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Abstract
The aim of the study was to evaluate the plasma profile of arachidonic acid (AA4), docosahexaenoic acid (DHA),

and eicosapentaenoic acid (EPA), as well to analyze the relationship of Omega 6/Omega 3 ratio with anthropo-
metric parameters and insulin resistance markers. Material and methods: Plasma levels of free fatty acids (FFAs)
were measured using a high-throughput LC-MS AB Sciex4600 in 202 children (127 obese and 75 non-obese), age
and sex-matched. Lipid and glucose profiles were assessed with current laboratory methods, while insulin resis-
tance and beta-cell function were evaluated using HOMA-IR and HOMA-f respectively. Results: In obese children,
AA and AA/(DHA+EPA) ratio were significantly higher regardless of age and gender. In the lowest quartile of
DHA, there was a clear trend for insulin resistance, with plasma insulin level, HOMA-IR, and HOMA-p significant-
ly higher compared to the highest quartile of DHA. After adjustment for age and gender DHA remains a negative
predictive factor for insulin resistance. Waist-to-height ratio (WH(R), a marker of visceral obesity was higher in
children with a higher AA/(DHA+EPA) ratio. Conclusions: In obese children, the AA is higher in concordance
with insulin resistance. Additionally, children with a higher AA/(DHA+EPA) ratio have greater BMI, fat mass,
waist circumference, and WHtR, important indicators of central adiposity, and cardio-metabolic disorders. LC/MS
is a versatile tool for Omega ratio assessment, especially in children where the sample size is a limiting factor for

metabolic and nutrition evaluation.
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Introduction

Obesity, both in adults and children is a ma-
jor public health issue, as this condition seems
to become an epidemic during the last years.
According to the World Health Organization
(WHO), in 2016 more than 650 million adults
were obese and over 340 million children and
adolescents aged between 5-19 were categorized
as obese or overweight (1). Since obesity is a
preventable condition, it is important to evalu-
ate its impact on children and adolescents and to
identify possible biomarkers as a tool for obese
patient evaluation. Aside from genetics, a great
impact on obesity is linked with food behavior,
and as it is well known, the Western diet is rich
in saturated fats and the ratio between polyun-
saturated and saturated fatty acids is balanced
in favor of the latter, in a ratio of 20:1 in lieu
of 1:1 (2). In addition to obesity, there are many
other interlinked pathological conditions asso-
ciated with a low polyunsaturated fatty acids
(PUFA) intake, like cardiovascular diseases, dia-
betes, or cancer (3). Obesity implies a low grade
of inflammation which is in part modulated by
the imbalance between arachidonic acid (AA)
an Omega-6 fatty acid, and two Omega-3 fatty
acids, docosahexaenoic acid (DHA) and eicos-
apentaenoic acid (EPA). In addition to the an-
ti-inflammatory effect induced by Omega-3 FAs
via specific pro-resolving mediator (SPM), e.g.
resolvins derived from EPA and protectins and
maresins derived from DHA, the two FAs addi-
tionally modulate the adipocyte life cycle (dif-
ferentiation and apoptosis) (4). Obesity leads to
a chronic low-grade inflammatory state, and the
therapeutic manipulation of inflammation can be
explored. Gonzalez-Périz and collab. showed in
an experimental study in obese mice that Ome-
ga-3 supplementation improves the insulin sen-
sitivity in adipose tissue, making a link between
inflammation, obesity, and insulin resistance
(5). A study performed by Dangardt and col-

