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Abstract. In view of the high incidence of metabolic syndrome 
and the role of exercise in promoting metabolic disorders, the 
present study aimed to investigate the therapeutic effects of 
swimming intervention on metabolic syndrome. In the present 
study, a total of 100 patients with metabolic syndrome and 
100 healthy individuals were included. Fasting blood was 
extracted from each participant, and the serum levels of inter-
leukin (IL)-1, high sensitivity C-reactive protein (hs-CRP), 
tumor necrosis factor α (TNF-α) and IL-8 were measured 
by sandwich enzyme-linked immunosorbent assay. Patients 
were randomly divided into five groups (groups A‑E). Patients 
in group A was treated with conventional drug treatment. 
Besides conventional treatment, patients in groups B-E were 
also subjected to swimming intervention for 15, 30, 45 and 
60 min each time, respectively, four times a week for 3 months. 
Changes in the homeostatic model assessment of β-cell func-
tion and insulin resistance (HOMA-IR) score, and in the 
serum levels of IL-1, hs-CRP, TNF-α and IL-8 were recorded. 
Furthermore, muscle tissues were collected from patients, and 
the expression levels of insulin receptor substrate-1 (IRS-1), 
glucose transporter type 4 (GLUT4) and protein kinase B 
(Akt) in the tissues were detected by western blot assay. The 
results revealed that HOMA-IR and the serum levels of IL-1, 
hs-CRP, TNF-α and IL‑8 were significantly higher in meta-
bolic syndrome patients as compared with those in the normal 
controls, while swimming intervention reduced HOMA-IR 
and these serum levels to different extents. Swimming inter-
vention also promoted IRS-1 and Akt phosphorylation, and 
increased GLUT4 expression level. Thus, it is concluded that 
swimming intervention may improve metabolic syndrome 
through multiple pathways.

Introduction

Metabolic syndrome is a clustering of medical conditions that 
increases the risk of type 2 diabetes mellitus and cardiovas-
cular disease (1). In the United States, the prevalence of the 
metabolic syndrome is >20% and increases with aging (2). 
With changes in people's diet structure and increased inci-
dence of obesity, the incidence of metabolic syndrome is 
predicted to be significantly increased in the near future (3). 
Patients with metabolic syndrome usually present atherogenic 
dyslipidemia, visceral adiposity, insulin resistance, elevated 
blood pressure, endothelial dysfunction, genetic susceptibility 
and chronic stress. Among these, insulin resistance is the 
major cause of the development of type 2 diabetes mellitus 
in these patients (4), while chronic inflammation, which is 
characterized by abnormal production of certain cytokines, 
such as interleukin-1 (IL-1) and tumor necrosis factor α 
(TNF-α), is closely correlated with the development of insulin 
resistance (5). Therefore, improving chronic inflammation will 
benefit the recovery of metabolic syndrome.

Exercise therapy is a treatment strategy to improve certain 
medical conditions through physical activity. Exercise therapy 
has displayed promising therapeutic effects in the treatment of 
various human diseases, including stroke (6), chronic fatigue 
syndrome (7) and chronic low back pain (8). In addition, exer- (7) and chronic low back pain (8). In addition, exer-(7) and chronic low back pain (8). In addition, exer- (8). In addition, exer-(8). In addition, exer-
cise has also been used as an anti‑inflammatory therapy in the 
treatment of certain diseases, such as rheumatic diseases (9), 
indicating its potential in improving insulin resistance in patients 
with metabolic syndrome. A recent study has revealed that diet 
structure management and exercise therapy can improve certain 
aspects of metabolic syndrome, including the endothelial func-
tion (10). However, the effects of exercise therapy on chronic 
inflammation and insulin resistance in patients with metabolic 
syndrome have not been well studied to date.

In the present study, patients with metabolic syndrome 
were treated with swimming intervention, and the effects 
of this therapy on insulin resistance and key inflammatory 
factors were investigated. Furthermore, the effects of swim-
ming intervention on key insulin signal transduction pathways 
were explored.

