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Background: More than 500 million people worldwide are obese and around 320 million adults have type II diabetes, thus these two
diseases are accounted as the fundamental health care problems. There is such a strong association between obesity and diabetes that the
term diabesity is proposed for this connection. Since anti-obesity drugs have many side effects, experts have very few tools to fight obesity,
while high doses of carnitine has no side effects compared to other drugs.

Objectives: The current study aimed to evaluate the effect of L-carnitine supplementation with low-calorie diet on the metabolic status in
obese women with type Il diabetes.

Patients and Methods: In this study, 60 obese premenopausal women with type II diabetes were randomly selected from the patients
who referred to the Diabetes Clinic of Tabriz Red Crescent; they were 20 - 50 years old with a BMI greater than 30. The subjects were divided
into two groups, case and control. Following the measurement of weight, waist circumference and recording personal information,
weekly food intake program (based on a low calorie diet) was given to patients. For about 8 weeks, the case group received L-carnitine
supplement (2 grams daily) combined with the low calorie diet,and the control group received placebo plus low-calorie diet. In this study,
low calorie diet was defined as a regimen of 500 kcal lower than the patients required energy. Blood samples (5 mL of venous blood)
were taken from all patients in the sitting position, and in fasting condition (for about 10 - 12 hours) between 7:00 AM and 9:00 AM. After
separation of plasma by centrifugation for ten minutes in 3000 g, samples were analyzed to measure fasting blood glucose, lipid profile
and insulin resistance.

Results: The results showed that L-carnitine supplement with low calorie diet reduced fasting blood glucose, triglycerides, cholesterol
and LDI-C (Cholesterol, LDL-cholesterol) levels and decreased insulin resistance "HOMA-IR" (P < 0.0001), whereas in the control group,
reduction of fasting blood glucose and triglycerides, cholesterol and LDL-C levels and decrease of insulin resistance "HOMA-IR" were lower
than those of the case group (P < 0.05).

Conclusions: Due to the effect of L-carnitine supplementation (a dose of 1000 mg twice daily) with low-calorie diet on reduction of fasting
blood glucose, triglycerides, cholesterol and LDL-C levels and insulin resistance (HOMA-IR), prescribing this supplement in obese patients
with diabetes is recommended.
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terized by hyperglycemia, insulin resistance, and dev-
astated insulin secretion (6). It is estimated that the

1. Background

Prevalence of the global obesity is rapidly increasing
among adults and adolescents due to high dietary fat
intake. According to World Health Organization and
the national institutes of health (NIH) classification,
25 <BMI <29.9 is defined as overweight, and 30 < BMI
< 35 is defined as obesity (1, 2). Diabetes mellitus is
one of the serious human metabolic diseases, which
causes disorders in lipid metabolism (3, 4). There are
two types of diabetes. Type I diabetes is related to de-
ficiency of insulin secretion, an auto-immune disease
correlated with destruction of pancreatic p-cells (5).
Type II, occurring in more than 90% of cases, is charac-

prevalence of diabetes in patients is increasing dra-
matically from 2.8% to 4.4% in 2030 (7). It has been es-
timated that near 140 million people in the world are
living with diabetes mellitus. Life expectancy may fall
to half in developing countries by this disabling disor-
der, also appropriate treatment is often expensive or
unavailable (8). The epidemic of obesity in the world
is correlated with diabetes mellitus (9). Diabesity is
a new term which refers to diabetes occurring in the
context of obesity (10). Carnitine is a fatty acid oxida-
tion facilitator which acts by interorganelle transloca-
tion of fatty acids (11). L-carnitine is a powerful aid due

Implication for health policy/practice/research/medical education:

As anti-obesity drugs have many side effects, experts have very few tools to fight obesity, while high doses of Carnitine has no side effects compared to
other drugs. Therefore, the current study evaluated the effect of L-carnitine (2 g daily) with low-calorie diet in 60 obese postmenopausal women with type
2 diabetes (30 cases, and 30 controls).
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to its role in the conversion of fat into energy (12, 13).
L-carnitine is essential for beta-oxidation by transfer-
ring long-chain fatty acids from the cytosol to mito-
chondria. Lack of L-carnitine prevents using fat as a
fuel (14).

