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The most common fatty acid oxidation disorder, medium chain acyl-CoA dehydrogenase deficiency (MCADD), has

become the focal point for the adoption of tandem mass spectrometry to detect it and related inborn errors of

metabolism. This article updates a human genome epidemiology review of MCADD published in 1999. The focus

of this update is on epidemiologic parameters rather than mutations associated with MCADD. Currently available

information from screening studies on the frequency of detection of MCADD in newborns, as well as the frequency

of homozygotes for the common mutation in the ACADM gene, is summarized. In the United States, the average

incidence of the disorder is from 1 in 15,000 to 1 in 20,000 births, with individual states reporting frequencies

from 1 in 10,000 to 1 in 30,000 births. In addition, a systematic review was undertaken of the published literature

on the frequency of mortality and developmental disabilities among children with MCADD, both in screened and

unscreened cohorts. It seems that in the absence of newborn screening for MCADD, premature death or serious

disability occurs in 20% to 25% of children with the disorder. Systematic collection and analysis of follow-up data

are still needed to ascertain the frequencies of outcomes in screened cohorts. Genet Med 2006:8(4):205–212.
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The recent incorporation of medium chain acyl-CoA dehy-
drogenase deficiency (MCADD) in newborn screening pro-
grams has facilitated the expansion of epidemiologic knowl-
edge of this treatable disorder. This review of the epidemiology
of MCADD incorporates population-based data derived from
the use of tandem mass spectrometry (MS/MS) by newborn
screening programs. In 1999, when a previous human genome
epidemiology (HuGE) review of MCADD was published,1

screening for the disorder in the United States was restricted to
three states, and almost all information came from clinical case
series or pilot studies. As of June 2005, screening for MCADD
had been implemented in 32 states, and implementation
planned in 5 additional states.2 These states collectively repre-
sent approximately 78% of all births in the United States.
Despite the increase in screening, understanding of the nat-

ural history of unscreened MCADD remains limited.1,3,4

Screening for a treatable disorder by definition cannot provide
information on the course of the disorder in the absence of
screening. The major preventable outcomes of concern are

death and intellectual disability. Death is reported to occur in
up to 25% of symptomatic individuals with MCADD.1,5 The
frequency of death in untreatedMCADD is said to be as high as
50%6,7 or as low as 2%.8 This variation highlights the need
for more precise numerical estimates for quantitative policy
analysis.

METHODS

We conducted a systematic search for relevant studies pub-
lished since the appearance of the previous HuGE review on
MCADD.1 We conducted a systematic search of Medline for
articles on MCADD published since 1999 in the English lan-
guage, using as search terms either “medium chain acyl-CoA
dehydrogenase deficiency” or “tandemmass spectrometry” to-
gether with “newborn screening.” In deciding which articles to
review, we excluded diagnostic studies, studies of gene muta-
tions in small population samples, and case reports. Also, we
scanned newborn screening conference abstracts and proceed-
ings and the reports of state newborn screening programs
available on the World Wide Web for additional data on the
reported frequency of MCADD cases detected by newborn
screening programs in the United States.

Gene and gene variants

MCADD is a mitochondrial fatty acid oxidation disorder
that results from inactivity or deficiency of the medium chain
acyl-CoA dehydrogenase (MCAD) protein. The MCAD pro-
tein is an enzyme that catalyzes the beta-oxidation of fatty ac-
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ids. This process is critical to the formation of ketone bodies in
the liver, which provide an alternative energy source during
periods of prolonged fasting or increased energy demands.
The MCAD protein is coded by the ACADM (aliasMCAD)

gene (OMIM number 607008), which is located at chromo-
some 1p31. More than 30 mutations in this gene have been
identified, most of which are missense mutations in which one
amino acid is substituted for another at a specific codon.9 The
most common mutation involves an adenine-to-guanine
(A¡G) transition at coding position 985 on the gene (OMIM
variant number 607008.0001 commonly referred to as 985A¡G
or A985G) resulting in a substitution of glutamate for lysine at
position 329 of the precursor protein (K329E or Lys329Glu)
that corresponds to position 304 in the mature protein
(K304E). Two copies of this common mutation are typically
found in 80% of European-origin individuals diagnosed with
MCADD on the basis of clinical symptoms.9,10 Other muta-
tions predominate in non-European populations, and addi-
tional mutations may be identified as screening becomes in-
creasingly widespread.11,12

