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ABSTRACT

Despite a number of published reports, there is limited infor-
mation about carnitine metabolism in the newborn. To establish
normative data, we analyzed whole-blood carnitine concentra-
tionsin 24,644 newborns at age 1.85 = 0.95 d and umbilical cord
whole blood and plasma carnitine concentrations in 50 full-term
newborns. Total carnitine (TC), free carnitine (FC), and acylcar-
nitine (AC) were measured by electrospray tandem mass spec-
trometry. AC/FC ratios were derived from these measurements.
The entire cohort was stratified according to TC values into a
middle TC group representing 90% of the population and lower
and upper TC groups representing 5% of the population, respec-
tively. Normative data were derived from the middle TC group of
full-term infants (N = 19,595). TC was 72.42 + 20.75 uM, FC
was 44.94 + 14.99 uM, AC was 27.48 = 8.05 uM, and AC/FC
ratio was 0.64 = 0.19 (£SD). These values differed significantly
from umbilical cord whole blood TC values of 31.27 += 10.54
uM determined in 50 samples. No meaningful correlation was
found between TC and gestational age or birth weight in any
group. In controlled analyses, prematurity was not associated
with TC levels, whereas low birth weight (<2500 g) and male

L-Carnitine serves as a carrier for acyl groups across the
mitochondrial membrane. It is essential for the membrane
transport and subsequent intramitochondrial B-oxidation of
long-chain fatty acids and for the modulation of CoA ho-
meostasis (1, 2). Adequate tissue levels of carnitine are crucial
in the neonatal period, because mitochondrial oxidation of fatty
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sex were significantly associated with higher TC levels. The
association of low birth weight with higher TC values may be
related to decreased tissue carnitine uptake. The sex effect may
be related to hormonal influences on carnitine metabolism. Our
study provides normative data of carnitine values measured by
the highly precise method of electrospray tandem mass spec-
trometry in alarge cohort of newborns and provides the basis for
future studies of carnitine metabolism in health and disease states
during the neonatal period. (Pediatr Res 53: 823-829, 2003)

Abbreviations
MS-MS, electrospray tandem mass spectrometry
TC, total carnitine
FC, free carnitine
AC, acylcarnitine
RBC, red blood cells
OR, Odds ratio
Cl, 95% confidence interval
RE, radioenzyme

acids is essential for the production of energy in newborns
(3-6).

L-Carnitine is derived mainly from exogenous sources and in
part from endogenous synthesis (1). The main source of carnitine
in the fetus seems to be transplacenta transfer (4, 7, 8) and in the
newborn seems to be breast milk or carnitine-supplemented for-
mulas (3, 9-11). Endogenous synthesis playsaminor rolein early
life because the activity of y-butyrobetaine hydroxylase, the en-
zyme necessary for carnitine synthesis, is very low (12).

In tissues and body fluids, carnitine is present in free and
esterified forms. The sum of free carnitine (FC) and acylcar-
nitine (AC) equals total carnitine (TC). The fraction of ester-
ified carnitine varies depending on the tissue and on the
metabolic status (1, 13, 14).
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Reduction of FC and accumulation of AC is a common
feature of inborn errors of metabolism affecting fatty acid
oxidation and other mitochondrial disorders (1, 13, 14). These
diseases often present in the neonatal period and early infancy
(2). Knowledge of carnitine metabolism in neonatesis essential
if these diseases are to be recognized and treated.

An extensive literature describes the need for carnitine
supplementation in newborns (9-11, 15). Recommendations
for carnitine supplementation, however, should be based on the
knowledge of the normal carnitine values in this population
and on the perinatal factors that can affect the concentration
and the relative distribution of FC and AC.

Only a few articles (3, 11, 16—25) have reported carnitine
concentrations in the perinatal period since the original report
of Novack et al. (26). However the interpretation of the
cumulative information from these reports is difficult because
of several differences: 1) the study populations 2), technical
methods 3), postnatal timing of samples, and 4) analyzed
tissues (e.g. blood, plasma, serum). These differences have
obscured the normal carnitine values, the evolution of carnitine
values postnatally, and the definition of neonatal carnitine
deficiency. In addition, the small number of subjects in each
report limits the generalizability of the findings. In this report,
we present the data collected from 24,644 consecutive new-
borns at age 1.85 + 0.95 d. The data provide normal values of
blood carnitine concentration in newborns and permit some
speculation regarding perinatal factors that may influence car-
nitine homeostasis in this age group.