lab. revealed that Omega-3 supplementation for
three months in obese adolescents significantly
improved glucose and insulin homeostasis, but
only in female subjects (6). A recent analysis of
anthropometric parameters in patients with obe-
sity and type 2 diabetes mellitus (DM) in adults
provides a comprehensive study regarding the
relationship of markers of central adiposity with
insulin resistance (7). Omega-3 index inversely
correlates to obesity and insulin resistance in
children (8) however, the Omega-3 index, rep-
resenting the proportion of (DHA+EPA) from
all FAs (9), imply characterization of the profile
of Red Blood Cell (RBC) membranes of all FA
(saturated and unsaturated) which could be quite
expensive for a routine determination. Despite
the fact that a good tool for FAs quantification
is the evaluation from the RBC membranes by
Liquid Chromatography-Mass Spectrometry
(LC/MC) (10), the serum or plasma detection is
also a facile way for free fatty acids assessment
(11,12). The data from the literature regarding
the possible link between DHA, EPA, AA, and
total body fat volume, insulin sensitivity, and
fat distribution in children and teenagers, are
scarce. In this regard, the present study aims to
analyze the plasma levels of AA, DHA and EPA,
FAs mainly involved in fine tuning of low-grade
inflammation, as well the relationship between
AA/(DHA+EPA) named here Omega Ratio
(Omega R) and anthropometric and biochemical
parameters in obese and non-obese participating
children. Additionally, a potential relationship
between plasma FAs and AA/DHA+EPA with
markers of insulin resistance (IR) will be dis-
cussed. A brief description of LC/MS method
validation will be also presented. PUFAs can be
quantified using various techniques such as Liq-
uid Chromatography-Mass Spectrometry (LC-
MS), or Gas Chromatography—Mass Spectrome-
try (GC-MS) from a wide array of matrices such
as plasma, red blood cell membranes and other
types of tissue (10,13—16). Both techniques of-
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fer good selectivity and high sensitivity, and are
thus suitable for use in PUFAs biomonitoring
studies (13,16,17). When selecting a technique
to use in PUFAs quantification, it is important
to consider not only the selectivity and sensitiv-
ity which need to be achieved, but also the ro-
bustness of a given technique and/or equipment,
and other factors which can affect the validation
process for the final method. It is also important
to consider the reproducibility of results during
each step of the sample preparation and optimize
each process in order to obtain high recovery and
extraction yields as well as reduced or no con-
tamination (or cross-contamination of samples).
In this regard, the Quadrupole Time-of-Flight
(QTOF) LC-MS technique offers very high sen-
sitivity and selectivity, but it is necessary to fine-
tune ionization and detection in order to obtain
the robustness required for analyzing large num-
bers of samples (18).

Materials and Methods

Patient and study design

This observational study included 213 children
aged between 5 to 18 years, who attended the
Endocrinology and Pediatric Clinics from Tar-
gu Mures between 2016-2018. The study pro-
tocol received the approval from the Ethical
Committee of the University of Medicine and
Pharmacy of Targu Mures (7/Jan 11" 2016), and
was conducted in accordance with the Helsinki
Declaration; before the children’s admission in
the study according to inclusion/exclusion crite-
ria, all parents had signed the informed consent.
Children were divided according to WHO crite-
ria in the overweight or obese group (BMI > + 1
SD) and normal group, 130 and 83, respectively.
The presence of exclusion criteria was defined
as follows: all chronic conditions like cardiac,
renal, liver insufficiency, any endocrine disease
without treatment, malabsorption syndrome, ge-
netic disease, short stature according to the Prad-

er growth chart (19), or no signed consent. Of
them, ten participants were excluded due to the
insufficiency of the sample volume for testing.
The subjects were not under Omega fatty acid
products supplementation and as the majority of
the population, were adepts of the Western diet.

Clinical evaluation, anthropometric data, and
blood sample collection

Clinical evaluation was performed by an ex-
perimented endocrinologist using standardized
protocols for obesity assessment: height (cm),
weight (kg), body mass index (BMI) (kg/m?)
expressed as raw values and standard deviation
(SD) score, waist circumference (WC), waist-to-
height ratio (WHtR) as a marker of central ad-
iposity, tricipital skinfold thickness (TST), and
body fat composition using bio-impedance anal-
ysis (total fat mass, percentage of fat mass, free-
fat mass) as previously described (20). For lipids,
glucose and endocrine profile (Insulin, Visfatin,
RBP-4) the blood was withdrawn after at least 8
hours fasting, during the morning, in EDTA col-
lection tubes. The biochemical parameters were
analyzed using routine laboratory procedures,
while Insulin (DRG International), Visfatin (Sig-
ma-Aldrich Co.), and RBP-4 (Sigma-Aldrich
Co.) were analyzed using enzyme-linked immu-
nosorbent assay (ELISA) according to manufac-
turers’ instructions on automated ELISA plat-
form Dynex DSX (Dynex Technologies). Insulin
resistance (IR) and beta-cell function were eval-
uated using the Homeostasis Assessment Model
HOMA-IR [glucose (mmol/L) x insulin (mIU/
mL)]/22.5, and HOMA-B [20 x insulin (mIU/
mL)]/ [glucose (mmol/L) - 3.5] respectively. An
Index above 6.0 was consistent with IR, the in-
dex below 1.4 was relevant for the absence of
IR, while an intermediate group had an index
between the above-mentioned values (11). Since
obesity is related to altered metabolism of tri-
glycerides and glucose, the triglyceride/glucose
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index (TyQG) calculated according to the formu-
la: In [Tg (mg/dl) x glucose (mg/dl)/2] was also
used as a possibility for IR estimation (21-24),
a value above 7.88 for children being considered
a cut off for insulin resistance assessment risk
(24).