The pattern of genotypes differs between screened and clin-
ically detected cohorts, with a lower frequency of A985G ho-
mozygosity among individuals with MCADD detected by
screening (Table 1). Different studies reporting on children
identified prospectively through screening report that from
36% to 71% (mean frequency of 55%) are homozygous for the
A985Gmutation, with a 95% confidence interval from 47% to
63% (Table 1). We report exact binomial confidence intervals,
which are appropriate for estimates of proportions or percent-
ages, for parameters inTables 1, 2, 4, and 5 to give an indication
of the degree of uncertainty surrounding each estimate.
Results from screened populations show the presence of a

commonmissense mutation (T199C) that has not been found

in patients with clinical disease.11,13 The T199C allele is
relatively common (1/500 as determined by a random
screen of 1,000 blood spots), and in vitro studies show re-
duced enzyme activity, although not necessarily of physiologic
significance.13 Analysis of data from a large screened popula-
tion found the T199C allele in combination with the A985G
allele or with other rare mutations in 16% of the screen-posi-
tive individuals.11 The absolute disease risk for children who
screen positive and carry the T199C allele is unknown at this
time.
Children with MCADD detected through screening can be

expected to have a lower average risk for developing symptom-
atic disease because they are less likely to have genotypes asso-
ciated with clinical symptoms. It should be noted that the geno-
type-phenotype correlation is limited, and even among A985G
homozygotes the spectrum of outcomes is variable.14 The as-
sociation is likely dependent on a variety of genetic and envi-
ronmental factors. For example, not all affected individuals
experience sufficient metabolic stress in the course of child-
hood illnesses to precipitate a metabolic crisis.

Case definition and diagnostic criteria

Criteria for the diagnosis of MCADD have evolved over
time. Demonstration of deficient enzymatic activity is the gold
standard for diagnosis of this fatty acid oxidation disorder.
The high specificity of a diagnostic acylcarnitine profile ob-
tained usingMS/MS had led to decreased use of enzyme assays
for confirmation in the clinical setting.15 However, certain in-
dividuals develop secondary carnitine deficiency that sup-
presses the diagnostic acylcarnitine profile and can cause false-
negative diagnostic results.16 Before the advent of MS/MS,
diagnosis of probands almost invariably followed clinical pre-
sentation (unexplained lethargy, altered consciousness, hypo-
glycemia, encephalopathy, or fatty liver on autopsy) supported
by a combination of biochemical abnormalities.
Not all individuals with MCADD develop such a clinical

presentation, whether a severe metabolic crisis or milder
symptoms. This causes some confusion as to whether the
MCADD phenotype consists of specific clinical signs and
symptoms or the biochemical evidence of an enzyme disorder.
For the purposes of this review, the authors followed estab-
lished clinical practice in using the biochemical definition of
the MCADD phenotype.
Use of variable diagnostic criteria for MCADD complicates

comparison of data from multiple sources. Some screening
programs require confirmatory biochemical tests.16,17 The
presence of two severe mutations on the ACADM gene, that is,
missense or stop mutations resulting in no residual enzymatic
activity, is considered diagnostic, although not all individuals
who are diagnosed with MCADD undergo molecular testing.
Some consider repeat abnormal acylcarnitine screening pro-
files using the same blood spots to be diagnostic, although it is
not clear that all children identified through such techniques
would meet standard diagnostic criteria.
Some people who are compound heterozygotes for MCAD

