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INTRODUCTION
Cytokines have been defined as “one group of protein cell regulators 
variously called lymphokines, monokines, interleukins, interferons 
and chemokines produced by a wide variety of cells in the body that 
play an important role in many physiologic responses” [1]. They 
consist of over 200 secreted factors that create a dynamic highly 
complex and intricate network of elements controlling the immune 
response [1, 2]. Circulating levels of cytokines reach a characteristic 
profile in specific metabolic states, e.g., in obesity, which is consid-
ered a chronic, low-grade inflammatory disease [3]. Additionally, it 
has been demonstrated that physical activity and weight change 
induce considerable variations in the levels of several cytokines [4]. 
Physiologically and anatomically, fat and muscle tissues are con-
nected and play an important role in metabolism [5]. Taken to-
gether, these proteins and the genes encoding them are very prom-
ising subjects of research on posttraining changes in body mass, 
composition, and biochemical parameters.
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that carriers of the IL1A rs1800597 CC genotype exhibited a significant decrease in total body water (TBW) in 
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a posttraining decrease in body mass index (BMI) (p = 0.039). Haplotype analysis revealed that only rare 
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Carriers of the CC-CG genotype (rs1800587-rs1800795) had significantly greater changes in triglycerides (TGL) 
over the training period. Our study showed that the IL1A and IL6 genotypes, either individually, in haplotype, 
or in gene-gene combination, may modify training-induced changes in body mass, composition, glucose levels, 
and the lipid profile in healthy women.
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Interleukin-1 (IL-1) is a superfamily of pleiotropic cytokines with 
numerous functions in mostly immunity, inflammation, and hemo-
poiesis. This family contains 11 members, including interleukin-1 
alpha (IL-1α), which is a major proinflammatory cytokine [6]. This 
interleukin is produced in cells including macrophages, monocytes, 
neutrophils, and hepatocytes. It has been shown to contribute to 
obesity and insulin resistance. Elevated blood serum IL-1α levels 
were associated with increased body mass in humans [3, 7]. The 
IL1A gene, similar to other IL-1 family genes, is located on chromo-
some 2 (2q14.1) and contains 8 exons. Numerous studies have de-
scribed associations between single nucleotide polymorphisms (SNPs) 
of IL1A and numerous diseases, such as obesity [8, 9], metabolic 
syndrome [10], cardiovascular disorders [11], asthma [12], and 
cancer [13]. One of the functional polymorphisms affecting IL1A ex-
pression is rs1800587 (-889 C > T), which is localized in the pro-
moter region of the gene [14].
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Dietary program
The participants who met the inclusion criteria took part in a dietary 
program and were expected to keep a balanced diet based on their 
personal dietary plan which was established during a nutritional 
meeting involving a recommendation of an adequate diet matched 
with personal energy needs and nutritional status. The medium 
daily macronutrient ratio was proposed (expressed as a percentage 
of total calories): 45–65% from carbohydrates, 20–35% from fat 
(reducing the intake of saturated fats and increasing the intake of 
unsaturated fats), and 10–20% from protein. The women were also 
instructed to maintain a daily cholesterol intake of less than 300 mg 
with a minimum dietary fiber intake of 25 g. The quality and quan-
tity of food and drink were assessed during weekly consultations.

Training Phase
At first, a week-long familiarization period (3 training units, 30 min 
each, at ~50% of maximum heart rate – HRmax) preceded a prop-
er training. A 12-week (36 training units) experimental training pro-
gram was divided as follows:
 – stage 1: 1–3 weeks (9 training units), 60 min each, at 50–60% 

of HRmax, tempo 135–140 beats per minute (BPM);
 – stage 2: 4–6 weeks (9 training units), 60 min each, at 60–70% 

of HRmax, tempo 140–152 BPM;
 – stage 3: 7–9 weeks (9 training units), 60 min each, at 65–75% 

of HRmax, tempo 145–158 BPM;
 – stage 4: 10–12 weeks (9 training units), 60 min each, at 65–80% 

of HRmax, tempo 145–160 BPM.

Each training unit included a warm-up (10 min), the main aero-
bic exercise (43 min), and cool-down period (7 min). A program 
combining high and low impact styles was described in detail 
previously [19].

Body mass and composition measurements
Before and after the realization of the 12-week training program, the 
chosen body mass and composition parameters were assessed with 
the bioimpedance method using an electronic scale Tanita TBF 
300 M (Arlington Heights, Illinois, United States) as previously de-
scribed [19]. The following parameters were noted:
 – total body mass (BM, kg);
 – body mass index (BMI, - );
 – basal metabolic rate (BMR, kcal);
 – fat mass (FM, kg);
 – fat free mass (FFM, kg);
 – fat mass percentage (%FM, %);
 – total body water (TBW, kg).

Biochemical Analyses
Biochemical analyses were performed before the beginning of the 
training program and repeated after the 36th training unit. Fasting 
blood samples were obtained from the elbow vein in the morning. 

Interleukin-6 (IL-6) is a multitarget, pleiotropic cytokine that is 
a key player in the control of immune responses, inflammation, he-
matopoiesis, and host defense mechanisms. It is secreted by white 
adipose tissue, skeletal muscle, and the liver [15]. Elevated IL-6 lev-
els have been correlated with increased body mass, waist circum-
ference, and free fatty acid levels [16], with a decrease in plasma 
circulating IL-6 after weight loss [17]. The protein is encoded by the 
IL6 gene, which is localized on the short arm of chromosome 
7 (7p15.3) and contains 5 exons. The promoter region includes nu-
merous SNPs that affect gene transcription in specific types of 
cells [18]. For the purposes of this article, three polymorphisms, 
namely, rs1800795 (-174 G > C), rs1800796 (-572 G > C), and 
rs1800797 (-597 A > G), with the greatest impact on IL6 gene ex-
pression, were selected.