Diet assessment

A food frequency questionnaire (FFQ) com-
prising 127 items was used, filled in by the le-
gal representative/parent. The methodology for
diet assessment was previously described (25);
in short, after filling the questionnaire, the appli-
cation returns the personal food pyramid com-
prising the 6 food groups — sweets, fat, meat &
proteins, dairy, fruits & vegetables, and cereal.

Fatty acids measurements (development and
full validation method not published yet)

The method used for the measurement of free
AA, EPA, and DHA concentrations from human
plasma was developed to be sensitive and selec-
tive, but also robust and rapid, allowing for the
analysis of a large number of samples in a short
period of time. The method was validated ac-
cording to international guidelines with regard to
the most critical parameters (26). Protein precip-
itation was used for sample preparation, a rap-
id high-throughput sample preparation method
which is also simple and thus minimizes prepa-
ration errors and the risk of sample contamina-
tion or cross-contamination. An LC-MS system
comprised of an AB Sciex (Framingham, USA)
QTOF 4600 mass spectrometer coupled with a
Perkin-Elmer (Waltham, USA) Flexar FX-10
HPLC system (composed of two single pumps
with inline degasser, auto-sampler, and column
thermostat) were used for analytical separation
and detection. HPLC grade acetonitrile and for-
mic acid 98-100% of analytical grade were man-
ufactured by Scharlau (Barcelona, Spain). Ana-
lytical grade ammonium formate manufactured
by Fluka (Buchs, Switzerland) and ultrapure wa-

ter (Millipore Direct-Q 3 Water purifier system,
Milford, USA) were used. AA, DHA and EPA
analytical standards were purchased from Chro-
maDex (Los Angeles, USA), arachidonic-d11
acid analytical standard was purchased from
Cayman Chemical (Ann Arbor, USA).

Before being analyzed using the LC-MS meth-
od, plasma samples were precipitated with ace-
tonitrile (ratio of 1:3), at the same time the inter-
nal standard (arachidonic-d11 acid) being added.
After mixing, samples were centrifuged and the
supernatant was transferred to clean HPLC vials
in order to be injected into the LC-MS system.
The bioanalytical method used for the quantifi-
cation of AA, DHA, and EPA achieved good an-
alytical separation using a Kinetex XB-C18 an-
alytical column with a mobile phase consisting
of acetonitrile and 10mM ammonium formate
aqueous solution in isocratic flow. Ionization of
analytes and internal standard was performed
using negative electrospray ionization (ESI) ion
source. Fragmentation patterns were studied and
specific fragments were selected and monitored
for the detection of each analyte. The concen-
tration intervals for calibration curves were
2.5-125 pug/mL for AA and 50-2500 ng/mL for
both DHA and EPA. The method was validated
with regards to carryover, selectivity, linearity,
between-run and within-run accuracy and pre-
cision, and recovery. Short-term, table-top and
autosampler stability of solutions were also
checked and were found to be satisfactory. In
order to assure the validity of results measured
from the plasma samples collected from subjects
linearity of calibration curves, as well as the ac-
curacy of recalculated calibration standards was
monitored during each run, while quality control
samples were injected at the end of each analyt-
ical sequence in order to verify system accuracy
and stability. During all the analytical runs lin-
earity, the accuracy of calibration standard sam-
ples proved to be within acceptable limits, and
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the analytical method was shown to be robust
and give accurate results (as quality control sam-
ples were with acceptable limits for each run)
during the whole duration of runs.

