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Purpose: The purpose of this study was to describe the birth prev-
alence of genetic disorders among different racial/ethnic groups 
through population-based newborn screening data.

methods: Between 7 July 2005 and 6 July 2010 newborns in Cali-
fornia were screened for selected metabolic, endocrine, hemoglobin, 
and cystic fibrosis disorders using a blood sample collected via heel 
stick. The race and ethnicity of each newborn was self-reported by 
the mother at the time of specimen collection.

Results: Of 2,282,138 newborns screened, the overall disorder detec-
tion rate was 1 in 500 births. The disorder with the highest prevalence 
among all groups was primary congenital hypothyroidism (1 in 1,706 
births). Birth prevalence for specific disorders varied widely among 
different racial/ethnic groups.

conclusion: The California newborn screening data offer a 
unique opportunity to explore the birth prevalence of many 
 genetic dis orders across a wide spectrum of racial/ethnicity 
 classifications. The data demonstrate that racial/ethnic subgroups 
of the  California newborn population have very different patterns 
of heritable  disease expression. Determining the birth prevalence 
of these disorders in California is a first step to understanding 
the short- and long-term medical and treatment needs faced by 
 affected communities, especially those groups that are impacted by 
more severe disorders.
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intROdUctiOn
State wide newborn screening (NBS) programs provide 
 population-based screening for genetic disorders, with addi-
tional follow-up services to ensure that all newborns with posi-
tive screening test results are referred for confirmatory testing. 
In the past several years, there has been a successful nationwide 
effort for states to adopt a Recommended Uniform Screening 
Panel so that all newborns in the United States are screened 
for a similar set of core conditions.1 The core panel currently 
consists of 31 primary conditions including disorders detect-
able using tandem mass spectrometry (MS/MS), endocrine 
and hemoglobin disorders, cystic fibrosis (CF), and, recently 
added, severe combined immunodeficiency and critical con-
genital heart defects. Today, almost all states have adopted 
the core panel of NBS disorders, except for severe combined 
immunodeficiency and critical congenital heart defects, which 
are yet to be widely available. Additional disorders can also be 
identified as part of the differential diagnosis of the core panel, 
but these secondary disorders are not uniformly included by all 
state programs. The National Newborn Screening & Genetics 
Resource Center provides up-to-date information about the 
conditions screened for within the United States.2

Despite the increase in the number of disorders detected 
through NBS programs in the United States, there is a lack of 
up-to-date knowledge about how often the disorders occur and 
who is affected by them. The California NBS program includes 

18 unique racial/ethnic categories on the NBS bloodspot col-
lection card, which includes nearly all of the proposed racial/
ethnic categories described in the recently released guidelines 
by the US Department of Health and Human Services.3 Thus, 
the California NBS data offers a unique opportunity to explore 
the population distribution of the core and secondary disor-
ders across racial/ethnicity classifications that closely resem-
ble the newly promulgated categories. Determining the birth 
prevalence of these disorders is a first step to understanding 
the short- and long-term disease management needs faced by 
affected communities, especially those groups that are impacted 
by more severe disorders. These data may also be informative 
to public health officials in other countries who want to know 
which disorders impact selected populations.

Given the rarity of many of the disorders, it is difficult for indi-
vidual state screening programs to develop statistically signifi-
cant comparisons of disorder prevalence rates by specific racial/
ethnicity groups. Individual states may be too small or may lack 
significant ethnic diversity. Only limited race-specific disorder 
profiles have been reported elsewhere. Previous research has 
examined the relationship between ethnicity and a single genetic 
disorder, including the prevalence of a mutation or disorder 
within a specific ethnic group,4–8 within several ethnic groups 
in a region,9–17 or by geographic region only.18,19 No studies have 
published the disorder prevalence rates by specific racial/eth-
nicity groups in a large US population. California is unique in 
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that it has the largest population of any single state in the United 
States with more than 50% of the population identified as part of 
a minority group.20

In July 2005, the NBS panel was expanded to include all of 
the primary and secondary conditions recommended by the 
Secretary’s Advisory Committee on Heritable Disorders in 
Newborns and Children.1 A detailed clinical description of all 
of the disorders screened for can be found at the GeneReviews 
website.21 This article provides a comprehensive accounting of 
all clinical determinations for all newborns with a positive NBS 
test result who were referred for confirmatory testing during 
the study period, including those conditions with mild, ques-
tionable, or yet unknown clinical significance. Through the 
NBS long-term follow-up data collection process,22 we hope 
to learn more about the clinical significance of these and all 
disorders diagnosed through screening. The birth prevalence 
rates of these conditions (hereafter referred to as “disorders”) 
are reported for specific racial/ethnic groups.

