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Abstract: This study was planned to determine the blood carnitine levels of children aged 0—1 year in Kirikkale.
Blood samples were taken on Guthrie cards and plasma free carnitine levels were analyzed by tandem mass spec-
trometry. The mean free carnitine level was 25.12 £ 10.1 umol/L (10.1-49.5 umol/L). To assess the plasma free
carnitine levels according to feeding style, babies were grouped as exclusively breastfed (n = 67, 49.3%), artifi-
cially fed (n = 24, 17.7%), and mixed fed (n = 45, 33%). The exclusively breastfed infants displayed the lowest
free carnitine levels (p < 0.05). However, when this was analyzed in accordance with age, no significant change
was observed in plasma free carnitine levels according to feeding style. Results of this study are important as
they reveal an indication about the normal values of plasma free carnitine in Turkish infants and their relation-

ship to feeding styles.
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Introduction

Carnitine is a quarternary amine in the structure of 3-hy-
droxy-4-N-trimethylamino-butyrate. In biological mate-
rials, it is found as free carnitine and acyl-carnitine. Ma-
jor sources of carnitine are meat and dairy products. Apart
from foods, it is also synthesized in the body from the
methylated lysyl residues produced by the decomposition
of lysosomal proteins. Some other compounds, such as ly-
sine, methionine, vitamin C as cofactor, nicotinic acid, vi-
tamin B6, and Fe++ are also required for its synthesis. Ap-
proximately 95% of carnitine is found in skeletal muscles,
4% in the liver and kidney, and 1% in extracellular fluid
[1-3]. Carnitine has numerous functions, including 3-ox-
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idation of long- and middle-chain fatty acids in mito-
chondria, acetyl storage and transfer between cells and tis-
sues, transfer of activated middle- and short-chain fatty
acids from peroxisomes to mitochondria, and transport of
potentially toxic activated fatty acids out of mitochondria
in the presence of free CoA [1, 4, 5].

Determining blood carnitine levels in newborns and in-
fants would be helpful for monitoring and treating carni-
tine-related inherited metabolic disorders, such as carni-
tine metabolism disorders, fatty acid oxidation defects,
and dilated cardiomyopathy. Clinical studies have demon-
strated that plasma free carnitine levels vary according to
the state of hunger, with respect to age and gender, and
between societies. Therefore, whether the carnitine level
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is pathologic or not can only be determined if the normal
values of healthy individuals in that population are known
[6-12].

Breast milk, and especially colostrum, is abundant in
carnitine, whereas cow’s milk- and soy-based infant for-
mulas contain very little carnitine. For this reason, L-car-
nitine should be added to the diets of infants deprived of
breast milk and to the nutritional substrate of preterm new-
borns receiving total parenteral nutrition [6, 7, 9].

The objectives of our study were to determine the nor-
mal values of plasma free carnitine levels in infants aged
0-1 year, and to show the relation between carnitine le-
vels and feeding styles.

Materials and Methods

To determine the blood carnitine levels in infants 0—1 year
of age, this cross-sectional study including 136 infants [72
girls (52.9%), 64 boys (47.1%)] was undertaken. Children
between 0 and 1 year of age who were sent to the outpa-
tient clinics of the Pediatrics Department of Kirikkale Uni-
versity Medical School with any complaint between Ja-
nuary and June 2004 were included in the study. The study
group consisted of healthy children who came to the out-
patient clinics for periodic monthly check-ups as well as
those who were seen for disorders unrelated to primary or
secondary carnitine deficiencies. Preterm newborns were
not included in the study, as they are at risk for secondary
carnitine deficiency. All families were informed about the
study and written parental permission was attained. In-
formation on the demographic characteristics of the fam-
ily as well as gestational age, birth weight, delivery mode,
feeding style, and height and weight percentiles of the ba-
by were recorded, and all children were examined in de-
tail for signs of primary and/or secondary carnitine defi-
ciency. The mean age of patients was 90 days (range: 1
day to 1 year). The mean gestational age of infants was
39.49 + 1.06 weeks (range: 37 weeks to 42 weeks), and
the mean birth weight was 3221.91 +374.20 grams (range:
2500-4200 g). All cases were grouped according to age:
one day of life; 2-7 days; 8-28 days; 2—3 months; 4-6
months; 7-9 months; and 10-12 months.

