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Background: Circuit training is an exercise mode, that may include both endurance and resistance components. There are premises 
that a combination of these two modalities brings additional benefits, particularly in improving insulin sensitivity. The retinol-binding 
protein 4 (RBP4) may inhibit signaling from insulin metabolic pathways in skeletal muscles, thus developing insulin resistance. This 
study aimed to evaluate whether moderate intensity circuit training combining strength and endurance exercise induces changes in 
tissue insulin sensitivity, carbohydrate and lipid metabolism, and serum RBP4 levels in insulin-resistant women.
Methods: In this clinical controlled trial women diagnosed with insulin-resistance were randomly divided into two groups. The 
training group (T) performed circuit training combining strength (50%-80%1RM) and endurance (50%-75%HRR) exercise on five 
weight and two cardio machines, for 33 minutes, three times per week, for 3 months. Women from the control non-training group (NT) 
did not change their previous physical activity. At the beginning of the study and after the intervention period, a one-repetition 
maximum, body mass, and composition, resting heart rate (HR), blood pressure, glucose, insulin, blood lipids, thyroid-stimulating 
hormone (TSH), insulin-like growth factor-1 (IGF-1), RBP4, and insulin resistance (HOMA-IR) were measured. The results of 27 
patients were analyzed using a two-way repeated measures ANOVA.
Results: Significant differences in the pattern of change over time between the groups for resting HR (p < 0.010) and total lean mass 
(p < 0.039) were found. No differences in HOMA-IR, and RBP4 were observed post-study compared to pre-study in the T group. 
A significant correlation between RBP4 and TSH concentration was found.
Conclusion: Twelve-week circuit training combining strength and endurance exercise has minor effects on HOMA-IR, glucose and 
lipid metabolism, IGF-1, TSH, and RBP4. Although moderate-intensity circuit training is considered safe, its effectiveness in patients 
with overweight and mild obesity may be insufficient to reduce insulin resistance.
Trial Registration: ClinicalTrials.gov: NCT04528693, registered August 23, 2020.
Keywords: insulin resistance, exercise program, retinol-binding protein 4, insulin-like growth factors-1, thyroid-stimulating hormone

Introduction
In individuals with insulin resistance, it is important to tailor clinical interventions that are effective in increasing insulin 
sensitivity. It is well known that skeletal muscle, through the secretion of endocrine factors, communicates with key 
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metabolic organs such as adipose tissue, liver and pancreas.1 The onset of insulin resistance at the skeletal muscle level 
suggests the initiation of its development, which, if left untreated, can lead to glucose intolerance and type 2 diabetes 
(T2DM).2,3 Insulin and exercise/muscle contraction are the major stimuli of glucose uptake in skeletal muscle. 
Translocation of glucose transporter type 4 (GLUT4) from an intracellular location to the plasma membrane involves 
complex signaling events and constitutes a major mechanism through which insulin and exercise increase skeletal muscle 
glucose uptake.4 Current evidence supports regular exercise training as a beneficial therapeutic strategy to improve the 
insulin sensitivity of skeletal muscle and the liver as well as the uptake and utilization of glucose by skeletal muscle.5 

The adaptations that occur in skeletal muscle in response to exercise implicate a variety of molecular pathways, including 
those associated with controlling muscle contraction coupled to adenosine triphosphate (ATP) biosynthesis and energy 
utilization by mechanosensor and metabolic sensor activation. In turn, activated sensors transduce exercise-induced 
stimuli to transcription factors that ultimately activate target genes involved in glucose metabolism, lipid metabolism, and 
mitochondrial biogenesis.6 Insulin-stimulated cytoskeletal remodeling associated with exercise training has been shown 
to be critical for glucose uptake not only in skeletal muscle but also in adipocytes.3 Previous studies have indicated that 
even a 2% decrease in muscle mass, regardless of total body weight, may lead to an increase in HOMA-IR index by 
almost 40% what consequently increases the risk of developing insulin resistance.7

Despite differing mechanisms, both aerobic and anaerobic forms of regular physical exercise improve tissue insulin 
sensitivity, though the molecular pathways specific to different exercise modes that induce these benefits remain 
incompletely defined. The findings of a series of studies on this topic indicate a possible molecular switch mediated 
by exercise intensity, the so-called AMPK-Akt master switch, which partially mediates specific adaptations to endurance 
or resistance exercise.8,9 There are observations that, both aerobic endurance and resistance exercise can induce 
improvements in glycaemic regulation, with some suggestions that exercise regimens including both, may be more 
efficacious than either exercise mode alone.5 Recent evidence10 reinforces the idea that, due to the different adaptive 
effects of endurance and resistance training, a combination of the two, which is already considered the optimal exercise 
prescription for general health benefits, may be the most effective form of training in insulin-resistant individuals.