mAteRiALs And metHOds
The cohort described in this study includes all screened new-
borns who were born between 7 July 2005 and 6 July 2010. Blood 
specimens were collected by heel-stick between 12 h and 6 days 
after birth, with 96.6% of specimens collected between 12 and 
72 h of age. Following collection, all specimens were sent by the 
collecting hospitals to a state-approved laboratory for testing. 
Screening for metabolic disorders was conducted by measuring 
acylcarnitines and amino acids by MS/MS; endocrine disorders 
(including congenital hypothyroidism(CH) and congenital adre-
nal hypoplasia (CAH)) were screened by fluorescent immuno-
assay followed by a second-tier high-performance liquid chro-
matography and an tandem mass spectrometry assay for CAH 
using androstenedione, cortisol, and 17-hydroxyprogesterone; 
hemoglobin disorders were screened by high-performance liq-
uid chromatography; galactosemia and biotinidase deficiency 
(BD) were screened for using fluorometric enzyme assays for 
galactose-1-phosphate uridyl transferase and biotinidase activity, 
respectively. CF was screened using a four-step approach (immu-
noreactive trypsinogen followed by a selected mutation panel, 
then sequencing, if the mutation panel identified two mutations, 
and a sweat test).23 Screening for CF and BD started on 16 June 
2007 and thus, the data reported for these disorders represent a 
3-year interval. Tyrosinemia type I is excluded from this report 
because before December 2009 the NBS panel did not include 
succinylacetone. Without it, screening for tyronsinemia type I has 
unacceptably high rates of both false positives and false negatives. 
Also excluded is severe combined immunodeficiency, which was 
started as a pilot project in the summer of 2010.

The California NBS program screens ~99% of all known live 
births in the state. Not included are newborns born in mili-
tary hospitals who are screened outside of the state program 
(~5,000 births per year), births for which the parents opted out 
of screening (~200 per year), and newborns who expired before 
screening (~250 per year). State law stipulates that all physicians 
making an initial diagnosis of a preventable heritable disorder 

for which screening is required shall report such a diagnosis 
and the information necessary for follow-up and investigation 
to the Public Health Department.24 Thus, this study includes all 
genetic disorders screened and reported in California during 
the 5-year time frame.

Information on race/ethnicity of the infants was reported by 
the mother, who was instructed to select all applicable choices 
from a selection of 18 distinct racial/ethnicity categories on the 
NBS test requisition form. To check the extent of misclassifi-
cation bias of race/ethnicity, we linked NBS records with vital 
statistics birth certificate records for a sample year (2007) and 
assessed the level of agreement between the two data sources. 
On the basis of this analysis, we collapsed some race catego-
ries into combination groups (i.e., “Pacific Islander,” “Southeast 
Asian”) and assigned newborns to 1 of 16 racial/ethnic catego-
ries, which are defined in Table 1.

All positive test results were reported to the California Genetic 
Disease Screening Program (GDSP) through a secure computer-
based online Screening Information System. Newborns with ini-
tial screen-positive results were referred to a state-contracted spe-
cialty follow-up center for endocrine, metabolic, hemoglobin,12 
or CF disorders. Center specialists determined whether referred 
children had a disorder through appropriate confirmatory test-
ing. Confirmatory algorithms for follow-up of MS/MS disorders 
were developed by a committee of state metabolic specialists; 
endocrine, hemoglobin, and CF specialists also meet regularly 
to review cases to promote consistency of follow-up protocols 
and case definitions. Final determinations of disease status were 
reported to the GDSP regardless of disorder severity.

Newborns who did not meet the guidelines for “typical” CF, 
but who were determined to have an intermediate form of the 
disorder called transmembrane conductance regulator–related 
metabolic syndrome (CRMS) were included in the list of dis-
orders. This condition is characterized by a borderline sweat 
test result along with the detection of up to two cystic fibro-
sis transmembrane conductance regulator mutations and has 
been associated with a milder clinical course.25 Similarly, BD 
screening resulted in the diagnosis of partial BD, the latter con-
sidered clinically less severe.26 Other more uncommon disorder 
variants and nonspecific categories, such as “other” amino acid/
organic acid/fatty acid oxidative disorders, are included in the 
Supplementary Table S1 online.

