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Abstract

Background Obesity is an abnormal amount of fats in the body that can
result from several factors majorly including environmental and genetic fac-
tors. The worldwide prevalence of obesity has increased tremendously in
the last three decades and is now considered a global epidemic. Despite
the negative impacts of obesity on human health and its majorly associated
risk factors such as heart disease, diabetes, and certain types of cancers, no
effective strategies have been employed to bring down its rate which can
reach an alarming level in the next few years.
Objective Previously, various studies have reported the high serum
concentrations of two cytokines tumor necrosis factor-alpha (TNF-α) and
interleukin-6 (IL-6) in obese patients. These genes (TNF-α and IL-6) are
released from the adipose tissues stimulated by obesity. Considering their
pivotal association with obesity, this study has been designed to investigate
the relationship between SNPs of TNF-α and IL-6 and their high serum lev-
els in obesity.
Results Here, we utilized R language to perform statistical analyses such
as correlation, normality testing, ROC, and regression analysis on serum
levels of TNF-α and IL-6 between obese and control groups. Furthermore,
the frequencies of clinical data and Hardy-Weinberg Equilibrium tests for
allele and the genotypes analysis of the cytokines were performed.
Conclusion The results of this study indicate that serum levels of TNF-α
and IL-6 were significantly correlated with obesity SNPs.
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1 Introduction

Obesity is a multifactorial disease and can be defined
as the excessive accumulation of fats in the body that
poses enormous negative impacts on human health
[1]. The rate of global prevalence of obesity has dou-
bled since 1980 across all ages [2]. Moreover, higher
prevalence rates of obesity have been observed in
women and elderly persons [3]. There are no effi-
cacious approaches to reduce the rate of obesity, al-
though it has become a major health burden caus-
ing at least 2.8 million deaths annually [1, 4]. Ac-
cording to one study, the occurrence of obesity has
been predicted in 51% of the population by 2030

[5]. Obese people are at increased risk of devel-
oping many chronic diseases including cardiovascu-
lar disease, hypertension, diabetes mellitus, stroke,
many cancer types, musculoskeletal disorders, gall-
bladder disease, and many mental health problems
[6]. There are many other complications in which
obesity is associated such as Polycystic Ovarian Syn-
drome (PCOS) and Obstructive Sleep Apnea (OSA)
[7]. Additionally, several socioeconomic factors such
as unemployment and social disadvantages are also
linked to obesity [6]. BMI is a standard in calculating
fats present in the body. According to BMI, grades
are assigned indicative of the severity of complica-
tions associated with obesity [2]. According to the
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World health organization (WHO) and the US Cen-
ters for Disease Control and Prevention (CDC), a per-
son is classified as obese for BMI equal to or greater
than 30 kg/m2 (grade I). Severe form of obesity is
classified for BMI equal to or greater than 40 kg/m2
(grade II and III) [7]. The increase in BMI has been
reported with an increase in age, more commonly in
women [2, 8].
Obesity is not just caused by excessive food consump-
tion or lack of physical activity but combinatorial
genetic as well as environmental factors are associ-
ated with it [7, 9]. Several environmental factors ma-
jorly including physical inactivity, sedentary lifestyle,
high calorie and unhealthy dietary intake, obesogenic
medication and excess of palatable foods are associ-
ated with obesity. Furthermore, genetic factors also
significantly contribute to obesity [9, 10]. The genetic
factors also have a strong link with Body mass in-
dex (BMI) variations [11], particularly in early adult-
hood [12]. Obesity has mainly been classified into
monogenic and polygenic types. Monogenic obesity,
a rare type caused by a single gene defect that fol-
lows the Mendelian pattern of inheritance while poly-
genic obesity following the normal pattern of inheri-
tance is the most common type caused by multiple
genes [13]. Obesity has been linked with more than
500 genes out of which eight obesity-causative genes
have been identified including Leptin (LEP), the lep-
tin receptor (LEPR), proopiomelanocortin (POMC),
prohormone convertase 1 (PCSK1), the melanocortin
4 receptor (MC4R), single-minded homolog 1 (SIM1),
brain-derived neurotrophic factor (BDNF), and the
neurotrophic tyrosine kinase receptor type 2 gene
(NTRK2) [14, 15]. The obesity stimulates the adi-
pose tissue to release leptin, monocyte chemoattrac-
tant protein-1 (MCP-1), resistin, and cytokines such
as such as interleukin-6 (IL-6) and tumor necrosis
factor α (TNF-α) [16, 17]. Furthermore, leptin also
stimulates the release of IL-6 and TNF-α by adipose
tissue macrophages [18]. The high serum concen-
tration of tumor necrosis factor-alpha (TNF-α) and
interleukin-6 (IL-6) in obese people have been re-
ported indicating their crucial role in obesity [16].
TNF-α is a cytokine secreted from adipose tissues as
well the macrophages. TNF-α has two specific re-
ceptors named as TNF-RI (55 FIXMEkDa) and TNF-
RII (75 FIXMEkDa) to which it binds and exert its ef-
fects [19]. TNF-α acts as a mediator in insulin resis-
tance and plays a very important role in the develop-
ment of dyslipidemia [18]. Additionally, the release
of cytokines such as IL-1b and IL-6 is also induced
by TNF-α [20]. IL-6 is a multifunctional cytokine re-
leased from adipocytes and macrophages. IL-6 has a
specific receptor membrane-bound α receptor IL-6R
to which it binds and performs function [21]. More-
over, it exhibits inhibitory role in lipoprotein lipase

activity [16] and is associated with regulation of lep-
tin expression. The increased serum level of IL-6 has
been linked to obesity [19]. The higher level of IL-
6 has also been reported in type 2 diabetes mellitus
obese patients [17]. In this study, statistical analysis of
IL-6 and TNF-a serum levels and genotypes was per-
formed by utilizing the R statistical language, subse-
quent data visualization of various statistical analyses
such as regression analysis and correlation between
IL-6 and TNF-a serum levels of patients and controls
were calculated. To evaluate the genotype and allele
frequencies, Hardy-Weinberg Equilibrium tests were
employed. This study evaluates, even SNPs induce
changes in TNF-α and IL-6 cytokines genes serum
levels that are statistically significant in obese patients
as compared to normal.

