) coverage compared

to non-ACHD patients. No differences were found in private insurance, public insurance, or self-

pay. Lesion complexity had no effect on insurance in ACHD patients. Eligibility of parental plan cov-

erage did not affect use of private insurance. ACHD patients in states with Medicaid expansion had

higher rates of Medicaid (15.6% vs 10.6%, P5 .045) but lower rates of HMO coverage (24.5% vs

31.7%, P5 .036) and self-pay (0% vs 3.3%, P< .001). ACHD status, age, income, and residence in

Medicaid expansion states were independent determinants of insurance types.

Conclusions: In the Affordable Care Act era, ACHD patients are a well-insured population. Gov-

ernmental policy has substantial effects on individual-level choice and access to insurance.
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adults with congenital heart disease, health maintenance organization, insurance, Medicare, Medic-
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1 | INTRODUCTION

Congenital heart disease (CHD) is a spectrum of structural abnormal-

ities resulting from abnormal embryonic development of the heart or

great vessels. CHD is estimated to occur in 0.4%–1% of live births.1

Advances in surgical and medical management have not only allowed

survival for previously fatal lesions, but also significantly prolonged life

expectancy in patients with CHD. As a result, adults with congenital

heart disease (ACHD) comprise a rapidly growing population.2 The

prognosis of CHD depends on lesion severity. While some simple
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lesions are associated with normal to near normal life expectancy, other

more complex lesions may lead to intermediate, uncertain or poor out-

comes.3 As advances in ACHD care improve the prognosis of ACHD

patients,4 continued access to specialized care is critical in sustaining

favorable outcomes,5 and has been associated with improved survival.6

Evidence from the 1990s suggests ACHD patients, especially

those with complex lesions, face higher insurance premiums, exclusion

of benefit for their cardiac conditions, or no insurability at all.7 The

Affordable Care Act (ACA) of 2010 attempts to expand health insur-

ance access in part by providing states with options to expand their

Medicaid programs, requiring insurers to offer dependent coverage for

children under 26 years of age, and preventing insurers from denying

coverage to people with preexisting conditions, such as CHD.8–10 With

the advent of these policies, it is unclear whether ACHD patients

remain an underinsured population.

Based on our anecdotal experience we hypothesize that ACHD

patients have similar insurance coverage compared to non-ACHD

patients in the ACA era. To address this question, we analyzed billing

data at an academic referral center for ACHD to assess patterns of

insurance in patients with ACHD compared to those of non-ACHD

adult cardiology patients. We also analyzed insurance patterns among

subgroups of ACHD patients.

2 | METHODS

2.1 | Study population

We performed a retrospective study of all patient visits to the Car-

diovascular Division’s outpatient clinics at Barnes-Jewish Hospital

and Barnes-Jewish West County Hospital/Washington University

in St. Louis. Billing data for all visits during an 8-month period from

July 2016 through February 2017 were analyzed. Multiple visits by

the same patient were compressed to a single record. ACHD

patients were identified by a code specific to the ACHD clinic. All

other visits were classified as non-ACHD related. The study was

approved by the institutional review board at Washington Univer-

sity in St. Louis.

Information was collected on patients’ demographic characteris-

tics, diagnoses, and payment methods. From the billing data we

identified the primary payer, which was categorized as health main-

tenance organization (HMO), preferred provider organization (PPO),

Medicare, Medicaid, self-pay, or other. Diagnoses for individual

patients were extracted from ICD-10 diagnostic codes supple-

mented by manual curation of individual patient records. The sever-

ity of ACHD was assigned according to the 2008 American College

of Cardiology/American Heart Association ACHD guidelines.5

Income was estimated using 2015 median household income

according to ZIP code obtained from US Census Bureau 2011–2015

American Community Survey 5-Year Estimates (factfinder.census.

gov). The Medicaid expansion status of individual states was

obtained from the National Conference of State Legislatures website

(www.ncsl.org) accessed on June 1, 2017.

