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ABSTRACT

Obesity is related to chronic inflammation. Various anthropometric
measurements have been shown to be associated with complications of
obesity. Identification of the most accurate anthropometric measurement
correlated with inflammation could lead to early interventions. The aim of
this study was to determine the correlation between anthropometric
measurements and inflammatory biomarkers in obese adolescents.

A cross-sectional study was performed on obese adolescents at the Pediatric
Nutrition Clinic of Dr Soetomo Hospital, Surabaya. The inflammatory
markers High Sensitivity C-Reactive Protein (hsCRP) and Tumor Necrosis
Factor Alpha (TNF-a) were measured using ELISA. Anthropometric
measurements including BMI (kg/m?), waist circumference (cm), and waist
to hip ratio (WHR) were performed. Statistical analysis was performed using
a correlation test with significance set at p<0.05.

In total, 59 adolescents aged 13-16 years were included. The mean BMI was
31.99 (26.6-41.13) kg/m? and the mean waist circumference was 100.18
(75-122) cm. There was no correlation between TNF-ao and BMI (r=-0.094;
p=0.479), waist circumference (r=-0.041; p=0.757), or WHR (r=0.041;
p=0.759). There was also no correlation between hsCRP and BMI (r=0.184;
p=0.162) or WHR (r=0.146; p=0.274). However, hsCRP had a weak positive
correlation with waist circumference (r=0.315; p=0.015). Waist
circumference could serve as an indicator of a systemic inflammatory state
in adolescents with obesity.

1. Introduction

Obesity is a global issue that is related to
morbidity and mortality. Obesity causes chronic
inflammation of the adipose tissue which is
involved in the production of adipocytokines,
such as IL-1, IL-6, IL-8, TNF-a, resistin, and
leptin (Castro et al., 2017). Adipocytokine
production by adipose tissue results in a pro-
inflammatory condition and oxidative stress
(Ellulu et al., 2017). This condition impacts cell
function, thus causing diseases such as
metabolic syndrome (Castro et al., 2017).
Metabolic syndrome is a cluster of cardio
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metabolic risk factors which includes obesity
(Roberts et al., 2013).

Anthropometric measurements of waist
circumference and the WHO method of defining
obesity in adults have been studied. A waist
circumference of 76.8 cm (men) and 71.7 cm
(women) is associated with obesity and a waist
to hip ratio (WHR) of 0.86 (men) and 0.77
(women) is the cut-off used to define obesity
(Hastuti et al., 2017). A study in adults showed
that WHR is a poor predictor of obesity,
especially in women, compared to other
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anthropometric parameters (Sinaga et al., 2018).
On the other hand, another study in adults
revealed that waist circumference has an impact
on inflammatory conditions and a further study
mentioned that waist circumference is a weak
indicator of elevated hsCRP and decreased
adiponectin (Schlecht et al., 2016). A study in
children stated that a WHR of greater than or
equal to 0.51 is associated with a higher risk of
inflammation (Mendes et al., 2017). However,
the results of the above-mentioned studies
remain controversial. The aim of this study was
to determine the association between
anthropometric measurements (BMI, waist
circumference, and WHR) with inflammatory
biomarkers in obese adolescents.

2. Materials and methods

This was a cross-sectional study in
adolescents aged 13-16 years with obesity. The
exclusion criteria for this study were
corticosteroid therapy in the 6 months
immediately prior to the study, antibiotic use,
hormonal therapy, alcohol consumption or
smoking, the presence of an infection, immunity
or endocrine disorder.

2.1. Anthropometric measurements

Anthropometric measurements are a series of
measurements performed by trained medical
practitioners which include weight, height, waist
circumference, and thigh circumference. Weight
was measured with the individuals not wearing
shoes, and wearing clothes with a weight of less
than 0.1 kg, without any other accessories, using
a digital scale (Seca, Germany). Height was
measured in an upright position, without the
presence of clothes or head covers, and using a
Seca stadiometer. Body mass index (BMI) was
defined as weight (in kilograms) divided by the
square of height (in metes). Waist and thigh
circumference were measured using metlin.
Waist circumference was measured from the
midpoint between the iliac crest and the lowest
rib.
2.2. TNF alpha test

TNF alpha is a pro-inflammatory cytokine
synthesised in macrophages in adipose tissue
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(Lee et al., 2013). The TNF-o test was
performed using the ELISA method from
Bioassay Technology Laboratory (China), and
measured in ng/L. The concentration was
determined using a standardised curve
established by the manufacturer.

2.3 CRP test

CRP is a systemic inflammation marker and
a nonspecific acute phase reactant produced in
the liver. CRP is commonly used to detect
inflammation and infections which cause injury
to the liver. The hsCRP test was performed using
an ELISA method from Diagnostic Biochem
Canada Inc. (Canada), and measured in ng/mL.
A study in adults showed that an increased CRP
level of >10 mg/L in obese women is more likely
to be caused by chronic inflammation than acute
inflammation; thus, a CRP level of >10 mg/L
could distinguish between acute and chronic
inflammation in obese women (Ishii et al.,
2012).

2.4. Statistics method

Average values, minimum values, and
maximum values were analysed using
quantitative  parameters. The correlation
between TNF-a, hsCRP, BMI, waist

circumference, and WHR was analysed using
bivariate analysis with a significant p value of
<0.05. If the data showed normal distribution,
analysis was conducted wusing Pearson
correlation; otherwise, Spearman’s rho was
used. Analysis was performed using the SPSS
software package.

3. Results and discussions

In this study, there were 59 adolescents with
obesity, consisting of 32 (54.2%) male
adolescents and 27 (45.8%) females, as shown
in Table 1.