mutations have a mild or benign phenotype.17 German inves-

Table 1
Frequency of homozygotes for A985G mutation among MCADD cases
detected through screening newborn dried blood spots using tandem

mass spectrophotometry

Citation
No.
cases

No.
homozygotes

Proportion of
homozygotes

95% confidence
intervalsa

Andresen et al.
200113

60b 39 65.0% 51.5%–76.9%

Zytkovicz et al.
200143

10 4 40.0% 12.2%–73.8%

Carpenter et al.
200117

11 4 36.4% 10.9%–69.2%

Zschocke et al.
200118

14 10 71.4% 41.9%–91.6%

Maier et al.
200511

57 27 47.4% 34.0%–61.0%

Pooled 152 84 55.3% 47.0%–63.3%

aNinety-five percent exact binomial confidence intervals, calculated with
STATA v. 8 (StataCorp, College Station, Tex).
bThe original article reported 62 cases of MCADD based on acylcarnitine-
positive newborn samples; however, not all were confirmed by diagnostic cri-
teria. MCADD, medium chain acyl-CoA dehydrogenase deficiency.
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tigators proposed an algorithm based on residual enzymatic
activity in fibroblasts, lymphocytes, or both;mutation analysis;
and phenylpropionate loading.18,19 According to that algo-
rithm, classic MCADD is indicated by less than 5% residual
enzymatic activity, the presence of two severe mutations, or a
pathologic phenylpropionate loading result. Mild MCADD is
associated with 5% to 35% residual enzymatic activity, mild
mutations, and normal phenylpropionate loading. German
data have indicated that one-fourth of infants with MCADD
detected by newborn screening havemild phenotypes and that
the other three-quarters have classic MCADD.19

Incidence and prevalence

Accurate assessment of the incidence of MCADD requires
analysis of test results from a birth cohort representative of a
geographic population. Data on the frequency of MCADD
cases detected through newborn screening are summarized in
Table 2. The estimated frequency of MCADD at birth ranges
from 1 in 10,000 to 1 in 27,000 among populations of mostly
European descent and is less common in populations of non-
European origin. No cases of MCADD were found among
79,171 newborns screened in Korea,20 and two cases of
MCADD were found among 102,200 infants screened in
Japan.21

A U.S. screening study, comprising data largely from the
states of Pennsylvania andNorthCarolina, reported an average

incidence of 1 in 15,700 births.22 On the basis of U.S. studies
reporting screening program data, the pooled estimate of the
incidence of MCADD for the United States is 1 in 17,000
births, with an approximate 95% confidence interval from 1 in
15,000 to 1 in 20,000. Substantial variation is reported among
states, with the incidence in individual states varying from ap-
proximately 1 in 10,000 to approximately 1 in 30,000. States
cannot reliably predict the number of MCADD cases on the
basis of national incidence data or screening data from another
state. None of the published screening studies from the United
States reported cases by race or ethnicity. However, the inci-
dence or birth prevalence for an individual state is likely to vary
with racial and ethnic composition.
Because of variable and nonspecific clinical presentation,

MCADD often is not recognized and, consequently, is under-
diagnosed at the population level in the absence of screening.
Three surveillance studies surveyed metabolic centers, pediat-
ric practices, and diagnostic laboratories to determine the
prevalence of diagnosed metabolic disorders in birth cohorts
for defined populations. The prevalence of clinically diagnosed
MCADD among cohorts of children in geographically defined
populations was 1 in 30,900 in England23; 1 in 42,200 in Ger-
man states not using MS/MS newborn screening24; and 1 in
47,300 in New South Wales, Australia, from 1990 to 1994.25

The German study used a capture-recapture analysis based on
two independent reporting sources to estimate that the true

Table 2
Estimated incidence of MCAD from screening of newborn blood spots

Citation Country State(s) No. screened No. cases Incidence 95% confidence intervalsa

Pourfarzam et al. 200133 England 100,600 8 1:12,600 1:6,400–1:29,200

Shigematsu et al. 200221 Japan 102,200 2 1:51,100 1:14,100–1:422,000

Wilcken et al. 200325 Australia New South Wales and Australian
Capital Territory

362,000 17 1:21,300 1:13,300–1:36,500

Sander et al. 200145 Germany Lower Saxony, North
Rhine-Westphalia, etc.

