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Abstract

Background—Studies of outcomes among adults with congenital heart defects (CHDs) have 

focused on those receiving cardiac care, limiting generalizability. The Congenital Heart Survey 

To Recognize Outcomes, Needs, and well-beinG (CH STRONG) will assess comorbidities, health 

care utilization, quality of life, and social and educational outcomes from a US population-based 

sample of young adults living with CHD.

Methods—Individuals with CHD born between 1980 and 1997 were identified using active, 

population-based birth defects surveillance systems from 3 US locations (Arkansas [AR]; 

Arizona [AZ]; and Atlanta, Georgia [GA]) linked to death records. Individuals with current 
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contact information responded to mailed survey materials during 2016 to 2019. Respondents and 

nonrespondents were compared using χ2 tests.

Results—Sites obtained contact information for 74.6% of the 9,312 eligible individuals alive 

at recruitment. Of those, 1,656 returned surveys, either online (18.1%) or via paper (81.9%), for 

a response rate of 23.9% (AR: 18.3%; AZ: 30.7%; Atlanta, GA: 28.0%; P value < .01). For 

20.0% of respondents, a proxy completed the survey, with 63.9% reporting that the individual with 

CHD was mentally unable. Among respondents and nonrespondents, respectively, sex (female: 

54.0% and 47.3%), maternal race/ethnicity (non-Hispanic white: 74.3% and 63.0%), CHD severity 

(severe: 33.8% and 27.9%), and noncardiac congenital anomalies (34.8% and 38.9%) differed 

significantly (P value < .01); birth year (1991–1997: 56.0% and 57.5%) and presence of Down 

syndrome (9.2% and 8.9%) did not differ.

Conclusions—CH STRONG will provide the first multisite, population-based findings on long-

term outcomes among the growing population of US adults with CHD.

Congenital heart defects (CHDs) are the most common type of structural birth defects, 

affecting approximately 1% of all births in the United States.1 As a result of cumulative 

advances in medical and surgical management, survival of those born with CHD has 

improved markedly, with 85% expected to survive to adulthood.2–7 Based on data from 

2010, there are >2.4 million persons with CHD in the United States, more than half of 

whom are adults.3 Although much is known about the long-term survival and mortality 

of individuals with CHD in the United States,8 less is known about other long-term 

outcomes, such as health care utilization, chronic conditions, quality of life, and educational 

attainment.9

The lack of a national population-based, longitudinal surveillance system of all adults with 

CHD in the United States hinders the ability to investigate long-term outcomes in this 

population. Current and prior projects conducted to investigate such questions have focused 

on adults receiving care, often at specialized adult CHD (ACHD) centers,10–15 or linking 

existing clinical databases and identifying individuals through CHD-related International 
Classification of Diseases, Ninth Revision, Clinical Modification, codes.16 However, those 

approaches likely do not capture half of individuals with CHD who are lost to cardiac 

follow-up throughout childhood and adolescence or the approximately 6 of 10 adults with 

CHD who do not receive cardiac follow-up in adulthood.17

Although no US surveillance system exists to provide long-term outcome data among adults 

with CHD in and out of care, the childhood cancer community has a model to study similar 

concerns in survivors of childhood cancer. In the Childhood Cancer Survivor Study (CCSS), 

begun in 1994 and still ongoing, clinicians and researchers surveyed survivors of childhood 

cancer and their siblings to determine the effects of childhood cancer on long-term outcomes 

and to identify factors that improved those outcomes.18,19 With the CCSS as a model, the 

Centers for Disease Control and Prevention (CDC) and the March of Dimes embarked 

on a similar project for adults living with CHD: Congenital Heart Survey To Recognize 

Outcomes, Needs, and well-beinG (CH STRONG). Using population-based birth defect 

surveillance systems from 3 US locations, the project aimed to survey young adults with 

CHD about their health care utilization, quality of life, and educational and social outcomes. 
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These cross-sectional findings, in turn, can help individuals living with CHD and their 

families understand the potential long-term expectations and may also inform clinicians, 

public health professionals, and policymakers about the needs of adults living with CHD. In 

this article, we describe the methods for the design, implementation, and analysis phases of 

this project and provide some preliminary results.