2 Method

2.1 Data Collection

This study utilized the clinical data of 50 obese pa-
tients and 30 controls. The BMI values, gender and
age of all the subjects were collected. The serum lev-
els of TNF-α and IL-6 in ngŁwere taken for both dis-
eased and normal. Furthermore, associated single nu-
cleotide polymorphisms (SNPs) of TNF-α and IL-6
were also gathered.

2.2 Determination of serum total IL-6,
and IL-TNF-a

Participants’ sera were tested using sandwich
enzyme-linked immunosorbent assay (ELISA) kits
to measure the levels of IL-6 and IL-TNF-a (Sunlong
Biotech Company, China). The detection ranges of
kits were 6–400 ng/mL and 3.3–200 pg/mL, respec-
tively.

2.3 Detection of IL-6 and TNF-a gene
SNPs

Venous blood (3 mL) was collected in (EDTA) tube, to
isolate DNA by using a DNA extraction kit following
the (Intron biotechnology /south korea. The amplifi-
cation and genotyping were done using Tetra-ARMS-
PCR of two SNPs of IL-6 gene (rs1800795 G/C) and
TNF-a (rs1800629 G/C) by pair of nonspecific outer
forward and reverse and two SNP-specific inners for-
ward and reverse primers [22]. The online website
http://pri mer1.soton.ac.uk/primer1.html was used
for primer design. AccuPower PCR PreMix (Bioneer,
Korea) was produced in accordance with the manu-
facturer’s instructions. Briefly, 2 µL of PCR PreMix,
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0.5 µL of each primer, 2 µL of DNA, and 14 µL of
DNAse-free water.

3 Statistical Analysis

R version 4.2.2 (2022-10-31 ucrt) was used for statis-
tical analysis of all the collected data. The frequency
of gender was calculated between obese patients and
normal individuals. The Shapiro-Wilk test by stats
package (version 3.6.2) was employed to perform the
normality analysis of TNF-α and IL-6 serum levels in
both study groups. This test of normality evaluates
the normal distribution of variables considering the
p value equal to or greater than 0.05 for a normally
distributed data. We are using this test for assess-
ing normality as it is suitable for all distribution types
and small sample size (n ≤ 5000) [23, 24]. The mean
values were determined for both cytokine genes (IL-
6, TNF-α) between patient and control groups using
mean functions by the base package (version 4.2.2).
Furthermore, they were also calculated with respect
to the gender for diseased vs normal. The standard
deviation of age using sd function by base package
(version 4.2.2) was also calculated for diseased vs nor-
mal. The data distribution analysis of BMI was per-
formed on patients and controls, independently. The
distribution of BMI was also carried out for patient vs
control based on BMI values defined as greater than
and equal to 30 kg/m2 for obesity. The cor.test func-
tion by stats package (version 4.2.2) has been used for
correlation analysis. The correlation analysis of age
and serum levels of genes (IL-6, TNF-α) was com-
puted between patient and control groups with statis-
tical significance considered for p-value less than 0.05.
For correlation, data from both datasets was equal-
ized by random selection of 30 patients to compare
with 30 controls. Furthermore, the regression plots
were generated using lm() function by stats package
(version 4.2.2) for normal and obese groups between
TNF-α and IL-6 serum levels (ngŁ). Linear regression
is the most widely used method to assess the relation-
ship between predictor variable and dependent vari-
able [25]. Regression analysis is being performed here
to predict the effects of IL-6 concentration on TNF-α
in obese and normal individuals. The serum level of
IL-6 has been taken as an independent variable (X)
while TNF-α level is the dependent variable (Y). The
receiver operating characteristic (ROC) analysis uti-
lizing glm function of stats package (version 4.2.2),

and roc_curve and roc_auc functions of the yardstick
package (version 1.1.0) was carried out for IL-6 (m1)
and TNF-α (m2) models between two groups, taking
the obesity condition as binary classifier. The curve
of ROC is the plot of sensitivity that indicates the
true positive rate (y-axis) vs 1-specificity (x-axis) in-
dicating the true negative rate. The ROC curve evalu-
ates the effects of serum levels of cytokines genes (m1
and m2) on our binary classifier (obesity). The ROC
curves are assessed with respect to the diagonal line
where poor performance is determined by the close-
ness of the curve to the diagonal line and vice versa.
The area under curve (AUC) provides the summary
of overall performance with 1.0 value defined for per-
fect accuracy of ROC [26]. The analysis for allele fre-
quencies in patient vs control as well as for gender
has been performed on cytokine genes (IL-6, TNF-α).
Omni Calculator has been used to determine the car-
rier and disease frequency of mutant alleles of IL-6
and TNF-α (patient) with respect to the normal alleles
in the control group. This calculator employs Hardy-
Weinberg equilibrium equation (p2 + 2pq + q2 = 1)
to calculate the frequencies of normal and mutant re-
cessive alleles in population [27]. Lastly, the Hardy-
Weinberg Equilibrium method has been utilized for
the visualization of the genotypes and alleles frequen-
cies (Hardy-Weinberg Equilibrium Calculator | Sci-
ence Prime) [28].

4 Data Visualization

R packages ggplot2 (version 3.4.0) and ggpubr (ver-
sion 0.5.0) were used for the visualization of plots
while broom package (version 1.0.1) was utilized for
output data representation in tidy tibbles. More-
over, tidyverse (version 1.3.2), dplyr (version 1.0.10),
tidyr (version 1.2.1) packages were employed to en-
sure efficient data manipulation and analysis while
the yardstick (version 1.1.0) package has been em-
ployed to estimate the fitness of models to data sets.