METHODS

The carnitine screening project was conducted in collabora-
tion with Neo Gen Screening LLP (Pittsburgh, PA). This
diagnostic service uses tandem mass spectrometry to screen for
inborn errors of metabolism using newborn blood spots. Neo
Gen Screening generated 25,592 consecutive carnitine screen-
ing results from newborn infants in the Pennsylvania region
and their corresponding demographic and birth data. TC, FC,
and AC were measured from filter paper blood spots using
electrospray tandem mass spectrometry (MS-MS), as previ-
ously described (27, 28). The study lasted 16 mo. We were
interested in obtaining normative data from a homogeneous
cohort. In an attempt to eliminate any sample selection bias,
only consecutive specimens were included.

From the origina sample, 24,644 results were included for
statistical analysis. A total of 948 blood specimens were dis-
carded as unsatisfactory for demographic reasons; because of
extraneous, nonconsecutive birth dates; or because of transfu-
sion before newborn screening sampling. Demographic infor-
mation in the sample included gestational age, birth weight,
and time of sampling.

The statistical analyses were carried out using both SPSS
(version 10.05 for Windows) and The SAS system for Win-
dows Release 8.02 TS Level 02MO. Pearson Rho correlation
coefficient and t tests were used to assess continuous variables,
and ¥ statistics were used for dichotomous or categorical
variables. Strength of association was estimated by the odds
ratio (OR) and 95% confidence interval (Cl). Linear regression
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analyses (maximum square analyses) were carried out to iden-
tify covariates associated with TC.

We carried out two sets of analyses: one involved the entire
cohort (N = 24,644), and the other involved only term infants
(N = 21,686). To normalize the data further, we performed
additional subgroup analyses by dividing the population into
the upper 5%, middle 90%, and lower 5% according to TC
values.

In addition, we studied 50 cord blood specimens from
full-term infants delivered at Harlem Hospital Center in New
York. Cord blood specimens were collected in a heparinized
tube at the time of birth. The samples were gently mixed to
obtain a uniform distribution of the cellular elements before an
aliquot of whole blood was obtained for sampling. After this
aliquot was obtained, the heparinized blood specimen was
centrifuged to yield the plasma supernatant. All specimens
were prepared and allowed to air-dry on filter paper on the day
of retrieval (mean: 2-3 d after collection). These 50 samples
were then analyzed by MS-MS, as above.

Fifty additional plasma samples were collected over a 1-mo
period. These samples were submitted for carnitine analysis as
indicated clinically. An aliquot of plasma was spotted on filter
paper and air-dried for MS-MS assay. Another aliquot of
plasma was assayed by the conventional radioenzyme (RE)
assay (29). We compared plasma carnitine results provided by
MS-MS to the measurements obtained by the RE technique
(29).

These studies were approved by the Columbia University
Institutional Review Board. The study subjects remained
anonymous.

RESULTS

Descriptive analysis of the entire sample. A summary of
descriptive statistics and the mean carnitine values for the
entire sample of 24,644 newborns is depicted in Table 1. The
mean interval between birth date and the date of blood spot on
filter card was 1.85 * 0.95 d. The data were grouped into three
populations on the basis of TC vaues: middle 90% (normal
TC) population, upper 5% (high TC) population, and lower 5%
(low TC) population. Carnitine values showed normal distri-
bution in the middle 90% group with skewness and kurtosis of
0.56 and —0.43, respectively.

In the normal TC population, girls and boys were equally
represented (Table 1). A total of 83.6% of newborns were
white, and 9.9% were black. The mean gestational age was
38.8 = 2.5 wk, and the mean birth weight was 3348 + 652 g.
There were no differences in mean birth weight or gestational
age between the three groups of carnitine values (data not
shown).

