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Abstract
Background Carnitine deficiency can cause cardiomyopathy
and cardiac arrhythmia. The prevalence in the Faroe Islands is
the highest reported in the world (1:300). A nationwide
screening program identified 76 Faroese adult patients (15–
80 years) with Primary Carnitine Deficiency (PCD). We de-
scribe prior and current health status and symptoms in these
patients, especially focusing on cardiac characteristics.
Methods Upon identification, patients were immediately ad-
mitted for physical examination, ECG, blood tests and initia-
tion of L-carnitine supplementation. Medical records were
reviewed and patients were interviewed. Echocardiography
and blood tests were performed in 35 patients before and after
L-carnitine supplementation.
Results All patients were either asymptomatic or had minor
symptoms when diagnosed. Echocardiography including
LVEF, global longitudinal strain and dimensions were normal
apart from left ventricular hypertrophy with normal systolic

function in one young male. Symptoms, e.g. fatigue, were
reported in 43 % with a reduction to 12 % (p<0.01) following
initiation of L-carnitine supplementation. Eighty two % report-
ed participation in sports of which 52 % were on a competitive
level. ECGs showed limited changes and blood tests were
normal. Mean plasma free carnitine increased from 6.1 μmol/
L to 15.1 μmol/L (p<0.01) within 50 days of L-carnitine
supplementation.
Conclusion PCD in adults can cause serious symptoms, but
adult Faroese patients identified through a screening program
were predominantly asymptomatic with a normal cardiac
structure and function.

Introduction

The frequency of primary carnitine deficiency (PCD), also
known as carnitine transporter deficiency, in the Faroe Islands,
an isolated archipelago in the North Atlantic, is by far the
highest reported in a population worldwide (Lund et al 2007;
Rasmussen et al 2012; Rasmussen et al 2013). PCD is a
relatively rare genetic disorder with the reported frequencies
worldwide at 1 in 20,000–70,000 individuals, and the reported
number of untreated adults with PCD is quite low—only 42
adult cases until recently (De Biase et al 2012). A series of
sudden deaths attributed to PCD among the small Faroese
population of only approximately 50,000 inhabitants lead to
the initiation of a voluntary screening program—as a conse-
quence a large number of individuals were identified with low
carnitine levels and mutations suggestive of PCD (Rasmussen
et al 2012, 2013).

PCD is an autosomal recessive disorder caused by muta-
tions in the SLC22A5 gene encoding for the high affinity
carnitine transporter OCTN2 (organic cation transporter 2)
(Nezu et al 1999; Longo et al 2006). Carnitine is essential in
the transfer of long-chain fatty acids across the inner mito-
chondrial membrane for β-oxidation and is involved in other
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important cellular processes as well (Mitchell 1978; Rebouche
2004; Steiber et al 2004). The lack of functional OCTN2
carnitine transporters leads to low tissue carnitine levels and
an impaired fatty acid oxidation in patients suffering fromPCD
(Scaglia et al 1998; Longo et al 2006). Reported symptoms
range from hypoketotic hypoglycaemia, fatigue and myopathy
to neurological and cardiac symptoms (Longo et al 2006;
Magoulas and El-Hattab 2012; Rasmussen et al 2012).
Children with untreated PCD are especially thought to be at
risk of developing potentially fatal metabolic disturbances and
cardiomyopathies (Stanley 2004; Magoulas and El-Hattab
2012). However, adult patients can also develop serious and
even fatal adverse effects when not on L-carnitine supplemen-
tation—as well as be asymptomatic (Longo et al 2006; De
Biase et al 2012; Magoulas and El-Hattab 2012; Rasmussen
et al 2012). The low number of reported adult PCD patients in
the literature has made it difficult to assess the risks and
susceptibility to complications in patients suffering from PCD.

