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Abstract:

Background: Polycystic ovary syndrome (PCOS) is one of the most frequent endocrine illnesses
affecting reproductive - age women. L-carnitine has important roles in oxidative stress, energy
production, and glucose metabolism. It affects insulin resistance as decreased plasma carnitine level has
been well reported in type Il diabetes mellitus. Hence, it means L-carnitine may reduce insulin resistance
which is found in PCO disease.

Objective: This study aims to measure the level of L-carnitine and insulin resistance in both obese and
non- obese patients with PCOS.

Patients and Methods: Sixty women within the reproductive age with PCOS (30 obese and 30 non-
obese) were recruited from the Gynecology and Obstetrics Outpatient Clinic in Baghdad Teaching
Hospital from June 2016 to June 2017. The data collected for each case included: Height, weight, waist
circumference, blood pressure, obstetrical, medical, and medication history as well as ultrasound results.
A physical examination was done to evaluate the clinical signs of hyperandrogenism. Biochemical
measurements included fasting blood sugar, leutinizing hormone, follicular stimulating hormone,
Testosterone and lipid profile were measured together with total L-carnitine (using L-Carnitine Assay Kit
Sigma-Aldrich Co.). Insulin resistance was diagnosed according to National Cholesterol Education
Program/Adult Treatment Panel 111 (NCEP/ATP I111). PCOS is diagnosed according to the Rotterdam
criteria.

Results: This study revealed that insulin resistance (IR) was present in 51.7% of PCOS patients, which
was higher in obese PCOS patients (73.3%) than in the non-obese (30%). Age of patients, serum
cholesterol, LH, and FSH were not related to IR. High mean BMI, waist circumference, FBS and
triglyceride were significantly associated with IR (p < 0.05), while low serum HDL and L-Carnitine were
associated with IR (p < 0.05). The mean serum total L-carnitine in this study was 34.03umol/L. Obese
women had lower carnitine levels than non-obese women and low serum L-Carnitine was associated with
IR. Serum triglyceride, FBS and testosterone were correlated negatively with serum L-carnitine (p < 0.05)
and serum HDL correlated positively with serum L-carnitine (p value = 0.001).

Conclusions: The mean value of serum total L-carnitine among the non-obese PCOS women was higher
than among the obese ones. Low serum L-carnitine is associated with insulin resistance.
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PCOS is a complex condition that is most often
diagnosed by the following criteria:
Hyperandrogenism, ovulatory dysfunction and
polycystic ovaries, infertility and obesity. However,
obesity is not observed in all women with PCOS. The
prevalence of obesity in women with PCOS ranges
from 1% to 80% across studies and varies with the
definition of obesity as well as with women’s race and
cultural group. Approximately half the adult women
with PCOS are overweight or Obese (1) The
prevalence of type Il diabetes and insulin resistance
has been reported to be higher among women with
PCOS. (2, 3) Women with PCOS have higher levels
of total cholesterol, very-low-density lipoprotein,
LDL, and triglycerides, and lower levels of high-
density lipoprotein (HDL) compared
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with healthy women. (2) These endocrine and
medical  disorders  associated with PCOS:
Dyslipidemia, type |1l diabetes, obesity, and
hypertension which are established risk factors for
cardiovascular  disease.  Chronic  anovulation,
hyperandrogenemia, and insulin resistance are also
associated with increased cardiovascular risk. (4)
Several studies have suggested a link between PCOS
and different types of malignancies (eg: endometrial,
breast, and ovarian cancers) (5), but these studies
were generally small, retrospective, and did not
employ adequate controls.

“At a recent joint Rotterdam ESHRE/ASRM
(European Society of Human Health Reproduction
and Embryology/American Society for Reproduction
Medicine) consensus meeting a refined definition of
the PCOS was agreed: Namely the presence of two
out of the following three criteria: (6) Oligo- and/or
anovulation, hyperandrogenism (clinical and /or
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biochemical) and polycystic ovaries on ultrasound
examination”. (7) .