L-carnitine is necessary for mitochondrial transport
metabolism of long-chain fatty acids, thus for myo-
cardial energetic metabolism. Fatty acids cross mito-
chondrial membranes as acylcarnitine derivatives to
enter pathways for oxidation, acylation, chain short-
ening or chain elongation- desaturation. Therefore,
L-carnitine-dependent fatty acid transfer is central to
lipid metabolism; dietary supplementation of L-carni-
tine improves the utilization of fat providing marked
reduction in plasma levels of TG (15). Despite the little
information on the effect of oral administration of L-
carnitine on human glucose homeostasis (16), some
experimental studies indicated that the rate of glucose
oxidation and L-carnitine concentration of plasma is
low in patients with type II diabetes (17-21). Derosa et
al. reported that L-carnitine significantly lowered the
plasma lipoprotein (a) level in comparison with pla-
ceboin selected patients with hypercholesterolemia in
newly diagnosed type II diabetes mellitus (22). Cuturic
et al. reported that serum carnitine levels (acylcarni-
tine/free carnitine ratios) has a negative correlation
with lipid levels, but positive correlation with fasting
plasma glucose levels that is suggesting undesirable
secondary effects of carnitine insufficiency resolved by
carnitine supplementation (23).

2. Objectives

Given the varying results, the current study aimed to
assess the effect of L-carnitine supplementation on glyce-
mic and lipidemic profile in obese female patients with
type Il diabetes mellitus.

3. Patients and Materials

In this clinical trial, 60 obese premenopausal women
with type II diabetes who referred to Diabetes Clinic of
Tabriz Red Crescent during 6 months (2012 - 2013) aged
20 - 50 years old with a BMI > 30 who had not partici-
pated in any weight loss program in the last 6 months,
and had no swing weight more than 1 kg were selected
and randomly divided into two groups (30 patients in
each group, case and control). After selection and pri-
mary checks, patients were evaluated for 8 weeks as case
and control groups. Obesity in our study was defined as
BMI > 30. The minimum sample size was calculated as
30 samples in each group (totally 60 cases) based on an-
thropometric index (adiposity). Exclusion criteria were
liver disease, kidney cancer, pregnancy, lactation, meno-
pause, insulin injections and use of any nutritional sup-
plements as well as any other medications which affect
balance of lipids as vitamin C or B6. The recommended

amounts for using L-carnitine supplementation is 1 to
3 grams per day orally in divided doses (24). Interven-
tion period was 8 weeks. Case group received L-carnitine
supplement (2 grams twice daily in the morning and
evening) with a low calorie diet. Control group received
placebo with a low-calorie diet. Low calorie diet was
defined as a regimen with 500 kcal lower than the pa-
tients required energy (required energy is calculated by
the formula proposed by the food and nutrition board
(FNB)). Dietary as daily intake units were instructed to
the cases, and also a 7-day dietary were provided for
them. From each of the subjects, 5 mL of venous blood
samples was taken after 10 - 12 hours fasting before and
after the intervention. After separation of plasma by cen-
trifugation for ten minutes in 3000 g, samples were ana-
lyzed to measure fasting blood glucose, lipid profile and
insulin resistance. Collected samples from the patients
were evaluated by Pars Azmun kits (lot: 85001) and Ab-
bott autoanalyzer (model Alcyon 300, made in France).
LDL-C levels were calculated by Equation 1(21).

Equation 1. H()I\’IA _ fH.‘;fiug;;{'rulllglumsp(%fz{)]:f&%ﬁngswrnmiusnlin({‘n—ll;)
405

Insulin resistance was defined as the HOMA-IR index
more than 3.99 calculated by Equation 2.

Equation 2.1.DL — ¢ = TotalCholestrol — (HDL — C + 1)

The protocol of this study was approved by the eth-
ics committee of Tabriz University of Medical Sciences
and registered in Clinical Trial Registration System (at
www.irct.ir) under the number IRCT138903164105N1. Ob-
tained data are expressed as mean + standard deviation,
frequency and percentage. Data were analyzed by SPSS™
17 software. Quantitative variables were compared by
Student t-test. In all investigated cases, P < 0.05 was
considered statistically significant.

4. Results

The demographic variables measured in the case and
control groups to determine the compliance rate of
participation were presented in Table 1. Anthropomet-
ric indices and body fat of all 60 cases were presented
in Table 2.

Table 1. Demographic Variables Measured in Case and Control
Groups Before Intervention

Case?,n=30 Control?,n=30 Pvalue
Age,y 37.03%6.1 36.7£5.6 0.76
Weight, kg  83.8+8.21 84.23+7.8 034
Height, cm 158.2+7.5 157.6 £7.3 0.52
BMID kg/m? 33.4+278 33.742.81 0.91
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4 Data are presented as Mean * SD.
Abbreviation: BMI, body mass index.

