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Abstract
The incidence of obesity in the world has more than tripled between 1975 and 2016.
International organizations and many researchers continue to look for causes of obesity.
The expected increase in income ratio with an increase in the ratio of omega-6/omega-3
intake from 1:1 to 20:1 in the last three decades. This study aimed to describe the ratio of
serum omega-6/omega-3, omega-3 index, and serum hs-CRP in obese adolescents aged 16
-18 years. This research used cross-sectional study design with a total of thirty-two
subjects. Omega-6 serum, omega-3 serum, and omega-3 index were analyzed using gas
chromatography while serum hs-CRP was analyzed using Turbidimetric Assay. The mean
of omega-6 serum was 3358.59±845.75 μmol/L, omega-3 serum was 281.00±81.25 μmol/
L, 62.5% of subjects had omega-3 index levels < 4% (below standard), and 93.8% of
subjects had a serum omega-6/omega-3 ratio > 9:1 (above standard). As many as 25% of
subjects had serum hs-CRP levels > 3 mg/L. These findings suggested that 93.8% of
subjects had high omega-6/omega-3 ratio serum and 25% of subjects had hs-CRP serum >
3 mg/L.

1. Introduction

International organizations and many scientists
continue to look for causes of obesity. Quoting the laws
The incidence of obesity in the world has more than of thermodynamics, scientists not only interpret the
tripled between 1975 and 2016. According to the World concept of "calories are calories", but the source of
Health Organization (WHO) data, the prevalence of calories also affects human metabolism and appetite. For
overweight and obesity among adolescents increased example, calories from omega-6-rich vegetable oils are
from only 4% in 1975 to more than 18% in 2016 (WHO, pro-inflammatory and thrombogenic, whereas calories
2017). Obesity does not only occur in developed from omega-3-rich fish are anti-inflammatory and anticountries but also occurs in developing countries such as thrombogenic (Simopoulos et al., 2016).
Southeast Asia and Africa (WHO, 2015). In Indonesia,
the prevalence of obesity among adolescents shows quite
Omega-6 and omega-3 are essential fatty acids that
alarming figures. In 2010, as many as 1.4% of can only be obtained from food and cannot be processed
adolescents were obese and in 2013 increased to 7.3% by the body because of mammals, including humans,
(Balitbang Kemenkes RI, 2010, 2013).
lack enzymes for desaturation namely ∆12 and ∆15.
Omega-6 and omega-3 are precursors for lipid mediators
Obesity is a condition where there is an excessive fat called eicosanoids. In general, eicosanoids obtained from
accumulation in adipose tissue (McPhee et al., 2011). omega-6 are pro-inflammatory which can increase the
Someone who is obese in their teens will tend to be value of chronic systemic inflammation biomarkers, such
obese in adulthood and the elderly. Obesity has a as C-reactive protein (CRP). Omega-6 and omega-3 were
negative impact on health that can cause metabolic also known to have different roles in the development of
syndrome. Metabolic syndrome is a collection of risk obesity through the mechanism of adipogenesis, lipid
factors for cardiovascular disease and diabetes mellitus. homeostasis, Brain-Gut-Adipose tissue axis and systemic
The main components of metabolic syndrome are inflammation (Fan et al., 2011; Monk et al., 2012).
abdominal obesity, insulin resistance, dyslipidemia, and
hypertension (Wardlaw et al., 2007).
In the last three decades, it was known that omega-6
intake continues to increase and omega-3 intake
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continues to decrease resulting in a large increase in the
omega-6/omega-3 ratio of 1:1 during the evolutionary
period to reach 20:1 at this time or even higher again.
This change in fatty acid composition was in line with
the increase in the prevalence of overweight and obesity
in the world. The increase in omega-6 was known to be
caused by modern agriculture and aquaculture which is
replacing animal feed from wild grasses into grains that
were rich in omega-6. Research on the ratio of omega-6/
omega-3 to obesity was still limited, especially the
assessment was only based on the use of a food intake
frequency questionnaire (FFQ) not using a blood test.
This study aimed to describe the ratio of serum omega-6/
omega-3 fatty acid, omega-3 fatty acid index, and serum
hs-CRP in obese adolescents aged 16-18 years.
2. Materials and methods

Selected subjects were determined and asked for consent.
Once approval of consent was received, data collection
of the subject using questionnaires of food intake
interviews with Semi-Quantitative Food Frequency
Questionnaires (SQ-FFQ) and physical activity with
Physical activity level (PAL) questionnaire. Blood
samples were collected from subjects to examine the
serum omega-6, omega-3, omega-3 index and serum hsCRP by health analysts from Prodia. The Z-score of the
anthropometric data was calculated data using WHO
Anthro Plus application. Data analysis using SPSS 16
application. Normality of data distribution was done by
Saphiro-Wilk test. Univariate data analysis was
performed by displaying data descriptively.

