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Abstract
Purpose  Obesity leads to the clustering of cardiovascular (CV) risk factors and the metabolic syndrome (MetS) also in chil-
dren and is often accompanied by non-alcoholic fatty liver disease. Quality of dietary fat, beyond the quantity, can influence 
CV risk profile and, in particular, omega-3 fatty acids (FA) have been proposed as beneficial in this setting. The aim of the 
study was to evaluate the associations of individual CV risk factors, characterizing the MetS, with erythrocyte membrane 
FA, markers of average intake, in a group of 70 overweight/obese children.
Methods  We conducted an observational study. Erythrocyte membrane FA were measured by gas chromatography. Spear-
man correlation coefficients (rS) were calculated to evaluate associations between FA and features of the MetS.
Results  Mean content of Omega-3 FA was low (Omega-3 Index = 4.7 ± 0.8%). Not omega-3 FA but some omega-6 FA, 
especially arachidonic acid (AA), were inversely associated with several features of the MetS: AA resulted inversely cor-
related with waist circumference (rS = − 0.352), triglycerides (rS = − 0.379), fasting insulin (rS = − 0.337) and 24-h SBP 
(rS = − 0.313). Total amount of saturated FA (SFA) and specifically palmitic acid, correlated positively with waist circum-
ference (rS = 0.354), triglycerides (rS = 0.400) and fasting insulin (rS = 0.287). Fatty Liver Index (FLI), a predictive score 
of steatosis based on GGT, triglycerides and anthropometric indexes, was positively correlated to palmitic acid (rS = 0.515) 
and inversely to AA (rS = − 0.472).
Conclusions  Our data suggest that omega-6 FA, and especially AA, could be protective toward CV risk factors featuring the 
MetS and also to indexes of hepatic steatosis in obese children, whereas SFA seems to exert opposite effects.

Keywords  Omega-6 fatty acids · Saturated fatty acids · Arachidonic acid · Palmitic acid · Metabolic syndrome · Non-
alcoholic fatty liver disease · Children
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NAFLD	� Non-alcoholic fatty liver disease
O-DBP	� Office diastolic blood pressure
O-SBP	� Office systolic blood pressure
PA	� Palmitic acid
RCT​	� Randomized controlled trial
SBP	� Systolic blood pressure
SCD	� Delta-9 desaturase
SFA	� Saturated fatty acid
TRI	� Triglycerides

Introduction

In the last few decades, the lifestyle changes in western 
countries led to an increase in the prevalence of overweight/
obesity and cardiovascular (CV) risk factors, which often 
accompany the body weight excess, not only in adults but 
also in children [1]. In particular, a central distribution of 
obesity is associated with a higher CV risk profile through 
the clustering of CV risk factors that leads to the so-called 
metabolic syndrome (MetS). Insulin resistance often accom-
panies obesity and plays a pivotal pathophysiological role 
in the development of MetS. Non-alcoholic fatty liver dis-
ease (NAFLD) can be considered the hepatic manifestation 
of MetS because of the common risk factors, like central 
obesity, insulin resistance and dyslipidemia [2]. NAFLD by 
itself is associated with an increased risk of cardiovascular 
disease [3].

An unbalanced diet is a common factor that might pro-
mote several of the components of MetS and NAFLD. A 
hyperlipidemic diet may influence the onset and progression 
of obesity; however, increasing attention is paid not only 
to the quantity but also to the quality of fat. Indeed, epide-
miological and intervention studies indicate that saturated 
fatty acids (SFA) might negatively affect insulin sensitiv-
ity [4] and plasma lipid profile [5]. However, randomized 
controlled trials (RCTs) and successive meta-analyses gave 
controversial results about the link between SFA and car-
diovascular risk [6, 7]. Anyhow, there is general agreement 
that dietary assumption of SFA should be lower than 10% 
but which is the best macronutrient to replace them remains 
a matter of debate.