Table 2. Obtained Results of Anthropometric Indices and Body
Fat in Case and Control Groups Before and After Intervention ¢

Variable Case,n=30 Control,n=30 Pvalue b

Weight, kg
Before 83.8+8.21 84.23+7.8 0.62
After 79.14 £7.65 81.56+7.2 0.5
Pvalue © 0.0474 0.07

BMI ¢, kg/m 2
Before 33.41+2.78 33.7+2.81 0.91
After 31.621+3.66 32.88%2.7 0.87
Pvalue € 0.43 0.5

WC¢, cm
Before 97.68 £ 9.25 98.22+9.14 0.72
After 90.56 +8.91 93.78 £ 8.9 0.17
Pvalue 0.034 0.06

HC¢, cm
Before 118.06 + 8.2 17.31+7.7 0.93
After 111.86 £ 8.32 112.01t£7.5 0.69
Pvalue © <0.00014 0.024

WHR €
Before 0.827+0.07 0.837+£0.08 1
After 0.809t0.08 0.838+0.07 0.06
Pvalue € 0.064 1

BF €
Before 41.12+1.86 40.65 £ 1.81 0.86
After 36.5111.65 37.96 £1.76 0.91
Pvalue © 0.0464 0.0534

4 Data are presented as Mean = SD.
Between groups analysis.
€ within groups analysis.
Significant P values.
€ Abbreviations: BF, body fat; BMI, body mass index; HC, hip
circumference; WC, waist circumference; WHR, waist-hip ratio.

The results of the experiments performed in the two
groups before and after the intervention were presented
in Table 3. As indicated in Table 2, patients in both the
case and control groups had no significant difference
before the intervention regarding weight, BMI, waist
circumference, hip circumference, waist-hip ratio, and
body fat. After the intervention reduction was seen in
mentioned variables compared to their initial values in
the both groups, but this reduction was statistically sig-
nificant in the case group in weight, waist circumference,
hip circumference, and body fat. Moreover, Table 3 indi-
cates that the reduction in all measured variables (FBS,
cholesterol, triglyceride, HDL-C, LDL-C, and HOMA-IR) was
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statistically significant in both case and control groups
compared to their initial values, but the reduction in case
group receiving L-carnitine supplement with low calorie

Table 3. Obtained Results on Fasting Blood Glucose, Insulin
Resistance and Lipid Profile in Case and Control Groups Before
and After Intervention ¢

Variable,mg/dL Case,n=30 Control,n=30 Pvalue b

FBSC
Before 146.97+20.45 1574742026  0.03¢
After 135.07+16.14  149.1+18.15 0.004 €
Pvalue 4 <0.0001° 0.01¢

Cholesterol
Before 248.5+33.26 244.2+32.42 0.65
After 225.07+3219 23357£30.85 034
Pvalue d <0.0001° 0.01¢

TG ¢
Before 25414309  249.73£3598  0.67
After 2282342725 234.87+3528  0.33
Pvalued <0.0001¢ 0.01¢

HDL-C€
Before 38.97+4.08  38.03+4.18 039
After 43234297  417+3.52 0.07
Pvalue d <0.0001¢ 0.01¢

LDL-C©
Before 155.97+23.38  153.13£19.71 0.79
After 1417+17.94  1451+18.04 038
Pvalue d <0.0001° 0.013¢

HOMA-IR ©
Before 418+0.57 425+0.55 0.76
After 33+0.49 3.6+0.48 0.01¢
Pvalue d <0.0001¢ 0.002¢

@ Data are presented as Mean + SD.

P value between groups analysis.
€ Abbreviations: FBS, fasting blood sugar; HDL-C, high-density
lipoprotein-cholesterol; HOMA-IR, homeostasis model assessment
for insulin resistance; LDL-C, low-density lipoprotein-cholesterol; TG,
triglyceride.

P value within groups analysis.
€ Significant P values.

diet was stronger, more prominent and remarkable than
that of the control group (P value was < 0.0001 for all
variables).

5. Discussion

It has been recognized that obesity is a disorder of energy
balance, occurring when energy consumption and daily
energy intake are not adequate. The present study demon-
strated that 2 g/d oral L-carnitine supplementation in obese



AlipourBetal.

women with type II diabetes mellitus was able to reduce
body weight, adipose tissue accumulation as well as hy-
perglycemia and hyperinsulinaemia, therefore, the insulin
resistant state was partially corrected by treatment. L-car-
nitine and its esters have been proposed as a treatment for
many conditions such as heart failure, angina and weight
loss due to their roles in reducing oxidative stress (25) and
plasma inflammatory markers (26) that is consistent with
our result. In our study, we observed a weight loss in both
case and control groups, but this reduction was statistically
significant in case group that received L-carnitine supple-
ment compared to controls.

