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Background: In peritoneal dialysis, the high glucose load absorbed from dialysis fluid contributes to several
metabolic abnormalities, including insulin resistance. We evaluate the efficacy of a peritoneal dialysis solution
containing L-carnitine as an additive to improve insulin sensitivity.

Study Design: Multicenter parallel randomized controlled trial.
Setting & Participants: Nondiabetic uremic patients on continuous ambulatory peritoneal dialysis enrolled

in 8 peritoneal dialysis centers.
Intervention: Patients were randomly assigned to receive peritoneal dialysis diurnal exchanges with either a

standard glucose-based solution (1.5% or 2.5% according to the patient’s need) or a glucose-based solution
(identical glucose amount) enriched with L-carnitine (0.1%, weight/volume; 2 g/bag) for 4 months, the nocturnal
exchange with icodextrin being unmodified.

Outcomes & Measurements: The primary outcome was insulin sensitivity, measured by the magnitude of
change from baseline in glucose infusion rate (in milligrams per kilogram of body weight per minute) during a
euglycemic hyperinsulinemic clamp. Secondary outcomes were safety and tolerability, body fluid manage-
ment, peritoneal dialysis efficiency parameters, and biochemistry tests.

Results: 35 patients were randomly assigned, whereas 27 patients (standard solution, n�12; experimental
solution, n � 15) were analyzed. Adverse events were not attributable to treatment. Glucose infusion rates in
the L-carnitine–treated group increased from 3.8 � 2.0 (SD) mg/kg/min at baseline to 5.0 � 2.2 mg/kg/min at
day 120 (P � 0.03) compared with 4.8 � 2.4 mg/kg/min at baseline and 4.7 � 2.4 mg/kg/min at day 120
observed in the control group (P � 0.8). The difference in glucose infusion rates between groups was 1.3 (95%
CI, 0.0-2.6) mg/kg/min. In patients treated with L-carnitine–containing solution, urine volume did not change
significantly (P � 0.1) compared to a significant diuresis reduction found in the other group (P � 0.02). For
peritoneal function, no differences were observed during the observation period.

Limitations: Small sample size.
Conclusions: The use of L-carnitine in dialysis solutions may represent a new approach to improving insulin

sensitivity in nondiabetic peritoneal dialysis patients.
Am J Kidney Dis. xx(x):xxx. © 2013 by the National Kidney Foundation, Inc.
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A key component of peritoneal dialysis (PD) treat-
ment, used by approximately 11% of total dialy-

sis patients,1 is removal of excess fluid, which is
achieved by the addition of an osmotic agent to the
solution. Although multiple osmotic agents have been
proposed, glucose currently is the standard osmotic
agent used due to its efficacy, low cost, delivery of
energy source, and acceptable safety profile. How-
ever, the detrimental local and systemic effects of the
elevated peritoneal glucose load are believed to com-
promise the longevity of PD patients.2-4 Absorption of
glucose from the dialysate accentuates disturbances of
carbohydrate metabolism, which is already impaired
in chronic kidney disease. Insulin resistance often is
associated with chronic uremia and may cause en-
hanced morbidity and mortality through an increased
occurrence of cardiovascular disease and a protein-
energy wasting condition.5-8

Thus, strategies devised to reduce/eliminate glucose-
associated toxicity and insulin resistance form one of
the key objectives of present-day PD research. One
option might be to use the naturally occurring sub-
stance L-carnitine in the PD solution. We recently
have shown that L-carnitine potentially is useful in the
PD solution as a safe new osmotic agent.9 In addition,
L-carnitine has been shown to have a favorable
effect on glucose metabolism in several reports.10 The
aim of the present proof-of-concept study thus was to
evaluate the efficacy of a PD solution containing
L-carnitine in patients on continuous ambulatory PD
(CAPD). The primary end point was change in insulin
sensitivity, evaluated by performing a euglycemic
hyperinsulinemic clamp, the gold-standard method
for accurate assessment of this metabolic parameter.11

METHODS

StudyPopulation

Stable patients with end-stage renal disease (ESRD) 18 years or
older on CAPD therapy for at least 3 months were recruited in 8
Italian centers. Each patient gave written informed consent, and
approval for the study was given by the local ethics committee for
each center.

