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Abstract
Purpose Carnitine deficiency has been found in cancer pa-
tients and has been associated with fatigue. This study aimed
to explore the prevalence of carnitine deficiency in pediatric
cancer patients and its relationship with fatigue and other po-
tential contributing factors.
Methods Children with cancer or Langerhans cell
histiocytosis who were receiving treatment or had completed
therapy were eligible. Patients completed the Pediatric Func-
tional Assessment of Chronic Illness-Fatigue, the Pediatric
Quality of Life Inventory Multidimensional Fatigue Scale, a
numeric fatigue rating, and had carnitine levels obtained. Car-
nitine deficiency was defined as a total and/or free carnitine

level less than normal for age or an acylcarnitine value higher
than normal for age.
Results Data from 142 children aged 8–17 were analyzed.
Twenty-eight of 142 (19.7 %) had decreased total and
42.8% (12/28) had decreased free carnitine levels. No patients
had elevated acylcarnitine levels or elevated ratios. Patients
with versus without carnitine deficiency differed by age
(p = 0.043), treatment (p = 0.037), duration since last chemo-
therapy (p = 0.020), and body mass index (p = 0.010), but not
fatigue, when all data were analyzed together. Yet, a negative
relationship between fatigue and carnitine levels was found on
a subgroup (off-therapy; fatigue worse than the norm).
Conclusion No significant association between fatigue and
carnitine level was demonstrated when data from all patients
were analyzed together; however, a significant yet unexpected
relationship was found for patients who completed therapy
and reported elevated fatigue. Given the small sample size,
these results should be interpreted with caution. Future studies
to explore impact upon excessive carnitine levels are
warranted.
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Introduction

Fatigue is a prevalent and concerning symptom for both adult
and pediatric cancer patients and can negatively impact pa-
tients’ quality of life [1–8]. The etiology of fatigue in cancer
patients is not yet well understood. Generating a better under-
standing of potential contributing factors is important to devel-
op potential interventions for patients with fatigue. Carnitine is
a micronutrient required for fatty acid metabolism and energy
production and is available over the counter as a dietary sup-
plement. Carnitine has been evaluated in a variety of adult
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conditions including cancer, chronic liver disease,multiple scle-
rosis, chronic fatigue syndrome, fibromyalgia, end-stage renal
disease, and neuropathy [9–12]. Patients with carnitine defi-
ciency are susceptible to the development of chronic fatigue
secondary to impaired utilization of long-chain fatty acids in
energy metabolism [13]. Patients with cancer are thought to be
particularly at risk for carnitine deficiency due to decreased
intake, increased metabolic needs, and treatment with medica-
tions that interfere with carnitine metabolism [13–16].

Several studies have evaluated levocarnitine supplementa-
tion and its impact on fatigue and other patient variables in
adult cancer patients [13–16]. In 50 adult cancer patients with
low plasma carnitine levels and fatigue who received
levocarnitine supplementation for 1 week, restored carnitine
levels and a statistically significant improvement in fatigue
scores in 90 % of patients was seen [15]. Gramignano et al.
reported statistically significant improvements in fatigue,
quality of life, lean body mass, appetite, and perceived global
health status in 12 adults with advanced cancer who received
levocarnitine for 4 weeks in an open-label, nonrandomized
study [16]. Cruciani et al. [13], in a phase I/II open-label trial,
demonstrated that cancer patients who received levocarnitine
supplementation experienced improved fatigue, mood, and
sleep with a dose-dependent improvement in fatigue within
the subgroup that received 7 days of supplementation and
experienced a rise in carnitine-associated laboratory values
(Bresponders^). A randomized, double-blind, placebo-con-
trolled, parallel group study of levocarnitine supplementation
in 29 adult cancer patients with moderate-severe fatigue and
carnitine deficiency by the same investigators found signifi-
cant improvements in fatigue, functional well-being, and per-
formance status among patients who had been started on up-
front levocarnitine treatment/supplementation [17], though
analysis of the data overall failed to demonstrate significant
change in fatigue for the entire group.