Patients and methods

Patients. A total of 100 patients with metabolic syndrome 
admitted between January 2015 and January 2017 at the 
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University Hospital of Chuzhou University (Chuzhou, China) 
were selected. All patients were diagnosed according to the 
criteria established by a previous study (11). Patients who 
met three of the following four criteria were diagnosed with 
metabolic syndrome: i) Overweight and/or obese, with a 
body mass index of ≥25; ii) had a fasting plasma glucose 
of ≥6.1 mmol/l (110 mg/dl) and/or 2-h plasma glucose of 
≥7.8 mmol/l (140 mg/dl), and/or had been diagnosed with 
diabetes and treated; iii) had systolic/diastolic blood pressure of 
≥140/90 mmHg, and/or had been diagnosed with hypertension 
and treated; and iv) had a fasting triglyceride level of ≥1.7 mmol/l 
(150 mg/dl), and/or a high-density lipoprotein cholesterol 
level of <0.9 mmol/l (35 mg/dl) for males and <1.0 mmol/l 
(39 mg/dl) for females. The enrolled patients included 44 males 
and 56 females, and their age ranged between 22 and 76 years, 
with a mean age of 46±19.2 years. In addition, 100 normal 
healthy individuals were also selected to serve as the control 
group, including 49 males and 51 females with an age ranging 
between 25 and 73 years, and a mean age of 43±17.8 years. No 
significant differences in terms of the age and sex were detected 
between the patient and control groups. The homeostatic 
model assessment of β-cell function and insulin resistance 
(HOMA-IR) in serum was calculated using fasting insulin 
(FINS) and fasting blood glucose (FBG) with the following 
formula: HOMA-IR=FINS/(22.5x10-FBG) (12). HOMA-IR in 
normal adult is generally <2.7. A higher HOMA-IR indicates 
that a patient possesses a metabolic disorder.

Patients were randomly divided into five groups, including 
groups A-E (n=20 per group). Patients in group A were treated 
with conventional drug treatment using metformin (250 mg per 
time, twice per day) and insulin sensitizers (thiazolidinediones; 
20 mg, once per day). Besides conventional treatment, patients 
in group B-E were also subjected to swimming intervention 
for 15, 30, 45 and 60 min each time, respectively, four times 
a week for 3 months. This study was approved by the Ethics 
Committee of Chuzhou University, and all patients signed 
informed consent forms prior to participation.

Serum and tissue collection and processing. Fasting blood 
(10 ml) was extracted from each participant in the morning of 
the day before and at 3 months after swimming intervention. 
Blood samples were kept at room temperature for 1 h, followed 
by centrifugation at 1,200 x g for 10 min at room temperature 
to collect the serum. Serum samples were stored at -80˚C prior 
to use. Patients were asked to rest for 3 h, and muscle biopsies 
(150-200 mg) were obtained from the vastus lateralis muscle 
under local anesthesia using a modified Bergstrom needle 
following treatment.

Measurement of serum levels of high sensitivity C‑reactive 
protein (hs‑CRP), TNF‑a, IL‑1 and IL‑8. The serum levels 
of IL-1 (cat. no. DLB50), hs-CRP (cat. no. DCRP00; both 
R&D Systems, Inc., Minneapolis, MN, USA), TNF-α 
(cat. no. RPN5967; GE Healthcare, Chicago, IL, USA) and 
IL-8 (cat. no. D8000C; R&D Systems, Inc.) were measured 
by sandwich enzyme-linked immunosorbent assay (ELISA) 
using corresponding ELISA kit. Serum samples were diluted 
to 1:10 in dilution buffer and then the 100-µl mixture was 
transferred to the ELISA plate (GE Healthcare). Next, the 
assay was performed according to the manufacturer's protocol.

Western blot analysis. A radioimmunoprecipitation assay solu-
tion (Thermo Fisher Scientific, Inc., Waltham, MA, USA) was 
used to extract total protein from the muscle tissues obtained 
from three patients each from the healthy control, group A 
and group E (13). A plasma membrane protein extraction kit 
(cat. no. ab65400; Abcam, Cambridge, MA, USA) was used 
to extract the plasma membrane protein, and protein samples 
were quantified by a bicinchoninic acid assay. Next, 20 µg 
protein from each sample was subjected to 10% SDS-PAGE to 
separate proteins with different molecular weights, followed by 
transfer to a polyvinylidene difluoride membrane. Membranes 
were then blocked with 5% skimmed milk at room tempera-
ture for 2 h. Subsequent to washing using TBST membrane 
(0.3% Tween), The membranes was with TBS with 0.3% Tween 
and then incubated overnight at 4˚C with the corresponding 
primary antibodies, including rabbit anti-insulin receptor 
substrate-1 (IRS1; 1:2,000; cat. no. ab52167), anti-p-IRS1 
(phospho-Y896; 1:2,000; cat. no. ab4873), anti-glucose 
transporter type 4 (GLUT4; 1:2,000; cat. no. ab33780), 
anti-p-protein kinase B (Akt; 1:2,000; cat. no. ab18206), 
anti-Akt (1:2,000; cat. no. ab126811) and rabbit anti-β-actin 
(1:1,000; cat. no. ab8226; all purchased from Abcam) anti-
bodies. Subsequent to washing, membranes were further 
incubated with anti-rabbit horseradish peroxidase-conjugated 
IgG secondary antibody (1:1,000; cat. no. MBS435036; 
MyBioSource, Inc., San Diego, CA, USA) at room temperature 
for 4 h. Following further washing, the enhanced chemilumi-
nescence method (Sigma-Aldrich; Merck KGaA, Darmstadt, 
Germany) was applied to detect the signals. Image J software 
was used to normalize the relative expression level of each 
protein to that of the endogenous control β-actin.