2.2 | Statistical analysis

Because ACHD patients were younger than non-ACHD patients and pre-

liminary analysis identified age as a major confounding factor with respect

to insurance status, we matched ACHD and non-ACHD patients by age.

For each ACHD patient, a non-ACHD patient with the same age was ran-

domly selected to create a 1-to-1 age-matched sample. There were 17

patients in the matched cohort with more than 1 insurance type across

multiple visits throughout the study period. In such cases each primary

insurance type was included in the analysis. Paired t test, Wilcoxon

matched-pairs signed-rank test, andMcNemar’s test were used to compare

continuous, non-normally distributed, and dichotomous variables, respec-

tively, between age-matched groups. Within the ACHD population, com-

parisons between two independent groups were conducted using

Student’s two-sample t test for continuous variables, Mann-WhitneyU test

for non-normally distributed variables, and Fisher’s exact test for categorical

variables.When comparing more than two groups, ANOVA, Kruskal-Wallis

test, and Fisher’s exact test were used, and, when overall significance was

found, all pair-wise comparisons were adjusted using a Bonferroni correc-

tion to control the type I error rate. Multivariable logistic regression analysis

was used to investigate the association between insurance type and

ACHD/non-ACHD status adjusting for age, income, and Medicaid expan-

sion state residence status in the age-matched cohorts. Generalized esti-

mating equations were used to account for the age-matching. In all

analyses, a P value< .05was considered statistically significant.

Public insurance was defined asMedicare andMedicaid insurance. Pri-

vate insurance was defined as commercial, HMO, PPO, and worker’s com-

pensation. Patients who did not have public or private insurance and who

did not self-pay were classified as other, which includes insurance type

labeled as “hospital special contracts” and “other” in the billing data. All anal-

yses were conducted in SAS v9.4 (SAS Institute Inc., Cary, North Carolina).

3 | RESULTS

3.1 | The ACHD population and age-matched cohorts

We identified 18 024 unique patients during the study time span, of

whom 871 (4.8%) were ACHD patients and 17 153 (95.2%) were non-

ACHD patients. Compared to non-ACHD patients, those with ACHD

were significantly younger (38.5 vs 63.8 years of age, P< .001

[Table 1]). There was no difference between groups in the median

income based on residential ZIP codes (Table 1). We identified 805

age-matched patient pairs whose characteristics are shown in Table 2.

No difference was found in the median income or residence in Medic-

aid expansion states between the matched groups.

3.2 | Insurance pattern in ACHD compared to

non-ACHD patients

Overall, there were no differences in the proportion of ACHD patients

with either public or private insurance relative to non-ACHD patients.

Compared to the matched non-ACHD population, ACHD patients were

less likely to have HMO (29.1% vs 34.7%, P5 .012) and more likely to

have PPO as their primary coverage (34.4% vs 27.5%, P5 .003 [Figure 1
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and Table 3]). ACHD patients were more likely to have Medicare (23.2%

vs 18.1%, P5 .005) and less likely to have Medicaid as primary coverage

(12.4% vs 17.3%, P5 .006). There was no difference in the proportion of

patients who were self-pay.

3.3 | Insurance pattern in ACHD patients of

different complexity

To understand whether lesion complexity is associated with different

insurance patterns in ACHD patients, we investigated the composition

of our ACHD population. We adopted the 2008 ACC/AHA ACHD

guidelines5 to determine lesion complexity. Approximately half (403,

50.1%) of the ACHD patients were of moderate complexity, while a

quarter each were of high (195, 24.2%) and low (207, 25.7%) complexity

(Table 2). The mean age of patients inversely correlated with lesion com-

plexity, from 43.4 years in low complexity, to 39.9 years in moderate

complexity, and 34.4 years in high complexity (P< .001 for ANOVA).

There was no difference in median income by ZIP codes between

patients with different levels of complexity. There were no significant

differences in insurance coverage as a function of lesion complexity.

