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ABSTRACT

Introduction: Excessive accumulation of body fat in obesity increases morbidities 
such as hypertension and cardiovascular diseases. This study investigated the effect 
of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) supplementation 
on the level of high-sensitivity C-reactive protein (hs-CRP) and blood pressure 
in children with obesity.  Methods: Fifty obese children, aged 6-10 years, were 
randomly assigned to the supplementation group (n=25) who received EPA and DHA 
supplementation or to the placebo group (n=25) for eight weeks. The trial was done 
in a single centre in Denpasar, Bali, Indonesia. Randomisation and allocation to the 
trial group were done by a computer system. The primary analysis was comparing the 
blood pressure and hs-CRP level between groups. Analysis of covariance (ANCOVA) 
and multivariate analysis of covariance (MANCOVA) tests were done to compare the 
differences between groups, with a p-value <0.05 considered as significant. Results: 
A total of 44 children completed the study, 24 (54.5%) were males and 20 (45.5%) 
were females. Initially, the systolic/diastolic blood pressure and hs-CRP level in 
the supplementation and placebo groups were 109.5/72.7 mmHg and 3.5 mg/L, 
107.9/68.4 mmHg and 2.8 mg/L, respectively. At the end, they were 106.3/67.7 
mmHg and 1.7 mg/L, and 108.1/71.8 mmHg and 2.8 mg/L, respectively. Systolic-, 
diastolic blood pressure and hs-CRP level were decreased by -2.6 mmHg (95% 
CI: -6.9 to 1.6; p=0.220), -7.5 mmHg (95% CI: -12.4 to -2.6; p=0.004), and -1.15 
mg/L (95% CI: -2.1 to -0.2; p=0.022), respectively.  Conclusion: EPA and DHA 
supplementation in obese children showed significant decrease in diastolic blood 
pressure and hs-CRP level.
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INTRODUCTION

Obesity is a global health problem, 
including in Indonesia. Based on the 
data from the Basic Health Research 
(Riset Kesehatan Dasar/Riskesdas) in 

Indonesia, the prevalence of obesity 
in children is still high, although it 
decreased from 12.2% in 2007 to 11.9% 
in 2010, and further to 8.0% in 2018 
(Kemenkes RI, 2018).
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Obesity is associated with increased 
blood pressure and the development 
of hypertension. In obese children or 
adults, their blood pressure is high 
even in a resting position. Many studies 
reported that obese individuals showed 
higher blood pressure than non-obese 
individuals even though they were still 
within the range of normal limits (Badeli 
et al., 2016; Cheung et al., 2017; Zhao 
et al., 2017).

C-reactive protein (CRP) is a major 
inflammatory cytokine that functions 
as a non-specific defense of the immune 
system against tissue injury or infection. 
Many studies reported that increased 
levels of CRP in the blood was strongly 
associated with the occurrence of 
cardiovascular diseases (Fonseca & Izar, 
2016; Badimon et al., 2018; Zhuang 
et al., 2019). In obesity, the increasing 
levels of CRP as a response to increased 
cytokine secretion in fat tissue has been 
used as a cardiovascular risk marker 
(Soeki & Sata, 2016).

Omega-3 fatty acids, especially their 
active metabolites, eicosapentaenoic 
acid (EPA) and docosahexaenoic acid 
(DHA) have been known to have several 
beneficial effects on health (Gammone 
et al., 2019; Sakamoto et al., 2019). A 
study in young healthy adults reported 
that blood omega-3 fatty acid levels 
were inversely associated with blood 
pressure (Filipovic et al., 2018). Another 
study reported that omega-3 fatty acid 
and omega-6 fatty acid modulate blood 
pressure regulation and vascular function 
in obese children (Bonafini et al., 2018). 
However, controversial results were 
documented. One study in children and 
adolescents reported that the beneficial 
effects of high omega-3 fatty acid levels 
were observed on the blood pressures of 
thin/normal-weight children, but not in 
overweight/obese children (Wolters et 
al., 2016). A meta-analysis reported that 
increased omega-3 fatty acids had little 
or no effect on cardiovascular health 

(Abdelhamid et al., 2018). Based to 
these evidences, this study investigated 
the effect of fish oil (containing EPA and 
DHA) supplementation on C-reactive 
protein and blood pressure in children 
with obesity.