Statistical analysis. IBM SPSS software (version 19.0; IBM 
Corp., Armonk, NY, USA) was used for statistical analysis 
of the data. Normal distribution data were expressed as the 
mean ± standard deviation. A Student's t-test was used for 
comparisons between two groups of normally distributed 
data, while analysis of variance and least significant difference 
tests were performed for comparisons among multiple groups. 
P<0.05 was considered to denote a statistically significant 
difference.

Results

Comparison of insulin resistance between patients with 
metabolic syndrome and the control group. As shown in Fig. 1, 
HOMA-IR score was significantly higher in patients with 
metabolic syndrome in comparison with that in the control 
group (P<0.01), indicating the existence of insulin resistance 
in metabolic syndrome patients.

Comparison of serum levels of IL‑1, hs‑CRP, TNF‑α and IL‑8 
between patients with metabolic syndrome and the control 
group. Chronic inflammation is common in patients with 
metabolic syndrome. Therefore, the levels of several serum 
inflammatory factors, including IL-1, hs-CRP, TNF-α and 
IL-8, were measured and compared between the two groups. 
As shown in Fig. 2, the serum levels of IL-1 (Fig. 2A), hs-CRP 
(Fig. 2B), TNF-α (Fig. 2C) and IL-8 (Fig. 2D) were significantly 
higher in patients with metabolic syndrome as compared with 
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those in the normal controls (P<0.05), indicating the presence 
of inflammatory response in those patients.

Effects of swimming intervention on HOMA‑IR and serum 
IL‑1, hs‑CRP, TNF‑α and IL‑8 levels in patients with metabolic 
syndrome. The 100 patients were randomly divided into groups 
A‑E, and no statistically significant differences were identified 
in HOMA-IR score and the serum levels of IL-1, hs-CRP, 
TNF-α and IL‑8 among the five groups prior to swimming 
intervention. Following swimming intervention for 3 months, 
the decrease in HOMA-IR increased with the increase in the 
swimming time per session; however, no significant differences 
were detected among groups A-D (Fig. 3A). As compared with 
group A, which did not receive swimming intervention, the 

decrease in HOMA‑IR was significantly higher in group E, 
which was subjected to 60 min of swimming intervention at 
each session (P<0.05; Fig. 3A). Similarly, compared with group 
A, the decrease in the serum levels of IL-1 (Fig. 3B), hs-CRP 
(Fig. 3C), TNF-α (Fig. 3D) and IL-8 (Fig. 3E) were also higher 
in groups B-E. Decreases in serum levels of IL-1 (Fig. 3B), 
hs-CRP (Fig. 3C), TNF-α (Fig. 3D) and IL-8 (Fig. 3E) increased 
continually in groups B-E.

Effects of swimming intervention on IRS‑1 phosphorylation 
and GLUT4 expression. Western blot analysis was performed 
to investigate the effects of swimming intervention on IRS-1 
and GLUT4. In total, 3 healthy controls, 3 group A patients and 
3 group E patients were included in this experiment. Compared 
with the healthy controls, no significant changes in the expres-
sion level of IRS-1 were observed in groups A and E (Fig. 4A). 
However, the phosphorylation level of IRS‑1 was significantly 
lower in groups A and E in comparison with that in the healthy 

Figure 1. Comparison of HOMA-IR between MS patients and normal 
control group. HOMA-IR was calculated using the following formula: 
HOMA-IR=Fins/(22.5e-InFBG) (12) HOMA-IR score was signifi-
cantly higher in patients with MS in comparison with the control group. 
**P<0.01 vs. control group. MS, metabolic syndrome; HOMA-IR, homeo-
static model assessment of β-cell function and insulin resistance.

