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Abstract

Aims—To  evaluate the effect of
L-carnitine supplementation (25 mg/kg/d)
on the growth and incidence of hypogly-
caemia in preterm infants.

Methods—A double blind, placebo con-
trolled randomised trial, stratified for
gestational age, was conducted of 86
preterm infants between 28 and 34
gestational weeks. The median gestational
ages in the carnitine group and placebo
groups were 30.7 weeks (range 28.0 to 33.6)
and 31.4 weeks (range 28.0 to 33.9),
respectively. The median birthweights
were 1.557 kg (range 0.944 to 2.275) and
1.645 kg (range 0.885 to 2.545), respec-
tively.

Results—Mean plasma free carnitine con-
centrations were below values for normal
term infants in both groups on day 1 (car-
nitine group 44.8 pmol/l, placebo group
25.5 pmol/l) in the placebo group on day 7
(50.7 pmol/l), but in neither group on days
14 and 28. Total, free, and acylcarnitine
concentrations were significantly in-
creased in both urine and blood in the
L-carnitine group. There was no signifi-
cant difference between the placebo and
carnitine supplemented groups in growth
rate, as assessed by weight, length, skin-
fold thickness and head circumference
measurements, or in the incidence of epi-
sodes of hypoglycaemia.

Conclusion—The addition of carnitine as
a nutritional supplement at a dose of
25mglkg/day did not improve growth in
our group of preterm infants nor protect
them from episodes of hypoglycaemia.
(Arch Dis Child Fetal Neonatal Ed 1998;78:F185-F188)
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The ability to use substrates other than glucose
is an important postnatal adaptation in ne-
onates. Maternal glucose is the main fuel for
the fetus but after delivery this source of energy
ceases abruptly. Hepatic glycogen, synthesised
primarily in the latter part of gestation, is rap-

Table 1  Description of stratified subgroups and numbers and sex of infants in each

subgroup
Placebo Carnitine
Group Gestation at birth No Male No Male
1 28 weeks—29 weeks, 6 days 14 8 16 5
2 30 weeks—31 weeks, 6 days 16 12 13 8
3 32 weeks—33 weeks, 6 days 13 7 14 8
All groups 43 27 43 21

idly depleted within the first 24 hours after
birth and the oxidation of fat then becomes the
major source of energy for the infant. Falling
concentrations of insulin and an increase in
glucagon and catecholamines mobilise free
fatty acids from triglyceride stores in adipose
tissue. Fatty acids are then oxidised within
mitochondria to produce reducing equivalents
for the respiratory chain, together with ketone
bodies, which act as an alternative energy
source for the brain and heart.’

Carnitine has an essential role in this process
of fat metabolism as it is required for the trans-
port of long chain fatty acids into mitochondria
where [ oxidation occurs. It can also fulfil a
detoxifying role by forming and exporting
acylcarnitine esters of acyl-CoA molecules that
accumulate within the mitochondria. Plasma
and tissue concentrations of carnitine are low
in newborn infants compared with those found
in older children.’ This may be due to immatu-
rity of synthetic pathways’ or reflect a lower
renal threshold.® Carnitine is found in both
human milk (abstract presented to the 16th
International Congress of Pediatrics, Barce-
lona, 1980) and infant formulas manufactured
from cows’ milk,’ but is absent from soya milk’
and most parenteral feeding formulations. In
term infants a major deficiency of carnitine is
unlikely provided oral feeding is established.
Preterm infants may be at more risk of
deficiency because of immaturity of synthetic
pathways and renal mechanisms, together with
delayed oral feeding.

Any reduction in the ability of preterm
infants to oxidise fats might lead to a reduction
in all processes that require energy, with an
increased risk of hypoglycaemia, hypothermia
(from inadequate heat production in brown
adipose tissue), respiratory distress and infec-
tion. As growth is an energy requiring process,
a prolonged reduction in energy production
may adversely affect postnatal growth.

Although there have been few studies on the
short term metabolic consequences of giving
additional carnitine in newborn infants’ ® and
observation of weight gain during the first two
weeks of life,” we are not aware of any prospec-
tive placebo controlled randomised trials of the
effect of carnitine supplementation on growth
in preterm infants.

The objectives of this trial were to determine
whether supplementation with L-carnitine
would reduce the incidence of hypoglycaemia
and improve postnatal growth in preterm
infants of less than 34 weeks of gestation.