Collins et al11 conducting a literature review of the effects of mixed endurance and strength training on insulin 
sensitivity and glucose homeostasis concluded that there is still much doubt as to whether the benefits of combined 
training are related to the increased total volume of exercise performed or whether they are due to the mechanistic 
synergy of the two modes of exercise. However, results from the study, where exercise volume was comparable between 
the combined, endurance-only, and resistance-only groups, support the claim that combined training produces more than 
just additive and synergistic effects.12

Previous research has indicated a complex network by which glucose sensing through GLUT4 in muscle and fat cells 
may operate to integrate whole-body energy metabolism.13 Although the details of these pathways are not fully under-
stood, recent studies have revealed an important potential role of adipokine retinol-binding protein 4 (RBP4) in inter- 
organ communication.14

The present study evaluated whether a 3-month therapeutic intervention incorporating both strength and endurance 
exercise induces changes in tissue insulin sensitivity associated with carbohydrate and lipid metabolism and serum RBP4 
levels in women with overweight and mild obesity. We hypothesized that in women with insulin resistance, 12-week 
moderate intensity circuit training program will improve insulin sensitivity and carbohydrate and lipid metabolism.

Materials and Methods
Study Design
This is a prospective randomized controlled trial conducted between August 2020 and September 2022. The study adhered to the 
standards of the Declaration of Helsinki and was approved by the Ethics Committee at Poznan University of Medical Sciences in 
Poland (ref. 462/20). The research was conducted according to the Consolidated Standards of Reporting Trials guidelines for 
randomized controlled trials. The study protocol was registered in the ClinicalTrials.gov database (NCT04528693) and can be 
found at https://clinicaltrials.gov/ct2/show/NCT04528693?term=NCT04528693&draw=2&rank=1.
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Forty-two women who met the inclusion criteria were randomly divided into two groups (allocation ratio: 1:2). 
Randomization was performed by an independent researcher using the Microsoft Excel RAND function. Blinding of 
samples and patients was used for biochemical and body composition analysis, where the researchers did not know the 
allocation of samples/patients. The training group (T) performed a circuit training program encompassing strength 
exercise interspersed with bouts of endurance exercise carried out on machines integrated with a computer software 
program (Milon, Germany) for 3 months, three 33-min session each week. The participants in the control non-training 
group (NT) maintained their current level of physical activity for 3 months what was confirmed by physical activity 
questionnaire and lack of changes in body composition and strength gains and usual energy intake.

At the beginning of the study and after the intervention period, anthropometric and body composition measurements, 
a one-repetition maximum (1RM) resistance test, physiological and biochemical indicator analyses related to insulin 
sensitivity and carbohydrate and lipid metabolism were performed in both groups.

Inclusion and Exclusion Criteria
Participants were recruited through advertisements on the Polish Insulin Resistance Foundation – Healthy Diet and 
Healthy Life website. Prior to inclusion, all patients underwent medical examinations at the Department of Treatment of 
Obesity, Metabolic Disorders and Clinical Dietetics, Poznan University of Medical Sciences. All volunteers were 
introduced to the study’s purpose and protocols and gave their written consent to participate in the research.

At the beginning of the study, all study subjects had venous blood samples drawn to determine fasting glucose and 
insulin levels. Insulin resistance was calculated using the homeostasis model assessment of insulin resistance (HOMA- 
IR).15 For participants with fasting plasma glucose levels from 3.0 to 25.0 mmol/L and fasting insulin levels from 3 to 55 
mU/mL, glycosylated hemoglobin (HbA1c) was determined to define dysglycemia based on standard HbA1c 
thresholds.16 Specifically, T2DM was diagnosed in the presence of one or more of the following:

1) HbA1c ≥ 6.5%,
2) Fasting glucose ≥ 7 mmol/L (126 mg/dL),17

3) Self-report of T2DM,
4) Use of T2DM medication (oral hypoglycemic agents and/or insulin).

Eligible participants were included in the study if they met the following criteria:

● Women, aged 25–45 years,
● Body mass index (BMI) of 25–33 kg/m2,
● HOMA-IR ≥ 2.0,
● No contraindications to physical activity.