Statistical analysis

The data were analyzed using SPSS v 25.0
(SPSS. Inc, Chicago, USA). Continuous vari-
ables were expressed as mean + standard devi-
ation (SD) or median and interquartile range,
depending on the distribution, and compared us-
ing the t-test or Mann-Whitney test respective-
ly, normality was tested using the Shapiro-Wilk
test. For correlation analysis, the Spearman co-
efficient was calculated. Categorical variables
were expressed as proportions. For testing the
association between categorical variables, ei-
ther Chi-square or Fisher’s test was used. The
obese group was studied using quartiles, high-
lighting the difference between first and fourth
quartile, for a better visualization of the differ-
ence between plasma FFAs analyzed expressed
as AA/DHA+EPA ratio. For the FFQ extreme

values, 95% winsorization was used to deal with
extreme values. A two-tail p-value < 0.05 was
considered statistically significant.

Results

Overall characteristics of the study popula-
tions

Plasma levels of free fatty acids were measured
using a validated high-throughput LC-MS meth-
od in 202 children (127 obese and 75 non-obese),
age-, and sex-matched (p=0.262). No difference
was observed in baseline plasma levels of FFAs
or Omega ratio between boys and girls (table 1).
Briefly, WC was found higher in boys, the per-
centage of the fat mass (%) was higher in girls,
while WHtR a reliable indicator of central adi-
posity, was higher in boys at the limit of statisti-
cal significance (table 1).

Comparative analysis of plasma fiee fatty ac-
ids profile in obese and non-obese children
Since the differences between obese and non-
obese groups regarding the demographic and

Table 1. Characteristics of the study population. y=years, BMI=body mass index, WC=waist
circumference, WHtR=waist to height ratio, AA=arachidonic acid, DHA=docosahexaenoic acid,
EPA=cicosapentaenoic acid, Omega R=AA/DHA+EPA, TyG=triglyceride/glucose index, HOMA

IR=homeostasis model assessment for insulin resistance, HOMA-f}= homeostasis model assessment
for beta-cell function. Values expressed as mean+SD or median (interquartile range).

Variable Girls (n=102) Boys (n=100) p

Age (Years) 11.7+£29 11.4+£29 0.437
Obesity (n, %) 60 (47.2%) 67 (52.7%) 0.229
Body Weight (kg) 47.95 (IQR 39.0-59.4) 53.8 (IQR 39.4-66.0) 0.090
WC (cm) 77.59 £14.3 82.2 £15.9 0.030
WH{tR 0.52 £0.09 0.55 £0.08 0.051
Fat Mass (%) 29.2 +8.8 255+ 114 0.011
HOMA IR 5.53 (IQR 4.06-7.81) 5.66 (IQR 3.94- 8.45) 0.997
HOMA B 119.8 (IQR 80.2-170.1) 118.96 (IQR 87.7-165.8) 0.930
TyG index 8.03 £0.45 7.94+£0.52 0.179
AA (ug/mL) 20.66 (IQR 15.45-26.97) 21.54 (IQR 15.75-29.86) 0.495
DHA (ng/mL) 370.19 (IQR 283.6-480.9) 373.3 (IQR 297.58-500.5) 0.685
EPA (ng/mL) 65.12 (IQR 46.25-92.1) 69.46 (IQR 53.0-97.54) 0.326
Omega R 499 +18.2 50.82+17.3 0.714
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anthropometric parameters were analyzed else-
where (20), in this subsequent study we per-
formed the analysis of the basal FAs plasma
levels in the above mentioned groups (Table 2).
There was no significant difference for DHA
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and EPA between the two groups, however,
plasma concentrations of AA, Omega R, TyG
and HOMA indices were significantly higher in
obese compared to non-obese children (p=0.004
for AA and p<0.0001 for the rest) (figure 1).

Table 2. Baseline plasma free fatty acids and insulin resistance indices (HOMA, TyG) in non-obese vs obese
children AA=arachidonic acid, DHA=docosahexaenoic acid, EPA=eicosapentaenoic acid, Omega R=AA(ng/
ml)/DHA+EPA, TyG=triglyceride/glucose index, HOMA-IR=homeostasis model assessment for insulin
resistance, HOMA-f=homeostasis model assessment for beta-cell function. Values expressed as median
(interquartile range).