The objective of this study was to examine and characterize
adult Faroese PCD patients, who had not received any prior
treatment—especially focusing on their cardiac status. The
findings presented are relevant to the management of newly
diagnosed adult patients elsewhere, especially considering the
internationally increased neonatal screening effort for PCD
which has lead to an increased identification of previously
undiagnosed mothers with PCD through their newborns (El-
Hattab et al 2010).

Methods and materials

Subjects

More than 55% of the population participated in the voluntary
nationwide screening program between 2009–2011. All adult
PCD patients (>15 years) identified through the screening
program and admitted acutely for examinations and initiation
of L-carnitine supplementation were included in this study
(Rasmussen et al 2013). All patients were interviewed about
their previous and current health status and underwent phys-
ical examination when admitted. 24-h cardiac telemetry was
performed during hospitalisation. Blood tests were taken and a
12-lead electrocardiogram was obtained. Initial echocardiog-
raphy was performed either during the admittance when pos-
sible or later in an out-patient setting when on L-carnitine
supplementation. Patients who had echocardiography per-
formed within 8 days of initiation of L-carnitine supplemen-
tation (n=39) were requested to have a follow-up echocardi-
ography performed. All patients were offered an out-patient
consultation with a clinical geneticist (AML) to monitor their
health status. An online survey was also conducted among all
the patients with specific questions regarding, e.g. symptoms,
effects of L-carnitine supplementation and physical ability.

The patients initially received a total of 3 g of L-carnitine
daily either in the form of tablets (333 mg) or solution
(100 mg/mL) and administered in the morning, afternoon
and evening. Changes in the dosage were recommended
according to the level of plasma free carnitine measured in
serial follow-up blood samples with an aim of keeping
through plasma free carnitine at 20 μmol/L±5 μmol/L
(Lund et al 2007). The patients’ medical records in the
National Hospital were reviewed for previous contacts to the
hospital. The local ethics committee approved this study.

Echocardiography

Standard echocardiography was performed in the left decubitus
position using a GEMedical Vivid s6 ultrasound system. Image
analysis was performed on GE Echopac software. Six experi-
enced physicians performed the primary echocardiographic
examinations while the main investigator (JR) performed the
follow-up examinations and all measurements on recorded
echocardiograms. Measurements were obtained in the
parasternal and apical views according to accepted standards
and techniques (Lang et al 2005). All reported measures are the
average of two separate measurements. The main investigator
(JR) and an experienced second observer (OWN) performed
measurements on 35 patients picked at random to determine the
intra-observer and inter-observer variability. LV mass was cal-
culated by the formula of Devereaux, and body surface area by
the formula of Du Bois (Devereux et al 1986; Du Bois and Du
Bois 1989). LV hypertrophy was defined as >116 g/m2 for men
and >104 g/m2 for women (Devereux et al 1996).

2D speckle tracking, an advanced echocardiographic tech-
nique to analyse tissue deformation and motion, was
performed in the group examined within 8 days of initiation
of treatment. The 2D strain analysis was performed on apical
four-, two- and three-chamber views optimized for speckle
tracking (Mondillo et al 2011).

Inter-observer variability expressed in CV% regarding left
ventricular mass, left atrial volume, TAPSE (Tricuspid
Annular Plane Systolic Excursion) and e’ was 14 %, 13 %,
13 % and 17 %, respectively. Bland-Altman plots showed
equally distributed variances within 95 % limits of agreement.
Intra-observer CV% for the same parameters was 8 %, 10 %,
8 % and 7 %, respectively.

Blood sample and electrocardiographic analysis

Blood was analysed using standard procedures in the National
Hospital laboratory for routine parameters including
haemoglobin, glucose, ALAT, urea, urate and creatine kinase.
Furthermore blood was sent to the Centre for Inherited
Metabolic Diseases in Rigshospitalet, Copenhagen, for DNA
analysis to confirm the diagnosis of PCD and to determine
plasma acylcarnitines (Rasmussen et al 2013).
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All available electrocardiograms taken at primary admis-
sion were analysed manually using the Minnesota ECG
criteria (Prineas and Blackburn 1982).