Acetyl-L-carnitine is involved in both anabolic and
catabolic metabolic pathways in the body. Carnitine
is important for energy balance across cell
membranes and in the energy metabolism of tissues
that rely heavily on fatty acid oxidation for energy,
such as skeletal and cardiac muscles. Although
carnitine is most known for its involvement in the
metabolism of carnitine-free fatty acids, it also
improves carbohydrate consumption. (8) D- and L-
carnitine,  Acetyl-L-carnitine, and propionyl-L-
carnitine are all molecules that are referred to as
carnitine. Only one of the two forms (L-carnitine, not
D-carnitine) is physiologically active, meaning it can
be used by the body. (9)

Oxidative stress, energy production and glucose
metabolism all require L-carnitine. L-carnitine has
the ability to maintain mitochondrial membranes,
enhance energy supply to the organelle, and protect
cells from apoptosis. Since the involvement of Acyl-
CoA derivative accumulation in the development of
insulin resistance was hypothesized, the use of
carnitine in the therapy of IR has gotten a lot of
interest. (10)

The beneficial effect of L-carnitine on ovulation
quality and rate of pregnancy, as well as on the
biochemical profile of PCOS patients, appear to
support its usage in clinical practice. The purpose of
supplementing with L-carnitine during the follicular
phase is to reduce reactive oxygen species (ROS) and
function as a scavenger for detrimental oxidative
stress compounds collected during earlier cycles of
ovulation induction.(11) A better effect on body
weight and lipid metabolism improves these patients'
quality of life much more. Thus because of its
positive effects and triple impacts on lipid
metabolism, oxidative stress, and metabolism of
glucose, this medication could be used as a first-line
therapy for PCOS. (10, 11)

This study aims to measure the level of L-carnitine
and insulin resistance in both obese and non- obese
patients with PCOS.

Patients and methods

This study was carried out at the Gynecology and
Obstetrics Out-Patient Clinic of Baghdad Teaching
Hospital. Sixty ladies with PCOS were recruited from
June 2016 to June 2017, 30 obese women and 30 non-
obese women with PCOS. L-carnitine and IR were
measured for all sample members. The data collected
from each sample member were: Height, weight,
waist circumference, blood pressure, obstetrical
history, medical history, medication history and
ultrasound results. A physical examination was done
to detect the clinical signs of hyperandrogenism. The
Rotterdam criteria were used to diagnose PCOS, with
at least two of the three criteria: Ovulatory
disturbance  (oligomenorrhea or amenorrhea);
hyperandrogenism, and an ovarian volume larger than
10 ml by ultrasound. Insulin resistance (IR) was
diagnosed according to the National Cholesterol

Education Program/Adult Treatment Panel 11l
(NCEP/ATP I1I) criteria for metabolic syndrome(12)
when three or more criteria are present:

Waist circumference > 88 cm.

Fasting triglyceride level of 150 mg/dL or more.
Blood pressure level of 130/85 mm Hg or more.
High-density lipoprotein level of < 50 mg/dL.
Fasting glucose level of 110 mg/dL or more.
Exclusion criteria included:

Age below 16 years and above 45 years.

Women taking drugs known to affect weight loss or
metabolism of carbohydrate and lipid.
Endocrinopathies including diabetes, androgen
secreting tumors, Cushing’s syndrome, non-classical
21-hydroxylase  deficiency, hyperprolactinemia,
thyroid dysfunction.

Alcohol consumption, smoking and use of all drugs
which change sex hormones, carnitine metabolism,
lipoprotein, or insulin secretion or action.

Consent from all women was obtained.

Except for L-carnitine, all biochemical measures
were done on the same day. The samples were kept at
2-20° C until they were tested for total L-carnitine
levels. Biochemical tests: Blood samples were taken
between the third and seventh days after spontaneous
menstrual bleeding, following an overnight fast.
Samples were collected by vein puncture. Samples
were allowed to clot and kept undisturbed for about
thirty minutes and then centrifuged at 400 rpm for 10
minutes at room temperature. The serum was
separated, the samples were tested for glucose
immediately after separation, and the remainder was
stored at — 20° C for future analyses.

The following measurements and investigations were
done:

Waist circumference and hip circumference was
measured with tape measure

BMI was calculated with the following reference
values: < 18.5 as under-weight, 18.5 — 24.99 as
optimal weight, and > 25 as obesity / overweight.
Plasma glucose concentrations, with the reference
normal values being <110 mg/dl, 111 — 125 mg/dI
being impaired, and > 126 mg / dl considered diabetes
as stated by World Health Organization guidelines
Luteinizing Hormone (LH) and Follicle Stimulating
Hormone (FSH) levels using commercial enzyme-
linked immunoassay (EIA) kits. Values of FSH
between 3.2-15 ng/ml and of LH between 1.2-12.5
ng/ml were regarded as normal.