Parameter Non-obese group (n=75) Obese group (n=127) p value
AA pg/mL (IQR) 19.44 (15.46-24.72) 22.94(15.74-30.50) 0.042
DHA ng/mL (IQR) 405.78 (325.45-481.48) 346.38 (265.40-493.55) 0.112
EPA ng/mL (IQR) 65.11 (52.23-80.91) 69.35 (47.38-100.35) 0.252
Omega R (IQR) 42.44 (34.82-49.36) 50.39 (41.79-64.27) <0.0001
TyG (IQR) 4.20 (4.12-4.36) 4.37 (4.26-4.55) <0.0001
HOMA IR (IQR) 4.28 (3.01-6.01) 6.64 (4.83-8.86) <0.0001
HOMA-f (IQR) 98.18 (65.93-122.04) 138.61 (103.64-181.49) <0.0001
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Fig. 1. The parameters (HOMA-IR, Homa-f Omega R, TyG index) with statistically significance
between non-obese and obese groups. Omega R represents the ratio between AA
(Omega-6) and DHA+EPA (Omega-3) FAs
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Association of Omega R with anthropometric

parameters, biochemical and hormonal profile
Because the AA/DHA+EPA ratio reflects the im-
balance between pro- and anti-inflammatory ef-
fect of the above-mentioned fatty acids, the whole
study group (obese and non-obese) was stratified
according to median value of Omega R, a high-
er value of Omega R indicating a prevalence of
AA to the detriment of Omega-3 FAs. The demo-
graphic and baseline laboratory characteristics
dichotomized according to the median overall
value of Omega R of 46.13 are detailed in Table
3. In subjects with higher Omega R and prepon-
derant pro-inflammatory effects exerted by the
imbalance between Omega-6 and Omega-3 in the
favor of Omega-6, the BMI_SD, waist SD, fat
mass percent, and WHtR were significantly high-

er. Apart from altered anthropometric parameters,
the HOMA indices are not statistically different
between the two groups, tailored in this fashion.
When the same parameters were analyzed for
the lowest and highest quartile of plasma EPA
and DHA, we found that the anthropometric and
most of the plasma parameters showed no differ-
ence, whereas plasma insulin levels, HOMA-IR,
and HOMA-B were significantly higher in the
lower quartile group (Q1) of DHA with no dif-
ferences for EPA interquartiles (Table 4).

After adjustment for age, gender and obese sta-
tus, levels of EPA (r=0.219, p=0.002) and DHA
(r=0.151, p=0.033) positively correlate with the
number of fruit & vegetable portions/day. None
of the other food groups influence the fatty acid
levels.

Table 3. The difference of studied parameters between lower and higher Omega R groups. Omega R=AA/
DHA+EPA, AA=arachidonic acid, DHA=docosahexaenoic acid, EPA=eicosapentaenoic acid, HOMA-
IR=homeostasis model assessment for insulin resistance, HOMA-f=homeostasis model assessment for beta-
cell function. Values expressed as mean+SD or median (interquartile range).

Omega R Omega R

<46.13 >46.13 p value

(n=101) (n=101)
Demographic data
Gender Male (n., %) 49 (48.5%) 51(50.5%) 0.778
Age (years, mean + SD) 11.4+2.9 11.8+2.9 0.927
Anthropometric data
BMI _SD 0.95 (-0.13-1.88) 1.57 (1.13-2.27) 0.0009
Waist SD 1.56 (0.31-2.52) 2.01 (1.04-3.06) 0.009
WHtR 0.51 (0.45-0.58) 0.55 (0.50-0.60) 0.004
Fat mass kg 11.7 (6.77-17.97) 15.80 (9.82-22.45) 0.006
Fat _mass_(%) 24.60 (18.80-32.20) 29.80 (22.35-36.02) 0.005
Non_fat mass 36.00 (27.65-41.22) 36.20 (26.35-44.95) 0.558
Muscle mass 34.50 (27.52-3.47) 36.20 (26.35-44.95) 0.208
Laboratory data
AA pg/mL 18.68 (14.73-24.32) 24.53 (17.73-32.01) <0.0001
DHA ng/mL 425.41 (331.01-548.21) 326.24 (241.25-437.65) <0.0001
EPA ng/mL 65.33 (951.16-96.42) 66.47 (47.08-94.21) 0.727
Insulin (uIU/mL) 27.08 (19.86-38.97) 29.49 (21.92-38.67) 0.354
HOMA-IR 5.37 (3.74-7.69) 5.98 (4.41-8.27) 0.302
HOMA-B 112.63 (84.93-165.38) 124.39 (91.77-170-09) 0.405
TyG 4.31 (4.14-4.45) 4.36 (4.19-4.52) 0.231
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Table 4. Patients characteristics of anthropometric, biochemical and hormonal profile for the lowest (Q1) and
highest (Q4) quartile for plasma DHA. DHA=docosahexaenoic acid, TyG=trygliceride/glucose index, HOMA
IR=homeostasis model assessment for insulin resistance, HOMA-pf=homeostasis model assessment for beta-
cell function. Values expressed as median (interquartile range) or mean and standard deviation (SD).

