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Abstract

The aim of the study was to evaluate the effects of 12-month treatment with sibutramine plus L-carnitine compared with sibutramine alone
on body weight, glycemic control, insulin resistance, and inflammatory state in type 2 diabetes mellitus patients. Two hundred fifty-four
patients with uncontrolled type 2 diabetes mellitus (glycated hemoglobin [HbA1c] N8.0%) in therapy with different oral hypoglycemic agents
or insulin were enrolled in this study and randomized to take sibutramine 10 mg plus L-carnitine 2 g or sibutramine 10 mg in monotherapy.
We evaluated at baseline and after 3, 6, 9, and 12 months these parameters: body weight, body mass index, HbA1c, fasting plasma glucose,
postprandial plasma glucose, fasting plasma insulin, homeostasis model assessment of insulin resistance index, total cholesterol, low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, leptin, tumor necrosis factor–α, adiponectin, vaspin, and high-
sensitivity C-reactive protein. Sibutramine plus L-carnitine gave a faster improvement of fasting plasma glucose, postprandial plasma
glucose, lipid profile, leptin, tumor necrosis factor–α, and high-sensitivity C-reactive protein compared with sibutramine alone. Furthermore,
there was a better improvement of body weight, HbA1c, fasting plasma insulin, homeostasis model assessment of insulin resistance index,
vaspin, and adiponectin with sibutramine plus L-carnitine compared with sibutramine alone. Sibutramine plus L-carnitine gave a better and
faster improvement of all the analyzed parameters compared with sibutramine alone without giving any severe adverse effect.
© 2011 Elsevier Inc. All rights reserved.
1. Introduction

The prevention and treatment of overweight and obesity
are critical because these factors are associated with an
increased prevalence of cardiovascular risk factors, insulin
resistance, impaired glucose tolerance, type 2 diabetes
mellitus (T2DM), dyslipidemia, and hypertension [1-4].
The current recommendations for the treatment of over-
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weight and obese people include increased physical activity
and reduced calorie intake [5,6]. When the behavioral
approach is not sufficient to get the optimal target of weight
and metabolic control, a pharmacologic treatment is
recommended [7].

Sibutramine hydrochloride monohydrate is 1 of the
2 molecules licensed for use as antiobesity drugs together
with orlistat [8]; sibutramine is a norepinephrine and
serotonin reuptake inhibitor approved for the long-term
management of obesity, in conjunction with a reduced-
calorie diet and behavior modification, in patients unable to
lose weight with diet and lifestyle changes alone. In previous
clinical trials, sibutramine has been reported to be related to
headache, dry mouth, insomnia, constipation, hypertension,
and tachycardia [9,10].

Carnitine, or L-β-hydroxy-γ-N-trimethylaminobutyric
acid, instead, is synthesized primarily in the liver and
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able 1
eneral subject characteristics at baseline in the study

Sibutramine
group

Sibutramine +
L-carnitine group

125 129
ex (M/F) 63/62 65/64
ge (y) 51 ± 4 54 ± 5
m st (M/F) 24/18 22/19
iab dur (y) 5 ± 2 6 ± 3
eight (m) 1.71 ± 0.06 1.69 ± 0.04
oncomitant disease, n (%) 112 (89.6) 119 (92.2)
Hypertension 96 (85.7) 98 (82.3)
Hypercholesterolemia 39 (34.8) 41 (34.4)
Hypertriglyceridemia 4 (3.6) 7 (5.9)
Combined dyslipidemia 25 (22.3) 32 (26.9)
oncurrent medications, n (%) 114 (91.2) 120 (93.0)
ACE-I 30 (26.3) 35 (29.2)
ARBs 31 (27.2) 39 (32.5)
Calcium-antagonists 24 (21.0) 20 (16.7)
β-Blockers 9 (7.9) 12 (10.0)
Diuretics 18 (15.8) 25 (20.8)
Statins 48 (42.1) 47 (39.2)
Fibrates 10 (8.8) 14 (11.7)
Omega-3 14 (12.3) 12 (10.0)
Acetylsalicylic acid 94 (82.5) 97 (80.8)
Ticlopidine 7 (6.1) 9 (7.5)

ata are expressed as means ± SD or number and percentage. Sm st indicates
moking status; Diab dur, diabetes duration; ACE-I, angiotensin-converting
nzyme inhibitors; ARBs, angiotensin receptor blockers.
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kidneys. There is experimental evidence that L-carnitine
stimulates the activity of the pyruvate dehydrogenase
complex by decreasing the intramitochondrial acetyl–
coenzyme A (CoA) to CoA ratio through the trapping of
acetyl groups [11]. The simultaneous reduction of acetyl-
CoA levels in the cytosol further contributes to activate the
glycolytic pathway [12], which is why L-carnitine covers a
role in the glucose metabolism and assists in fuel sensing.