Methods
The study was a randomised double blind, pla-
cebo controlled trial in preterm infants of 28
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Table 2 Results of urinary total, free, and acylcarnitine (umol/l) in placebo and carnitine
supplemented groups at days 1,4,7 and 10 after birth

Infants recetving carnitine

Infants recetving placebo

Number Mean (SD) Number Mean (SD)
of infants concentration of infants concentration
Total carnitine:
Day 1 36 44.8 (24.2) 41 25.5 (16.0)
Day 4 39 1270 (1283)* 34 50.7 (141)
Day 7 33 985 (604)* 35 39.8 (43.20)
Day 10 38 1642 (1324)* 38 59.7 (67.4)
Free carnitine:
Day 1 36 26.7 (20.2) 41 13.6 (11.2)
Day 4 39 1085 (1156)* 34 17.2 (37.4)
Day 7 33 813 (489)* 35 25.6 (34.4)
Day 10 38 1266 (951)* 38 45.0 (54.3)
Acylcarnitines:
Day 1 36 17.4 (14.0) 41 12.9 (12.0)
Day 4 39 191 (205)* 34 12.7 (21.5)
Day 7 33 173 (166)* 35 14.3 (12.2)
Day 10 38 386 (450)* 38 19.9 (23.2)

*Denotes significant difference, p<0.05, between concentrations in carnitine and placebo

groups.

Table 3 Results of plasma total, free, and acylcarnitine (umol/l) in placebo and carnitine
supplemented groups at days 1,7,14 and 28 after birth

Infants receiving carnitine

Infants recerving placebo

Number Mean (SD) Number Mean (SD)
of infants concentration of infants concentration
Total carnitine:
Day 1 32 25.8 (12.8) 33 24.3 (12.4)
Day 7 32 160 (127)* 33 33.0 (33.0)
Day 14 31 111 (48.5)* 38 44.9 (86.4)
Day 28 21 104 (30.9)* 25 44.6 (17.7)
Free carnitine:
Day 1 37 15.8 (7.2) 42 16.0 (9.8)
Day 7 36 102 (81.8)* 40 19.1 (15.6)
Day 14 33 69.0 (29.0)* 37 34.2 (74.7)
Day 28 22 64.0 (16.4)* 29 32.8 (14.5)
Acylcarnitines:
Day 1 28 9.8 (10.4) 33 11.5 (13.0)
Day 7 33 57.0 (37.0)* 34 11.0 (8.3)
Day 14 30 44.6 (25.9)* 37 14.1 (14.0)
Day 28 20 41.2 (15.1)* 27 13.2 (19.7)

*Denotes significant difference, p<0.05, between concentrations in carnitine and placebo

groups.

weeks to 34 weeks 6 days’ gestation, admitted
to the neonatal intensive care units at St
Michael’s Hospital and Southmead Hospitals,
Bristol, UK, over 21 months. Infants were
included if they initially required intravenous
fluids and had a birthweight between the 10th
and 90th centiles for gestational age according
to the standard centile charts of Gairdner and
Pearson.'” Multiple births, infants with severe
birth asphyxia (Apgar score less than or equal
to 3 at five minutes), a persistent metabolic
acidosis (pH less than 7.2 for more than four
hours), or a recognised congenital abnormality
were excluded from the study. Ethical approval
was obtained from the local research ethics
committees. On recruitment infants were
stratified into one of three groups, according to
gestation (table 1) and allocated to receive
either L-carnitine or placebo according to a

Table 4  Details of weight gain (g/lday) for previous two week periods while an inpatient
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predetermined random code. The placebo and
L-carnitine preparations were of identical
appearance and the investigators and staff car-
ing for the infants were unaware of the alloca-
tion until after completion of the study. After
recruitment and within 72 hours of birth,
infants were given L-carnitine 25 mg/kg/day or
placebo daily until the equivalent of 40 weeks
of gestation. An intravenous preparation was
used until oral feeds were established. The total
daily dose was reviewed on a weekly basis and
adjusted according to weight. L-carnitine was
supplied by Sigma-Tau, Rome, Italy and the
randomisation codes for patients arranged by
Advisory Services (Clinical and General) Ltd.,
Harley Street London.

Infants were fed according to the unit policy
at the time of the study. Carbohydrate and fat
supplements (Duocal, Scientific Hospital Sup-
plies) were given to infants receiving breast
milk. Preterm infants not breastfed received a
preterm milk formula (Prematalac, Wyeth)
until they reached 1800 g after which they were
weaned on to a standard infant milk formula.

