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geography have been associated with differential

outcomes in congenital heart disease death. In
patients with hypoplastic left heart syndrome (HLHS),
lower SES has been associated with increased compli-
cations and lower 1-year survival.'

No previous study has examined how sociode-
mographics affect neonatal death among prenatally
diagnosed patients with HLHS. The study goal was to
investigate infants with a prenatal diagnosis of HLHS
to understand associations between maternal sociode-
mographics and patient characteristics and hospital dis-
charge mortality.

The data that support the findings of this study are
available from the corresponding author on reasonable
request.

Race and ethnicity, socioeconomic status (SES), and

STUDY DESIGN

Data from the Fetal Heart Society Research Collabora-
tive multicenter retrospective cohort study were used to
identify relationships between sociodemographics and

newborn hospital mortality among those prenatally diag-
nosed with HLHS among 19 sites in the United States.?
This study was approved by an institutional review com-
mittee. Participant consent was not needed, as the study
was from a retrospective deidentified cohort.

STUDY POPULATION

Fetuses and infants <2 months of age with a prena-
tal diagnosis of HLHS from January 2012 to Decem-
ber 2016 were included. Classic variants of HLHS and
double-outlet right ventricle with mitral atresia were in-
cluded. Cardiac diagnoses were confirmed postnatally
or during autopsy.

STUDY VARIABLES

Primary independent variables were maternal race and
ethnicity, insurance, and neighborhood factors, including:
(1) SES (from maternal census tract, as described previ-
ously®); (2) neighborhood poverty level >20%, race and
ethnicity distribution, and rural residence; and (3) driving
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Nonstandard Abbreviations and Acronyms

HLHS hypoplastic left heart syndrome
SES socioeconomic status

distance and time to cardiac surgical center. Maternal
variables (age at delivery and primary language) and in-
fant characteristics known to be associated with worse
HLHS outcomes (gestational age at birth, birth weight
<2.bkg, restrictive or intact atrial septum, extracardiac
birth defects, and any genetic conditions) were treated
as covariates. Earliest insurance type was recorded from
the fetal or neonatal record. The primary outcome vari-
able was death before newborn hospital discharge. Ter-
mination of pregnancy was a secondary outcome.

STATISTICAL ANALYSIS

For the primary analysis, associations between maternal
sociodemographics and infant characteristics and hos-
pital discharge mortality were evaluated using logistic
regression. For this analysis, those with termination, fe-
tal demise, comfort care, and unknown outcome were
excluded. Multiple multivariable models were created,
accounting for clustering by site using generalized es-
timating equations. Causal mediation analysis was con-
ducted to estimate direct and indirect effects in the fully
adjusted models (CAUSALMED procedure). Secondary
logistic regression analyses were conducted for associa-
tions between maternal sociodemographics and preg-
nancy termination. Analyses used SAS version 9.4 (SAS

Sociodemographics and Neonatal Cardiac Mortality

Institute Inc, Cary, NC); a value of P=0.05 was statisti-
cally significant.

A total of 952 fetuses were identified, with 46.4%
(n=369) diagnosed at >24 weeks of gestation. Ninety-
five (9.9%) died before birth due to miscarriage or intra-
uterine fetal demise (n=20), pregnancy termination
(n=74), or unknown causes (n=1). Among those diag-
nosed at <24 weeks, the termination of pregnancy rate
was 17.3%, and individuals with high SES and private
insurance had higher percentages of termination com-
pared with those with low SES (n=58 [13.2%)] versus 16
[3.6%)]; A<0.0001) and public insurance (n=50 [12.4%]
versus 9 [2.8%]; A<0.0001). After the exclusion of these
and cases with unknown pregnancy outcome (n=46),811
live-born infants with HLHS underwent outcome analyses.

In multivariable analyses, prematurity, genetic disorder,
restrictive atrial septum, presence of extracardiac birth
defects, and maternal Black race were associated with
higher death (Table). No association between geography,
SES, or low birth weight and mortality was noted. Clus-
tering by site had no impact on findings. In a mediation
analysis for the effect of Black race on death before hos-
pital discharge, only 4% of deaths were explained by low
birth weight, 3.2% by preterm birth, and 9.2% by neigh-
borhood SES.

Our study demonstrated that although SES is associ-
ated with termination of pregnancy, SES and geography
were not associated with hospital discharge mortality
among liveborn infants. Prematurity and presence of a
genetic disorder or a restrictive atrial septum were asso-
ciated with mortality. Geography may not be significantly
associated, as risks contributing to short-term mortal-
ity (distance to a cardiac care center, late presentation

Table. Unadjusted and Adjusted Associations Between SES and Mortality by Logistic Regression

Death before discharge

Variables in model

Unadjusted

Model 1

Model 2

Model 3

Model 4

OR (95% CI)

aOR (95% CI)

aOR (95% CI)

aOR (95% ClI)

aOR (95% CI)

Low SES

1.45 (1.03-2.05)*

1.24 (0.83-1.88)

