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Abstract
We have previously shown that pregnant Korean mothers often have especially poor carnitine
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status, which may be responsible for the suboptimal carnitine levels of newborn Korean infants. This
study tested the hypothesis that carnitine obtained from premature infant formula alone is adequate in
sustaining optimal lipid metabolism and growth in premature infants. Accordingly, we investigated
the effects of parenteral carnitine supplementation on carnitine status, growth parameters, and lipid
metabolism in premature infants by measuring serum lipid profiles, carnitine and β-hydroxybutyrate
concentrations, and body weight, size, and length. Twenty-five low–birth weight Korean infants
were randomly assigned to control (LCNS, n = 12) or L-carnitine–supplemented (10 mg/[kg d], LCS,
n = 13) groups. On day 9, the triacylglycerol concentration was lower in the LCS group; but the
high-density lipoprotein cholesterol concentration and free, acyl, and total carnitine and β-
hydroxybutyrate were significantly increased compared with the LCNS group. The ratio of acyl
carnitine to free carnitine was significantly lower on day 5 in the LCS compared with the LCNS
group. Body weight, height, Apgar score (1 and 5 minute), head circumference, and chest
circumference were recorded on day 0; and body weight was measured again on days 5 and 9. Infant
formula intake was recorded every day. There was no significant difference in body weight or
growth parameters between the groups from days 0 to 9.Therefore, we concluded that, in low–birth
weight infants, the addition of 10 mg/(kg d) supplemental carnitine significantly improves lipid
profiles and serum carnitine level but does not enhance growth.
© 2010 Elsevier Inc. All rights reserved.
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1. Introduction

Birth initiates major metabolic challenges for the
emerging neonate. After sudden deprivation of the contin-
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uous transplacental supply of glucose by alternating periods
of feeding and fasting, the neonate must switch on the
endogenous production of glucose until reliable nutrition
intake becomes established. The neonate now has to meet
its need for glucose through glycogenolysis and gluconeo-
genesis and, to a lesser extent, from lactate. As time passes,
fat utilization becomes more important in meeting the

mailto:cha8@chonbuk.ac.kr
http://dx.doi.org/10.1016/j.nutres.2010.04.004


able 1
utrient composition of parenteral nutrition solutions

Per 100 mL

mino acids (%) (TrophAmine; Braun, Irvine, CA, USA) a 3
extrose (%) 10
odium (mEq) 4
otassium (mEq) 2
hloride (mEq) 4.6
alcium (mEq) 3-4.5
hosphorus (mEq) 1.4
agnesium (mEq) 0.4
inc (μg) 500
opper (μg) 60
anganese (μg) 5
elenium (μg) 3
dine (μg) 8
on (μg) 0.1
itamins (MVI Pediatric;
Mayne Pharm, Paramus, NJ, USA) (mL)

2.5

eparin (U) b 50
at emulsions (g/[kg d]) c 1-3

a Maintains the serum amino acid pattern similar to breast-fed infants.
b Heparin accelerates the release of active lipoprotein lipase. This

creases the release of free fatty acids from chylomicrons and very low
ensity lipoproteins. Therefore, there is an increase in free fatty acid
vailability for β-oxidation.

c The fat emulsion from soybean oil that contains long-chain
iglyceride and medium-chain triglyceride in 1:1 ratio.

234 S.-H. Seong et al. / Nutrition Research 30 (2010) 233–239
energy needs and for maintaining constant body tempera-
ture. These metabolic differences are reflected by a change
in the respiratory quotient from 0.9 to 1.0 to 0.7 during this
period [1].

Low–birth weight (LBW) infants have high energy
requirements and are dependent upon high fat intake to
maintain adequate postnatal growth. Fat is transported in
plasma as triglycerides, which are derived from either the
diet or de novo lipogenesis [2]. Very LBW infants have low
carnitine levels with impaired ketogenesis and are dependent
upon parenteral nutrition for a prolonged period [3].

