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ABSTRACT

Obesity is related to the over-expression of pro-inflammatory cytokines and
causes chronic systemic inflammation. The identification of dietary intake
at risk of inflammation led to optimal interventions. The aim of this study
was to determine the correlation between dietary intake and the
inflammatory biomarker in adolescents with obesity.

A cross-sectional study was performed on adolescents with obesity at the
Pediatric Nutrition Clinic of Dr Soetomo General Hospital, Surabaya from
July to October 2018. Dietary intake was obtained from food recall. The
assessment of high sensitivity CRP (hsCRP) was performed using ELISA.
Statistical analysis was performed using a correlation test with p<0.05
indicating significance.

A total of 59 adolescents were included, 32 (54.2%) of which were male and
27 (45.8%) were female. The age range was 13—16 years. The mean calorie
intake was 1955.9 & 778 calories, and the mean hsCRP level was 2308.83 +
470.95 ng/ml. There was no correlation between total calories, carbohydrate,
protein, and fat level intake and hsCRP (p>0.05). No substantial effect of
dietary intake was found for hsCRP.

1.Introduction

In developing countries, the prevalence of
obesity has increased in all age groups (Rachmi
et al., 2017). The cause of obesity is energy
imbalance between energy intake and energy
expenditure. Diet is important in the
development and progression of obesity.

Obesity is related to chronic low-grade
inflammation (Lee et al., 2013) and oxidative
stress  (Paltoglou et al., 2017). Chronic
inflammation causes metabolic disease (Castro
et al., 2017). Abdominal obesity is a predictive
factor of cardiometabolic risk (Amato et al.,
2013). Even in obese individuals with a healthy
metabolic state, they are at an increased risk of
long-term mortality (Kramer et al., 2013).
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Over-nutrition is associated with immune-
activation and inflammatory conditions (Lee et
al., 2013). Dietary excess produces an
accumulation of lipids in adipocytes (GOmez-
Hernandez et al., 2016). Excess weight has an
inflammatory effect (Garcia-Hermoso et al.,
2016). However, exercise can reduce the
systemic inflammation associated with obesity
(Sirico et al., 2018). The complications of
obesity are due to metabolic disorder induced by
an excessive accumulation of fat, which leads to
cardiovascular disease (CVD) and type 2
diabetes mellitus (Morandi and Maffeis, 2014).
Diet and nutrition are modifiable variables in
obesity (Hale et al., 2015). The aim of this study
was to determine the correlation between dietary
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intake and inflammatory biomarkers (hsCRP) in
adolescents with obesity.

2. Materials and methods

This is a cross-sectional study conducted at
The Pediatric Nutrition Clinic of Dr Soetomo
General Hospital, Surabaya from July to
October 2018.

2.1. Samples

Adolescents (age 13-16 years old) with
obesity were enrolled. The following exclusion
criteria were applied: (a) steroid or medical
therapy, (b) hormonal therapy, (c) alcohol
consumption, (d) smoking, (e) infection, (f) a
medical history including an endocrinology
disorder, immunological disorder,
cardiovascular disease, or other known chronic
pathology, and (h) secondary obesity (having a
medical condition that causes gain weight).
Health status was obtained through self-report to
exclude acute and chronic diseases. The study
procedures and objectives were explained to the
parents and informed written consent was
obtained from all participants before they were
enrolled. This study was approved by the Ethics
Committee in Health Research of the Dr
Soetomo General Hospital, Surabaya.

2.2. Anthropometric measurements

Body weight was measured with the patients
barefoot and lightly clothed to the nearest 0.1 kg
using calibrated digital scales (Seca, Germany
ref. 224 1714009). The barefoot standing height
was measured using a fixed stadiometer to the
nearest 0.1 cm (Seca, Germany ref. 224
1714009). Following inclusion, the body mass
index (BMI) of all participants was calculated
using the following formula: body weight

(Kg)/height (m?); obesity was defined as a BMI
greater than the 95 percentile for sex and age

based on The United States Centers for Disease
Control and Prevention (CDC 2000).

2.3. Data Collection

The nutritional profiles of participants were
established through food recall using a food
model. The total daily intake of calories,
carbohydrates, proteins, and fat were calculated.

2.4. Blood Analyses

Blood samples were collected in 5 cc aliquots
from subjects using tubes containing EDTA.
They were centrifuged and shipped to the
Laboratory of the Institute of Tropical Disease,
Universitas Airlangga for the analysis of
inflammatory biomarkers, including hsCRP.
Serum levels of hsCRP (ref. CAN-CRP-4360)
were measured by specific ELISA Kkits
(Bioassay Technology Laboratory, China)
following the manufacturer’s instructions.

2.5. Statistical Analysis

Data were analyzed using the SPSS software.
The value of p<0.05 was taken as statistically
significant. The Pearson correlation analysis
was performed to examine the relationship
between calories, protein, carbohydrate, fat, and
hsCRP.