The few studies that have evaluated carnitine status and the
potential association with fatigue and other patient-related var-
iables in pediatric cancer patients have demonstrated varied
results. Hockenberry et al. [18] studied plasma carnitine levels
and fatigue in 67 pediatric patients with a diagnosis of
leukemia/lymphoma or solid tumor who were chemo naive
or had received prior chemotherapy, before and 1 week after
receiving chemotherapy with cisplatin, ifosfamide, and/or
doxorubicin. Of the 67 subjects, a significant negative corre-
lation between fatigue and total and free carnitine levels
(higher fatigue and lower carnitine levels) 1 week after che-
motherapy was found in 22 adolescents who had received
prior chemotherapy. Rogalidou et al. [19] evaluated serum
total and free carnitine levels in 40 children with acute leuke-
mia at various time points and concluded that the reduction in
carnitine levels seen was not correlated with age, sex, nutri-
tional status, and leukemia risk group or hemoglobin level.
Yaris et al. [20] examined the relationship between serum total

carnitine levels and nutritional status in 51 children (ages 3–
16.5 years at diagnosis) with lymphoma or solid tumor at
diagnosis and 3 months after initiation of treatment. They
found that the decrease in serum total carnitine levels noted
from diagnosis to 3months after diagnosis was independent of
the patient’s nutritional status.

Generalization of results from the studies mentioned above
has been limited due to small samples, variation in patient
diagnosis, treatment received, and carnitine sampling time
points. To further understand the potential impact of carnitine
deficiency in pediatric cancer patients, this study aimed to
estimate the prevalence of carnitine deficiency in children
with cancer via recruiting children with a variety of cancer
diagnoses and treatment regimens. We also explored the rela-
tionship between carnitine deficiency and fatigue as well as
other potential contributing factors. Results from this study
could expand the knowledge of the relationship between car-
nitine status and fatigue and its potential impact on clinical
practice.

Methods

The study was approved by the hospital’s Institutional Review
Board and the Scientific Review Committee of Robert H.
Lurie Comprehensive Cancer Center at Northwestern Univer-
sity. Informed consent, and assent where applicable, was ob-
tained prior to participation.