Prior to entering the study, patients needed to have been treated
by CAPD with 2 or 3 diurnal exchanges using standard solutions
(1.5% or 2.5% glucose monohydrate, according to the patient’s
need; Dianeal, Baxter Healthcare) and one nocturnal exchange
with icodextrin (Extraneal; Baxter Healthcare) for at least 1 month.
Patients were required to have a weekly urea Kt/V �1.7, weekly
creatinine clearance �45 L, dialysate to plasma creatinine ratio of
0.50-0.81, and dialysate to plasma glucose ratio of 0.26-0.49 in the
peritoneal equilibration test. Patients were excluded if they had
received L-carnitine or its derivatives in the previous month or
experienced a peritonitis episode in the last 3 months. Other
exclusion criteria included type 2 diabetes, hemoglobin level �8.5
g/dL, severe diseases or acute infectious conditions, treatment with

drugs affecting insulin sensitivity, history of epilepsy or central

2

nervous system disease, pregnancy or lactation, or life expectancy
less than 12 months.

For plasma carnitine analyses, blood was drawn from healthy
age-matched controls (mean age, 60 � 11 [SD] years; n � 8),
selected among personnel and relatives of patients at the Chieti PD
center.

StudyDesign

This was a randomized multicenter controlled study with paral-
lel groups to investigate the efficacy of a PD solution containing
L-carnitine in patients with ESRD receiving CAPD.

After a 2-week run in, patients were randomly assigned to
receive PD diurnal exchanges with either a standard glucose-
based solution (control group) or an L-carnitine–enriched solu-
tion (intervention group), the nocturnal exchange being unmodi-
fied. The treatment period was 120 days. The random allocation
of patients was made in blocks composed of 2 intervention and
2 control participants sequentially allocated to each center.

The primary efficacy end point was improved insulin sensitivity
as measured by the magnitude of change from baseline in glucose
infusion rate (GIR) evaluated by euglycemic hyperinsulinemic
clamp. Diabetologists doing the clamp were blinded to the pa-
tient’s treatment. Secondary outcome measures included safety
and tolerability, body fluid management, PD efficiency parameters,
and biochemistry tests.

StudySolutions

Study solutions were provided in sterile disposable 2-L bags
(Infomed Fluids). Bags had pH of 5.5 and the following
composition: sodium, 134 mmol/L; calcium, 1.75 mmol/L;
magnesium, 0.5 mmol/L; chloride, 103.5 mmol/L; and lactate,
35 mmol/L. Bags differed in their osmolyte content: glucose
monohydrate 1.5% or 2.5% (solutions used by the control
group) or glucose monohydrate 1.5% or 2.5% plus 0.1% (weight/
volume; 2 g) L-carnitine (solutions used by the intervention
group). Glucose concentrations were identical to those used by
patients before entering the study.

StudyProcedures

After receiving informed consent, a medical history was ob-
tained, physical examination was performed, and blood was drawn
(day �14). At each subsequent examination (day 0 and then
monthly), vital signs and 24-hour urine volume were measured and
a medical update (recording all changes in medications, symptom
profile, and concomitant diseases) was completed. A 12-lead
electrocardiogram evaluating standard parameters was obtained as
a safety measure at days 0 and 120. Peritoneal ultrafiltration
(calculated as drained � infused volume), parameters of dialysis
adequacy (weekly urea Kt/V; creatinine clearance defined as
residual renal clearance � dialysate clearance), and peritoneal
permeability (by peritoneal equilibration test) also were deter-
mined. Blood samples obtained for lipid profile, hematology, and
clinical chemistry were analyzed by standard laboratory tech-
niques. Free L-carnitine and acyl-carnitine esters were measured
by high-performance liquid chromatography/mass spectrometry.12

Samples were stored at �80°C until measurement at a single
laboratory (Analytical Biochemistry and Proteomics Unit, Ce.S.I.,
Chieti, Italy).

All measurements were performed in a fasting state.
A euglycemic hyperinsulinemic clamp was performed at

baseline and study ending, as previously described.13 Briefly,
participants were admitted after a 12-hour overnight fast that
included no overnight dialysis exchange to rule out the possibil-

ity of residual glucose in the peritoneum. A continuous intrave-
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nous insulin infusion was started and maintained at the rate of
40 mU/m2/min for 120 minutes. Before starting the insulin
infusion and at 5-minute intervals thereafter, blood samples
were obtained for immediate plasma glucose determination.
Infusion of 20% glucose solution was started by means of a
separate pump and adjusted to maintain plasma glucose concen-
tration within �5% of the initial concentration. GIR (in milli-
grams per kilogram of body weight per minute) was recorded
continuously to measure the overall quantity of glucose infused.
The average GIR used during the last 30 minutes of insulin
infusion to keep plasma glucose level constant was taken as the
measurement of insulin sensitivity.

Any adverse events were recorded throughout the treatment
period.