Carnitine covers also an important role in lipid
metabolism, acting as an obligatory cofactor for β-oxidation
of fatty acids by facilitating the transport of long-chain fatty
acids across the mitochondrial inner membrane as acylcar-
nitine esters. Its lack impairs the ability to use fat as fuel;
this can result in an acute metabolic decompensation, most
often early in life, with hepatic encephalopathy and
hypoketotic hypoglycemia [13]. The positive effect of
L-carnitine on lipid profile was confirmed by our group in
a previous work where we demonstrated that L-carnitine
lowered the plasma lipoprotein (a) level in hypercholester-
olemic T2DM patients [14].

The aim of this study was to evaluate the effects of 12-
month treatment with sibutramine plus L-carnitine compared
with sibutramine monotherapy added to the usual antidia-
betic therapy on body weight, glycemic control, lipid profile,
and inflammatory parameters such as leptin, tumor necrosis
factor–α (TNF-α), adiponectin (ADN), vaspin, and high-
sensitivity C-reactive protein (Hs-CRP) in T2DM patients.
2. Material and methods

2.1. Study design

This multicenter, randomized, double-blind, controlled
study was conducted at the Department of Internal Medicine
and Therapeutics, University of Pavia (Pavia, Italy), and the
“G Descovich” Atherosclerosis Study Center, Department of
Internal Medicine, Aging and Kidney Diseases, University
of Bologna (Bologna; Italy).

The study protocol was approved at each site by
institutional review boards and was conducted in accordance
with the Declaration of Helsinki and its amendments.

2.2. Patients

We enrolled 254 white patients aged at least 18 years of
either sex (Table 1) with T2DM according to the European
Society of Cardiology and European Association for the
Study of Diabetes criteria [15] who were obese (body mass
index [BMI] ≥30 kg/m2) [16], with uncontrolled T2DM
(glycated hemoglobin ]HbA1c] N8.0%], and in therapy with
different oral hypoglycemic agents or insulin.

Suitable patients, identified from review of case notes
and/or computerized clinic registers, were contacted by the
investigators in person or by telephone.

Patients were excluded if they had a history of
ketoacidosis or had unstable or rapidly progressive diabetic
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retinopathy, nephropathy, or neuropathy; impaired hepatic
function (defined as plasma aminotransferase and/or
γ-glutamyltransferase level higher than the upper limit of
normal for age and sex); impaired renal function (defined as
serum creatinine level higher than the upper limit of normal
for age and sex); or severe anemia. Patients with serious
cardiovascular disease (eg, New York Heart Association
class I-IV congestive heart failure or a history of myocardial
infarction or stroke) or cerebrovascular conditions within
6 months before study enrollment also were excluded.
Women who were pregnant or breastfeeding or of child-
bearing potential and not taking adequate contraceptive
precautions were also excluded. All patients provided
written informed consent to participate.

At the beginning of the study and for all the observational
periods, patients were taking different antidiabetic drugs; the
complete list of the antidiabetic drugs taken is reported in
Table 2, whereas the complete list of the other concurrent
medications is reported in Table 1.

2.3. Treatments

Patients were assigned to receive, as addition to their
current antidiabetic therapy, sibutramine 10 mg plus
L-carnitine 2 g or sibutramine 10 mg in monotherapy for
12 months in a randomized, double-blind, controlled study.
Both sibutramine and L-carnitine were supplied as identical,
opaque, white capsules in coded bottles to ensure the blind
status of the study. Randomization was done using a drawing
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of envelopes containing randomization codes prepared by a
statistician. A copy of the code was provided only to the
responsible person performing the statistical analysis. The
code was only broken after database lock, but could have
been broken for individual subjects in cases of an
emergency. Medication compliance was assessed by count-
ing the number of pills returned at the time of specified clinic
visits. At baseline, we weighed participants and gave them a
bottle containing a supply of study medication for at least
100 days. Throughout the study, we instructed patients to
take their first dose of new medication on the day after they
were given the study medication. At the same time, all
unused medication was retrieved for inventory. All medica-
tions were provided free of charge.