Statistical analysis

Data analysis was performed using IBM® SPSS® Statistics
Version 19 (SPSS Inc., Chicago, Il, USA). All continuous
variables were expressed as mean (standard deviation).
Student’s paired t-test was used to compare echocardiographic
parameters and McNemar’s test for paired binominal data was
used to test for a difference in symptoms before and after
treatment. Level of significance was set at p<0.05 (two tailed
test). Inter- and intra-observer variability was assessed by
using Bland-Altmann statistics and calculating the coefficient
of variation (CV%).

Results

Patients and morbidity

From August 2009 to January 2011, 26,462 individuals
participated in the screening program (Rasmussen et al
2013). There were 76 adult patients between the ages of
15 to 80 years (mean 37.8 years) included in this study
(Table 1). Seven different genotype variants were found (see
patient table, web).

A review of medical records among the included pa-
tients revealed that 37 patients had previously been admit-
ted to the National Hospital in the Faroe Islands before
being diagnosed with PCD. A female patient aged 34
(ref.#58, patient table) survived ventricular fibrillation fol-
lowing exposure to antibiotics containing pivalic acid
known to lower carnitine levels (Rasmussen et al 2012).
A male patient now aged 29 (ref.#21, patient table) had
several previous admissions with hypoglycaemia and con-
vulsions and was diagnosed with epilepsy in 1986 and a
28-year-old female (ref.#38, patient table) had a minor
myocardial infarction. Other causes of hospital admissions
were mostly minor including abdominal symptoms, atrial
fibrillation and common infections (patient table, web).

Mean values of haemoglobin, glucose, urate and crea-
tine kinase, were all within reference ranges (Table 1).
Decreased stamina when performing physical activity
was reported by 25 %. 82 % reported being or having been
active in sports—of which 52 % reported participation in
sports on a competitive level.

Cardiac examinations

The mean time from initiation of L-carnitine supplemen-
tation to primary echocardiography was 1.5 days (2 SD)

in the group examined within 8 days of initiation of L-
carnitine supplementation (n=39)—of whom 35 had a
follow-up echocardiography performed a median
638 days later (range 330–1,264 days). The patients not
examined within 8 days of treatment start (n=37) had
primary echocardiography performed a median 124 days
(range 14–478 days) following start of L-carnitine sup-
plementation—a follow-up echocardiography was not
performed in those patients. All mean echocardiographic
measurements were within normal range including left
ventricular mass and ejection fraction (Table 2). There
was no significant difference between measurements
including global longitudinal strain from the primary
and the follow-up echocardiographic examinations in
the 35 patients (Table 2). One 20-years-old male patient
though exhibited signs of left ventricular hypertrophy
with a mass of 303 g and a left ventricle mass index of
141 g/m2, but with normal systolic and diastolic function.
Follow-up echocardiography 970 days later showed a mar-
ginal decrease in left ventricular mass (264 g, 119 g/m2). The
patient reported improved stamina and physical ability fol-
lowing supplementation with L-carnitine.

Analysis of obtainable electrocardiograms (n=69) identi-
fied eight patients (12 %) (mean age 59.6 years, SD 15.4) with
atrial fibrillation, bundle branch block, T-wave inversion or
ST junction depression—the rest had minor or no changes
(see patient table, web). The mean duration of the PR, QRS
and QTc intervals were normal (Table 1); 24-h cardiac
telemetry showed no signs of serious, e.g. ventricular
arrhythmia in all patients.

Effect of L-carnitine supplementation

Mean plasma free carnitine measured pre-treatment was
6.1 μmol/L (SD 2.1) which increased significantly to a
mean of 15.1 μmol/L (SD 6.0) (p<0.01) within 50 days
of L-carnitine supplementation and then reached a plateau
(Fig. 1). The mean total daily amount of L-carnitine
ingested by the patients increased in 2 years from 3 g to
3.8 g, yielding a mean dosage of 46 mg/kg/day. Nearly all
patients (98 %) reported taking L-carnitine supplementa-
tion as advised.