3.4 | Insurance pattern in ACHD patients eligible for

parental coverage

To understand whether eligibility for parental coverage affects private

insurance coverage in ACHD patients, we analyzed insurance patterns

in ACHD patients below 26 years of age versus those ages 26 or

above. There was no difference in the proportion of ACHD patients

with private insurance, HMO or PPO coverage (Figure 2), suggesting

parental plan eligibility does not play a major role in insurance patterns

for ACHD patients. However, ACHD patients 26 years of age or above

were more likely to be covered by Medicare (26.6% vs 8.1%, P< .001)

and less likely to be covered by Medicaid (9.4% vs 25.7%, P< .001

[Figure 2]) than ACHD patients less than age 26, a finding consistent

across all levels of lesion complexity.

3.5 | Insurance pattern in ACHD patients in states

with or without medicaid expansion

Due to the geographical location of our center, approximately 65% of

our ACHD population resided in states without Medicaid expansion, such

as Missouri, whereas 35% lived in states with Medicaid expansion, such

as Illinois (Figure 3). Compared to ACHD patients from non-Medicaid

expansion states, a higher proportion of those from states with Medicaid

expansion used Medicaid as primary coverage (15.6% vs 10.6%,

P5 .045) and a lower proportion used HMO as primary coverage (24.5%

vs 31.7%, P5 .036 [Figure 4]). None of the ACHD patients from Medic-

aid expansion states were self-pay (0% vs 3.3%, P< .001 [Figure 4]).

3.6 | Demographic and socioeconomic characteristics

influence insurance

We next performed multivariable regression analysis in the age-

matched cohorts to identify factors that influence insurance patterns.

After adjusting for age, median income, and residence in Medicaid

expansion states, ACHD status was independently associated with

lower odds of having HMO and Medicaid, as well as increased odds of

having PPO and Medicare (Table 4). These findings are concordant

TABLE 1 Patient demographics before age-matching

Characteristic Total (N518024) Non-ACHD (N517153) ACHD (N5871) P value

Age (yr, mean6 SD) 62.6616.3 63.8615.4 38.5614.2 < .001

Age�26, No. (%) 17470 (96.9%) 16778 (97.8%) 692 (79.4%) < .001

ACHD complexity, no. (%)

High 222 (25.5%) n/a 222 (25.5%)
Moderate 428 (49.1%) n/a 428 (49.1%)
Low 221 (25.4%) n/a 221 (25.4%)

Median income (min, max) 51 435 (12 917, 169 547) 51 435 (12 917, 169 547) 51 060 (13 283, 153 190) .53

TABLE 2 Patient characteristics among matched cohorts

Characteristic Total (N5 1610) Non-ACHD (N5805) ACHD (N5805) P value

Age (yr, mean6 SD) 39.5614.3 39.5614.3 39.5614.3 n/a

Age�26, No. (%) 1314 (81.6%) 657 (81.6%) 657 (81.6%) n/a

ACHD complexity, no. (%)

High 195 (24.2%) n/a 195 (24.2%)
Moderate 403 (50.1%) n/a 403 (50.1%)
Low 207 (25.7%) n/a 207 (25.7%)

Median income, (min, max) 50 588 (13 283, 153 190) 50 532 (13 283, 153 190) 51 080 (13 283, 153 190) .19

Residence in Medicaid
expansion states, No. (%)

562 (34.9%) 268 (33.3%) 294 (36.5%) .18
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with the unadjusted analyses presented above, indicating that ACHD

status is an independent determinant of insurance type. Increasing age

was independently associated with lower odds of having HMO, PPO

and Medicaid, as well as increased odds of having Medicare. Increasing

income was independently associated with increased odds of having

HMO and PPO, as well as reduced odds of having Medicare, Medicaid,

and self-pay. Residence in a Medicaid expansion state was independ-

ently associated with increased odds of having PPO, as well as lower

odds of having HMO and self-pay (Table 4).