2.4. Diet and exercise

Subjects began a controlled-energy diet (nearly 600 kcal
daily deficit) based on American Heart Association recom-
mendations [17] that included 50% of calories from
carbohydrates, 30% from fat (6% saturated), and 20% from
proteins, with a maximum cholesterol content of 300 mg/d
and 35 g/d of fiber. Patients were not treated with vitamins or
mineral preparations during the study.
Table 2
Antidiabetic agents before and during the study

Sibutramine
group

Sibutramine +
L-carnitine group

n 125 129
OHA, n (%) 116 (92.8) 120 (93.0)
Sulfonylureas, n (%) 25 (21.5) 26 (21.7)
Glyburide 7 (28.0) 9 (34.6)
Glimepiride 14 (56.0) 15 (57.7)
Gliclazide 4 (16.0) 2 (7.7)
Biguanides, n (%) 77 (66.4) 70 (58.3)
Metformin 77 (100.0) 70 (100.0)
Glinides, n (%) 20 (17.2) 14 (11.7)
Repaglinide 15 (75.0) 10 (71.4)
Nateglinide 5 (25.0) 4 (28.6)
α-Glucosidase inhibitors, n (%) 12 (10.3) 22 (18.3)
Acarbose 12 (100.0) 22 (100.0)
Thiazolidinediones, n (%) 64 (55.2) 67 (55.8)
Pioglitazone 34 (53.1) 41 (61.2)
Rosiglitazone 30 (46.9) 26 (38.8)
Incretin mimetics, n (%) 11 (9.5) 13 (10.8)
Exenatide 11 (100.0) 13 (100.0)
DPP-4 inhibitors, n (%) 17 (14.6) 15 (12.5)
Sitagliptin 11 (64.7) 10 (66.7)
Vildagliptin 6 (35.3) 5 (33.3)

Insulin, n (%) 13 (10.4) 16 (12.4)
Analog, n (%) 9 (69.2) 12 (75.0)
Lispro 7 (77.8) 8 (66.7)
Glulisine 2 (22.2) 4 (33.3)
Long acting, n (%) 7 (53.8) 9 (56.2)
Glargine 2 (28.6) 4 (44.4)
NPH 5 (71.4) 5 (55.6)

Data are expressed as number or percentage. OHA indicates oral
hypoglycemic agents; DPP-4, dipeptidyl peptidase-4 inhibitors; NPH,
neutral protamine Hagedorn.
Standard diet advice was given by a dietitian and/or
specialist physician. The dietitian and/or specialist physician
periodically provided instruction on dietary intake recording
procedures as part of a behavior modification program and
then later used the subject's food diaries for counseling.
Individuals were also encouraged to increase their physical
activity by walking briskly for 20 to 30 minutes, 3 to 5 times
per week, or by cyclette. The recommended changes in
physical activity throughout the study were assessed at each
visit using the subject's activity diary.

2.5. Assessments

Before starting the study, all patients underwent an initial
screening assessment that included a medical history,
physical examination, vital signs, and a 12-lead electrocar-
diogram. We evaluated at baseline and after 3, 6, 9, and
12 months these parameters: body weight, BMI, HbA1c,
fasting plasma glucose (FPG), postprandial plasma glucose
(PPG), fasting plasma insulin, homeostasis model assess-
ment of insulin resistance index (HOMA-IR), total choles-
terol (TC), low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C), triglycerides
(Tg), leptin, TNF-α, ADN, vaspin, and Hs-CRP.

To evaluate the tolerability assessments, all adverse
events were recorded. All plasmatic parameters were
determined after a 12-hour overnight fast, with the
exception of PPG, determined 2 hours after a standardized
meal. Venous blood samples were taken for all patients
between 8:00 and 9:00 AM. We used plasma obtained by
addition of Na2-EDTA, 1 mg/mL, and centrifugation at
3000g for 15 minutes at 4°C. Immediately after centrifu-
gation, the plasma samples were frozen and stored at −80°C
for no more than 3 months. All measurements were
performed in a central laboratory.

Body mass index was calculated as weight in kilograms
divided by the square of height in meters. Glycated
hemoglobin level was measured by a high-performance
liquid chromatography method (DIAMAT; Bio-Rad, Rich-
mond, CA; normal values, 4.2%-6.2%) with intra- and
interassay coefficients of variation (CVs) of less than 2%
[18]. Plasma glucose was assayed by glucose-oxidase
method (GOD/PAP; Roche Diagnostics, Mannheim,
Germany) with intra- and interassay CVs of less than 2%
[19]. Plasma insulin was assayed with Phadiaseph Insulin
RIA (Pharmacia, Uppsala, Sweden) by using a second
antibody to separate the free and antibody-bound 125
I-insulin (intra- and interassay CVs: 4.6% and 7.3%,
respectively) [20].