Statistical Analyses

Because no previous information from pilot studies was
available, power calculation was based on both planned sample
size and likely effect (or proof-of-concept effect size). Sample
size calculation was based on a previous study14 in which a
euglycemic hyperinsulinemic clamp was used to evaluate the
impact of CAPD on patients with ESRD. Hence, using an
intermediate standard deviation of 1.7 mg/kg/min of the ob-
served GIR between the pre-CAPD and post-CAPD popula-
tions,14 with 40 patients in each group, we have 80% power (�

Table 1. Characteri

Randomly Assig

L-Carnitine Solution S

No. of patients 21

Age (y) 56 � 13

Sex
Male 10 (48)
Female 11 (52)

Body mass index (kg/m2) 26 � 4

Diastolic BP (mm Hg) 78 � 9

Systolic BP (mm Hg) 128 � 12

Heart rate (beats/min) 69 � 8

Urine output (mL/d) 1,160 � 570

Time on dialysis (mo) 24 � 18

PD daily exchanges
2 bags 14 (67)
3 bags 7 (33)

PD fluid glucose
1.5% 20 (95)
2.5% 1 (5)

Weekly urea Kt/V 2.1 � 0.7

Net drain volume (mL/d) 1,900 � 2,700

Solute transport (D:P Cr) 0.70 � 0.05

Creatinine clearance (L/wk) 78 � 28

Note: Values for categorical variables are given as number
deviation. No significant difference (Fisher exact test for sex, PD
sum test for the other characteristics) between the L-carnitine sol

Abbreviations and definitions: BP, blood pressure; D:P Cr,
equilibration test; net drain volume, difference between total

peritoneal dialysis.
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� 0.05) to detect a difference in the change in estimated GIR
between groups of 1.0 mg/kg/min.

Data are reported as mean � standard deviation. Compari-
sons were conducted using t test for continuous variables and
Fisher exact test for categorical variables. Change in GIR
(�GIR) at 4 months (120 days) was the primary variable tested
for the difference between randomized groups. This variable
ranged from �3 to 7.5 mg/kg/min and showed deviation from
normality (positive skewness) as evaluated by the Shapiro-Wilk
test. To reduce positive skewness and improve the normality of
the distribution, we applied a data transformation in which we
took the logarithm of the sum of �GIR and 4. This transformed
�GIR ranged from 0-2.44 mg/kg/min and showed a negligible
deviation from normality. We tested the �GIR difference be-
tween randomized groups using both untransformed and trans-
formed data.

Statistical significance was evaluated to an � level of 0.05.
Statistical analysis was performed using SPSS software, version
11.0 (SPSS Inc).

RESULTS

Although the study had been planned to enroll 40
patients per group, enrollment was terminated after
randomization of patient 35 due to difficulty recruit-
ing patients. Of the 35 CAPD patients enrolled, 21

of Study Population

Analyzed

rd Solution L-Carnitine Solution Standard Solution

14 15 12

2 � 12 56 � 15 61 � 13

(64) 7 (47) 7 (58)
(36) 8 (53) 5 (42)

8 � 5 25 � 4 28 � 5

9 � 8 78 � 10 78 � 9

3 � 14 130 � 13 132 � 15

1 � 9 72 � 7 72 � 9

0 � 580 1,080 � 500 1,030 � 640

8 � 30 24 � 17 29 � 32

(43) 10 (67) 4 (33)
(57) 5 (33) 8 (67)

3 (93) 15 (100) 12 (100)
1 (7) 0 (0) 0 (0)

0 � 0.4 2.0 � 0.5 2.0 � 0.5

0 � 3,200 1,800 � 2,800 2,400 � 3,200

2 � 0.10 0.70 � 0.05 0.72 � 0.10

0 � 28 76 � 27 80 � 29

entage); values for continuous variables, as mean � standard
exchanges, and PD fluid glucose; t test and Mann-Whitney rank
and standard solution group for any variable.
sate to plasma creatinine ratio during the standard peritoneal
neal drained volume and total peritoneal filling volume; PD,
stics
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were randomly assigned to the intervention group,
and 14, to the control group. The number of patients
randomly assigned to each group was unequal, but
baseline characteristics of the groups did not differ
significantly from each other (Table 1).

The patient flow diagram is shown in Fig 1.
Fifteen patients in the intervention group and 12
patients in the control group could be analyzed
(Table 1). Adverse events were not attributable to
treatment.