Birth prevalence rates were calculated by dividing the num-
ber of observed cases by the number of newborns screened 
for each disorder. To remove bias caused by genetic similarity 
among siblings, only the first affected case that was born to a 
mother during the study period was counted, and likewise only 
the first child born to each mother during the study period was 
retained in the count of newborns screened (multiple births 
were excluded). The observed CF and BD prevalence rates, 
which have been fairly constant since the initiation of screen-
ing, were multiplied by the number of newborns screened dur-
ing the entire 5-year period to estimate the number of cases that 
would have been observed if the state had started screening for 
these disorders in July 2005.
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Using exact methods based on a binomial distribution, we 
report the overall disorder-specific birth prevalence rate across 
the entire population as well as the corresponding 99% confi-
dence interval (CI). To determine which disorders were signifi-
cantly more likely to occur within a specific racial/ethnic group, 
we considered only rates that fall above the upper limit of the 
overall 99% CI for the disorder to be significantly higher. Race-
specific rates that fall below the lower limit of the overall 99% CI 
were not reported and are indicated with a “less than” (<) sym-
bol in Tables 2 and 3. We do report the race/ethnicity–specific  
prevalence rates that fell within the 99% CI range. Analysis was 
done using SAS software, Version 9.1 of the SAS System for 
Windows, (SAS Institute, Cary, NC).

ResULts
A total of 2,705,729 newborns were screened for metabolic, 
endocrine, and hemoglobin disorders; 1,584,475 of these new-
borns were screened for CF and BD. A total of 4,126 cases were 
identified, including 4,092 cases who were identified as a result of 
an initial positive screening test result. A total of 28 cases (0.67%) 
were missed based on the initial screen (false negatives) but sub-
sequently reported to the GDSP. These included 10 CAH cases (5 
salt wasting, 4 simple virilizing, and 1 CAH-other), 7 CF cases, 6 
primary CH cases, 1 CH-variant case, 2 maple syrup urine dis-
ease (MSUD) cases, 1 argininosuccinic aciduria case, and 1 CF 
case also determined to have CH. Another group of 6 cases was 
reported to the GDSP, but was not counted in the missed cases 

group: 1 MSUD and 2 CF cases who were prenatally diagnosed 
due to a family history; one CH case with trisomy 21 and other 
complications; and 2 methylmalonic acidemia cases (1 mut0 and 
1 cbl C) that had borderline test results and were considered “out 
of range” on the basis of our screening cutoffs. An additional 49 
cases were reported to the GDSP but not screened by the NBS 
program and are not included in this analysis: 22 cases were 
born outside California, and 27 cases were not screened through 
NBS (most were born in military hospitals). After removal of 
siblings and estimation of the number of CF and BD cases that 
would have occurred over a full 5 years of screening, the adjusted 
totals used for birth prevalence calculations were 4,560 cases 
and 2,282,138 births. Table 1 shows the overall birth prevalence 
for all disorders combined was 200 cases/100,000 births, or 1 in 
every 500 births. The table also displays the number of screened 
newborns within each racial/ethnic group and the overall disor-
der birth prevalence for each group.

Figure 1 presents the cumulative birth prevalence rates 
by disorder type (all metabolic, all endocrine, all CF, and all 
hemoglobin combined) for each of the 16 racial/ethnic groups. 
Southeast Asians have the overall highest disorder rate due to 
the high birth prevalence of hemoglobinopathies in that group. 
Asian East Indians have the highest birth prevalence rate for 
endocrine disorders, Native Americans were disproportion-
ately affected by CF disorders, and the birth prevalence for 
metabolic disorders was highest for the Middle Eastern group. 

table 1 Overall NBS disorder birth prevalence and count of screened newborns by race/ethnicity

Race/ethnicity definitiona Prevalence screened

Overall All racial/ethnic groups combined 1 in 500 2,282,138

Southeast Asian
Any combination of Southeast Asian categories (Cambodian, Laotian, Vietnamese, other 
Southeast Asian)

1 in 87 22,600

Black Black only 1 in 206 118,992

Multiple Asian

Any combination of two or more Asian categories (Asian East Indian, Cambodian, Chinese, 
Filipino, Japanese, Korean, Laotian, Middle Eastern, other Southeast Asian, Vietnamese), except 
those already included in “Southeast Asian”

1 in 344 10,669

Native American Native American only or Native American and any non-Asian category 1 in 391 14,872

Middle Eastern Middle Eastern only 1 in 448 21,973

Asian East Indian Asian East-Indian only 1 in 469 42,227

Vietnamese Vietnamese only 1 in 515 28,313

White White only 1 in 524 561,910

Multiple Any combination of two or more categories not already included in any other group 1 in 545 69,259