It has been reported that L-carnitine has a useful effect
on several diabetic risk parameters, including plasma lip-
ids and lipoprotein (27). This conversion could decrease
triglycerides synthesis, and increase mitochondrial b-
oxidation of fatty acids. Studies that support this opinion
indicated that L-carnitine decreases serum cholesterol,
triglycerides, and free fatty acids (28), the current study
also observed a significant decrease in LDL-C, cholesterol
and triglycerides in patients who received L-carnitine
supplementation compared to the control group. Our
results are consistent with those of Gonzalez-Ortiz et al.
(29) and El-Metwally et al. (30) who reported that oral ad-
ministration of L-carnitine improves dyslipidemia and
decreases diabetic parameters. Reduction of serum hy-
pertriglyceridemia in diabetic patients who consumed
L-carnitine resulted in decrease of triglycerides synthesis
in the liver or inhibition of triglyceride release from the
liver. Moreover, L-carnitine induced significant reduction
in total serum cholesterol in skeletal muscles of obese pa-
tients (31). These results are consistent with our results,
we observed a significant reduction in both case and
control groups, but the reduction was stronger and clini-
cally valuable in the case group, which shows the role of
L-carnitine supplementation in this regard.

Increased fat mobilization from adipose tissue and
insulin resistance to the antilipolytic actions cause di-
minished muscular uptake of glucose and lead to hy-
perlipidemia. Disordered insulin action is related to
an oversupply of lipids. Lipids increased availability
causes elevated lipid stored in insulin target tissues (e.g.
muscle, liver adipose) or increased plasma triglyceride
(32). Gonzalez-Ortiz et al. in their study concluded that
L-carnitine oral administration did not modify insu-
lin sensitivity or the lipid profile. They administrated
L-carnitine for a period of 4 weeks (29). However, in our
study, oral administration of L-carnitine with low calorie
diet for a period of 8 weeks modified lipid profile, and
also reduced insulin resistance. In the current study, the
weight loss due to oral administration of L-carnitine is as-
sociated with hypoglycemia because of elevated insulin
sensitivity, thus decreasing insulin resistance in obese pa-
tients is due to regulating the cell energy metabolism or
reducing free fatty acids. These results are in agreement
with those of Gonzalez-Ortiz et al. (29) studies.

In addition, enhanced secretion of insulin from the
beta-cells of the pancreatic islets or among an extra
pancreatic mechanism is probably mediating hypogly-
cemia induced by L-carnitine. Moreover, the inflamma-
tory effect of cytokine release during diabetes is one of
the causative agents for the insulin resistance; L-carni-
tine may reduce this effect of cytokines (33). Based on
the results of different studies, intestinal L-carnitine
absorption is saturated within two grams, so the oral
administration of L-carnitine more than 2 grams per
meal, is not beneficial and not recommended. It seems
that L-carnitine supplementation before each meal has
agood effectin its absorption (34). Receiving 15 grams of
L-carnitine orally per day has no side effects in healthy
persons (OSL, observed safe level). The National Insti-
tutes of Health (NIH) has noted that L-carnitine supple-
mentation is well tolerated by most individuals in the
intervention up to six months. However, there is the pos-
sibility of side effects such as gastrointestinal disorders
including nausea, vomiting, stomachache, mild diar-
rhea, and also in a small number of cases who received
this supplement, changes in body odor as fishy smell or
euphoric mode was reported (35,36). Due to the effect of
L-carnitine supplementation (a dose of 1000 mg twice
daily) with low-calorie diet on reducing fasting blood
glucose, triglycerides, cholesterol and LDL-C levels, and
insulin resistance (HOMA-IR), prescribing this supple-
ment in obese diabetic patients is recommended. Last
but not least, there are some limitations to the study in-
cluding lack of possibility to examine other indicators
of oxidative stress and antioxidant system components
such as oxidized LDL-C, MDA, enzymatic activity of SOD
and GPx, lack of patient cooperation for long-term fol-
low-up like 6 months, one year and financial constraints
in the evaluation of various serum inflammatory mark-
ers such as IL-10 and TNF-a.
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