283,408 29 1:9,800 1:6,800–1:14,600

Schulze et al. 200319 Germany Baden-Wurttemberg 250,000 16 1:15,600 1:11,900–1:40,300

Maier et al. 200511 Germany Bavaria 524,287 62 1:8,100 1:6,300–1:10,400

Hoffman et al. 200426 Germany Baden-Wurttemberg and Bavaria 382,247 29 1:13,100 1:10,300–1:18,900

Germanyb Pooled 1,057,695 107 1:9,900 1:8,200–1:12,100

Chace et al. 200222 US Pa, NC, etc. 1,019,602 65 1:15,700 1:12,300–1:20,300

Zytkovicz et al. 200143 US Mass, Me 184,000 10 1:18,400 1:10,010–1:38,314

Insinga et al. 200246 US Wis 155,500 7 1:22,200 1:10,800–1:55,200

Lorey 200447 US Calif 354,074 13 1:27,200 1:15,900–1:51,300

Frazier 200448 US NC 119,201 12 1:9,900 1:5,700–1:19,200

NY Annual Report 200349 US NY 250,153 12 1:20,800 1:11,900–1:40,300

Indiana Annual Report 200250 US Idaho 84,618 2 1:42,300 1:11,700–1:350,000

North West Regional States48 US Ore, Ala, Hawaii, Nev 147,811 15 1:9,900 1:6,000–1:17,600

US Pooled 1,713,176 95 1:17,000 1:14,400–1:20,300

aNinety-five percent exact binomial confidence intervals, calculated with STATA v. 8 (StataCorp, College Station, Tex). MCAD, medium chain acyl-CoA dehydro-
genase.
bPooled estimates for Germany based on studies 11, 19, and 45 to avoid double counting the same observations.
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prevalence of clinically reported cases was 1 in 38,000.24,26 In
The Netherlands, a retrospective cohort study found an aver-
age prevalence of MCADD of 1 in 27,400.27

With three countries (Australia, England, and Germany) it
was possible to compare prevalence data from active surveil-
lancewith that fromnewborn screening. In each of those coun-
tries, the number of childrenwithMCADDdetected by screen-
ing was more than twice the number diagnosed on the basis of
symptoms. With the exclusion of children identified with
MCADD on the basis of family history, the ratio of clinically
diagnosed prevalence in unscreened cohorts and screened co-
horts ranged from 0.35 to 0.45, respectively (Table 3).
In the United States, MCADD seems even less likely to be

diagnosed in the absence of newborn screening. Researchers
affiliated with a large health plan in California reported no

diagnosed MCADD cases among their members.8 In a com-
parative study,MCADDcases accounted for 40%of all cases of
metabolic disorders detected by MS/MS screening in Pennsyl-
vania, Massachusetts, and Maine, but for only 15% of cases of
the same diseases detected on the basis of clinical symptoms in
three other New England states.28

Natural history

The baseline for calculating the potential benefits of new-
born screening is the natural history of the disorder. The nat-
ural history includes the pattern of clinical signs, symptoms,
and sequelae and outcomes such as mortality and disability
among individuals in whom the disease is not detected before
the emergence of clinical symptoms. It should be recognized
that this is not fixed but depends on the state of clinical aware-
ness and therapeutic practices.