Carnitine (3-hydroxy-4-N-trimethylaminobutyric acid) is
an important cofactor in β-oxidation, as it facilitates the
transport of long-chain fatty acids into the inner mitochon-
drial matrix in the form of acyl carnitines [4]. L-Carnitine
causes a remarkable decrease in the content of saturated
fatty acids in the very low density lipoprotein + low-density
lipoprotein fraction and increases this content in the high-
density lipoprotein (HDL) particle. This response is
consistent with an increase in fatty acid β-oxidation and/
or an enhancement in lipoprotein metabolism [5]. There-
fore, carnitine supplementation may be needed to support
lipid metabolism in LBW infants because these infants have
a greater need for energy met by endogenous and
exogenous fat. L-Carnitine supplementation in infants
receiving long-term total parenteral nutrition (TPN)
enhances fatty acid oxidation, as evidenced by increased
ketogenesis [6], demonstrating that the ability of premature
infants to oxidize fatty acids is linked to carnitine status.
Fatty acid oxidation after a fat challenge is improved if TPN
includes L-carnitine [7]. The preterm infant is born with
limited carnitine reserves. During TPN, plasma and tissue
carnitine concentrations decrease, indicating that the rate of
carnitine biosynthesis is inadequate because of a reduced
capacity for liver and kidney carnitine biosynthesis; and
thus, they are dependent upon exogenous sources of
carnitine [8].

We previously reported that LBW infants in Korea have
either carnitine deficiency or low bioavailability [9].
Although commonly available neonatal formulas contain L-
carnitine, the adequacy of L-carnitine in these formulas has
not been fully assessed. This study was designed to test the
hypothesis that the L-carnitine in commercial neonatal
formulas is adequate to support normal energy metabolism
and growth in LBW infants who are supplemented with
parenteral nutrition. If carnitine availability is insufficient to
maintain normal energy metabolism, this may be reflected in
poor growth, high triglycerides, and low ketogenesis (due to
impaired fatty acid oxidation). Accordingly, weight gain,
serum lipid profiles, serum β-hydroxybutyrate (β-HB), and
serum carnitine concentrations were used to assess differ-
ences in growth and lipid metabolism in LBW infants with or
without L-carnitine–supplemented parenteral formulas. This
study provides valuable information on carnitine require-
ments for premature infants in a population with marginal
carnitine status and may be applicable to premature infants in
subsets of populations that normally maintain adequate
carnitine status.
2. Methods and materials

The studies were performed on 25 LBW infants (13 boys
and 12 girls). The infants were less than 1 week old, were
born in the Chonbuk National University Hospital, and were
patients in the pediatrics unit and neonatal intensive care
unit. Gestational age (GA) was calculated from the first day
of the mother's last menstrual period or, when dates were
uncertain, by the method of Dubowitz et al [10]. The non-
Korean neonates were excluded because of racial differences
in birth weight distribution. Infants with severe malforma-
tions, metabolic diseases, perinatal asphyxia, or proven
bacterial infection were also excluded from the study. At
birth, the LBW infants had body weights of less than 2500 g.
The LBW infants were divided into 2 groups: L-carnitine
supplemented (LCS, n = 13) and non–L-carnitine-supple-
mented (LCNS, n = 12). This study was conducted according
to the guidelines laid down in the Declaration of Helsinki,
and all procedures involving human subjects were approved
by the Chonbuk National University Ethical Board of
Clinical Experiments. Informed and written consent was
obtained from all parents and attending physicians.

2.1. Carnitine supplementation

Infants were randomly assigned to receive their TPN
diets (as shown in Table 1) with or without L-carnitine 10
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mg/(kg d) (L-carn, Ildong Pharmaceutical Co Ltd, Seoul,
Korea) beginning from 5 days after birth. The infants in this
study were also fed with premature infant's formula (Maeil
Dairy Industry Co Ltd, Pyeongtaek, Korea) containing 10
mg of carnitine per 100 g of formula as reported (per
product labeling).

2.2. Outcome measures

Measurements of body weight, height, Apgar score (1 and
5 minutes), head circumference, and chest circumference
were recorded on the first study day; and subsequent weights
were recorded on days 5 and 9. Infant formula intake was
recorded every day during the study period.