The majority of patients who completed the study
(18 of 27) had GIRs at baseline ranging from 0.5-5
mg/kg/min, which may be considered indicative of
severe insulin resistance (Fig 2). In the control
group, 4 of 7 insulin-resistant patients showed
worsening of insulin sensitivity by the end of the
study. In contrast, 9 of 11 insulin-resistant patients
in the intervention group had a significant improve-
ment in insulin sensitivity. GIR at baseline did not
differ between groups (P � 0.3). GIR in the inter-
vention group increased from 3.8 � 2.0 (SD) mg/kg/
min at baseline to 5.0 � 2.2 mg/kg/min at day 120
(P � 0.03) compared with 4.8 � 2.4 mg/kg/min at
baseline and 4.7 � 2.4 mg/kg/min at day 120
observed in the control group (P � 0.8; Table 2).
For comparison of the absolute between-group dif-
ference in �GIR (after logarithmic transformation
of each group’s �GIR), P � 0.04. The percentage

Assessed for eligibility (n=48)

Excluded  
♦ Not mee
♦ Other re

Analyzed  (n=12)
♦ Excluded from analysis (n=1)

Peritoni�s at �me of final clamp evalua�on

Lost to follow-up (n=0)

Discon�nued interven�on (n=0)

Allocated to standard solu�on (n=14)
♦ Received allocated interven�on (n=13)
♦ Did not receive allocated interven�on (n=1)

Pa�ent preference a�er suspension of basal 
clamp procedure

Lost to follow-u
Kidney transp

Discon�nued in
Major surgery

Allocated to ex
♦ Received allo
♦ Did not receiv

Analyzed  (n=15
♦ Excluded from
Peritoni�s (n=2
infec�on (n=1),
worsening anem
evalua�on

Allocation

Analysis

Follow-Up

Randomized (n=35)

Enrollment
of change from baseline (relative �GIR) was 3% �

4

30% and 75% � 189% in the control and interven-
tion groups, respectively (Table 2); P � 0.05 for the
between-group comparison of relative �GIR. Ad-
justment for sex15 did not change results (P � 0.5
and P � 0.5 for the comparison between absolute or
relative �GIR values, respectively).

The number of patients treated with 2 or 3 diurnal
dialytic solution bags was not statistically signifi-
cantly different (P � 0.07, Fisher exact test; Table 1).
In addition, although patients within each study group
were exposed to different peritoneal glucose loads,
�GIR between days 0 and 120 was not significantly
different between 2-bag and 3-bag patients in either
the intervention (�GIR � 0.8 � 0.8 mg/kg/min for 2
bags and �GIR � �0.5 � 1.1 mg/kg/min for 3 bags;
P � 0.2 for difference) or control group (�GIR � 1.6 �
2.3 for 2 bags and �GIR � 0.5 � 0.9 for 3 bags; P for
difference � 0.3). Moreover, the trial effect in augment-
ing GIR was roughly independent of the number of
bags because the point estimate for the difference
between groups was 0.9 (95% confidence interval
[CI], �1.7 to 3.4) in 2-bag and 0.9 (95% CI, �0.4 to
2.3) in 3-bag patients. However, because of the reduc-
tion in sample size, differences were not statistically
significant in either the 2-bag (P � 0.5) or 3-bag (P �
0.2) groups.

Compared with age-matched healthy controls

lusion criteria (n=12)
n=1)

)
on
�on (n=1)

ntal PD solu�on (n=21)
terven�on (n=21)

ated interven�on (n=0)

sis (n=4)
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L-carnitine (in micromoles per liter) at baseline
were significantly lower (P � 0.04) in both the
control (36 � 13 �mol/L) and intervention (38 � 9
�mol/L) groups. Plasma levels of L-carnitine and
its major metabolic congener, acetyl-carnitine, in-
creased in patients treated with the experimental solu-
tion, reaching an apparent steady state after 30 and 60
days, respectively (Table 3). Recovery of L-carnitine
from the drained dialysate showed that significant
amounts of L-carnitine along with acetyl-carnitine
are excreted by the peritoneal route and, as seen in
plasma, a similar apparent steady state was achieved
for both compounds (Table 3). In the control group,
no change in carnitine levels was observed in
plasma or drained dialysate throughout the study
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Figure 2. Insulin sensitivity as assessed by measurement
of the glucose infusion rate during euglycemic hyperinsuline-
mic clamp in continuous ambulatory peritoneal dialysis pa-
tients treated for 120 days with L-carnitine– containing (n � 15;
upper) or standard (n � 12; lower) solutions for diurnal ex-
changes.
period (data not shown).
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Tolerance to the experimental PD solution was
good, and no patient reported discomfort/pain during
infusion. Body weight, blood pressure, and heart rate
did not differ significantly either between or within
groups, and physical examination and electrocardio-
graphic findings were unmodified (data not shown).

