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Background: Currently, very few studies on long-term follow up of
health outcomes and health-care utilization of children with inher-
ited metabolic disorders identified through newborn screening are
available. In this project, we analyzed acute care utilization for chil-
dren with inherited metabolic disorders.

Methods: A cohort of children up to 3 years of age who were
born to New York State residents in 2006-2007 with confirmed
inherited metabolic disorders identified through newborn
screening, was linked to hospital discharge records. For children
with multiple acute care encounters (emergency department
visits and/or hospital inpatient stays), rehospitalization intervals
were quantified as days between a discharge date and the next
encounter.

Results: Inherited metabolic disorder-related hospital care
encounters were more frequent for non-Hispanic black chil-
dren, Medicaid recipients, and children of younger mothers. A

INTRODUCTION

Inherited metabolic disorders (IMDs) are genetic conditions
that affect about 1 in 800-5,000 newborns across all disor-
ders.!> IMDs may lead to severe infant morbidity or death if
undetected and untreated within days after birth. Expanded
newborn screening (NBS) has resulted in early identification of
newborns with IMDs.57

Long-term follow-up programs are necessary for children
with inherited conditions identified through NBS programs
to ensure timely and adequate medical care and treatment.®
Currently, very few studies on long-term follow-up of health
outcomes and health-care utilization of children with NBS dis-
orders are available. Studies have shown that information about
long-term outcomes of affected children is critical and valuable
for evaluating the effectiveness of medical treatments and ser-
vices, monitoring health-care utilization of affected individuals,
and estimating the prevalence or incidence of the disease.*"
This study analyzed acute care utilization patterns of children
with IMDs during their first 3 years of life using available
administrative data sources.

majority (~73%) of the children without health insurance had
inherited metabolic disorder-related emergency department vis-
its. Children with private insurance were more likely to have hos-
pital stays. Hospital acute care utilization patterns differed with
respect to inherited metabolic disorder category. Children with
fatty acid oxidation disorder or organic acid disorders required
the most care.

Conclusions: The information collected by the unique population-
based surveillance program about hospital care utilization for the
affected children can be helpful in assessing health outcomes of the
children, identifying at-risk populations, and improving access to
essential medical services for children in need.
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MATERIALS AND METHODS

Data sources

NBS program. The NBS Program, under the direction of the
Wadsworth Center’s Division of Genetics of the New York State
Department of Health (NYSDOH), performs screening tests for
more than 40 disorders among ~250,000 newborns annually.
Each year, about 75-100 infants with IMDs are identified in
NYS." Information collected by the NBS Program includes
child and maternal demographics, screening and confirmatory
tests, and health-care provider’s contact information.

Hospital discharges. Hospital inpatient and emergency
department (ED) discharge data were obtained from the
NYSDOH’s Statewide Planning and Research Cooperative
System (SPARCS). The patient-level discharge records contain
patient information such as date of birth, date of discharges,
medical record numbers, and diagnoses.

The NYSDOH’s institutional review board approved the
study protocol and the project staff signed data-use agreements
prior to handling the data sets.
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Study cohort

Children with confirmed IMDs born in 2006-2007 to state resi-
dents were identified from the NBS database for inclusion in
the study. Children who died during the first 3 years after birth
were excluded. Birth and maternal risk factors were obtained by
matching the study cohort to the birth records maintained by
the NYSDOH. The study cohort was also matched with SPARCS
hospital discharges to obtain information about health-care ser-

vice utilization for children with IMDs for up to 3 years after
birth.

Inherited metabolic disorders

In this study, we grouped the IMDs into four categories: amino
acid, fatty acid oxidation, organic acid, and urea cycle disor-
ders. The individual conditions in each category are shown in
Supplementary Appendix 1. Owing to small numbers of indi-
vidual IMDs, we used the four IMD categories in the analysis.

Data linkage

As described elsewhere,"” owing to lack of common identifiers
between data sources, we used multiple identifying variables
including name, date of birth, and address to conduct data
matching deterministically. To identify correct matches, we
manually examined all potential matches.

Hospital care encounters

Acute care encounters were defined as treat-and-release ED vis-
its or hospital inpatient stays, including admissions through the
ED. ED visits and inpatient information were obtained from the
SPARCS hospital discharge files for children who were matched
to SPARCS data. Children who were not matched to SPARCS
were defined as having no acute health-care encounters. The
acute care encounters were categorized into two groups: IMD-
related encounters and non-IMD related encounters. The
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narrative and International Classification of Diseases, Ninth
Revision codes for these IMD-related encounters/conditions
are listed in Supplementary Appendix 2.