The HOMA-IR index was calculated as the product of
basal glucose (in millimoles per liter) and insulin levels (in
microunits per milliliter) divided by 22.5 [21,22].

Total cholesterol and Tg levels were determined using
fully enzymatic techniques [23,24] on a clinical chemistry
analyzer (HITACHI 737; Hitachi, Tokyo, Japan); intra- and
interassay CVs were 1.0 and 2.1 for TC measurement and 0.9



Table 3
Body weight, glycemic profile, and insulin resistance data during the study

Sibutramine group Sibutramine + L-carnitine group

Baseline 3 mo 6 mo 9 mo 12 mo Baseline 3 mo 6 mo 9 mo 12 mo

n 125 119 116 112 110 129 124 120 115 113
Sex (M/F) 63/62 61/58 59/57 58/54 56/54 65/64 63/61 61/59 59/56 57/56
Sm st (M/F) 24/18 22/18 21/18 21/17 21/17 22/19 21/19 21/19 21/18 20/17
Weight (kg) 97.7 ± 11.4 96.5 ± 10.7 94.2 ± 9.2 90.4 ± 7.1⁎ 88.6 ± 6.0† 96.9 ± 10.8 93.1 ± 8.9 91.7 ± 8.6 88.0 ± 5.8⁎ 86.0 ± 5.1†,∥

BMI (kg/m2) 33.4 ± 3.2 33.0 ± 3.0 32.2 ± 2.7 30.9 ± 2.1⁎ 30.3 ± 1.9† 33.9 ± 3.5 32.6 ± 2.9 32.1 ± 2.6 30.8 ± 2.0⁎ 30.1 ± 1.8†

HbA1c (%) 8.7 ± 1.5 8.4 ± 1.3 7.8 ± 1.0⁎ 7.5 ± 0.8† 7.3 ± 0.6‡ 8.8 ± 1.6 8.1 ± 1.2 7.6 ± 0.9⁎ 6.8 ± 0.5‡,∥ 6.4 ± 0.3§,∥

FPG (mg/dL) 144 ± 20 135 ± 15 128 ± 12 124 ± 10⁎ 120 ± 9† 146 ± 21 136 ± 16 124 ± 10⁎ 118 ± 8† 114 ± 6‡

PPG (mg/dL) 185 ± 29 174 ± 24 169 ± 22 165 ± 20⁎ 161 ± 21† 187 ± 30 174 ± 24 166 ± 21⁎ 159 ± 18† 155 ± 16‡

FPI (μU/mL) 24.9 ± 7.2 24.0 ± 6.8 23.3 ± 5.9 22.4 ± 5.4 21.2 ± 5.0⁎ 24.1 ± 6.9 23.5 ± 6.0 22.6 ± 5.5 21.1 ± 4.9⁎ 19.2 ± 4.1†,∥

HOMA-IR 8.9 ± 5.1 8.0 ± 4.5 7.4 ± 4.1 6.9 ± 3.6⁎ 6.3 ± 3.5† 8.8 ± 5.0 8.0 ± 4.5 7.0 ± 3.7⁎ 6.2 ± 3.4† 5.4 ± 2.8‡,∥

Data are means ± SD. FPI indicates fasting plasma insulin.
⁎ P b .05 vs baseline.
† P b .01 vs baseline.
‡ P b .001 vs baseline.
§ P b .0001 vs baseline.
∥ P b .05 vs sibutramine group.
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and 2.4 for Tg measurement, respectively. High-density
lipoprotein cholesterol level was measured after precipitation
of plasma apolipoprotein B–containing lipoproteins with
phosphotungstic acid [25]; intra- and interassay CVs were
1.0 and 1.9, respectively. Low-density lipoprotein choles-
terol level was calculated by the Friedewald formula [26].

Leptin concentrations were assessed in duplicate by
commercially available enzyme-linked immunosorbent assay
(ELISA) kits (TiterZyme EIA kit; Assay Designs, Ann
Arbor, MI) according to the commercial supplies. Intraassay
CV was 4.5%, and the interassay CV was 6.5% [27].

The TNF-α level was assessed using commercially
available ELISA kits according to manufacturer's instructions
(TiterZyme EIA kit, Assay Designs). Intraassay CVs were
4.5% for low- and 3.6% for high-concentration samples,
whereas the interassay CVs were 6.0% for low- and 11.8% for
high-concentration samples, respectively, [28].