Although the IL1A and IL6 polymorphisms are promising genet-
ic markers of obesity-related traits, data are lacking concerning the 
potential impact of these SNPs on the effectiveness of lifestyle inter-
ventions such as regular physical activity. Thus, the aim of this study 
was to establish whether the IL1A (rs1800587) and IL6 (rs1800795, 
rs1800796, and rs1800797) polymorphisms would affect the post-
training changes in selected body mass, composition, and biochem-
ical measurements. To examine the possible association between 
genotypes, haplotypes, and interactions between these two genes 
and physical outcomes, we evaluated the allele and genotype distri-
bution in a group of young healthy females participating in 12 weeks 
of aerobic training.

MATERIALS AND METHODS 
Ethics statement
The experiment was approved by The Ethics Committee of the 
Regional Medical Chamber in Szczecin (no. 09/KB/IV/2011 and 
01/KB/VI/2017) and was conducted ethically according to the 
Strengthening the Reporting of Genetic Association studies state-
ment (STREGA) and World Medical Association Declaration of 
Helsinki. All participants obtained an information sheet about the 
aim, procedures, risks and benefits of the experiment, and a writ-
ten consent form. Pseudonymization was applied as the method 
of data protection.

Participants
One hundred sixty eight Polish Caucasian females (n = 168; age: 
21 ± 1 years; body height: 168 ± 2 cm; body mass: 61 ± 2 kg) were 
chosen for this study. The following inclusion criteria were considered: 
low level of physical activity self-reported with the use of the Global 
Physical Activity Questionnaire (according to the World Health Or-
ganization in the Polish adaptation); no metabolic, musculoskeletal 
or neuromuscular diseases; refrained from using medications and 
supplements for 6 months prior to the start of the experiment; as 
well as nonsmokers.
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The analyses were performed at once after the blood collection as 
previously described in detail [19]. The selected parameters received 
using the Random Access Automatic Biochemical Analyzer for Clin-
ical Chemistry and Turbidimetry A15 (BioSystems S.A., Barcelona, 
Spain) were:
 – total cholesterol (TC, mg/dL);
 – triglycerides (TGL, mg/dL);
 – high-density lipoprotein (HDL, mg/dL);
 – low-density lipoprotein (LDL, mg/dL);
 – blood glucose (BG, mg/dL).

Genetic Analyses
Genomic DNA was extracted from the buccal cells using a GenElute 
Mammalian Genomic DNA Miniprep Kit (Sigma, Steinheim, Ger-
many) according to the manufacturer’s recommendation. All samples 
were genotyped in duplicate, using TaqMan® Pre-Designed SNP 
Genotyping Assays (Applied Biosystems, Waltham, MA, USA) on 
a C1000 Touch Thermal Cycler (Bio-Rad, Feldkirchen, Germany) 
instrument according to the manufacturer’s procedures. The assays 
(C___9546481_30, C___1839697_20, C___9546481_30, and 
C___1839695_20) included primers and fluorescently labeled (FAM 
and VIC) probes to discriminate the IL1A and IL6 alleles.

Statistical analyses
Statistical analyses were performed in R (https://cran-r.project.org, 
accessed on 7 October 2021, version 4.1.0). An HWChisq function 
from Hardy-Weinberg v. 1.7.4 R package was used to test for Hardy–
Weinberg equilibrium. No variants violating HW equilibrium were 
observed. To check the normality of the distribution of the random 

variable, the Shapiro-Wilk test was used. The influence of the IL1A 
and IL6 polymorphisms on training response was performed using 
two-way ANOVA with repeated measures with one between-subject 
factor (genotype) and one within-subject factor (time: before training 
vs after training) and FDR adjustment after. To test the significance of 
the effect of the applied training on the study variables, the Wilcoxon 
paired rank-order test was used. Haplotype analysis was conducted 
with haplo.stats v. 1.8.7 R package and haplo.glm regression function. 
Haplotypes for which the occurrence rate exceeded 1% were includ-
ed. Percentage change overtraining was used as the dependent vari-
able, while the IL6 haplotypes were used as the independent variables. 
Interactions between genes were analyzed in a general linear model 
(GLM) using the following penetrance models: dominant model (DOM), 
recessive model (REC) and homozygote-heterozygote model (or het-
erozygote-homozygote, HOM-HET/HET-HOM). In addition, each of 
the four possible genotype combinations for the HOM-HET model was 
analyzed individually (HOM1-HET, HOM2-HET, HET-HOM1, HET- 
HOM2), where HOM1 is the homozygote for the risk allele in question 
and HOM2 is the homozygote for the major allele. The level of statis-
tical significance was set at p < 0.05.

RESULTS 
Individual SNPs analysis
Genotype and allele frequencies of the interleukin genes polymorphism 
are shown in Table 1–4. All markers variants were tested for Hardy-
Weinberg equilibrium (HWE) and no significant deviations from 
theoretical frequencies were found (IL1A rs1800587 p = 0.852; 
IL6 rs1800795 p = 0.438; rs1800796 p = 1.0; rs1800797 p = 
0.438).

TABLE 1. Training responses by the IL1A rs1800587 genotypes.