5 Results

Gender Frequency The gender frequency graphs in
Figures 1,2 show that the highest number of partici-
pants in the patient group are female while male fre-
quency dominates in the control group. The control
group consists of 22 males and 8 females while the
patient group contains 20 males and 30 females.
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Figure 1: Gender Frequency of Experiment Participants in the Control Category. The bar plot shows the proportion of
male (22/30) and female (8/30) participants in the control group.

Figure 2: Gender Frequency of Experiment Participants in the Patient Category. The bar plot shows the proportion of
male (20/50) and female (30/50) participants in the patient group. The x-axis represents the gender type i-e Male and
Female, the y-axis represents the gender frequency.

Data Normality The normality analysis of patient TNF-α (ngŁ) shows the p value of 0.000003581 as com-
pared to 0.03267 observed for control as shown in Figures 3c-3d. For patient IL-6 (ngŁ), 0.000000000001341
p-value has been obtained while 0.0001454 was computed for the control as indicated in Figure 3a-3b. These
results indicate that the data in both populations is not normally distributed.

Figure 3: Normality Analysis of TNF-a and IL6 Serum Levels in Patient and Control Groups using Shapiro-Wilk Normal-
ity Test. Figure 3 shows the result for IL6 serum level in control (a) and patient groups (b) respectively. Figure 3 shows
the result for TNF-a serum level in control (c) and patient groups (d) respectively. The p-values from the Shapiro-Wilk
Normality Test are included in the graph, indicating the normality of the distribution of TNF and IL6 serum levels in both
groups.
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Mean, and Standard Deviation The means of TNF-
α in Figure 4 show 87.8 value for patient and 59.45 for
control while for IL-6, 13.85 mean value for patient
and 10.65 for control has been observed in Figure 6.
The gender-based graph of TNF-α shows the mean
values of 89.45 and 86.7 for male and female patients
compared to 57.48 and 64.85 for male and female con-
trols, respectively shown in Figure 5. Meanwhile, for
IL-6 mean values of 11.41 and 15.48 were obtained
for male and female patients as compared to 11.4 and
8.58 values for male and female controls, respectively
as indicated in Figure 7. Consequently, higher mean
concentrations of IL-6 and TNF-α were obtained for
patients as compared to controls. The mean concen-
tration of TNF-α in male patients was slightly greater
than female patients while the IL-6 concentration in
female patients was significantly greater than male.
Moreover, as shown in Figure 8 standard deviation
for patients was observed at 12.09 as compared to 9.5
for normal.

Figure 4: Comparison of Mean Value for TNF-a in Control
and Patient Groups. The x-axis represents the data type i-e
Control and Patient, the y-axis represents the mean values.
The bar plot shows the distribution of TNF-a levels in the
control group (59.45) and patient group (87.80).

Figure 5: Comparing Mean Values for TNF-a Serum lev-
els in Control and Patient Groups by Gender (male and fe-
male). x-axis represents the data type by gender i-e Control
and Patient, y-axis represents the mean values. The bar plot
shows the distribution of TNF-a serum levels in the control
group (Female: 64.85, Male: 57.48) and patient group (Fe-
male: 86.7, Male: 89.45) for male and female participants.

Figure 6: Comparing Mean Values for IL6 in Control and
Patient Groups. x-axis representing the data type i-e Con-
trol and Patient, y-axis representing the mean values. The
bar plots show the distribution of IL6 levels in the control
group (10.65) and patient group (13.85).

Figure 7: Comparing Mean Values for IL6 Serum levels in
Control and Patient Groups by Gender (male and female).
x-axis representing the data type by gender i-e Control and
Patient, the y-axis representing the mean values. Bar plot
showing the distribution of IL6 serum levels in the control
group (Female: 8.58, Male: 11.4) and patient group (Female:
15.48, Male: 11.41) for male and female participants.

Figure 8: Comparing Standard Deviation in Control and
Patient Groups with respect to Age. The x-axis represents
the data types i-e control and patient, the y-axis represents
the standard deviation. The bar chart shows the distribu-
tion of standard deviation in the control group (9.5) and pa-
tient group (12.09) by age.

Data Distribution As shown in Figure 9, the data
distribution of BMI in the patient population indi-
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cates that overall maximum frequency was observed
for the patients whose BMI ranged 27-35 kg/m2 in-
dicating that obesity is linked with BMI around 30
kg/m2. The least data distribution has been ob-
tained for BMI greater than 35 kg/m2 and less than
27 kg/m2. Meanwhile for the control group indicated
in Figure 10, no frequency has been observed for BMI
greater than 29 kg/m2. The maximum data distribu-
tion was observed for BMI ranging 21-29 kg/m2.

Figure 9: Distribution of Body Mass Index (BMI) in Patient
Population. Histogram illustrates the distribution of partic-
ipants in a patient group with different BMI values. Range
of BMI values are labeled on the x-axis and the y-axis rep-
resents the distribution of patients.

Figure 10: Distribution of Body Mass Index (BMI) in Con-
trol Population. Histogram illustrates the distribution of
participants in a control group with different BMI values.
Range of BMI values are labeled on the x-axis and the y-
axis represents the distribution of patients.

5.1 Correlation Analysis and Regression
Analysis

In Figure 11, the correlation plot of age between pa-
tient and control population shows R value of 0.018
and p value of 0.92 indicating no significant correla-
tion found between age and control vs patient groups.
Moreover, as shown in Figure 12, the biologically sig-
nificant R value of -0.032 has been observed for TNF-
α serum level in the patient vs control group, how-
ever it shows the p value of 0.87 indicating a lack of

statistical significance. In Figure 13, the R value of -
0.21 has been obtained for IL-6 serum concentration
in patients vs controls depicting considerably appre-
ciable negative correlation although the overall result
is not significant with respect to the p value which
has been observed 0.26. The correlation plot in Figure
15 between TNF-α and IL-6 serum levels in control
population shows no significance (R value = 0.18) as
the p value of 0.33 has been obtained whereas the cor-
relation plot in the patient population shows R value
of 0.081 and p value of 0.9 indicating lack of signifi-
cance Figure 14. In Figure 16, the regression plot for
the control group shows the intercept value of 49.2659
ngŁindicating the TNF-α serum level in the body ir-
respective of the IL-6 concentration. While for the pa-
tient group, an intercept value of 90.0214 ngŁhas been
obtained as shown in Figure 17.