Data analysis

We conducted descriptive analysis using the statistical analysis
system (SAS) software (SAS Institute, Cary, NC). The standard
error of the percentage was calculated using a binomial distri-
bution at a 95% confidence level.

RESULTS

A total of 180 newborns with confirmed IMDs were ascer-
tained through the NYS NBS Program among nearly half a mil-
lion live births to NYS residents during the years 2006-2007.
All 180 newborns were matched to their birth certificates; 148
(82%) were matched to SPARCS hospital discharge files, and
32 (18%) were not. A summary of the study cohort is shown
in Table 1. The study cohort was composed of 54.4% males,
and 52.2% non-Hispanic white, 17.8% non-Hispanic black, and
12.8% Hispanic children. Nearly half (45.0%) of the children
had an organic acid disorder.

Table 2 presents acute care encounter status of the study
cohort by patient characteristics during the first 3 years of life.
Overall, 73 (40.6%) of the children had IMD-related acute care
encounters (including children who had both IMD-related
and non-IMD-related encounters), 75 (41.7%) had only non-
IMD-related acute care encounters, and 32 (17.8%) had no
acute care encounters during their first 3 years of life. We cat-
egorized these 32 children as having “no encounters” because
they were not matched to the hospital discharge files and thus
had no payment (health insurance) information. Children born
to teen mothers were more likely (52.4%) to have IMD-related
encounters compared with children of older mothers. However,
this observed difference was not statistically significant. A

Table 1 Summary of the study cohort by patient characteristics (New York State births 2006-2007 with confirmed IMDs,

n = 180)
Fatty acid oxidation Organic acid
Total births with IMD? Amino acid disorder disorder disorder
Characteristics n %" n %" + % SE¢ n %" + % SE¢ n %" + % SEY
Total 180 100.0 35 19.4+£2.9 61 33.9+3.5 81 45.0+3.7
Sex
Male 98 54.4 18 18.4+3.9 36 36.7+4.9 42 51.9+5.0
Female 82 45.6 17 20.7+4.5 25 30.5+5.1 39 48.1+5.5
Race/ethnicity
Non-Hispanic white 94 52.2 23 245+4.4 30 31.9+4.8 40 49.4+5.2
Non-Hispanic black 32 17.8 15.6+6.4 12 37.5+8.6 15 18.5+6.9
Hispanic 23 12.8 21.7+8.6 5 21.7+8.6 13 16.0+7.7
Other/unknown 31 17.2 6.5+4.4 14 452+8.9 13 16.0+6.6
Maternal age
<20 years 21 1.7 4 19.0+8.6 1 52.4+10.9 5 6.2+5.3
20-34 years 130 72.2 25 19.2+3.5 41 31.5+4.1 62 76.5+£3.7
35+ years 29 16.1 6 20.7+7.5 9 31.0+£8.6 14 17.3+7.0

IMD, inherited metabolic disorder.

?Includes the three urea cycle disorder cases. ®"Column percentage. ‘Row percentage. “Standard error.
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Table 2 Acute care encounters (emergency department visits or hospital inpatient stays) status during the first 3 years of
life by patient characteristics (New York State births 2006-2007 with confirmed inherited metabolic disorders, n = 180)

IMD-related encounters?®

Non-IMD-related
No encounter®

Total encounters

Characteristics patients n % + % SE* n % = % SE* n % + % SE¢
Total 180 73 40.6+3.7 75 41.7+3.7 32 17.8+2.8
Race/ethnicity

Non-Hispanic white 94 37 39.4+5.0 39 41.5+5.1 18 19.1+4.1

Non-Hispanic black 32 15 46.9+8.8 13 40.6+8.7 4 12.5+5.8

Hispanic 23 9 39.1+£10.2 10 43.5+10.3 4 17.4+7.9

Other/unknown 31 12 38.7+8.7 13 41.9+8.9 6 19.4+7.1
Maternal age

<20 years 21 11 52.4+10.9 9 42.9+10.8 1 48+4.6

20-34 years 130 52 40.0+4.3 53 40.8+4.3 25 19.2+3.5

35+ years 29 10 34.5+8.8 13 44.8+9.2 6 20.7+7.5
Payment type

Private insurance 62 25 40.3+6.2 37 59.7+6.2 — —

Medicaid 71 37 52.1+£59 34 47.9+59 — —

Self-pay 3 3 100.0+£0.0 0 0.0+£0.0 — —

Unknown 44 8 18.2+5.8 4 9.1+4.3 32 72.7+6.7
IMD category?

Amino acid disorders 35 13 37.1+8.2 12 34.3+8.0 10 28.6+7.6

Fatty acid oxidation disorders 61 27 44.3+6.4 27 443+6.4 7 11.5+4.1

Organic acid disorders 81 32 39.5+54 35 43.2+5.5 14 17.3+4.2

IMD, inherited metabolic disorder.