Testosterone level using electro-
chemiluminescence’s immunoassay value between
0.1-0.9 ng/ml was regarded as normal.

Lipid profile: Triglycerides, cholesterol, and HDL
were tested with a fully automated analyzer using
established enzymatic procedures

Ultrasound: was done by an expert radiologist in the
department of Radiology-Baghdad Teaching
Hospital.

Statistical analysis: The two study groups were age-
matched. The statistical package SPSS-20 (Statistical
Packages for Social Sciences- version 20) was used
for data analysis. Simple frequency, percentage,
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mean, and standard deviation measurements were
used to present the data. The t-test and chi- square
were used, with a P value of <0.05 being considered
significant.

Results
The meantSD age of the non-obese group was
26.6£4.87 and for obese group 28.9+5.46. The

meantSD of BMI of the non-obese group was
22.9+1.54 Kg/m? (range: 19.5-24.9) and for obese
group 28.9+2.96 Kg/m? (range: 25.20-34.60). The
mean+SD of waist circumference for the non-obese
group was 82.1+5.11 and for the obese group was
82.6+7.08. The mean+SD of FBS for the non- obese
was 97.6+15.35 mg/dL and for the obese 128.1+£56.70
mg/dL, tablesl and 2.

Table 1: Descriptive statistics of all studied women with PCOS (N=60)

Variables Minimum Maximum Mean SD

Age (Years) 18 40 27.8 5.26

BMI (Kg/m?) 19.50 34.60 25.9 3.81

Waist circumference (cm) 71.0 95.0 82.7 6.13

FBS (mg/dl) 74 325 112.9 43.97

Cholesterol (mg/dl) 159 330 235.7 41.6

Triglyceride (mg/dl) 107 220 148.3 30.83

HDL (mg/dl) 21 68 43.8 12.09

LH (ng/ml) 6.0 17.8 115 2.64

FSH ng/ml) 3.1 8.8 5.5 1.36

LH/FSH Ratio 1.60 2.60 2.1 0.18

Testosterone (ng/ml) 0.3 3.3 1.6 0.71

Total L-Carnitine (umol/L) 8.5 67.3 34.0 17.26

Table 2: Description of the obese and non-obese PCOS study groups

Variable Study Groups Min Max Mean SD P value

Age (Years) Non-obese 18 39 26.6 4.87 0.095
Obese 18 40 28.9 5.46

BMI (Kg/m?) Non-obese 19.50 24.90 22.9 154 0.001
Obese 25.20 34.60 28.9 2.96

Waist circumference (cm) Non-obese 73.0 90.5 82.1 511 0.773
Obese 71.0 95.0 82.6 7.08

Cholesterol (mg/dl) Non-obese 159 295 223.8 35.56 0.026
Obese 174 330 247.6 44.3

Triglyceride (mg/dl) Non-obese 107 194 133.7 20.71 0.001
Obese 112 220 162.9 32.62

HDL (mg/dl) Non-obese 33 68 51.8 10.41 0.001
Obese 21 50 35.9 7.64

FBS (mg/dl) Non-obese 74 124 97.6 15.35 0.006
Obese 77 325 128.1 56.70

LH (ng/ml) Non-obese 6.0 16 10.8 2.52 0.058
Obese 74 17.8 121 2.64

FSH (ng/ml) Non-obese 3.1 7.3 5.2 1.25 0.098
Obese 31 8.8 5.8 141

Testosterone (ng/ml) Non-obese 0.3 2.1 13 0.47 0.001
Obese 0.9 33 1.9 0.75

Total L-Carnitine (umol/L) Non-obese 12.2 67.3 445 15.87 0.001
Obese 8.5 49.3 23.5 11.25

Of all the women studies 41 (68.3%) had normal FBS
(< 110 mg/dl), 15 (25%) had impaired fasting
glycaemia (111 - 125 mg/ dL) and 4 (6.7%) had FBS
>126 mg/ dL (diabetic). Twenty-six (86.7%) of the
non-obese group had normal FBS and 4 (13.3%) had

impaired fasting glycaemia, while 15 (50%) obese
women had normal FBS, 11 (36.7%) had impaired
fasting glycaemia and 4 (13.3%) were diabetic( table
3).