Univariate analyses of the entire sample. On stratified
analyses, both low birth weight infants (<2500 g) and prema-
ture infants (<37 wk gestation) were significantly overrepre-
sented in the high TC group compared with the norma TC
(low birth weight OR = 2.4, 95% CI = 1.8-2.5; p < 0.0001)
and premature infants (OR = 1.5, 95% Cl = 1.3-1.8; p <
0.0001).
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Table 1. Summary of descriptive statistics for the total group of newborns and the full-term group of newborns

Total group High 5% Middle 90% Low 5%
(N = 24 644) (N=1232) (N = 22180) (N =1232)
TC* 74.63 + 28.97 153.21 = 31.99 72.54 + 20.82 33.57 + 453
FC* 46.85 = 21.19 103.37 = 28.98 4524 + 15.16 19.38 + 3.76
AC* 27.77 = 10.01 49.85 + 12.39 27.30 + 8.05 14.20 + 2.88
ACIFC 0.64 = 0.19 0.50 = 0.16 0.64 = 0.19 0.76 = 0.23
Female 48.6% 39.4% 48.4% 60.9%
Male 51.4% 60.6% 51.6% 39.1%
Weeks gestation
24-27 0.2% 0.1% 0.2% 0.6%
28-31 1.0% 1.7% 0.9% 2.4%
32-36 8.1% 11.3% 7.9% 8.2%
37-42 88.0% 83.9% 88.3% 85.8%
>42 0.1% 0.2% 0.1% 0.1%
Birth weight (g)
0-750 0.2% 0.0% 0.2% 0.2%
750-1 500 0.9% 2.3% 0.8% 2.0%
1500-2 500 6.4% 11.6% 6.2% 5.4%
2500-3 500 50.8% 46.6% 50.9% 52.7%
3500-4 500 37.9% 34.7% 38.2% 36.4%
>4 500 1.6% 2.4% 1.5% 1.1%
Full-term High 5% Middle 90% Low 5%
(N = 21 686) (N = 1034) (N = 19595) (N = 1057)
TC 74.36 + 28.58 152.62 = 32.54 72.42 + 20.75 33.65 = 4.48
FC 46.41 * 20.73 101.91 + 29.43 44.94 + 14.99 19.27 = 3.72
AC 27.95 + 10.00 50.71 + 12.21 27.48 + 8.05 14.38 = 2.78
ACIFC 0.65 = 0.19 0.52 = 0.15 0.64 = 0.19 0.77 £ 0.22

* umol/L = SD in blood.

Statistically significant sex differences were noted in the TC
groups (Table 1): girls were overrepresented in the low TC
group (60.9%; OR = 1.7, 95% Cl = 1.5-1.9; p < 0.0001) and
boys were overrepresented in the high TC group (60.6%; OR
= 1.4, 95% Cl = 1.3-1.6; p < 0.0001) when compared with
the middle TC group.

Linear correlation analysis did not show meaningful corre-
lation between TC and birth weight (g) or gestational age
(weeks of gestation) in any of the groups analyzed. AC and

AC/FC ratio, however, significantly correlated with birth
weight in all groups and with gestational age only in the low
TC group (Table 2).

Descriptive statistical analysis of the full-term group. To
capture the representative normal term population of infants,
we selected newborns 37—42 wk of gestation from the original
cohort (N = 21,686) and divided the group into three sub-
groups on the basis of TC levels (Table 1). Normative data
were drawn from the middle 90% group of the full-term

Table 2. Correlation coefficient values between birth weight and blood carnitine concentrations in the total group of newborns and
full-term newborns

High 5% (N = 1232)

Middle 90% (N = 22 180) Low 5% (N = 1232)

Tota group Rho p value Rho p value Rho p vaue
Birth weight
TC —0.024 0.403 -0.019 0.005 0.052 0.0708
FC —0.095 0.0009 —-0.073 0.0001 -0.121 0.0001
AC 0.162 0.0001 0.088 0.0001 0.242 0.0001
AC/FC 0.215 0.0001 0.164 0.0001 0.237 0.0001
Gestational age
TC —0.004 0.8950 0.003 0.6301 0.042 0.1420
FC —0.000 0.9995 —0.001 0.8490 -0.113 0.0001
AC —0.001 0.7332 0.011 0.1087 0.215 0.0001
ACI/FC -0.012 0.6892 0.013 0.0610 0.205 0.0001
Full-term (N = 1034) (N = 19 595) (N = 1057)
Birth weight
TC 0.015 0.638 —0.002 0.776 0.008 0.799
FC —0.003 0.922 —-0.036 0.000 -0.075 0.015
AC 0.047 0.134 0.062 0.000 0.114 0.000
AC/FC 0.070 0.026 0.108 0.000 0.137 0.000
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population (N = 19,595): TC values were 72.42 + 20.75 uM,
FC values were 44.94 + 14.99 uM, AC values were 27.48 +
8.05 uM, and the AC/FC ratio was 0.64 + 0.19. The ratio of
AC/FC, did not remain constant between the groups, and a
significant difference was noted, with the ratio being higher in
the low TC group (0.77 = 0.22) and lower in the high TC
group (0.52 * 0.15; p < 0.001) when compared with the
middle TC group (Fig. 1).