2.3. Sample collection

Blood samples were obtained by vein puncture on the
day of birth, day 5 (before carnitine supplementation), and
day 9. The collected blood samples were transferred into
tubes, immediately chilled on ice, allowed to coagulate, and
placed in a refrigerated centrifuge for 15 minutes at 3500
rpm to obtain the serum within an hour. The serum was
immediately separated, coded, and stored at −80°C. All
laboratory analyses were conducted in the Nutrigenomics
and Assessment laboratory in the Department of Food
Science and Human Nutrition, Chonbuk National Univer-
sity, Jeonju, Korea.

2.4. Serum lipids and β-HB assay

Total serum cholesterol (TC) and triacylglycerol (TG)
were enzymatically measured using commercial kits (Asan
Pharm Co, Seoul, Korea). The HDL cholesterol assay was
carried out with a commercial kit based on phosphotungstic
acid/MgCl2 precipitation (Asan Pharm Co). Serum TC
and HDL cholesterol [11] were assayed at 500 nm, TG
[12] was assayed at 550 nm, and β-HB was assayed at 450
nm using a commercial kit (Biovision Research Products,
Mountain View, CA). All assays were carried out spectro-
photometrically using a UV spectrophotometer (UV-1601;
Shimadzu, Australia).

2.5. Carnitine assay

Serum carnitine was assayed according to the modifica-
tion of Sachan et al [13] of the radioisotope method of
Cederblad and Lindstedt [14]. International isotope stan-
dards for each carnitine fraction were added to correct
sample data. One hundred– to 200-μL serum samples were
homogenized with 200 μL of 6% perchloric acid (PCA).
After centrifugation at 1500g for 10 minutes, supernatant and
pellet were separated. Nonesterified, free carnitine (NEC)
was assayed in 150 μL of neutralized supernatant. Acid-
soluble, short- and medium-chain acyl carnitine (ASAC) was
assayed using 100 μL of the PCA supernatant after it was
hydrolyzed with 1 N KOH at 37°C for 30 minutes followed
by neutralization. Long-chain acyl carnitine (AIAC) was
assayed using the original PCA pellet after it was washed
with 6% PCA for 3 to 4 times to remove NEC and ASAC
remnants, hydrolyzed with 0.5 N KOH, and incubated in a
hot water bath for 60 minutes at 65°C. After cooling to room
temperature, it was neutralized with a PCA-MOPS (3-[4-
morpholino] propane sulfonic acid) solution (1 mol/L MOPS
in 3% PCA) and centrifuged; then 100 μL of supernatant
was assayed for acid-insoluble AIAC. Each carnitine fraction
was assayed with the same reaction mixture (1 mol/L MOPS
buffer, 0.1 mol/L potassium ethyleneglycotetraacetate, 0.1
mol/L sodium tetrathionate, 0.1 mmol/L [1-C14] acetyl–
coenzyme A solution [Amersham, Little Chalfont, Buck-
inghamshire, England]). This was then added to the
supernatant of each sample, and the reaction was started
with 1 unit of carnitine acetyl transferase (Sigma Chemical
Co, St Louis, MO) and carried on to completion by
incubating at 37°C for 30 minutes. A 200-μL aliquot of
reacted supernatant was passed through a column with ion
exchange resin (AG 1x8, 200-400 mesh), which collects the
unreacted [1-14-C]acetyl carnitine; and the 14C isotope was
measured in a Beckman LS-3801 liquid scintillation counter
(Beckman Instruments, Palo Alto, CA). Total carnitine
(TCNE) was calculated as the sum of NEC, ASAC, and
AIAC values.

2.6. Statistical analyses

A sample size of 10 infants in each group was determined
to be sufficient to detect a clinically important difference of
6.5 mg/dL for TG, assuming a standard deviation of 8 mg/dL,
using a 2-tailed t test of the difference between means, a
power of 80%, and a significance level of 5%. The calculation
was based on the assumption that the measurements of TCNE
are normally distributed. This assumption of normal
distribution was found in NEC (σ = 0.45 μmol/dL, δ = 0.56
μmol/dL) and TCNE (σ = 1.97 μmol/dL, δ = 2.5 μmol/dL).
This number was increased to 13 per group (for a total of 26)
to allow for a predicted dropout rate of 20% from the
treatment group. At the end stage of the study period, one
subject from the LCS group withdrew from continuing the
experiment; and hence, the number of participants changed
from 13 to 12.