DHA Quartile p value

Parameter Q1 (N=41) Q4 (N=49)

BMI SD (IQR) 1.57 (1.75-2.12) 1.50 (-0.36-2.53) 0.541
Fat mass (%) 29.10 (22.47-33.72) 27.4 (18.7-38.57) 0.981
Muscle mass (median, IQR) 37.3 (27.05-46.25) 34.5(25.12-39.70) 0.09
Waist SD (median, IQR) 2.15 (1.56-2.60) 1.90 (0.54-2.76) 0.303
Glucose mg/dL (mean, SD) 82.7 (7.98) 83.2 (8.42) 0.751
Total Cholesterol mg/dL (median, IQR) 152.0 (135.7-175.2) 164.0 (150.6-187.9) 0.012
Tryglicerides mg/dL (median, IQR) 62.0 (48.6-96.2) 65.0 (49.9-88.4) 0.875
TyG 4.29 (4.16-4.50) 4.31 (4.17-4.45) 0.932
HOMA IR (IQR) 7.27 (5.08-10.2) 5.05 (3.97-6.91) 0.004
HOMA B (IQR) 129.1 (111.7-226.3) 103.9 (79.04-159.5) 0.002

Visfatin ng/mL (median, IQR)

12586 (9854-14674)

13225 (11588-16106) 0.122

RBP-4 (ng/mL) (median, IQR)

14436.0 (6999.7-22688.5)

10138 (6898.4-15750.0) 0.164

Insulin pIU/mL (median, IQR)

33.75 (25.11-52.8)

25.19 (19.96-33.83) 0.002

Spearman correlation matrix between studied
variables (FAs, HOMA-IR, HOMA-p, TyG,
obesity, insulin)

The Spearman analysis showed a significant
correlation between Omega R and anthropo-
metric data, for BMI_SD (r=0.244, p=0.0001),
WHIR (r=0.213, p=0.002), fat mass % (r=0.224,
p=0.002). A significant negative correlation was
maintained between DHA and HOMA-IR (r=-
0.204, p=0.004), while the correlation between
EPA or Omega Ratio and HOMA-IR was lost
after age and gender adjustment.

Discussion

In our study, we sought to investigate the differ-
ence of three important PUFAs (DHA and EPA
along with AA) in a relatively large sample size
of obese and non-obese children and to evaluate
the potential link between the above mentioned
FFAs measured in plasma and fat percentage,
muscle mass, and insulin resistance scores. Al-
though the quantification of FAs in the RBC
membranes is desirable, plasma FAs detection

can also provide valuable information. As in
Burrows et al (8), we did not find a statistical
difference for Omega-3 FFAs (DHA and EPA)
between obese and non-obese groups, howev-
er, AA a potent pro-inflammatory fatty acid and
AA/DHA+EPA (defined as Omega R) were sig-
nificantly higher in obese children (p=0.042 for
AA and p<0.0001 for Omega R), highlighting in
this way the imbalance between pro-inflammato-
ry and anti-inflammatory effects of FAs in obe-
sity. The unbalance between AA and DHA+EPA
will determine the maintenance of a pro-inflam-
matory status and develop an insulin resistance,
highlighted by HOMA-IR > 6 and higher in-
sulin plasma levels, more prevalent in patients
with low DHA levels. DHA and EPA could be
synthesized from alfa linolenic acid (ALA) or
brought into the body through diet. Because the
conversion from ALA is not very efficient, DHA
and EPA are considered essential nutrients and,
therefore, they must be supplemented by diet or
food supplements. While the mediterranean diet
is rich in Omega 3 FAs, the Western diet which
prevails in our region is an important obesity in-
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ducing factor (27) having an Omega-6/Omega-3
ratio of 20:1 (2), very rich in pro-inflammatory
FAs.