3. Results
3.1 Screening

The results of the screening carried out on 831
adolescents at SMAN 9 and at SMKN 11 Semarang,
Indonesia showed that 110 adolescents (13.2%) were
overweight and 75 adolescents (9.02%) were obese. As
many as 53.3% of obese adolescents were 16 years old
and 61.3% of obese adolescents were male. Obese
adolescents were randomly selected from various majors
and classes, so as many as 32 research subjects were
obtained. Of the 32 students selected, 75% (24 people)
The research location was taken using the multistage were male and 25% (8 people) were female. General
random sampling technique and the research subjects description of the characteristics of obese adolescents
were taken by proportional random sampling technique aged 16-18 can be seen in Table 1. Table 1 shows the
to meet the inclusion and exclusion criteria. The characteristics of subjects consisting of gender, BMI,
inclusion criteria of this study were adolescents aged 16- serum omega-6 fatty acids, serum omega-3 fatty acids,
18 years who were obese with an indicator of body mass omega-3 fatty acid index, serum omega-6/omega-3 fatty
index per age >2 SD, did not take omega-6 supplements acid ratios, serum hs-CRP and intake. A description of
or omega-3 supplements, were willing to be a research serum omega-6 and omega-3 fatty acids in obese
sample by filling out informed consent. The research adolescents can be seen in Table 2.
ethics was approved by the Sultan Agung Islamic
3.2 Omega-6 serum
University's Faculty of Medicine.
Table 2 shows the depictions of serum omega-6 and
The study was implemented by screening the
omega-3 in obese adolescents. The measurement results
nutritional status of the students at the study site.
A descriptive study with a cross sectional study
design was conducted at SMAN 9 and SMKN 11
Semarang, Indonesia. This location was chosen based on
the highest obesity prevalence in the city of Semarang
from the data collected from the schoolchildren. The
study population was adolescents aged 16-18 years
studying in high school 9 Semarang and SMKN 11. The
total subjects in this study were thirty-two people.

Table 1. General description of the characteristics of obese adolescents aged 16-18
Variable
F
%
Mean±SD
Median (min – max)
Sex
Male
24
75
Female
8
25
BMI
2.51±0.46
2.40 (2.03-3.8)
Omega-6 Serum (μmol/L)
3358.59±845.75 3231.5 (2021-5329)
Omega-3 Serum (μmol/L)
281.00±81.25
264.5 (164-475)
Omega-3 Index (%)
3.47±0.80
3 (2-6)
Omega-6/Omega-3 Ratio Serum
12.28±2.32
12 (7.6-19.1)
hs-CRP Serum (mg/L)
2.60±3,49
1.15 (0.2-14.4)
Omega-6 Intake (g)
18±9.7
17.1 (3.7-55.4)
Omega-3 Intake (g)
0.387±0.25
0.25 (0.0-2.3)
Omega-6/Omega-3 Ratio Intake
eISSN: 2550-2166

63.9±73.75

32.85 (6.1-283)
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Table 2. Description of serum omega-6 and omega-3 in obese
adolescents
Serum
Omega-6
Omega-3

Category
Low
Normal
1 (3.1%) 28 (87.5%)
6 (18.7%) 26 (81.2%)

High
3 (9.4%)
0 (0%)

Total
24 (100%)
8 (100%)

3.3 Omega-3 serum

Table 4. Description of serum omega-6/omega-3 ratio in obese
adolescents

Elevated
0 (0%)

Omega-6/Omega-3 Ratio
Serum
Total
Desirable Intermediate Undesirable
0 (0%)
2 (6.2%)
30 (93.8%) 32 (100%)

3.6 hs-CRP serum
The description of serum hs-CRP in obese
adolescents can be seen in Table 5. Table 5 shows the
depiction of serum hs-CRP in obese adolescents. The
results showed 75% of the total subjects at risk of
cardiovascular disease with low-risk criteria of 21.8%,
moderate risk of 28.1% and high risk of 25%.
Table 5. Description of hs-CRP Serum in obesity adolescents
hs-CRP Serum
Total
No Risk Low Risk Moderate Risk High Risk
8 (25%) 7 (21.8%)
9 (28.1%)
8 (25%) 32 (100%)

4. Discussion

The measurement results also showed 81.2% of the
total subjects had serum omega-3 in the normal category
and another 18.7% had omega-3 fatty acids in the low
category. The low omega-3 serum can be caused by a
lack of daily intake of omega-3 sources. The results of
the calculation of omega-3 intake in this study showed
that 96.8% of the total subjects had omega-3 intake less
than the nutritional adequacy rate. Omega-3 serum is
analyzed from the amount of ALA + EPA + DHA in the
blood. A description of the omega-3 index can be seen in
Table 3.