MATERIALS AND METHODS

Study design
This study was a randomised, double-
blind clinical trial conducted on children 
aged 6 to 10 years old with obesity. 
Obesity was classified according to their 
Body Mass Index (BMI) based on two 
standard deviation (SD) or above the 
median of the World Health Organization 
(WHO) BMI growth reference for age 
and sex. They were excluded from 
the study if they were suffering from 
infections, chronic diseases, neoplasms, 
and autoimmune diseases, consuming 
anti-inflammatory medications, and 
consuming omega-3 fatty acids. 
Informed consent was obtained from 
all children who met the study criteria. 
This study was performed at a single 
centre in Denpasar, Bali, Indonesia from 
January 2017 to June 2018. This study 
was conducted after obtaining ethical 
approval from the Ethics Committee of 
Udayana University – Sanglah General 
Hospital, Bali, Indonesia (No. 92/
UN.14.2/Litbang/2016).

Data collection
Data collection included food 
recall, activity score assessment, 
anthropometric, blood pressure 
measurement, and blood samples 
for hs-CRP examination. Food recall 
and activity score assessments were 
obtained by giving a questionnaire to 
the parents before the intervention. 
Food recall was obtained from three 
days of dietary intake and counted for 
total calories, protein, fat, and omega-3 
fatty acid intakes. The physical activity 
questionnaire was modified from the 
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Physical Activity Questionnaire-Children 
(PAQ-C). Anthropometric measurements 
included weight, height, and BMI (kg/
m2), which was calculated and then 
plotted onto the WHO BMI growth chart. 
Blood pressure was measured using a 
mercury sphygmomanometer and hs-
CRP was measured using the particle 
enhanced immunoturbidimetric assay 
method. Blood sampling and laboratory 
tests were carried out by the Prodia® 
Clinical Laboratory. All data were 
collected at the beginning and at the end 
of the study.

Intervention
Children were randomly allocated to 
the supplementation or placebo groups. 
Random allocation was done using a 
computer system. The supplementation 
group received a fish oil capsule 
containing 90 mg EPA and 450 mg 
DHA twice per day, while the placebo 
group received a similar capsule twice 
per day containing cellulose flour. 
Both groups were followed for eight 
weeks. Investigators and children did 
not know whether they were in the 
supplementation or placebo groups 
before the study ended.

Parents/children met with the 
investigators for three times during the 
study period. The first time, they were 
given a total of 56 capsules (twice per 
day for 4 weeks). The second time, which 
was four weeks later, they were again 
given a total of 56 capsules with similar 
doses. The third time, at the end of the 
study, they reported the total capsules 
consumed. 

Parents were asked to supervise and 
observe their children. The investigators 
monitored the compliance of children 
through telephone calls with their 
parents every week. The parents had 
to report how many capsules were 
consumed by their children in a week. 
They also reported the side effects of 
the interventions, such as nausea, 

vomiting, and itching, or other allergic 
manifestations that occurred. The 
intervention was stopped if side effects, 
such as allergic manifestations were 
found. Children who consumed less 
than 75% of the capsules were recorded 
as dropouts and they were not included 
in the final analysis.