Sample and procedures

A total of 150 patients, 8 to 18 years of age with cancer or
Langerhans cell histiocytosis were recruited from Ann and
Robert H. Lurie Children’s Hospital of Chicago (formerly
Children’s Memorial Hospital, Chicago). Inclusion criteria
were as follows: (1) treatment duration of at least 1 month or
completion of therapy within the previous 5 years; (2) a
Lansky or Karnofsky performance score of ≥50; (3) ability
to read and understand English; (4) no evidence of cognitive
dysfunction that would limit the ability to report fatigue in the
investigator’s opinion; and (5) patients treated with stem cell
transplantation were eligible if they were pre-transplant (prior
to conditioning) or greater than 100 days post-transplant. Ex-
clusion criteria included the following: (1) use of oral
levocarnitine, a nutritional supplement containing carnitine
or treatment with total parenteral nutrition containing
levocarnitine within the previous 2 weeks; (2) antineoplastic
treatment with surgery only; (3) pregnant or lactating females;
and (4) recent participation on a therapeutic fatigue study.
Patients who were receiving treatment and those who had
completed therapy at the time of study participation were
grouped into Bon-therapy^ and Boff-therapy,^ respectively,
in the analysis.
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Patients completed two validated fatigue scales, pediatric
Functional Assessment of Chronic Illness Therapy-Fatigue
(pedsFACIT-F) [21] and The Pediatric Quality of Life Inven-
tory Multidimensional Fatigue Scale (MFS) [22], during their
clinic visit. The pedsFACIT-F consists of 11 items and mea-
sures fatigue in the past 7 days utilizing a five-point Likert
rating scale. Using raw scores, the maximum score for this
survey instrument is 44 with higher scores representing more
severe fatigue. The minimally important difference was 4.7,
estimated using clinical anchors of anemic status and func-
tional performance ratings. The previously established general
population norm for the pedsFACIT-F score was 7.8 with a
standard deviation (SD) of 9.6. The MFS consists of three
subscales of six items each including general fatigue, sleep/
rest fatigue, and cognitive fatigue using a five-point rating
scale. The items were reverse-scored and transformed to a
0–100 scale with lower scores indicating more fatigue. The
mean scores (SD) of a sample of 52 healthy children, ages 5 to
18, have been previously reported and are as follows: 80.49
(13.33) for total score, 85.34 (14.95) for general subscale,
75.00 (18.76) for sleep/rest subscale, and 81.14 (17.43) for
cognitive subscale. Additionally, patients were asked to rate
their fatigue using age-appropriate National Comprehensive
CancerNetwork (NCCN) fatigue screening: 1–5 rating (1= ab-
sence of fatigue, 5 = severe fatigue; for patients aged
≤12 years) and a 0–10 rating (0 = no fatigue, 1–3 = mild
fatigue, 4–6 = moderate fatigue, 7–10 = severe fatigue; for
patients aged >12 years) [23]. Blood samples were obtained
on the same day, or within 48 h, of completion of fatigue
measures for evaluation of carnitine status, in which carnitine
deficiency was defined as a total and/or free carnitine level
less than normal for age or an acylcarnitine value higher than
normal for age. Plasma concentrations of free and total carni-
tine levels were measured by high-performance liquid chro-
matography tandem mass spectrometry. Acylcarnitine levels
were calculated as the difference between total carnitine and
free carnitine. The acylcarnitine to free carnitine ratio was also
calculated. Normal levels for total carnitine/free carnitine/
acylcarnitine are 28–83/22–66/3–32, 34–77/22–65/4–29,
and 34–78/25–54/5–30 μmol/L for patients with ages 7–10,
11–17, and ≥18 years, respectively.

Statistical analysis

Descriptive statistics were used to calculate NCCN fatigue
rating, pedsFACIT-F, MFS subscale and total scores, and car-
nitine and acylcarnitine levels. Patients who were receiving
treatment (on-therapy) and those who had completed therapy
(off-therapy) at the time of study participation were compared
across covariates using t tests and chi-squared tests. Covari-
ates analyzed included age, sex, race, diagnosis group, treat-
ment received, recent treatment, BMI, performance status, he-
moglobin level, albumin level, comorbid conditions,

hospitalizations, and home medications (see Table 1). t Tests
were performed to compare mean fatigue scores by therapy
status.

To determine the prevalence of carnitine deficiency, pro-
portions and 95 % confidence intervals using exact binomial
methods were used to analyze the entire sample and patients
by treatment status (on- vs off-therapy). t Tests and chi-
squared tests were used to analyze the relationship between
carnitine status (normal vs deficiency) and fatigue and other
selected covariates. For both pedsFACIT-F and MFS, missing
responses were replaced by the mean of the completed items if
more than 50% of the itemswere answered. If more than 50%
of the items were missing, the fatigue score was not computed
and the patient was excluded from data analysis. Data analy-
ses were conducted using SAS software (version 9.3; SAS
Institute Inc., Cary, NC).

Results

Sample

A total of 148 pediatric cancer patients were enrolled during
the study period from January 2011 to January 2012. Of these
148, 6 were excluded from analysis due to lack of carnitine
testing (n = 4) or fatigue measures (n = 2). Of the 142 patients
being analyzed, 80 (56 %) were on-therapy and 62 (44 %)
were off-therapy. On- and off-therapy patients differed signif-
icantly by age (p = 0.026), diagnosis (p = 0.014), treatment
(p = 0.003), treatment duration (p = 0.024), hospitalizations
(p < 0.001), infections (p = 0.005), home medication usage
(p < 0.001), chemotherapy agents (vinca alkaloids, p = 0.029),
days since last chemotherapy (p < 0.001), and hemoglobin
(p < 0.001) and albumin (p = 0.039) levels (see Table 1).

