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Abstract

Background and aim: Carnitine deficiency is common and associated with muscle atrophy in hemodialysis (HD)
patients. We investigated whether carnitine levels could be an independent predictor for exercise capacity in
these patients.

Method: A total of 37 patients (mean age, 55.9 ± 13.4 years) who underwent HD three times a week were
enrolled in this study. Carnitine fraction levels were measured by the enzyme cycling method. Univariate and
multiple stepwise regression analyses were performed to determine the correlation between free carnitine levels
and the value of exercise capacity examined by the time-up-and-go test (TUG), knee extension strength,
functional reach test (FRT), and 10-m walk test, and thigh and calf circumferences as markers of muscle mass.

Results: Serum free carnitine levels were significantly decreased in HD patients. Free carnitine levels were associated
with TUG (inversely; r2 = 0.120, P = 0.035), knee extension strength (r2 = 0.129, P = 0.029), FRT (r2 = 0.246, P = 0.002), and
the 10-m walk test (inversely; r2 = 0.149, P = 0.018). Multiple stepwise regression analysis revealed that free carnitine was
an independent predictor for FRT (β = 0.369, P < 0.001). There was no correlation between free carnitine levels and
thigh and calf circumferences.

Conclusion: Low serum free carnitine levels were associated with decreased exercise capacity in HD patients,
suggesting that carnitine deficiency may be a promising therapeutic target for HD-associated muscle weakness in HD
patients. This study was retrospectively registered.
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Introduction
Disturbances in exercise activity and frailty are common
features of hemodialysis (HD) patients. Approximately
52.6% and 21.4% of HD patients were categorized as
pre-frailty and frailty, respectively, in Japan [1]. A large
number of studies have indicated that decreased exercise
activity is associated with derangements in activities of
daily living (ADL) and quality of life (QOL) in patients
with end-stage renal disease (ESRD). Further, physical
inactivity also has been shown to increase the risk of
cardiovascular disease (CVD) and could be associated

with all-cause and CVD mortality in chronic kidney dis-
ease patients [2]. Although several factors, such as mal-
nutrition, inflammation, and anemia have been proposed
to contribute to the progression of physical inactivity
[3], the precise underlying mechanism of frailty in ESRD
patients is not fully understood. Therefore, identification
of a novel therapeutic target that could link decreased
exercise capacity to HD-associated complications is
needed urgently to prevent progression of CVD and im-
prove ADL and QOL in HD patients.
Carnitine is a natural substance that is supplied

through the intake of protein-rich foods and synthesized
by several organs, such as the liver, kidney, and brain in
humans [4, 5]. Carnitine has a pivotal role for fatty acid
β-oxidation and energy production by transporting
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long-chain fatty acids from the cytoplasm to mitochon-
dria [5]. We, along with others, have reported that
serum carnitine levels were significantly decreased in
HD patients because 60–80% of serum carnitine is elimi-
nated from the blood via HD [6, 7]. Since carnitine de-
pletion reportedly has been associated with decreased
soleus muscle weight in a rat model of carnitine defi-
ciency [8], carnitine deficiency may be a causative factor
for HD-related exercise inactivity in ESRD patients.
However, which anthropometric, metabolic, and clin-

ical variables, including serum free carnitine, are inde-
pendently correlated with low exercise capacity in these
patients remains unclear. Therefore, we examined
whether carnitine deficiency was associated with exercise
inactivity in HD subjects.

Methods
Patients
A complete history, physical examination, and blood
chemistry studies were performed in 37 patients (mean
age, 55.9 ± 13.4 years; mean duration of HD, 153 ± 67
months) undergoing chronic HD. Patients were dialyzed
for 4–5 h with high-flux dialyzers three times a week.

