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Abstract  “Variations in the FTO gene and specific dietary interventions have been linked to inflammatory and 
hormonal biomarker changes in obese individuals. This research focused on assessing the impact of a 28-day 
balanced diet intervention on inflammation markers associated with cardiovascular risk among different FTO 
rs9939609 gene single nucleotide polymorphisms (SNPs) in obese women. This randomized controlled trial 
involved 38 women aged 18–25 with high body fat, who were randomly categorized into four groups based on FTO 
rs9939609 SNP and balanced diet intervention for 28 days: Allele A carriers + diet (DAC, n=12), TT genotype + 
diet (DTH, n=8), Allele A carriers without diet (CAC, n=10), and TT genotype without diet (CTH, n=8). 
Participants underwent nutritional education and had interleukin-6 (IL-6), high-sensitivity C-reactive protein (hs-
CRP), and adiponectin (ADP) measured pre- and post-intervention. The students' t-test statistical analyses were 
conducted using SPSS software. Initial IL-6 levels were highest in CAC (99.6 ± 29.4 ng/L) and lowest in DAC (76.4 
± 22.4 ng/L). Hs-CRP was highest in CTH (26.6 ± 9.48 ng/mL) and lowest in DTH (21.6 ± 6.0 ng/mL). ADP was 
highest in CTH (0.54 ± 0.08 ng/mL) and lowest in DAC (0.48 ± 0.10 ng/mL). After 28 days of balanced diet, none 
of the inflammatory markers showed statistically significant changes in all groups (P≥0.05). The balanced diet 
intervention did not significantly affect inflammatory markers linked to cardiovascular risk among all variants. 
Future studies should explore the prolonged effects of specific dietary components on inflammation and 
cardiovascular outcomes across diverse populations or other genes.”. 
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1. Introduction 

One of the practical ways of helping the obese 
population lose weight is changing their eating pattern. It 
has been evidenced that even small weight loss (5-10% of 
baseline body weight) through lifestyle interventions leads 
to improvement in cardiometabolic complications, which 
are commonly associated with obesity [1,2]. The 
interaction between FTO gene polymorphisms and diet, 
for instance, with interventions based on the 
Mediterranean diet, calorie-restricted diets, and high-
protein, low-carbohydrate regimens, has been studied in 
several analyses and meta-analyses. These considerations 
emphasize the relationships between variations in dietary 
conditions, body composition, and various inflammatory 
and hormonal biomarkers in individuals with obesity 
[3,4,5,6,7,8,9]. However, some aspects remain unclear or 
constrained. In Indonesia, the regulations regarding proper 

dietary practice and behaviour are outlined under the 
Republic of Indonesia Minister of Health Regulation No. 
41 of 2014 on Guidelines for Balanced Nutrition [10]. 

Several studies have investigated the relationship 
between the FTO rs9939609 genotype and circulating 
interleukin-6 (IL-6) levels. Only a few of these studies 
have reported significant findings [4], [11,12,13,14]. 
Research has indicated a correlation between the FTO 
rs9939609 genotype and increased levels of C-reactive 
protein (CRP) [15,16,17,18], although some studies 
reported conflicting results [11]. Besides, Mehrdad et al. 
and Li et al. [19,20] reported that carriers of the A allele 
(AA and AT genotypes) exhibited lower adiponectin levels 
than those with wild-type TT genotype; homozygous AA 
individuals had the lowest levels, although this did not 
reach statistical significance. Numerous additional studies 
have documented comparable findings among obese 
individuals and various adult demographics [21,22]. 
Conversely, De Luis et al. and Duicu et al. [12,23] 
researched that adiponectin levels were lower in the TT 
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genotype group than in the AA genotype group. The study 
aimed to evaluate the impact of a balanced nutrition 
intervention on several inflammation markers related to 
cardiovascular risk in two groups of FTO rs9939609 
genotype in obese women in Bandung City. 

