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Introduction
Fatigue is the most common side-effect reported by oncology 

patients undergoing cytotoxic treatment [1]. L-Carnitine is primarily 
involved in the regulation of acyl-carnitines and their subsequent 
transportation across the inner mitochondrial membrane for beta 
oxidation [2,3]. It has been suggested that carnitine deficiencies may 
contribute to fatigue associated with chemotherapy.

Multiple studies have evaluated carnitine status in oncology patients 
undergoing chemotherapy using serum and/or urinary markers 
of carnitine [4-11]. While not all studies found that chemotherapy 
resulted in carnitine deficiency, all studies found carnitine metabolism 
to be significantly impaired during the study period. In addition, 
chemotherapy regimens including doxorubicin, Platinum-based 
therapies (e.g. cisplatin), and ifosfamide have been shown to disrupt 
regular carnitine metabolism. Several potential mechanisms have 
been proposed including an increased rate of renal excretion [5,8] a 
reduction in cellular uptake [12] and an increase in the metabolic 
demand for carnitine [13] therefore, prolonged exposure to these 
regimens may result in carnitine deficiencies [7]. In addition, most 
studies to date have only measured the acute changes in carnitine status 
during chemotherapy rather than over the course of multiple cycles 
which is typical of most chemotherapy regimens. 

The aim of this study was to determine the prevalence of carnitine 
deficiency in patients undergoing chemotherapy over an extended 
period of time and to evaluate the relationship between chemotherapy-
related fatigue and serum carnitine levels. We hypothesized that 
carnitine levels would decline during the course of the study and that 
carnitine status is inversely correlated to patient fatigue. 

Methods
This was a prospective cohort pilot study conducted at a 

metropolitan, tertiary teaching hospital. Data were collected at 
baseline (commencement of chemotherapy) ± 1 week, 6 ± 1 week, 
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Abstract
Background: Fatigue, a highly prevalent side-effect of anticancer therapy, poses a significant burden on patient 

quality of life. Carnitine deficiency has been implicated in the development of fatigue during chemotherapy. 

Methods: This pilot study aimed to evaluate the relationship between chemotherapy-related fatigue and serum 
carnitine (total, free- and acyl: free carnitine ratio) in 35 chemotherapy-naïve oncology patients at baseline, 6 and12 
weeks. 

Results: Carnitine deficiency, based on acyl: free carnitine ratio, was detected in three patients at baseline but 
this did not persist to the next time point. Carnitine deficiency was not detected in any other participant throughout 
this study and levels of carnitine were not correlated with fatigue during the study period. 

Conclusion: A relationship between carnitine status and fatigue was not found at the time points measured. 
Further research is required to confirm these results in a larger medical oncology population.
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and 12 ± 1 week. Approval by the Metro South Health Service District 
and University of Queensland Human Research Ethics Committees 
was granted and written informed consent was obtained from all 
participants before any study procedure was commenced. 

Eligibility 

Inclusion criteria: 1) chemotherapy-naïve; 2) commencing 
chemotherapy within 2 weeks of study entry; 3) histologically-
confirmed neoplasm 4) ≥ 18 years of age. 

Carnitine levels

Blood samples were taken ± 1 week of each time point, at the same 
time as routine blood tests. Serum carnitine measures included total 
carnitine, free carnitine, acyl: free carnitine ratio ((total-free carnitine)/
free carnitine), and the prevalence of carnitine deficiency as defined by 
free carnitine (<35 μmol/L for males and <25 μmol/L for females) and acyl: 
free carnitine ratio (>0.40) [14]. Carnitine was analysed using butyl ester 
derivatives and electro spray tandem mass spectrometry [15].

Fatigue and Nutritional status 

Fatigue was assessed using the Functional Assessment of Cancer 
Therapy−Fatigue Subscale (FACT-F) [16]. Nutritional status was 
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assessed by an Accredited Practicing Dietitian trained in the use of the 
validated Patient Generated Subjective Global Assessment (PG-SGA) 
[17]. Symptoms that adversely impacted on dietary intake for the 2 
weeks prior to assessment were captured within the PG-SGA. 

Statistical analysis

Baseline characteristics were compared between genders using 
independent t-test analysis for continuous variables and chi-square 
or Fisher’s exact test for categorical variables. The mean change in 
continuous variables between two time-points was assessed using 
paired t-tests. Associations between continuous variables were tested 
with linear regression, paired t-test or Mann-Whitney test. Statistical 
significance was set at p<0.05. 

Results
Screening, enrolment and withdrawals

Figure 1 Documents the recruitment process, including the reason 
for exclusions and withdrawals. Of the 35 patients enrolled, 27 patients 
completed the study. There were no statistical differences in patient 
demographics for those who did or did not provide full data and the 
sample was representative of those meeting the study inclusion criteria.

Patient demographics and baseline characteristics 

In Table 1, baseline socio-demographic and clinical characteristics 
of the study population were documented. Patients were predominantly 
male (65%, 22/35) with a mean age of 52 ± 16.2 years, were mostly well-
nourished (74%, 26/35), had a BMI within the normal or overweight 
range (91%, 32/35), and were weight stable (89%, 28/31).

The primary diagnoses of the patients included in this study 
varied considerably. However, Haematological and lymphoma cancers 
made up 48.6% (17/35) of the primary diagnoses of the study sample. 
There was also considerable variation in the chemotherapy regimens 
prescribed to patients in our study; however, 77% (27/35) of patients 

underwent doxorubicin, ifosfamide or platinum based chemotherapy 
regimens.