Cases were also assessed in three groups according to
feeding style, including exclusively breastfed infants
(49.3%) (infants receiving breast milk and herbal teas on-
ly), artificially fed infants (17.7%) (infants fed only cow’s
milk and/or formulas), and mixed fed infants (33%) (in-
fants receiving both breast milk and cow’s milk and/or for-
mulas). Once written consent was obtained from the fa-
mily, blood samples were taken on Guthrie cards from the
heels of newborns and from the fingertips of older infants,

and serum free carnitine levels were analyzed by tandem
mass spectrometry in the Nutrition and Metabolic Dis-
eases Unit of the Pediatrics Department at Hacettepe Uni-
versity Medical School. This study was approved by the
local Ethics Committee.

All collected data were evaluated by means of a com-
puterized SPSS program. ANOVA was employed in the
comparison of free carnitine levels with demographic pa-
rameters, feeding style, and age groups; Tukey’s method
was used to detect from which group the discrepancy ema-
nated; and Pearson’s chi-square test was utilized for de-
termination of the relationship between gender and free
carnitine levels. The significance limit was set as p < 0.05.

Results

The study group consisted of 136 infants: 72 girls (52.9%)
and 64 boys (47.1%) in the O to 1 year age group. A high
proportion of mothers (46.3%) and fathers (83.2%) of the
infants had schooling of eight years or more, and 97% of
the families had at least one kind of social insurance (Table
I). The mean plasma free carnitine level of the whole group
was 25.09 £ 10.06 umol/L (10.1-49.5 wmol/L).

The mean plasma free carnitine level in the one-day-
old group (15.66 + 1.11 umol/L) was significantly high-
er than that of the second group (11.39 + 1.09 umol/L; p
=0.01) (Table II). The plasma free carnitine levels of the

Table I: Demographic characteristics of the study group.

Demographic features n %
Mother’s employment Unemployed 109 80.1
Employed 27 19.9
Father’s employment ~ Unemployed 4 2.9
Employed 132 97.1
Mother’s education Illiterate 3 22
Literate 2 1.5
Primary School 68 50
Elementary school 23 16.9
High school 27 19.9
University 14 9.6
Father’s education [lliterate 1 0.7
Literate 1 0.7
Primary School 21 15.4
Elementary school 20 14.7
High school 59 434
University 34 25
Social insurance No insurance 3 2.2
Retirement fund 72 529
Social Security Ins. 14 10.3
Bag-kur 31 22.8
Green-card 16 11.8
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Table 11: Free carnitine levels with respect to age and gender.

Group Age Sex n Free carnitine levels (umol/L)
mean + SD (min—-max)
1 1 day Total 16 15.66 + 1.11 (14.5-18.6)
Female 10 15.38 £0.85 (14.5-16.9)
Male 6 16.13 £ 1.39 (14.5-18.6)
2 2-7 days Total 13 11.39 +1.09 (10.1-13.8)
Female 9 1143 £1.27 (10.1-13.8)
Male 4 11.30 = 0.66 (15.1-18.6)
3 8-28 days Total 18 1723 £ 1.14 (15.1-19.1)
Female 8 17.66 = 1.17 (16.2-19.1)
Male 10 16.88 +1.03 (15.1-18.6)
4 2-3 months Total 22 21.14 + 1.44 (18.6-23.8)
Female 12 20.57 +1.05 (18.6-22.2)
Male 10 21.81 £ 1.61 (19.2-23.8)
5 4-6 months Total 23 24.85+1.75 (20.1-28.2)
Female 8 24.85+£2.27 (20.1-27.6)
Male 15 24.84 +1.50 (23.2-28.2)
6 7-9 months Total 20 36.72 +3.95 (29.5-44.2)
Female 11 3592 +3.77 (29.5-40.6)
Male 9 37.70 £ 4.16 (30.7-44.2)
7 10-12 months Total 24 38.89+5.17 (30.1-49.5)
Female 14 38.54+4.15 (32.1-49.5)
Male 10 39.38 £ 6.55 (30.1-49.2)
1 day-12 months Total 72 25.09 +10.06 (10.1-49.5)
Female 64 24.70 +£10.32 (10.1-49.5)
Total Male 136 25.54 £9.83 (10.5-49.2)

p>0.05

first group were observed to be significantly lower than
those of fourth, fifth, sixth, and seventh groups (p < 0.05),
but this was not observed between the first and the third
groups (p = 0.694). An increase in plasma free carnitine
levels was observed starting with the seventh day of life

Table 111: Differences in free carnitine levels with respect to age
groups.