Materials and methods

Individuals recruited for CH STRONG were identified through population-based birth 

defects surveillance systems with active case-finding methods in Arizona (AZ); Arkansas 

(AR); and Atlanta, Georgia (GA). All 3 sites code birth defects using a 6-digit CDC-

modified version of the British Paediatric Association (BPA) codes which provide more 

specificity for birth defects than the International Classification of Disease, Ninth Revision, 
Clinical Modification, hereafter referred to as CDC/BPA codes. Inclusion codes for CH 

STRONG were within the range of 745.000–747.9XX, excluding patent foramen ovale 

(PFO) and some nonspecific codes (Appendix 1). Because of the active case ascertainment 

with medical record review at each site and use of 6-digit CDC/BPA codes, atrial septal 

defects could be differentiated from PFOs. Individuals with PFOs were not recruited for CH 

STRONG. Each site had to identify at least 2,500 children born in their catchment area in 

a 10-year period between January 1, 1980, and December 31, 1997, with 1 or more eligible 

CHD CDC/BPA codes. A brief description of each surveillance system is provided below.

The Arizona Birth Defects Monitoring Program (ABDMP), established in 1986, includes 

data on individuals with a structural, genetic, or biochemical birth defect or other specified 

birth outcome that can adversely affect an infant’s health and development. The ABDMP 

includes only individuals diagnosed in the first year of life whose mothers were AZ residents 

at time of delivery. After deduplication of cases from multiple data sources, the ABDMP 

staff reviewed medical records to validate cases and abstract information. Individuals from 

ABDMP included in CH STRONG were born between January 1, 1986, and December 31, 

1997. More information about ABDMP is located at http://www.azdhs.gov/preparedness/

public-health-statistics/birth-defects-monitoring/index.php.

The Arkansas Reproductive Health Monitoring System (ARHMS), founded in 1980, uses 

population-based active surveillance to monitor birth defects diagnosed prenatally and 

before 2 years of age in children whose mothers were AR residents at time of delivery. 

Trained staff abstracted information about the child’s birth defect from medical records in 

more than 43 birth facilities across the state, including the state’s only pediatric hospital 

and high-risk obstetric hospital. Individuals identified through ARHMS and included in CH 

STRONG were born between January 1, 1980, and December 31, 1997. More information 

about ARHMS is located at https://www.archildrens.org/research/research-programs-and-

centers/arkansas-reproductive-health-monitoring-system/arhms.

Begun in 1968, the Metropolitan Atlanta Congenital Defects Program (MACDP) captured 

information on children whose major birth defect was diagnosed before the child’s sixth 

birthday and whose mother resided in 1 of 5 metropolitan Atlanta counties at delivery as 

determined by the mother’s medical record or vital records.20 Trained abstractors visited 
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hospitals across the 5 counties to find information on infants with birth defects that met the 

MACDP case definition. Clinicians then reviewed the information for accuracy. Individuals 

from MACDP (hereafter referred to as individuals from Atlanta, GA) included in CH 

STRONG were born between January 1, 1980, and December 31, 1997. More information 

about MACDP is located at https://www.cdc.gov/ncbddd/birthdefects/macdp.html.

Using probabilistic matching by date of birth, sex, and name, sites linked these individuals to 

their respective state death records through December 31, 2015, to identify those individuals 

who would be presumed to be alive at time of recruitment. Individuals were not eligible for 

CH STRONG if they were incarcerated at time of survey recruitment or could not complete 

the survey in English or Spanish. Another person (eg, caregiver, parent) could complete the 

survey for an individual with a CHD who could not complete the survey themselves (eg, 

physically or mentally unable or unavailable).

Once sites identified CH STRONG-eligible individuals who were presumed alive on January 

1, 2016, they used available information from the surveillance system and vital records 

(name, date of birth, mother’s and father’s names, and address at delivery) to search tracing 

databases (eg, LexisNexis Accurint or Whitepages) to locate current contact information 

for each eligible individual. If current contact information was not available for the person, 

sites sought to obtain contact information from the individual’s mother. In those cases, a 

letter; a child contact information form; and a self-addressed, stamped envelope were sent 

to the mother explaining the project and asking for the eligible individual’s current contact 

information. Each site then attempted to recruit those individuals for whom the mother 

provided current contact information.

The CH STRONG cross-sectional survey (Appendix 2) consisted of 81 questions on type of 

CHD, health care access and use, quality of life, general and reproductive health, education, 

and work history. The survey included 39 questions from US national and state-based 

surveys, including the National Health Interview Survey (NHIS; https://www.cdc.gov/nchs/

nhis/index.htm), National Health and Nutrition Examination Surveys (https://www.cdc.gov/

nchs/nhanes/index.htm), Behavioral Risk Factor Surveillance System (https://www.cdc.gov/

brfss/index.html), and American Community Survey (https://www.census.gov/programs-

surveys/acs/). This will make it possible to compare prevalence estimates from the CH 

STRONG population to a population-based national or state estimate.

