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BACKGROUND: Although octanoylcarnitine (C8) con-
centrations measured from newborn screening dried
blood spots are used to identify those at high risk of
medium-chain acyl-CoA dehydrogenase deficiency
(MCADD), age-related reference values are currently
not available for unaffected newborn populations. Be-
cause age at sampling may vary within and between
screening programs, variations in C8 concentrations
by age may affect screening program performance. We
determined whether C8 concentrations vary by age at
sampling, sex, birth weight, or gestational age in unaf-
fected newborns.

METHODS: We analyzed C8 concentrations from
227 098 unaffected newborns, including 179 729 from
6 English laboratories participating in a multicenter
study and 47 369 from the single laboratory serving the
New South Wales (NSW) Newborn Screening Pro-
gram in Australia. In England, the majority of samples
were collected at age 5– 8 days and analyzed underivat-
ized by use of tandem mass spectrometry (MS/MS); in
NSW, samples were obtained at a median age of 3 days
and analyzed derivatized by MS/MS. Information on
infants’ sex, birth weight, gestation, hospitalization,
and transfusion status was recorded at time of
sampling.

RESULTS: C8 concentrations did not vary significantly
by age at sampling, sex, birth weight, or gestational age
and remained relatively constant during the first 2
weeks of life in unaffected babies being screened for
MCADD.

CONCLUSIONS: Newborn MCADD screening programs
using this biomarker for screening samples collected

after the first day and during the first 14 days of life do
not need to adjust cutoff values to account for postnatal
age, prematurity, or size at birth.
© 2010 American Association for Clinical Chemistry

Medium-chain acyl-CoA dehydrogenase deficiency
(MCADD)9 leads to the accumulation of octanoylcar-
nitine (C8) in the blood and can be diagnosed by anal-
ysis of the concentration of acylcarnitines by use of
tandem mass spectrometry (MS/MS) (1 ). The devel-
opment of electrospray ionization MS/MS allows those
at risk of MCADD to be identified by screening pre-
symptomatic newborn infants using the same blood
spot collected for analysis of phenylketonuria. The aim
of newborn screening for MCADD is to prevent death
and, in the longer term, neurological disability through
early diagnosis and management.

Currently, many countries have newborn screen-
ing programs that use MS/MS for MCADD, including
the Netherlands, Germany, Denmark, the US, and
Australia; the programs vary by age at which blood
samples are collected. Although C8 concentrations ob-
tained from dried blood spots are widely used for the
detection of MCADD, little attention has been paid to
possible age-related variations in reference values in
unaffected newborn populations. Because the age at
testing may vary within and between screening pro-
grams, variations in C8 concentrations with age have a
potential impact on screening program performance.

Our goals were to ascertain whether the concen-
tration of C8 is affected by age at sampling, as has been
suggested (2, 3 ), whether this change occurs in unaf-
fected newborns as well as in those with MCADD (2 ),
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and whether thresholds need to take into account age at
sampling, sex, or prematurity. Although potentially
important for the optimal investigation and manage-
ment of MCADD, age-related reference values of C8
are currently not available.

Materials and Methods

To determine C8 concentrations in the unaffected
newborn population, we used data from the UK Col-
laborative Study of Newborn Screening for MCADD
collected between November 2004 and April 2005 (in-
clusive) to examine the results of all infants who
screened negative for MCADD. We also obtained data
collected over the same time period in the Australian
New South Wales (NSW) Newborn Screening Pro-
gram, where screening is carried out at an earlier age
than in the UK. We evaluated the variation in C8 con-
centrations measured by MS/MS with age at sampling,
sex, birth weight, and gestational age.

Six centers participating in the UK Collaborative
Study of MCADD10 screened approximately half the
births in the UK (approximately 350 000 births per
year). These centers were Guy’s Hospital, London;
Great Ormond Street Hospital for Children, London;
Royal Manchester Children’s Hospital, Manchester;
Sheffield Children’s Hospital, Sheffield; Birmingham
Children’s Hospital, Birmingham; and St James’ Uni-
versity Hospital, Leeds.

Heel-prick blood samples were collected onto
Whatman or Schleicher and Schuell 903 (ID Biological
Systems) bloodspot filter paper, with the majority col-
lected between days 5 and 8 after birth (with day of
birth counted as day 0) and analyzed underivatized by
use of MS/MS with multiple reaction mode (MRM)
acquisitions for quantification of octanoylcarnitine. All
laboratories participated in an external quality assur-
ance (QA) scheme. Screened values �0.40 �mol/L
were repeated in duplicate using the same blood spot. A

presumptively positive screening test for MCADD was
defined by mean triplicate C8 values �0.50 �mol/L. All
children with a presumptive positive test for MCADD
were referred for diagnostic follow-up and treatment
to a local specialist center.