?Includes cases with both IMD-related and non-IMD-related encounters. 32 Cases were not found in hospital discharge data (inpatient and outpatient files); thus, no
payment/insurance information was found. <Standard error. “Three cases with urea cycle disorders were excluded because of small numbers.

statistically significant higher percentage of children with
Medicaid had IMD-related encounters (52.1%) compared with
children with private insurance (40.3%). No significant differ-
ence regarding IMD-related or non-IMD-related encounters
was observed for race/ethnicity or IMD categories.

Table 3 presents the acute care encounter type (ED visit or
hospitalization) by patient characteristics for the 73 children
who had IMD-related encounters during their first 3 years of
life. Among these children, 30 (41.1%) had ED visits and 43
(58.9%) had hospital inpatient stays, including those admitted
through the ED and those who had both ED visits and inpatient
stays. A statistically significant higher percentage of Hispanic
children had ED visits (55.6%) compared with non-Hispanic
black children (26.7%). Children with private health insurance
or Medicaid had a statistically significant higher hospitalization
rate (68.0% for private insurance; 62.2% for Medicaid) than chil-
dren without health insurance (including unknowns; 27.3%).
Children without health insurance (including unknowns) had
a statistically significant higher rate of ED visits (72.7%) com-
pared with children with health insurance (32.0% for private
insurance and 37.8% for Medicaid). No statistically significant
difference in the encounter type was found among the three
IMD categories.

Table 4 shows IMD-related acute care encounter frequency,
repeat encounters within 30 days, and inpatient length of
stay (LOS) by IMD category during the first 3 years of life.
Among the 72 IMD children, 47 (65.3%) had only one IMD-
related encounter and 25 (34.7%) had two or more encounters.
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Children with fatty acid oxidation or organic acid disorders
were more likely to have two or more encounters compared
with children with amino acid disorders, although the differ-
ence was not statistically significant. Among the 25 children
with two or more encounters, 7 (28.0%) had repeated visits (ED
or hospital inpatient stay) within 30 days; 3 had fatty acid oxida-
tion disorders and 4 had organic acid disorders.

For the 42 children who had hospital inpatient stays, the
average and median LOSs were 23 and 4 days, respectively,
with the longest LOS among children with fatty acid oxida-
tion disorders (mean: 46 days; median: 10 days) and the short-
est LOS among children with organic acid disorders (8 days).
Two-thirds (28/42) of the infants had 1-10 days of stay. About
38% (16 of 42 infants; 37% for amino acid disorders, 40% for
fatty acid disorders, and 37% for organic acid disorders) of the
study cohort had IMD-related inpatient stays right after birth,
with an average LOS of 25 days, ranging from 2 to 185 days
(a child with a fatty acid oxidation disorder; data not shown).
Based on the reported International Classification of Diseases,
Ninth Revision codes, congenital respiratory disorders were the
most common comorbidities among infants with amino acid
disorders; perinatal jaundice was the most common comor-
bidity among infants with fatty acid oxidation or organic acid
disorders.

DISCUSSION
Administrative databases have been used by researchers to moni-
tor health care-service access and utilization for targeted, at-risk
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Table 3 Inherited metabolic disorder-related acute care encounters (emergency department visits or hospital inpatient
stays) during the first 3 years of life by patient characteristics and type of health care (New York State births 2006-2007

with IMDs, n = 73)

Total patients

Emergency department visits? Inpatient stays®

Characteristics n %° n %9 + % SE° n %9 + % SE°
Total 73 100.0 30 41.1£5.8 43 58.9+5.8
Race/ethnicity
Non-Hispanic white 37 50.7 16 43.2+8.1 21 56.8+8.1
Non-Hispanic black 15 20.5 26.7+11.4 11 733x11.4
Hispanic 9 12.3 5 55.6+16.6 4 44.4+16.6
Other/unknown 12 16.4 5 41.7+£14.2 58.3+14.2
Maternal age
<20 years 11 15.1 4 36.4+14.5 7 63.6+14.5
20-34 years 52 71.2 22 42.3+6.9 30 57.7+6.9
35+ years 10 13.7 4 40.0+£15.5 6 60.0+15.5
Payment type
Private insurance 25 34.2 8 32.0+9.3 17 68.0+£9.3
Medicaid 37 50.7 14 37.8+8.0 23 62.2+8.0
Self-pay/unknown 11 15.1 8 72.7+13.4 3 27.3+13.4
IMD category'
Amino acid disorders 13 17.8 5 38.5+13.5 8 61.5+£13.5
Fatty acid oxidation disorders 27 37.0 12 44.4+9.6 15 55.6+9.6
Organic acid disorders 32 43.8 13 40.6+8.7 19 59.4+8.7

IMD, inherited metabolic disorder.