3. Results and Discussion

A total of 59 adolescents were included in this
study, consisting of 32 (54.2%) males and 27
(45.8%) females. The age range was 13-16
years. Anthropometric measurements, dietary
intake, and laboratory characteristics are shown
in Table 1

Table 1. Characteristics of subjects

Variable Mean (SD)
Body weight (kg) 80.77 £13.35
Body height (cm) 158.76 £7.12
Body Mass Index (kg/m?) 31.99 £3.67
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Calories (Kcal/day) 1955.96 £ 778.01
Carbohydrate (Kcal/day) 1005.95 + 421.67

Protein (Kcal/day) 361.66 £221.43

Fat (Kcal/day) 589.03 £313.25

hsCRP (ng/ml) 2308.83 (285.79-2941.37)

The mean hsCRP level was 2308.83 + 470.95 ng/ml. The mean calorie intake was 1955.96 + 778
calories. The correlation between dietary intake and hsCRP is given in Table 2.

Table 2. Correlation between dietary intake and inflammatory biomarkers

Variable Total | Carbohydrate | Protein Fat
Calories
hsCRP
r -0.167 -0.178 -0.015 -0.164
0.207 0.177 0.910 0.215

In this study, there were no significant

correlations between total calories,
carbohydrate, protein, and fat level intake and
hsCRP (p>0.05) (Table 2.).

Obesity is associated with oxidative stress
and aseptic inflammation (Paltoglou et al.,
2017). This inflammation is associated with the
development of many comorbidities, including
metabolic syndrome, cardiovascular disease
(CVD) and type 2 diabetes (DeBoer, 2013). Fat
cell size and fat cell number are increased in
obesity or with a combination of the two
(Coelho et al., 2013). Adipose tissue is an
endocrine organ secreting adipocytokines,
which exert endocrine, paracrine, and autocrine
actions, both locally and systemically (Kelishadi
et al.,, 2017). There is an increase in the
adipocyte number (hyperplasia) and adipocyte
size (hypertrophy), which releases various
cytokines such as leptin, adiponectin, tumor
necrosis factor-alpha (TNF-a), interleukin (IL)-
1, IL-4, IL-6, IL-10, and CRP (Castro et al.,
2017). These cytokines induce oxidative stress
and inflammation (Ellulu et al., 2017). Elevated
inflammatory biomarkers were higher in
abdominal adiposity (Steckhan et al., 2016).

HsCRP and TNF-o were significantly higher
in obese compare to non-obese individuals
(Ayoub et al., 2015). HsCRP is an acute phase
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protein produced by the liver. HsCRP is
negatively associated with anti-oxidation in pre-
pubertal obese boys (Paltoglou et al., 2017). In
inflammatory conditions, hsCRP plasma levels
are increased and associated with metabolic
syndrome, insulin resistance, and cardiovascular
disease (DeBoer, 2013). TNF-a is a pro-
inflammatory cytokine produced by
macrophages and T lymphocytes (Kelishadi et
al., 2017). Elevated TNF-a is associated with
insulin resistance and cardiovascular risk
(Khosravi et al.,, 2013). Higher BMI is
associated with a higher TG/HDL ratio and
insulin resistance in pre- and post-pubertal
children (Olson et al., 2012).

Dietary imbalances characterized by an
excessive intake of calories, fat, and
carbohydrate are observed in obese subjects
(Ayoub et al., 2015). High fat and energy-dense
foods are a dietary habit in obesity (Manna and
Jain, 2015). The excessive fat and carbohydrate
is associated with inflammation (Ayoub et al.,
2015). Polyunsaturated fatty acids, an
appropriate glycemic index and glycemic load in
carbohydrates are associated with improving
inflammation in obesity (Lee et al., 2013).
Dietary fatty acids influence the expression of
the TNF-a cytokine gene and alter TNF-a
production (Joffe et al., 2013). The excessive
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intake of carbohydrate and fat is associated with
increased TNF-a (Ayoub et al., 2015).

A high protein diet did not improve
anthropometric measurements and
cardiovascular risk factors (LDL, HDL, insulin,
and blood pressure) in obese children (Izadi et
al., 2018). However, the energy-restricted high
protein diet is associated with a reduction of
waist circumference and hsCRP in women
(Azadbakht et al., 2013). A low fat diet can
reduce CRP (Steckhan et al., 2016).

In this study, no correlation was found
between calories, carbohydrate, protein, fat level
intake and hsCRP (Figure 1-4.). There was
ethnicity difference with another study that
showed correlation between dietary intake and
inflammatory biomarkers.
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Figure 1. Correlation between Total Calories
and hsCRP.
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Figure 2. Correlation between Carbohydrate
and hsCRP.
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Figure 3. Correlation between Protein and
hsCRP.
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Figure 4. Correlation between Fat and hsCRP.

Dairy product consumption does not
influence the biomarkers of inflammation
(Labonté et al., 2013). Recent studies in the
literature have reported that dietary intake has a
positive effect on inflammatory biomarkers in
patients with metabolic syndrome (Steckhan et
al., 2016). The metabolic syndrome was not
examined in this study.

There are limitations on this study. First, the
sample size was small. Second, the study only
obtained 24 hour recalls once. Third, there was
a factor affecting of hsCRP, such as physical
activity.

4. Conclusions

No effect of dietary intake of calories,
carbohydrate, fat, and protein was found for
hsCRP. Further studies are needed with larger
sample sizes to investigate dietary food
composition and its influence on inflammatory
biomarkers in adolescents with obesity.
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