1.24 (0.83-1.86)

1.22 (0.81-1.84)

1.20 (0.76-1.89)

Maternal race and ethnicity

White, non-Hispanic Ref Ref Ref Ref

Black, non-Hispanic 1.74 (1.01-3.00)* | 1.77 (1.04-3.03)* | 1.80 (1.04-3.10)* | 1.76 (0.97-3.19)
Hispanic/Latino 1.16 (0.68-1.99) | 1.09 (0.64-1.86) | 1.17 (0.68-2.00) 1.25 (0.70-2.24)
Asian 1.63 (0.51-5.19) 1.76 (0.55-5.60) 1.77 (0.56-5.65) 1.29 (0.35-4.73)
Native American/Alaskan/Pacific Islander 2.44 (0.57-10.43) | 3.56 (0.94-13.46) | 2.59 (0.61-11.08) | 1.03 (0.12-9.01)

Low birth weight

1.51 (0.90-2.53)

1.18 (0.66-2.12)

1.563 (0.84-2.79)

Preterm birth 1.91 (1.16-3.16)* | 1.76 (0.99-3.14) 1.65 (0.89-3.01)
Restrictive atrial septum 2.59 (1.58-4.37)* | 2.67 (1.60-4.46)* | 2.64 (1.56-4.48)* | ...t

Extracardiac birth defect 3.57 (2.10-6.10)* | 3.14 (1.86-5.29)* | 3.40 (1.98-5.83)* | 2.92 (1.63-5.23)*
Any genetic defect 1.81 (0.81-4.07) 2.01 (0.90-4.47) 1.90 (0.85-4.29) 2.38 (1.01-5.63)*
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aOR indicates adjusted odds ratio; OR, odds ratio; Ref, referent; and SES, socioeconomic status.

*Pvalue <0.05.

tPatients with restrictive atrial septum excluded.
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due to lack of prenatal diagnosis, etc) are mitigated and
largely “controlled” for with the patient being born at or
near a tertiary cardiac care center. Perhaps most alarm-
ing was the finding that risk of death was 1.8x higher in
Black compared with White infants, as well as mediation
analyses demonstrating that the majority of the associa-
tion (>809%) was due to unexplained or unmeasured fac-
tors or potentially structural racism described in previous
studies of Black neonates.* This is particularly concern-
ing, as congenital heart disease studies have found that
rates of mortality remain highest in Black patients com-
pared with patients of other races and ethnicities from
birth until at least 35 years of age.®

Limitations of the study include its retrospective
design, the inability to completely control for center char-
acteristics or to determine maternal health during preg-
nancy, and limited assessment of the social determinants
of health potentially driving demonstrated disparities in
birth outcomes. Nonetheless, our study represents a
large cohort of prenatally diagnosed patients with HLHS
and factors associated with mortality. Future work is
needed to identify modifiable factors that may contribute
to worse outcomes in Black infants with HLHS to elimi-
nate these disparities.

ARTICLE INFORMATION

Affiliations

Department of Cardiology, Division of Cardiology, Baylor College of Medicine
and Texas Children’s Hospital, Houston, TX (KN.L, SAM.). Children's National
Heart Institute, Washington, DC (AK, RS, M.T.D.). Department of Obstetrics, Gy-
necology, and Reproductive Sciences, University of California San Diego, La Jolla
(M.B.J.). Division of Cardiology, University of Washington, Seattle (A.H.B.). Division
of Cardiology, Columbia University, New York, NY (A.C.). Division of Cardiology,
Johns Hopkins University, Baltimore, MD (J.S.C, SK)). Division of Cardiology, De-
partment of Pediatrics, Massachusetts General Hospital, Boston (J.S.C.). Division
of Cardiology, The Heart Institute, Children’s Hospital of Colorado/University of
Colorado, Aurora (B.F.C,, L.H.). Johns Hopkins University All Children’s Hospital,
St. Petersburg, FL (G.F). Division of Cardiology, Department of Pediatrics, Univer-
sity of Alberta, EDM, Canada (LK.H., AM.). Division of Cardiology, The Children’s
Heart Clinic/Children’s Minnesota, Minneapolis (L.H.). Division of Cardiology, Ann
and Robert H. Lurie Children’s Hospital of Chicago, IL (N.H.). Division of Cardiolo-
gy, UT Southwestern Medical Center, Dallas, TX (C.I, KW.). Thomas P. Graham Jr
Division of Pediatric Cardiology, Monroe Carell Children’s Hospital, Nashville, TN
(AK.-M.). Division of Cardiology, University of Nebraska Medical Center, Omaha
(SK.). Department of Pediatrics, Washington University School of Medicine, St.
Louis, MO (C.L.). Emory University School of Medicine, Children’s Healthcare of
Atlanta/Sibley Heart Center, GA (E.C.M.). Division of Pediatric Cardiology, Uni-
versity of Utah, Salt Lake City (N.M.P). Division of Cardiology, Boston Children’s
Hospital, MA (R.S, W.T.). Albert Einstein College of Medicine, Children’s Hospital
at Montefiore, Bronx, NY (KW.D.S.). Icahn School of Medicine at Mount Sinai,
Children’s Heart Center, New York, NY (KW.D.S.). Medical College of South Caro-
lina, Charleston (C.T.). Division of Cardiology, University of Toronto, ON, Canada
(V.T). Division of Cardiology, Children’s Hospital of Philadelphia, PA (C.W.W.). Divi-
sion of Cardiology, Cook Children’s Heart Center, Fort Worth, TX (K.W.). Division
of Cardiology, University of California, San Francisco (S.P).