Univariate analyses in the full-term group. In the full-term
newborn group, girls were significantly overrepresented in the
low TC group (OR = 1.5, 95% Cl = 1.4-1.6; p < 0.0001) and
boys were overrepresented in the high TC group (OR = 1.4,
95% ClI = 1.3-1.5; p < 0.0001) when compared with the 90th
percentile group. Low birth weight infants (<2500 g) were
overrepresented in the high TC group (OR = 2.1, 95% CI =
1.8-2.4; p < 0.0001; Table 2). Linear correlation anaysis
showed a modest positive correlation between AC/FC ratio and
birth weight in the normal and low TC groups (Table 2).

Multivariate analysis. In multivariate analysis of the entire
cohort, low birth weight was significantly associated with
higher TC values (B = 8.86, p = 0.000) and male sex was
significantly associated with higher TC values (8 = 6.11 p =
0.000), whereas prematurity was not linked (8 = —1.04, p =
0.191; Table 3).

Cord blood analysis. The cohort of 50 full-term newborns
for cord blood analysis was represented by residents of the
Harlem community in North Manhattan. A total of 68% of
newborns were black. The mean gestational age was 39.1 +
1.8 wk, and the average birth weight was 3336.0 = 518.8 g.
Table 4 summarizes the mean carnitine values for whole blood
and plasma in this group of patients. Correlation analysis
showed a positive correlation between whole blood and plasma
TC levels (p = 0.365, p < 0.01). Statistical analysis and
comparison was not performed between whole-blood carnitine
levels from this newborn cohort and the large cohort because of
the differences in the two population sizes.

Comparison of methods (RE and MS-MS). The mean
carnitine plasma values generated using both techniques are

Carnitine Distribution in Full Term Newborns

N
=]
S

r1.00

r0.76

@
=}

r0.50

oney 04/ 0V B

0.25

o
t=]

Carnitine Concentration (umol/L) MR
g

TC FC AC AC/FC

Lower Group
(n=1,057)

TC FC AC AC/FC

Upper Grol
pﬁy=1,034)uP

TC FC AC ACFC
Middle Group
(n=19,595)
Figure 1. Blood carnitine distribution in full-term newborns. A comparison
of blood carnitine profile in the full-term population. The middle group
represents 90% of the population, and the upper and lower groups represent 5%
of the population, respectively. The AC/FC ratios in the upper and lower
groups were significantly different (*p < 0.001) when compared with the total

group.
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Table 3. Independent predictors of total blood carnitine in the
entire cohort (N = 24 644)

Variables B Coefficient ~ Standard error  p value R?
Low birth weight 8.856 0.895 0.000
Male 6.110 0.374 0.000
Prematurity —1.038 0.793 0.191
0.016

summarized in Table 5. Wilcoxon matched-pairs signed-rank
test indicated a significant difference between TC and FC
values measured by RE and MS-MS with Z = —3.725 (p <
0.002) and Z = —4.342 (p < 0.0001), respectively. An ob-
servable correlation was found in FC values measured by RE
and MS-MS (p = 0.441, p < 0.002).

A secondary analysis grouped specimens according to FC
values generated by RE and MS-MS. Table 6 summarizes
plasma carnitine values for each group on the basis of FC. For
low values of FC (=45.9 uM), the mean plasma carnitine
values generated by RE and MS-MS were comparable. How-
ever, mean plasma carnitine values between the two methods
deviated progressively for higher values of FC.