Recruitment occurred in phases from October 2016 to December 2018, when eligible 

survey respondents were 19 to 38 years of age. To initiate recruitment, sites sent a letter 

to participants informing them about the survey. Three weeks later, the sites sent participants 

survey materials including a letter explaining the reasons for conducting the survey, a 

passive consent form, the paper survey, a gift card for a national retailer as incentive, 

and a postage-paid envelope to return the completed paper survey to the CDC. The letter 

included in the survey materials additionally provided participants with the Web address to 

the CH STRONG informational Web site (www.chstrong.org) and informed participants of 

the option to complete the survey online by entering their participant ID and passcode. Over 

an additional 4-week period, sites sent 2 reminder postcards and another hardcopy survey, 
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without incentive, if no completed survey was received. When individuals completed the 

survey, online or on paper, the participant received a thank you letter with another gift card.

CDC received all completed surveys. Paper surveys were double-entered into a database 

by separate individuals, and inconsistencies were corrected. Information from the birth 

defects surveillance system (eg, type of CHD and presence of other birth defects, Down 

syndrome diagnosis) and birth certificates (eg, year of birth, maternal race) was linked 

to the survey responses. Investigators also geocoded residence at birth and at time of 

survey completion and linked census information from corresponding time periods to 

survey responses. County-level census information at birth came from the decennial census 

occurring nearest the individual’s birth date (ie, survey responses from individuals born in 

1980–1984 were linked to 1980 census data; births occurring in 1985–1994 were linked 

to 1990 census data21; and births occurring in 1995–1997 were linked to 2000 census 

data). Tract-level information at time of survey completion came from the 2017 American 

Community Survey (https://www.census.gov/programs-surveys/acs/).

We examined total number of eligible CHD cases, vital status at recruitment, whether 

current contact information was found, and response rates overall and compared differences 

by site using χ2 tests. We calculated response rates in 2 ways: (1) among all eligible 

individuals not known to be deceased at recruitment (overall response rate) and (2) 

among all eligible individuals not known to be deceased at recruitment for whom 

current contact information was found (survey response rate). To understand the potential 

magnitude of nonresponse bias, we also compared demographic characteristics of survey 

respondents to nonrespondents. Demographic and health characteristics from the birth 

defects surveillance system and birth certificate included year of birth; sex; maternal 

race/ethnicity; CHD severity; presence of noncardiac congenital anomaly (a co-occurring 

birth defect or chromosomal anomaly, including Down syndrome, falling outside of the 

CDC/BPA 745.000–747.9XX code range); and, specifically, Down syndrome (CDC/BPA 

758.0XX). CHD severity was based on an established algorithm that categorized CHD into 

1 of 5 mutually exclusive hierarchical categories (severe, shunt + valve, shunt, valve, and 

other) and modified by CH STRONG clinicians for use with CDC/BPA codes16 (Appendix 

1). We compared demographic and health characteristics of respondents and nonrespondents 

using χ2 tests. To inform CH STRONG analyses, as well as the research methods of 

future studies on the adult CHD population, we also examined characteristics of survey 

completion: mode of completion (paper or online); person who completed the survey (eg, 

self, parent, spouse); and, if completed by a proxy, the reason the individual with CHD could 

not complete the survey (eg, physically unable, mentally unable, not interested), overall and 

by site using χ2 tests. All analyses were independently conducted and results verified by 2 

analysts.

CH STRONG was funded by the CDC and approved by the Institutional Review Boards at 

the CDC and the University of Arkansas for Medical Sciences. The University of Arizona 

deferred to the CDC Institutional Review Board. The US Office of Management and Budget 

approved CH STRONG data collection activities (OMB number: 0920–1122).
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Results

A total of 11,695 individuals were identified from the 3 birth defects surveillance programs 

who were born alive with CHD that met inclusion criteria (Figure 1). Of those, 20.4% (n 

= 2,383) were deceased (n = 2,376) or incarcerated (n = 7) at time of survey completion. 

Overall, sites found current contact information on 74.6% of individuals (AR: 78.5%, AZ: 

71.0%; Atlanta, GA: 71.1%), all of whom were mailed survey materials. Of those, 1,656 

returned surveys, for a survey response rate of 23.9% (AR: 18.3%; AZ: 30.7%; Atlanta, GA: 

28.0%). Among all 9,312 individuals presumed alive at survey completion, irrespective of 

having current contact information, the overall response rate was 17.8% (AR: 14.4%; AZ: 

21.8%; Atlanta, GA: 19.9%).