All data were analyzed using the SPSS (Chicago, IL)
12.0.1 package. Student t test for unpaired samples was used
to test for differences between the 2 groups. Comparisons of
differences among the 3 periods were analyzed by analysis of
variance (ANOVA) and Duncan multiple range tests. Results
are presented as means ± SD. Differences were considered
significant at P ≤ .05.
3. Results

Between May 2006 and September 2007, 25 neonates
completed the study, 8 males and 5 females in LCS and 5
males and 7 females in the LCNS group. General character-
istics and growth parameters of the subjects are shown in
Table 2. The supplemented and control groups did not differ



Table 4
Carnitine intake by the preterm infants fed a carnitine-supplemented
(10 mg/[kg d]) or non–carnitine-supplemented parenteral nutrition formula

Variables LBW

LCS (n = 13) LCNS (n = 12)

L-Carnitine intake (mg/d) 11.42 ± 7.66 10.61 ± 7.51
L-Carnitine supplement (mg/[kg d]) 10 –
Total intake (mg/d) 23.39 ± 10.42 10.61 ± 7.51

Values are means ± standard deviations. L-Carnitine supplement by TPN.

Table 2
Growth parameters of 25 preterm infants fed either a carnitine-supplemented
(10 mg/[kg d]) or non–carnitine-supplemented parenteral nutrition formula

Measurement LCS (n = 13) LCNS (n = 12)

GA at birth (wk) 31.31 ± 2.39 33.00 ± 3.26
Apgar index (1 min) 6.09 ± 1.92 6.36 ± 1.03
Apgar index (5 min) 7.08 ± 1.98 7.36 ± 0.67
Height (cm) 40.06 ± 2.18 41.29 ± 2.34
Weight (cm) 1509 ± 241 1643 ± 228
Head circumference (cm) 29.28 ± 1.55 29.48 ± 1.45
Chest circumference (cm) 24.94 ± 1.69 25.29 ± 0.98

Values are means ± standard deviations.
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significantly in GA, Apgar index, birth weight, height, head
circumference, or chest circumference. Mean GA at birth of
the subjects was 32.08 ± 2.89 weeks. Mean Apgar scores at 1
and 5 minutes were 6.23 ± 1.51 and 7.21 ± 1.50, respectively.
Mean height and body weight immediately after birth were
40.63 ± 2.29 cm and 1570.42 ± 239.65 g. Mean head and
chest circumferences were 29.37 ± 1.48 and 25.10 ± 1.39 cm,
respectively. Infant formula intake for each study period is
reported in Table 3. There were no statistically significant
differences between the groups. Table 4 shows L-carnitine
intakes by enteral feeding and L-carnitine supplementation by
TPN. L-Carnitine intakes of LCNS and LCS from the
premature infant's formula during the study period were
10.61 ± 7.51 and 11.42 ± 7.66 mg/(kg d), respectively. The
neonates receiving carnitine-supplemented TPN received
approximately 10 mg/(kg d) supplemental carnitine in
addition to that provided by the enteral formula; and thus,
TCNE intake levels were approximately 2 times higher in
LCS than in LCNS. Efficacy of the L-carnitine supplemen-
tation on weight gain is shown in Table 5. In this study, there
were no significant differences in body weight gain between
LCNS and LCS from days 0 to 9.

Serum TG, TC, and HDL cholesterol concentrations on
days 0 and 5, before L-carnitine supplementation, and on day
9 are shown in Table 5. The TG levels in both groups were
significantly increased on day 9 compared with day 0 (P ≤
.05). However, on day 9, infants receiving carnitine (group
LCS) had a lower TG level than the non–carnitine-
Table 3
Daily intake of formula and kilojoules by preterm infants during
study period

Variables Intake (mL) Intake (kJ)

LCS (n = 13) LCNS (n = 12) LCS (n = 13) LCNS (n = 12)