During the data-collection period, the single labo-
ratory serving the NSW Newborn Screening Program
screened approximately 95 000 births per year, with a
median age at sampling of 3 days; �99% of newborns
were sampled before day 6 (4 ). Screening samples were
collected on to Whatman BFC 180 bloodspot filter pa-
per (Whatman Asia Pacific). Those with an initial C8
value �0.8 �mol/L were reassayed (same spot) and
considered presumptively positive if the mean of these
2 assays was �1.0 �mol/L (5 ). Samples collected be-
fore 48 h of life were analyzed but deemed inappropri-
ate for reporting, and repeat samples were collected
from these babies. MS/MS with MRM acquisitions was
used to quantify C8, and samples were, at that time,
derivatized using butanolic HCl, a method adapted
from Millington et al. (6 ).

In all centers, the midwife or health professional
collecting the sample was asked to record infant birth
weight, duration of gestation, and if the child was in a
hospital or required a transfusion. In NSW, mothers
were usually still in hospital on the day the sample was
collected (at 48 –72 h, day 2–3), whereas in the UK,
mothers were usually discharged home by day 5– 8,
where a midwife would take the sample.

Information on C8 concentrations and age at sam-
pling were provided by all screening centers and on
birth weight, gestational age, hospital, and transfusion
status by all but 1 English center. We excluded infants
sampled before 4 days of age (n � 122) in the English
dataset. In addition, those who exceeded the UK cutoff
of C8 �0.5 �mol/L (n � 61 in England; n � 20 in
NSW) as well as those born with a birth weight �0.5 kg
(n � 4 in England; n � 5 in NSW) were excluded from
both datasets. This gave a combined total of 227 098
samples (n � 179 729 and 47 369 from the English cen-
ters and NSW, respectively). For the purposes of this
study, prematurity was defined as �37 completed
weeks’ gestation, and very low birth weight (VLBW) as
�1.5 kg.

We analyzed data with summary statistics using
Stata/SE version 9.2 (Stata Corp.). We used Wilcoxon
rank sum test with continuity correction to calculate
95% CIs for difference of medians using R version 2.4.1
(R Corp).

Results

SCREENING CENTERS IN ENGLAND

During the data collection period, 92.9% [interquartile
range (IQR) 90.5%–94.6%] of samples were collected
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by 8 days of age across all 6 screening centers. The me-
dian age at sampling ranged from 5 to 7 days, and me-
dian C8 concentrations, from 0.04 to 0.06 �mol/L be-
tween the centers.

Median C8 concentrations and their distributions
did not vary by age at sampling by screening centre
(Fig. 1). We therefore combined data from these 6
screening centers in all subsequent analyses. The inter-
quartile values of the combined C8 data for newborns
in England ranged from 0.04 to 0.07.

Overall, 51.1% of newborns tested were male,
1.2% VLBW, and 7.9% premature. At time of sam-
pling, 7.9% were recorded as being in the hospital and
0.3% as having received a blood transfusion. The me-
dian C8 concentration was 0.06 (IQR 0.04 – 0.07)
�mol/L in boys compared with 0.05 (IQR 0.04 – 0.07)
�mol/L in girls. Similarly, median C8 concentrations
were 0.07 and 0.05 �mol/L in those with VLBW or
normal birth weight, respectively, and 0.06 and 0.05
�mol/L in those born prematurely or at full term, re-
spectively. Median C8 concentrations based on sam-
ples from infants of known gestational age were not

clinically different from those based on samples from
infants with missing gestational age (data not shown).

ENGLISH AND NSW SCREENING CENTERS COMPARED

In NSW, median age at sampling ranged from 2 to 3
days, and median C8 concentrations, from 0.06 to 0.11
�mol/L (Table 1); 51.6% of newborns tested were male
(1.2% missing), 1.0% VLBW, and 6.7% premature. At
time of sampling, 92.1% were recorded as being in the
hospital and 0.1% as having received a blood transfu-
sion. The median C8 concentration was 0.09 (IQR
0.07– 0.12) �mol/L in boys compared with 0.08 (0.06 –
0.11) �mol/L in girls. Similarly, median C8 concentra-
tions were 0.09 and 0.08 �mol/L in those with VLBW
or normal birth weight, respectively, and 0.08 and 0.09
�mol/L in those born prematurely or full term,
respectively.

Comparing data from the 2 countries, the birth
weight and gestation of the screened newborns were
similar (Table 1). The IQR of age at sampling was 2–3
days in NSW compared with 5–7 days in England.
Overall, the median concentration of C8 was only
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Fig. 1. Median C8 concentrations in newborns without MCADD by screening laboratory center in England (n �

179 729).