Patients with any the following were excluded from the study:

● Menopause,
● Metformin treatment less than 3 months before or during the study,
● Both types 1 and 2 diabetes,
● Poorly controlled hypertension (mean systolic blood pressure > 140 mmHg and/or mean diastolic blood pressure > 

90 mmHg) over the previous month and/or need to modify pharmacological treatment,
● Obesity, with BMI > 33 kg/m2,
● Lipid disorders requiring implementation of pharmacological treatment in the 3 months before or during the study,
● A positive history of ischemic heart disease, carotid atherosclerosis, and/or lower limb atherosclerosis,
● Clinically significant arrhythmias or conduction disorders,
● Chronic kidney disease,
● Clinically significant liver dysfunction,
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● Acute or chronic clinically manifested inflammatory processes,
● An acute infection in the previous month,
● Cancer,
● Dietary supplement use within 1 month before or during the study,
● Medications that could interfere with the results of the tests,
● Other conditions that may pose a risk to the patient during the study.

Intervention
The exercise program undertaken by the T group consisted of circuit training including strength exercise interspersed 
with bouts of endurance exercise and was carried out on machines integrated with the Milon computer software. All 
training sessions comprised two series of exercise and were conducted on nonconsecutive days (Monday, Wednesday, 
and Friday) for 12 weeks. Each session had a duration of 33 minutes. The training program took place at Poznan 
University of Physical Education. During the first and second sessions, the participants were educated on how to use the 
cycling and weight machines. The length of the movement arm and the range of motion (if necessary) of the weight 
machines were individualized, and correct stabilization techniques during the exercises were explained. All sessions were 
monitored by the same team of researchers. The training program exercises were performed on seven machines in the 
following circuited sequence: cycle ergometer, abdominal crunch, leg curl, latissimus pulldown, cross trainer, back 
extension, and leg abductor. The exercise duration was controlled (1 minute for strength exercise bouts, 4 minutes for 
endurance exercise bouts, and a 30-second break after each bout), and the exercise load was dosed for each participant 
using the electronic resistance motor system. The targeted muscle groups were loaded alternately to ensure comprehen-
sive whole-body training. In addition, the actual exercise intensity was observed during the session on the machines’ 
display monitors. Range of motion, exercise duration, and breaks were controlled automatically by the software system, 
and additional attention to these parameters was not required. Software control of the constructed circuit and the exercise 
duration, quantity, intensity, and frequency met the general principles of exercise prescription recommended by the 
American College of Sports Medicine.18

The designated strength load was gradually increased during the training program from 50% initially to 80% of the 
1RM.19 The load was increased by 10% every eight training sessions (Table 1). The intensity of the endurance exercise 
was adjusted on an individual basis to maintain a moderate level of intensity. Training intensity was calculated using 
Karvonen’s method20 based on heart rate (HR) reserve (HRR):

Maximum HR was calculated by the Milon CARE® software according to Ferguson’s method:19

The exercise intensity needed to cause significant adaptive changes in the cardiovascular and respiratory systems was 
determined to be 50–75% of the individual exercise capacity, defined as a percentage of HRR.20

Training intensity at the beginning of the program was calculated with the following formula:

Table 1 Training Plan

Resistance Training Load Endurance Training Intensity

Sessions 1–8 50% of 1RM Sessions 1–8 50% of HRR

Sessions 9–16 60% of 1RM Sessions 9–16 60% of HRR

Sessions 16–24 70% of 1RM Sessions 16–36 75% of HRR
Sessions 25–36 80% of 1RM

Abbreviations: 1RM, one-repetition maximum; HRR, heart rate reserve.
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Over the course of the program, training intensity was progressively increased to reach the following final intensity:

During each training session, the patient’s HR was monitored using a Polar A300 device (Polar Electro Oy, Finland) 
with a chest band and transmitter. The intensity load in watts was adapted or increased based on the monitored HR.

The calculated training loads were saved in the Milon CARE software system, copied to the individual chip card of 
each participant, and regularly controlled by the physiotherapist.

Measurements
Both study groups were instructed to maintain their usual dietary patterns and physical activity levels during the study. 
Dietary intake of energy was verified with 7-day food records at the beginning and end of the 12-week study period. The 
participants were additionally instructed not to use dietary supplements. The level of physical activity was assessed by 
The International Physical Activity Questionnaire21 (see Results).