Chemotherapy-regimen, Carnitine and Fatigue 

At baseline, all patients had sufficient free carnitine levels with 
10% (3/31) acyl: free carnitine ratio deficient. There was no significant 
increase in the prevalence of carnitine deficiency (total, free or acyl: 
free ratio) during the study. In fact, the three patients that possessed 
a deficient acyl: free carnitine ratio at baseline was no longer deficient 
by week 12. Additionally, no relationship between any measure of 
carnitine and fatigue was found at any time point. 

While the majority of patients in this sample were undergoing 
regimens that have been implicated in the disruption of carnitine 
metabolism as well as cancer-related fatigue, our analysis showed no 
association between these regimens and any measure of carnitine 
deficiency or fatigue.

Discussion
Carnitine deficiency was not found to be a concern in a small 

consecutive sample of medical oncology patients undergoing 
chemotherapy. Disrupted carnitine metabolism may result in 
chemotherapy-related fatigue. Previous clinical trials have examined 
the effects of carnitine supplementation in resolving carnitine 
deficiencies and its association with fatigue in this population [14,18-
23]. The majority of these trials have found carnitine supplementation 
to significantly improve both carnitine status and measures of fatigue 
with minimal adverse effects. However, due to the findings of recent 
of a potential link between dietary carnitine and an increase in 
cardiovascular disease, the safety of carnitine supplementation needs to 
be further investigated [24].

Screened (n=233)

Elligible (n=37)

Recruited (n=35)

Withdrew week 6 (n=5)
- 3 Refused
- 1 Died
- 1 Lost contact

Withdrew baseline  (n=2)
- 2 Insu�cient serum

for analysis

Withdrew week 12  (n=1)
- 1 Scheduled surgery

Completed  (n=27)
- 5 Partially completed

Figure 1: Participant flow diagram.

Characteristic Baseline
Gender (M:F) 22:13
Age (years) 52 ± 16.2
Type of cancer

 – Lung 4
 – Breast/Ovary 4
 – Colorectal 4
 – Haematological 10
 – Lymphoma 7
 – Other/Unknown 6

Average number of chemotherapy cycles 6 ± 4
BMI (kg/m2)

 – Underweight 3
 – Normal weight 11
 – Overweight/Obese 21

Significant weight loss past month  (Yes/No) 3/28
Nutrition Impact symptoms

 – Eating well (Yes/No) 22/13
 – Appetite (Normal/Altered) 27/8
 – Nausea (Yes/No) 3/32
 – Vomiting (Yes/No) 2/33
 – Taste (Normal/Altered) 1/34
 – Early satiety(Yes/No) 5/30
 – Other 6/29

SGA B/C (Malnourished) 9
PG-SGA score (mean (range)) 4 (1 – 17)

Table 1: Baseline characteristics of 35 chemotherapy naïve patients.
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While large scale studies on the prevalence of carnitine deficiency 
are lacking in this population, previous trials have found a significant 
proportion of patients were carnitine deficient [23]. In contrast, our 
study was unable to find consistent signs of carnitine deficiencies in 
any of the participants and consequently, no correlation between 
carnitine levels and fatigue was found. In fact, free carnitine levels were 
on average, 9 μmol/L higher than healthy participants from previous 
research [10]. However, while non-significant, there was a downward 
trend in the mean of both free and total carnitine status during this 
study which could indicate that a longer study duration may have 
resulted in a significant decline in carnitine levels (Table 2).

There are many factors that affect carnitine metabolism and may 
explain the associations found within this study as well as the lack 
of carnitine deficiencies. Previous research has shown that while 
serum carnitine levels remained stable throughout treatment, urinary 
excretion was significantly elevated [8,25]. Considering that most 
participants were well nourished, and adequate dietary carnitine intake 
throughout chemotherapy treatment appeared sufficient to prevent 
deficiency. Additionally, as skeletal muscle is the major storage site 
for carnitine, muscle biopsy represents the most accurate method of 
carnitine analysis; however, this was considered too invasive for the 
studied population. 

Lastly, the relatively small sample size (n=35) employed may have 
been unable to detect significant changes in carnitine status and future 
trials should aim to recruit greater numbers in order to increase the 
statistical power. However, while the number of participants included 
in this trial was small, it was similar to multiple previous trials in 
this area with some studies recruiting between 5-40 participants. For 
example, Rogalidou et al. [6] investigated the effect of chemotherapy on 
serum carnitine levels in 40 participants using a similar study design; 
however, this study recruited children and adolescents only and may 
not be representative of carnitine metabolism in an adult population. 
Despite the limitations of our study, this pilot study provides a greater 
insight into the carnitine status of adult chemotherapy patients in a real 
clinical setting. By measuring carnitine status over three extended time 
points, this provides a greater understanding into the carnitine status 
of chemotherapy patients over their full treatment as opposed to acute 
changes only. 

Conclusion
Carnitine deficiency was detected at baseline in a small portion of 

the study population; however, this did not persist to subsequent time 
points. Consequently, a relationship between carnitine status and fatigue 
was not demonstrated. Several possible explanations for these results 
have been discussed which highlight the need for further studies in this 
area. In particular, patient nutrition status, prescribed chemotherapy 
regimen, and chemotherapy cycle have all been identified as potentially 
affecting carnitine status and should be addressed in future studies that 
examine a larger population. 
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Table 2: Fatigue and mean carnitine levels at each time point. 
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