Statistical analysis
The minimal sample size for detecting a 
difference of 0.17 mg/dL in hs-CRP, 10.8 
mmHg in systolic blood pressure, and 
6.7 mmHg in diastolic blood pressure 
between groups, with 80% power, and 
α=0.05 was 22 samples per group. The 
Kolmogorov-Smirnov test was performed 
on each numerical variable for normality. 
The association between categorical and 
numerical variables were analysed using 
chi-square and independent t-test. The 
effects of EPA and DHA supplementation 
on changes in blood pressure and hs-
CRP level were analysed using analysis of 
covariance (ANCOVA) test. The multivariate 
analysis of covariance (MANCOVA) test 
was used to adjust the effects of several 
variables. The level of significance was 
p-value <0.05 and 95% confidence 
interval was also calculated. Data 
analysis was performed using SPSS 
statistics software version 20.0.

RESULTS

Of the total 92 children who were invited 
and came to the study centre, 34 children 
declined participation and 8 children 
did not meet the inclusion criteria. Fifty 
children were included in the study 
and signed the informed consent. They 
were then randomly allocated to the 
supplementation and placebo groups. 
During the study period, six children 
dropped out because they consumed 
less than 75% of the capsules. Finally, 
44 children completed the study, with 
22 children in each group, respectively 
(Figure 1). 
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Out of the 44 children who completed 
the study, 24 (54.5%) were males and 
20 (45.5%) were females, with a mean 
age of 9.9±0.9 years and 9.7±0.7 years 
in the supplementation and placebo 
groups, respectively. Initially, the mean 
systolic-/diastolic blood pressure in all 
children was 108.7/70.5 mmHg and hs-
CRP level was 3.2 mg/L, with a minimum 
and maximum level of 0.3 mg/L and 
17.2 mg/L, respectively. Weight, height, 
BMI, physical activity, and nutrient 
intakes including calories, protein, fat, 
and polyunsaturated fatty acid (PUFA) 
were not statistically different in both 
groups (Table 1).

Table 2 shows the classification of 
blood pressure in all children at the 
beginning of the study, while Table 
3 shows the anthropometric data in 
both groups at the end of the study. 
Finally, systolic blood pressure between 

groups was not statistically significant 
(p=0.220), but diastolic blood pressure 
and hs-CRP level between groups were 
statistically significant with p=0.004 and 
p=0.022, respectively (Table 4).

DISCUSSION

The prevalences of normal, pre-
hypertension, and hypertension in 
this study were 61.4%, 6.8%, and 
31.8%, respectively. The prevalence of 
hypertension in this study was similar 
to other studies. Badeli and colleagues 
(2016) reported that the prevalence of 
hypertension in obese children was 30.1% 
and they stated that the hypertension 
rates in obese children were higher than 
normal-weight children. A systematic 
review in children and adolescents in 
Africa reported that the prevalence of 
hypertension in obese children was 
30.8%, which was six times higher than 

Figure 1. Flow diagram of subjects
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normal-weight children (Noubiap et 
al., 2017). On the other hand, several 
studies reported lower results, which 
varied between 4.5% to 11.5% (Cheung 
et al., 2017; Diaz & Calandra, 2017). 
Although the prevalence of hypertension 

in obese children is low, it is still a 
worldwide health concern due to its 
relation to cardiovascular diseases and 
high mortality rates. 

Obesity is a chronic disease that 
is characterised by the increase of 

Table 1. Baseline characteristics of the children

Characteristics Group p

Supplementation
n=22

Placebo
n=22

Gender
Male, n
Female, n

13
9

11
11

0.54†

Age (y), mean±SD 9.9±0.9 9.7±0.7 0.43‡

Body weight (kg), mean±SD 54.3±8.9 51.8±7.7 0.33‡

Height (cm), mean±SD 142.9±7.2 142.9±7.2 0.98‡

BMI (kg/m2), mean±SD 26.6±4.9 25.3±2.6 0.27‡

Physical activity score, mean±SD 2.5±0.4 2.4±0.5 0.54‡

Calorie intake (kcal), mean±SD 2322.0±489.8 2280.4±515.4 0.78‡

Protein intake (g), mean±SD 89.3±26.3 91.1±22.9 0.81‡

Fat intake (g), mean±SD 65.5±24.6 61.8±20.3 0.59‡

PUFA intake (g), mean±SD 23.6±5.9 23.9±5.2 0.84‡

†Chi-square test
‡Independent t-test
SD = standard deviation; BMI = body mass index; PUFA = polyunsaturated fatty acid