With regard to parameters of dialysis efficiency
(Table 4), weekly urea Kt/V showed a slight but signifi-
cant decrease in both groups, whereas creatinine clear-
ance and peritoneal ultrafiltration volume did not change.
Peritoneal permeability for glucose and creatinine showed
no significant variations (Table 4). In terms of daily urine
output, a significant decrease (from 970 � 670 to 690 �
500 mL/d; P � 0.02) was observed in the control group,
whereas urine output did not change in the intervention
group (from 1,070 � 500 to 960 � 420 mL/d; P � 0.1;
Fig 3).

Table 4 also lists metabolic characteristics of the
study groups. Fasting plasma glucose levels were not
statistically different. Within the control group, but
not the intervention group, a significant increase was
found in plasma insulin levels (P � 0.04; Table 4). A
moderate but significant increase in plasma triglycer-
ide (P � 0.004) and total cholesterol levels (P � 0.05)
was observed in the intervention group. Changes in
triglyceride (P � 0.04) and low-density lipoprotein
cholesterol levels (P � 0.04) were statistically differ-
ent when comparing the 2 groups, whereas total
cholesterol, high-density lipoprotein (HDL) choles-
terol, and non-HDL cholesterol levels were not (Table
4). A statistically significant decrease in HDL choles-
terol level (P � 0.03) was found in the control group
(Table 4).

Other laboratory parameters included hemoglo-
bin, white blood cell count, platelet count, serum
sodium, potassium, calcium, phosphorus, total pro-
tein, albumin, aspartate and alanine aminotransfer-
ase, alkaline phosphatase, �-glutamyl transferase,
total bilirubin, fibrinogen, C-reactive protein, blood
urea nitrogen, and creatinine. No significant differ-
ence between or within study groups was observed
(data not shown).

DISCUSSION

Insulin resistance is common in patients with ESRD
and constitutes a key therapeutic target for reduction
of excess cardiovascular mortality in these pa-
tients.7,11 Although this situation is corrected in part
after initiation of dialytic therapy, excessive intraperi-
toneal glucose absorption during PD has many poten-
tial systemic metabolic effects, including insulin resis-
tance due to carbohydrate load, caloric uptake, and

hyperglycemia.3,7

5
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The present trial is to our knowledge the first to
show the insulin-sensitizing effect of a PD solution
containing L-carnitine in nondiabetic patients with
ESRD on CAPD therapy. The presence of L-carnitine
in the solution led to a statistically significant increase
in insulin sensitivity. Moreover, a statistically signifi-
cant increase in fasting plasma insulin levels be-
tween days 0 and 120 was observed within the
control but not the intervention group. Altogether,
these findings are in line with several studies con-
ducted in healthy, insulin-resistant, and diabetic
persons with normal kidney function,10,16,17 as well
as in patients with ESRD on hemodialysis
therapy,18,19 showing improved glucose homeosta-
sis and insulin sensitivity after L-carnitine or pro-
drug administration.

A potential key element regarding the beneficial
action of L-carnitine on insulin resistance is the possi-
bility to increase L-carnitine exposure in insulin target
organs.10,17 The location of insulin resistance in ure-
mia is confined to skeletal muscle.20 In skeletal muscle
of people with diabetes and/or who are insulin resis-
tant, insulin seems incapable of mediating the switch
from lipid to carbohydrate oxidation, a state described
as “metabolic inflexibility.”10,21 The impaired muscle
glucose disposal observed in these individuals may be
associated with pyruvate dehydrogenase kinase activa-
tion by an increased pool size of intramitochondrial
acetyl coenzyme A (acetyl-CoA), thereby keeping
pyruvate dehydrogenase in a less active state.22 An
increase in availability of L-carnitine in the cell may
reduce the intramitochondrial acetyl-CoA pool and
hence relieve acetyl-CoA activation of muscle and
liver pyruvate dehydrogenase kinase by shifting the

Table 2. GIR During Eugly

Within-Group Difference

No.