4 | DISCUSSION

We assessed patterns of insurance coverage in patients with ACHD.

We found that almost all ACHD patients have insurance coverage and

that very few self-pay. Compared to an age-matched non-ACHD

cohort, ACHD patients have more PPO and Medicare coverage, as well

as less HMO and Medicaid coverage. No difference was found in pri-

vate insurance, public insurance, or self-pay. Lesion complexity was not

found to affect access to insurance in ACHD patients. The private

insurance coverage in ACHD patients cannot be explained by eligibility

for coverage as dependents under their parental plans. Residence in

states with Medicaid expansion affects insurance coverage in ACHD

patients, such that no ACHD patients from Medicaid expansion states

were self-pay. Multivariable regression analysis revealed ACHD status,

age, income, and residence in states with Medicaid expansion were

independent determinants of most insurance types.

To the best of our knowledge, this study is the first to systemically

investigate insurance patterns in ACHD patients and directly compare

FIGURE 1 Proportion insured among age-matched cohorts. Bar graphs indicate percentages of patients with different types of primary
insurance as indicated. **P5 .003–.006. *P5 .012. ACHD, adults with congenital heart disease. Abbreviations: HMO, health maintenance
organization. PPO, preferred provider organization

TABLE 3 Proportion insured among matched cohorts

Characteristic Total (N51610) Non-ACHD (N5805)a ACHD (N5805)a P value

HMO, No. (%) 513 (31.9%) 279 (34.7%) 234 (29.1%) .012

PPO, No. (%) 498 (30.9%) 221 (27.5%) 277 (34.4%) .003

Medicare, no. (%) 333 (20.7%) 146 (18.1%) 187 (23.2%) .005

Medicaid, no. (%) 239 (14.8%) 139 (17.3%) 100 (12.4%) .006

Self-pay, no. (%) 46 (2.9%) 29 (3.6%) 17 (2.1%) .07

Other, no. (%) 8 (0.5%) 5 (0.6%) 3 (0.4%) .48

aA small proportion of patients have more than 1 primary insurance type during multiple visits.

LIN ET AL. | 387



FIGURE 2 Proportion insured by age<26 vs�26. Bar graphs indicate percentages of patients with different types of primary insurance
among ACHD patients with age below 26 years versus those 26 years and above. **P< .001. Abbreviations: HMO, health maintenance

organization. PPO, preferred provider organization

FIGURE 3 Geographical distribution of ACHD patients in age-matched cohort. A map of the United States showing state of residence of
ACHD patients in the matched cohort. Abbreviations: ACHD, adults with congenital heart disease
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them with those in non-ACHD patients in the ACA era. The strength

of this study is the inclusion of contemporary and representative

ACHD populations, as well as the direct comparison with an age-

matched non-ACHD cardiology patient cohort. We included a major

urban academic teaching hospital as well as a suburban clinic staffed by

the same cardiology group. The geographical location of our center

allowed us to investigate insurance profiles in states with and without

Medicaid expansion.

Health insurance is critical for access to medical care. ACHD

patients may face distinct challenges in daily life, such as educational

FIGURE 4 Proportion insured by Medicaid expansion state. Bar graphs indicate percentages of patients with different types of primary
insurance among ACHD patients residing in states with Medicaid expansion or those without. **P< .001; *P< .05. Abbreviations: HMO,
health maintenance organization. PPO, preferred provider organization

TABLE 4 Logistic regression model

Type of insurance Variable Odds ratio 95% CI Pvalue

HMO ACHD 0.76 (0.62, 0.94) .010

Age (per 5-year increase) 0.91 (0.87, 0.94) <.001
Median income (per $10 000 increase) 1.17 (1.11, 1.23) <.001
Medicaid expansion state 0.73 (0.59, 0.91) .006