On the other hand, omega-3 polyunsaturated fatty acids 
(PUFA) are generally recognized as healthy nutrients. They 
positively affect plasma lipid profile, insulin sensitivity [8], 
might exert beneficial effect on blood pressure (BP) [9–11] 
and on abdominal obesity [12] and, moreover, can play 
an important role in prevention and treatment of NAFLD, 
even in children [2]. Moreover, omega-3 PUFA have anti-
inflammatory activity, which may play a role also in the 
development of CV diseases [13]. The increasing interest in 
the potential beneficial effect of omega-3 PUFA and the con-
cern that a high omega-6/omega-3 PUFA ratio is associated 

with an increased cardiovascular risk led to the advisement 
of reducing the dietary intake of omega-6 PUFA, although 
insufficient evidence links the omega-6/omega-3 PUFA ratio 
to the clinical outcomes [14]; anyhow the role of total and 
single omega-6 PUFA in cardiovascular disease is not clari-
fied yet [15].

Notably, new insights indicate a protective role of 
omega-6 FA, and in particular linoleic acid (LA), with 
respect to body fat distribution and insulin resistance [16] 
and total mortality [17]. A longitudinal study showed an 
inverse relation between an increase in serum omega-6 
PUFA and the prevalence of MetS in a Finnish population 
[18]. Thus, further investigations are needed to clarify these 
issues in adults and even more in children. Therefore, we 
aimed at investigating the associations of individual CV risk 
factors, characterizing the MetS, with erythrocyte membrane 
FA, markers of the preceding 2–3 months intake, in a group 
of overweight and obese children.

Methods

Overweight and obese children were recruited from the 
“Pediatric Obesity Outpatients Unit” of the University Hos-
pital of Verona and of the “Local Health Unit n. 20” (ASL 
20) of Verona. Inclusion criteria were: children and adoles-
cents aged 5–18 years; overweight or obesity (BMI ≥ 90th 
and 95th percentile for sex and age, respectively). WHO 
reference for BMI was used for categorizing children into the 
overweight and obese groups [19]. Exclusion criteria were: 
hepatic or renal chronic diseases, malignancies, diabetes 
mellitus, other therapies potentially affecting glucose and/
or lipid metabolism; obesity secondary to genetic disorders 
and/or syndromes.

Study design

The study was conducted according to a cross-sectional 
observational design. The study was approved by the Ethi-
cal Committee of Verona (CE n. 2218), and written informed 
consent was obtained from each participant’s parents.

Assessments

Each child was evaluated in a single occasion, between 8 and 
9 a.m. A questionnaire was administered to the patients and 
to the parents, dealing with medical history, family history, 
physiological and pathological information and use of drugs. 
Then, the participants underwent a physical examination. 
They were advised not to engage in strenuous exercise and to 
avoid consuming caffeine-containing beverages within 12 h 
preceding the vascular studies.



733European Journal of Nutrition (2019) 58:731–742	

1 3

During the visit, blood pressure was measured with 
a semiautomatic oscillometric device (TM-2551, A&D 
instruments Ltd, Abingdon Oxford, UK) for 3 times, 3 min 
apart with the patient lying supine for at least 10 min before 
the first measurement in a room with controlled tempera-
ture (22–24 °C). Ambulatory blood pressure measurement 
was recorded by an oscillometric device (Spacelabs 90217; 
Spacelabs Inc., Issaquah, Washington, USA), which meas-
ured BP every 15 min during the day and every 30 min 
during the night. Children and parents recorded physical 
activities, resting and sleeping time and symptoms on a 
dedicated diary. After recording, the daytime and nighttime 
periods (set to default at 0700 and 2200 h, respectively) were 
adapted to “real” awake and sleep times according to what 
was declared in the diary of activity, as previously indicated 
[20].

All of the values derived from BP measurements were 
transformed in z-score and percentile, according to norma-
tive values [21, 22].

Body weight, height, and waist and hip circumferences 
were measured with the patient wearing light clothes. Body 
weight was measured by a calibrated balance and height by 
a calibrated stadiometer [23].

Waist circumference was transformed in z score and per-
centile according to normative values [24]. Expert pedia-
tricians defined the pubertal status on the basis of Tanner 
stages; children with a Tanner stage ≥ 3 were classified as 
pubescent.