Para- meter
TT (n = 85) TC (n = 70) CC (n = 13)

Genotype Training
Genotype 
× trainingPre Post Pre Post Pre Post

BM (kg) 60.3 ± 8.0 59.5 ± 7.9 61.4 ± 7.0 60.8 ± 6.9 58.1 ± 8.5 57.4 ± 8.3 0.289  < 0.0001 0.864

BMI (-) 21.6 ± 2.4 21.4 ± 2.3 21.8 ± 2.4 21.6 ± 2.4 20.1 ± 2.4 19.9 ± 2.5 0.053 0.0001 0.926

%FM (%) 23.9 ± 5.5 22.2 ± 5.8 24.1 ± 5.3 23.1 ± 5.5 22.8 ± 5.9 21.2 ± 5.1 0.583  < 0.0001 0.120

FM (kg) 14.7 ± 5.2 13.6 ± 5.3 15.1 ± 4.9 14.4 ± 5.0 13.6 ± 5.3 12.6 ± 4.8 0.482  < 0.0001 0.273

FFM (kg) 45.4 ± 3.4 46.0 ± 3.5 46.2 ± 2.9 46.6 ± 2.9 44.3 ± 3.2 44.6 ± 3.3 0.095 0.005 0.483

TBW (kg) 33.2 ± 2.7 33.7 ± 2.6 33.9 ± 2.1 34.1 ± 2.1 33.2 ± 3.8 32.8 ± 2.6 0.233 0.433 0.045

TC (mg/dL) 169 ± 26 169 ± 29 169 ± 24 167 ± 26 184 ± 19 174 ± 21 0.293 0.065 0.238

TGL (mg/dL) 76 ± 24 80 ± 27 83 ± 40 85 ± 33 90 ± 33 101 ± 72 0.094 0.130 0.696

HDL (mg/dL) 64 ± 13 61 ± 13 66 ± 14 62 ± 15 67 ± 12 60 ± 12 0.785 0.0001 0.737

LDL (mg/dL) 89 ± 22 92 ± 26 86 ± 22 88 ± 22 100 ± 23 93 ± 15 0.275 0.795 0.282

BG (mg/dL) 79 ± 10 76 ± 11 78 ± 10 76 ± 9 78 ± 13 72 ± 8 0.705 0.001 0.388

Mean ± standard deviation; p values (ANOVA) for main effects (genotype and training) and genotype × training interaction; bold p values 
– statistically significant differences (p < 0.05).
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TABLE 2. Training responses by the IL6 rs1800795 genotypes.

Para- meter
GG (n = 55) CG (n = 78) CC (n = 35)

Genotype Training
Genotype 
× trainingPre Post Pre Post Pre Post

BM (kg) 60.3 ± 8.4 59.5 ± 8.2 61.3 ± 8.0 60.5 ± 8.0 59.4 ± 5.0 58.9 ± 5.3 0.505  < 0.0001 0.488

BMI (-) 21.6 ± 3.0 21.3 ± 2.9 21.8 ± 2.2 21.6 ± 2.1 21.1 ± 1.9 21.0 ± 2.0 0.390  < 0.0001 0.109

%FM (%) 23.7 ± 6.1 22.5 ± 6.4 24.2 ± 5.4 22.7 ± 5.4 23.5 ± 4.5 22.2 ± 5.0 0.847  < 0.0001 0.831

FM (kg) 14.7 ± 5.8 13.9 ± 5.8 15.2 ± 5.1 14.1 ± 5.1 14.1 ± 3.6 13.2 ± 4.0 0.599  < 0.0001 0.562

FFM (kg) 45.6 ± 3.3 45.9 ± 3.2 46.0 ± 3.5 46.5 ± 3.5 45.0 ± 2.3 45.8 ± 2.8 0.383  < 0.0001 0.191

TBW (kg) 33.4 ± 2.4 33.7 ± 2.5 33.7 ± 2.5 34.0 ± 2.5 33.0 ± 2.9 33.5 ± 2.0 0.447 0.002 0.669

TC (mg/dL) 168 ± 21 166 ± 21 169 ± 27 168 ± 32 174 ± 25 173 ± 25 0.497 0.375 0.974

TGL (mg/dL) 83.1 ± 39.0 81.8 ± 27.7 77.2 ± 30.2 84.0 ± 42.9 82.5 ± 23.8 85.9 ± 24.2 0.824 0.270 0.376

HDL (mg/dL) 65.9 ± 12.3 61.9 ± 13.1 64.7 ± 13.6 59.7 ± 13.7 64.7 ± 14.7 63.1 ± 13.9 0.679 0.00009 0.306

LDL (mg/dL) 85.7 ± 18.8 88.0 ± 17.2 89.2 ± 23.5 91.5 ± 26.5 92.5 ± 23.1 92.4 ± 25.3 0.411 0.364 0.814

BG (mg/dL) 79.4 ± 10.9 77.2 ± 9.9 78.7 ± 9.6 75.8 ± 10.4 75.0 ± 8.0 72.3 ± 9.1 0.034 0.002 0.933

Mean ± standard deviation; p values (ANOVA) for main effects (genotype and training) and genotype × training interaction; bold p values 
– statistically significant differences (p < 0.05).

TABLE 3. Training responses by the IL6 rs1800796 genotypes.

Para- meter
GG (n = 143) CC+CG (n = 25)

Genotype Training
Genotype 
× trainingPre Post Prew Post

BM (kg) 60.3 ± 7.1 59.5 ± 7.0 62.3 ± 10.1 61.7 ± 9.7 0.207 0.00009 0.675

BMI (-) 21.5 ± 2.3 21.3 ± 2.3 22.1 ± 3.0 21.9 ± 2.9 0.211 0.0004 0.476

%FM (%) 23.8 ± 5.3 22.5 ± 5.4 24.1 ± 6.6 22.8 ± 6.9 0.794  < 0.0001 0.993

FM (kg) 14.7 ± 4.7 13.7 ± 4.8 15.6 ± 6.7 14.8 ± 6.7 0.349  < 0.0001 0.718

FFM (kg) 45.5 ± 3.0 45.9 ± 3.1 46.7 ± 4.0 47.1 ± 3.8 0.086 0.001 0.842

TBW (kg) 33.3 ± 2.5 33.7 ± 2.3 34.2 ± 2.9 34.6 ± 2.7 0.098 0.017 0.783

TC (mg/dL) 171 ± 24 169 ± 26 163 ± 26 165 ± 33 0.246 0.915 0.261

TGL (mg/dL) 79.8 ± 28.2 83.2 ± 34.3 82.6 ± 50 86.4 ± 38.9 0.643 0.317 0.955

HDL (mg/dL) 65.2 ± 13.4 61.4 ± 13.1 64.5 ± 13.2 59.3 ± 15.7 0.589 0.0002 0.535

LDL (mg/dL) 90.0 ± 22.3 90.8 ± 23.3 81.7 ± 18.9 88.9 ± 25.6 0.251 0.061 0.134

BG (mg/dL) 78.0+9.8 75.6 ± 10.2 78.8 ± 9.9 75.1 ± 9.3 0.929 0.006 0.561

Mean ± standard deviation; p values (ANOVA) for main effects (genotype and training) and genotype × training interaction; bold p values 
– statistically significant differences (p < 0.05).
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TABLE 4. Training responses by the IL6 rs1800797 genotypes.