Anthropometric and Body Composition Indicators
Anthropometric measurements were performed in the morning, with light clothing and without shoes. Body weight and 
height were measured by a medical scale with a stadiometer (seca 285, Hamburg, Germany) to the nearest 0.1 kg and 
0.5 cm respectively. The BMI was calculated based on weight and height using the standard formula. Body composition 
was assessed using dual-energy X-ray absorptiometry (DXA; Lunar Prodigy device, GE Healthcare, Chicago, USA). 
Subjects were given complete instructions on the body composition analysis procedure and were instructed not to make 
any intense physical effort in the 24 h prior to body composition measurement. Total body fat and lean body mass were 
determined using standard scan mode; the absorbed dose of radiation was 0.4 µGy. Measurements were performed at the 
University of Physical Education in Poznań.

Physiological Indicators
Resting blood pressure and heart rate were measured with a digital blood pressure monitor (Omron HEM-7155T-EBK, 
M4 Intelli IT, Omron Healthcare, Kyoto, Japan). The measurements were performed according to the European Society 
of Hypertension recommendation.22 The heart rate during exercise was monitored with a Polar A 300 device with a chest 
band and Bluetooth transmission.

Biochemical Markers
Venous blood samples were collected in the morning after a 12 h fasting and 48 h after the last training session. Blood 
samples were centrifuged and stored at −80°C until analysis. Serum samples were analyzed to measure the concentration 
of glucose, HbA1c and thyroid-stimulating hormone (TSH), and lipid profile, including total cholesterol, high-density 
lipoprotein, and triglyceride levels, using a Dimension EXL with LM Integrated Chemistry System Analyzer (Siemens, 
Newark, NJ, USA). The concentration of low-density lipoprotein cholesterol was calculated using the Friedwald 
equation. Serum insulin was measured using an immunoradiometric assay (DIAsource immunoassays S.A., Nivelles, 
Belgium). The sensitivity of the assay, as reported by the manufacturer, has a mean minimum detectable value of 1.0 
µIU/mL. Insulin resistance was estimated using the following HOMA-IR calculation:

Insulin-like growth factor 1 (IGF-1) was analyzed using a commercial kit made by SunRedBio Technology Company 
(China). RBP4 was measured using a test produced by Immun Diagnostik (Germany).

One-Repetition Maximum Exercise Test
A 1RM test was performed to establish the maximum strength of each participant, determine the appropriate training 
loads, and verify progression in muscle strength during the program. The 1RM test was carried out for each of the five 
strength exercises included in the circuit and consisted of a maximum of four repetitions of the exercise with gradually 

Diabetes, Metabolic Syndrome and Obesity 2024:17                                                                          https://doi.org/10.2147/DMSO.S432954                                                                                                                                                                                                                       

DovePress                                                                                                                          
97

Dovepress                                                                                                                                                       Ratajczak et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


increasing resistance until the participant was unable to overcome the weight. The final fully executed repetition, 
assessed by the machine’s range of motion display and the speed and flow of the movement as observed by the 
physiotherapist, was considered the 1RM. The 1RM test was preceded by a warm-up, and 3–4-minute breaks were 
provided between each of the four repetitions. The applied loads were increased by 1 to 20 kg based on the observation of 
the previous repetition and the patient’s rating of perceived exertion. Blood pressure was monitored throughout the 1RM 
test. No drops in systolic pressure of >10 mmHg with increased load or increases in blood pressure of >250/115 mmHg 
were observed in the participants.18

Statistical Analysis
The sample size was determined based on the results of a similar study evaluating the effects of 12-week resistance 
training in overweight sedentary women.23 We used the lowest value of the effect size (η2=0.39) from ANOVA analysis 
of HOMA-IR, fasting insulin, and IGF-1 concentration that have been obtained in that study. Then, the power analysis 
was performed to calculate the effect size using G*Power 3.1.9.4 software. The analysis indicated that a minimum of 18 
subjects in total was required to detect an intervention effect, assuming statistical power of at least 0.8 and alpha level ≤ 
0.5. Due to the possibility of losing subjects to follow-up, we set the number of patients per group to at least 14.

Data analyses were performed using the Statistica 13.3 software package (TIBCO Software Inc., Palo Alto, USA). 
Data were presented as means and standard deviations (mean±SD). The normal distribution of variables was verified with 
the Shapiro–Wilk test. A two-way repeated measures analysis of variance (ANOVA) was used to analyze the effects of 
time, group, and time × group interaction. Tukey’s (HSD, for unequal N) post hoc test was performed to assess the 
significance of differences between pairs of measurements. The partial eta- squared (η2) was used as an indicator of the 
effect size and the following interpretation criteria were adopted: small (0.01), medium, (0.06), and large (0.14). 
Correlation analysis was carried out using the Spearman rank correlation test.