The means (SD) for total carnitine, free carnitine,
acylcarnitine, and acyl/free carnitine ratio were 40.98 μmol/
L (10.86), 34.09 μmol/L (9.97), 6.90 μmol/L (3.05), and 0.21
(0.11), respectively. On- and off-therapy patients had signifi-
cantly different total carnitine levels (p = 0.046) (see Table 2).
Twenty percent of sample (n = 28; 20 %) met the criterion of
carnitine deficiency defined by the current study; specifically,
22.5 % (18 of 80) of on-therapy and 16.1 % (10 of 62) off-
therapy patients had carnitine deficiency. All 28 patients had a
decreased total carnitine level; 43 % had a decreased free
carnitine level, yet none had an elevated acylcarnitine level
or an elevated acyl/free carnitine ratio. Given no patients had
an elevated acylcarnitine level or acyl/free carnitine ratio,
these variables were not further analyzed. When compared
by therapy status, 23 % on-therapy patients and 16 % off-
therapy patients had decreased total carnitine levels
(p = 0.34). In addition, 13 % on-therapy patients and 3 %
off-therapy patients had decreased free carnitine levels
(p = 0.05). The median duration of therapy was 431 days
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Table 1 Characteristics of
childhood cancer patients by
therapy status (N = 142)

Characteristic On-therapy (N = 80) Off-therapy (N = 62) p value

Categorical, no. (%)

Sex 0.56

Male 49 (61.25) 35 (56.45)

Female 31 (38.75) 27 (43.55)

Race/ethnicity 0.50

Caucasian 45 (56.25) 42 (67.74)

African-American 12 (15.00) 5 (8.06)

Hispanic/Latino 18 (22.50) 13 (20.97)

Asian 3 (3.75) 2 (3.23)

Other 2 (2.50) 0 (0.00)

Diagnosis 0.01*

Leukemia/lymphoblastic lymphoma 43 (53.75) 25 (40.32)

CNS tumors 25 (31.25) 17 (27.42)

Other lymphoma 3 (3.75) 14 (22.58)

Solid tumors 5 (6.25) 3 (4.84)

LCH 4 (5.00) 3 (4.84)

Treatment received <0.01**

Chemotherapy only 49 (61.25) 23 (37.10)

Chemo + RT 12 (15.00) 16 (25.81)

Chemo + RT + surgery 14 (17.50) 7 (11.29)

Chemo + surgery 3 (3.75) 6 (9.68)

Chemo/RT/SCT 1 (1.25) 8 (12.90)

Chemo/RT/SCT/surgery 1 (1.25) 2 (3.23)

Documented comorbid conditions 24 (30.00) 23 (37.10) 0.37

Hospitalized in past 6 months 42 (52.50) 2 (3.23) <0.01**

Significant infections in past 6 months 15 (18.75) 2 (3.23) <0.01**

Home medications other than chemo 72 (90.00) 32 (51.60) <0.01**

Class of chemotherapy agents received

Alkylator 59 (73.75) 51 (83.61) 0.16

Anthracylines 46 (57.50) 41 (66.13) 0.30

Antimetabolites 44 (55.00) 34 (54.84) 0.98

Asparaginase 37 (46.25) 22 (35.48) 0.20

Corticosteroids 44 (55.00) 38 (61.29) 0.45

Methotrexate 38 (47.50) 24 (38.71) 0.29

Platinum 16 (20.00) 18 (29.03) 0.21

Topoisomerase inhibitors 21 (26.25) 21 (33.87) 0.32

Vinca alkaloids 61 (76.25) 56 (90.32) 0.03*

Intrathecal agents 37 (46.25) 25 (40.32) 0.48

Continuous, mean (SD)

Age at time of study (mean; SD) 12.13 (3.26) 13.32 (3.07) 0.03*

Treatment duration (days) 394.96 (363.69) 537.24 (370.84) 0.02*

Time since last chemotheraphy (days) 9.36 (11.00) 668.35 (465.55) <0.01**

BMI (kg/m2) 21.32 (5.97) 21.54 (5.73) 0.83

Performance score 94.74 (7.74) 97.0 (5.91) 0.06

Hemoglobin level 11.70 (1.86) 13.44 (1.95) <0.01**

Albumin level 3.09 (1.80) 2.38 (2.13) 0.04*

CNS central nervous system, LCH Langerhan’s cell histiocytosis, RT radiation therapy, SCT stem cell transplant

*p < 0.05; **p < 0.01

478 Childs Nerv Syst (2016) 32:475–483



(range 28–1474 days) for on-therapy patients with decreased
carnitine levels.