DISCUSSION

This study is based on the analysis of ahomogeneous cohort,
a large sample size, and the highly precise quantification
method of MS-MS. This method has become the gold standard
for newborn screening of amino acid, fatty acid, and organic
acid disorders. Neo Gen Screening of Pittsburgh has applied
MS-M S to routine newborn screening with afalse-positive rate
of only 0.26% (30). The aim of this study was to use this
modern method to quantify carnitine concentrations in a large
cohort of newborns.

To correlate the carnitine concentrations obtained with
MS-MS to previously used methods, we measured carnitine in
50 plasma samples by MS-MS and by conventional RE.
MS-MS values, athough generaly higher, correlate well with
those measured by the RE method (Tables 5 and 6). The higher
values observed by MS-M S suggest that this method measures
carnitine over a larger range, especialy for high values. The
RE method is based on a standard curve from 25 to 75 uM
carnitine concentration. Higher values may be underestimated
in this enzymatic assay.

Previously reported plasma TC values obtained within the
first 2 wk of life (excluding values based on cord blood
sampling) ranged between 13 and 37 uM (11, 18-21) versus a
mean of 72.33 uM in whole blood in our study. It is difficult to
compare our results with previously reported results in new-
borns because the methods and samples differed. We sampled
whole blood, whereas most other studies (11, 16, 19-21, 23,
31) sampled plasma. This difference is a magjor confounding
factor. On the basis of our studies in cord blood, whole-blood
carnitine by MS-M S method is approximately two times higher
than that measured in plasma (Table 4). Consequently, the
previously reported neonatal plasma values seem to be com-
parable to our values in whole blood. This assumption is
probably more accurate when the blood and plasma carnitine
values are low for the reasons stated earlier.
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TC FC AC AC/FC
Whole blood 31.27 = 10.54 21.59 + 10.52 10.77 £ 4.32 0.52 = 0.16
Plasma 15.86 = 5.60 12.95 + 4.85 291+ 118 022 +£0.11
Table 5. Plasma carnitine values (umol/L) by RE and MS techniques
Technique TC FC AC ACIFC
RE 47.31 = 15.38 36.65 = 15.78 10.66 = 9.99 0.44 = 0.55
MS/MS 65.51 = 29.44 52.21 + 23.61 13.30 = 12.20 0.29 £ 0.24
Table 6. Plasma carnitine values (wmol/L) for specimens grouped according to FC values
Groups based on FC TC FC AC
Low vaues set (N = 21) FC = 45.9 RE: 43.38 = 13.98 RE: 29.39 = 14.99 RE: 13.99 = 11.16
MS: 39.78 = 8.83 MS: 29.80 = 7.63 MS: 9.98 = 6.54
Intermediate values set (N = 19) FC = 46.0, FC = 75.9 RE: 49.67 = 17.81 RE: 40.51 = 14.55 RE: 9.16 = 9.52
MS: 71.02 = 16.54 MS: 58.69 = 9.22 MS: 12.34 = 11.01
High values set (N = 9) FC = 76.0 RE: 52.66 + 11.48 RE: 46.91 = 12.11 RE: 5.74 = 5.87

MS: 106.35 + 15.20

MS: 88.19 + 11.58

MS: 18.17 = 15.10

Recently, whole-blood carnitine values measured by
MS-MS in newborns were reported by two other groups of
investigators (24, 25, 32). Meyburg et al. (24) studied 70
full-term newborns in the fifth day of life. TC and FC values
were lower than ours (55.7 = 1.6 uM and 30.6 = 10.6 uM,
respectively), whereas AC was comparable to our values (25.1
+ 6.4 uM; Table 1). Severa factors could account for these
differences. First, the number of newborns studied was much
smaller than in our study and thus more prone to sample size
biases. Second, several studies have shown changesin TC, FC,
and AC within thefirst days of life (3, 9, 11, 16, 19, 21, 24, 26,
33). Therefore, timing of blood sampling (day of life 1.85
versus day of life 5) might explain some differences in the
reported carnitine concentrations. Third, methodological fac-
tors, such as differences in adjusting for blood volume, in
extraction efficiency or in hydrolysis may also play arole (27).
Contamination of acetylcarnitine (C2) peak by glutamic acid
also can falsely increase the value of AC (Chace DH, unpub-
lished data).