Para- meter
GG (n = 55) AG (n = 78) AA (n = 35)

Genotype Training
Genotype 
× trainingPre Post Pre Post Pre Post

BM (kg) 60.8 ± 8.4 60.1 ± 8.1 61.0 ± 8.1 60.0 ± 8.0 59.5 ± 5.1 59.1 ± 5.4 0.717  < 0.0001 0.240

BMI (-) 21.6 ± 3.0 21.4 ± 2.9 21.8 ± 2.2 21.5 ± 2.1 21.0 ± 1.9 21.0 ± 2.0 0.397  < 0.0001 0.039

%FM (%) 24.0 ± 5.9 22.9 ± 6.1 24.0 ± 5.6 22.4 ± 5.5 23.4 ± 4.4 22.1 ± 5.0 0.813  < 0.0001 0.506

FM (kg) 15.0 ± 5.6 14.3 ± 5.6 15.0 ± 5.2 13.9 ± 5.2 14.0 ± 3.5 13.2 ± 4.0 0.586  < 0.0001 0.249

FFM (kg) 45.3.3 ± 46.0 ± 3.2 45.9 ± 3.4 46.3 ± 3.4 45.2 ± 2.4 46.0 ± 2.8 0.749  < 0.0001 0.191

TBW (kg) 33.5 ± 2.4 33.8 ± 2.5 33.6 ± 2.5 33.9 ± 2.5 33.1 ± 3.0 33.7 ± 2.1 0.780 0.002 0.635

TC (mg/dL) 169 ± 22 168 ± 26 170 ± 27 167 ± 30 172 ± 24 172 ± 24 0.774 0.516 0.680

TGL (mg/dL) 83.5 ± 38.9 83.1 ± 27.4 77.4 ± 30.2 83.6 ± 42.9 81.3 ± 24.1 84.8 ± 25.0 0.839 0.254 0.536

HDL (mg/dL) 66.0 ± 12.2 61.5 ± 13.0 64.6 ± 13.6 59.8 ± 13.7 64.8 ± 14.7 63.4 ± 13.9 0.680  < 0.0001 0.260

LDL (mg/dL) 86.1 ± 19.3 90.0 ± 19.9 89.9 ± 23.7 90.5 ± 25.6 90.5 ± 22.0 91.5 ± 24.7 0.769 0.253 0.627

BG (mg/dL) 79.2 ± 10.8 76.7 ± 10.1 79.0 ± 9.4 75.8 ± 9.9 74.7 ± 8.3 73.0 ± 10.3 0.061 0.003 0.780

Mean ± standard deviation; p values (ANOVA) for main effects (genotype and training) and genotype × training interaction; bold p values 
– statistically significant differences (p < 0.05).

To investigate the effect of training and polymorphisms of the IL1A 
and IL6 genes a two-way ANOVA with repeated measures was con-
ducted (for the IL6 rs1800796 one rare homozygote and heterozy-
gotes were pooled) (Tables 1–4). We found two significant (but not 
after FDR adjustment) genotype × training interactions suggesting 
a modulating effect of interleukin genes variants on training induced 
changes in the TBW (IL1A rs1800587; Table 1) and BMI (IL6 
rs1800797; Table 4). Carriers of the IL1A rs1800597 CC genotype 
exhibited a significant decrease in TBW in response to applied train-
ing in comparison to TC and TT genotypes (p = 0.045). The post-
training values of BMI were significantly lower compared with pre-
training for the IL6 rs1800797 GG and GA genotypes (p = 0.039).

Haplotype analysis
Haplotypes were reconstructed for the IL6 gene. Six haplotypes were 
present in 168 women. The three main haplotypes: GGG – 47.5%, 
CGA – 43.1%, GCG – 7.6% (rs1800795, rs1800796, rs1800797, 
respectively) with frequencies greater than 1% accounted for 98.2% 
of the total haplotypes. Examination of haplotype structure and fre-
quencies across these loci suggested a high linkage between the 
rs1800795 and rs1800797, which was confirmed by a linkage 
disequilibrium (LD) pattern for the 1000G CEU population. Recon-
structed haplotypes were tested for association with body composi-
tion- and lipid-related phenotypes. We did not find any significant 
associations for the main haplotypes. However, rare haplotypes 
comprising of haplotypes GGA, CGG and CCG were associated with 
smaller changes of several phenotypes under a recessive model 
(Table 5), yet estimating of individual haplotype effects was not pos-
sible.