Data excludes presumptive positives for MCADD (C8 values �0.5 �mol/L) (n � 61) and those collected before day 4 (n � 122).
For illustrative purposes, random noise (jitter) was applied to data points. The dotted lines represent the range of median ages
at which samples are collected in these centers.
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slightly lower at 0.05 (IQR 0.04 – 0.07) �mol/L in En-
gland compared with 0.09 (0.06 – 0.11) �mol/L in
NSW (95% CI of the difference of medians �0.04, 0.04
�mol/L, SE 1.92 � 10�7) (Table 1).

We were able to compare median C8 concentra-
tions on day 4, when sufficient data were available from
both countries for a combined total of 20 628 blood-
spot samples (Table 2). At 4 days of age, in England,
4.0% of children were reported to be in the hospital
compared with 88.6% of children screened on day 4 in
NSW, reflecting country differences in postnatal care.
A similar percentage of children received blood trans-
fusions, were premature, or had VLBW [0.04% (3.8%
missing) in England and 0.07% (0% missing) in NSW;
5.5% in England and 7.3% in NSW; 0.39% in England
and 0.9% in NSW, respectively]. The minor differences
in C8 concentration medians were not clinically im-
portant. These values did not vary with day of sampling
between England and NSW and were relatively con-
stant over the first 2 weeks of life (Fig. 2).

Discussion

This is the first multicenter cross-country study exam-
ining C8 concentrations in unaffected infants undergo-
ing newborn screening for MCADD. Using large rep-
resentative datasets from newborn screening programs
in England and NSW, we demonstrated that C8 con-
centration does not vary by age at sampling within the

first 2 weeks of life or by sex, birth weight, or length of
gestation. Furthermore, clinically important differ-
ences in C8 concentrations were not observed between
the 2 screening programs where the protocols for
screening varied by derivatization technique.

Strengths of our study include the large number of
prospectively collected study samples on which C8
concentrations and related demographic variables are
based. Additionally, we were able to describe data from
a large number of premature infants, a subgroup that is
important to consider in newborn screening programs
(7 ). Furthermore, we obtained comparable data from
newborns in 6 English screening centers and 1 Austra-
lian center, all with a high level of completeness of cov-
erage for the regions and time period of interest (8 ).
This high level of coverage can be explained in part by
these screening programs being free of charge and uni-
versal in both countries (8, 9 ), in contrast to programs
offered in other developed countries, where access to
health care may depend on parental ability to pay (10 ).

To our knowledge, there has only been 1 prospec-
tive study, by Chace et al. (1 ), examining C8 concen-
trations analyzed by a consistent method in unaffected
newborns after 72 h of age; however, this was con-
ducted in a small sample (n � 133). In these newborns,
C8 concentrations were reported to be very low, with
the median value being below detection limits. More
recently, Rhead (11 ) tabulated means/medians of C8
concentrations in unaffected newborns taken from

Table 1. Characteristics of UK study samples from England and NSW.a

n
Age at sampling,

days
Birth

weight, kg
Gestation,

weeks C8, �mol/L

England combined 179 729 5 (5–7) 3.3 (3.0–3.7)b 40 (38–40)c 0.05 (0.04–0.07)

NSW 47 369 3 (2–3) 3.4 (3.1–3.7)d 40 (38–40)e 0.09 (0.06–0.11)

a Data are median (IQR).
b 20.0% missing birth weight.
c 39.0% missing gestational age.
d 0.3% missing birth weight.
e 3.0% missing gestational age.

Table 2. Comparison of C8 concentrations at day 4 (England and NSW data).

England NSW

Day 4 n Median Missing, % n Median Missing, %

C8, �mol/L 14 507 0.06 0 6121 0.08 0

Gestation, weeks 6556 40 54.8 5955 40 2.7

Birth weight, kg 13 978 3.4 3.8 6096 3.4 0.4

Sex, % male 14 164 50.1 2.4 6045 51.2 1.2
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published reports of eight screening programs: these
ranged from 0.05 to 0.30 �mol/L. However, some of
the programs included had a sampling age of �72 h
and are not directly comparable to the samples used in
our study. Additionally, these studies do not allow con-
clusions to be drawn regarding variation in values by
day of sampling.

Previous studies have reported that acylcarnitine
profiles in premature and VLBW infants differ from
profiles of babies born at term or of normal birth
weight (7, 12 ). Were this the case, it might pose a prob-
lem in interpreting results from screening programs
(4, 13 ). We have demonstrated, however, that, at the
population level, C8 concentrations do not vary by pre-
maturity or birth weight over the first 2 weeks of life.
Similarly, no differences were found between sexes.