Symptoms of mostly fatigue and palpitations were reported
by 43 % of the patients, declining to 12 % (p<0.001) follow-
ing a mean 351 (141 SD) days of treatment with L-carnitine
(see patient table). There was a tendency, although not signif-
icant, that the individuals reporting symptoms of fatigue were
younger than those who did not report these symptoms
(p=0.075). Since being diagnosed with PCD, 94 %
reported they had not felt restricted in their daily life,
although 46 % experienced side effects from the L-
carnitine supplementation—primarily fish odour, weight
increase and intestinal discomfort.
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Discussion

The 76 adult Faroese PCD patients identified through the
nationwide screening program did not suffer from serious
symptoms at the time of diagnosis.

Allmean values of echocardiographic parameters in our study
were within normal ranges (Table 2). The contractile properties
were normal in all patients without any signs of impaired cardiac
function. Except signs of left ventricular hypertrophy in one
young male patient, there were no signs of structural abnormal-
ities or cardiac hypertrophy in the patients. Follow-up echocar-
diographic examinations in 35 patients following L-carnitine
supplementation showed no signs of change in measured echo-
cardiographic parameters and cardiac function.

Hypertrophic or dilated cardiomyopathy has mainly been
described in children suffering from PCD and only rarely in
adult patients (Ino et al 1988; Stanley et al 1991; Zales and
Benson 1995;Marques 1998; Pierpont et al 2000; Lamhonwah
et al 2002; Lamhonwah et al 2004; Melegh et al 2004; Yamak
et al 2007; Cano et al 2008; Lee et al 2010; Rasmussen et al
2012; Agnetti et al 2013). Koizumi et al reported in 1999
marginal left ventricular hypertrophy among middle-aged

Japanese PCD heterozygotes (Koizumi et al 1999). But the
general lack of left ventricular hypertrophy among the Faroese
PCD homozygous patients, with manifest hypertrophy
evident in only one patient, indicates, that cardiac hypertrophy
might develop sporadically in a patient cohort—but why some
patients are more susceptible to cardiac hypertrophy than
others with the same genotype is still unclear.

The role of carnitine depletion in cardiomyopathy and heart
failure in patients without PCD, as well as the potential of L-
carnitine supplementation as an element in the treatment of
these disorders, is still investigated and debated (Rizos 2000;
Grube et al 2011; Marcovina et al 2012; Omori et al 2012).
Echocardiographic screening should be performed when a
patient is diagnosed with PCD, but the need for further
control echocardiographic examinations in adult patients
adhering to L-carnitine supplementation seems limited.

Analysis of ECGs from primary admission did not
show signs of abnormalities, which can be attributed to
PCD. Prolonged QT interval with syncope has been
described previously in two young women with PCD,
but PCD patients without prior ECG changes can also
suffer from sudden severe and lethal cardiac arrhythmia

Table 1 Baseline characteristics, blood tests and ECG measurements, mean (SD)

All subjects Male Female
(n=76) (n=39) (n=37)

15–30 y 31 13 18

30–45 y 22 16 6

45–60 y 17 6 11

> 60 y 6 4 2

Mean age (years) 37.6 (16.3) 37.5 (15.8) 37.8 (16.9)

Height (cm) 177 (8.6) 170 (15) 182 (7)

Weight (kg) 82 (19) 91 (17) 71 (15)

Body mass index (kg/m2) 26.2 (4.6) 27.4 (4.2) 24.6 (4.6)

Systolic blood pressure (mmHg) 125 (15) 130 (15) 119 (14)

Diastolic blood pressure (mmHg) 72 (11) 75 (11) 69 (10)

Heart rate (beats/min) 69 (13) 65 (11) 73 (14)