Gene-gene interactions
Given a strong linkage disequilibrium between the rs1800795 and 
rs1800797 variants of the IL6, pairwise gene-gene interactions were 
examined across IL1A rs1800587, IL6 rs1800795, and IL6 
rs1800796 variants. The IL1A rs1800587 had a significant interac-
tion effect with IL6 rs1800795 (Table 6) and with IL6 rs1800796 
(Table 7) on a change in %FM, FM, and TGL (only IL1A rs1800587 
and IL6 rs1800795) under the homozygote-heterozygote model. 
A change in %FM and FM over training period tended to be higher 
in carriers of the compound IL1A heterozygous (TC) and IL6 homo-
zygous (GG) genotype. Although these interactions were nominally 
significant none of them remained significant after multiple-test cor-
rection. In contrast, an effect of the IL1A rs1800587 and IL6 
rs1800795 interaction on a change in TGL remained significant 
after correction. Women carrying the IL1A risk allele homozygous CC 
genotype and IL6 rs1800795 CG heterozygous genotype had sig-
nificantly higher change in TGL over training period (coeff. 77.31, 
SE = 16.45, FDR p < 0.0001, Table 6).

DISCUSSION 
Numerous studies have confirmed that systematic physical activity, 
in addition to diet, plays a key role in the regulation of body mass 
and body composition and, as a consequence, in the prevention of 
obesity [20]. Although mutual muscle-to-fat signaling factors have 
been identified, we are only in the early stages of understanding the 
complex pathways in which they participate. Thus, knowledge of the 
structure, function, and genetics of cytokines, such as IL-1α and 
IL-6, is essential for the development of a sensible intervention strat-
egy for obesity prevention by enabling accurate prediction of 
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TABLE 5. IL6 haplotype analysis, a linear model with a relative change as the dependent variable, and baseline values (before training) 
as independent variables.

CGA GCG Rare genotypes (GGA, CGG, CCG)

OVER 0.17 (0.17), p = 0.339 0.36 (0.34), p = 0.290 0.48 (0.66), p = 0.472

BM (kg) DOM 0.07 (0.26), p = 0.798 0.22 (0.35), p = 0.543 0.40 (0.66), p = 0.550

REC 0.32 (0.29), p = 0.280 2.43 (1.52), p = 0.112 -5.89 (1.84), p = 0.002

OVER 0.09 (0.06), p = 0.114 0.16 (0.11), p = 0.131 0.18 (0.21), p = 0.409

BMI (-) DOM 0.04 (0.08), p = 0.659 0.11 (0.11), p = 0.328 0.14 (0.21), p = 0.532

REC 0.17 (0.09), p = 0.059 0.77 (0.45), p = 0.093 -1.99 (0.34), p < 0.0001

OVER -0.11 (0.25), p = 0.656 0.02 (0.48), p = 0.962 0.70 (0.94), p = 0.456

%FM (%) DOM -0.30 (0.37), p = 0.430 -0.12 (0.50), p = 0.813 0.65 (0.94), p = 0.486

REC -0.03 (0.42), p = 0.953 2.61 (2.20), p = 0.236 -7.51 (3.13), p = 0.017

OVER -0.10 (0.18), p = 0.583 0.16 (0.35), p = 0.638 0.60 (0.68), p = 0.379

FM (kg) DOM -0.30 (0.27), p = 0.271 0.06 (0.36), p = 0.870 0.55 (0.86), p = 0.421

REC -0.01 (0.30), p = 0.961 2.06 (1.54), p = 0.184 -6.63 (1.64), p < 0.0001

OVER 0.26 (0.14), p = 0.062 0.24 (0.27), p = 0.362 -0.26 (0.53), p = 0.625

FFM (kg) DOM 0.32 (0.21), p = 0.135 0.22 (0.28), p = 0.434 -0.30 (0.53), p = 0.576

REC 0.41 (0.23), p = 0.075 0.10 (1.19), p = 0.931 5.49 (1.19), p < 0.0001

OVER 0.14 (0.14), p = 0.346 0.29 (0.28), p = 0.300 0.14 (0.55), p = 0.794

TBW (kg) DOM 0.18 (0.22), p = 0.409 0.32 (0.29), p = 0.273 0.13 (0.55), p = 0.808

REC 0.13 (0.25), p = 0.610 -0.40 (1.31), p = 0.763 0.17 (12.50), p = 0.989

OVER 1.20 (2.27), p = 0.597 2.15 (5.24), p = 0.682 12.37 (8.44), p = 0.145

TC (mg/dL) DOM 0.42 (3.40), p = 0.901 1.65 (5.48,) p = 0.763 1.84 (8.45), p = 0.163

REC 2.16 (3.89), p = 0.579 1.59 (2.03), p = 0.938 -7.11 (5.028e-03), p < 0.0001

OVER 2.14 (3.36), p = 0.524 0.02 (6.54), p = 0.997 -6.43 (12.70), p = 0.613

TGL (mg/dL) DOM 4.52 (5.06), p = 0.373 2.00 (6.80), p = 0.769 -5.91 (12.69), p = 0.642

REC 3.73 (4.54), p = 0.412 -32.92 (27.43), p = 0.232 171 (17), p < 0.0001

OVER 0.76 (1.11), p = 0.498 -1.54 (2.15), p = 0.475 4.64 (4.22), p = 0.273

HDL (mg/dL) DOM -0.44 (1.68), p = 0.794 -2.12 (2.26), p = 0.349 4.03 (4.22), p = 0.341

REC 2.99 (1.92), p = 0.121 -2.67 (1.00), p = 0.790 -31.09 (5.504e-03), p < 0.0001

OVER 0.12 (2.07), p = 0.955 3.75 (4.06), p = 0.357 8.97 (9.37), p = 0.340

LDL (mg/dL) DOM -0.07 (3.13), p = 0.983 2.88 (4.40), p = 0.513 8.68 (9.82), p = 0.378

REC -0.76 (1.87), p = 0.833 18.59 (18.71), p = 0.322 -6.54 (4.208e-03), p < 0.0001

OVER -1.16 (1.00), p = 0.247 -0.96 (2.13), p = 0.652 5.10 (3.87), p = 0.189

BG (mg/dL) DOM -0.96 (1.49), p = 0.520 -0.57 (2.12), p = 0.796 5.32 (3.73), p = 0.156

REC -2.37 (1.72), p = 0.171 -1.48 (9.11), p = 0.871 -20.73 (2.653e-03), p < 0.0001

Table  cells show model coefficients, coefficient’s standard error in parentheses and raw p  values—statistically significant when 
p < 0.05. OVER- overdominant model; DOM- dominant model; REC – recessive model.
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TABLE 6. Analysis of the IL1A rs1800587 × IL6 rs1800795 interaction.