There was no correlation between TNF-o and
BMI (r=-0.094; p=0.479), waist circumference
(r=-0.041; p=0.757), or WHR (1=0.041;
p=0.759). hsCRP did not show any correlation
with BMI (r=0.184; p=0.162) or WHR (1=0.146;
p=0.274). However, hsCRP showed a low
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positive correlation with waist circumference
(r=0.315; p=0.015), as shown in Table 2

Table 1. Characteristics of study subjects

Variable Number (percentage)
Sex
Male 32 (54.2)
Female 27 (45.8)
Maternal Education
Uneducated 2(3.4)
Elementary School 4 (6.8)
Middle School 5(8.5)
High School 25 (44.1)
Diploma 5(8.5)
Bachelor 17 (28.8)
Paternal Education
Uneducated 1(1.7)
Elementary School 5(8.5)
Middle School 3(5.1)
High School 31 (52.5)
Diploma 4 (6.8)
Bachelor 15(25.4)
Maternal Occupation
Employed 36 (61)
Homemaker 23 (39)
Mean (Average)
Weight (kg) 80.77 (53.5-112)
Height (cm) 158.76 (140.8-175.5)
Body Mass Index (kg/m?) 31.99 (26.6-41.13)
Waist Circumference (cm) 100.18 (75-122)
Waist to hip ratio 0.9477 (0.79-1.04)
TNF-a (ng/l) 147.17 (20.63-337.11)
hsCRP (ng/ml) 2308.83 (285.79-2941.37)

Table 2. Correlation among variables

Variable BMI Waist circumference WHR
TNF-a

r -0.094 -0.041 0.041

p 0.479 0.757 0.759
hsCRP

R 0.184 0.315 0.146

P 0.162 0.015 0.274
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Obesity is associated with subclinical
inflammation because there is an imbalance in
inflammation mediators (Todendi et al., 2016).
Subclinical inflammation takes place when BMI
rises (del Mar Bibiloni et al., 2013). Adipose
tissue produces adipokines (such as resistin,
adiponectin, leptin, and visfatin), pro-
inflammatory cytokines, and anti-inflammatory
markers (Lee et al., 2013).

Inflammation is associated with a risk of
cardiovascular diseases in children (Caminiti et
al., 2016). Levels of the inflammatory marker
hsCRP rise when there is an increase in body fat
levels (Singer et al., 2014). Body fat and adipose
tissue reserves are associated with cardio
metabolic diseases in children and adults
(Staiano and Katzmarzyk, 2012). As fat
percentage increases, there is a greater risk of
cardiovascular disease in children, especially
with a body fat percentage of greater than 20%
in both sexes (Going et al., 2011).

Anthropometric measurements are
appropriate for detecting overweight/obesity in
children; these include BMI, waist
circumference, and arm circumference (Shafiee
et al., 2018). An increase in abdominal fat level
is associated with an increase in inflammatory
markers (Toemen et al., 2015). Inflammatory
conditions in obesity are marked by an increase
in TNF- a and hsCRP (Ayoub et al., 2015).

A study in children with an average age of
10.03£0.74  years showed that waist
circumference is positively correlated with
TNF-a levels (Guedes et al., 2016). This is in
accordance with another study in adults which
mentioned that waist circumference is positively
correlated with TNF-a levels (Marques-Vidal et
al., 2012). In this study there was no correlation
between anthropometric measurements with
TNF-a level (Table 2.)

HsCRP could be utilised as an early
inflammatory marker in obesity. The prevalence
of hsCRP levels higher than 3 mg/L in obese
children is 4.15, falling to 1.91 in overweight
children (Todendi et al., 2016). In this study,
there was a positive correlation between hsCRP
and waist circumference (Figure 1.). Waist
circumference has a strong correlation with
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inflammation (Arbel et al., 2012). Another study
showed that CRP is not correlated with waist
circumference (Bea et al., 2018). A study in
obese pre-adolescent girls showed that waist
circumference could be a better indicator of
cardio metabolic risk than BMI (Hetherington-
Rauth et al., 2017). Waist circumference is a
predictor of insulin resistance in obese boys and
girls (Reyes et al., 2011). A study in non-obese
girls also revealed that waist circumference is an
independent predictor of insulin resistance
compared to BMI (Wolfgram et al., 2015); this
is due to visceral fat in the abdomen being pro-
inflammatory. Visceral fat in the abdomen is
exposed to macrophage infiltration, which
causes cell dysfunction and metabolic syndrome
(Weber et al., 2014).

Ry
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Figure 1. Correlation between hsCRP and waist
circumference.

In this study, there were no correlation
between hsCRP with BMI and WHR (Figure 2.
and 3.). BMI has a strong correlation with
inflammation (Arbel et al., 2012), but another
study showed that BMI is not correlated with
inflammation (Bea et al., 2018).

The combination of BMI and waist
circumference increase inflammation, showed
in increased hsCRP levels (Todendi et al., 2016).
Another study showed that BMI with WHR are
more accurate at predicting inflammation in
obese children (Samouda et al., 2015).
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Figure 2. Correlation between hsCRP and BMI.
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Figure 3. Correlation between hsCRP and
WHR.

Waist circumference and WHR have
stronger effects on increasing the risk of
cardiovascular diseases than BMI (Goh et al.,
2014). A study in obese children showed that
insulin resistance and triglyceride levels are
predicted more accurately by the combination of
BMI and WHR or waist circumference
(Samouda et al., 2015).

This study has some limitations, include
physical activity and diet can influence the
inflammatory response, and small sample size.
Further study with large sample size and
controlling of diet and physical activity are
needed to examine the correlation between
anthropometric measurements and
inflammatory biomarker in obese adolescents in
Indonesia.
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4. Conclusions

Waist circumference could serve as an
indicator of inflammatory states in obese
adolescents.
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