Filipino Filipino only or Filipino and white or Filipino and Hispanic or Filipino and white, and Hispanic 1 in 556 61,120

Chinese Chinese only 1 in 604 47,737

Hispanic Hispanic only or Hispanic and white 1 in 610 1,183,044

Hispanic—
multiple

Hispanic and any other category, except those already included in “Hispanic,” “Filipino,” or 
“Native American” groups

1 in 803 33,737

Japanese Japanese only 1 in 961 5,768

Pacific Islander Any combination of Pacific Islander categories (Hawaiian, Guamanian, Samoan) 1 in 1,094 5,470

Korean Korean only 1 in 1,426 18,534
aDefinitions for all racial/ethnicity categories as indicated by mother of newborn.
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Disorder-specific birth prevalence by race/ethnicity is hereaf-
ter described by specific disorder type.

Table 2 presents the overall birth prevalence rates for 21 dis-
orders including 3 endocrine disorders, 2 CF disorders, and 16 
hemoglobinopathies. Table 3 presents the overall birth preva-
lence rates for 42 disorders detectable by MS/MS including 12 
amnio acid disorders, 16 organic acid disorders, 10 fatty acid 
oxidation disorders, and 4 other metabolic disorders. In both 
Tables 2 and 3, specific birth prevalence rates are presented for 
13 racial/ethnic groups and these tables will be discussed in the 
following section. For a more complete list of disorders identi-
fied (n = 82) refer to Supplementary Table S1 online, which 
provides the overall birth prevalence rates, as well as the specific 
rates for each of the 16 racial/ethnicity groups.

endocrine disorders
Primary CH was the most common of all screened disorders, 
with birth prevalence rates highest for six racial/ethnic groups 
(in order from highest to lowest rates): Asian East Indian, 
Middle Eastern, Hispanic, Japanese, Chinese, and Southeast 
Asian (Table 2). For CAH, rates that exceeded the 99% CI var-
ied by subtype: Pacific Islanders and Southeast Asians had a 
higher rate for the salt-wasting type and the Chinese group had 
a higher rate for the simple virilizing type.

cF disorders
The overall birth prevalence for confirmed CF was 19.9 per 
100,000 births, but the rate for CRMS was even higher at 24.3 
per 100,000 births (Table 2). The rates among whites and Native 

table 2 Birth prevalence of endocrine, cystic fibrosis, and hemoglobin disorders by racial/ethnic group per 100,000 births
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Endocrine disorders

 Congenital adrenal hyperplasia

   Salt wastinga 4.8 (3.7–6.1) 5.7 < 5.2 < < < < < < < < 8.8 18.3

   Simple virilizinga 1 (0.5–1.7) 0.9 < 1.6 0.8 < < 2.1 < < < < < <

  Primary congenital 
hypothyroidisma 58.6 (54.5-62.8) 71.2 < < < 72.8 90.0 62.8 < 69.3 < < 57.5 <