Clinical symptoms

Because fatty acid oxidation is important for energy produc-
tion during fasting or increased energy expenditure, fasting or
stress in individuals withMCADDcan lead to a variety of com-
plications. These include hypoketotic hypoglycemia, hypoto-
nia, lethargy, and vomiting. This can progress to seizures, en-
cephalopathy, coma, and death with an accumulation of toxic
metabolites.14,15 Because signs and symptoms are highly vari-
able, no consistent definition of what is regarded as symptom-
atic MCADD is used in the literature.

Table 4
Percentage of children diagnosed symptomatically with MCAD who died

Citation Country Time period No. MCAD probands No. deaths % deaths 95% confidence intervalsa

Touma and Charpentier51 France 65 17 26.2% 16.0%–38.5%

Iafolla et al.38 US, others 120 23 19.2% 12.6%–27.4%

Wilcken et al.30 Australia 1975–1993 16 2 12.5% 1.6%–38.3%

Pollitt and Leonard23 UK 1994–1996 62 10 16.1% 8.0%–27.7%

Wilson et al.37b UK 1993–1997 12 1 8.3% 0.2%–38.5%

Klose et al.24 Germany 1999–2000 20 2 10.0% 1.2%–31.7%

aNinety-five percent exact binomial confidence intervals, calculated with STATA v. 8 (StataCorp, College Station, Tex).
bData in Wilson et al.37 were included in report by Pollitt and Leonard.23 MCAD, medium chain acyl-CoA dehydrogenase.

Table 5
Percentage of children surviving acute metabolic crises with MCAD who were assessed with serious neurocognitive impairments

Citation Country No. MCAD survivors No. severe disability % severe disability 95% confidence intervalsa

Iafolla et al.38 US, others 73 12 16.4% 8.8%–27.0%

Wilcken et al.30 Australia 15 1 6.7% 1.7%–31.9%

Pollitt and Leonard23 UK 36 3 8.3% 1.8%–22.5%

Wilson et al.37 UK 30 2 6.7% 1.7%–31.9%

Waisbren et al.28 US 5 0 0%

Pooled estimateb;29,14,27 56 4 7.1% 2.0%–17.3%

aNinety-five percent exact binomial confidence intervals, calculated with STATA v. 8 StataCorp (College Station, Tex).
bData in Wilson et al.37 were included in report by Pollitt and Leonard23 and are excluded from pooled estimate. MCAD, medium chain acyl-CoA dehydrogenase.

Table 3
Comparison of active surveillance and newborn screening prevalence

estimates of MCADD

Country

Prevalence of
clinically detected

cases (A)

Prevalence from
newborn screening

(B)
Ratio
A/B

England 1:30,70023 1:12,70033 0.41

Southern Germany 1:38,00026 1:13,10026 0.35

Australia 1:47,30025 1:21,30025 0.45

MCADD, medium chain acyl-CoA dehydrogenase deficiency.
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The age of presentation is variable. The majority of symp-
tomatic cases present from 3 months to 3 years of age.1 How-
ever, MCADD can present in the newborn period, and clini-
cians in neonatal units must be alert to early presentation to
prevent death or neurologic damage.29 In New SouthWales, 8
of 20 children with MCADD presented with acute hypoglyce-
mia during the first 3 days of life, before the time when new-
born screening results could be made available.30

The probability of an individual with MCADD detected by
screening developing ametabolic decompensation crisis in the
absence of screening is as high as 0.75.31,32 One retrospective
study, on the basis of MS/MS analysis of 100,600 stored blood
spot specimens, identified eight children withMCADD at ages
7 to 9 years.33 Of the eight cases, one had died, and two others
had been clinically diagnosed with MCADD, both having ex-
perienced episodes of encephalopathy. Of the remaining five
children, one child had had episodes of encephalopathy and
two others had had episodes of hypoglycemia in infancy. The
other two children remained asymptomatic. Thus, four of
eight (50%) had experienced serious metabolic crises resulting
in encephalopathy or death, and six of eight (75%) had expe-
rienced clinical symptoms.
The frequencywithwhich childrenwith biochemicalMCADD