DOM REC HOM-HET
HOM1-HET 

CC-CG
HOM2-HET 

TT-CG
HET-HOM1 

TC-CC
HET-HOM2 

TC-GG

BM (kg)
0.15 (0.26),
p = 0.577

0.59 (0.71),
p = 0.407

0.06 (0.24),
p = 0.807

-0.42 (0.92),
p = 0.644

-0.12 (0.28),
p = 0.677

0.40 (0.51),
p = 0.433

0.16 (0.33),
p = 0.626

BMI (-)
0.02 (0.08),
p = 0.768

0.23 (0.23),
p = 0.308

0.002 (0.08),
p = 0.976

-0.16 (0.29),
p = 0.592

-0.06 (0.09),
p = 0.470

0.14 (0.16),
p = 0.407

0.06 (0.11),
p = 0.582

%FM (%)
0.23 (0.37),
p = 0.537

-0.48 (1.01),
p = 0.632

0.67 (0.34),
p = 0.051

0.57 (1.30),
p = 0.660

-0.19 (0.40),
p = 0.636

1.18 (0.72),
p = 0.103

0.93 (0.46),
p = 0.045

FM (kg)
0.05 (0.27),
p = 0.861

-0.10 (0.73),
p = 0.891

0.41 (0.25),
p = 0.010

0.21(0.94),
p = 0.825

-0.16 (0.29),
p = 0.570

0.66 (0.52),
p = 0.213

0.69 (0.33),
p = 0.040

FFM (kg) 
-0.12 (0.21),
p = 0.579

0.75 (0.57),
p = 0.187

-0.13 (0.19),
p = 0.497

-0.92 (0.73),
p = 0.210

0.10 (0.22),
p = 0.644

-0.56 (0.41),
p = 0.168

-0.03 (0.26),
p = 0.896

TBW (kg)
-0.25 (0.22),
p = 0.246

-1.15 (0.58),
p = 0.050

-0.19 (0.20),
p = 0.348

-0.89 (0.75),
p = 0.238

0.01 (0.23),
p = 0.961

-0.49 (0.42),
p = 0.244

-0.04 (0.27),
p = 0.874

TC (mg/dL)
1.16 (3.38),
p = 0.732

-10.46 (9.16),
p = 0.255

-3.84 (3.09),
p = 0.217

8.26 (11.72),
p = 0.482

-2.99 (3.58),
p = 0.404

-0.53 (6.61),
p = 0.936

-3.79 (4.22),
p = 0.370

TGL (mg/dL)
8.08 (5.01),
p = 0.109

-8.32 (13.63),
p = 0.542

1.26 (4.62),
p = 0.786

77.31 (16.45),
p < 0.0001

-3.71 (5.36),
p = 0.491

5.34 (9.87),
p = 0.589

-4.78 (6.31),
p = 0.450

HDL (mg/dL)
-0.50 (1.68),
p = 0.765

-3.11 (4.54),
p = 0.493

0.46 (1.55),
p = 0.767

-2.55 (5.82),
p = 0.661

-1.27 (1.78),
p = 0.477

5.24 (3.26),
p = 0.109

0.79 (2.10),
p = 0.706

LDL (mg/dL)
0.35 (3.12),
p = 0.911

-4.16 (8.47),
p = 0.624

-4.16 (2.85),
p = 0.146

-3.49 (10.84),
p = 0.748

-0.95 (3.31),
p = 0.774

-5.46 (6.04),
p = 0.368

-3.70 (3.91),
p = 0.345

BG (mg/dL)
-0.37 (1.50),
p = 0.803

-6.06 (4.00),
p = 0.132

-0.68 (1.37),
p = 0.619

-0.64 (5.17),
p = 0.901

-0.82 (1.58),
p = 0.607

-1.27 (2.92),
p = 0.665

0.47 (1.86),
p = 0.803

IL1A (rs1800587) – G risk allele, IL6 (rs1800795) – C risk allele. Table cells show model coefficients, coefficient’s standard error 
in parentheses and raw p values—statistically significant when p < 0.05. DOM – dominant model: at least one risk allele at both 
loci; REC – recessive model: homozygotes for the risk allele at both loci; HOM-HET – homozygote-heterozygote model including four 
possible genotype combinations, where HOM1 is the homozygote for the risk allele and HOM2 is the homozygote for the major allele.

TABLE 7. Analysis of the IL1A rs1800587 × IL6 rs1800796 interaction.

DOM REC HOM-HET

H
O

M
1-

H
ET

 
CC

-C
G

HOM2-HET TT-CG

H
ET

-H
O

M
1 

TC
-C

C

HET-HOM2 TC-GG

BM (kg) 0.33 (0.49), p = 0.497 Na 0.18 (0.24), p = 0.464 Na 0.09 (0.44), p = 0.829 Na 0.10 (0.25), p = 0.693

BMI (-) 0.14 (0.16), p = 0.364 0.04 (0.08), p = 0.630 Na 0.06 (0.14), p = 0.671 Na 0.002 (0.08), p = 0.979

%FM (%) 0.04 (0.70), p = 0.950 Na 0.77 (0.34), p = 0.025 Na -0.01 (0.62), p = 0.982 Na 0.93 (0.46), p = 0.045

FM (kg) 0.05 (0.51), p = 0.924 Na 0.53 (0.25), p = 0.034 Na 0.24 (0.45), p = 0.594 Na 0.44 (0.26), p = 0.092