Table 3: Fasting blood sugars in obese and non-obese women with PCOS

FBS Non-obese Obese Total P Value
N % N % N %

Normal 26 86.7 15 50.0 41 68.3

Impaired fasting glycaemia 4 13.3 11 36.7 15 25.0 0.006

Diabetic 0 0 4 13.3 4 6.7
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Insulin resistance was found in 31 (51.7%) women with PCOS. Nine (30%) non-obese women had insulin
resistance and 22 (73.3%) obese women had insulin resistance, (p value= 0.001), table 4.
Table 4: Insulin Resistance in obese and non-obese women with PCOS

Insulin Resistance Non-obese Obese Total P Value
N % N % N %

Present 9 30.0 22 73.3 31 51.7

Not present 21 70.0 8 26.7 29 48.3 0.001

Total (100%) 30 30 60

Among all 60 PCOS women serum triglyceride, FBS
and testosterone were correlated negatively with
serum L-carnitine (p value= 0.001, 0.001 and 0.027
respectively) while serum HDL correlated positively
with serum L-carnitine (p value= 0.001). Among

obese women, serum HDL correlated positively and
serum FBS correlated negatively with serum L-
carnitine (p value= 0.008 and 0.002 respectively).
table 5.

Table 5: Correlation of clinical and biochemical features with total L-Carnitine in obese and non-obese

women with PCOS

Variables All patients Obese women Non-obese women
r P value r P value r P value

Age 0.217 0.095 0.010 0.956 0.292 0.117
Waist circumference -0.070 0.596 0.005 0.978 0.107 0.574
Cholesterol -0.203 0.120 -0.052 0.787 -0.023 0.905
Triglyceride -0.401 0.001 -0.320 0.085 0.001 0.999
HDL 0.498 0.001 0.476 0.008 -0.013 0.946
FBS -0.481 0.001 -0.540 0.002 -0.271 0.147
LH -0.124 0.345 -0.143 0.450 0.168 0.373
FSH -0.132 0.315 -0.171 0.365 0.138 0.468
Testosterone -0.285 0.027 0.021 0.912 -0.0001 0.999

r= (Pearson Correlation Coefficient)

The mean BMI, waist circumference, FBS and
triglyceride were significantly higher in women with
insulin resistance (p value < 0.05) than those without.

On the other hand, mean serum HDL and L-Carnitine
were lower in women with insulin resistance (p value
< 0.5) than those without, table 6.

Table 6: Clinical and biochemical features in women with PCOS and insulin resistance

Variables Insulin Resistance P value

Present (N=31) Not Present (N=29)

Mean SD Mean SD
Age 27.3 5.45 28.3 5.09 0.443
BMI 28.2 3.71 234 1.94 0.001
Waist circumference 84.3 6.86 80.3 4.51 0.012
FBS 128.3 55.37 96.3 13.6 0.004
Cholesterol 240.2 43.11 230.9 40.11 0.393
Triglyceride 155.9 32.92 140.1 26.62 0.047
HDL 40.3 11.83 47.6 11.39 0.018
LH 11.7 2.67 11.2 2.61 0.459
FSH 5.7 1.45 5.4 1.25 0.388
Testosterone 1.7 0.8 15 1.59 0.245
Total L-Carnitine 29.1 16.17 39.3 17.1 0.021

Discussion

Polycystic Ovary Syndrome, is a prevalent endocrine
disorder that affects females of reproductive age. The
incidence of PCOS differs depending on the
diagnostic criteria employed, with estimates ranging
from 9% to 18% in females of reproductive age
according to Rotterdam criteria.(7)

Just over one half of the women in the current study
(PCOS patients) had IR, which is higher than the
findings of Vrbikova et al (13) (40.2%) of PCOS
women and those of Li et al (43.23%) (14). However,
another study revealed that IR did not differ
significantly between PCOS and their control
group.(15) IR was found to be higher in obese women
with PCOS (73.3%) compared to (30%) in the non-

obese. Popovska et al (16) found that 58.1% of obese
women with PCOS had IR while Li etal (17) reported
that 28% of obese patients with PCOS had IR.