Metabolic syndrome definition

In an exploratory analysis, we defined the MetS according 
to the diagnostic criteria suggested by the International Dia-
betes Federation [25]. Anyhow we decided to extend the 
diagnosis to all age categories and replace the suggested 
cut-off point of BP with the 90th percentile for sex and age 
of SBP and DBP, according to the normative values [22] and 
to the definition of pre-hypertension/hypertension indicated 
by the current guidelines [26].

Laboratory measurements

Blood samples were collected after an overnight fast. 
Laboratory measurements, including fasting plasma glu-
cose, insulin, total cholesterol, HDL-cholesterol, triglycer-
ides, AST, ALT and GGT were measured using standard-
ized methods. Insulin resistance has been estimated with 
HOMA Index (HOMA-IR), which was calculated by Mat-
thews formula (fasting insulin (mU/mL) × fasting glucose 
(mmol/L)/22.5) [27].

Fatty liver index (FLI), derived from an algorithm based 
on BMI, waist circumference, triglycerides and GGT were 
calculated as previously described [28].

Red blood cell membrane fatty acid measurement

EDTA–blood tubes were centrifuged, plasma and buffy coat 
taken off, and erythrocytes frozen at − 80 °C until analysis. 
Erythrocyte fatty acid composition was analyzed using the 
HS-Omega-3 Index® methodology as previously described 
[29]. Fatty acid methyl esters were generated from erythro-
cytes by acid transesterification and analyzed by gas chroma-
tography using a GC2010 Gas Chromatograph (Shimadzu, 
Duisburg, Germany) equipped with a SP2560, 100-m col-
umn (Supelco, Bellefonte, PA, USA) using hydrogen as car-
rier gas. Fatty acids were identified by comparison with a 
standard mixture of fatty acids characteristic of erythrocytes. 
A total of 26 fatty acids were identified and quantified.

Results are given as percentage of total identified fatty 
acids after response factor correction. The coefficient of 
variation for EPA plus DHA and for most other fatty acids 
was 4%. Analyses were quality controlled according to DIN 
ISO 15189.

Estimation of Δ9, Δ6 and Δ5 desaturase activity

Δ9, Δ6 and Δ5 desaturase are enzymes responsible for the 
endogenous formation of monounsaturated and polyunsatu-
rated FA and their activity has been associated with insu-
lin–glucose homeostasis and with central obesity [30].

We estimated the desaturase activity as the ratio of prod-
uct to precursor of individual red blood cell membrane FA 
as follows: Δ9-desaturase (SCD) = C16:1n − 7/C16:0 and 
C18:n − 9/C18:0 (they will be referred to as SCD-16 and 
SCD-18, respectively); Δ6-desaturase (D6D) = C18:3n − 6/
C18:2n − 6 and Δ5-desaturase (D5D) = C20:4n − 6/
C20:3n − 6.

Hepatic ultrasonography

Children underwent abdomen ultrasonography (US) using 
a convex probe (ACUSON S2000TM system, Siemens, 
Erlanger, Germany). The presence of significant liver stea-
tosis was defined by an experience sonographer.

Statistics

Data are presented as median and range unless otherwise 
stated. The normal distribution of each variable was evalu-
ated by the Kolmogorov–Smirnov test. Differences in the 
measured parameters between groups (MetS presence, ste-
atosis, gender, pubertal state) were analyzed by T test or 
Mann–Whitney U test, as appropriate, at univariate analysis, 
and by unconditional logistic regression models at multivari-
ate analysis. Unless otherwise specified, covariates included 
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in the multivariate models were age, sex, BMI percentile and 
the features associated, at univariate analysis, with MetS 
presence, steatosis, gender, and pubertal state, respectively.

Since MetS-associated features were non-normally dis-
tributed, bivariate correlations were estimated by the non-
parametric Spearman correlation coefficient (rS). After log-
transformation of MetS-associated features, general linear 
models were applied to assess the association of FA with 
MetS-associated features, after adjustment for age, sex and 
BMI.

Two-tailed tests with a p < 0.05 were considered statisti-
cally significant in the main analysis. To take into account 
the multiple comparisons, along with original p values, the 
false discovery rate (FDR) adjusted p values were also cal-
culated and reported in the tables, where appropriate. The 
analyses were performed with Statistical Analysis System 
(SAS) Software, version 9.2.