Adiponectin level was determined using ELISA kits
(B-Bridge International, Sunnyvale, CA). Intraassay CVs
were 3.6% for low- and 3.3% for high-control samples,
whereas interassay CVs were 3.2% for low- and 7.3% for
high-control samples, respectively [29].

Vaspin was measured by a 2-site ELISA method using
commercially available ELISA kits (Adipogen, Seoul,
Korea); the intra- and interassay CVs were 1.74% e 8.32%,
respectively [30].

High-sensitivity C-reactive protein was measured with
use of latex-enhanced immunonephelometric assays on a BN
II analyzer (Dade Behring, Newark, DE). The intra- and
interassay CVs were 5.7% and 1.3%, respectively [31].

2.6. Statistical analysis

An intention-to-treat analysis was conducted in patients
who had received at least 1 dose of study medication and had
a subsequent efficacy observation. Patients were included in
the tolerability analysis if they had received at least 1 dose of
trial medication and had undergone a subsequent tolerability
observation. Considering as clinically significant a differ-
ence of at least the 10% compared with the baseline and an α
error of 0.05, the actual sample size was adequate to obtain a
power higher than 0.80 for all measured variables.
Continuous variables were tested using repeated-measures
analysis of variance. Intervention effects were adjusted for
additional potential confounders using analysis of covari-
ance. Analysis of variance was also used to assess the
significance within and between groups. The statistical
significance of the independent effects of treatments on the
other variables was determined using analysis of covariance.
Paired tests were also used: a 1-sample t test to compare
values obtained before and after treatment administration,
and 2-sample t tests for between-group comparisons [32].
Statistical analysis of data was performed using the
Statistical Package for Social Sciences software version
14.0 (SPSS, Chicago, IL). Data are presented as mean ± SD.
For all statistical analyses, P b .05 was considered
statistically significant.
3. Results

3.1. Study sample

A total of 254 T2DM patients were enrolled in the study.
Of these, 223 completed the study; and 110 (49.3%) were
allocated in sibutramine group and 113 (50.7%) in sibu-
tramine plus L-carnitine group. There were 31 patients
(15 men and 16 women) who did not complete the study; and
the reasons for premature withdrawal included adverse
effects as headache (1 man and 2 women after 3 months,
and 1 man after 6 months in sibutramine group; and 1 man
after 4 months and 2 women after 9 months in sibutramine
plus L-carnitine group), constipation (1 man after 6 months
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and 1 man after 9 months in sibutramine group, and 1 man
after 3 months and 1 woman after 6 months in sibutramine
plus L-carnitine group), insomnia (2 women after 9 months
and 1 man after 12 months in sibutramine group, and 1 man
after 6 months and 1 man after 12 months in sibutramine plus
L-carnitine group), dry mouth (1 man after 3 months in
sibutramine group; and 1 man after 3 months, 1 woman after
9 months, and 1 man after 12 months in sibutramine plus
L-carnitine group), increased blood pressure (1 woman after
3 months and 1 woman after 6 months in sibutramine group,
and 1 woman after 3 months in sibutramine plus L-carnitine
group), increased heart rate (1 woman after 9 months and
1 man after 12 months in sibutramine group, and 1 woman
after 3 months in sibutramine plus L-carnitine group), malaise
(1 woman after 3 months in sibutramine group, and 1 woman
after 3 months and 1 man after 9 months in sibutramine plus
L-carnitine group), and palpitation (1 woman after 6 months
and 1 man after 9 months in sibutramine plus L-carnitine
group). In particular, no patients reported depression during
the study. The characteristics of the patient population at
study entry are shown in Table 1.

3.2. Body weight and BMI

We observed a significant decrease of body weight and
BMI compared with baseline after 9 and 12 months (P b .05
and P b .01, respectively, for both) in both groups, but the
body weight value reached with sibutramine plus L-carnitine
was significantly lower than the value reached with
sibutramine alone after 12 months (P b .05). No differences
were registered between the 2 treatments regarding BMI
(Table 3).