Cystic fibrosis (CF)a 19.9 (16.8–23.5) < 37.2 38.8 17.1 < < < < < < < < <

 CRMS 24.3 (20.8–28.2) 22.8 99.1 33.6 32.6 < < < < < < < < <

Sickle cell disease

 Sickle cell anemia (Hb S/S)a 10.6 (8.9–12.5) < 13.4 < 171.4 < < < < < < < < <

 Sickle C diseasea 6.2 (4.9–7.6) < 6.7 < 104.2 < < < < < < < < <

 Hb S/β+ thalassemiaa 2.5 (1.7–3.4) < 6.7 < 37.8 < < < < < < < < <

 Hb S/β⁰ thalassemiaa 0.6 (0.2–1.1) < < < 4.2 4.6 2.4 < < < < < < <

 Sickle D disease 0 (0–0.3) < < < 0.8 < < < < < < < < <

 Sickle E disease 0.3 (0.1–0.7) < < < < < < < < < < < 13.3 <

α Thalassemia syndromes

 α-Thalassemia major 0.2 (0–0.6) < < < < < < 2.1 < < 1.6 3.5 < <

 Hb H disease 8.7 (7.2–10.4) < < < 8.4 < 9.5 46.1 < 34.7 76.9 81.2 137.2 18.3

 Hb H/constant spring disease 0.7 (0.3–1.3) < < < < < < 6.3 < < 1.6 < 35.4 <

β Thalassemia syndromes

 β-Thalassemia major 0.7 (0.3–1.3) < < 0.4 1.7 13.7 4.7 2.1 < < < < < <

 Hb E/β⁰ thalassemia 0.6 (0.3–1.2) < < < < < 4.7 2.1 < < < 10.6 22.1 <

 Hb D/β⁰ thalassemia 0.4 (0.2–0.9) < < 0.4 < 9.1 14.2 < < < < < < <

 Hb C/β+ thalassemia 0.6 (0.2–1.1) < < < 7.6 < < < < < < < < <

 Hb E/β+ thalassemia 0.4 (0.1–0.8) < < < < < 2.4 < < < < 7.1 13.3 <

Other Hbs

 Hb EE 9.2 (7.6–10.9) < < < < < < < < < < 14.1 792.0 <

 Hb C disease 1.1 (0.6–1.7) < < < 20.2 < < < < < < < < <

Group-specific birth prevalence rates higher than overall 99% confidence interval (CI) shown in bold; if rate falls within the 99% CI, indicated in nonbold type; if less 
than overall CI, indicated as “<”. CRMS, conductance regulator–related metabolic syndrome, Hb, hemoglobin. 
aRecommended Uniform Screening Panel of the Secretary’s Advisory Committee on Heritable Disorders in Newborns & Children.
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table 3 Birth prevalence of disorders detected by tandem mass spectrometry by racial/ethnic group (per 100,000 births)
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Amino acid disorders

 Phenylketonuriaa 2.9 (2.1–3.9) < < 6.4 < 4.6 < 2.1 < < 4.9 7.1 < <

 Variant hyperphenylalaninemia 2.5 (1.7–3.5) 2.4 < 4.3 < 4.6 < 2.1 < < < < < <

 Benign hyperphenylalaninemia 1.7 (1.1–2.5) 1.3 < 3.4 < 9.1 < 2.1 5.4 < < < < <

 Argininemia 0.1 (0–0.5) 0.2 0 0.2 0 0 0 0 0 0 0 0 0 0

 Argininosuccinic aciduriaa 0.2 (0–0.6) 0.3 0 0.2 0 0 0 0 0 0 0 0 0 0

 Citrullinemia, type Ia 0.4 (0.1–0.9) 0.3 < < 0.8 < 4.7 < 5.4 < < < < <

 Citrullinemia, type II 0.1 (0–0.4) 0 0 0.2 0 0 0 2.1 0 0 0 0 0 0

 Homocystinuriaa 0 (0–0.3) 0 0 0 0.8 0 0 0 0 0 0 0 0 0

 Hypermethioninemia 0.4 (0.1–0.8) 0.3 < 0.4 < < < < < < < 3.5 < <

 Maple syrup urine diseasea 0.9 (0.5–1.6) 1.1 < < 0.8 13.7 < < < < 1.6 < < <

 Hyperprolinemia I 0.1 (0–0.5) 0.1 0 0.2 0 0 0 2.1 0 0 0 0 0 0

 Hyperprolinemia II 0 (0–0.3) 0 0 0.2 0 0 0 0 0 0 0 0 0 0

Organic acid disorders

 2-methylbutyrylglycinuria 0 (0–0.3) 0 0 0 0 4.6 0 0 0 0 0 0 0 0

 3-hydroxy-3-methylglutaric aciduriaa 0 (0–0.3) 0.1 0 0 0 0 0 0 0 0 0 0 0 0

 3-methylcrotonyl-CoA carboxylase defa 2.9 (2.1–4) 3.6 6.7 < < 13.7 7.1 < < < < 3.5 < <

 3-methylglutaconic aciduria 0.1 (0–0.5) 0.3 0 0 0 0 0 0 0 0 0 0 0 0

 β-ketothiolase defa 0.1 (0–0.4) 0 0 0.2 0 0 0 0 0 0 0 0 0 0

 Ethylmalonic encephalopathy 0 (0–0.3) 0.1 0 0 0 0 0 0 0 0 0 0 0 0

 Glutaric acidemia type Ia 1.4 (0.8–2.1) 1.3 < 2 0.8 < < 2.1 < < < 3.5 < <

 Isobutyrylglycinuria 0.3 (0.1–0.8) < < 0.5 0.8 < 2.4 < < < < < < <

 Isovaleric acidemiaa 0.9 (0.5–1.5) 0.6 < 1.2 2.5 < 2.4 < < < < < 4.4 <

 Malonic acidemia 0.2 (0–0.6) 0.3 0 0 0 0 0 0 0 0 0 0 0 0

 Methylmalonic acidemia mutˉa 0.9 (0.5–1.5) 0.9 < < < 9.1 < < < < 3.3 3.5 8.8 <

 Methylmalonic acidemia mut⁰a 0.8 (0.4–1.5) 0.8 < 0.5 0.8 < 2.4 2.1 < < 4.9 < < <

 Methylmalonic academia Cbl A, Ba 0 (0–0.3) 0.1 0 0 0 0 0 0 0 0 0 0 0 0

 Methylmalonic acidemia Cbl C, D, Fa 1.4 (0.8–2.1) 1.9 < < < 4.6 < 2.1 < < < < < <