Several countries, including the US, collect new-
born bloodspot screening samples between days 1 and
9, and in some places as early as 16 h after birth (14 –
16 ). These screening programs use different thresholds
to define a positive screening result for MCADD owing
to differences in screening criteria, health technologies,
and case definitions (17 ). Such differences in thresh-
olds may limit direct comparison of screening program

performance between studies. In our study, we used
data obtained using a common MS/MS protocol across
the 6 English screening centers, all of which partici-
pated in an external QA scheme for C8. We combined
these values with data analyzed in NSW by a protocol
that differed by the day of sampling and derivatization
method and found no clinically important differences
in C8 concentrations. It is possible that the minor dif-
ferences observed in median C8 values in England
compared with NSW may be explained by the deriva-
tization of the NSW samples. Derks et al. (3 ) have also
reported the mean C8 concentration of underivatized
blood samples to be slightly but not significantly lower
than derivatized samples. In both the study by Derks
and our study, however, the differences observed in C8
concentrations are negligible and not clinically signifi-
cant for a newborn screening program. Consequently,
we conclude that there is scope for making compari-
sons between screening programs that differ by age of
sampling and derivatization method, as C8 appears to
be a stable biomarker for MCADD.

We were unable to report data on C8 concentra-
tions in the first 24 h of life or information on whether
infants being tested were sick, both of which may have
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Fig. 2. C8 concentrations in newborns without MCADD.

Samples from NSW taken at age 1–9 days, English samples at age 3–14 days. Data exclude presumptive positives for MCADD
(C8 values �0.5 �mol/L). For illustrative purposes, random noise (jitter) was applied to data points.
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an impact on C8 concentrations. In addition, informa-
tion on ethnicity was not available at the time in the
datasets used in our study.

Our study is based on cross-sectional data from an
unaffected population. However, there have been pre-
vious studies examining age variation in C8 concentra-
tions among children with confirmed MCADD
(1, 2, 4, 7 ), demonstrating that infants tested at �10
weeks of age have significantly higher (P � 0.05) C8
concentrations than those tested at later ages (2 ) and
that a 3-fold decline of C8 concentrations is seen over
the first weeks of life (11 ). Although C8 concentrations
in infants with MCADD are reported to vary by gesta-
tional age (7 ), we did not observe such a fall in our
study. Currently, the cutoff used to identify infants in
whom MCADD is suspected varies considerably be-
tween international screening programs (including
those reported from the US, Canada, Germany, Portu-
gal, Italy, Switzerland, and Austria) and ranges from
0.2 to 1.0 �mol/L. These values are approximately
4 –11 standard deviations above C8 concentrations
seen in unaffected children (11 ). Additionally, results
from a screening program in the Netherlands and from
a retrospective study of dried blood spots in the UK
described a mean value of 6.01 �mol/L (3 ) and 3.04
�mol/L (2 ), respectively, in affected children with
MCADD. Because the C8 concentrations in the patho-
logic state of MCADD (C8 �0.5 �mol/L) are markedly
higher than those observed in an unaffected popula-
tion in the UK MCADD screening program, the small
differences in C8 concentrations seen in our study are
not clinically important.

We were unable to examine C8 concentrations ac-
cording to heterozygosity for the common mutation
c.985A�G, which has been reported to be associated
with increased C8 concentrations in the first weeks of
life (7, 12, 15, 18 ). We recently reported the heterozy-
gote frequency of c.985A�G to be 1/65 in the UK new-
born population (19 ). From this, we estimate that in
this study we would expect 2722 c.985A�G heterozy-
gotes among the 179 916 unaffected newborns
screened in England over the study period (comprising
179 729 unaffected and 187 previously excluded in-
fants). In contrast, only 7 infants were identified as het-
erozygous for c.985A�G among those who tested pre-
sumptively positive during the UK MCADD screening
study in the same period. Therefore, we conclude that
the population of newborns heterozygous for the
c.985A�G mutation is not at a high risk of being de-
tected in the UK screening program, where a threshold

of C8 �0.5 �mol/L is used to define a presumptively
positive screening result for MCADD.

Currently, there are no reports based on large-
scale studies to determine the effect of mode of feeding
on C8 concentrations: the laboratories were unable to
provide us with data on feeding method. Approxi-
mately 70% of mothers initiate breastfeeding in En-
gland, but this declines rapidly in the first week of life
(20 ). We were therefore unable to address the sugges-
tion that C8 concentrations are increased in poorly
breastfeeding newborns heterozygous for the
c.985A�G mutation.

In summary, we have shown that C8 concentra-
tions do not vary according to age at sampling, sex,
birth weight, or gestational age, and that they remain
relatively constant during the first 2 weeks of life in
unaffected babies. These findings provide useful evi-
dence for MCADD screening programs using C8 as a
biomarker in samples obtained from newborns be-
tween the second and fourteenth days of life.
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