Carnitine status (normal vs deficiency) was significantly
(p < 0.05) associated with age, type of treatment received,
time since last chemotherapy, and BMI (see Table 3). Patients
with decreased carnitine levels were older (p = 0.04), received
combination therapy with chemotherapy/radiation/surgery,
and chemotherapy/radiation/stem cell transplantation
(p = 0.04), shorter time since last chemotherapy (p = 0.02),
and lower BMI index (p = 0.01). When patients were classi-
fied into anemic status (anemic = 48; nonanemic = 93) using
hemoglobin values adjusted by age and gender, no significant
relationship between anemic status and carnitine deficiency
was found (p = 0.27).

More than 50 % of patients reported worse fatigue than the
average fatigue scores reported by the US pediatric general
population with 56.3 and 71.8 % as measured by pedsFACIT-
F and MFS, respectively. As shown in Table 4, on-therapy
patients reported more severe fatigue than off-therapy patients
when fatigue was measured by using the NCCN score (8–
12 years old; p = 0.01), pedsFACIT-F (p = 0.03), and two
MFS subdomains (general fatigue, p = 0.03, and sleep,
p = 0.01). There was no statistically significant difference in
fatigue scores between patients with normal versus abnormal
carnitine levels across all fatigue scales (Table 5). Scatter plots
between free and total carnitine levels versus pedsFACIT-
Fatigue and MFS are shown in Fig. 1, in which negligible
Spearman’s rho was found with rho close to zero on all com-
parisons. We further evaluated the relationship between fa-
tigue and carnitine levels in those who reported worse fatigue
scores than the general population mean. Since only 19 on-
therapy patients had a MFS score worse than the general pop-
ulation norm, we did not report the correlation in this subset.
For pedsFACIT-F, a significant Spearman’s rho was found for
patients who were off-therapy (n = 29), rho = 0.44 (p = 0.016),

and 0.42 (p = 0.023) for total carnitine and free carnitine
levels, respectively. Yet, no significant relationship (p < 0.5)
was found for other comparisons. When patients were
grouped into no/mild fatigue (n = 60; 38.6 %) and moderate/
severe fatigue (n = 44; 38.6 %) using the NCCN single fatigue
rating, it was found that patients with carnitine deficiency
tended to report moderate/severe fatigue (n = 18; 66.8 %)
rather than no/mild fatigue (n = 9; 33.3 %), p = 0.05.

Discussion

This cross-sectional study evaluated the prevalence of carni-
tine deficiency in children with cancer and explored the rela-
tionship between carnitine status and fatigue and other poten-
tially influential factors. Results of this study showed 20 % of
patients met the carnitine deficiency criteria defined by the
current study, including patients who were off-therapy. For
on-therapy patients, the duration of treatment ranged from
approximately 1 month to 4 years with a mean of 395 total
days of therapy. For off-therapy with carnitine deficiency, the
duration since completion of therapy ranged from about
5 months to 2.5 years with a median of 340 days. These
findings suggest that patients can develop carnitine deficiency
at any stage of the treatment continuum.