Table 2. Blood pressure classification of children

Classification n %

Normal 27 61.4

Pre-hypertension 3 6.8

1st degree hypertension 13 29.5

2nd degree hypertension 1 2.3

Table 3. Anthropometric data of both groups at the end of the study

Anthropometric Group p†

Supplementation Placebo

Body weight (kg), mean±SD 54.5±8.4 52.7±8.0 0.49

Height (cm), mean±SD 143.7±7.0 143.7±7.3 0.99

BMI (kg/m2), mean±SD 26.5±4.6 25.4±2.5 0.36
†Independent t-test
SD = standard deviation
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pro-inflammatory cytokines such as 
interleukin 1b, interleukin 6, tumour 
necrosis factor-a, as well as c-reactive 
protein (Luciardi et al., 2018). This 
inflammation is associated with the 
complications of obesity that affect 
adults as well as children, such as 
hypertension, insulin resistance, 
dyslipidaemia, and cardiovascular 
diseases (Luciardi et al., 2018). In this 
study, the mean concentration of hs-
CRP was 3.2 mg/L, which is between 
the range of 1.9 mg/L to 3.4 mg/L as 
reported by other publications (Luciardi 
et al., 2018; Jain et al., 2017). The levels 
of hs-CRP should be controlled as low as 
possible to prevent the complications of 
obesity in children. 

This study showed significantly 
decreased diastolic blood pressure and 
hs-CRP level, but not systolic blood 
pressure in children with obesity after 
supplementation of fish oil capsules 
containing EPA and DHA for 8 weeks. 
The systolic-, diastolic blood pressure, 
and hs-CRP level decreased from 109.5 
mmHg to 106.3 mmHg, 72.7 mmHg 
to 67.7 mmHg, and 3.9 mg/L to 1.7 
mg/L, respectively. Comparing with the 
placebo group, the decreasing effects 
of EPA and DHA on systolic-, diastolic 
blood pressure, and hs-CRP level were 
-2.6 mmHg, -7.5 mmHg, and -1.15 
mg/L, respectively. No study has ever 
published the effects of omega-3 fatty 
acid on both blood pressure and hs-CRP 
level in children with obesity. However, 
one study did report the effect of prenatal 
DHA supplementation on blood pressure 
in obese children. They reported that 
overweight or obese children whose 
mothers received DHA supplementation 
had lower blood pressure (Kerling et al., 
2019). 

Several variables, such as age, 
gender, BMI, physical activity, and 
food intakes have been adjusted in the 
multivariate analysis of this study. At 
baseline, the characteristics including T
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age, gender, body weight, height, BMI, 
physical activity score, intakes of 
calories, protein, fat, and PUFA were 
similar between both groups. Physical 
activity and healthy diet interventions 
in children with overweight and obesity 
are effective in improving BMI and 
cardiovascular risk score (Larsen et al., 
2016). Therefore, physical activity and 
diet interventions should be promoted as 
they are closely associated with lowering 
pro-inflammatory cytokines and BMI in 
children with obesity.

There are several limitations to this 
study. Firstly, there was no calculation of 
sodium in food intake. This is important 
as it is widely recognised that dietary 
sodium intake is closely related to blood 
pressure or hypertension (Grillo et al., 
2019). Secondly, the limitation of sample 
size and duration of the study. 

CONCLUSION

The study showed the effectiveness of EPA 
and DHA supplementation in improving 
blood pressure and decreasing hs-CRP 
levels among children with obesity. With 
that, it may be recommended to give EPA 
and DHA supplementation to children 
with obesity to prevent cardiovascular 
disease-related conditions such as high 
blood pressure and increased hs-CRP 
levels. 
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