 Holocarboxylase synthetase defa 0.1 (0–0.5) 0.1 0 0.4 0 0 0 0 0 0 0 0 0 0

 Propionic acidemiaa 0.2 (0–0.6) 0.3 6.7 0 0.8 0 0 0 0 0 0 0 0 0

Fatty acid oxidation disorders

 Carnitine uptake defecta 1.5 (0.9–2.3) 1 < 1.4 3.4 < 9.5 4.2 < < < < 4.4 18.3

 Carnitine acylcarnitine translocase def 0.1 (0–0.4) 0.1 0 0 0 0 0 0 0 0 0 3.5 0 0

 Carnitine palmitoyltransferase II def 0.2 (0–0.6) 0.1 0 0 0.8 0 0 0 0 0 0 0 4.4 0

 Long-chain L-3-hyroxyacyl-CoA dehydrogenase defa 0.3 (0.1–0.7) 0.3 < 0.4 < < < < < < < 3.5 < <

 Medium-chain acyl-CoA dehydrogenase defa 5.3 (4.1–6.7) 4.5 13.4 9.4 4.2 4.6 < < < < < < < <

  Medium-/short-chain L-3-hydroxyacyl-CoA 
dehydrogenase def 0 (0–0.3) 0 0 0.2 0 0 0 0 0 0 0 0 0 0

 Glutaric acidemia type II 0.4 (0.1–0.8) 0.2 6.7 0.7 < < 2.4 < < < < < < <

 Short-chain acyl-CoA dehydrogenase def 3.5 (2.6–4.7) 2.7 < 4.3 9.2 9.1 9.5 < < < 3.3 < 13.3 <

Group-specific birth prevalence rates higher than overall 99% confidence interval (CI) shown in bold; if rate falls within the 99% CI, indicated in nonbold type; if less 
than overall CI, indicated as “<”. def, deficiency; mut⁰ and mutˉ represent complete and partial deficiency of the enzyme methylmalonyl CoA mutase.
aRecommended Uniform Screening Panel of the Secretary’s Advisory Committee on Heritable Disorders in Newborns & Children.

table 3 Continued on next page
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Americans exceeded the overall CI for CF; these groups as well 
as blacks had high rates of CRMS.

Hemoglobin disorders
The highest overall birth prevalence rate of hemoglobinopathies 
was for sickle cell anemia, hemoglobin EE, and hemoglobin H 
disease (Table 2). Blacks had rates that exceeded the overall 
CI for 9 different hemoglobinopathies; the highest rate was for 
sickle cell anemia, sickle C disease, and hemoglobin (Hb) S/β+ 
thalassemia. The birth prevalence for hemoglobin EE was high-
est among Southeast Asians (although generally considered 
clinically benign), and hemoglobin H disease was highly preva-
lent among Southeast Asians, Vietnamese, Filipino, Chinese, 
Japanese, and Pacific Islanders. Many of the Asian groups had 
higher rates of multiple types of thalassemia syndromes, and the 
Middle Eastern group had the highest rate of β thalassemia.

metabolic disorders
The highest overall birth prevalence for the metabolic disorders 
was for Duarte galactosemia, which was highest among whites 
(Table 3). Medium-chain acyl-CoA dehydrogenase deficiency 
and short-chain acyl-CoA dehydrogenase deficiency were the 
disorders with the next overall highest rates. The highest rates of 
medium-chain acyl-CoA dehydrogenase deficiency were found 
among Native Americans and whites, and for short-chain acyl-
CoA dehydrogenase deficiency, the highest rates were observed 
among Southeast Asians, followed by the Asian East Indian, 
Black, and Middle Eastern groups. Other notably high birth prev-
alence rates are MSUD and 3-methylcrotonyl-CoA carboxylase 
deficiency among the Middle Eastern group and carnitine uptake 
defect/carnitine transport defect among Pacific Islanders.

discUssiOn
The California NBS data offer a unique opportunity to explore 
the birth prevalence of many genetic disorders across a wide 
spectrum of race/ethnicity classifications. The data demon-
strate that subsets of the California newborn population have 

very different patterns of heritable disease expression. Birth 
prevalence estimates may fluctuate over time due to diagnosis 
changes that will occur (based on program experience). Some 
children who are initially diagnosed as having a mild condition 
or who are minimally affected may be eventually reclassified 
as unaffected, and in some cases delayed confirmatory testing 
can lead to reclassification as another disorder. As we collect 
additional years of data, these birth prevalence estimates will 
become more robust. Although California providers are legally 
required to report diagnosed cases that are screened for in the 
NBS program, we have no way to know about cases that have 
not been reported and these estimates should therefore be con-
sidered conservative.