Blood tests & ECG measurements Normal range

Haemoglobin (mmol/L) 7/8–10 8.4 (0.8) 8.9 (0.6) 7.8 (0.6)

ALAT (U/L) 10–70 32.1 (25.6) 38.9 (26.2) 25.2 (23.4)

Urea (mmol/L) 3.2–8.1 5.3 (1.7) 5.8 (1.4) 4.8 (1.7)

P-urate (mmol/L) 0.23–0.48 0.3 (0.1) 0.4 (0.1) 0.23 (0.1)

P-glucose (mmol/L) 2–10 5.5 (1) 5.6 (0.8) 5.4 (1.1)

CK-MB (μg/L) <5 2.8 (1.3) 3.1 (1.4) 2.4 (1.2)

Creatine kinase (U/L) 50–400 140 (97) 175.4 (105) 100.1 (68.7)

Free carnitine in blood (μmol/L) >7 3.3 (1.1) 3.4 (1.2) 3.1 (0.9)

Free p-carnitine (μmol/L) >10 6.3 (2.4) 6.7 (2.6) 5.9 (2.2)

PR (ms) 120–220 171 (31) 175 (28) 167 (32)

QRS (ms) <120 100 (21) 105 (20) 95 (20)

QTc (ms) <440 417 (35) 410 (41) 422 (27)
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(Rijlaarsdam et al 2004; Schimmenti et al 2007; Tadros and
Klein 2009; De Biase et al 2012; Rasmussen et al 2012).

Unless finding obvious predisposing signs of cardiac arrhyth-
mia, which might be attributed to PCD, one should be wary of

Table 2 Echocardiographic re-
sults. LV left ventricle; LA left
atrium; BSA body surface area;
TAPSE tricuspid annular plane
systolic excursion; GLS Global
Longitudinal Strain. Mean (SD)

*Follow-up echo performed a
median 638 days later. **Paired
samples T-test. ***Independent
samples t-test used to compare
Group 1 primary echo and Group
2 primary echo

Group 1 (<8 days from start of treatment to primary echo)

Echocardiographic variables Primary echo Follow-up echo* Significance**
(n=39) (n=35) p

LV mass (g) 156.5 (42.4) 149.4 (52) 0.19

LV mass/BSA (g/m2) 80.6 (14) 79.4 (18) 0.5

LA volume (mL) 47.4 (12) 48.8 (15.5) 0.74

LA volume/BSA (mL/m2) 24.7 (5.1) 24.9 (6.4) 0.95

LVejection fraction (%) 59 (3.9) 58.7 (4) 0.7

TAPSE (mm) 26.3 (3.7) 26.4 (3.4) 0.74

E/A 1.6 (0.5) 1.6 (0.7) 0.93

e′ (cm/s) 0.15 (0.04) 0.2 (0.03) 0.3

s′ (cm/s) 0.09 (0.03) 0.13 (0.08) 0.05

GLS (%) 20.9 (2.3) 20.6 (2.1) 0.95

Group 2 (>8 days from start of treatment to primary echo)

Echocardiographic variables Primary echo Significance***

(n=37) p

LV mass (g) 165.8 (49) 0.39

LV mass/BSA (g/m2) 81.6 (20.9) 0.82

LA volume (mL) 55.9 (18.2) 0.06

LA volume/BSA (mL/m2) 27.3 (7.2) 0.15

LVejection fraction (%) 59 (3.8) 0.99

TAPSE (mm) 26.9 (3.9) 0.51

E/A 1.6 (0.6) 0.83

e′ (cm/s) 0.15 (0.05) 0.78

s′ (cm/s) 0.08 (0.02) 0.23

Fig. 1 Mean plasma free
carnitine levels in the patients
before and after L-carnitine
supplementation
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using ECG analysis in asymptomatic PCD patients to predict
their risk of future cardiac events.