The adipose tissue could be considered as an
organ with metabolic and endocrine activity,
many cytokines and hormones with autocrine
and paracrine action being secreted by adipo-
cytes (28). During childhood, the adipose tissue
has a great capacity to adapt in relation to many
external factors, an important one being the re-
cruitment of new adipocytes, increasing the ad-
ipocyte size, increasing the white adipose mass,
with consecutive alteration in adipokine secre-
tion (29). As expected, the excessive adipose
tissue exerts negative metabolic actions associ-
ated with insulin resistance, dyslipidemia, and
diabetes, as well as with prothrombotic state and
low-grade inflammation (28). This inflammato-
ry state driven by the adipose tissue is, among
others, the consequence of obesity-induced M2
anti-inflammatory macrophages to pro-inflam-
matory M1 macrophages shift (30). Some exper-
imental data suggest a link between PUFAs and
adipocyte function, modulated throughout the
increasing the beta-oxidation of FAs and inhib-
iting hepatic lipogenesis with consecutive total
body fat reduction. Extrapolating, these effects
could improve insulin sensitivity (30). However,
in humans with already set type 2 diabetes mel-
litus (DM), insulin sensitivity failed to improve
after Omega-3 supplementation, the inadequate
control or dosage being suspected (30). Omega
6/Omega 3 ratio exerts influences upon adipo-
genesis and lipid metabolism, inflammation, and
brain-gut-adipose tissue. The last ones are me-
diated throughout the endocannabinoid system,
being responsible for activation of CB1 and CB2
receptors, and upregulated by increased concen-
tration of AA (2). The mediterranean diet has a
great impact on the prevention of obesity and
conditions related to obesity diseases; howev-
er, because of the low adherence to mediterra-
nean diet, obesity becomes endemic among the

youngsters in European countries (27), but not
only. This aspect is of particular interest in chil-
dren; the low adherence to mediterranean diet,
higher intake of processed food, rich in trans
fatty acids, and low physical activity being un-
healthy habits conveying to obesity. Thus, the
main difference between Western and Mediter-
ranean diets consists mainly of fatty acids com-
position. While the mediterranean diet is rich in
monounsaturated fatty acids (MUFAs) prepon-
derantly found in olive oil and polyunsaturated
fatty acids (PUFAs) mainly found in marine
products, the Western diet is rich in saturated
fatty acids (SFAs) (3). In the last years, the in-
creasing prevalence of type 2 DM in children is
obviously increased, this pathology is no longer
a disease of adult age. In addition to hereditary,
polygenic susceptibility in the pathogenesis of
type 2 DM, the environmental, lifestyle, and nu-
tritional factors being substantial contributors.
Genetic factors have strong interlinks and in
addition to associated factors are eventually re-
sponsible for obesity promotion. There are many
epigenetic modifications that might be studied
in relation to obesity and related complications;
among them, microRNAs (miRNA) derived
from adipocytes involved in TGF-f3 and Wnt/f
catenin pathways, which seems to be altered in
childhood obesity, is a promising tool (31). A re-
cent publication endorses the importance of exo-
somes in the pathogenesis of obesity and insulin
resistance, adipocyte-derived exosomes play-
ing a crucial role in macrophage activation and
proinflammatory response, although there are
exosomes that carry out information that blunts
the inflammation, throughout the M2 macro-
phage polarization (32). On the other hand, the
crosstalk between B-cells and insulin-sensitive
organs for glycemic homeostatic purpose could
imply exosomes, the number of circulating ex-
tracellular vesicle correlates with HOMA-f (32).
Despite the small size of the extracellular vesicle
(up to 1000 nm), exosomes seem to be a prom-
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ising marker not only in obesity-related disease
but also in malignant disease, since they transmit
the information from descent cells to target tis-
sues (31,33-35). There is a strong relationship
between adipose and muscular tissues and the
glucose homeostasis, throughout the regulation
of glucose uptake from the periphery via two
high-affinity transporters, one insulin-depen-
dent GLUT4, and the other one insulin-inde-
pendent GLUT1 in a ratio of 3.5:1 (36,37). In
both aforementioned tissues, insulin increases
the membrane expression of the GLUT4 from
the cytoplasmic vesicle, facilitating the glucose
uptake in postprandial state. In insulin-resistant
subjects the decreased rate of glucose uptake has
different characteristics in adipose compared to
muscular tissue. A study using Positron Emis-
sion Tomography (PET) for the measurement of
blood supply and glucose uptake in skeletal and
adipose tissue revealed that in adipose tissue the
glucose uptake mediated by insulin is impaired
due to a reduction in blood flow, while in skele-
tal muscular tissue in the resting phase, the glu-
cose-insulin homeostasis impairment seems to
be a consequence of a cellular defect (36). By
decreasing the blood supply due to adipocytes
expansion in adipose tissue, a consecutive mac-
rophage infiltration will secrete pro-inflammato-
ry cytokines which in turn will change the pro-
file of adipokine secretion (4). Insulin resistance
reflected by impaired glucose uptake in the main
insulin-sensitive tissues like muscular and adi-
pose have a different pattern than liver metab-
olism and is in close relationship with endoge-
nous glucose production (EGP) (38). A strong
negative correlation was found between obesity
and tissue glucose uptake; besides the antilipo-
lytic effect of insulin in adipose tissue, it affects
the glucose uptake by the skeletal muscle tissue
and liver glucose production, increasing the im-
balance of glucose metabolism (38). A profile of
FAs was analyzed in a group of children with
newly diagnosed diabetes, onset diabetes and