GIR (mg/kg/min)

Day 0 Da

Control 12 4.8 � 2.4 4.7

Intervention 15 3.8 � 2.0 5.0

Between-Group Difference

Difference in �GIR

Absolute 1.3 � 1.7a

Percentage 72% � 143%c

Note: In patients receiving continuous ambulatory peritoneal di
standard solutions (control) for diurnal exchanges. Unless otherw

Abbreviations and definitions: CI, confidence interval; �GIR, ch
aBetween-group difference in mean �GIRs.
bFirst P value based on untransformed data; second P value b
cBetween-group difference in mean values of 100�(�GIR)/bas
freely reversible L-carnitine acetyltransferase-cata-

6

lyzed reaction toward acetyl–L-carnitine formation.
This is reflected in our and other studies by a signifi-
cant increase in plasma acetyl-carnitine in L-carnitine–
treated patients and a significant increase in whole-
body glucose disposal.23

Dialysis therapy is known to lead to a state of
L-carnitine deficiency,10 as also observed at base-
line in our patients. In the intervention group,
plasma L-carnitine and acetyl-carnitine levels mark-
edly increased, achieving an apparently steady state
after 30-60 days. This was associated with an
enhancement in L-carnitine loss in PD fluid drained
from the peritoneal cavity, which again reached an
apparently steady state after 30 days. These find-
ings may suggest that apparent equilibrium be-
tween L-carnitine absorption, exposure, and excre-
tion was achieved.

L-Carnitine urinary loss also may have contrib-
uted to the apparent reaching of a safe steady state
for plasma concentrations of L-carnitine and acetyl-
carnitine. Carnitinuria might be expected consider-
ing that the tubular active transport system of
filtered carnitine is saturated at an L-carnitine con-
centration of about 60-100 �mol/L10 and that plasma
L-carnitine exposure achieved in L-carnitine–treated
patients was �1 mmol/L. Increased L-carnitine
urinary excretion also could explain at least in part
the better preservation of urine volume in CAPD
patients treated with L-carnitine–containing solu-
tion compared with controls, which may signify an
osmotically driven maintenance of diuresis having
L-carnitine osmotic properties.9,24,25 This observa-
tion may have clinical relevance because urine

ic Hyperinsulinemic Clamp

�GIR 95% CI P

�0.1 � 1.2 �0.8 to 0.7 0.8

1.2 � 2.0 0.1 to 2.3 0.03

95% CI P

0.0 to 2.6 0.06, 0.04b

�42% to 185% 0.2, 0.05b

treated for 120 days with L-carnitine–containing (intervention) or
dicated, values are given as mean � standard deviation.
in GIR from baseline to day 120; GIR, glucose infusion rate.

on log-transformed data.
GIR.
cem

y 120

� 2.4

� 2.2

alysis
ise in
ange

ased
output in PD patients is important in maintaining

Am J Kidney Dis. 2013;xx(x):xxx



T
ab

le
3.

P
la

sm
a

an
d

D
ia

ly
sa

te
C

on
ce

nt
ra

tio
ns

of
F

re
e

C
ar

ni
tin

e
an

d
A

ce
ty

l-C
ar

ni
tin

e

e
(d

)

P
la

sm
a

F
re

e
C

ar
n

it
in

e
( �

m
o

l/L
)

P
la

sm
a

A
ce

ty
l-

C
ar

n
it

in
e

(�
m

o
l/L

)
D

ia
ly

sa
te

F
re

e
C

ar
n

it
in

e
(�

m
o

l/L
)

D
ia

ly
sa

te
A

ce
ty

l-
C

ar
n

it
in

e
(�

m
o

l/L
)

A
ll

P
at

ie
n

ts
2

B
ag

s
3

B
ag

s
A

ll
P

at
ie

n
ts

2
B

ag
s

3
B

ag
s

A
ll

P
at

ie
n

ts
2

B
ag

s
3

B
ag

s
A

ll
P

at
ie

n
ts

2
B

ag
s

3
B

ag
s

0
38

�
9a

41
�

9a
30

�
7a

6.
6

�
1.

1a
7

�
5a

6
�

2a
30

�
8a

32
�

7a
26

�
9a

7
�

3a
7

�
4a

7
�

3a

30
1,

16
0

�
39

1
98

7
�

21
8

1,
57

8
�

28
7

29
2

�
18

2
23

3
�

13
7

45
0

�
15

7
1,

14
6

�
55

1
1,

63
4

�
62

3
90

3
�

32
0

32
0

�
17

3
24

8
�

12
8

46
4

�
17

1

60
1,

04
1

�
31

2
93

2
�

19
5

1,
36

4
�

27
2

29
6

�
19

4
25

3
�

17
6

43
0

�
19

6
97

9
�

39
5

1,
41

4
�

33
5

80
5

�
26

5
39

7
�

22
8

29
6

�
16

2
65

1
�

16
5

90
1,

29
3

�
55

0
1,

09
3

�
21

9
1,

85
0

�
67

2
39

9
�

27
6

34
2

�
22

7
55

0
�

37
4

1,
14

0
�

33
4

1,
47

4
�

30
2

99
1

�
23

0
47

4
�

22
7

37
8

�
18

1
69

0
�

17
1

20
1,

12
2

�
43

8
90

2
�

18
9

1,
70

1
�

33
1

39
6

�
26

3
31

3
�

20
3

61
3

�
32

2
1,

14
2

�
42

1
1,

59
4

�
23

3
94

1
�

31
4

44
1

�
25

1
31

8
�

18
3

72
0

�
11

6

ot
e:

In
pa

tie
nt

s
re

ce
iv

in
g

co
nt

in
uo

us
am

bu
la

to
ry

pe
rit

on
ea

ld
ia

ly
si

s
w

ho
w

er
e

tr
ea

te
d

w
ith

L-
ca

rn
iti

ne
–

co
nt

ai
ni

ng
so

lu
tio

n
ba

gs
fo

rd
iu

rn
al

ex
ch

an
ge

s
du

rin
g

st
ud

y
pe

rio
d.

V
al

ue
s

ar
e

gi
ve

n
m

ea
n

�
st

an
da

rd
de

vi
at

io
n.

P
�

0.
00

1
in

co
m

pa
ris

on
to

30
,6

0,
90

,a
nd

12
0

da
ys

.

L-Carnitine in Peritoneal Dialysis
fluid balance, and its loss cannot be replaced by
simply increasing the dose of PD.26

At the end of the study, we observed stability in
the parameters of peritoneal membrane transport
and dialysis adequacy, with the exception of a
decrease in weekly urea Kt/V in both PD groups.
Although most laboratory parameters also proved
to be stable, a moderate although statistically signifi-
cant increase in plasma triglyceride level was found
in the intervention group. A slight increase in total
cholesterol level was seen within the intervention
group, along with a slight decrease in HDL choles-
terol level within the control group. We did not
observe other changes in lipid levels. Furthermore,
at the end of the study, levels of cardiovascular
biomarkers such as fibrinogen and C-reactive pro-
tein were not statistically different from baseline in
either group, suggesting that L-carnitine does not
alter inflammatory status.

It is worth noting that Chowienczyk et al27 and
Jonkers et al28 have independently shown that insulin
resistance rather than hypertriglyceridemia per se is
associated with endothelial dysfunction in chronic
hypertriglyceridemia. Endothelial function is im-
paired in PD patients, and along with overhydration,
protein-energy wasting, insulin resistance, and calcifi-
cation, it is believed to be an important cardiovascular
risk factor in this patient population.6 Less convincing
evidence is available to suggest that dyslipidemia
and/or a high atherogenic lipid profile in dialysis
patients is associated directly with cardiovascular
risk,6,29,30 even when treated with statins and/or
ezetimibe,31-33 or with the association of niacin to
simvastatin.34

Due to the many laboratory parameters that we
tested, the significant increase in plasma triglycer-
ide level may have occurred by chance. However, if
the increase is real and causally linked to L-
carnitine treatment, it may be speculated that this
might reflect simply improved hepatic insulin sensi-
tivity, particularly in patients exposed to a large and
constant glucose load.35-37 Moreover, due to the
differential hepatic insulin resistance of Forkhead
box protein O1 (FoxO1) versus sterol regulatory
element-binding protein 1c (SREBP-1c),38,39 im-
proving insulin sensitivity in patients exposed to a
high carbohydrate load would not only stimulate
lipogenesis, but also promote very low-density lipo-
protein–triglyceride secretion in the liver.40,41 Last
but not least, carriers of polymorphisms in the
glucokinase regulatory protein gene have lower
fasting glycemia and insulin resistance and are
defended against the development of diabetes even

with hypertriglyceridemia.42,43T
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Our study has some obvious limitations. The
number of patients studied is relatively small. The
main reasons for that were difficulty recruiting
patients according to the study’s criteria of eligibil-
ity (ie, not many CAPD patients available on icodex-
trin plus at least 2 diurnal exchanges with glucose)
and patient readiness to undergo the clamp study.
These constraints forced us to use inadequate sample
sizes (from a statistical standpoint) for practical
reasons. It is well recognized that low power in-
creases the probability of type II error. But this was
not our case because we found a positive effect.
However, we recognize that low statistical power
may affect the interpretation of our findings, al-
though it also should be considered that the ob-
served �GIR difference between groups was higher
(1.3 mg/kg/min) than that originally estimated ac-
cording to our sample size calculation. We noted a
lower baseline GIR in the intervention (L-carnitine)
group. Thus, the regression to the mean may have
contributed at least in part to the difference between
groups. However, participants were randomly allo-
cated to groups and thus the responses from all
groups should be affected equally by regression to
the mean. It also should be taken into account that a
higher baseline GIR may even indicate that the