1 d 0.00 ± 0 0.0 ± 0 0.0 ± 0 0.0 ± 0
2 d 31.10 ± 43 46.5 ± 39 69.9 ± 60 71.0 ± 110
3 d 56.2 ± 67 63.1 ± 70 82.4 ± 165 149.0 ± 227
4 d 73.8 ± 65 81.6 ± 68 130.0 ± 181 220.0 ± 269
5 d 106.9 ± 84 108.0 ± 78 271.1 ± 238 302.0 ± 294
6 d 129.0 ± 89 141.9 ± 109 398.4 ± 235 435.0 ± 395
7 d 187.2 ± 108 172.8 ± 115 428.8 ± 312 471.0 ± 425
8 d 184.0 ± 122 199.1 ± 143 408.7 ± 360 507.0 ± 491
9 d 199.8 ± 125 192.1 ± 115 444.0 ± 376 407.0 ± 388

Values are means ± standard deviations. Enteral feeding by premature
infant's formulas (Maeil Dairy).
supplemented group (group LCNS). The TC concentrations
increased significantly with time, but no significant differ-
ences were observed by carnitine supplementation.

Unlike TG and TC, serum HDL cholesterol concentra-
tions in the LCS were significantly increased on day 9.
However, no significant differences in serum HDL were
observed during the study period in the LCNS group. The
free and acyl carnitine concentrations in plasma for each
group are presented in Fig. 1. There was a significant
increase in the level in serum free and acyl carnitine in the
LCS group on day 9 but not on day 0 or day 5 (before
supplementation). Infants receiving carnitine supplement
(LCS group) showed a higher concentration of NEC, AIAC,
and TCNE levels in their plasma compared with the LCNS
group. However, the LCNS had significantly higher ASAC
on days 0 and 5; and on day 5, the LCNS had significantly
higher TCNE than their LCS counterparts (P ≤ .05).

The serum β-HB concentrations of each group are shown
in Fig. 2. The concentration of β-HB increased on day 5 in
LCNC and kept increasing with time in LCS, which resulted
in significantly higher β-HB on day 9 in the carnitine-
supplemented group.
4. Discussion

Carnitine, a quaternary trimethylamine present in both
breast milk and infant formulas, plays a major role in the
oxidation of long-chain fatty acids. Premature neonates are
dependent on exogenous supplies of carnitine for the
maintenance of serum carnitine levels. However, carnitine
is not routinely provided in parenteral nutrition solutions;
and consequently, non–carnitine-supplemented parenterally
fed infants have very low tissue carnitine levels. Although
neonates are provided with prolonged parenteral nutrition
containing the essential precursors (lysine and methionine)
for the synthesis of carnitine, serum carnitine levels continue
to decrease or remain low with systemic carnitine deficiency
until carnitine is supplied exogenously [3].

Carnitine deficiency may be a causative factor in the
inability of premature babies to use parenteral lipid. In
related studies, it has been suggested that fatty acid oxidation
is impaired when tissue carnitine levels fall to less than 10%
of normal. Therefore, relative carnitine deficiency may
impair fatty acid oxidation, thus reducing the utilization of
available energy and impairing growth.



Table 5
Changes in body weight and lipid profile between carnitine-supplemented and non–carnitine-supplemented groups

Parameter LCS (n = 13) LCNS (n = 12)

Day 0 Day 5 Day 9 Day 0 Day 5 Day 9

Body weight (g) 1587 ± 218.99 1479 ± 232.88 1535 ± 268.34 1600 ± 187.91 1537 ± 196.64 1533.33 ± 150
Triglyceride (mg/dL) 16.3 ± 6.38y 28.7 ± 15.84x 36.03 ± 7.62x⁎ 17.44 ± 9.76b 30.68 ± 21.57ab 49.65 ± 28.83a ⁎

TC (mg/dL) 63.43 ± 25.1y 95.46 ± 23.48y 160.86 ± 91.27x 53.28 ± 24.35b 85.2 ± 30.94a 89.27 ± 32.39a

HDL cholesterol (mg/dL) 7.07 ± 3.31y 8.79 ± 4.03y 12.9 ± 6.32x 8.61 ± 3.95 9.94 ± 2.76 10.97 ± 4.28

The neonates were fed parenteral nutrition with carnitine (LCS) or without carnitine (LCNS). Their body weight, serum triglyceride, TC, and HDL cholesterol
were measured on different days. The values are the means ± SD. Different letters indicate significantly different at P b .05 among the group.