3.3. Glycemic parameters

Glycated hemoglobin was improved after 6, 9, and
12 months compared with baseline in both groups (P b .05,
P b .01, and P b .001, respectively, for sibutramine alone
and P b .05, P b .001, and P b .0001, respectively, for
sibutramine plus L-carnitine) even if the value recorded
with sibutramine plus L-carnitine was significantly better
Table 4
Lipid profile data during the study

Sibutramine group

Baseline 3 mo 6 mo 9 mo 12 mo

n 125 119 116 112 110
Sex (M/F) 63/62 61/58 59/57 58/54 56/5
Sm st (M/F) 24/18 22/18 21/18 21/17 21/1
TC (mg/dL) 224 ± 28 218 ± 23 211 ± 21 206 ± 17 197 ±
LDL-C (mg/dL) 160 ± 15 156 ± 13 147 ± 9 142 ± 7 138 ±
HDL-C (mg/dL) 43 ± 7 42 ± 6 43 ± 7 44 ± 7 41 ±
Tg (mg/dL) 105 ± 42 99 ± 40 107 ± 44 101 ± 40 91 ±

Data are means ± SD.
⁎ P b .05 vs baseline.
† P b .01 vs baseline.
than the value recorded with sibutramine alone after 9 and
12 months (P b .05 for both) (Table 3).

A statistically significant decrease of FPG was obtained
after 9 and 12 months (P b .05 and P b .01, respectively)
compared with baseline with sibutramine, and after 6, 9, and
12 months with sibutramine plus L-carnitine (P b .05, P b
.01, and P b .001, respectively), without differences between
the 2 groups (Table 3).

We obtained a significant decrease of PPG after 9 and
12 months (P b .05 and P b .01, respectively) compared with
baseline with sibutramine, and after 6, 9, and 12 months with
sibutramine plus L-carnitine (P b .05, P b .01, and P b .001,
respectively). No differences between the 2 groups were
observed (Table 3).

Fasting plasma insulin improved after 12 months (P b .05)
compared with baseline with sibutramine, and after 9 and
12 months with sibutramine plus L-carnitine (P b .05 and
P b .01); the value reached with sibutramine plus L-carnitine
was significantly better than the value obtained with
sibutramine alone after 12 months (P b .05) (Table 3).

3.4. Lipid profile

We registered a significant decrease of TC and LDL-C
after 12 months (P b .05 for both) with sibutramine, and after
9 and 12 months with sibutramine plus L-carnitine (P b .05
and P b .01, respectively, for both). Only sibutramine plus
L-carnitine gave a decrease of Tg after 12 months (P b .05),
even if there were no differences between the 2 groups. We
did not observe any variations of HDL-C neither with
sibutramine plus L-carnitine nor with sibutramine alone
(Table 4).

3.4.1. Insulin resistance parameters
A statistically significant improvement of HOMA-IR was

obtained after 9 and 12 months (P b .05 and P b .01,
respectively) compared with baseline with sibutramine, and
after 6, 9, and 12 months with sibutramine plus L-carnitine
(P b .05, P b .01, and P b .001); and the value recorded with
sibutramine plus L-carnitine was significantly better than the
value recorded with sibutramine alone after 12 months
(Table 3).
Sibutramine + L-carnitine group

Baseline 3 mo 6 mo 9 mo 12 mo

129 124 120 115 113
4 65/64 63/61 61/59 59/56 57/56
7 22/19 21/19 21/19 21/18 20/17
15⁎ 222 ± 27 217 ± 23 209 ± 20 198 ± 16⁎ 185 ± 11†

6⁎ 157 ± 14 154 ± 12 144 ± 9 140 ± 8⁎ 127 ± 6†

6 44 ± 8 43 ± 7 44 ± 8 42 ± 6 43 ± 7
36 107 ± 44 101 ± 40 93 ± 36 81 ± 29 75 ± 24⁎



Table 5
Inflammatory parameters during the study

Sibutramine group Sibutramine + l-carnitine group

Baseline 3 mo 6 mo 9 mo 12 mo Baseline 3 mo 6 mo 9 mo 12 mo

n 125 119 116 112 110 129 124 120 115 113
Sex (M/F) 63/62 61/58 59/57 58/54 56/54 65/64 63/61 61/59 59/56 57/56
Sm st (M/F) 24/18 22/18 21/18 21/17 21/17 22/19 21/19 21/19 21/18 20/17
Leptin (ng/mL) 33.7 ± 17.1 30.1 ± 16.3 27.9 ± 14.5 25.2 ± 12.9⁎ 23.7 ± 12.2† 32.6 ± 16.9 28.9 ± 14.8 26.0 ± 13.4⁎ 23.9 ± 12.4† 22.2 ± 11.4‡

TNF-α (pg/mL) 4.9 ± 2.2 4.3 ± 1.7 4.2 ± 1.6 3.7 ± 1.3⁎ 3.2 ± 1.1‡ 4.8 ± 2.1 4.2 ± 1.6 3.5 ± 1.2⁎ 3.0 ± 1.0‡ 2.6 ± 0.9§