Figure 11: Scatter plot illustrates the correlation between
patient and control group with respect to age. The regres-
sion line (in blue) shows the trend of the correlation. The
scatter points and the regression line depict the association
and direction of the correlation between control and patient
group with respect to age. The p-values from the correlation
test is included in the graph, indicating the strength of the
association between patient and control group with respect
to age.

Figure 12: Scatter plot illustrates the correlation between
patient and control group with respect to TNF-a serum lev-
els. The regression line (in blue) shows the trend of the
correlation. The scatter points and the regression line de-
pict the association and direction of the correlation between
control and patient group with respect to TNF-a serum lev-
els. The p-values from the correlation test is included in the
graph, indicating the strength of the association between
patient and control group with respect to TNF-a serum lev-
els.
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Figure 13: Scatter plot shows the correlation between patient and control group with respect to IL6 serum levels. The
regression line (in blue) shows the trend of the correlation. The scatter points and the regression line depict the association
and direction of the correlation between control and patient group with respect to IL6 serum levels. The p-value from the
correlation test is included in the graph, indicating the strength of the association between patient and control group with
respect to IL6 serum levels.

Figure 14: Scatter plot illustrates the correlation between IL6 and TNF-a serum levels in the patient group. The regression
line (in red) shows the trend of the correlation. The scatter points and the regression line depict the association and
direction of the correlation between IL6 and TNF-a serum levels in the patient group. The p-value from the correlation
test is included in the graph, indicating the strength of the association between IL6 and TNF-a serum levels in the patient
group.

Figure 15: Scatter plot illustrates the correlation between IL6 and TNF-a serum levels in the control group. The regression
line (in red) shows the trend of the correlation. The scatter points and the regression line depict the association and
direction of the correlation between IL6 and TNF-a serum levels in the control group. The p-value from the correlation
test is included in the graph, indicating the strength of the association between IL6 and TNF-a serum levels in the control
group.

JBB, Volume 2 Issue 1 (2023), pp. 7–20



14 HADEEL ABDULHADI OMEAR

Figure 16: Regression plot depicts the correlation (positive
and negative) between IL6 and TNF-a serum levels in the
control group. The regression line (in red) shows the trend
of the correlation. The scatter points and the regression
line depict the association and direction of the correlation
between IL6 and TNF-a serum levels in the control group.
The coefficient (intercept) values from the regression analy-
sis are included in the graph.

Figure 17: Regression plot shows the correlation (positive
and negative) between IL6 and TNF-a serum levels in the
patient group. The regression line (in red) shows the trend
of the correlation. The scatter points and the regression line
depict the association and direction of the correlation be-
tween IL6 and TNF-a serum levels in the patient group. The
coefficient(intercept) values from the regression analysis are
included in the graph.

5.2 ROC Analysis

The ROC analysis as shown in Figure 18 indicates that
m1 (IL-6) being the closest curve to the diagonal line
exhibits poor performance while m2 (TNF-α) shows
better performance than m1. The AUC values of IL-6
and TNF-α models are computed as 0.622 and 0.821,

respectively indicating the accuracy of the resultant
ROC curves.

Figure 18: Receiver Operating Characteristic (ROC) curve
compares the diagnostic performance of IL-6 (m1) and
TNF-a (m2) serum levels in predicting obesity, with the area
under the curve (AUC) shown for each model.

5.3 Alleles Frequency

In Figure 19, IL-6 allele analysis shows the 83.3% oc-
currence of GG in 25 out of 30 total controls while
16.6% frequency of CC has been observed in 5 con-
trols. The gender-based comparison highlighted in
Figure 20 shows the highest frequencies of 60% and
13.3% for GG and CC in males as compared to 23.3%
GG and 3.3% CC in females, respectively. Further-
more, the patient group of 50 shows the maximum
frequency for GG with 60% occurrence (30 patients),
frequent in females (34%) as compared to males
(26%). Meanwhile, 30% occurrence of CC in 15 pa-
tients and 10% of GC occurrence in 5 patients has
been obtained in the patient population with 18% and
8% frequencies observed in females as compared to
12% and 2% in males, respectively shown in Figures
21,22.
The allele frequency analysis of TNF-α for control
population shown in Figure 23, depicts that GG [27]
dominates followed by GA [2] and AA [1]. The con-
trol group of 30 individuals consists of 90% GG, 6.6%
GA and 3.3% AA. Furthermore, the gender-based
comparison of TNF-α alleles depicted in Figure 24
show male dominance for GG with 66.6% occurrence
in male and 23.3% in females while AA is only present
in males (3.3%) and no difference has been observed
for GA (3.3%). For the patient group of 50 indicated in
Figure 25, 26, GG showed 74% frequency (37 patients)
with 42% occurrence in females as compared to 32%
in male. For GA, overall, 18% frequency (9 patients)
has been observed with 10% occurrence obtained for
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males as compared to 8% for females while 8% of AA
(4 patients) is only present in females.

Figure 19: Bar chart shows the allele frequency of the IL6
serum level in the control population, with allele types (CC
and GG) labeled on the x-axis and their frequency repre-
sented by the height of the bars. The occurrence of the al-
lele types in a control population is included in the graph
in percentages.

Figure 20: Bar chart shows the allele frequency of the IL6
serum level in the control population by gender, with allele
types (male and female: CC and GG) labeled on the x-axis
and their frequency represented by the height of the bars.
The occurrence of the allele types in a control population is
included in the graph in percentages.