Results

General characteristics

Seventy patients (40 males and 30 females) were included 
in the study. Median age was 11 years (range 5–17 years); 
median BMI was 29.0 kg/m2 (range 23.0–42.7 kg/m2), which 
in all cases was higher than the 90th percentile, as for inclu-
sion criteria. Five children (7.1%) fulfilled the diagnostic 
criteria of MetS. Sixty-three children underwent abdomen 
ultrasonography (US) and in 34 (53%) children hepatic stea-
tosis was detected.

The average omega-3 index was 4.7 ± 0.8%; mean value 
of ALA was 0.08 ± 0.03%, and of LA was 12.0 ± 1.6%. 
Anthropometric, clinical and biochemical characteristics of 
the children are listed in Table 1, and the FA contents of 
erythrocytes in Online Resource 1.

Correlations between red blood cell membrane FA 
and features of Mets in the whole sample

Omega-3 PUFA, as well as EPA and DHA, correlated posi-
tively with waist circumference; moreover, EPA showed 
positive correlations with insulin, HOMA-IR and with FLI 
(Table 2).

On  t he  con t r a r y,  t o t a l  omega -6  PUFAs 
(LA + GLA + DGLA + AA + docosatetraenoic acid 
(DTA) + eicosadienoic acid + C22:5n6) was inversely cor-
related with several anthropometric and laboratory meas-
urements related to MetS; within omega-6 PUFA, AA in 
particular was associated with almost the same characteris-
tics as the class of FA (Table 2; Fig. 1). Conversely, within 
omega-6 PUFA family, GLA showed opposite correla-
tions with the CV risk factors, as compared to AA, and, in 

particular, it was positively correlated with some features of 
Mets, especially with total cholesterol, triglycerides, fasting 
insulin, HOMA-IR and FLI.

Total content of SFA was positively correlated with sev-
eral features of the MetS, within SFA, palmitic acid (PA) 
in particular positively correlated with several individual 
characteristics (Table 2; Fig. 2).

Omega-9 FAs and trans-FAs, when considered either the 
single FA or their sum, did not show significant correlations 
with anthropometric, clinical and laboratory parameters of 
MetS.

Correlations between red blood cell membrane FA 
and features of NAFLD in the whole sample

As for the correlation with individual components of the 
MetS, omega-6 PUFA and in particular AA showed an 
inverse correlation with FLI and transaminases, whereas 
SFA, and particularly PA, resulted positively correlated (see 
Table 2).

Correlations between desaturase activity 
and features of MetS in the whole sample

D6D activity showed positive correlations with waist cir-
cumference (rS = 0.249), triglycerides (rS = 0.370), fasting 
insulin (rS = 0.404), HOMA-IR (rS = 0.423) and with FLI 
(rS = 0.402).

D5D activity was inversely correlated to triglycerides 
(rS = − 0.401), and FLI (rS = − 0.319) (in Online Resource 
4).

No significant differences were found in desaturase activ-
ity according to gender, pubertal status and presence of 
hepatic steatosis.

Regressions

After adjustment for sex and age all the correlations shown 
in Table  2 remained significant. When also BMI was 
included in the regression most associations remained sig-
nificant, especially the ones with laboratory parameters (see 
Table 2 where significant associations even after full adjust-
ment are underlined).

Analysis by subgroups

When comparing children with and without MetS, we 
observed a significantly higher SBP, triglycerides, PA 
and D6D and lower HDL-cholesterol, AA and omega-6 
in patients with MetS, after adjustment by age and BMI. 
Otherwise, no feature was associated with liver steatosis at 
multivariate analysis. The characteristics of the subgroups 
are detailed in Online Resource 2 and in Online Resource 



735European Journal of Nutrition (2019) 58:731–742	

1 3

3. The correlations of FA profile with the clinical param-
eters found in the whole sample were mainly confirmed in 
both subgroups of children with and without steatosis, with 
higher evidence in the steatosis group, especially for the 
associations with NAFLD characteristics. The correlations 
of FA with the features of the MetS and of NAFLD, divided 
according the presence or absence of hepatic steatosis, are 
detailed in the Online Resource 5.