The second group of investigators (25, 32) found that the
median value of FC from whole capillary blood of newborns at
age 2 d was 26.6 uM (N = 13,311). Their lower FC values,
once again, could be explained by the previously mentioned
methodological differences and by the integrity of the internal
standards.

In terms of the AC/FC ratio, our values are comparable to
those in previous studies. The AC/FC ratio in neonates in these
studies ranges from 0.31 to 1.2 (19-21, 24), and in our study
this ratio was 0.64 + 0.19. A constant finding among neonatal
carnitine studies is the higher proportion of AC in the TC pooal,
compared with later in life. This ratio reflects the intramito-
chondrial relationship between acyl-CoA and free CoA and is
very sensitive to metabolic changes in the mitochondria (13).
The normal plasma AC/FC ratio is 0.25 (13). Although this
reference value does not take into consideration fluctuations
related to feeding or fasting states, it is considered abnormal
when the ratio is >0.4, indicating accumulation of AC and/or
reduced FC. This ratio is often abnormal in inborn errors of
metabolism such as fatty acid oxidation deficiencies, other

mitochondrial disorders, and organic acidurias (1, 13, 14). The
high AC/FC ratio noted in neonates is thought to reflect the
increased production of acyl-CoA derivatives, mainly acetyl-
CoA, produced by the normally enhanced fatty acid oxidation
in the newborn period (3, 5, 6, 19, 26) when the neonate is first
exposed to fasting.

After dividing our cohort into high, low, and middle TC
groups (Table 1), we noted that the AC/FC ratio was signifi-
cantly higher in the group of newborns with low TC (Fig. 1).
This finding indicates that this group of newborns has a higher
proportion of acyl-CoA species reflecting differences in inter-
mediary metabolism. These differences may be due to acquired
conditions or to inborn errors of metabolism. Inborn errors of
metabolism associated with changes in carnitine homeostasis
may present during infancy or in the early neonatal period.
Recently, two patients with carnitine transporter defect were
found to have very low carnitine concentrations when blood
spots from the neonatal period were analyzed retrospectively
(25). Also, recently, at our ingtitution, a 3-d-old girl presented
with weak cry, decreased movements, hypotonia, and sleepi-
ness associated with hypoglycemia, increased lactic acid, hy-
perammonemia, and elevated muscle and liver enzymes. Her
carnitine levels on neonatal screening showed TC of 52 uM,
FC of 4 uM, and AC of 48 uM. Later, biochemical analysis of
cultured fibroblasts showed deficiency of carnitine/AC trans-
locase activity. Some of these disorders are now diagnosed by
neonatal screening. Interestingly, two newborns with medium-
chain acyl-CoA dehydrogenase deficiency and one with isova
leric acidemia were detected in our cohort, but none of them
showed abnormalities in blood carnitine levels (data not
shown). This variability in the carnitine levels of patients with
inborn errors of metabolism in the neonatal period indicates
that multiple factorsinfluence carnitine homeostasis during this
developmental stage. Follow-up studies of infants with low
neonatal carnitine concentrations and/or high AC/FC ratios are
necessary and are planned to identify possible acquired or
genetic conditions associated with low neonatal TC levels and
high proportions of acylated carnitine.
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In our analysis of whole blood and plasma carnitine levels
from cord blood, the plasma values obtained (Table 4) were
comparable to those reported in the literature (17, 19, 20, 22,
23, 34), probably because the timing of sampling was identical
for all of the studies. All of the carnitine fractions and the
proportion of acylated carnitine were higher in whole blood
than in plasma (22) Table 4). This finding indicates that there
is a concentration of carnitine and, especially, AC in the
cellular compartment, consistent with previous studies show-
ing higher AC concentrations in red blood cells (RBC) com-
pared with plasma (22, 32, 35). Therole of carnitinein RBC is
unclear because fatty acid oxidation is not used as a source of
energy. It is thought that carnitine concentrations in RBC are
already fixed during hematopoiesisin reticulocytes (22, 35). At
this stage, carnitine is necessary for fatty acid transport,
whereas in mature erythrocytes, it is thought to be important
for membrane stability and several membrane functions (22). It
has been suggested that AC in blood cells might act as a
reservoir of immediately accessible activated acyl groups (36).