Figure 2. Comparison of serum levels of (A) IL-1, (B) hs-CRP, (C) TNF-α 
and (D) IL-8 between patients with MS and the control group. The serum 
levels were measured by ELISA and found to be significantly higher in 
patients with MS compared with the normal controls. *P<0.05. C, healthy 
controls; MS, metabolic syndrome; IL, interleukin; hs-CRP, high sensitivity 
C-reactive protein; TNF-α, tumor necrosis factor α.

Figure 3. Comparison of decreases in (A) HOMA-IR, and serum levels of 
(B) IL-1, (C) hs-CRP, (D) TNF-α and (E) IL-8 in different groups of patients 
with MS. The decrease in HOMA-IR score increased along with the increase 
in swimming time per session. No significant differences in HOMA‑IR were 
detected among groups A‑D, while the score significantly increased in group 
E compared with group A. Decreases in serum levels of IL-1, hs-CRP, TNF-α 
and IL‑8 were significantly higher in groups B‑E compared with group A. 
*P<0.05. HOMA-IR, homeostatic model assessment of β-cell function and 
insulin resistance; IL, interleukin; hs-CRP, high sensitivity C-reactive 
protein; TNF-α, tumor necrosis factor α; group A, metabolic syndrome with 
no swimming intervention; groups B-E, swimming intervention for 15, 30, 45 
and 60 min per session, respectively.
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control group (P<0.05). In addition, compared with group A, 
the phosphorylation level of IRS‑1 was significantly higher 
in group E (P<0.05; Fig. 4A). Similarly, the expression level 
of GLUT4 in the plasma membrane was significantly lower 
in groups A and E as compared with that in the control 
group (P<0.05), while it was significantly higher in group E 
compared with group A (Fig. 4B). IRS-1 and GLUT4 serve 
pivotal roles in insulin signal transduction (14,15); therefore, 
the aforementioned data suggest that swimming intervention 
may promote IRS-1 phosphorylation and GLUT4 expression 
to improve insulin resistance.

Effects of swimming intervention on phosphoinositide 
3‑kinase (PI3K)/Akt pathway. The PI3K/Akt signaling pathway 
is also involved in insulin signal transduction (16). Therefore, 
the effects of swimming intervention on PI3K/Akt pathway 
were also investigated in the present study. No significant 
differences in the expression level of Akt were observed among 
different groups. However, the phosphorylation level of Akt 
was significantly lower in groups A and E as compared with 
that in the control group (P<0.05). The phosphorylation level 
of Akt was also significantly higher in group E in comparison 
with that in group A (P<0.05; Fig. 5). These data suggest that 
swimming intervention is able to improve insulin resistance by 
activating the PI3K/Akt signaling pathway.

Discussion

In recent years, the prevalence of metabolic syndrome has 
markedly increased in both developed and developing coun-
tries (17). Insulin resistance, as a common medical condition 
in metabolic syndrome, is closely correlated with the develop-
ment of type 2 diabetes mellitus (1). Although the cutoff score 
of HOMA-IR separating metabolic syndrome patients varies 
in different regions, increased HOMA-IR scores compared 
with healthy people usually indicate aggregated pathological 
conditions of metabolic syndrome (18). Consistent with 
previous studies, in the present study, HOMA-IR scores 
were significantly higher in metabolic syndrome patients in 

comparison with those in normal control individuals, indi-
cating the existence of insulin resistance in these patients. 
Chronic inflammation has been proven to be a major cause of 
the development of insulin resistance (5). A recent study has 
demonstrated that, when insulin resistance occurs, the levels 
of inflammation-associated factors, including osteopontin, 
monocyte chemoattractant protein 1, fractalkine, TNF-α and 
IL‑6, will be significantly increased in the human body, leading 
to inflammatory reactions (19). Similar results were reported 
in the current study, which demonstrated that the serum levels 
of the pro‑inflammatory factors IL‑1, hs‑CRP, TNF‑α and 
IL‑8 were significantly increased in patients with metabolic 
syndrome compared with the normal control individuals.

Exercise therapy aims to improve certain medical condi-
tions through the application of physical activity. Numerous 
studies have reported that different types of exercise therapies, 
such as cycling, walking and swimming, can relieve swelling, 
pain and inflammation caused by injuries and different types 
of chronic diseases (20). In a study of patients with major 
depression, Knapen et al (21) have demonstrated that exercise 

Figure 5. Effects of swimming intervention on PI3K/Akt pathway. Swimming 
intervention promoted the phosphorylation of Akt in patients with metabolic 
syndrome. *P<0.05. PI3K/Akt, phosphoinositide 3-kinase/protein kinase B; 
C, healthy controls; group A, metabolic syndrome with no swimming inter-
vention; group E, swimming intervention for 60 min per session.