develop serious, life-threatening symptoms can also be as-
sessed by using information on the older siblings of probands
detected as newborns through screening. For example, Wais-
bren and colleagues, through testing family members of 20
infants detected through screening, identified seven older sur-
viving siblings withMCADD, of whom four had shown symp-
toms (hypoglycemia and extreme lethargy) of MCADD,
whereas the other three remained asymptomatic.28 That ex-
cludes older siblings who might have died of MCADD. Pollitt
and Leonard reported that four of six older siblings with
MCADD experienced symptoms, and that an additional four
siblings died with symptoms compatible with MCADD.23

Mortality

Death has been reported to occur in up to 25% of children
with MCADD not previously diagnosed who experience epi-
sodes of acutemetabolic decompensation.1,5 Published reports
of the frequency of death among children who are index cases
of MCADD are found in Table 4. Pourfarzam et al. found one
death among four children with MCADD who presented with
acute metabolic decompensation (25%).33 Pollitt and Leonard
reported that 10 of 46 children with MCADD who presented
with acute symptoms died (21.7%).23

The calculated mortality risk in MCADD depends on the
length of follow-up, because deaths associated with the disor-
der can occur through at least 3 years of age. The effect of
length of follow-up has not been adequately addressed in the
published literature on mortality in MCADD. One study re-
ported 2 infant deaths among 27 patients (9%) with clinically
detectedMCADD at the Children’s Hospital of Philadelphia.34

The risk of death through 3 years of age was 26% in the same
cohort (Charles Venditti,MD, PhD, personal communication,
2003). The cumulative risk of death to 12 months of age was

13.0% (6/46) in the English cohort of Pollitt and Leonard,
compared with 21.7% at 3 years of age.23 A study from Ger-
many reported that only 2 (10%) of 20 children clinically di-
agnosed with MCADD had died, but the length of follow-up
was short, perhaps less than 12 months.24

The overall mortality rate among all children withMCADD
is necessarily lower than that among those who experience
metabolic crises, because a fraction of individuals with the dis-
order do notmanifest signs and symptoms in childhood. If the
mortality rate among children who experience an acute meta-
bolic crisis were 25% and the probability of such a crisis were
50% to 75%, overall cohort mortality would be between 12%
and 20%. In the British cohort ascertained by Pollitt and Leo-
nard, there were 10 deaths among 62 probands, for an overall
risk of death of 16.1%.23 Similarly, in the small group of eight
children with MCADD detected by Pourfarzam et al.,33 there
was one death (12.5%).
The number of deaths attributed to a diagnosis of MCADD

is probably understated in certain studies because infants or
children who die of MCADD-related causes might have the
cause of death incorrectly listed as sudden infant death syn-
drome, Reye syndrome, hepatitis, poisoning, or unknown
causes unless metabolic testing is conducted on autopsy
specimens.35 Among 7,058 postmortem blood samples ob-
tained from children in the United States and Canada with
unexpected deaths, 23 had evidence ofMCADDdeficiency.35 A
follow-up study that analyzed postmortem blood spots from
793 children in Virginia who died before 3 years of age and
whose deaths were referred to amedical examiner during 1996
to 2001 revealed that two had evidence of MCADD by acylcar-
nitine analysis, both of whose diagnoses were subsequently
confirmed by genotyping.36