Figure 21: Bar chart shows the allele frequency of the IL6
serum level in the patient population, with allele types (CC,
GC, and GG) labeled on the x-axis and their frequency rep-
resented by the height of the bars. The occurrence of the
allele types in a patient population is included in the graph
in percentages.

Figure 22: Bar chart shows the allele frequency of the IL6
serum level in the patient population by gender, with allele
types (male and female: CC, GC, and GG) labeled on the
x-axis and their frequency represented by the height of the
bars. The occurrence of the allele types in a patient popula-
tion is included in the graph in percentage.

Figure 23: Bar chart shows the allele frequency of the TNF-a
serum level in the control population, with allele types (AA,
GA, and GG) labeled on the x-axis and their frequency rep-
resented by the height of the bars. The occurrence of the
allele types in a control population is included in the graph
in percentages.

Figure 24: Bar chart shows the allele frequency of the TNF-a
serum level in the control population by gender, with allele
types (male and female: AA, GA, and GG) labeled on the
x-axis and their frequency represented by the height of the
bars. The occurrence of the allele types in a control popula-
tion is included in the graph in percentages.
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Figure 25: Bar chart depicts the allele frequency of the TNF-
a serum level in the patient population, with allele types
(AA, GA, and GG) labeled on the x-axis and their frequency
represented by the height of the bars. The occurrence of the
allele types in a patient population is included in the graph
in percentages.

Figure 26: Bar chart represents the allele frequency of the
TNF-a serum level in the patient population by gender,
with allele types (male and female: AA, GA, and GG) la-
beled on the x-axis and their frequency represented by the
height of the bars. The occurrence of the allele types in a
patient population is included in the graph in percentages.

5.4 Allele Frequency and Hardy-
Weinberg Analysis

As shown in Figures 27b and 27d, the allele frequency
analysis of mutant allele GC (IL-6) in the patient
group shows 1% frequency of disease in a population
of 100 people and the carrier frequency is obtained
in 1 out of 5.56 people. The Hardy-Weinberg equilib-
rium equation for mutant allele GC has been calcu-
lated as p2 = 0.81, q2 = 0.01 and 2pq = 0.18 indicating
that 0.1 (q) frequency has been obtained for mutant
GC as compared to 0.9 (p) obtained for the normal al-
lele CC. Meanwhile, analysis of GG (IL-6) resulted in
36% frequency of disease in a population (1 in 2.778
people). The carrier frequency of GG indicates the oc-
currence of this mutant allele in 1 out of 2.08 people.
The Hardy-Weinberg calculation has resulted in p2 =
0.16, q2 = 0.36 and 2pq = 0.48 with allele frequency

of 0.6 (q) obtained for GG higher than 0.4 (p) for the
normal allele CC. Furthermore, in Figures 27a and
27c, frequency analysis of mutant allele GA (TNF-α)
shows the disease frequency of 3.24% (1 in 30.864 peo-
ple) and carrier frequency of 1 in 3.39 people. The
Hardy-Weinberg equation has been computed as p2

= 0.6724, q2 = 0.0324 and 2pq = 0.2952 where 0.18 (q)
is the allele frequency of GA while 0.82 (p) is the al-
lele frequency of normal allele GG. Meanwhile, the
disease frequency of 0.64% (1 in 156.25 people) was
calculated for mutant allele AA (TNF-α) and the car-
rier frequency shows the occurrence of this mutant
allele in 1 out of 6.79 people. According to the Hardy-
Weinberg equilibrium p2 = 0.8464, q2 = 0.0064 and
2pq = 0.1472 have been determined where 0.08 (q)
represents the frequency of AA while 0.92 (p) denotes
the allele frequency of GG (normal). In the control
group the resultant Hardy-Weinberg equation for IL-
6 alleles (p2 = 0.0289, q2 = 0.6889, 2pq = 0.2822) shows
the allele frequency of 0.17 (p) for normal allele CC
with respect to 0.83 (q) obtained for mutant allele GG.
Additionally, the disease frequency has been obtained
at 68.89% while the carrier frequency has been ob-
tained in 1 out of 3.54 people as indicated in Figures
27b,27d. Furthermore, the Figures 27a-27c depict that
values of p2 = 0.8649, q2 = 0.0049 and 2pq = 0.1302
have been obtained for TNF-α alleles (GA = mutant
and GG = normal) where the allele frequency of 0.93
(p) has been calculated for GG and 0.07 (q) for the
mutant allele GA. Meanwhile, the Hardy-Weinberg
equation for TNF-α alleles AA (mutant) and GG (nor-
mal) calculated p2 = 0.9409, q2 = 0.0009 and 2pq =
0.0582 indicating that the allele frequencies of 0.97 (p)
and 0.03 (q) have been computed for GG and AA, re-
spectively. Additionally, disease frequencies of 0.49%
(1 in 204.1 people) and 0.09% (1 in 1,111 people) have
been obtained for GA and AA alleles with respect to
normal allele GG. The carrier frequency of GA (mu-
tant) shows that it is present in 1 out of 7.68 people
while AA (mutant) is present in 1 out of 17.18 people.

(a)
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(b)

(c)

(d)

Figure 27: Bar charts depict the allele and genotype fre-
quencies of IL6 and TNF-a serum level in patient and con-
trol group based on Hardy-Weinberg Equilibrium calcula-
tions. Figure 27 (a and b) shows the allele frequencies for
IL6 serum level in patient and control group. Figure 27 (c
and d) shows the genotype frequencies for TNF-a serum
level in patient and control group. The p represents healthy
allele frequency type and q represents mutant allele fre-
quency type.