Rogalidou et al. [19] found a statistically significant decline
in total and free serum carnitine levels from at diagnosis to
1 year after treatment and a significant increase in levels be-
tween the end of treatment and months to years after comple-
tion of therapy for children with ALL. Specifically, abnormal-
ly low levels of free carnitine were found with 22.5, 48.7,
34.2, and 6.3 % of patients at diagnosis, 1 year of therapy,
end of therapy, and months to years after completion of treat-
ment, respectively. Total carnitine levels less than normal for
age were seen in 32.5, 56.4, 42.1, and 25 % at the respective
time points [19]. In contrast, in our patient sample, fewer
patients had abnormal free (total) carnitine values, 12.5 %
(22.5 %) and 3.2 % (16.1 %) for on- and off-therapy patients,
respectively. We hypothesize that differences in study design,
sample size (n = 40 vs 144) and types of cancer (acute leuke-
mia vs all cancer types) might contribute to the difference in
results. A larger scale epidemiology study should be conduct-
ed to understand the prevalence of carnitine deficiency across
the treatment continuum, from diagnosis to long-term survi-
vorship. This could aid in understanding some of the short and
long-term treatment effects experienced by childhood cancer
patients. Regardless of the relationship between carnitine de-
ficiency and fatigue, investigators pointed out that patients
could have carnitine deficiency months to years after comple-
tion of treatment, and metabolic profiling of asymptomatic
childhood cancer survivors revealed significantly lower plas-
ma carnitine levels in individuals with cardiac dysfunction
than those with normal function [24].

Table 2 Mean carnitine levels by therapy status

On-therapy (N = 80) Off-therapy (N = 62) p value

Total carnitine (μmol/L)

Mean (SD) 39.42 (11.73) 42.98 (9.35) 0.046*

Range 14.50–69.90 25.10–72.30

Free carnitine (μmol/L)

Mean (SD) 32.86 (11.16) 35.67 (7.98) 0.08

Range 11.80–67.60 20.70–59.90

Acylcarnitine (μmol/L)

Mean (SD) 6.57 (3.02) 7.32 (3.08) 0.15

Range 1.00–18.20 1.40–16.80

Acyl/free ratio

Mean (SD) 0.22 (0.12) 0.21 (0.08) 0.57

Range 0–0.70 0–0.40

*p < 0.05
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Table 3 Patient characteristics
compared by carnitine status Characteristic Normal carnitine,

N = 114 (80.28 %)
Decreased carnitine,
N = 28 (19.72 %)

p value

Categorical, no. (%)

Sex 0.27

Male 70 (61.40) 14 (50.0)

Female 44 (38.60) 14 (50.00)

Race/ethnicity 0.86

Caucasian 68 (59.65) 19 (67.86)

African-American 13 (11.40) 4 (14.29)

Hispanic/Latino 26 (22.81) 5 (17.86)

Asian 5 (4.39) 0 (0.00)

Other 2 (1.75) 0 (0.00)

Diagnosis 0.64

Leukemia/lymphoblastic Lymphoma 54 (47.37) 14 (50.00)

CNS tumors 32 (28.07) 10 (35.71)

Other lymphoma 15 (13.16) 2 (7.14)

Solid tumors 6 (5.26) 2 (7.14)

LCH 7 (6.14) 0 (0.00)

Treatment received 0.04*

Chemotherapy only 59 (51.75) 13 (46.43)

Chemo + RT 26 (22.81) 2 (7.14)

Chemo + RT + surgery 12 (10.53) 9 (32.14)

Chemo + surgery 8 (7.02) 1 (3.57)

Chemo + RT + SCT 6 (5.26) 3 (10.71)

Chemo + RT + SCT + surgery 3 (2.63) 0 (0.00)