Table 4. Changes From Baseline and Between-Group Dif

Standard Solution (n

Day 0 Day 120

Dialysis efficiency parameters
Urea Kt/V (weekly) 2.0 � 0.5 1.6 � 0.5
Net drain volume (mL/d) 710 � 700 1,050 � 390
D:P creatinine 0.72 � 0.11 0.71 � 0.14
D:P glucose 0.39 � 0.18 0.40 � 0.13
Creatinine clearance (L/wk) 80 � 31 74 � 21

Metabolic characteristics
Glucose (mg/dL) 92 � 16 92 � 19
Insulin (�U/mL) 13 � 9 21 � 19
Triglycerides (mg/dL) 197 � 114 223 � 143
Total cholesterol (mg/dL) 193 � 84 186 � 41
HDL cholesterol (mg/dL) 48 � 15 41 � 10
LDL cholesterol (mg/dL) 132 � 57 106 � 35
Non-HDL cholesterol (mg/dL) 177 � 84 161 � 38

Note: Unless otherwise indicated, values are given as mean �
mmol/L, �0.05551; triglycerides in mg/dL to mmol/L, �0.0112
�0.02586.

Abbreviations and definitions: D:P, dialysate to plasma ratio
lipoprotein; LDL, low-density lipoprotein; net drain volume, differe
volume.

aP for the comparison between delta (effect of the L-carnitine s
bPercent of mean value’s change from baseline.
cP � 0.05 for the comparison of day 120 versus day 0.
dP � 0.01 for the comparison of day 120 versus day 0.
control group was more insulin sensitive. This
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would not favor the effect of the treatment on
insulin sensitivity; despite this, we saw an increase
in insulin sensitivity in the intervention group.
Patients treated with 3 bags were exposed to a
higher glucose load than those treated with 2 bags,
and this might have affected insulin sensitivity
because in the intervention group, there were more
patients treated with 2 bags. However, although
several studies have addressed this issue by replac-
ing long-dwell exchanges with icodextrin to signifi-
cantly lower glucose absorption, not all have shown
that icodextrin improved glycemic status in dia-
betic44,45 and nondiabetic46 PD patients. Finally,
appropriate concentrations of the components of
the dialysate mix still need to be defined, particu-
larly in low and high peritoneal transporters, be-
cause such patients were excluded from the present
study.

Notwithstanding this, use of L-carnitine in the PD
solution may be a fruitful new approach for combat-
ing glucose-associated toxicity. We previously have
shown that L-carnitine works as an osmotic agent with
efficiency comparable to that of glucose.9 L-Carnitine
may be even more effective, offsetting some of the
local toxic effects of glucose.9,47 In addition, the
present study shows that L-carnitine in PD fluid can

ces for a Variety of Criteria According to Treatment Group

) L-Carnitine Solution (n � 15)

Pa
ercentage
Changeb Day 0 Day 120

Percentage
Changeb

15 � 27c 2.0 � 0.5 1.7 � 0.5 �10 � 21c 0.4
18 � 150 730 � 480 800 � 350 �3 � 33 0.6
�1 � 13 0.70 � 0.05 0.69 � 0.09 �2 � 14 0.8
17 � 46 0.35 � 0.06 0.31 � 0.07 �9 � 23 0.3
�4 � 15 78 � 27 76 � 32 2 � 36 0.7

2 � 27 92 � 17 86 � 11 �5 � 16 0.4
55 � 57c 12 � 9 13 � 10 20 � 38 0.07
14 � 32 181 � 81 301 � 153 83 � 96d 0.04
3 � 21 191 � 36 217 � 61 13 � 20c 0.1

13 � 13c 42 � 12 39 � 12 �5 � 23 0.3
15 � 18 106 � 35 112 � 48 3 � 20 0.04
1 � 28 148 � 36 181 � 67 21 � 33 0.1

dard deviation. Conversion factors for units: glucose in mg/dL to
tal, HDL, LDL, and non-HDL cholesterol in mg/dL to mmol/L,

g the standard peritoneal equilibration test; HDL, high-density
etween total peritoneal drained volume and total peritoneal filling

n).
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have systemic metabolic benefits. Possessing both
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osmotic properties and favorable metabolic action,
L-carnitine may be proposed as the prototypical osmo-
metabolic agent for use in PD.
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