6 Discussion

Obesity is a highly prevalent ailment that leads to
comorbidity with increased risk of diabetes, heart
disease, hypertension, and cancer [29]. It has been
reported to be highly prevalent in females and el-
derly people with an annual death rate of 2.8 million
[30]. BMI, an obesity measure, is used to estimate
the severity of obesity in terms of grades i.e., grade I
(BMI >= 30 kg/m2), grade II and III (BMI > 40 kg/m2)
[31]. Moreover obesity is caused by environmental
factors especially physical inactivity, poor lifestyle,
high calorie and unhealthy dietary intake, medica-
tion and genetic factors majorly mutations either on
single gene or many genes [32]. Among several obe-
sity associated genes, two major genes namely tu-

mor necrosis factor α (TNF-α) and interleukin-6 (IL-
6) have been widely observed in obese people. Thus,
obesity is characterized by elevated serum levels of
TNF-α and IL-6 in obese people. TNF-α and IL-6
are the cytokines which are secreted by macrophages
and adipose tissues, however due to genetic defects
cytokines level gets increased leading to fat accumu-
lation in the body [33]. Hence there is a prerequi-
site to perform statistical analysis in order to iden-
tify responsible SNPs for high expression of afore-
mentioned genes. In this study statistical methods
including, gender frequency, mean and median, stan-
dard deviation, data normality testing, data distribu-
tion, correlation and regression analysis, ROC anal-
ysis, allele frequency analysis and Hardy-Weinberg
analysis have been employed in R to evaluate sta-
tistically significant difference in the serum levels of
genes TNF-α and IL-6. Initially clinical data (compris-
ing 50 obese and 30 healthy individuals) was acquired
followed by frequency calculation that describes how
often disease or a particular event is observed in a
population [34]. Thus, females were observed to be
more frequent than males. Moreover, high median
values were observed for IL-6 and TNF-α in male pa-
tients that represent comparatively higher concentra-
tions of chemokines genes. Median is a data repre-
sentative which is unlike mean not affected by out-
liers (extremely high and low observations) [35]. Ad-
ditionally, mean calculation of chemokines revealed
comparatively elevated levels of IL-6 and TNF-α in
females and males respectively. Moreover, standard
deviation of age groups reported that patients’ ages
were more dispersed to mean as compared to nor-
mal individuals whose ages were clustered around
the mean. In accordance with normal distribution of
BMI in the patient population, it was observed that
BMI ranged 27-35 kg/m2 was highly frequent in pa-
tients indicating that BMI around 30 kg/m2 has been
strongly associated with obesity. Normality test im-
plied that serum concentrations of IL-6 and TNF-α
in patients were not normally distributed indicating
skewed curves. Furthermore, statistically insignif-
icant correlations were observed between IL-6 and
TNF-α serum levels in patients and control groups
in terms of highest P-value > 0.05. However, re-
gression plot analysis in controls and patients re-
vealed that serum levels of TNF-α have been influ-
enced by change in IL-6 concentrations with TNF-α
intercept value of 49.2659 ngŁand 90.0214 ngŁrespec-
tively. Correlation analysis measures the association
between two groups whereas regression analysis es-
timates the cause and effect between two variables
hence determines the value of unknown variable us-
ing the knowledge of known variable [36]. Addi-
tionally performance of IL-6 and TNF-α models have
been evaluated employing ROC graph where AUC
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estimator value for TNF-α model was observed closer
to 1 that is 0.82 whereas least AUC estimator value of
0.62 was obtained for IL-6 hence ROC graph analy-
sis revealed that TNF-α model has outperformed the
IL-6 model at distinguishing patients with respect to
serum levels. The performance of the model is hy-
pothesized on the basis of measure of classification
since best model has good measure of separatibility
with AUC estimator near to 1 whereas poor model
shows worst estimation of classification with AUC es-
timator closest to 0 [37]. Allele frequency is the de-
terminant of genetic diversity in a population, hence
comparing the allele frequencies of obesity associated
SNPs in healthy and obese individuals would deter-
mine how SNPs has dysregulated the serum levels
of IL-6 and TNF-α [38]. Therefore, allele frequency
distribution was calculated for normal and obese in-
dividuals where obesity associated SNPs have been
found to affect the allele frequency in obese individ-
uals. It was inferred from the calculations that obe-
sity associated SNPs has significantly effected the al-
lele frequency thus elevating the serum level of IL-6
and TNF-α. For IL-6, SNP has shifted the allele fre-
quency of CC and GG from 16.6% to 30% and 83.3% to
60% respectively. Additionally, 10% allele frequency
of GC has been observed too in higher concentration
of serum levels. Moreover, for TNF-α, obesity asso-
ciated SNP has increased the allele frequency of AA
and GA from 3.3% to 8% and 6.6% to 18% respec-
tively. However, decrease in allele frequency (GG)
from 90% to 74% was observed. Hence obesity related
SNPs have significantly effected the distribution of al-
lele frequency thereby elevated the serum levels of IL-
6 and TNF-α. Hardy-weinberg equilibrium helps to
predict the evidence of evolution in a population [39].
Thus, disease frequency of mutant alleles was mea-
sured in normal and diseased individuals employing
Hardy-weinberg equilibrium calculation. However,
fluctuations in the allele and genotype frequencies
have been observed for TNF-α and IL-6 indicating the
difference in serum levels between healthy and obese
individuals. The increase in allele and genotype fre-
quencies of mutant alleles, GA and AA have been ob-
served in TNF-α serum of obese patients as compared
to normal individuals. Additionally, low allele and
genotype frequencies of mutant alleles (GG and GC)
have been identified in IL-6 of diseased group (obese
individuals). Hence allelic and genotypic differences
in serum concentration between healthy and obese in-
dividuals have revealed that obesity associated SNPs
has posed a drastic effect on elevating the serum con-
centration in obese individuals.

7 Conclusion

This study using statistical methods has computed
the involvement of IL-6 and TNF-α SNPs with sig-
nificantly increased serum levels reported in obesity
patients. The females showed significant disease fre-
quency while median values were higher for males in
both disease and control groups. The patients’ ages
were more dispersed to mean and BMI values (27-
35 kg/m2) were frequent in patients. Furthermore,
correlation between IL-6 and TNF-α levels in patients
was not found significant whereas serum level of
TNF-α has been found to be affected by changing
IL-6 serum level. A significant shift in IL-6 allele
frequencies has been calculated for CC, GG and GC
whereas TNF-α alleles AA, GA and GG also showed
considerable differences in allele frequencies induced
by obesity associated SNPs. Consequently, these sig-
nificant differences in allele frequencies lead to in-
creased serum levels of cytokines genes. This study
reports that SNPs induce significant changes in the
serum levels of IL-6 and TNF-α in obesity.