Chemotherapy in past month 57 (50.00) 17 (60.70) 0.31

Documented comorbid conditions 34 (29.82) 13 (46.43) 0.09

Hospitalized in past 6 months 34 (29.82) 10 (35.71) 0.55

Significant infections in past 6 months 11 (9.65) 6 (21.43) 0.10

Home medications other than chemotheraphy 82 (71.90) 22 (78.60) 0.48

Class of chemotherapy agents received

Alkylator 87 (76.99) 23 (82.14) 0.56

Anthracylines 70 (61.40) 17 (60.71) 0.95

Antibiotics 12 (10.62) 2 (7.14) 0.74

Antimetabolites 63 (55.26) 15 (53.57) 0.87

Asparaginase 48 (42.11) 11 (39.29) 0.79

Corticosteroids 69 (60.53) 13 (46.43) 0.18

Methotrexate 51 (44.74) 11 (39.29) 0.60

Platinum 24 (21.05) 10 (35.71) 0.10

Topoisomerase inhibitors 30 (26.32) 12 (42.86) 0.09

Vinca alkaloids 95 (83.33) 22 (78.57) 0.58

Other 13 (11.50) 4 (14.29) 0.75

Intrathecal agents 45 (44.55) 17 (41.46) 0.74

Continuous, mean (SD)

Age at time of study 12.39 (3.27) 13.68 (2.84) 0.04*

Treatment duration (days) 452.09 (374.26) 477.43 (370.32) 0.75

Time since last chemotheraphy (days) 328.48 (479.09) 169.29 (264.82) 0.02*

BMI (kg/m2) 21.98 (5.95) 19.13 (4.82) 0.01*

Performance score 95.86 (7.07) 95.20 (7.14) 0.68

Hemoglobin level 12.46 (2.14) 12.46 (1.88) 1.00

Albumin level 2.69 (2.02) 3.13 (1.77) 0.26

*p < 0.05

CNS central nervous system, LCH Langerhan’s cell histiocytosis, RT radiation therapy, SCT stem cell transplant
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In the current study, significant relationships were found
between carnitine deficiency versus age, types of treatment,
time since last chemotheraphy, and BMI. We did not find
significant relationship between carnitine deficiency and fa-
tigue when data from all patients were analyzed together.
When analyzing patient subgroups based on therapy status
(on- vs off-therapy) and fatigue severity (worse vs better than
norms), we found a moderate rho (rho = 0.4) between fatigue
and carnitine for off-therapy patients who reported more se-
vere fatigue, however, in a different direction to that reported
by Hockenberry et al. [18]. It was noted that our sample had
lower averaged free carnitine and total carnitine values than
patients included in Hockenberry’s study. We suspected that
excessive carnitine levels might also contribute to self-
reported fatigue. Given the small sample size (n = 29) in this
subgroup of the current study (off-therapy; worse fatigue than
the norm), future studies should be conducted to evaluate
whether this finding could be replicated. Additionally, inves-
tigators might want to pay attention to the impact of excessive
carnitine levels and further define normal ranges of carnitine

levels and not just focus on a single cutoff value. In contrast to
prior studies, in order to maximize generalizability of the re-
sults, we did not limit patient inclusion criteria to those who
received certain chemotherapy agents and instead, we recruit-
ed patients who were at various stages along the treatment
continuum and had received various treatments, which also
resulted in small percentage of patients meeting the carnitine
deficiency criteria and further decreased the statistical power.

There are several limitations to this study. There was no
control group for comparison. Although this is one of the
largest evaluations of carnitine status in pediatric cancer pa-
tients to date, the sample size is still relatively small. While
efforts were made to control for other factors, such as psychi-
atric diagnoses and comorbid conditions, which could contrib-
ute to fatigue, this information was assessed through review of
the medical record and therefore may not be entirely represen-
tative as some patients may have undiagnosed or unreported
conditions. Furthermore, fatigue is often associated with other
symptoms including pain, nausea/vomiting, and sleep distur-
bances which were not assessed in this study, which we plan

Table 4 Comparison of mean
fatigue scores by therapy status Fatigue measurea On-therapy Off-therapy p value