Data collection
The medical history was ascertained by a questionnaire.
Vigorous physical activity and smoking were avoided for
at least 30 min before blood pressure measurement.
Blood was drawn from an arteriovenous shunt just be-

fore starting the HD sessions to determine hemoglobin,
serum albumin, aspartate transaminase, alanine amino-
transferase, blood urea nitrogen, creatinine (Cr), uric
acid, calcium, phosphate, lipids (total cholesterol, high-
and low-density lipoprotein cholesterol, and triglycer-
ides), and C-reactive protein. Whole parathyroid
hormone was evaluated by an immunoradiometric assay
(Allegro I-PTH; Nichols Institute, San Juan Capistrano,
CA, USA). Serum carnitine fraction levels were deter-
mined as described previously [9]. N-terminal
pro-B-type natriuretic peptide (NT-pro BNP) was mea-
sured by electro-chemiluminescence immunoassay (SRL,
Inc., Tokyo Japan).

Evaluation of physical activity and capacity
Physical activity and capacity were evaluated by meas-
urement of the time-up-and-go test (TUG), knee exten-
sion strength, functional reach test (FRT), 10-m walk
test, and thigh and calf circumferences as described pre-
viously [10]. All exercise capacities were independently
measured once at a day between dialysis sessions by the
expert physical therapists at the Division of Rehabilita-
tion, Kurume University Hospital.

Table 1 Clinical characteristics of the patients

No. of patients 37

Age (years) 55.9 ± 13.4

Sex (no.) (male/female) 24/13

HD duration (months) 153 ± 67

BMI (kg/m2) 22.5 ± 4.1

Hemoglobin (g/dl) 11.7 ± 1.5

Serum albumin (g/dl) 3.59 ± 0.24

AST (U/l) 13.6 ± 7.6

ALT (U/l) 11.9 ± 7.6

BUN (mg/dl) 60.4 ± 14.2

Serum Cr (mg/dl) 12.3 ± 2.3

Uric acid (mg/dl) 7.4 ± 1.5

Corrected Ca (mg/dl) 8.7 ± 0.6

Phosphate (mg/dl) 5.1 ± 1.3

Total chol (mg/dl) 155.0 ± 29.9

HDL-chol (mg/dl) 46.5 ± 13.5

LDL-chol (mg/dl) 84.5 ± 21.2

Triglycerides (mg/dl) 123.6 ± 94.3

CRP (mg/dl) 0.18 ± 0.29

Whole-PTH (pg/ml) 131.3 ± 93.9

NT-pro BNP (pg/ml) 4794 ± 6125

Kt/V 1.74 ± 0.35

Free carnitine (μmol/l) 24.0 ± 7.3

Total carnitine (μmol/l) 40.0 ± 11.0

Acyl carnitine (μmol/l) 16.2 ± 4.9

Primary cause of ESRD (n)

Diabetic nephropathy 10 (27%)

Chronic glomerulonephritis 10 (27%)

Lupus nephritis 3 (9%)

Focal segmental glomerulosclerosis 2 (5%)

Hypertensive nephrosclerosis 2 (5%)

Others 10 (27%)

Exercise examination

TUG (s) 7.2 ± 1.8

Knee extension strength (N/m) 27.2 ± 9.7

Functional reach test (cm) 35.8 ± 6.7

10m walk test (m/sec) 8.2 ± 1.5

Thigh circumference 10 cm (cm) 39.8 ± 3.7

Calf circumference (cm) 33.3 ± 3.7

Abbreviations: HD hemodialysis, BMI body mass index, AST aspartate
transaminase, ALT alanine amino transferase, BUN blood urea nitrogen,
Cr creatinine, Ca calcium, Total chol total cholesterol, HDL-chol high-density
lipoprotein cholesterol, LDL-chol low-density lipoprotein cholesterol,
TG triglyceride, CRP C-reactive protein, Whole PTH whole parathyroid hormone,
NT-pro BNP N-terminal pro B-type natriuretic peptide,
ESRD end-stage renal disease, TUG time-up-and-go test
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Statistical analysis
Data are presented as mean ± standard deviation. To de-
termine the association between exercise capacity and
anthropometric parameters, including serum free carni-
tine, univariate and multiple stepwise regression analyses
were performed. Statistical significance was defined as
P < 0.05. All statistical analyses were performed with the
SPSS 19 system (SPSS, Inc., Chicago, IL, USA).