PPO ACHD 1.35 (1.09, 1.68) .006

Age (per 5-year increase) 0.92 (0.89, 0.96) <.001
Median income (per $10 000 increase) 1.14 (1.09, 1.20) <.001
Medicaid expansion state 1.48 (1.19, 1.84) <.001

Medicare ACHD 1.48 (1.15, 1.90) .003

Age (per 5-year increase) 1.37 (1.31, 1.44) <.001
Median income (per $10 000 increase) 0.91 (0.85, 0.97) .003
Medicaid expansion state 0.99 (0.75, 1.31) .96

Medicaid ACHD 0.69 (0.52, 0.93) .013

Age (per 5-year increase) 0.85 (0.80, 0.90) <.001
Median income (per $10 000 increase) 0.56 (0.50, 0.64) <.001
Medicaid expansion state 1.29 (0.95, 1.74) .10

Self-pay ACHD 0.67 (0.36, 1.24) .20

Age (per 5-year increase) 0.97 (0.87, 1.08) .54
Median income (per $10 000 increase) 0.77 (0.64, 0.93) .006
Medicaid expansion state 0.09 (0.02, 0.36) <.001
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achievement, employment,7 and personal relationships, despite having

a healthier lifestyle.11 Their reduced participation in the workforce may

negatively impact insurance coverage.7 Studies from the 1990s indi-

cated that up to 20% of ACHD patients were uninsured, and those

with insurance had more costly individual plans rather than group poli-

cies.5 Other studies suggest ACHD patients are significantly more likely

to encounter difficulty acquiring insurance irrespective of lesion sever-

ity.12 Therefore, it is plausible that ACHD patients have reduced insur-

ance coverage, hence access to medical care, compared to the general

population. In this study, we used a contemporary database in the ACA

era to address these preconceptions. We found that, in the age-

matched cohort, 63% of ACHD patients have private insurance, while

another 35.5% have public insurance as primary coverage. Only 2.1%

of ACHD patients self-pay. These findings are in sharp contrast to the

20% uninsured rate reported in the 1990s.13 A recent study described

70% private insurance and 26% public insurance rates in ACHD

patients in the United States.14 This single-center, survey-based study

excluded patients previously seen by other ACHD specialists and those

who could not complete questionnaires. It reported a higher public

insurance rate compared to the national average.14 Compared to this

study, our inclusion of all ACHD and non-ACHD cardiology patients

increased sample size by more than 10-fold, reduced potential biases

associated with questionnaires,15 and provided direct comparison to a

representative, comparable, and age-matched non-ACHD cardiology

patient cohort. The age-matched non-ACHD cohort, with 547 (68%)

patients having diagnoses requiring longitudinal cardiology care (eg,

status post heart transplant, cardiomyopathy, presence of defibrillator/

pacemaker, status post valve replacement, stable ischemic heart dis-

ease, etc), represents a mix fairly similar to the ACHD population in

terms of complexity and acuity, hence a reasonable comparator popula-

tion. Comparing ACHD with non-ACHD patients, no difference could

be found in the proportion of private insurance, public insurance, and

self-pay. Therefore, our study provides strong evidence to refute the

notion that ACHD patients are underinsured compared to the non-

ACHD population.

Socioeconomic and demographic factors may impact individual

options and choices for insurance and healthcare access.16 We did not

find a difference in economic status, assessed by residential ZIP code

as a surrogate, between ACHD and non-ACHD patients. Our finding is

in contrast to a recent study that demonstrated lower income in ACHD

patients compared to the national median household income.14

Although our use of age-matched cohorts avoids age-related bias in

income, our use of ZIP code median income, rather than individual-

level income data, may account for the lack of difference in income

between ACHD and non-ACHD patients in our study.