Discussion

The main result of our study is the evidence that omega-6 
FA, and in particular AA, are inversely associated, whereas 
SFA positively, with many components of MetS in obese 

children. Even if the observational design of the study 
does not allow to prove a causal link, our results could 
suggest, on the one side, a protective role of omega-6 FA 
and, on the other side, a harmful effect of SFA with respect 
to cardiovascular risk factors and NAFLD.

Anyhow, these associations of opposite sign could 
simply reflect a higher concentration of omega-6 PUFA 
with respect to SFA that, on turn, could reflect a healthier 
dietary habit. Therefore, the relative increase in omega-6 
PUFA could not be, or not only, protective per se but 
instead be a marker of the reduction of other potentially 
harmful components of the diet, like saturated FA. Indeed, 
a diet rich in polyunsaturated FA is often associated with 
healthier dietary pattern, which may involve also other 
macronutrients [31].

Table 1   General characteristics of the 70 obese children

Significant values are in bold (p < 0.05)
ALT alanine aminotransferase, AST aspartate aminotransferase, BMI body mass index, FLI fatty liver index, GGT​ gamma-glutamyltransferase, 
HDL HDL-cholesterol, HOMA-IR homeostatic model assessment—insulin resistance, O-SBP office systolic blood pressure, O-DBP office dias-
tolic blood pressure, TC total cholesterol, TG triglycerides, Waist waist circumference
*p < 0.05 after false discovery rate adjustment for multiple testing
a Wilcoxon–Mann–Whitney U test
b Multivariate model includes variables significantly associated with sex and pubertal status, respectively, at univariate analysis plus age, sex and 
percentile BMI, where appropriate

Variable Males (n = 40)
Median (range)

Females (n = 30)
Median (range)

p valuea p valueb Pre-pubertal 
(n = 38)
Median (range)

Post-pubertal 
(n = 32)
Median (range)

p valuea p valueb

BMI (kg/m2) 28.5 (23.1–42.7) 29.3 (24.5–40.6) 0.55 – 28.2 (23.9–38.4) 29.9 (23.1–42.7) 0.06 –
Percentile BMI 98.3 (93.5–99.8) 98.7 (90.2–99.9) 0.50 0.36 98.9 (94.9–99.9) 98.0 (90.2–99.8) 0.03 0.56
Waist (cm) 96.0 (79.0–122.0) 95.5 (82.0–119.0) 0.92 – 91.0 (79.0–122.0) 97.0 (83.0–119.0) 0.02 –
Percentile Waist 97.1 (91.9–99.2) 98.2 (90.7–100.0) 0.04 0.11 97.9 (92.1–100.0) 97.0 (90.7–99.1) 0.01 0.09
O-SBP (mmHg) 119.0 (102.0–163.0) 115 (105–143) 0.31 – 116.0 (102.0–163.0) 122.0 (107.7–152.3) 0.04 0.009
Percentile O-SBP 85.1 (44.7–100.00) 78.2 (45.4–99.9) 0.92 – 80.8 (44.7–100.0) 82.8 (45.4–100.0) 1.00 –
O-DBP (mmHg) 68.3 (52.0–88.3) 66.5 (56.7–83.7) 0.42 – 66.7 (56.7–88.3) 67.5 (52.0–83.7) 0.46 –
Percentile O-DBP 65.7 (6.6–98.0) 65.4 (23.1–96.3) 0.93 – 66.1 (19.1–98.0) 63.2 (6.6–96.3) 0.29 –
24-h SBP (mmHg) 118.0 (107.0–136.0) 112.0 (100.0–130.0) 0.001* 0.51 115.0 (102.0–136.0) 117.0 (100.0–130.0) 0.64 –
Percentile 24-h 

SBP
74.0 (26.3–99.7) 51.7 (4.6–99.6) 0.10 – 75.6 (21.4–99.7) 51.1 (4.6–99.6) 0.01 0.08

24-h DBP (mmHg) 68.0 (58.0–79.0) 64.0 (55.0–74.0) 0.001* 0.02 67.0 (55.0–79.0) 65.0 (58.0–78.0) 0.16 –
Percentile 24-h 