2. Materials and Methods 

2.1. Subjects 
This study was conducted at the Nutrition Study 

Program and Nursing Laboratory, Faculty of Sport 
Education and Health, Universitas Pendidikan Indonesia, 
from November 2023 to January 2024. Initially, 115 
participants were recruited, all of whom agreed to undergo 
pre-screening. Of these, 86 completed the screening 
process, 38 participants consented to participate fully and 
completed the study. 

The inclusion criteria specified that participants must be 
obese women with a body fat percentage of ≥35%, 
engaged in light to moderate physical activity or minimal 
exercise based on their Physical Activity Level (PAL). 
Additionally, participants had to be of Sundanese descent, 
aged 18 to 25, and had normal fasting glucose levels. Only 
those who provided informed consent were eligible to 
participate. Participants were excluded if they were 
pregnant or lactating, had a history of chronic illnesses, 
regularly consumption of antioxidant supplements, and 
current participation in other research studies. Participants 
were also subject to termination if they chose to withdraw 
voluntarily, developed conditions meeting the exclusion 
criteria during the study, or failed to complete required 
blood tests or assessments. 

2.2. Procedure 
Weight, total body fat, health status (fasting glucose, 

pulse, and blood pressure), levels of interleukin-6 (IL-6), 
high-sensitivity C-reactive protein (hs-CRP), and 
adiponectin (ADP) were measured at the beginning of the 
trial and repeated 28 days after the intervention.  

Before the study began, all participants underwent 
anthropometric measurements after a 12-hour overnight 
fast. They were instructed to remove their shoes and wear 
light clothing prior to the measurements. Body weight, 
mass, and body fat percentage were assessed using a Body 
Composition Analyzer, while height was measured using 
a stadiometer with precision to the nearest 0.1 cm. 
Baseline and end-line measurements included pulse, blood 
pressure, and fasting blood glucose. 

2.3. Design 
The study utilized a randomized controlled trial design 

with a parallel structure over a 28-day intervention period. 
Participants were randomized into four groups. The 
intervention groups included Group 1 (DAC), consisting 
of A allele carriers receiving a balanced nutritional 
intervention, and Group 2 (DTH), composed of 
homozygous T allele carriers receiving a modified 
nutritional intervention. The control groups included 
Group 3 (CAC), consisting of A allele carriers without 

dietary intervention, and Group 4 (CTH), composed of 
homozygous T allele carriers without dietary intervention. 
All participants received detailed explanations of the study 
protocols and signed informed consent forms. Ethical 
approval was granted by the Research Ethics Committee 
of the Faculty of Medicine, Padjadjaran University (No. 
285/UN6.KEP/EC/2023). 

2.4. DNA Isolation, PCR Analysis, and 
Sequencing 

For each participant, 2–3 cc of venous blood was 
collected into an EDTA tube. DNA was isolated from 200 
μl of the buffy coat in each sample using the Genomic 
DNA Mini Kit (Geneaid, Taiwan). The purified DNA was 
quantified with a Nanodrop ND 1000 Spectrophotometer 
(Thermo Scientific, USA). The FTO rs9939609 
polymorphism was genotyped using the SNP Genotyping 
Assay (IDT, Singapore). Genotyping was conducted on a 
One-Step Real-Time PCR thermocycler (Connected 
Biosystems) under the following high-temperature cycling 
conditions: an initial denaturation step at 95°C for 10 
minutes, followed by 40 cycles of denaturation at 96 °C 
for 15 seconds, and annealing/extension at 60 °C for 1 
minute. The results were analyzed using Allele Separation 
software (Applied Biosystems, Foster City, CA, USA), 
following the manufacturer's standard instructions. 

2.5. Dietary Assessment 
At baseline, participants' dietary habits were assessed 

using a 2x24-hour dietary recall method, conducted once 
on a weekday and once on a weekend day. Participants 
were instructed to record the weights or measurements of 
all foods and beverages consumed as precisely as possible. 
During the intervention phase, the control group repeated 
the 2x24-hour dietary recall assessments, while the dietary 
intervention group received their nutritional intake 
through specially prepared catered meals designed for the 
study. Nutritional data, including caloric and nutrient 
intake, were analyzed using Nutrisurvey 2007 dietary 
software, referencing the Indonesian Food Composition 
Table and data from FatSecret.com. 