Conflict of Interest: No conflicts of interest exist
between the authors and the publication of this
work.
Ethical consideration: The ethical committee
approved the study at the Tikrit University.

References

[1] Meldrum DR, Morris MA, Gambone JC.
Obesity pandemic: causes, consequences,
and solutions—but do we have the will?
Fertility and sterility. 2017;107(4):833-9.
doi:10.1016/j.fertnstert.2017.02.104. [Backref
page 7], [Backref page 14]

[2] Chooi YC, Ding C, Magkos F. The epidemi-
ology of obesity. Metabolism. 2019;92:6-10.
doi:10.1016/j.metabol.2018.09.005. [Backref page
7], [Backref page 8], [Backref page 14]

[3] Lin X, Li H. Obesity: epidemiology, pathophysi-
ology, and therapeutics. Frontiers in endocrinol-
ogy. 2021;12:706978. [Backref page 7]

[4] Leija-Martinez JJ, Huang F, Del-Rio-Navarro
BE, Sanchez-Munoz F, Munoz-Hernandez
O, Giacoman-Martinez A, et al. IL-17A and
TNF-α as potential biomarkers for acute
respiratory distress syndrome and mortal-
ity in patients with obesity and COVID-
19. Medical Hypotheses. 2020;144:109935.
doi:10.1016/j.mehy.2020.109935. [Backref page 7]

www.biomedbiochem.com

http://dx.doi.org/10.1016/j.fertnstert.2017.02.104
http://dx.doi.org/10.1016/j.metabol.2018.09.005
http://dx.doi.org/10.1016/j.mehy.2020.109935
https://biomedbiochem.com/


NOVEL SNPS OF TNF-A AND IL-6 THAT REGULATE SERUM LEVEL IN OBESE PATIENTS 19

[5] Arnoldi A, et al. Thermal processing and
nutritional quality. The nutrition hand-
book for food processing. 2002:265-86.
doi:10.1016/j.amepre.2011.10.026. [Backref
page 7]

[6] Blüher M. Obesity: global epidemiology and
pathogenesis. Nature Reviews Endocrinology.
2019;15(5):288-98. [Backref page 7]

[7] Upadhyay J, Farr O, Perakakis N, Ghaly
W, Mantzoros C. Obesity as a dis-
ease. Medical Clinics. 2018;102(1):13-33.
doi:10.1016/j.mcna.2017.08.004. [Backref page 7],
[Backref page 8]

[8] Okati-Aliabad H, Ansari-Moghaddam A, Kargar
S, Jabbari N. Prevalence of obesity and over-
weight among adults in the middle east coun-
tries from 2000 to 2020: a systematic review
and meta-analysis. Journal of Obesity. 2022;2022.
[Backref page 8]

[9] Sheikh AB, Nasrullah A, Haq S, Akhtar A, Ghaz-
anfar H, Nasir A, et al. The interplay of genetics
and environmental factors in the development of
obesity. Cureus. 2017;9(7). [Backref page 8]

[10] Bray G, Kim K, Wilding J, Federation WO. Obe-
sity: a chronic relapsing progressive disease pro-
cess. A position statement of the World Obesity
Federation. Obesity reviews. 2017;18(7):715-23.
[Backref page 8]

[11] Farooqi IS, O’Rahilly S. Genetics of obesity in hu-
mans. Endocrine reviews. 2006;27(7):710-8. [Back-
ref page 8]

[12] Silventoinen K, Jelenkovic A, Sund R, Yokoyama
Y, Hur YM, Cozen W, et al. Differences in
genetic and environmental variation in adult
BMI by sex, age, time period, and region: an
individual-based pooled analysis of 40 twin co-
horts. The American journal of clinical nutrition.
2017;106(2):457-66. doi:10.3945/ajcn.117.153643.
[Backref page 8]

[13] Loos RJ, Yeo GS. The genetics of obesity: from
discovery to biology. Nature Reviews Genetics.
2022;23(2):120-33. [Backref page 8]

[14] Duis J, Butler MG. Syndromic and Nonsyn-
dromic Obesity: Underlying Genetic Causes in
Humans. Advanced Biology. 2022;6(10):2101154.
[Backref page 8]

[15] Mahmoud R, Kimonis V, Butler MG. Ge-
netics of obesity in humans: A clinical re-
view. International Journal of Molecular Sci-
ences. 2022;23(19):11005. [Backref page 8]

[16] El-Mikkawy DM, EL-Sadek MA, EL-Badawy
MA, Samaha D. Circulating level of interleukin-
6 in relation to body mass indices and lipid pro-
file in Egyptian adults with overweight and obe-
sity. Egyptian Rheumatology and Rehabilitation.
2020;47(1):1-7. [Backref page 8]

[17] Rodrigues KF, Pietrani NT, Bosco AA, Campos
FMF, Sandrim VC, Gomes KB. IL-6, TNF-α, and
IL-10 levels/polymorphisms and their associa-
tion with type 2 diabetes mellitus and obesity
in Brazilian individuals. Archives of endocrinol-
ogy and metabolism. 2017;61:438-46. [Backref page
8]

[18] Vekic J, Zeljkovic A, Stefanovic A, Jelic-Ivanovic
Z, Spasojevic-Kalimanovska V. Obesity and
dyslipidemia. Metabolism. 2019;92:71-81.
doi:10.1016/j.metabol.2018.11.005. [Backref page 8]

[19] Wang T, He C. Pro-inflammatory cytokines: The
link between obesity and osteoarthritis. Cy-
tokine & growth factor reviews. 2018;44:38-50.
doi:10.1016/j.cytogfr.2018.10.002. [Backref page 8]