DBP
56.6 (3.7–99.0) 34.5 (2.1–94.8) 0.005 * – 52.8 (2.1–99.0) 35.1 (3.7–98.4) 0.09 –

TC (mg/dL) 160.0 (106.0–242.0) 162.0 (93.0–216.0) 0.96 – 163.0 (105.0–213.0) 153.0 (93.0–242.0) 0.75 –
HDL (mg/dL) 49.0 (30.0–77.0) 52.0 (37.0–81.0) 0.07 – 50.0 (33.0–77.0) 49.0 (30.0–81.0) 0.91 –
TG (mg/dL) 79.0 (28.0–285.0) 73.0 (34.0–143.0) 0.43 – 85.0 (28.0–285.0) 69.0 (34.0–208.0) 0.10 –
AST (U/L) 27.5 (15.0–74.0) 21.5 (15.0–36.0) 0.004* 0.08 27.0 (15.0–74.0) 24.0 (15.0–59.0) 0.14 –
ALT (U/L) 28.5 (13.0–189.0) 19.0 (13.0–61.0) 0.01 0.61 23.0 (13.0–189.0) 24.5 (13.0–157.0) 0.61 –
GGT (U/L) 16.0 (4.0–79.0) 13.0 (6.0–28.0) 0.03 0.90 14.0 (4.0–79.0) 14.0 (4.0–47.0) 0.97 –
Fast. GLU (mg/dL) 88.0 (81.0–117.0) 85.0 (70.0–99.0) 0.01 0.02 88.0 (75.0–117.0) 86.0 (70.0–108.0) 0.35 –
Fast. INS (uU/mL) 19.2 (3.0–62.5) 17.8 (5.3–43.4) 0.79 – 17.8 (3.0–62.5) 20.7 (6.8–49.8) 0.28 –
HOMA-IR 3.9 (0.6–18.0) 4.1 (0.0–8.0) 0.55 – 4.0 (0.6–18.0) 4.0 (0.0–12.4) 0.74 –
FLI 31.9 (6.3–98.7) 31.5 (7.3–91.7) 0.46 – 25.3 (6.3–95.6) 33.4 (7.3–98.7) 0.30 –
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Despite an increasing expectation from a beneficial effect 
on cardiovascular risk profile and NAFLD in children by 
omega-3 PUFA, and in particular EPA and DHA [2], we did 

not find any significant beneficial association between either 
EPA or DHA and clinical/laboratory characteristics of our 
population. On the contrary, we found a positive association 
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Fig. 1   Correlations of total omega-6 FA and AA with some features of MetS and NAFLD in the 70 obese children. Omega-6 FA are calculated 
as the sum of LA, GLA, DGLA, AA, docosatetraenoic acid (DTA), eicosadienoic acid and C22:5 ω6; AA arachidonic acid, FLI fatty liver index
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of EPA with some characteristics of the MetS, in particular 
insulin and HOMA-IR. The effect of omega-3 PUFA on glu-
cose metabolism is not clearly defined and trials in humans 
did not give univocal results [32, 33]. In our sample, that 
was taking a free diet without any supplement, the level of 
omega-3 PUFA was very low, far below the 8% threshold 
suggested for CV protection [34] and this could also be a 
confounding element.

We choose red blood cell membrane FA as a biomarker of 
dietary intake of FA because of the stability of their values, 
especially of essential FA, which reflects the mean dietary 
intake in the preceding few months [35], and because it is 
more reliable compared to dietary self-report or question-
naire, especially in children.

Our results confirm that total amount of SFA is associ-
ated with an unfavorable cardiovascular risk profile in obese 
children and, within this family of FA, palmitic acid show 
to be related to almost all the characteristics of the MetS. It 
has been already shown that palmitic acid is one of the most 
abundant circulating FA in obese children [36] and elevated 
palmitic acid levels can affect insulin homeostasis, which is 
the principal etiologic driver of the metabolic abnormalities 
clustering in the MetS. In particular, in vitro studies reported 
an impairment in insulin secretion in murine [37] and human 
[38] β-cell lines due to palmitic acid, generally referred to as 
lipotoxicity. A few in vivo studies support these results: one 
study in adults reported an altered postprandial insulin secre-
tion and sensitivity in response to a high dietary intake of 
palmitic acid [39], another study in children and adolescents 
showed that obese subjects with higher circulating levels of 
palmitic acid have an increased and delayed insulin secretion 
[40]. Furthermore, it has been shown that palmitic acid in 
plasma triglycerides was higher in abdominally obese adults 
as compared to the controls without central obesity and this 
FA profile was positively correlated to HOMA-IR [41].