ADN (μg/mL) 4.8 ± 1.1 5.2 ± 1.4 5.6 ± 1.6 5.9 ± 1.9⁎ 6.2 ± 2.0† 4.7 ± 1.0 5.3 ± 1.4 6.1 ± 2.1⁎ 6.7 ± 2.3‡∥ 7.5 ± 2.7§,¶

Vaspin (ng/mL) 1.1 ± 0.6 1.0 ± 0.5 1.0 ± 0.5 0.9 ± 0.4 1.1 ± 0.6 1.3 ± 0.8 1.0 ± 0.5 0.9 ± 0.4 0.9 ± 0.4 0.7 ± 0.3⁎

Hs-CRP (mg/L) 2.6 ± 1.8 2.2 ± 1.4 2.1 ± 1.3 1.9 ± 1.1 1.7 ± 1.1† 2.6 ± 1.8 2.3 ± 1.5 2.1 ± 1.3 1.7 ± 1.1† 1.5 ± 1.0‡

Data are means ± SD.
⁎ P b .05 vs baseline.
† P b .02 vs baseline.
‡ P b .01 vs baseline.
§ P b .001 vs baseline.
∥ P b .05 vs sibutramine group.
¶ P b .01 vs sibutramine group.
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3.4.2. Inflammatory state
A decrease of leptin compared with baseline was

observed after 9 and 12 months (P b .05 and P b .02) with
sibutramine, and after 6, 9, and 12 months (P b .05, P b .02,
and P b .01, respectively) in the group treated with
Fig. 1. Inflammatory parameters variations during the study. * P b .05 vs baseline; $
vs sibutramine group; / P b .01 vs sibutramine group. S+C = sibutramine plus L-
sibutramine plus L-carnitine. There were no differences
between the 2 groups (Table 5 and Fig. 1).

Tumor necrosis factor–α significantly decreased after 9
and 12 months (P b .05 and P b .01, respectively) compared
with baseline in the group treated with sibutramine, and after
P b .02 vs baseline; ** P b .01 vs baseline; ^ P b .001 vs baseline; + P b .05
carnitine; S = sibutramine.



427G. Derosa et al. / Metabolism Clinical and Experimental 60 (2011) 421–429
6, 9, and 12 months in the group treated with sibutramine
plus L-carnitine (P b .05, P b .01, and P b .001, respectively).
We did not observe any significant differences between the
2 groups (Table 5 and Fig. 1).

An increase of ADN compared with baseline was
observed after 9 and 12 months (P b .05 and P b .02,
respectively) with sibutramine and after 6, 9, and 12 months
(P b .05, P b .01, and P b .001, respectively) in the group
treated with sibutramine plus L-carnitine. Sibutramine plus
L-carnitine gave a better improvement of ADN compared
with sibutramine alone after 9 and 12months (P b .05 and P b
.01, respectively) (Table 5 and Fig. 1).

A significant decrease of vaspin was recorded after
12 months (P b .05) with sibutramine plus L-carnitine, but
not with sibutramine alone, even if no differences were
registered between the 2 groups (Table 5 and Fig. 1).

High-sensitivity C-reactive protein was decreased after 9
and 12 months with sibutramine plus L-carnitine (P b .02 and
P b .01, respectively), and after 12 months with sibutramine
alone (P b .02) compared with baseline, without significant
differences between the 2 groups (Table 5 and Fig. 1).
4. Correlations

Stepwise multilinear regression analysis was undertaken
to establish which anthropometric and metabolic factors
could best predict the insulin resistance (HOMA) improve-
ment changes or which metabolic factors could best predict
the anthropometric (BMI) improvement change. Significant
predictors of change in insulin resistance (HOMA) were
TNF-α and ADN concentration in sibutramine plus L-carni-
tine group (r = 0.63, P b .001 and r = −0.58, P b .01,
respectively), and significant predictors of change in
anthropometric value (BMI) were TNF-α and ADN concen-
tration in sibutramine plus L-carnitine group (r = 0.65, P b
.001 and r = −0.60, P b .01, respectively). We did not
observe any correlation in sibutramine group.
5. Discussion

We have already conducted a study on L-carnitine where
we showed that L-carnitine improved lipoprotein (a) levels in
hypercholesterolemic T2DM patients [14], confirming what
was already reported by Sirtori et al [33]. Our group has also
conducted several studies on sibutramine where sibutramine
appeared to be a tolerable and efficacious drug when added
to pioglitazone for the global management of obese diabetic
patients [34,35].