FFM (kg) 0.31 (0.39), p = 0.431 Na -0.23 (0.20), p = 0.233 Na -0.04 (0.35), p = 0.914 Na -0.24 (0.20), p = 0.243

TBW (kg) 0.39 (0.40), p = 0.339 Na -0.11 (0.20), p = 0.584 Na 0.12 (0.36), p = 0.742 Na -0.15 (0.21), p = 0.480

TC (mg/dL) -0.15 (6.31), p = 0.081 Na 1.16 (3.12), p = 0.710 Na 5.04 (5.61), p = 0.370 Na -0.45 (3.25), p = 0.889

TGL (mg/dL) 0.30 (9.40), p = 0.975 Na -0.52 (4.69), p = 0.912 Na 2.43 (8.39), p = 0.773 Na -0.31 (4.86), p = 0.949

HDL (mg/dL)-3.79 (3.10), p = 0.224 Na 1.49 (1.55), p = 0.339 Na 0.24 (2.79), p = 0.931 Na 1.61 (1.61), p = 0.318

LDL (mg/dL) 2.97 (5.85), p = 0.613 Na -0.09 (2.89), p = 0.976 Na 3.77 (5.18), p = 0.468 Na -1.84 (3.00), p = 0.540

BG (mg/dL) -0.47 (2.78), p = 0.866 Na 0.44 (1.38), p = 0.749 Na -1.08 (2.47), p = 0.663 Na 0.88 (1.44), p = 0.541

IL1A – G risk allele, IL6 (rs1800795) – C risk allele. Table cells show model coefficients, coefficient’s standard error in parentheses 
and raw p values—statistically significant when p < 0.05. DOM – dominant model: at least one risk allele at both loci; REC – 
recessive model: homozygotes for the risk allele at both loci; HOM-HET – homozygote-heterozygote model including four possible 
genotype combinations, where HOM1 is the homozygote for the risk allele and HOM2 is the homozygote for the major allele.
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the context of weight loss. This finding is inconsistent with some 
mentioned studies, which indicated that the G allele is the risk al-
lele [26, 27]. However, interventional studies that include training 
programs are lacking, so we are unable to compare the results. More 
experimental studies are required to confirm the protective or harm-
ful role of the IL6 rs1800797 genotypes.

In addition, we identified a statistically significant association be-
tween the genotype and the glucose level; specifically, the carriers 
of the IL6 rs1800795 GG and CG genotypes had an elevated glu-
cose level during the entire study period compared with the CC gen-
otype. Our results suggest that carrying these genotypes may have 
adverse effects on carbohydrate metabolism, and consequently, this 
polymorphism should be considered a genetic marker to determine 
predisposition to the development of hyperglycemia. This finding is 
in accordance with some previous studies, which found that the IL6 
rs1800795 G allele, generally associated with higher levels of IL-6 
expression, is linked to a high risk of type 2 diabetes in many pop-
ulations [26, 29, 30]. However, opposite results have been obtained 
in studies conducted on obese and type 2 diabetic participants, as 
well as some healthy individuals. In particular, the rs1800795 C al-
lele has been associated with a high risk of obesity, cardiovascular 
disorders, and developing obesity-related metabolic disorders such 
as insulin resistance [31–33].

These inconsistent results related to individual SNP analysis led 
us to study the haplotypes of all IL6 promoter variants and IL6-IL1A 
interactions. Only simultaneous analysis of multiple SNPs can pro-
vide additional unique information about the relationships between 
gene variants and observed phenotypic traits, as well as insight into 
the dependency among genetic markers [34], which was confirmed 
in this study. When the obtained results were included in the hap-
lotype analysis performed for three polymorphic sites located in the 
IL6 gene, no significant associations were revealed between the GGG, 
CGA, and GCG main haplotypes (rs1800795, rs1800796, and 
rs1800797, respectively) and physical outcomes. However, rare 
haplotypes such as GGA, CGG and CCG were linked to changes in 
several phenotypes, yet assessing individual haplotype effects was 
not possible. While these results did not better define the influence 
of the IL6 promoter region on posttraining changes, they pave the 
way for future research. Previously, a few studies including haplo-
type analysis have revealed that the variability in the IL6 gene is sig-
nificantly associated with obesity, type 2 diabetes, and metabolic 
syndrome [33, 35]. Ramirez-Lopez et al. have shown significant as-
sociations between haplotype GCG/GCG (rs1800797, rs1800796, 
and rs1800795, respectively) and hyperglycemia; between GCG/
GCG and high high-sensitivity C-reactive protein; between AGC/AGC 
and obesity; and between GGG/GCG and low HDL levels [33]. In an 
obesity case-control study comparing haplotypes of the IL6 promot-
er variants (rs1800797, rs1800796, and rs1800795, respective-
ly), Hamid et al. found the AGC haplotype to be more frequent in 
the lean group than among obese participants, whereas the GGG 
haplotype was more frequent among obese subjects. The 

individual training results involving weight loss and improved 
health [21, 22]. This study aimed to examine the impact of the four 
polymorphic sites located in the IL1A and IL6 genes on the post-
training changes in the body mass and composition parameters, 
lipid profile, and glucose levels in Caucasian women taking part in 
a 12-week training program. To our knowledge, this is the first nov-
el study to evaluate the association between genotypes, haplotypes, 
gene–gene interactions and physical outcomes. Therefore, our results 
cannot be directly compared to previous studies.