Measurements of weight, length, skinfold
thickness and occipito—frontal head circumfer-
ence were recorded on the first study day and
subsequently on days 4, 7, and 10 after birth.
Subsequently, measurements were performed
twice weekly until either the infants reached the
equivalent of 40 weeks of gestation or were dis-
charged from hospital and then at 1, 3, and 6
months after the expected date of delivery
(EDD). Weight was measured using standard
electronic scales (Seca) to the nearest 5 g,
crown-heel length using a Holtain neonatom-
eter (Holtain, Crymych, Dyfed, Wales) or by
paper tape measure when infants could not be
removed from an incubator, left mid thigh
skinfold thickness using Holtain skinfold calli-
pers and occipito—frontal circumference using
a paper tape measure to the nearest (1 mm). All
measurements were taken either by GJS or CS.

Growth velocity by weight, occipito—frontal
head circumference, length and skinfold thick-
ness were assessed. In each infant growth
velocity, for all parameters, was assessed for the
following periods: (i) every two weeks while the
infants were inpatients; (i) from discharge to
one month after the EDD; (iii) from 1 month
to 3 months after EDD; and (iv) from 3 months
to 6 months after EDD.

Urine was collected on entering the study
(before receiving either carnitine or placebo),
and on days 4, 7, and 10 after birth. Plasma
samples were collected on entering the study
and on days 1, 7, 14 and 28. Samples were
stored at —20°C until analysed. Total, free, and
acyl-carnitine concentrations in urine and

Placebo group Carnitine group

Age No of Mean weight gain (SD) for the Age No of Mean weight gain (SD) for the Mean difference between Standard
(weeks) infants previous two weeks (weeks) infants previous two weeks two groups error

2 42 1.0 (6.3) 2 41 0.5 (7.4) 0.5 9.7

4 37 22.3 (10.8) 4 32 23.1 (6.5) 0.8 12.6

6 18 24.6 (7.9) 6 16 27.7 (9.5) 3.1 12.3

8 11 27.6 (6.1) 8 10 23.3 (9.1) 4.3 10.9
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Table 5 Details of weight gain (g/day) for the period from discharge to one month after the EDD (1), from 1 to 3 months

after EDD (2), and 3 to 6 months after EDD (3)

Placebo group Carnitine group
No of Mean weight gain No of Mean weight gain  Mean difference between
Age infants (SD) Age infants (SD) 1wo groups Standard error
1 42 34.6 (9.5) 1 41 35.4 (11.8) 0.8 15.1
2 39 25.6 (7.8) 2 39 26.6 (8.3) 1.0 11.4
3 41 19.9 (16.7) 3 40 19.4 (6.6) 0.5 17

plasma were measured using a radioenzymatic
method based on the method originally
described by Cederbald and Liustedt." After
the measurement of free carnitine in blood or
urine, short and long chain esters of carnitine
were hydrolysed to yield free carnitine which
was then measured again to give the total car-
nitine. Acylcarnitine was then calculated from
total carnitine less free carnitine.

Blood sugars were measured on capillary or
venous blood according to the unit standard
policy with the frequency of monitoring
increased (to every 3 to 6 hours) during periods
when infants required intensive care. Glucose
measurements were made, at the time of the
study, in most cases using glucose oxidase rea-
gent sticks and rechecked using measurements
of true blood glucose.

Statistical analysis was performed using Stu-
dent’s ¢ test for parametric analysis and the
Wilcoxon signed rank test for non-parametric
analysis. A significant difference was taken as a
p value of < 0.05. Means are shown with (1)
standard deviation.

Results
Eighty six infants fulfilled the inclusion criteria.
The parents of one infant withdrew consent
after recruitment, and one infant had a
nasopharyngeal teratoma. One infant died at 7
days of age from an intraventricular haemor-
rhage (L-carnitine, group 1) and one infant
died after completing the medication (placebo,
group 2) from sudden infant death syndrome.
The study and placebo groups, each of 43
infants, did not differ significantly in gestation,
birthweight, sex, or incidence of intrapartum
asphyxia (as assessed by cord blood pH or
Apgar scores). The median gestational ages in
the carnitine group and placebo groups were
30.7 weeks (range 28.0 to 33.6) and 31.4 weeks

-10.00 —

Weight gain (g/day)

-20.00

—=a— Placebo group
---A--- Carnitine group

-30.00
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Weight velociry for all infants shown as weight gain (g) per day measured every

two weeks from the beginning of the study during hospital stay, from discharge to 1 month
after the EDD, from one to three months after EDD, and from one to six months after the

EDD.