Mean SD 95 % CI Mean SD 95 % CI

NCCN score (8–12 years) 2.37 0.95 2.10–2.64 1.88 0.70 1.60–2.17 0.01*

NCCN score (>12 years) 4.12 2.54 3.17–5.06 3.40 2.41 2.57–4.23 0.25

pedsFACIT-F (range 0–44) 12.03 7.94 10.26–13.79 9.03 7.67 7.09–10.98 0.03*

MFS general (range 0–100) 67.98 19.22 63.71–72.26 75.78 22.66 70.02–81.54 0.03*

MFS sleep (range 0–100) 58.84 20.76 54.22–63.46 69.22 22.52 63.50–74.94 <0.01*

MFS cognition (range 0–100) 73.28 21.28 68.54–78.02 66.20 23.47 60.23–72.16 0.07

MFS total (range 0–100) 66.56 16.04 62.99–70.13 70.41 19.58 65.44–75.38 0.21

*p < 0.05
a For NCCN and pedsFACIT-Fatigue, higher scores mean more fatigue. For MFS, lower scores mean more
fatigue
bMean of the general population (i.e., norms): pedsFACIT-Fatigue = 7.8; MFS total = 80.5; MFS general = 85.3;
MFS sleep = 75; MFS cognition = 81.1

Table 5 Comparison of mean
fatigue scores by carnitine status Fatigue measure Normal carnitine (N = 114) Carnitine deficiency (N = 28) p value

Mean SD 95 % CI Mean SD 95 % CI

NCCN score (8–12 years) 2.13 0.83 1.92–2.33 2.72 1.18 1.88–3.56 0.16

NCCN score (>12 years) 3.39 2.34 2.71–4.06 4.71 2.66 3.34–6.08 0.82

pedsFACIT-F (range 0–44) 10.85 8.18 9.33–12.37 10.18 6.93 7.49–12.87 0.66

MFS general (range 0–100) 71.27 21.90 67.21–75.33 71.86 17.71 64.99–78.72 0.88

MFS sleep (range 0–100) 63.41 22.02 59.32–67.49 63.24 22.74 54.43–72.06 0.97

MFS cognition (range 0–100) 69.12 22.97 64.85–73.38 74.55 20.07 66.77–82.34 0.22

MFS total (range 0–100) 67.93 18.02 64.59–71.28 69.49 16.62 63.05–75.94 0.66

a For NCCN and pedsFACIT-Fatigue, higher scores meanmore fatigue. ForMFS, higher scores mean less fatigue
bMean of the general population: pedsFACIT-Fatigue = 7.8; MFS total = 80.5; MFS general = 85.3; MFS
sleep = 75; MFS cognition = 81.1
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to include in future studies. In this study, we did not find
significantly different carnitine deficiency levels between
on- and off-therapy patients who received emetogenic chemo-
therapy. We speculated that nutritional status might play a
critical role. Nutritional status was assessed using albumin,
weight, height, and BMI which may not be the most accurate
representation of patient nutritional status. Different eating
habits among individuals (e.g., children vs adolescents, fe-
males vs males) can influence their particular food types that
increase the availability of carnitine in the diet. Our future trial
would closely monitor patients’ eating habits and nutritional
intake allowing for further exploration of correlations with
carnitine and fatigue. Furthermore, obtaining urine carnitine
levels may provide additional information regarding carnitine
metabolism and status in pediatric cancer patients. Additional
information could also be gained by prospectively following
larger numbers of patients at multiple time points during their
care including diagnosis, through treatment and during long-
term follow-up.

In summary, in this cross-sectional study, we aimed to ex-
plore the prevalence of carnitine deficiency in children with
cancer. About 20 % of patients had carnitine deficiency re-
gardless of treatment status. Age, type of treatment received,
time since last chemotherapy treatment, and BMI were found
to be related to carnitine deficiency. No significant association
between fatigue and carnitine level was demonstrated when
data from all patients were analyzed together; however, a sig-
nificant yet unexpected relationship was found for patients
who completed therapy and reported more severe fatigue than
the general population norm. Given the small sample size,
these results should be interpreted with caution. Future studies
to explore impact upon excessive carnitine levels are
warranted.
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c pedsFACIT-Fatigue versus total carnitine 
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Fig. 1 Scatter plots between carnitine value and fatigue scores. a pedsFACIT-Fatigue versus free carnitine. b MFS total versus free carnitine. c
pedsFACIT-Fatigue versus total carnitine. d MFS total versus total carnitine
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