* Significantly different between the groups on ninth day at P b .05 (Student t test).
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Neonates who received parenterally administered carni-
tine had normal serum carnitine levels within 2 weeks [3,15].
In the present study, the basic developmental and metabolic
characteristics were measured in LBW Korean infants to
assess any specific changes in serum lipid profiles and in
carnitine and β-HB concentrations as a consequence of
carnitine supplementation.

The LCS had serum carnitine levels approximately 2-fold
higher than those of the LCNS, which enhanced the TG
utilization in the LCS. Despite this high level of carnitine,
Fig. 1. Serum carnitine concentrations (in micromoles per deciliter). Values are m
significant differences within treatment groups (LCS or LSNS) at different time p
differences between LCS and LCNS on day 9 by Student t test at P b .05. Acyl c
our study did not reveal any beneficial effects on growth, as
measured by weight gain. In the review by Cairns and
Stalker [15], only one study showed a significant effect on
weight gain during the second week of supplementation; and
this effect was noted only in infants who weighed 1001 to
1500 g [16]. This beneficial effect on growth was not
sustained, and another study on carnitine supplementation by
Whitfield et al [17] showed that routine carnitine supple-
mentation (2 mg/[kg d]) in 33 preterm infants who weighed
less than 1500 g had no demonstrable effect on growth.
eans ± standard deviations. Values with different superscript letters indicate
oints at P b .05 by ANOVA and Duncan multiple range test. *Significant
arnitine: NEC = (ASAC + AIAC)/NEC.



Fig. 2. Serum β-HB concentrations (in micromoles per milliliter). Values are
means ± standard deviations. Those with different superscript letters indicate
significant differences within treatment groups (LCS or LSNS) at different
time points at P b .05 by ANOVA and Duncan multiple range test.
*Significant differences between LCS and LCNS on day 9 by independent
t test at P b .05.
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The most recent placebo-controlled trial of carnitine
supplementation (20 mg/[kg d]) used 29 preterm infants of
25 and 29weeks GA and supplied carnitine through parenteral
nutrition. During the study period of 8 weeks, the carnitine
group of neonates regained their birth weight more rapidly
than the placebo group of neonates (by day of life 11.8 ± 6 vs
16.9 ± 6.3, P = .034). In other words, carnitine supplemen-
tation at 20 mg/(kg d) had a positive effect on catch-up of
growth [18]. However, this supplementation (10 mg/[kg d])
study for 9 days did not result in any significant effect on
weight gain or increase in body size. The absence of any
significant differences in growth and weight gain in our
carnitine-supplemented group suggests that either the study
periodwas too short and/or the supplemented level of carnitine
was too low compared with the study by Crill et al [18].

A reduced clearance of TG after lipid infusion in neonates
could be related to a deficiency in carnitine bioavailability
[19]; it was an important observation that both LCNS and
LCS had significantly increased TG on day 9, but TG level
was lower in the carnitine-supplemented group than in the
non–carnitine-supplemented group. The difference in the TG
levels between the groups may be due to the fact that the
carnitine supplementation increased the availability of
carnitine in the LCS, which helped them in using the TG;
and hence, the TG level dropped in the LCS. Prolonged
carnitine administration has been reported to decrease serum
TG levels in hyperlipoproteinemic individuals [20]. Orzali et
al [21] also demonstrated that carnitine prevents the increase
in circulating fatty acids and TG in fasting volunteers.

Carnitine is already known to enhance in vitro and in vivo
triglyceride breakdown in neonatal adipose tissue [22]. On day
9, infants receiving carnitine (LCS) showed a lower TG level
than the LCNS. Intravenous carnitine supplementation, along
with parenterally administered nutrition, allows for more rapid
growth and better fat utilization in very LBW infants [3].
Schmidt-Sommerfeld et al [23] evaluated 29 premature infants
(15 receiving L-carnitine supplement 10 mg/[kg d] and 14
receiving no supplement), with results that shared some
similarities to ours with respect to increases in serum carnitine
and decreases in triglyceride in LCS as compared with the
LCNS. Premature infants (b34 weeks GA), requiring TPN for
5 to 9 days, exhibited impaired fatty acid oxidation and
ketogenesis related to nutritional carnitine deficiency.