The data from the Virginia study can be used to establish a
lower bound on the risk of undiagnosed mortality from
MCADD in young children. Approximately 550,000 births
took place in Virginia from 1996 to 2001. By assuming a prev-
alence of 1 in 16,000, one would expect 35 births in Virginia
affected by MCADD during this period. Dividing 2 deaths by
35 expected cases, we project that undiagnosed deaths oc-
curred in 6% of children born with MCADD during this pe-
riod. This is likely to be an underestimate, because other
MCAD-related deaths might not have been subject to post-
mortem examination because they were assigned another
cause of death such as infectious disease.
The frequency of deaths among older siblings of children

withMCADD seems elevated relative to that among probands.
For example, Wilcken and colleagues reported that 3 (75%) of
4 Australian siblings presumed to have hadMCADDhad died,
compared with 2 (12.5%) of 16 probands.30 Similarly, Wilson
and colleagues reported that in England 9 (88%) of 11 older
siblings who likely had MCADD had deaths consistent with
MCADD.37 One reason for the higher than expected numbers
of deaths in older siblings is that the typical nonspecific symp-
toms of MCADD might be more likely to be diagnosed cor-
rectly in a child with a family history of sibling death.

MCADD epidemiology
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Neurologic complications

Children who experience acute metabolic decompensation
are at elevated risk of neurologic impairment and varying de-
grees of disability. Up to one-third of survivors of metabolic
crises in MCADD are reported to experience some form of
developmental delay. Differences in the classification of neu-
rologic impairments make comparisons across studies diffi-
cult. Iafolla et al. reported that among 73 patients older than 2
years of age, one or more abnormal assessments were found in
32%, including speech and language delay (22%), develop-
mental disability (16%), and behavioral problems (15%).38

Wilcken et al. likewise reported one-third of MCADD survi-
vors in Australia to have some developmental problems.30 Two
studies from the United Kingdom both reported developmen-
tal problems in one-sixth of survivors of acute crises.23,37

Measures of intellectual disability ormental retardation, de-
fined as IQ less than 70, seem more comparable (Table 5). By
excluding the study by Iafolla and colleagues,38 the reported
frequency of cognitive disability in children with MCADD de-
tected symptomatically is 7% to 8%. Pooling across studies, the
probability of intellectual disability is 7.1%, with a 95% confi-
dence interval from 2.0% to 17.3%. Waisbren et al. found no
cases ofmarked developmental delay among five children with
MCADD detected on the basis of clinical symptoms, which is
consistent with a risk of 10% or less.28

Not all cases of intellectual disability in children with
MCADD can be attributed to the metabolic defect. The back-
ground rate of mental retardation in children is approximately
1%.39 If one subtracts the background rate, the estimate of the
risk of mental retardation or intellectual disability among chil-
dren with MCADD diagnosed on the basis of clinical symp-
toms is 6% in the absence of early, asymptomatic detection.
The other developmental disability that has been associated

with MCADD is cerebral palsy. In a series of 97 surviving pa-
tients with MCADD reported by Iafolla et al., 9% had been
diagnosed with cerebral palsy.38 The investigators did not re-
port howmany children with cerebral palsy also had cognitive
disability. In general, studies show that approximately two-
thirds of children with cerebral palsy also have a diagnosis of
mental retardation.39 This suggests an additional 3% risk of
cerebral palsy without cognitive impairment, for a total of 9%
of children with mental retardation, cerebral palsy, or both
attributable to the effects of MCADD.
We combined the best estimate of the attributable risk of

intellectual disability among surviving children with clinically
diagnosedMCADD(6%) and the risk of cerebral palsywithout
intellectual disability (3%) to derive an overall estimate of de-
velopmental disability severe enough to require lifelong treat-
ment (9%). This estimate is imprecise, given the wide confi-
dence interval for intellectual disability (2.0%–17.0%) and the
even less precise estimate of the frequency of cerebral palsy.
The estimate applies to children who experience a metabolic
crisis, which is from 50% to 75% of all children with MCADD
in the absence of screening. Logically, this implies 5% to 7% of
children with MCADD would develop some type of frank de-

velopmental disability in the absence of screening, although
this does not take into account the statistical uncertainty with
regard to the underlying estimates. Further, this estimate does
not take into account milder developmental delays or behav-
ioral problems that canmanifest among survivors ofmetabolic
crises.