Regarding the 0.67% missed-case rate, we excluded six known 
cases including three prenatally diagnosed cases, and two meth-
ylmalonic acidomia (MMA) cases—one MMA (cobalamin C) 
and one MMA (mut-) that had borderline, or “out of range” test 
results. However, we included two MSUD cases, both of which 
were noted to have a late-onset variant, confirming that NBS 
may fail to identify variant forms of MSUD.27 Total parenteral 
nutrition can be a major confounder when trying to interpret 
the results of MS/MS screen–positive cases, but the two MSUD 
missed cases and the one argininosuccinic aciduria case were 
all in the regular nursery and not on total parenteral nutrition. 
More recent program data has suggested that CH can be missed 
in premature births, but in this series only two of seven CH 
cases were in the neonatal intensive care unit, only one of which 
was considered low birth weight (1,690 g). Lastly, 10 CAH cases 
were missed and this suggests the need for further evaluation 
of the screening algorithm for those disorders. If we include 
the six additional cases that we excluded, the missed case rate 
would still be well under 1%.

These birth prevalence estimates from California’s NBS pro-
gram are frequently higher than previously reported estimates 
from other states or countries. California’s rate of CH among 
Asian East Indians is more than twice that reported in India28 
and four times as high as rates among Hispanics in Texas.13 
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 Trifunctional protein defa 0 (0–0.3) 0 0 0.2 0 0 0 0 0 0 0 0 0 0

 Very long-chain acyl-CoA dehydrogenase defa 1.8 (1.1–2.6) < 6.7 2.3 2.5 4.6 4.7 2.1 5.4 < 1.6 < < <

Other metabolic disorders

 Classical galactosemiaa 1.3 (0.7–2) 1 < 1.8 3.4 < < < < < 1.6 < < <

 Duarte galactosemia 5.6 (4.4–7) 5.6 < 8.9 < 4.6 4.7 < < < < < 4.4 <

 Profound biotinidase defa 1.7 (0.9–3) 2.2 < 1.7 1.6 8.4 < < < < < < < <

 Partial biotinidase defa 2.2 (1.3–3.6) < < 4.9 < 8.4 < < < < 3 < < <

Group-specific birth prevalence rates higher than overall 99% confidence interval (CI) shown in bold; if rate falls within the 99% CI, indicated in nonbold type; if less 
than overall CI, indicated as “<”. def, deficiency; mut⁰ and mutˉ represent complete and partial deficiency of the enzyme methylmalonyl CoA mutase.
aRecommended Uniform Screening Panel of the Secretary’s Advisory Committee on Heritable Disorders in Newborns & Children.
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Figure 1 cumulative california birth prevalence of all metabolic, hemoglobin, endocrine, and cystic fibrosis disorders diagnosed by race/
ethnicity (n = 2,282,138). Results reflect all clinical determinations reported by California state-contracted follow-up centers for women referred for 
confirmatory testing following a positive newborn screening test result.
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For CH prevalence among Japanese newborns, the California 
estimate is slightly higher than an estimate from Japan.29 For 
CAH, high rates have been reported in the Filipino population 
(1:7,000),4 yet no cases were reported in our series. CF rates 
in California are consistent with previous reports18 in that the 
highest rates are in whites, however no comparison rate for the 
Native American group could be found. Among metabolic dis-
orders, the rate for carnitine uptake defect among Chinese in 
California is higher than previously reported in a comparable 
population in Taiwan30,31 and likewise for methylmalonic acido-
mia.31 However, the prevalence of short-chain acyl-CoA dehy-
drogenase deficiency among whites in California is much lower 
than that estimated in the Netherlands.32 For hemoglobinopa-
thies, the high rates among blacks and Asians have been pre-
viously recognized.33,34 The contrasts between prevalence esti-
mates in California and those elsewhere reflect the complexities 
of defining cases as well as racial and ethnic groups.