Concentrations of TC were significantly increased in the
current study in both groups, but the significant differences
were not due to carnitine supplementation. This was similar
to the results of Berkow et al [24] in which the plasma
cholesterol and glucose levels cumulatively increased when
TPN and Intralipid (Baxter Healthcare, Deerfield, IL, USA;
1, 2, and 3 g/[kg d] over 15 hours on days 1, 2, and 3,
respectively) were administered. Comparing the study by
Rubin et al [25], the addition of carnitine again did not seem
to have any significant effect on TC. Serum HDL cholesterol
concentrations in the LCS were significantly increased after
carnitine supplementation. Studies have found that a
treatment of 500 mg/d carnitine taken orally for 2 months
reduces serum levels of TG and very low density lipoprotein
cholesterol and increases HDL cholesterol, HDL2 cholester-
ol, and albumin in hemodialysis patients [26]. In a case study
of a neonate with neonatal medium-chain acyl–coenzyme A
dehydrogenase deficiency, administering L-carnitine (100
mg/[kg d]) for 3 weeks increased serum cholesterol (4.9
mmol/L) and maintained HDL cholesterol at the lower limit
of normal (0.94 mmol/L) [27]. All these studies, along with
our study, indicate that L-carnitine intake decreases triglycer-
ides while increasing HDL levels.

Carnitine is essential for a developing fetus and is required
for appropriate hepatic ketone synthesis. Neonates are able to
use ketones as an energy source for their developing brains
[28]. Carnitine synthesis in the neonate is limited by low
levels of γ-butyrobetaine hydroxylase, and neonates are
dependent on external sources of carnitine. Although carnitine
is readily available in breast milk, extremely LBW infants are
not usually able to tolerate an oral intake to get adequate
nutrition [29]. Furthermore, we have previously shown that
pregnant Korean mothers often have poor carnitine status
[30], which may be the cause of our subsequent observation of
suboptimal carnitine levels in newborn Korean infants [9].

Intravenous carnitine supplementation reportedly in-
creased plasma carnitine levels and enhanced ketogenesis
in premature infants maintained on a regimen of prolonged
parenteral nutrition devoid of carnitine [3]. Furthermore,
preterm infants have limited carnitine reserves [8] that may
be bolstered by parenteral carnitine supplementation. In this
study, carnitine administration tended to increase serum β-
HB, which indicates enhanced ketogenesis due to increased
β-oxidation in the LCS.

Infants in this study were fed premature infant formula
that contained carnitine (10 mg/100 g). Under the conditions
of this study, there was a rise in carnitine levels in preterm
infants, even when not supplemented (LCNS). This was
similar to the results of Whitfield et al [17] which suggested
that the exogenous sources in the preterm formulas and/or
endogenous synthesis are sufficient to maintain carnitine
homeostasis. However, we found that the ratio of acyl to free
carnitine was significantly lower in the LCS compared with
the LCNS.



239S.-H. Seong et al. / Nutrition Research 30 (2010) 233–239
With regard to our hypothesis, the addition of carnitine as
a nutritional supplement at a dose of 10 mg/(kg d) did not
enhance growth in this group of Korean premature infants;
but it did increase serum carnitine concentrations, which
appeared to increase fatty acid oxidation, as evidenced by
lower serum triglycerides and higher serum β-HB levels.
Therefore, our findings suggest that continuous carnitine
supplementation does not increase growth but does normal-
ize or enhance lipid metabolism in premature infants in
Korea. This not only may be an important observation for
Korean infants who are at increased risk for carnitine
deficiency compared with many other populations, but also
may be important for subsets of mothers and infants who
may be at risk of marginal carnitine status within populations
that typically maintain adequate carnitine status.

Our study had some limitations. We were unable to
directly measure fatty acid oxidation, although the indirect
measurements provide convincing evidence of enhanced
capacity for fatty acid oxidation. Furthermore, growth as
measured by weight gain and other anthropometric measure-
ments may be too narrow of a parameter to eliminate the
possibility of improved development in the premature
infants. Further investigations are required to establish the
carnitine dosage level and duration of dosage administration
for improving growth in preterm neonates and whether
supplemental carnitine intake produces any adverse effects.
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