In general, overweight or obese women with PCOS
had increased fasting glucose levels and insulin
resistance.(13-18) Studies reported that women with
both PCOS and abnormal glucose tolerance had
significantly higher IR (18) and that the prevalence of
IR was significantly higher in the PCOS group
compared to the controls.(15) The metabolic
syndrome is prevalent in about 43-47 % of PCOS
patients, which is two times greater than the
proportion in the general population. (19) These
results augment our results that showed a higher
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incidence of IR in PCOS women especially obese
ones.

The current study found that age of patients, serum
cholesterol, LH and FSH were not associated with
insulin  resistance while high BMI, waist
circumference, FBS triglyceride and low serum HDL
and L-Carnitine were associated with insulin
resistance. Celik et al found in a follow-up study (of
2-4.17 years) for women with PCOS that 78% of
them had normal FBS at baseline and 11.5%
converted to impaired glucose tolerance. Among
those women with impaired glucose tolerance at
baseline, 33.3% converted to type Il diabetes
mellitus. (18) The present study showed that 13.3%
of non-obese and 36.7% of obese patients had
impaired fasting glycaemia which agreed with the
findings of other studies. (13, 18, 19)

Mahnaz et al showed no significant differences in
fasting glucose levels between the control group and
PCOS patients, as well as no significant differences
in the prevalence of impaired fasting glucose (IFG)
between the control group and PCOS, in a case-
control study. These findings could be due to the
small number of cases and controls in that study. (15)
In the current study, women with PCOS had
significantly higher testosterone levels which agrees
with the findings of previous studies. (16, 19) The
multiple functions of insulin may have a role in
hyperandrogenism. Although multiple studies have
found a link between fasting insulin levels and
androgen levels, it is still unclear if
hyperandrogenism is caused by hyperinsulinemia or
vice versa. Insulin and insulin-like growth factor-1
(IGF-1) are both effective stimulators of ovarian
androgen synthesis, with the insulin receptor likely
playing a role. (20) The mean LH/FSH ratio in PCOS
women was 2.09. However obese women had slightly
higher LH and FSH levels than non-obese, indicating
the low sensitivity of this test as a diagnostic tool in
Iragi patients with PCOS. Obese PCOS women have
significantly greater LH levels than their normal-
weight counterparts, according to clinical research
(21,22). This was also found in our patients. with LH
and FSH was not affected by the status of IR while
other studies showed lower LH concentrations in
PCOS women. (23)

In our series, obese women had higher serum
triglyceride and cholesterol levels and lower HDL
levels than non-obese which agrees with published
literature. (17, 20, 24) Obesity is a common symptom
of PCOS, with incidence rates ranging from 12.5 %
(25) to 100 % (26) according to a recent meta-analysis
(24), with an estimated incidence of 49% and 58.1 %
of obese females with PCOS being IR.(27) Obesity
also worsens IR and exacerbates most of the
reproductive and metabolic symptoms of PCOS.(28)
Females with PCOS have more triglycerides, LDL-
cholesterol, and total cholesterol, and lower HDL-
cholesterol levels, according to a meta-analysis (29)
compared to control females, regardless of BMI.
Women with PCOS are also more liable to develop

type 2 diabetes. High waist circumference is
associated with IR, in agreement with our study. (24)
The mean level of serum total L-carnitine in the
current study of 34.03umol/L is close to that reported
by Fenkci et al in which the mean level was 40.5 +
5.7 umol/L . (21) We also found that the obese had
carnitine levels lower than the non-obese and that low
serum L-Carnitine was associated with IR, both in
agreement with the studies of Essah et al (20) and
Fenkci et al. (21)

“Researchers from Pamukkale University's School of
Medicine in Turkey found that women with PCOS
had 50% less L-carnitine in their blood serum than
healthy women who are not diagnosed with PCOS
(21). They also found a link between low serum L-
carnitine levels and a high free androgen index (FAI),
which greatly contributes to the growth of excess
facial and body hair, as well as the loss of scalp hair
in women with PCOS.

Pharmacological treatment, like metformin, target
symptoms and are usually helpful, although they have
unpleasant gastrointestinal side effects. Most females
with PCOS need long-term treatment, thus it is
critical to consider additional non-pharmacological
treatment options. (30)

Conclusions

The mean value of serum total L-carnitine among the
non-obese PCOS women was higher than among the
obese ones. Low serum L-carnitine is associated with
insulin resistance.
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