Circulation. 2023;148:283-285. DOI: 10.1161/CIRCULATIONAHA.123.064476

Sociodemographics and Neonatal Cardiac Mortality

Acknowledgments

This publication was developed with support from the Fetal Heart Society spon-
soring institutions, including the Children’s National Hospital, University of Cali-
fornia, San Francisco Benioff, Children’s Hospital, The Hospital for Sick Children,
The University of Utah School of Medicine/Intermountain Primary Children’s Hos-
pital, Lucile Salter Packard Children’s Hospital at Stanford University, Texas Chil-
dren’s Hospital, Columbia University Irving Medical, Center, Phoenix Children’s
Hospital, Children’'s Minnesota, University Hospitals Rainbow Babies & Children’s
Hospital, Children’s Healthcare of Atlanta, Mount Sinai Hospital, Children’s Health
System of Texas (Dallas), Ann and Robert H. Lurie Children's Hospital of Chicago,
Nemours Children’s Hospital & Foundation, Cincinnati Children’s Hospital Medi-
cal Center/UK Health Care Kentucky Children’s Hospital, Arkansas Children’s
Hospital, The Children’s Mercy Hospital (Kansas), The Heart Institute at UPMC
Children's Hospital of Pittsburgh, Inova Health Care Services, Seattle Children’s
Hospital, Nationwide Children’s Hospital, University of Virginia Children’s Hospital,
University of California Davis Medical Center, Duke University, Monroe Carell Jr
Children's Hospital at Vanderbilt, OSF Healthcare—Children’s Hospital of lllinois,
Johns Hopkins All Children’s, Fairview Health Services, Children’s Hospital &
Medical Center Omaha, Washington University School of Medicine, and Cleveland
Clinic Children’s Hospital. Without their contributions, the evolution of the Fetal
Heart Society and this and ongoing research would not be possible.

Sources of Funding

This work was supported by grant K23 HL127164 (principal investigator, Dr
Lopez) from the National Institutes of Health/National Heart, Lung, and Blood
Institute and by the National Institute on Minority Health Disparities under award
P20MD000198. The content is solely the responsibility of the authors and does
not necessarily represent the official views of the National Institutes of Health.
Funded by the National Institutes of Health.

Disclosures
None.

APPENDIX

Collaborators, Mary Craft, Heather Gramse, Anita Moon-Grady, MD, Wes Lee,
MD, Dawn Park, Alysia Wiener, MD.

REFERENCES

1. Bucholz EM, Sleeper LA, Goldberg CS, Pasquali SK, Anderson BR, Gaynor
JW, Cnota JF, Newburger JW. Socioeconomic status and long-term out-
comes in single ventricle heart disease. Pediatrics. 2020;146:¢20201240.
doi: 10.1542/peds.2020-1240

2. Krishnan A, Jacobs MB, Morris SA, Peyvandi S, Bhat AH, Chelliah A,
Chiu JS, Cuneo BF, Freire G, Hornberger LK, et al; Fetal Heart Soci-
ety. Impact of socioeconomic status, race and ethnicity, and geography
on prenatal detection of hypoplastic left heart syndrome and trans-
position of the great arteries. Circulation. 2021;143:2049-2060. doi:
10.1161/CIRCULATIONAHA.120.0563062

3. Diez Roux AV, Merkin SS, Arnett D, Chambless L, Massing M, Nieto FJ,
Sorlie P, Szklo M, Tyroler HA, Watson RL. Neighborhood of residence and
incidence of coronary heart disease. N Engl J Med. 2001;345:99-106. doi:
10.1056/NEJM200107123450205

4. Karvonen KL, McKenzie-Sampson S, Baer RJ, Jelliffe-Pawlowski L, Rogers
EE, Pantell MS, Chambers BD. Structural racism is associated with adverse
postnatal outcomes among Black preterm infants. Pediatr Res. 2022;28:1—
7. doi: 10.1038/541390-022-02445-6

5. Lopez KN, Morris SA, Sexson Tejtel SK, Espaillat A, Salemi JL. US mortal-
ity attributable to congenital heart disease across the lifespan from 1999
through 2017 exposes persistent racial/ethnic disparities. Circulation.
2020;142:1132-1147. doi: 10.1161/CIRCULATIONAHA.120.046822

July 18,2023 285

()
(—)
=
==
m
(7]
-}
(—)
_
=
m
=
()
m