2.6. Dietary Intervention 
During the intervention phase, participants in the 

dietary group received three daily meals—breakfast, lunch, 
and dinner—based on a 28-day menu cycle. The Adjusted 
Nutrition Diet adhered to macronutrient distributions of 
45-55% carbohydrates, 15-20% protein, and 20-25% fats, 
following guidelines from the Indonesian Ministry of 
Health (2014) [10]. Meal types and portion sizes were 
standardized unless modifications were required for 
dietary restrictions or allergies. Caloric allocation per meal 
was set at 300-400 kcal for breakfast, 400-500 kcal for 
lunch, and 300-500 kcal for dinner.   

The carbohydrate sources emphasized complex 
carbohydrates, especially whole grains, while protein 
sources prioritized low-fat options, with 50% derived from 
plant-based proteins. Fat intake focused on 
monounsaturated and polyunsaturated fats, using natural 
ingredients whenever possible. Meals followed the "Fill 
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My Plate" and "Balanced Nutrition Tumpeng" concepts. 
Cooking methods included boiling, sautéing, or broiling, 
avoiding frying. Canola oil, low-sodium salt, and 
mushroom stock were used to enhance flavor while 
maintaining nutritional balance. 

Energy requirements for each participant were 
calculated using the Mifflin-St. Jeor Equation (Mifflin et 
al., 1990) to determine Resting Energy Expenditure (REE), 
which was then adjusted by multiplying with the Physical 
Activity Level (PAL) recommended by WHO-FAO. For 
women, REE was calculated using the formula: REE = 
9.99 × BW + 6.25 × S - 5 × A - 161. Control group 
participants did not follow a specific dietary plan but 
received general healthy eating advice. Their energy needs 
were also calculated using REE and standard formulas and 
monitored throughout the study. 

2.7. Analysis of Blood Samples 
Blood samples were obtained from participants 

following a 12-hour overnight fast, using sterile EDTA 
Vacutainer tubes and immediately placed in an ice 
container. Plasma was separated through centrifugation at 
1600 rpm for 10 minutes at 4 °C. The plasma was then 
aliquoted and stored at −80 °C until analysis. Biomarkers, 
including interleukin-6, high-sensitivity C-reactive protein 
(hs-CRP), and adiponectin, were measured using enzyme-
linked immunosorbent assay (ELISA) techniques. These 
measurements were performed with an ELISA microplate 
reader (Thermo Fisher Scientific, USA), using ELISA kits 
sourced from Bioenzy, Indonesia. 

2.8. Nutritional Education 
Participants received valuable educational sessions 

through online Zoom meetings featuring PowerPoint 
presentations and recorded materials prior to the 
intervention period. The first session, titled “Balanced 
Nutrition, Food Security, and Stress Management," 
introduced foundational topics such as the principles of 
balanced nutrition, the concept of the balanced nutritional 
“Tumpeng” and the composition of a balanced plate. It 
also included a sample balanced meal plan, 
recommendations for physical activity, hygiene and 
sanitation practices, food additives information, stress 
management strategies, and the importance of adequate 
rest. The second session, "Suggestions for Parcels and 
Adjusted Nourishment Menus," provided guidance on 
daily dietary allowances based on age and gender, food 
ingredient choices, family size considerations, and 
exercise examples to help participants design balanced 
nutrition menus tailored to their needs. 

2.9. Data Analysis 
Statistical analysis was performed using IBM SPSS 

Statistics for Windows, version 26.0 (SPSS Inc., Chicago, 
IL, USA). The Shapiro-Wilk test was used to evaluate the 
normality of variable distributions. Differences in 
demographic, biochemical, and clinical characteristics 
among the various genotypes were analyzed using one-

way ANOVA. To assess mean changes in plasma levels of 
IL-6, hs-CRP, and adiponectin (ADP), paired t-tests were 
performed. Data were presented as mean ± standard 
deviation (SD), and statistical significance was defined as 
p < 0.05. 