A little over a third of respondents were born in AR (38.2%), with equal percentages 

born in AZ (30.9%) and Atlanta, GA (30.9%) (Table I). Most respondents were female 

(54%), born during 1991 and 1997 (56.0%), and non-Hispanic white (74.3%). About one 

third (33.8%) had a severe CHD, but this percentage differed by site (AR: 22.5%, AZ: 

48.0%, GA: 33.6%; Appendix 3). Of respondents, 34.8% and 9.2% had Down syndrome 

specifically. Distributions of sex, maternal race/ethnicity, CHD severity, and presence of 

noncardiac congenital anomalies differed between respondents and nonrespondents (P < .01 

for all). Compared to nonrespondents, respondents tended to be more commonly female, 

non-Hispanic white, with severe CHD, and did not have noncardiac congenital anomalies. 

Of respondents, the most common CHDs were ventricular septal defect, atrial septal defect, 

and pulmonary valve stenosis. However, >15% had more than 1 primary CHD (eg, tetralogy 

of Fallot with atrioventricular canal defect).

Most respondents (81.9%) completed the survey on paper rather than online (Table II), 

although frequencies differed by site (percent completing paper surveys: AZ: 72.5%; AR: 

85.4%; Atlanta, GA: 87.1%; P < .001). Most people completing the survey were the 

individuals with CHD (78.0%), followed by a parent (16.2%), sibling or other family 

member (1.9%), spouse or partner (1.3%), and other individual (0.6%). Survey completion 

by the individual with CHD also differed by site, with 85.5% of respondents in Atlanta, GA, 

completing the survey themselves compared to 74.2% in AR and 75.0% in AZ (P = .002). 

Of those surveys completed by a proxy, the most commonly reported reason that someone 

else completed the survey for the individual with CHD was that the person was mentally 

unable (63.9%).

Discussion

CH STRONG provides the first multisite population-based survey data on long-term 

outcomes among adults with CHD in the United States. With information from >1,650 

adults ages 19 to 38 years of age with CHD from AZ, AR, and metropolitan Atlanta, GA, 

CH STRONG data will be used to examine health care access and barriers to care, quality 

of life, educational and social outcomes, reproductive health, and comorbidities, including 

obesity. Using CH STRONG data, we can examine differences in these outcomes between 

individuals with CHD and national or state populations, as well as differences by site, sex, 

race/ethnicity, and CHD type or severity.
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We found that the large majority of CH STRONG respondents completed the hardcopy 

rather than online survey. This is likely because the hardcopy survey was sent to the 

individual’s home and individuals were not recruited via e-mail. We were able to recruit 

individuals who could not complete the survey themselves, the large majority of whom were 

mentally unable to complete the survey. We also have survey information on a substantial 

number of individuals with noncardiac congenital anomalies, including Down syndrome, 

allowing us to examine differences by these characteristics. Inclusion of adults with CHD 

who could not complete the survey themselves increases the generalizability of the findings 

and provides more accurate estimates for certain outcomes, such as disability and need for 

special education services.

Several prior or existing CHD-focused networks and registries have provided information 

on long-term outcomes among adults with CHD.10–13 They identified individuals with CHD 

who received care, often at a specialized ACHD center, and followed them retrospectively 

or prospectively to examine clinical or patient-reported outcomes, such as stroke and 

physical activity.22,23 Other CHD-focused databases have linked existing data sources, 

such as clinical and surgical data, electronic health records, health care claims data, and 

vital records, to examine health care utilization, and cardiac and noncardiac outcomes 

and survival among individuals with CHD.8,15,16,24 Many of these networks and databases 

are limited to individuals who received cardiac care as adults and/or whose CHD was 

documented in their adult health care records. Although all are based on clinical records 

and/or health care claims data, one is a population-based sample of current health care 

data,16 and another examined long-term survival among all individuals who received cardiac 

surgery as children at specific centers.8

CH STRONG has many advantages over other ACHD databases. First, CH STRONG used 

population-based, active ascertainment birth defects surveillance systems as the source for 

identifying individuals with CHD rather than recruiting via specialized ACHD centers, 

clinical records, or health care claims databases. This strategy will enable the study of 

important questions related to access to care among the entire ACHD population, including 

those who are not receiving specialty care or any type of health care. In addition, using 

active ascertainment birth defects surveillance systems provides accurate information on 

type of CHD diagnosed in infancy and early childhood as well as other clinical information 

at birth, such as gestational age at birth. Based on data from ACHD clinics, 42% of patients 

at their first presentation had over a 3-year gap in cardiac care, lesser severity of disease 

predicted falling out of care, and more than half sought care at an ACHD clinic because 

of new onset of symptoms.25 Therefore, adults seeking cardiac care at ACHD centers or 

elsewhere may have better access to care, more severe defects, symptomatic disease, or 

different health care utilization patterns than adults with CHD not receiving cardiac care at 