Prevention of symptoms and complications

The reduced ability to metabolize medium-chain fatty acids
becomes problematic when individuals are faced with extra
metabolic demands or reduced dietary inputs. Most often,
stress induced by fasting or infection, during which the de-
mands on fatty acid oxidation are particularly high, leads to
symptomatic presentation. Lengthy fasting or the presence of
infection or recent immunization typically precedes metabolic
crises in MCADD.40

It is widely believed that adverse outcomes in MCADD can
largely be prevented through avoidance of fasting, along with
close attention by parents and clinicians during periods of in-
fection and after immunizations. Energy-containing drinks
should be consumed during periods of infection and anorexia.
Hospitalization for administration of intravenous fluids is re-
quired if oral feeding attempts are unsuccessful. The only
deaths after diagnosis of MCADD that have been reported in
the published literature from the United States occurred in
children in whom the diagnosis wasmade late or disease-man-
agement guidelines were not necessarily followed.13,40

Informationon long-termoutcomes inchildrenwithMCADD
detected through newborn screening is still lacking.4,25,41 How-
ever, there are indications that the risk ofmortality after newborn
screening for MCADD is real. A recent report from Germany
examined the outcomes of 29 patients detected by screening
who were homozygous for the A985G mutation.42 Unfortu-
nately, two patients died at 10 months of age, despite knowl-
edge of the MCADDD diagnosis.42 Long-term follow-up in-
vestigations in New England have likewise revealed two deaths
among children identified by newborn screening whose
MCADD diagnoses were confirmed by metabolic specialists
(number of children diagnosed is not reported); the details of
the circumstances of these deaths are under investigation (per-
sonal communication, New England Newborn Screening Pro-
gram).
Severe metabolic crises sometimes occur before the report-

ing of screening results, further reducing the number of pre-
ventable deaths resulting from newborn screening. Pollitt and
Leonard reported one neonatal death in an infant whose older
sibling had already been diagnosedwithMCADD.23 Among 23
infant deaths with MCADD detected by postmortem MS/MS
analysis, 3 occurred during the first 7 days of life.35 Presum-
ably, these deaths could not have been averted by newborn
screening. On the other hand, early neonatal deaths with
MCADD might be preventable through increased clinical
awareness of fatty acid oxidation disorders, which can occur as
a result of their inclusion in newborn screening panels.
Studies of screened cohorts with MCADD have reported

no neurologic impairments.13,25,28,43 However, none of these
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studies administered a validated test of general cognitive ability
required to classify intellectual disability. One study assessed
20 children withMCADD identified through newborn screen-
ing from 5 to 29 months of age, with a median age of 9
months.28 None of the children with MCADD had mental in-
dex scores below the normal range. However, a conclusive as-
sessment of the effects of early identification of MCADD on
cognitive ability will require considerably longer follow-up.44

DISCUSSION

Newborn screening for MCADD clearly prevents death and
disability in many children with the disorder. We conserva-
tively project that one in six children born with MCADD will
die in childhood in the absence of screening. Without early
asymptomatic detection, at least half of childrenwithMCADD
will experience a metabolic crisis, and up to 1 in 10 survivors
will develop a serious developmental disability. Conserva-
tively, between one in five and one in four children with
MCADD will experience death or severe disability without
newborn screening for the disorder. The frequency of milder
developmental delay ismore difficult to assess but is of concern
to parents and poses costs to the affected individuals, families,
and society.
These estimates can be used to calculate the number needed

to screen to prevent one case of death or serious disability.
Taking into account an expected prevalence of 1 in 17,000,
70,000 to 80,000 children would need to be screened for
MCADD to prevent one case of death or serious disability.
At the national level, screening 4 million U.S. births per year
could prevent 50 to 60 premature deaths or cases of disability,
assuming strict adherence to disease-management guidelines
by both parents and providers, access to comprehensive care
and health insurance, and a prompt and efficient system of
reporting and follow-up.
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