3. Results 

3.1. General and Baseline Characteristics 
Table 1 presents participants' general and baseline 

characteristics, categorized by intervention group and 
FTO rs9939609 allele variation. The data revealed no 
significant differences among the groups, as determined 
by ANOVA. Group 2 (TT genotype with dietary 
intervention) had the highest mean ± SD for body weight, 
BMI, visceral fat, and body fat percentage. Group 4 
(control group with TT genotype) exhibited the highest 
mean ± SD for the waist-to-hip circumference ratio. 

In terms of IL-6 levels, the highest mean ± SD (99.6 ± 
29.4 ng/l) was observed in Group 3 (allele A carriers with 
no dietary changes). In contrast, the lowest mean ± SD 
(76.4 ± 22.4 ng/l) was found in Group 1 (allele A carriers 
with dietary intervention). For hs-CRP levels, Group 4 
(control group with TT genotype) showed the highest 
mean ± SD (26.6 ± 9.5 ng/ml), while Group 2 (TT 
genotype with dietary caloric adjustment) had the lowest 
mean ± SD (21.6 ± 6.0 ng/ml). Regarding adiponectin 
(ADP) levels, Group 4 (control group with TT genotype) 
recorded the highest mean ± SD (0.54 ± 0.08 ng/ml), and 
Group 1 had the lowest mean ± SD (0.48 ± 0.10 ng/ml). 
Despite these variations, the differences in blood 
biochemical markers across groups were not statistically 
significant (P ≥ 0.05).  

Table 1. General and baseline characteristics of subjects based on 
the FTO rs9939609 gene group 

Variable 
TA/AA + 

Diet 
(n=12) 

TT + 
Diet 

(n=8) 

TA/AA 
control 
(n=10) 

control 
TT 

(n=8) 
P 

Body weight (kg) 84.2 ± 
14.4 

87.5 
± 8.2 

82.4 ± 
12.2 

83.5 ± 
12.5 0.847 

Height (cm) 158.3 ± 
5.3 

156.2 
± 5.2 

154.3 ± 
7.5 

157.6 
± 3.6 0.410 

Total body fat (%) 38.4 ± 3.3 40.3 
± 2.3 

39.3 ± 
2.8 

39.1 ± 
2.7 0.544 

Systolic (mmHg) 123 ± 11 112 ± 
10 

121 ± 
15 

129 ± 
12 0.072 

Diastolic (mmHg) 74 ± 8 75 ± 
8 77 ± 12 78 ± 9 0.892 

Pulse (times) 69 ± 14 76 ± 
11 76 ± 13 71 ± 9 0.483 

GDP (mg/l) 89 ± 11 93 ± 
13 

101 ± 
24 

88 ± 
11 0.220 

IL-6 (ng/l) 76.4 ± 
22.4 

84.7 
± 

21.5 

99.6 ± 
29.4 

97.6 ± 
38.9 0.215 

Hs-CRP (ng/ml) 23.9 ± 6.6 21.6 
± 6.0 

22.6 ± 
9.2 

26.6 ± 
9.5 0.619 

ADP (ng/ml) 0.48 ± 
0.10 

0.51 
± 

0.07 

0.53 ± 
0.10 

0.54 ± 
0.08 0.401 

Notes. GDP: Fasting Blood Glucose; IL-6: Interleukin-6; hs-CRP: high-
sensitivity C-Reactive Protein; ADP: Adiponectin. P value was obtain 
using ANOVA test. 
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3.2. Differences in IL-6, hs-CRP, and ADP 
Levels for Each Intervention Group 

 

 

 
Figure 1. Trends in changes in the average levels of a) IL-6, b) hs-CRP, 
and c) ADP for each subject group before and after the intervention 
period 