*Emergency department (ED) visits that did not result in a hospital inpatient admission. © Inpatient stays (including admission through the ED) and those with both ED visits
and inpatient stays. <Column percentage. ‘Row percentage. ¢Standard error. ‘Excludes urea cycle disorders due to small numbers.

Table 4 The number of acute care encounters (emergency department visits or hospital inpatient stays) and inpatient

length of stay during the first 3 years of life by inherited metabolic disorder category (New York State births 2006-2007
with confirmed IMDs n = 72, excluding the case with urea cycle disorder)

Had two Had two or more LOS for children with inpatient stays (n = 42)
Had one or more encounters (n = 25):
Total encounter encounters revisits within 30 days LOS, days Children with LOS

IMD category patients n % +*%SE n % +x%SE n % *= % SE Mean Median 1-10 11-30 >30 Total
Amino acid 13 10  76.9%+11.7 3 23.1+£11.7 O 0.0+£0.0 18 3 5 1 2 8
disorders
Fatty acid 27 17  63.0+9.3 10 37.0+9.3 3 30.0£14.5 46 10 8 2 5 15
oxidation disorders
Organic acid 32 20 62.5+8.6 12 375+86 4 33.3+13.6 8 3 15 2 2 19
disorders
Total 72 47  65.3+5.6 25 34.7+56 7 28.0+9.0 23 4 28 5 9 42

IMD, inherited metabolic disorder; LOS, length of stay; SE, standard error.

populations.’®-?' Using the NYSDOH SPARCS hospital discharge
files, we were able to collect information on health-care utiliza-
tion of IMD children during their first 3 years after birth.

We found that about 41% of the children with IMDs had
IMD-related acute care encounters during their first 3 years
of life, including ED visits and/or inpatient hospitalization.
The hospital utilization rates of the children with IMDs were
affected by demographic characteristics. IMD-related acute
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care hospital utilization was more frequent for Medicaid recip-
ients and children of teen mothers. These findings are consis-
tent with those reported previously. A study on health-care
utilization and expenditures for privately and publicly insured
children with sickle-cell disease showed that the percentage
of Medicaid-enrolled children with sickle-cell disease having

inpatient admissions was higher than that for privately insured
children.?
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The current study found that a majority (~73%) of the chil-
dren who had an acute care encounter without documented
health insurance had IMD-related ED visits and that a higher
percentage of IMD children with private insurance had hos-
pital inpatient stays. Our finding that Hispanic children were
more likely to have IMD-related ED visits is consistent with the
result from a study on disparities in health care-service utiliza-
tion in California among Latino children with asthma, which
reported that Latino children suffering from asthma were 49%
more likely to have visited an ED compared with non-Latino
children with asthma. A survey study reported that maternal/
family characteristics were the major contributing factors to
racial/ethnic disparities in health-care utilization.**

In the current study, about 18% of the children with IMDs
were not found in SPARCS hospital discharge files (includ-
ing both inpatient and outpatient records). It should be noted
that some of these children may not have been found in the
discharge files because their NBS and vital statistics records
were discrepant with the discharge data. The lack of patient
name in SPARCS data set made it difficult to achieve a high
percentage of matching. By using multiple matching criteria
including patient medical record numbers and other available
demographic variables, we were able to match 82% of the study
cohort. We could have missed some true matches, but it is dif-
ficult to estimate this figure.

Another limitation of this study was that we were not able to
present the analysis results for individual IMD conditions due
to the rareness of the conditions. Even though we used cat-
egorized data, some of the analysis results have large standard
errors due to small numbers in the stratified groups, leading
to unstable results. Thus, the findings from the current study
should be used and generalized with caution. The Centers
for Disease Control and Prevention has funded four states
(including New York) for a pilot project on developing a state-
wide, population-based surveillance system for children with
confirmed metabolic disorders (19 selected conditions).!”?
Data on health outcomes and health care-service utilization
of the affected children have been collected. Analysis will be
conducted using pooled data from the four state programs to
increase the statistical power for some rare conditions.

In conclusion, using the administrative data and the
SPARCS hospital discharge files, we followed children
with IMDs up to 3 years after birth and collected infor-
mation about health-care utilization. This systematic
follow-up and data-collection approach through data linkage
with available administrative data has proven to be efficient
and cost-effective. The information collected by the unique
population-based surveillance program about hospital care
utilization for the affected children can be helpful in assessing
health outcomes of the children and identifying at-risk popu-
lations and essential medical services for children in need.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper
at http:/Awww.nature.com/gim
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