Figure 4. Effects of swimming intervention on (A) IRS-1 phosphorylation and (B) GLUT4 expression, detected by western blot analysis. Swimming interven-
tion promoted IRS-1 phosphorylation and GLUT4 expression in patients with metabolic syndrome. *P<0.05. IRS-1, insulin receptor substrate-1; GLUT-4, 
glucose transporter type 4; C, healthy controls; group A, metabolic syndrome with no swimming intervention; group E, swimming intervention for 60 min 
per session.
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therapy, as a valuable complementary treatment to the tradi-
tional therapies, was able to significantly reduce the risk of 
depression-induce medical conditions, including metabolic 
syndrome, type 2 diabetes and cardiovascular diseases. 
Furthermore, the authors reported that exercise therapy 
also improved the body image, which in turn improved the 
quality of life of patients. In another study, Almeida et al (22) 
reported that swimming intervention for 5 weeks was suffi ‑ weeks was suffi ‑weeks was suffi-
cient to reduce increased expression levels of brain-derived 
neurotrophic factor and nerve growth factor induced by 
nerve injury without significantly affecting glial-derived 
neurotrophic factor. Swimming intervention also inhibited 
phosphorylation of phospholipase Cγ1, and reversed microglia 
hyperactivity and astrocytes in the dorsal horn following nerve 
injury, thus improving neuropathic pain (22). Recent studies 
have also indicated that the exercise habits of individuals are 
closely associated with insulin resistance in the body, and a 
well-designed exercise therapy plan can effectively improve 
insulin resistance and inhibit the development of its complica-
tions (23). Furthermore, different types of exercise therapies 
can also regulate the expression of inflammation‑associated 
factors though different pathways, including epigenetic modi-
fications, which in turn inhibits inflammatory responses (24). 
In the present study, patients with metabolic syndrome 
were treated with swimming intervention for 3 months at a 
frequency of four times per week. Compared with patients 
who did not receive swimming intervention, the HOMA-IR 
score and serum levels of key pro‑inflammatory factors IL‑1, 
hs-CRP, TNF-α and IL‑8 were significantly reduced in patients 
treated with swimming intervention. The therapeutic effects 
of swimming intervention were increased with the increase in 
the intensity of exercise. These data suggest that swimming 
intervention is able to improve insulin resistance and inhibit 
inflammatory reactions in patients with metabolic syndrome.

IRS-1 serves a pivotal role in insulin signal transduction, and 
the polymorphisms of IRS-1 expression are closely correlated 
with insulin resistance (25). GLUT-4 is an insulin-regulated 
glucose transporter that promotes the transportation of 
circulating glucose into muscle and fat cells to be processed, 
which in turn reduces the level of glucose in the blood (26). 
Translocation of GLUT-4 to the plasma membrane is critical 
for the transduction of insulin signaling. In the present study, 
the phosphorylation level of IRS-1 and expression level of 
GLUT-4 were significantly reduced in muscle tissues of 
metabolic syndrome patients, while swimming intervention 
promoted IRS-1 phosphorylation and GLUT-4 translocation 
to plasma membrane. Furthermore, the PI3K/Akt pathway has 
important functions in insulin signal transduction (27). In the 
current study, the phosphorylation level of Akt was signifi-
cantly lower in metabolic syndrome patients as compared 
with that in the normal controls, while swimming interven-
tion increased the phosphorylation level of IRS-1. These data 
suggest that swimming intervention activated IRS-1 and 
PI3K/Akt pathway, and promoted GLUT-4 translocation to 
plasma membrane, thus improving the metabolic syndrome.

Only HOMA‑IR scoring was used to reflect the degree 
of insulin resistance due to the limited resources, which is a 
limitation of the present study. Our future study will detect 
more indexes, including the blood glucose level and glyco-
sylated hemoglobin, to further verify the conclusions of the 

current study. Besides PI3K/Akt pathway, the insulin signaling 
transduction is also affected by other pathways, such as the 
Ras/ERK signaling pathway (28). Our further studies will 
also focus on the effects of swimming intervention on those 
pathways.

In conclusion, swimming intervention reduced the 
HOMA-IR score and serum levels of IL-1, hs-CRP, TNF-α and 
IL-8. In addition, it promoted IRS-1 and Akt phosphorylation, 
and GLUT4 translocation, therefore improving the metabolic 
syndrome. However, the present study is limited by the small 
sample size, and future studies with bigger sample size are 
required to confirm the conclusions of the current study.
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