As already stated above, our results might indicate also a 
protective role of omega-6 PUFA, and in particular of AA, 
with respect to several cardiovascular risk factors. Previous 
studies investigating the effect of omega-6 in cardiovascular 
disease gave conflicting results, some suggesting no associa-
tion between omega-6 PUFA and the risk of hypertension 
[42] and other that the replacement of SFA with omega-6 
PUFA is not associated with vascular and endothelial func-
tion but might improve BP [43]. Even the guidelines for fat 
intake of the German Society of Nutrition support a possible 
protective effect on CV disease when SFA are replaced with 
omega-6 PUFA, especially for primary and secondary pre-
vention of coronary heart disease [14]. Indeed, dietary intake 
of LA may contribute to prevention and control of elevated 
blood pressure [44]. Thus, although omega-6 PUFA have 
been for a long time counter-posed to the beneficial omega-3 
PUFA, recent insight supports their potential cardiovascular 
protective effect [17].

Even when considering specifically AA, the omega-6 
which drives the observed associations, available data show 
contrasting results. A higher amount of AA was found in 
adipose tissue in metabolically unhealthy obese adults com-
pared to metabolically healthy control [45]. Then, in healthy 
children, AA, measured in adipose tissue and in skeletal 
muscle cells, was positively correlated to fasting insulin 
and HOMA-IR [46]. Nevertheless, some studies indicated 
a protective effect of AA, especially when measured in red 
blood cell membranes, on glucose–insulin homeostasis [47, 
48], even if some observations suggest a beneficial effect in 
subject with low–normal insulin sensitivity but not in highly 
insulin-sensitive individuals [49].

It is not clear why GLA, in contrast to the other omega-6 
FA, is positively correlated with a poorer metabolic profile. 
On the one side, previous studies have indicated that GLA 
leads to the production of anti-inflammatory compounds, 
but GLA may also inhibit the metabolism of AA, at least in 
some types of cells [50].

Only a few studies investigated the role of GLA and 
DGLA in humans and their biological actions remain still 
unclear. A recently published nested case-cohort multi-
centric study showed that a fatty acid pattern, measured 
on plasma phospholipids, including high concentration of 
LA and low concentration of GLA and PA, was associated 
with lower incidence of type 2 diabetes mellitus in a sam-
ple of more than 27,000 adults with a median follow-up of 
11.9 years [51]. On the contrary, the large observational 
Ludwigshafen Risk and CV Health Study showed that GLA 
was inversely correlated to all-cause and CV mortality, even 
after adjustment for traditional risk factors [52]. The same 
study showed no significant correlations of AA with the out-
comes [52].

Moreover, DGLA, which is yielded from GLA, showed to 
be positively associated with the risk of type 2 diabetes mel-
litus, when comparing the highest with the lowest quartile of 
plasma phospholipids DGLA in a sample of Japanese adults 
followed up for 5 years [53]. Also in a sample of Chinese 
children, DGLA was positively associated with HOMA-IR, 
whereas AA showed an inverse correlation [54]. By contrast, 
in two studies conducted in patients with coronary artery 
disease DGLA resulted beneficially associated with CV 
events and with mortality [55, 56].

Moreover, GLA is yielded from LA by D6D and leads 
to the production of DGLA, which is the substrate of D5D. 
Therefore, the association of GLA and DGLA with the clini-
cal parameters could also reflect the activity of the desatu-
rase enzymes.

In fact, also the role of fatty acid desaturase (SCD, D6D 
and D5D) has been linked to visceral obesity [30] and insu-
lin resistance, suggesting an increased SCD and D6D and 
a decreased D5D activity in subjects with impaired insulin 
sensitivity and related disorders [57–59]. Our results support 
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the findings of previous studies in adults showing that the 
estimated D6D activity is positively related to a poorer meta-
bolic profile, whereas D5D activity is inversely related.