Group Age n  Free carnitine levels (uwmol/L)
mean + SD (min-max)

1 1 day 16 15.66 + 1.11 (14.5-18.6)

2 2-7 days 13 11.39£1.09 (10.1-13.8)

1 and 2 p=0.001

3 8-28 days 18 1723 +1.13  (15.1-19.1)

2 and 3 p=0.001

4 2-3 months 22 21.13 £ 1.44 (18.6-23.8)

3 and 4 p=10.001

5 4-6 months 23 2485+ 1.75 (20.1-28.2)

4and 5 p=0.001

6 7-9 months 20 36.72+3.95 (29.5-44.2)

Sand 6 p=0.001

7 10-12 months 24 38.89 +5.17 (30.1-49,5)

6 and 7 p=0.169

Total 136 25.09 £ 10.06 (10.1-49.5)

until six months of age. No significant relationship bet-
ween the free carnitine levels and age was detected among
infants aged 6 and 12 months (Table III).

Mean plasma free carnitine levels were calculated as
24.70 £ 10.32 pmol/L in girls and 25.54 £ 9.83 umol/L in
boys, with no significant difference between the two gen-
ders (p > 0.05). Plasma free carnitine levels also did not
vary significantly according to age or gender, as shown in
Table II.

Our results revealed that 93.6% of the infants in the 01
month age group were exclusively breastfed and the rest
were mixed fed (Table IV). However, the exclusively
breastfed-infant rate dropped to 49.3% after six months of
life. In the 6—12-month-age group, 52.2% of the infants
were having supplementary foods in addition to breast-
feeding, whereas the rest (47.8%) were on artificial feed-
ing. When we examined the plasma free carnitine levels
with respect to feeding styles, the levels were lower in ex-
clusively breastfed infants (17.21 + 3.94 pmol/L) com-
pared with the infants having mixed (37.43 + 6.6 umol/L)
or artificial feeding (30.26 £ 7.72 umol/L; p < 0.05). How-
ever, when mean free carnitine levels were examined with
respect to age and feeding styles, this difference became
insignificant (Table IV).
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Table 1V: Free carnitine levels with respect to age and feeding styles.

Age Exclusively Mixed fed infants Artificially fed infants Total p
(months) breastfed infants

n FCL* n FCL* n FCL*
0-1 44 1495 +2.6 3 16.98 +0.8 0 - 47 p=0.01
2-6 23 21.53+1.73 19 2440+22 3 25.84 £ 0.65 45 p=0412
7-12 0 - 23 36.82 +4.0 21 39.09 +5.20 44 p=0.035
Total 67 17.21 +3.94 45 3743 +6.6 24 30.26 +£7.72 136 p=0.01

* Free carnitine levels (umol/L)

Discussion

Children, particularly preterm newborns, constitute the
highest risk group for carnitine deficiency, and variations
in serum carnitine levels in children can be observed by
age, as demonstrated in various studies published in the
literature [6, 7, 13—15]. Clinical studies reported that
plasma free carnitine levels may vary with respect to age,
gender, and race. Moreover, mean free carnitine levels dif-
fer between communities. It has been postulated that these
differences could be the result of variability in inclusion
criteria of the study groups (e.g., different ages and gen-
ders), usage of different samples (e.g., blood, serum) and
analysis methods for blood carnitine levels and the dietary
habits of the societies [6—12]. Battistella et al showed that
mean free carnitine levels were lower in the early months
of life, reach adulthood levels at the end of six months of
age, and were not affected by gender in children [16]. Simi-
lar to these results, Schmidt et al also measured carnitine
levels in 353 healthy children and demonstrated that car-
nitine levels were not affected by sex, gradually increased
with age, and neither total nor free carnitine levels changed
according to age, after the second year of life, until adult-
hood period (Table V) [12].