(range 28.0 to 33.9), respectively. The median
birthweights were 1.557 kg (range 0.944 to
2.275) and 1.645 kg (range 0.885 to 2.545),
respectively.

Total, free, and acylcarnitine concentrations
in the urine were similar in both study groups
on trial entry. On subsequent days substantial
increases were observed in all these parameters
in the L-carnitine group. (table 2). Smaller but
clinically significant increases in plasma total,
free, and acylcarnitine were seen in the
L-carnitine group (table 3).

The results for growth in weight are summa-
rised in tables 4 and 5 and fig 1. The measure-
ments for occipito—frontal head circumference,
length, and skinfold thickness were similarly
analysed and showed no significant differences
between the supplemented and placebo group,
using either parametric or non-parametric
tests. Data, when analysed by subgroups, also
failed to show any significant differences.

During the first seven days of life there was
no significant difference between the placebo
and L-carnitine groups in terms of the number
of episodes of blood glucose at less than 3
mmol/l in each stratified group. The overall
number of episodes was 33 in the placebo
group and 39 in the carnitine group.

Discussion
The central role of carnitine in energy produc-
tion has led to considerable interest in its role
in preterm infants. The generation of substrate
from fat oxidation for ATP synthesis by the
respiratory chain allows for a reduction both in
glucose oxidation in tissues where glucose is
not an essential fuel and in amino acid catabo-
lism for gluconeogenesis and energy produc-
tion. Any reduction in the ability of the preterm
infant to oxidise fats may, in theory, lead to a
reduction in all processes that require energy
with an increased risk of hypoglycaemia, hypo-
thermia (from inadequate heat production in
brown adipose tissue), respiratory distress and
infection. In our study there was no significant
difference in the number of episodes of blood
sugar <3 mmol/l between the supplemented
group and those given placebo. The choice of
<3 mmol/l as the significant cutoff point recog-
nises that hypoglycaemia is a continuum. Its
biological effects vary according to the avail-
ability of other fuels and other compounding
clinical problems. The visual inspection of rea-
gent test strips may also be imprecise between
0 and 3 mmol/l. A prolonged reduction in
energy production may induce poor postnatal
growth.

The limited ability of preterm infants to
make endogenous carnitine and to obtain
adequate exogenous supplies from intravenous
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fluid has led to concerns that low tissue carni-
tine concentrations may have a detrimental
effect on these babies. Preterm infants have a
lower concentration of ketone bodies, suggest-
ing that lipolysis and/or ketogenesis may be
limited."

In our study there was no difference in any of
the growth parameters between the supple-
mented group and those given placebo.

Plasma concentrations of free carnitine were
consistently lower in our placebo group than
those previously reported in older infants."”
They were similar to those previously reported
in other preterm infants.'* "> Symptoms clear
up completely in children with primary carni-
tine deficiency, who have clinical manifesta-
tions of impaired fatty acid oxidation, when the
tissue carnitine concentration is raised to as lit-
tle as 5% of normal."® The values we observed
in the placebo group were similar to those
reported when preterm infants were fed on
carnitine free intravenous feeding for more
than two weeks.'” The absence of any increase
in growth or reduction in hypoglycaemia in our
carnitine supplemented group suggests that
tissue values of carnitine in the placebo group
were not sufficiently low to have a clinically
significant effect on energy metabolism.

The dose of carnitine used in our study
increased urine and plasma concentrations well
above normal childhood and adult values.
Acylcarnitine concentrations were at least dou-
ble those of the placebo group, indicating that
carnitine was entering cells to form acylcarni-
tine esters and not simply being excreted as
free urinary carnitine. Although we were
unable to measure tissue carnitine concentra-
tions the high concentrations of plasma and
urine carnitine suggest that a dose of carnitine
greater than the 25 mg/kg/day is unlikely to
have any additional metabolic effect.

We conclude that the addition of carnitine as
a nutritional supplement does not increase
growth in preterm infants nor protect them
from episodes of hypoglycaemia. A smaller
defined group of infants may still benefit from

Shortland, Walter, Stroud, et al

carnitine supplementation, such as those re-
ceiving prolonged parenteral nutrition, those
fed on soya based formula, those on a
semi-elemental diet or growth retarded infants
(who were excluded from this study).

We thank Dr J Holton and Carol Green of Southmead Hospital,
Southmead, Bristol for their help with the measurement of
plasma carnitine. These studies were supported by a grant from
Action Research (S/P/1900) and Advisory Services, London.
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