The private insurance coverage in ACHD patients cannot be

explained by eligibility for coverage as dependents under their parental

plans. Under the ACA, patients may stay under parents’ employment-

based private insurance plans until the age of 26. In ACHD patients 26

years of age or older, there was no significant difference in private

insurance coverage compared to those below the age of 26. Further-

more, ACHD complexity did not impact insurance coverage, regardless

of eligibility for coverage on parental plans. Although we do not have

individual-level employment information, our finding implies that sub-

sets of ACHD patients of different severity may have similar employ-

ability that drives their insurability.

In the United States, patients may be eligible for Medicare if over

age 65 or permanently disabled. Medicaid eligibility varies across states

but in general it is obtained when there is lower-than-threshold

income. In the age-matched cohort there were more ACHD patients,

compared to non-ACHD patients, with Medicare coverage. Among

ACHD patients, a higher percentage of Medicare coverage was

observed in those 26 years of age or above, compared to those below

26. It is possible that ACHD status is associated with increased likeli-

hood of being disabled (and hence Medicare eligible), with increasing

age. Among the 605 pairs of patients between 26 and 64 years of age,

129 (21.3%) ACHD patients and 91 (15%) non-ACHD patients used

Medicare as primary insurance, most likely due to disability. By con-

trast, there were fewer ACHD patients with Medicaid compared to

non-ACHD patients. In ACHD patients, those age 26 or above were

less likely to have Medicaid primary coverage compared to those below

age 26. It is possible that some ACHD patients who qualified for Med-

icaid also qualified for Medicare and preferentially choose the latter,

but validation of this hypothesis requires additional studies.

The ACA enacted Medicaid expansion, but individual states may

choose whether or not to participate.9 Our medical center is located in

a state without Medicaid expansion (Missouri) and is geographically

close to one with Medicaid expansion (Illinois). Our dataset thus pro-

vides an opportunity to examine the effects of Medicaid expansion

with regard to insurance coverage in ACHD patients. We found that a

higher proportion of ACHD patients from states with Medicaid expan-

sion have Medicaid coverage. By contrast, they have less HMO as pri-

mary coverage. Importantly, in our sample no patients from Medicaid

expansion states are self-pay. This finding suggests that expanded

Medicaid coverage increased insurance access to ACHD patients, con-

sistent with a recent Department of Health and Human Services report

that indicated Medicaid expansion reduced uninsured adults in the

United States.17 Furthermore, ACA regulations prevent insurers from

refusing coverage to patients with preexisting conditions, including

congenital heart diseases,10 which may help increase insurance cover-

age for ACHD patients. Together, our findings indicate that govern-

mental policy has substantial effects on individual-level choice and

access to insurance.

There are several important limitations to this study. The single-

center and retrospective nature of the study rendered it susceptible to

bias due to patient self-selection. There may be other confounding varia-

bles not included in our analysis that may affect comparisons between

ACHD and non-ACHD patients. Our use of primary payer as dependent

variable does not capture patients’ secondary co-insurance. The propor-

tion of ACHD patients unable or unwilling to be seen in our clinics is

unknown. It is possible that some ACHD patients are not captured in this

study due to lack of insurance, leading to underestimation of the true

uninsured rate. However, as our center has the only Adult Congenital

Heart Association (ACHA) ACHD-accredited comprehensive care center

and the largest safety-net hospital system in the St. Louis metropolitan

area, we believe it is unlikely that there are a large number of uninsured

390 | LIN ET AL.



patients who obtain their care elsewhere in the region. In this patient

population, there is heavy representation from the St. Louis metropolitan

area, Missouri, and the Midwest. Different Medicare and Medicaid poli-

cies in other states and regions of the country may limit the generalizabil-

ity of the conclusions drawn from this study.

In conclusion, we report in a large, contemporary ACHD cohort

that ACHD patients have comparable insurance coverage to non-ACHD

cardiology patients in the Affordable Care Act era. The high rates of

insurance coverage in ACHD patients cannot be explained by coverage

as dependents under their parental plans. Residence in states with Med-

icaid expansion favorably affects insurance coverage in ACHD patients.
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