In the study of Giineral and colleagues, the mean plas-
ma free carnitine level in children aged six months to two
years was found to be 35.02 + 9.2 umol/L. This value did
not vary according to gender and increased with age,
reaching 52.8 + 11.1 umol/L at age 6-10 years and re-
maining unchanged until the adulthood period [17]. Sim-
ilar to Giineral’s study, Aydin and colleagues also demon-
strated no significant difference in free and total carnitine
levels and acyl carnitine/free carnitine ratios between
males and females, and free carnitine levels were deter-
mined to be 34.72 + 8.68 umol/L in 0—1-year-old children
(Table V) [9]. However, in contrast to the aforementioned
studies, Ozyiirek et al showed no change in free carnitine
levels by age [6]. Unlike other studies, the results of our
study revealed relatively lower free carnitine levels in the
first year of life (25.09 = 10.06 umol/L). The mean free
carnitine level in the one-day-old group (15.66 + 1.11
pmol/L) was significantly higher than in the second group

(11.39 + 1.09 umol/L, p = 0.01), but was significantly lo-
wer than those of the fourth, fifth, sixth, and seventh groups
(p < 0.05). An increase in the plasma free carnitine level
was observed starting with the seventh day of life until six
months of age, but no significant relationship was detec-
ted between free carnitine levels and age, after the age of
six months (Table II).

The activity of the y-butyrobetaine hydroxylase en-
zyme, which hydroxylates y-butyrobetaine, a carnitine
precursor, to carnitine is only 12 % of the adult level du-
ring the first month of life [7, 10, 13]. Therefore, carnitine
synthesis is limited in newborns, especially in preterms.
The low carnitine level at birth increases with age. Sup-
porting this, various studies have demonstrated low free
and total carnitine levels in newborns and infants until the
sixth month of life [10, 13]. Winter et al analyzed free car-
nitine levels in 145 healthy infants and found levels of 20.2
+ 5.1 umol/L in the first five days of life, rising to 40.2 +
6.1 umol/L at the age of one week to one year [18]. On
the other hand, Meyburg and colleagues detected the to-
tal and free carnitine levels in 70 term newborns as 55.7
+ 1.6 umol/L and 30.6 = 10.6 umol/L respectively, on the
fifth day of life [19]. The results of the two studies were
quite different from each other. Deufel and co-workers’
study comprising 75 newborns showed that plasma free
and total carnitine levels steadily increased in the first three
weeks of life and reached adulthood levels after three
months [11]. The researchers of this study stated that low
carnitine levels could be related to low enzyme activity
and insufficient exogenous carnitine intake, as the total
carnitine level increased in older children with increased
intake of exogenous carnitine by diet [11]. In Schmidt’s
study, mean carnitine levels were lower in term newborns
compared to other age groups (20.1 + 6.7 umol/L on the
first day, 14.9 + 3.0 umol/L between the second and the
seventh days, and 27.6+£9.7 umol/L between the eighth
and 28" days). They claimed that plasma carnitine levels
increase within the first day, then dropped by the end of
the first day, and reached adulthood levels at the end of
the second year with a progressive increase after the first
week of life [12]. In our study the same but less dramatic
pattern of change was observed in the first month of life
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Table V: Free carnitine levels in various studies.

Researchers (R) Year Total sample size Age group Average free carnitine level (Lmol/L)
mean + SD
Schmidt et al (12) 1988 First day 20.1£6.7
2-7 days 149+3.0L
8-28 days 27.6+£9.7
353 1 month-1 year 355+6.5
1-6 years 41.7+79
6-10 years 41.4+10.0
10-17 years 39.4+£8.7
40 Umbilical cord 22.0
Gineral et al (17) 1995 6 months—2 years 35.02+£9.2
(Ankara) 68 3-5 years 43.63+11.9
6-10 years 528 +11.1
20-35 years 522+11.9
Aydin et al (9) 1996 0-1 years 34.72 + 8.68
(Istanbul) 100 2-5 years 46.48 = 18.73
6-9 years 44.83 £ 12.22
10-12 years 49.97 + 13.87
Ozyiirek et al (6) 1998 1-6 months 42.89 + 12.68
(Izmir) 80 7 days-2 years 43.22 +15.81
3-6 years 45.60 = 14.35
Tanzer et al (13) 1994 33 0—1 month (term) 51.1+0.9
(Sivas)
Winter et al (18) 1992 145 Fifth day 20.2 £5.1
7 day-1 year 40.2 +6.1
Deufel et al (11) 1986 75 0-1 month 30.1£6.3
Chace et al (10) 2003 24 0—1 month (term) 72.42 +£20.75
50 Umbilical cord 31.27 £ 10.50
Novak et al (24) 1981 17 Umbilical cord 30.0
Bargen et al (25) 1981 21 Umbilical cord 23.0
Hizel et al 2004 First day 15.66 £ 1.11
(Kirikkale) 2-7 days 11.39 £ 1.09
8-28 days 1723 +1.13
136 2-3 months 21.13 £ 1.44
4-6 months 24.85 £ 1.75
7-9 months 36.72 £3.95
10-12 months 38.89 +5.17