[20] Zand H, Morshedzadeh N, Naghashian F. Sig-
naling pathways linking inflammation to insulin
resistance. Diabetes & Metabolic Syndrome:
Clinical Research & Reviews. 2017;11:S307-9.
doi:10.1016/j.dsx.2017.03.006. [Backref page 8]

[21] Ellulu MS, Patimah I, Khaza’ai H, Rahmat A,
Abed Y. Obesity and inflammation: the linking
mechanism and the complications. Archives of
medical science. 2017;13(4):851-63. [Backref page 8]

[22] Medrano RFV, De Oliveira CA. Guidelines for
the tetra-primer ARMS–PCR technique develop-
ment. Molecular biotechnology. 2014;56:599-608.
[Backref page 8]

[23] Shapiro SS, Wilk MB. An analysis of variance test
for normality (complete samples). Biometrika.
1965;52(3/4):591-611. [Backref page 9]

[24] Wei J. The adoption of repeated measurement of
variance analysis and Shapiro—Wilk test. Fron-
tiers of Medicine. 2022;16(4):659-60. [Backref page
9]

[25] Chatterjee S, Hadi AS. Regression analysis by
example. John Wiley & Sons; 2006. [Backref page 9]

[26] Zou KH, O’Malley AJ, Mauri L. Receiver-
operating characteristic analysis for evaluating
diagnostic tests and predictive models. Circu-
lation. 2007;115(5):654-7. [Backref page 9]

[27] ;. Available from: https://www.omnicalculator.
com/. [Backref page 9], [Backref page 14]

JBB, Volume 2 Issue 1 (2023), pp. 7–20

http://dx.doi.org/10.1016/j.amepre.2011.10.026
http://dx.doi.org/10.1016/j.mcna.2017.08.004
http://dx.doi.org/10.3945/ajcn.117.153643
http://dx.doi.org/10.1016/j.metabol.2018.11.005
http://dx.doi.org/10.1016/j.cytogfr.2018.10.002
http://dx.doi.org/10.1016/j.dsx.2017.03.006
https://www.omnicalculator.com/
https://www.omnicalculator.com/


20 HADEEL ABDULHADI OMEAR

[28] Hardy-Weinberg Equilibrium Calculator;.
Available from: https://scienceprimer.com/
hardy-weinberg-equilibrium-calculator. [Backref
page 9]

[29] Al-Abed AAAA. Obesity-Linked Diseases (Co-
morbidities). Obesity and its Impact on Health.
2021:97-116. [Backref page 17]

[30] Gupta H, Garg S. Obesity and overweight—their
impact on individual and corporate health. Jour-
nal of Public Health. 2020;28:211-8. [Backref page
17]

[31] Raud B, Gay C, Guiguet-Auclair C, Bonnin A,
Gerbaud L, Pereira B, et al. Level of obesity is di-
rectly associated with the clinical and functional
consequences of knee osteoarthritis. Scientific re-
ports. 2020;10(1):3601. [Backref page 17]

[32] Nicolaidis S. Environment and obesity.
Metabolism. 2019;100:153942. [Backref page
17]

[33] Verheggen RJ, Eijsvogels TM, Catoire M, Terink
R, Ramakers R, Bongers CC, et al. Cytokine re-
sponses to repeated, prolonged walking in lean
versus overweight/obese individuals. Journal
of Science and Medicine in Sport. 2019;22(2):196-
200. doi:10.1016/j.jsams.2018.07.019. [Backref page
17]

[34] Dastgiri S. Frequency, incidence, and preva-
lence. Saudi Medical Journal. 2016;37(3):329.
[Backref page 17]

[35] Choi Da, Tagore P, Siddiq F, Park K, Ewing
R. Descriptive statistics and visualizing data.
In: Basic Quantitative Research Methods for
Urban Planners. Routledge; 2020. p. 107-32.
doi:10.4103/aca.ACA_157_18. [Backref page 17]

[36] Ali Z, Bhaskar SB, Sudheesh K, et al. Descrip-
tive statistics: Measures of central tendency, dis-
persion, correlation and regression. Airway.
2019;2(3):120. [Backref page 17]

[37] van Smeden M, Moons KG, de Groot JA, Collins
GS, Altman DG, Eijkemans MJ, et al. Sample size
for binary logistic prediction models: beyond
events per variable criteria. Statistical methods
in medical research. 2019;28(8):2455-74. [Backref
page 18]

[38] Mao L, Fang Y, Campbell M, Southerland WM.
Population differentiation in allele frequencies
of obesity-associated SNPs. BMC genomics.
2017;18:1-16. [Backref page 18]

[39] Abramovs N, Brass A, Tassabehji M. Hardy-
Weinberg equilibrium in the large scale ge-
nomic sequencing era. Frontiers in genetics.
2020;11:210. [Backref page 18]

How to cite

Omear H. A.; Novel SNPs of TNF-a and IL-6 that Regulate Serum Level in Obese Patients. Journal of
Biomedicine and Biochemistry. 2023;2(1):7-20. doi: 10.57238/jbb.2023.6398.1025

www.biomedbiochem.com

https://scienceprimer.com/hardy-weinberg-equilibrium-calculator
https://scienceprimer.com/hardy-weinberg-equilibrium-calculator
http://dx.doi.org/10.1016/j.jsams.2018.07.019
http://dx.doi.org/10.4103/aca.ACA_157_18
http://dx.doi.org/10.57238/jbb.2023.6398.1025
https://biomedbiochem.com/

	Introduction
	Method
	Data Collection
	Determination of serum total IL-6, and IL-TNF-a
	Detection of IL-6 and TNF-a gene SNPs

	Statistical Analysis
	Data Visualization
	Results
	Correlation Analysis and Regression Analysis
	ROC Analysis
	Alleles Frequency
	Allele Frequency and Hardy-Weinberg Analysis

	Discussion
	Conclusion