The changes in IL-6, hs-CRP, and ADP levels varied 
across intervention groups. In DAC group, 41.7% (5 out 
of 12) of participants showed a decrease in IL-6 levels, 
58.3% (7 out of 12) experienced a reduction in hs-CRP 
levels, and 50% (6 out of 12) demonstrated an increase in 
ADP levels. In DTH, 62.5% (5 out of 8) of participants 
had a decrease in IL-6 levels, 37.5% (3 out of 8) 
experienced a reduction in hs-CRP levels, and 25% (2 out 
of 8) showed an increase in ADP levels. Meanwhile in 
CAC, 60% (6 out of 10) of participants exhibited a 
decrease in IL-6 levels, 50% (5 out of 10) experienced a 
reduction in hs-CRP levels, and 30% (3 out of 10) showed 
an increase in ADP levels. In contrast, CTH had the 
lowest proportion of participants with a decrease in IL-6 

levels (25%, 2 out of 8), but the highest proportion with a 
reduction in hs-CRP levels (75%, 6 out of 8). Only 12.5% 
(1 out of 8) of Group 4 participants showed an increase in 
ADP levels. These findings indicate varying responses 
among groups, with notable differences in the trends of 
IL-6, hs-CRP, and ADP level changes. 

4. Discussion 

Previous research has indicated that fasting IL-6 levels 
do not significantly differ across FTO rs9939609 
genotypes. However, during postprandial phases, carriers 
of the AA genotype were observed to have lower IL-6 
levels compared to those with TT and TA genotypes [13]. 
Consistent with these findings, the present study found no 
statistically significant differences in baseline plasma IL-6 
levels among the groups, though numerical variations 
were noted across cohorts. These results align with earlier 
studies [4,11], [24,25,26] all of which reported no 
significant associations between FTO rs9939609 variants 
and IL-6 levels. 

Regarding hs-CRP, Zimmermann et al. [11] identified a 
positive correlation between hs-CRP and BMI, but this 
relationship did not vary significantly by FTO rs9939609 
genotype. Similarly, previous studies [7,12,24,26,27] 
reported no significant differences in CRP levels across 
FTO rs9939609 genotypes, consistent with the current 
findings. These results contrast with those of Sun et al. 
[16], who found a strong association between the FTO 
rs9939609 variant and both weight and hs-CRP in Chinese 
populations, echoing earlier findings in European 
populations [15,17]. Additionally, Tupikowska-Marzec et 
al. [18] noted that individuals carrying at least one risk 
allele exhibited higher CRP levels compared to TT 
homozygotes. It is hypothesized that obesity-induced 
inflammation, driven by fat tissue promoting pro-
inflammatory cytokine production, contributes to elevated 
hs-CRP levels [28]. 

Adiponectin levels have also been explored in relation 
to FTO rs9939609 genotypes. Studies observed reduced 
adiponectin levels in individuals with the TT genotype 
and among diabetic women carrying the SNP rs9939609 
[12,29]. Furthermore, individuals with the A allele often 
exhibit greater waist circumferences and lower 
adiponectin levels compared to non-carriers [22]. 
However, other studies found no significant differences in 
adiponectin levels across FTO rs9939609 genotypes [19], 
[21,27]. It is well-established that adipokines, such as 
adiponectin, are inversely related to fat mass and directly 
correlated with leptin [23]. Consistent with these findings, 
the present study showed no significant variation in 
adiponectin concentrations among FTO rs9939609 
variants. Overall, the relationship between FTO rs9939609 
and IL-6, hs-CRP, and adiponectin levels is multifaceted 
and influenced by various biological and environmental 
factors, underscoring the complexity of these interactions. 

5. Conclusion 

“After a 28-day balanced diet intervention, no 
significant differences were observed in the biochemical 
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markers (IL-6, hs-CRP, and ADP), either between groups 
or within each group. These results align with the null 
hypothesis, suggesting that the dietary intervention did not 
influence inflammatory markers associated with 
cardiovascular risk in either variant of the FTO rs9939609 
gene among obese young women in Indonesia. The lack of 
significant results may be attributed to the short duration 
of the intervention and a limited sample size.” 

And please delete the remaining conclusion before 
because that should be included in other publications 
outside of this one. 
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