Results
Demographic data
Demographic data are shown in Table 1. Free carnitine
levels in HD patients were significantly lower than those in
healthy controls (n = 21, mean age 57.0 ± 7.9 years old, free
carnitine 48.7 ± 10.1 μmol/l, P < 0.001 vs HD patients).

Correlation with exercise capacity
Univariate regression analysis revealed that TUG
(inversely, r2 = 0.120, P = 0.035, Fig. 1a), knee extension
strength (r2 = 0.129, P = 0.029, Fig. 1b), FRT (r2 = 0.246,
P = 0.002, Fig. 1c), and the 10-m walk test (inversely,
r2 = 0.149, P = 0.018, Fig. 1d) were significantly corre-
lated with free carnitine values (Tables 2, 3, 4, and 5,
respectively). There was no significant correlation between
circumference of thigh (P = 0.355) and calf (P = 0.395) and
free carnitine levels. The knee extension strength, but not
other exercise activities, was stronger in men than in
women by univariate analysis (β =− 0.530, P = 0.01).

Multiple stepwise regression analysis showed that free
carnitine (β = 0.369, P < 0.001) and serum Cr (β = 0.385,
P < 0.001) were independent correlates of FRT (r2 = 0.246,
Table 4), whereas free carnitine was not an independent
determinant of TUG, knee extension strength, and the
10-m walk test (Tables 2, 3, and 5, respectively). Serum Cr
was an independent determinant of these exercise capaci-
ties in HD patients (Tables 2, 3, 4, and 5). Further, NT-pro
BNP was an independent correlate of the 10-m walk test
in these patients (Table 5).

Discussion
We demonstrated that serum free carnitine levels were
decreased in HD patients, low free carnitine levels were
significantly correlated with decreased exercise activity
except for thigh and calf circumferences in HD patients,
and serum free carnitine was an independent determin-
ant of FRT in HD patients.
Free carnitine levels were decreased in our HD pa-

tients. Carnitine is not synthesized in skeletal muscle;
therefore, circulating free carnitine is the only source of
free carnitine levels in skeletal muscles. Indeed, Savia et
al. [11] reported that free carnitine levels in skeletal
muscles are significantly decreased in HD patients and
that a significant positive correlation of free carnitine
values between plasma and skeletal muscle is found in
these subjects. Therefore, although we did not measure
free carnitine levels in skeletal muscle, decreased

A B

C D

Fig. 1 Univariate regression analysis for the association between serum free carnitine and exercise capacity in HD patients. Correlation between
free carnitine levels and the time-up-and-go test (a), knee extension strength (b), functional reach test (c), and the 10-m walk test (d). n = 37
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circulating free carnitine levels could reflect the defi-
ciency of free carnitine values in the skeletal muscle in
our patients.
Although several factors, such as insulin resistance, ab-

normal protein metabolism, and uremic toxins, have
been involved in the loss of skeletal muscle mass in HD
patients [12, 13], several reports suggest that muscle at-
rophy is attributed to carnitine deficiency in HD patients
[14, 15]. Given our findings that serum carnitine was an
independent correlate of FRT, low carnitine levels may
be directly and/or indirectly associated with exercise in-
activity in these patients. Serum Cr has been reported to
be strongly correlated with muscle mass and exercise
capacity [16, 17]. In our study, serum Cr was associated
positively with serum free carnitine levels (r2 = 0.107,
P < 0.05), so this correlation might explain why carnitine
was not an independent determinant of exercise capacity
except for FRT. Serum Cr might reflect large skeletal

muscle rather than free carnitine, so free carnitine could
not overcome serum Cr in regard to the correlation with
exercise capacity. FRT, a well-recognized method to
identify elderly subjects at risk of recurrent falls, not
only is a marker of exercise activity, but it also reflects
balance performance of the body by using triceps muscle
of calf [18]. These findings suggest that carnitine defi-
ciency might aggravate a balance performance, which is
a main reason for fall fracture occurring in HD patients.
L-carnitine supplementation could prevent muscle wast-
ing in animals with cancer cachexia [19]. In addition,
types I and IIa skeletal muscles are more atrophic than
type IIb skeletal muscle in HD patients, and L-carnitine
supplementation improved the rate of atrophic muscle
fiber in types I and IIa muscles, whose energy is sup-
plied by β-oxidation in HD patients [14]. Further, since
oral L-carnitine supplementation has been reported to
have some beneficial effects on the physical capacity in
HD patients [20], although ours was a cross-sectional