Mean through plasma free carnitine rose quickly from
6.1 μmol/L to 15.1 μmol/L when the patients received L-
carnitine supplementation. Although the initial increase in
mean plasma free carnitine was rapid, the subsequent increase
proved slow even though the dosage of L-carnitine was in-
creased (Fig. 1).

Hypoketotic hypoglycaemia, anaemia, elevated transami-
nases and creatine kinase have previously been reported in
children rather than adults suffering from PCD (Stanley et al
1991; Tein 2003; Longo et al 2006; Cano et al 2008). All mean
blood test parameters were within normal ranges in our study,
and it is unlikely that asymptomatic adult patients with PCD
suffer derangement of important blood parameters. Fig. 2

It seems clear that most patients with PCD are capable of
performing high intensity physical activities without risk of
complications as 82 % of the patients reported having been
active in sports, of which 52% had participated in competitive
endurance sports before receiving L-carnitine supplementa-
tion. It is not clear if untreated PCD patients are able to
maintain normal fatty acid oxidation during physical activities
even with very low levels of carnitine or if there is a shift
towards increased glucose oxidation in these patients (Paulson
1998; Calvani et al 2000).

Reported symptoms of mainly fatigue and decreased sta-
mina while at rest improved significantly following initiation
of L-carnitine supplementation.

We have previously reported five sudden deaths associated
with PCD and are currently in the process of systematically
investigating how many more might have died previously in

the Faroe Islands (Rasmussen et al 2012). Although PCD can
potentially cause lethal encephalopathy and cardiac arrhythmia
in untreated adult patients, we also identified many seemingly
asymptomatic patients who had not previously suffered serious
symptoms, indicating that serious events might be relatively
uncommon, at least in Faroese PCD patients, and often
influenced by secondary, modulating factors, e.g. pivalic acid
exposure (Spiekerkoetter et al 2003; Melegh et al 2004;
Rijlaarsdam et al 2004; Vijay et al 2006; Lund et al 2007;
Schimmenti et al 2007; Tadros and Klein 2009; El-Hattab et al
2010; Lee et al 2010; Li et al 2010; Rasmussen et al 2012). At
present we are most concerned about the patients homozygous
for the c.95A>G genotype, because all previously reported
Faroese individuals who suffered severe symptoms had this
genotype (Rasmussen et al 2012). These patients also exhibit
the lowest free carnitine levels in the cohort—but although
severe symptoms in the Faroese patients seems to be genotype
dependant, this does not seem to be the case regarding less
serious symptoms of, e.g. fatigue (patient table). Accurately
predicting which patients are at most risk seems at present
impossible. Thus, all patients are currently recommended to
continue supplementation with L-carnitine and avoid carnitine
lowering drugs—thereby likely evading an increased risk of
suffering from, e.g. cardiac arrhythmia when compared to
persons without PCD.

Strengths and limitations

This is the largest reported study of a cohort of adult
PCD patients. Because the patients were identified
through a screening program, we could examine them
before treatment and then monitor the effect of L-
carnitine supplementation. The generalizability of the
findings may not be absolute, since there are three common
mutations involved in this particular population, which may
differ in other populations.

It is not ethically possible to randomize patients to treat-
ment with either L-carnitine or placebo in order to uncover a
possible placebo effect of L-carnitine supplementation in
symptomatic patients.

Conclusion

All 76 Faroese adult PCD patients were either asymp-
tomatic or had minor symptoms, e.g. fatigue when di-
agnosed, and all echocardiographic parameters were nor-
mal except in one young male with signs of left ven-
tricular hypertrophy. Treatment with L-carnitine signifi-
cantly reduced symptoms in symptomatic patients, but
did not affect echocardiographic parameters. Blood tests
were normal and only limited ECG changes were found.Fig. 2 Flow chart
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Mean plasma free carnitine increased rapidly following
initiation of L-carnitine supplementation.

Serious adverse effects of PCD in adult patients seem rare
but L-carnitine supplementation is recommended to avoid an
increased risk of, e.g. cardiac arrhythmia.
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