(free carnitine levels were found tobe 15.66 + 1.11 pumol/L.
on the first day of life, 11.39 = 1.09 pmol/L in infants ages
two to seven days, and 17.23 + 1.13 pumol/L in the infants
of eight to 28 days of life). The free carnitine levels were
noticed to be significantly higher on day one than on the
second to seventh day of life (p = 0.01). Free carnitine le-
vels were relatively lower than the findings of other stud-
ies cited above. However our results could still be accept-
ed as important in showing that the changes in the new-
born and infancy period may be the most common clini-
cal manifestations of carnitine-related metabolic disorders
that begin early in infancy. Therefore, knowing the nor-
mal values of plasma free carnitine levels in the newborn
and infancy period will help clinicians in the diagnosis of
these rare metabolic disorders.

Ohtani et al demonstrated that the mean total carnitine
level in breast milk was 53.5 + 5.6 nmol/mL during the
first month of life [22]. Similarly, Sandor ef al measured
the total carnitine concentration in breast milk as 62.9
nmol/mL (minimum = 56.0; maximum = 69.8) during the
first 21 days of life. In this study, breast milk was empha-
sized to be the main source of carnitine in infancy, and
they claimed that breastfed newborns had higher plasma
carnitine levels than those fed with soy-based formulas
[23]. When we take into account the feeding styles of our
study group, the mean free carnitine level of infants ex-
clusively breastfed was found to be lowest when compared
to artificially fed and mixed fed infants (p < 0.05). How-
ever, this significant difference vanished when the cases
were grouped in accordance with age and feeding style
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(Table V). We believe that this was a natural result, as us-
age of breast milk decreases and usage of additional foods
in the diet of an infant increases with age; thus blood car-
nitine levels increase with age. Therefore, the differences
in blood carnitine levels in infants with different feeding
styles should be discussed within the same age groups.

In almost all studies presented in the literature, blood
carnitine concentrations were reported to be low in new-
borns and infants until the age of two years and varied bet-
ween societies [11, 12, 17]. As breast milk is the major
nutritional source in the first six months of life and as
breastfeeding and infant nourishing patterns change ac-
cording to the traditions, habits, and customs of a com-
munity, variations in blood carnitine levels within com-
munities are expected. Even among infants fed exclusi-
vely with breast milk, low blood carnitine levels can still
be encountered due to the influence of other factors, such
as low enzyme activity, decreased synthesis capacity, and
limited tissue reservoirs in these ages; thus arrival to adult-
hood levels may take longer. However, as emphasized by
many researchers, it should not be forgotten that breast
milk is an accelerating factor in the achievement of adult-
hood levels [10, 11, 22, 24].

In conclusion, although the sampling group of this
study was relatively small, we still believe that our efforts
light the way for researchers for further studies on normal
plasma free carnitine levels in Turkish infants. Further-
more, the results of our study also demonstrated variations
in blood carnitine levels according to feeding styles.
Therefore, the feeding style of an infant should also be
taken into account in the estimation of normal blood car-
nitine levels in the infancy period. There is no debate that
breast milk is the main source of feeding in the first six
months of life, and it must also be emphasized that sup-
plementary foods should be started after the sixth month
of life so as to increase plasma free carnitine levels. In or-
der to anticipate at which age plasma free carnitine levels
reach adulthood levels, a cohort-type prospective study
with a larger sampling size is necessary. All previous stu-
dies established in Turkey were with small sample sizes
and were regional and do not allow us to make a general-
ization for Turkish children and create Turkish normo-
grams for infant blood carnitine levels (Table V). Because
of all these factors, multi-centered research equipped with
a sampling method capable of more fully representing the
Turkish society, with more cases in each age group, is
needed in order to determine the normal blood carnitine
levels of Turkish children.
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