ACHD clinics or at all. These differences between adults receiving care for their CHD and 

others may lead to biased results not generalizable to the larger population of individuals 

with CHD. Studies have shown that even those with mild CHD may be impacted by long-

term medical and nonmedical outcomes8,26,27; CH STRONG will provide information on 

those with severe and nonsevere CHD. Secondly, outcomes from CH STRONG are directly 

reported by the patients, or their proxies, instead of identified in health care records or 

claims data. This self-reported approach will allow us to understand outcomes as perceived 
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by patients, as has been done in studies of clinical populations,10 although generalizable to 

those out of cardiac care. Self-reported data also allow us to answer questions related to 

quality of life, undiagnosed depression, and educational and work history, information not 

found in medical records. Finally, many questions included in CH STRONG, such as those 

on comorbidities, quality of life, disability, and health care access, are derived from national 

or state-based population surveys. Therefore, we can compare CH STRONG respondents 

to nationally representative and state-representative samples of young adults to determine 

how individuals with CHD fare relative to their counterparts without CHD. Overall, CH 

STRONG complements multicenter studies based on clinical or health care data16 and will 

help bridge the gap between clinical research and public health surveillance in the United 

States.28

CH STRONG has limitations as well. First, although the selection of the CH STRONG 

population was based on active ascertainment birth defects surveillance systems, the systems 

differed in terms of date the surveillance system was founded (AZ: 1986, AR: 1980, 

GA: 1968) and upper age at case identification (up to age 1 in AZ, age 2 in AR, 

and age 6 in GA). Therefore, the age range and CHD severity of eligible individuals 

differed by site. Access to health care and health outcomes may also differ between sites 

and will be examined in future analyses. Second, although self-reported outcomes have 

the advantages mentioned above, they may limit the validity of certain outcomes. For 

example, the survey asks patients about certain medical comorbidities such as cardiac 

dysrhythmias or diabetes. However, some patients may not be aware of the full extent of 

their medical conditions. Third, without extensive clinical records, CH STRONG is limited 

in its ability to analyze the association of various clinical risk factors, types of surgical 

procedures, or other interventions on long-term outcomes. Although the survey included 

questions on number of surgeries at different ages, self-reported information may not be as 

accurate as clinical registries such as the Society of Thoracic Surgeons database (https://

www.sts.org) or the Pediatric Cardiac Care Consortium registry (https://pcccweb.com). 

Finally, as with any study, selection bias is an important consideration. Fortunately, we 

were able to find current contact information via various tracking and tracing techniques 

for approximately 8 out of 10 eligible individuals, despite having only birth information 

from 19 to 38 years ago. Unfortunately, of those with contact information, less than 1 

out of 4 returned a completed survey. This CH STRONG survey response rate is lower 

than that of the CCSS (81%) or national population-based surveys such as NHIS (70%). 

However, for CCSS, 22% of individuals were <18 years of age at recruitment, >60% could 

be located, and the hospital where treatment occurred sent the survey materials.18,29 For 

NHIS, data were collected by personal household interview (https://www.cdc.gov/nchs/nhis/

about_nhis.htm). Although sites did not receive undeliverable survey materials and postcards 

for any of the 6,943 individuals with current contact information, it is possible that contact 

information was incorrect for a portion of those individuals and the survey response rate 

is therefore underestimated. CH STRONG response rates differed by site, sex, maternal race/

ethnicity, CHD severity, and presence of a noncardiac defect. However, subgroup differences 

between respondents and nonrespondents were approximately 11 percentage points or less, 

and sample sizes for several characteristics will allow us to stratify results to minimize 
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nonresponse bias (eg, by sex). However, it is unknown whether current health status affected 

response rates.

CH STRONG used novel methods to identify a population-based sample of young adults 

with CHD, based on their diagnosis at birth, irrespective of their health care use. Findings 

from CH STRONG will identify differences in health care access and utilization between 

young adults with CHD and nationally representative samples of young adults from the 

general population. We can also use CH STRONG data to examine nonclinical outcomes 

of interest, such as quality of life and social and educational outcomes, overall and by 

state of birth, and compare those to national and state-based estimates. Furthermore, 

among individuals with CHD, CH STRONG will examine how these outcomes vary by 

race/ethnicity, sex, CHD type, and receipt of cardiac care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Identification and recruitment of participants for CH STRONG.
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