The estimates of the birth prevalence rates for the specific 
racial/ethnic groups are limited by how well the data capture 
the true racial/ethnic identity of the child. Although NBS pro-
gram protocol advises the nurse/clerk collecting the NBS speci-
men to use the mother’s self-report of her child’s race/ethnicity 
rather than the collectors’ own observations, we cannot moni-
tor actual collection practices. In addition, we do not know 
whether the mother describes her child’s race/ethnicity based 
on her own race/ethnicity, or the father’s, or a combination of 
both. The fact that mixed marriages are becoming more preva-
lent complicates this further.

One way of assessing the degree of racial/ethnicity misclassi-
fication was to compare which of the 16 racial/ethnicity catego-
ries each newborn would have been assigned to if we had used 
the race/ethnicity from the birth certificate instead of NBS data. 
We linked all births for the year 2007 to the vital statistics birth 
data, with the exception of the Middle Eastern category, which 
is not included on the birth certificate form. Of these newborns, 

81% were assigned to the same racial/ethnic group according 
to both data sources. Agreement was highest (91%) for new-
borns that had only a single race indicated (92% of NBS forms 
and 87% of birth certificate records). A previous study using 
a 1994/1995 cohort of California births also found lower con-
cordance in mother’s self-report of her race/ethnicity compared 
with what was recorded on the child’s birth record when more 
than one race/ethnicity was identified.35

The combination of race and ethnicity into a single question 
on the NBS data collection form leaves open the possibility that 
mothers may not indicate both a race and an ethnicity for their 
child. For example, 81.7% of newborns classified as Hispanic 
had no race category indicated on the NBS form. Whereas 
many surveys ask individuals their race in one question and 
whether they are of Hispanic origin in a separate question, 
the California NBS program does not as a result of input from 
Hispanic citizens.

The approach that we used to determine which racial/eth-
nic groups had higher birth prevalence rates than the 99% CI 
of the population-wide rate has limitations, especially for the 
Hispanic population. The overall CI is strongly influenced by 
the large Hispanic population, which comprises over 50% of the 
entire population. This leads to a diluted ability to detect higher 
rates of disorders among the Hispanic population because they 
are less likely to fall outside the 99% CI.

Analyzing disorders by racial/ethnicity classifications may 
cause poor health to be falsely attributed to biological or genetic 
factors rather than social, political, or cultural factors, as has 
been previously argued.36 Burchard37 criticizes the use of racial 
and ethnic categories as surrogates for genetic or biological 
markers because “an excessive focus on racial or ethnic dif-
ferences runs the risk of undervaluing the great diversity that 
exists among persons within groups.” Although these criticisms 
may be apt for studies examining multifactorial chronic dis-
eases where personal behavior and environmental factors play 



944 Volume 14  |  Number 11  |  November 2012  |  Genetics in medicine

FEUCHTBAUM et al  |  Birth prevalence of NBS disorders by race/ethnicityORIGINAL RESEARCH ARTICLE

a larger role, race and ethnicity data may be quite appropriate 
when applied to determining high-risk individuals and under-
lying genetic causes of disease.38

Although the birth prevalence of these disorders may be 
determined primarily by genetics, the outcomes and quality 
of life for affected children will depend on the severity of the 
disorder and the availability of appropriate ongoing care. The 
ability to obtain care throughout the lifespan will be influenced 
by broader socioeconomic determinants of health, which are 
often correlated to race and ethnicity. This includes level of 
education, place of residence, and type of health insurance. In 
addition, the community’s perception of the “need” for spe-
cialty follow-up services, the costs associated with the delivery 
of these services, and the ability to access this care will also 
influence whether affected children will receive appropriate 
long-term follow-up care. For example, the relatively large 
number of individuals in the black community who are diag-
nosed with sickle cell disease continue to face ongoing chal-
lenges accessing high-quality disease management services 
necessary for improved quality of life.39,40 New immigrant 
communities in California may face additional unique chal-
lenges in accessing long-term care as a result of language and 
cultural barriers.

In conclusion, these data highlight the fact that some popu-
lation groups are more likely to bear the burden of different 
types of genetic disorders and will benefit from early diagnosis, 
which is the hallmark of a successful NBS program. However, 
the overall success of NBS should be assessed by the program’s 
ability to provide ongoing long-term disease management 
services for affected children and their families in a culturally 
appropriate manner. The data from this report will provide 
important information about the medical and treatment needs 
faced by different segments of the population, especially those 
groups that are impacted by more and more severe disorders.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the pa-
per at http://www.nature.com/gim
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