In the last three decades, it is known that the intake
of omega-6 fatty acids continues to increase and the
intake of omega-3 continues to decline to result in a large
increase in the ratio of omega-6/omega-3 from 1:1
during the evolutionary period to 20:1 at this time or
even higher. This change in fatty acid composition is in
line with the increase in the prevalence of overweight
and obesity in the world. This phenomenon is also in
accordance with the results of this study, where the ratio
of omega-6/omega-3 intake with the highest value in
obese adolescents reaches 283:1 (Table 1).

Table 3. Description of omega-3 index in obese adolescents
Omega-3 Index
Total
< 4%
4-8%
20 (62.5%)
12 (37.5%)
32(100%)

The measurement results showed 87.5% of the total
subjects had omega-6 serums in the normal category and
the other 9.4% had high omega-6 fatty acid serums. The
results of the calculation of omega-6 intake in this study
showed that 71.9% of the total subjects had omega-6
intake exceeding the nutritional adequacy rate. Most
subjects consume processed soybeans such as tofu and
tempeh to reach 200 g/day and consume palm oil more
than 30 g/day. The measurement results also showed
81.2% of the total subjects had serum omega-3 in the
normal category and another 18.7% had omega-3 in the
low category.

3.4 Omega-3 index
Table 3 shows the description of the omega-3 index
in obese adolescents. The results showed that 62.5% of
the total research subjects had an omega-3 index < 4%
which was included in the low category. The omega-3
index was analyzed based on the amount of EPA and
DHA in the blood.
3.5 Omega-6/Omega-3 ratio serum
A description of serum omega-6/omega-3 ratio
serum can be seen in Table 4. Table 4 shows description
serum omega-6/omega-3 ratio in obese adolescents.
Based on Table 4, 93.8% of the total subjects had a high
omega-6/omega-3 fatty acid ratio in the high category (>
9: 1).
eISSN: 2550-2166

The standard omega-3 index in the blood is 4%
(Harris et al., 2004). The low omega-3 index in this
study is in line with the results of FFQ measurements
which show that almost all subjects consume less fish
and seafood which is the source of omega-3. Research
results from the Statistics Agency of the Ministry of
Maritime Affairs and Fisheries in 2018 also stated that
the people of Central Java were listed as the secondlowest consuming fish population in Indonesia,
© 2020 The Authors. Published by Rynnye Lyan Resources
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in the normal category and the other 9.4% had high
omega-6 serums. Omega-6 serum was analyzed from the
amount of LA + GLA + DGLA + AA in the blood. A
high omega-6 serum can be caused by increased intake
of omega-6 sources that were consumed daily. The
results of the calculation of omega-6 intake in this study
showed that 71.9% of the total subjects had omega-6
intake exceeding the nutritional adequacy rate. Most
subjects consume processed soybeans such as tofu and
tempeh to reach 200 g/day and consume palm oil more
than 30 g/day which is a source of omega-6.
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amounting to 25.26 kg/capita/year (Kementerian
Kelautan dan Perikanan Republik Indonesia, 2019).
The ratio of serum omega-6/omega-3 was analyzed
from the number of comparisons between total levels of
omega-6 and total levels of omega-3 in the blood. The
serum omega-6/omega-3 ratio is divided into 4
categories: elevated if the ratio < 3:1, desirable if the
ratio is 3:1-5:1, intermediate if the ratio is 5:1-9:1, and
undesirable if the ratio > 9:1 (Harris and Von Schacky,
2004).
The results showed 75% of the total subjects at risk
of cardiovascular disease. C-reactive protein is an acute
phase marker protein as part of the innate immunity
produced by the liver, can be used as a strong marker of
inflammation in the body both in adults, adolescents, and
children (Libby et al., 2002; Soriano-Guillen, 2008).
Omega-6 and omega-3 go through the same
metabolic process, namely elongation and desaturation.
This same process triggers competition between omega-6
and omega-3. Both of them competed in the desaturation
process of desaturase 1 fatty acid enzymes (FADS1) and
desaturase 2 fatty acids (FADS2). In a research note,
there are several important genetic variables in fatty acid
biosynthesis, namely FADS A and FADS D. Haplotype
D is known to be associated with higher blood lipid
levels compared to someone who has haplotype A
(Mathias et al., 2011; Sergeant et al., 2012).
The ratio of omega-6 and omega-3 plays an
important role in the development of obesity through the
mechanism of gene expression in adipogenesis, lipid
homeostasis, Brain-Gut-Adipose tissue axis and systemic
inflammation (Fan et al., 2011; Monk et al., 2012).
Omega-6 and omega-3 have opposite effects in these
mechanisms. Omega-6 and omega-3 can function as
transcription factors to regulate the expression of genes
involved in pre-adipocyte differentiation.
In the initial step of pre-adipocyte differentiation,
AA metabolites from omega-6 by Cyclooxygenase
(COX) activate the protein kinase A (PKA) pathway that
regulates the expression of the peroxisome proliferatorsactivated receptor family (PPAR) that leads to
adipogenesis. The next step, AA by lipoxygenase (LOX)
also activates the expression of PPARs that leads to
adipogenesis (Wang et al., 2016).
Omega-3 also modulate lipid homeostasis by
suppressing the expression of genes involved in
lipogenesis including fatty acid synthase (FAS),
lipoprotein lipase (LPL) and stearoyl-CoA desaturase-I
(SCD-I) as well as increasing the expression of genes
involved in β fatty acids -oxidase such as acetyl-CoA
oxidase (ACOX). The end result, namely the reduction
eISSN: 2550-2166