When tested individually, the statistical analyses showed two sig-
nificant genotype × training interactions (for TBW and BMI). First, the 
carriers of the IL1A rs1800587 CC genotype exhibited a decrease in 
TBW in response to applied training. This finding suggests that this 
genotype may be unfavorable for achieving the desired training-in-
duced TBW changes. This genotype may cause faster water loss in 
women and lead to disorders in the body’s homeostasis. Previously, 
this polymorphism was associated with the levels of IL-1α expression; 
specifically, the TT genotype significantly increased the transcription-
al activity of IL1A with respect to the CC genotype. Thus, an increase 
of the mRNA and protein levels was observed in the plasma of carri-
ers of the TT genotype [14]. Additionally, several studies have report-
ed that chronic inflammatory diseases, including obesity, rheumatoid 
arthritis, Alzheimer’s disease, and periodontitis, are associated with 
the T allele [8, 23–25]. Thus, it was expected that the T allele carri-
ers might show a higher BMI. However, Um et al. showed a reverse 
association between the T allele and a lower BMI value in obese 
healthy women [8]. Unfortunately, studies are lacking that describe 
the effect of the IL1A rs1800587 polymorphism on the posttraining 
changes in TBW and other body composition parameters, so further 
research is needed to confirm our observations.

Second, the carriers of the IL6 rs1800797 GG and GA genotypes 
demonstrated a significant decrease in BMI in response to regular 
exercise. This result implies that these genotypes may be considered 
favorable factors for achieving the planned training-induced BMI 
change. Thus, IL6 rs1800797 AA homozygotes should maintain 
more restrictive dietary habits and undergo more intense exercise 
than carriers of the G allele to achieve similar postworkout effects. 
The number of previous studies is small, and they have shown var-
ious results among different populations. Previously, the rs1800797 
GG genotype was associated with higher levels of IL-6 expression. 
Some researchers have revealed the contribution of the IL6 rs1800797 
G allele to the development of type 2 diabetes and metabolic syn-
drome, suggesting a potential protective effect of the A allele against 
obesity and inflammation [26, 27]. On the other hand, Boeta-Lopez 
et  al. did not report any significant connections between the 
rs1800797 G allele and obesity (categorized by BMI and waist cir-
cumference) and metabolic traits [28]. Genotyping in another study 
also showed a lack of significant association of rs1800797 with type 
2 diabetes [29]. Our experiment only showed an association be-
tween GG and GA genotypes and a higher decrease in BMI in re-
sponse to training, suggesting that these genotypes are favorable in 
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researchers also suggested that the rare haplotype AGC/GCG is as-
sociated with type 2 diabetes and that the common haplotype AGC/
GGG is associated with metabolic syndrome [35]. The mechanisms 
by which IL6 promoter SNPs might cause an increased risk of obe-
sity are still unknown, but it might be because of an effect on insu-
lin resistance, suggesting a complicated role of IL-6 in body compo-
sition and glucose metabolism [36].

Previous results have revealed that IL-1α stimulates the expression 
of IL6 gene transcripts and peptide production, which is regulated by 
cyclic adenosine monophosphate (cAMP) [37]. Thus, we performed 
an analysis of the interactions between the two genes encoding these 
interleukins, which showed that carrying TC-GG genotypes in both 
IL1A rs1800587 and IL6 rs1800795 as well as IL1A rs1800587 
and IL6 rs1800796 may be associated with greater decreases in %FM 
and FM in response to applied training. This combination of geno-
types may be considered beneficial, and carriers of these genotypes 
might more easily achieve the expected posttraining effects in terms 
of body composition changes. Additionally, the combination of the 
CC-CG genotypes in IL1A rs1800587 and IL6 rs1800795 might be 
unfavorable for achieving the desired training-induced changes in lip-
idogram (TGL) parameters. In other study conducted on the Cauca-
sian population, Maculewicz et al. (2022) analyzed the association 
between 5 polymorphisms of the interleukin 10 gene (IL10) and body 
composition parameters in 131 physically active participants. They 
revealed an association between BMI and CCGTA haplotype 
(rs1518111, rs1878672, rs3024496, rs3024498, and rs3024505, 
respectively) [38]. This finding indicates that there is a need to con-
duct additional studies involving other interleukin coding genes.

Although studies have confirmed that interleukin levels were de-
termined according to weight change induced by lifestyle interven-
tions [39], assessing individual variation in these marker levels is 
still very imprecise. Recently, it has been shown that people with the 
same genotype respond similarly to exercise and diet, indicating that 
some genetic variants play an important role in the determination of 
individual differences in response to lifestyle change [21, 22]. How-
ever, very few investigators have studied the biological variation of 
a particular analyte over a period of time, which makes it difficult to 

compare results. In addition, differences in the chosen methodolo-
gy, inclusion criteria of participants, and interactions with the ethnic 
background and other genetic or environmental factors that influence 
the study population are reasons to explain why the search for ge-
netic markers of the functional response of the human body to phys-
ical activities is very complicated and why the obtained results may 
be contradictory [22].

CONCLUSIONS 
The results of our experiment suggest that IL1A and IL6 genotypes, 
either individually, in haplotype, or in gene-gene combination, may 
modify training-induced body mass, body composition, glucose 
level, and lipid profile changes in Caucasian females. The most im-
portant findings of our study are as follows: 1) carrying the IL1A 
rs1800597 CC genotype may be unfavorable for achieving the desired 
training-induced TBW changes; 2) carrying the IL6 rs1800797 GG 
and GA genotypes may be favorable for achieving the planned train-
ing-induced BMI changes; 3) carrying the IL6 rs1800795 GG and 
CG genotypes may have adverse effects on glucose metabolism; 4) 
only rare haplotypes (GGA, CGG and CCG) were linked to changes 
in several phenotypes, yet assessing individual haplotype effects was 
not possible; 5) carrying the TC-GG genotypes in both IL1A rs1800587 
and IL6 rs1800795 as well as IL1A rs1800587 and IL6 rs1800796 
may be associated with greater decreases in %FM and FM in response 
to applied training and may be considered beneficial; and 6) the 
combination of the CC-CG genotypes in IL1A rs1800587 and IL6 
rs1800795 may be unfavorable for achieving the desired training-
induced changes in TGL levels.
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