In addition, omega-6 PUFA, SFA and D6D showed to 
be correlated with waist circumference, marker of central 
adiposity, supporting the association of dietary fat with the 
body fat distribution and the cardiometabolic profile, even if 
the association disappears after further adjustment for BMI 
[60, 61].

Furthermore, the associations of the different FA and FA 
families with a possible hepatic involvement, configuring the 
NAFLD, beside the correlation with the individual compo-
nents of the Mets, support the hypothesis that NAFLD repre-
sents a continuum with MetS subtended by insulin resistance 
as the common pathophysiological background [62].

Beside the possible metabolic effect of the family and/
or the individual omega-6 FA, it is worth mentioning their 
effect on inflammation. The metabolic pathway of AA via 
cyclooxygenase and lipoxygenase leads to the formation 
of thromboxanes and leukotrienes with pro-inflammatory 
actions, whereas the CYP450-derived eicosanoids, espe-
cially epoxyeicosatrienoic acids, exert prevalent haemody-
namic effects but they can also be anti-inflammatory [63, 
64]. On the contrary, the counter-part metabolites derived 
from EPA and DHA are likely to exert anti-inflammatory 
actions or less potent pro-inflammatory effect, compared to 
AA [65]. Moreover, in contrast with AA, in vitro studies and 
animal models suggest a possible anti-inflammatory effect 
of GLA [50, 66] but, as above mentioned, studies in human 
are not unequivocal. Although the evaluation of the effects 
of omega-6 FA on inflammations go beyond the aim of the 
present study, this possible role in human health should be 
taken into account and linked to the metabolic actions.

Finally, our findings underline opposite associations 
within the individual members of a FA family, i.e., AA and 
GLA, which raise the question whether the clinical effect 
should better be considered for the individual FA rather than 
for the family of FA.

Our study has limitations: the sample size is relatively 
low which can primarily expose to a problem of statistical 
power. Nevertheless, we were able to detect some meaning-
ful associations between lipid composition of erythrocyte 
membrane and many parameters of the MetS. These results 
need to be confirmed in other studies analyzing also sam-
ples of children of different ages and body size, including 
non-obese children. Moreover, data coming from other eth-
nic groups, which often have different dietary habits, could 
help in better understanding of these associations. Then, it 
remains to be clarified if the putative beneficial effect of 
omega-6 PUFA is specific for obese children and/or viewa-
ble only when omega-3 PUFA are under a certain threshold.

Lastly, we lack data about the total food intake of 
fatty acids and the amount of fatty acids and the other 

macronutrients in the diet, even if dietary tools to col-
lect these data are often inaccurate, especially in children. 
Anyhow, it is possible to speculate that data from dietary 
assessment, like food frequency questionnaire or food diary, 
together with the measurement of fatty acids in red blood 
cell membranes, could have led to discover whether, on the 
one side, the balance between different fatty acids or with 
the other macronutrients, and on the other side, if the entire 
family or a single FA plays a role in metabolic modulation.

Strengths of our study are the exploration of a topic in 
children, in which only a few studies are available, the in-
depth characterization of the children’s clinical and labora-
tory characteristics of the MetS, finally the use of the gold-
standard technique for the assessment of fatty acids in red 
blood cell membrane.

Further studies, including intervention trials, are needed 
to better understand the actions of the different FA on the 
single components of the MetS even in children.

In conclusion, the present study shows an association 
between individual FA, reflecting their dietary intake, and 
MetS, which supports the hypothesis that the quality of fat 
intake, beyond the quantity, can influence the metabolic pro-
file in obese children. Our findings agree with the current 
dietary recommendation to reduce the intake of SFA and 
support a possible beneficial effect of polyunsaturated FA 
intake, especially omega-6 PUFA, even though the actions 
of individual omega-6 FA and the interplay between meta-
bolic and inflammatory actions should be better understood. 
The level of omega-3 PUFA in our sample of obese children 
is extremely low so that its putative beneficial effect could 
have not been detectable.
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