of accumulation of body fat, especially in the liver and
skeletal muscle as well as in adipose tissue (Wang et al.,
2016).
Another mechanism of omega-6 and omega-3 in
influencing body fat is through the Brain-Gut-Adipose
tissue axis. First, omega-6 increase endocannabinoid
production which functions as a control center for
appetite and energy balance. Increased endocannabinoid
receptors will stimulate food intake and lipogenesis in
the liver. Meanwhile, omega-3 can reduce
endocannabinoid production and decrease the sensitivity
of the receptor associated (Batetta et al., 2009). In
addition, DHA can induce anorexigenic neuropeptide
proopimelanocortin in the hypothalamus which limits
appetite and leads to weight loss.
Second, omega-6 and omega-3 fatty acids can affect
the leptin signaling pathway differently. Leptin is a
peptide hormone that is coded by the ob gene and is
produced and secreted by adipose tissue. The main
function of leptin is as a regulator of body weight by
affecting appetite and energy expenditure. Omega-6 is
known to increase leptin production while omega-3 is
known to reduce leptin production and leptin receptors
(Fan et al., 2011).
Third, omega-6 and omega-3 regulate adiponectin
expression and secretion differently. Adiponectin is a
plasma protein that is produced and secreted exclusively
by adipocytes. Adiponectin suppresses a number of
pathological processes associated with obesity. Omega-6
are known to reduce the production of adiponectin while
omega-3 is known to increase adiponectin production
(An et al., 2011).
Wang et al. (2016) showed that the ratio of omega-6/
omega-3 had a significant relationship with the incidence
of obesity. The study also showed that among 534
women who had a normal BMI, 186 of them became
overweight or obese for an average of 10.4 years later
due to an increased ratio of omega-6/omega-3 (Wang et
al., 2016).
Omega-6 and omega-3 are precursors for lipid
mediators called eicosanoids. In general, eicosanoids
obtained from omega-6 are pro-inflammatory which can
increase the value of chronic systemic inflammatory
biomarkers, such as CRP (Blasbalg et al., 2011). Series 2
prostaglandins (PGE2, PGI2, and TXA2) and series 4
leukotrienes (LTB4) derived from omega-6 are proinflammatory compounds. In contrast, series 3
prostaglandins (PGE3, PGI3, and TXA3) and series 5
leukotrienes (LTB5) derived from omega-3 are antiinflammatory. Because omega-6 and omega-3 compete
directly to use the same conversion enzyme, the status of
© 2020 The Authors. Published by Rynnye Lyan Resources
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inflammation depends on the amount of omega-6 and
omega-3 in the body (Monk et al., 2012).

In conclusion, 93.8% of subjects had an omega-6/
omega-3 ratio > 9:1 (above standard), 62.5% of subjects
had an omega-3 index < 4% (below standard), and 25%
of adolescent male and female had serum levels of hsCRP > 3 mg/L. The research suggested to balance the
food intake from omega-6 and omega-3 sources to
maintain health and as an effort to prevent obesity.
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