In the current study, we have recorded that sibutramine
plus L-carnitine gave a better improvement of body weight
and of glycemic and lipid profile compared with sibutramine
alone, confirming the already known role of L-carnitine on
glycemic and lipid metabolism [11-13].
Compared with our previous studies, we have also
evaluated some inflammatory parameters, such as leptin,
TNF-α, ADN, vaspin, and Hs-CRP.

Leptin acts as an afferent signal in the brain and peripheral
organs to regulate feeding and energy expenditure [36].
Leptin also links energy stores to hormonal adaptations
during fasting and feasting [36]; it also mediates structural
and functional changes in neuronal circuits and immune and
cardiovascular systems [36]. On the other side, TNF-α was
the first adipose-secreted product proposed to represent a
molecular link between obesity and insulin resistance
[37,38]; TNF-α is also a macrophage-derived inflammatory
factor. It alters insulin signaling in cultured cells and in vivo
[39], and it has been reported that chronic exposure of cells
or whole animals to TNF-α induces insulin resistance [37].
In our study, we observed that sibutramine plus L-carnitine,
added to the previously taken antidiabetic therapy, gave a
decrease of these parameters faster than sibutramine alone.

Regarding ADN, it is a protein exclusively synthesized by
adipocytes. It is decreased in obesity and inversely related to
glucose and insulin [40]. Ablation of the ADN gene in mice
resulted in insulin resistance, glucose intolerance, dyslipid-
emia, and increased susceptibility to vascular injury and
atherosclerosis [41-43]. Adiponectin reverses these abnor-
malities by stimulating oxidation of fatty acids; suppressing
gluconeogenesis; and inhibiting monocyte adhesion, mac-
rophage transformation, proliferation, and migration of
smooth muscle cells in blood vessels [29,41,44]. In our
study, sibutramine plus L-carnitine was better than sibutra-
mine alone in increasing ADN.

On the other side, vaspin (visceral adipose tissue–derived
serpin) is a member of the serine protease inhibitor family
isolated by from the visceral white adipose tissue (WAT) of
Otsuka Long-Evans Tokushima fatty rats, a model of
abdominal obesity, insulin resistance, and diabetes [30].
Vaspin expression increases by 30 weeks, coinciding with
obesity and high insulin levels in Otsuka Long-Evans
Tokushima fatty rats, and declines as diabetes worsens and
the rats lose weight by 50 weeks. Vaspin is restored by
insulin or pioglitazone treatment [30]. Importantly, admin-
istration of vaspin to obese mice improves glucose tolerance
and insulin sensitivity and reverses the expression of half of
the number of genes induced in WAT by diet-induced
obesity [30]. The reference range of normal vaspin values is
0.77 ± 0.42 ng/mL in normal glucose–tolerant, lean subjects
[45]. Vaspin baseline levels were increased in our patients,
probably because of the obesity and the insulin resistance; it
has been previously postulated [46,47] that the induction of
vaspin messenger RNA expression in human adipose tissue
could represent a compensatory mechanism associated with
obesity, severe insulin resistance, and T2DM. In our study,
we observed that sibutramine plus L-carnitine, but not
sibutramine alone, resulted in a decrease of vaspin to normal
levels. This effect is probably due to the role of L-carnitine on
lipid metabolism: facilitating the transport of long-chain fatty
acids across the mitochondrial inner membrane, L-carnitine
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improves the ability to use fat as fuel. In this way, fat WAT,
which produces vaspin, is reduced; and so are vaspin levels.

Regarding Hs-CRP, it has been shown to independently
predict myocardial infarction, stroke, and peripheral artery
disease [48]. In our study, sibutramine plus L-carnitine
improved Hs-CRP faster than sibutramine alone.

Regarding adverse reactions, we did not observe any
significant differences between the group treated with
sibutramine and the group treated with sibutramine plus
L-carnitine. All the events were reported as mild or moderate.
This was in line with what was already reported by our group
in 2 previous studies [49,50]; sibutramine intake was not
associated to any cardiovascular effects and was generally
well tolerated.

Of course, our study has some limitations: for example,
we did not evaluate if the beneficial effects on glycemic
control, body weight, lipid profile, insulin resistance, and
inflammatory parameters were sustained after the cessation
of therapy. Another limitation is that we dosed a limited
number of inflammation biomarkers, concentrating our
attention on a few of these.

However, to the best of our knowledge, this is the first
study investigating the effect of sibutramine plus L-carnitine
on inflammatory and insulin resistance parameters.
6. Conclusions

Sibutramine plus L-carnitine gave a better and faster
improvement of all the analyzed parameters compared with
sibutramine alone without giving any severe adverse effect.
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