Table 2 Univariate and multiple stepwise regression analysis for
the TUG

Variables Univariate Multiple stepwise regression

β SE P value β SE P value

Age .341 .022 0.039

Sex − .008 .627 0.963

BMI .064 .078 0.707

HD duration − .215 .005 0.201

Hemoglobin .359 .186 0.029

Serum albumin − .111 1.275 0.518

AST −.010 .041 0.954

ALT .095 .042 0.577

BUN − .389 .020 0.017

Serum Cr − .607 .105 0.001 − .501 .107 0.001

Uric acid − .393 .182 0.016

Corrected Ca − .036 .515 0.834

Phosphate − .262 .226 0.117

Total chol − .475 .009 0.003 − .293 .008 0.041

HDL-chol − .267 .022 0.111

LDL-chol − .415 .013 0.011

Triglycerides − .072 .003 0.670

CRP − .139 1.058 0.413

Whole PTH − .156 .003 0.355

NT-pro BNP .429 .000 0.008

Free carnitine − .347 .040 0.035

Kt/V .101 .887 0.553

β standardized regression coefficients, SE standard error. r2 = 0.443
TUG time-up-and-go test, BMI body mass index, AST aspartate transaminase,
ALT alanine amino transferase, BUN blood urea nitrogen, HD hemodialysis,
Cr creatinine, Ca calcium, Total chol total cholesterol, HDL-chol high-density
lipoprotein cholesterol, LDL-chol low-density lipoprotein cholesterol,
CRP C-reactive protein, Whole PTH whole parathyroid hormone,
NT-pro BNP N-terminal pro B-type natriuretic peptide,

Table 3 Univariate and multiple stepwise regression analysis for
the knee extension strength

Variables Univariate Multiple stepwise regression

β SE P value β SE P value

Age − .111 − .122 0.513

Sex − .530 2.80 0.001 − .397 2.448 < 0.0001

BMI .071 .409 0.675

HD duration .119 .024 0.483

Hemoglobin .082 1.048 0.630

Serum albumin .054 6.825 0.755

AST − .038 .214 0.821

ALT .052 .223 0.760

BUN .259 .111 0.122

Serum Cr .599 .556 < 0.0001 .599 .556 < 0.0001

Uric acid .223 1.017 0.185

Corrected Ca .229 2.641 0.173

Phosphate .233 1.200 0.165

Total chol − .068 .055 0.688

HDL-chol .064 .121 0.707

LDL-chol .021 .077 0.903

Triglycerides − .241 .017 0.151

CRP − .105 5.593 0.534

Whole PTH .187 .017 0.269

NT-pro BNP − .013 .000 0.434

Free carnitine .359 .209 0.029

Kt/V − .359 4.383 0.029

β standardized regression coefficients, SE standard error. r2 = 0.506
BMI body mass index, HD hemodialysis, ALT alanine amino transferase,
AST aspartate transaminase, Cr creatinine, Ca calcium, HDL-chol high-density
lipoprotein cholesterol, LDL-chol low-density lipoprotein cholesterol,
CRP C-reactive protein, Whole PTH whole parathyroid hormone,
NT-pro BNP N-terminal pro B-type natriuretic peptide
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study and, therefore, did not elucidate the causal rela-
tionships between low carnitine and exercise inactivity,
decreased carnitine levels may predict the exercise in-
activity in HD patients.
Although thigh and calf circumference has been re-

ported to reflect whole muscle mass in type 2 diabetic
subjects [21], there was no correlation between thigh
and calf circumference and serum free carnitine levels in
our subjects. Serum Cr also did not show any correlation
with thigh and calf circumference (P = 0.230, P = 0.175,
respectively). It has been suggested that not only skeletal
muscle mass but also water and fat contents, which are
reduced in HD patients, might affect thigh and calf cir-
cumference. Further, muscle quality rather than muscle
quantity is thought to be important for exercise activity
[22]. Therefore, serum carnitine levels in our study may
have reflected muscle quality in HD patients.