Our analysis showed that whole-blood TC, FC, and AC
levelsin cord blood were lower (43%, 48%, and 39%, respec-
tively) than the levelsin capillary blood on day of life 1.85. A
comparison between these values has to take into account the
large difference in the populations studied and the sample size.
Nevertheless, these results are suggestive of an increase in
blood carnitine concentrations during the first 2 d of life.
Although arecent study found an increase only in AC at day of
life 5 (24) and another one found no differences at day of life
4 (37), asimilar increase in blood carnitine concentration as in
our study has been reported previously (3, 19). Theincreasein
carnitine values soon after birth may be related to the physio-
logic metabolic changes occurring in the early neonatal period,
such as the dramatic induction of fatty acid oxidation, hepatic
ketogenesis, and gluconeogenesis. These metabolic changes
occur in response to birth stress (cold exposure, catecholamine
secretion, hypoxia, and cord cutting), to extrauterine metabolic
demands, and to the change in diet (high-fat/low-carbohydrate
diet with >90% of milk fat in the form of triglycerides
containing mainly long-chain fatty acids) (5, 38—44). The
increase in carnitine necessary to support these metabolic
demands may be derived from carnitine intake (3, 11, 19) or
tissue release (45).

In addition to providing normative data, our large cohort has
enabled us to perform various statistical analyses to examine
the association of carnitine values with sex, gestational age,
and birth weight.

Carnitine and sex. TC levels were lower in girls and higher
in boys (Table 3). These findings are consistent with other
reports and suggest hormonal influences in the carnitine status.
Hormonal regulation of serum carnitine levels has been previ-
ously demonstrated in rats (46). In humans, a significant
negative correlation between carnitine concentration and estra-
diol was found in girls, whereas no correlation with testoster-
one was found in boys (47). Adult carnitine levels are reached
at an older age in male compared with female adults (47) with
higher concentrations of carnitine in plasma, muscle, and urine
in male adults (46, 48).
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Carnitine and gestational age. There was no correlation
between TC and gestational age (Table 2). Univariate anaysis
showed that premature infants were overrepresented in the high
TC group, but controlled analysis failed to show a significant
association between prematurity and blood TC (Table 3).
There is no agreement in the literature regarding the concen-
tration of fetal blood carnitine with advancing gestation. Some
reports show a significant decrease of fetal blood carnitine
levels in the later stages of gestation (16, 17, 20, 21, 23),
whereas others have shown no changesin fetal blood carnitine
levels during gestation (24, 26). These observations have been
made in newborns delivered prematurely and may not be an
accurate representation of the blood carnitine concentration at
that respective age of gestation under healthy conditions.

Carnitineand birth weight. It has been reported that skeletal
muscle carnitine concentration increases significantly with
birth weight (49). Regarding blood carnitine, however, some
authors reported no significant correlation with birth weight
(17, 18), whereas others found a significant positive correlation
between carnitine levels and birth weight in premature infants
<950-1800 g (16, 20). More recently, Giannacopouolou et al.
(23) found a negative correlation between plasma carnitine and
birth weight and Meyburg et al. (24) found a positive correla
tion between whole-blood carnitine fractions and birth weight.
In our study, there was no meaningful correlation between TC
and the continuous variable of birth weight. The AC/FC ratio
showed a modest positive correlation, suggesting a higher
proportion of esterified carnitine with increased birth weight
(Table 2). On controlled analysis, low birth weight was signif-
icantly associated with higher TC values (Table 3).

We speculate that the observed association between low
birth weight and high blood TC may be due to reduced tissue
mass and/or immature carnitine transporter in low birth weight
infants, leading to lower tissue carnitine and higher blood
carnitine levels. Consistent with this speculation, Penn et al.
(50) found less tissue carnitine in low birth weight compared
with normal weight newborns with the same gestational age.

CONCLUSION

In summary, we present normative data for whole-blood
carnitine values in neonates. These data can be used for the
assessment of carnitine status and the diagnosis of carnitine
deficiency in the neonatal period. Future investigations need 1)
to establish a correlation between whole-blood carnitine values
and tissue carnitine stores, 2) to evaluate the seria changes of
whole-blood carnitine after birth, 3) to establish the predictive
value of extreme neonatal blood values of carnitine, and 4) to
analyze blood carnitine changes as a surrogate marker for
immaturity and/or perinatal stress.
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