controls by Castro-Correia et al (39); the results
revealed that plasma levels of AA in the diabetes
was higher than in healthy children, while DHA
and EPA levels were significantly lower in con-
trols vs diabetes group, these controversial re-
sults probably are due to the very low number of
the recruited participants.

In a small size study Burrows et al has studied
the relationship between Omega 3 index (defined
as the percentage of DHA+EPA from all mea-
sured free fatty acids in the erythrocyte mem-
branes) weight and IR in obese and non-obese
children (8). The researchers found that the
Omega-3 Index is altered in obese children and
inversely correlated to insulin levels and HOMA
score. An extended Omega-3 index takes into ac-
count all FFAs, saturated, monounsaturated, and
polyunsaturated fatty acids, however, these are
non-routine, quite expensive parameters. Both
Omega-3 FAs, DHA, and EPA modulate the ad-
ipocyte proliferation, differentiation, and adipo-
kine secretion (4) and are the main players in the
fine tuning of low-grade inflammation related
to obesity (4). Additionally, PUFA supplemen-
tation seems to influence the miRNA synthesis
profiles and modulate inflammation by means of
cytokine synthesis or other macrophage proper-
ties (40).

In a previous study investigating the lipid pro-
file in ischemic stroke patients, we found that
in the Romanian population with no obvious
illness (control group), the Omega-3 index was
very low (41) compared to the recommenda-
tions (42). As previous studies revealed that the
triglyceride glucose index seems to be a good
predictor for insulin resistance (21,22), when an-
alyzed in our study group this parameter found a
significant higher TyG index in obese compared
to non-obese children (p<0.0001) yet, without a
clear difference between the lowest and the high-
est quartile of Omega R into the obese group. A
recent meta-analysis revealed the effectiveness
of Omega 3 supplementation for lowering tri-
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glyceride levels and waist circumference with-
out important influence on BMI or total choles-
terol, LDL cholesterol or glucose (43). Because
there was a significant relation between WHIR, a
marker of central adiposity, and Omega R, with
a higher ratio with clear imbalance of Omega
6 and Omega 3 in favor of pro-inflammatory
Omega 6, results that are in line with other data
from the literature (44), we could suggest that an
improvement in AA/DHA+EPA equilibrium by
any means of dietary supplementation (fish oil,
supplements), may reduce the central adiposity
which in turn will improve the insulin sensibili-
ty, as we found a higher insulin plasma level in
the group with a higher AA profile.

Conclusions

In obese children, the plasma level of AA is high-
er in concordance with insulin resistance. Addi-
tionally, children with a higher AA/DHA+EPA
ratio had greater BMI, fat mass, waist circumfer-
ence, and waist-to-height ratio, important indi-
cators of central adiposity, and cardio-metabolic
disorders. The results of the study subscribe to
a small number of studies on the level of FAs in
children and the relationship of the Omega Ratio
with anthropometric indices, obesity, and insu-
lin resistance. Additionally, LC/MS is a versatile
tool for Omega ratio assessment, especially in
children where the sample size is a limiting fac-
tor for metabolic and nutrition evaluation.
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