NT-pro BNP levels were significantly associated with
TUG and the 10-m walk test, but not with knee exten-
sion strength and FRT in our HD patients. Although
NT-pro BNP has been known to increase in patients
with ESRD due to decreased renal excretion, NT-pro
BNP might be an important marker of exercise capacity
of walking in HD patients.
Several limitations of this study bear mention. First, our

study was limited by a small sample size. Second, the
study was cross-sectional and could not assess the ques-
tions of whether deficient serum carnitine level was a
cause or consequence of the decreased exercise activity.
In conclusion, our study suggested that low carnitine

levels are associated with decreased exercise activity in
HD patients and that carnitine deficiency may be a
promising therapeutic target for HD-associated muscle
weakness in HD patients.

Table 4 Univariate and multiple stepwise regression analysis for
the functional reach test

Variables Univariate Multiple stepwise regression

β SE P value β SE P value

Age − .139 .085 0.411

Sex − .195 2.255 0.247

BMI .032 .285 0.850

HD duration .051 .017 0.763

Hemoglobin .723 − .154 0.364

Serum albumin − .101 4.725 0.558

AST − .162 .149 0.925

ALT .153 − .172 0.310

BUN .335 .076 0.043

Serum Cr .506 .417 0.001 .385 .132 < 0.001

Uric acid .286 .696 0.086

Corrected Ca − .059 1.885 0.728

Phosphate .256 .831 0.127

Total chol .124 .038 0.464

HDL-chol .124 .084 0.463

LDL-chol .226 .052 0.179

Triglycerides − .201 .012 0.232

CRP .090 3.899 0.597

Whole PTH .020 .012 0.234

NT-pro BNP −.240 .000 0.152

Free carnitine .496 .136 0.002 .369 .132 < 0.001

Kt/V − .222 3.187 0.187

β standardized regression coefficients, SE standard error. r2 = 0.246
BMI body mass index, HD hemodialysis, ALT alanine amino transferase, AST
aspartate transaminase, BUN blood urea nitrogen, Cr creatinine, Ca calcium,
Total chol total cholesterol, HDL-chol high-density lipoprotein cholesterol,
LDL-chol low-density lipoprotein cholesterol, CRP C-reactive protein,
Whole PTH whole parathyroid hormone, NT-pro BNP N-terminal pro B-type
natriuretic peptide

Table 5 Univariate and multiple stepwise regression analysis for
the 10-m walk test

Variables Univariate Multiple stepwise regression

β SE P value β SE P value

Age .389 .018 0.017

Sex − .143 .532 0.399

BMI .075 .066 0.658

HD duration .083 .004 0.625

Hemoglobin − 253 .166 0.131

Serum albumin 1.101 − .098 0.570

AST − .029 .035 0.863

ALT .184 .036 0.276

BUN − .340 .018 0.040

Serum Cr − .606 .090 < 0.001 − .347 .088 0.013

Uric acid − .552 .142 < 0.001 − .308 .129 0.022

Corrected Ca −.042 .441 0.806

Phosphate − .346 .189 0.036

Total chol − .455 .008 0.005

HDL-chol − .332 .019 0.044

LDL-chol − .401 .012 0.014

Triglycerides − .044 .003 0.797

CRP − .900 −.182 0.282

Whole PTH − .139 .003 0.412

NT-pro BNP − .539 .000 0.001 .385 .000 0.002

Free carnitine − .386 .034 0.018

Kt/V .156 .755 0.357

β Standardized regression coefficients, SE standard error. r2 = 0.149
BMI body mass index, HD hemodialysis, AST aspartate transaminase,
ALT alanine amino transferase, BUN blood urea nitrogen, Cr creatinine,
Ca calcium, Total chol total cholesterol, HDL-chol high-density lipoprotein
cholesterol, LDL-chol low-density lipoprotein cholesterol, CRP C-reactive
protein, Whole PTH whole parathyroid hormone, NT-pro BNP N-terminal pro
B-type natriuretic peptide
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