Results
The study flow diagram is presented in Figure 1. In total, 315 females were screened at the Department of Treatment of 
Obesity, Metabolic Disorders and Clinical Dietetics, Poznan University of Medical Sciences, of which 272 were 
excluded and 42 met the inclusion criteria and consented to participate in the study. Participants were randomly assigned 
to the T (n = 28) and NT (n = 14) groups (allocation ratio: 2:1). Twenty-seven participants completed the study, 19 from 
the T group and 8 from the NT group. Six participants were lost to follow-up. There were no significant differences 
between groups at baseline in the analyzed variables (Table 2). Attendance at the training program was 96%.

An overview of the demographic and clinical characteristics of the T and NT groups of women with insulin resistance 
and overweight or mild obesity, is provided in Table 2. Participants in the two groups had comparable demographic and 
clinical characteristics.

Table 3 demonstrates that the level of physical activity and diet were controlled in both study groups. Dietary intake 
did not change during the study and the level of physical activity increased only in the T group (Table 3).

The effects of the circuit training program on abdominal muscles strength, resting HR, blood pressure, and body 
composition are presented in Table 4. Repeated measures ANOVA revealed a group × time interaction for abdominal 
muscles strength (p < 0.01), resting HR (p < 0.05) and total lean mass (p < 0.05), indicating a different effect between the 
groups over the 12-week study period. Changes in resting blood pressure, body weight, visceral adipose tissue, and total 
fat mass were not significantly different between the groups (Table 4).

The effects of the 12-week circuit training program on biochemical indicators are presented in Table 5. During the 12- 
week period, significant time effects on triglyceride and IGF-1 levels were noted (p < 0.05), with a significant increase in 
triglyceride concentrations and a decrease in IGF-1 concentrations observed post-study compared to pre-study. Repeated 
measures ANOVA did not reveal group × time interactions for fasting carbohydrate and lipid metabolism, IGF-1, TSH, 
RBP4, or HOMA-IR.

A significant positive correlation was found between RBP4 and TSH concentration in insulin-resistance volunteers 
before the intervention (Figure 2). No other relationships between studied biochemical variables were found.
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Discussion
While aerobic endurance exercise is a common choice for intervention programs targeting glucose-intolerant individuals, 
current recommendations for physical activity include both endurance and resistance exercise.24 We were, thus, interested 

Figure 1 Study flow chart.

Table 2 Pre-Study Demographic and Clinical Characteristics of 
Participants in the Training (T) and Non-Training (NT) Groups

T Group NT Group p-value
(n=19) (n=8)

Age [years] 33.37±4.5 32.13±5.1 0.534a

Body mass [kg] 79.72±9.4 79.39±5.0 0.927a

BMI [kg/m2] 28.79±3.2 28.18±1.5 0.604a

Insulin [µU/mL] 13.17±3.8 12.30±5.3 0.276a

Insulin after 2h [µU/mL] 96.72±70.8 49.75±23.6 0.367a

HBA1c [%] 5.26±0.3 5.16±0.3 0.418a

Hypothyroidism (n) 10 3 0.470b

Notes: aStudent’s t-test, bMaximum likelihood chi-squared test.
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in examining whether a combination of resistance and endurance training would result in a similar or better improvement 
in insulin sensitivity in women with insulin resistance as observed in previous studies on people with T2DM examining 
resistance or endurance training alone.10,25 This study showed that a 12-week circuit training program comprising 
a combination of strength and endurance exercise without calorie restriction did not affect insulin sensitivity, RBP4 

Table 3 Factors Controlled During the Study

T Group NT Group ANOVA

MEAN±SD 
(n=19)

MEAN±SD 
(N=8)

Group Effect 
p value (ƞ2)

Time Effect 
p value (ƞ2)

Group x Time 
p value (ƞ2)

Energy intake [kcal/day] PRE 1682.0±469.9 1695.2±313.1 0.594 (0.01) 0.747 (0.01) 0.224 (0.06)
DURING 1764.0±421.3 1555.3±410.8

Protein intake [g/day] PRE 78.1±19.4 69.4±14.9 0.212 (0.07) 0.501 (0.02) 0.810 (0.00)
DURING 80.5±11.8 74.4±22.5

Fat intake [g/day] PRE 70.1±21.6 58.9±16.3 0.172 (0.08) 0.804 (0.00) 0.942 (0.00)
DURING 71.3±18.2 59.5±16.4

Carbohydrates intake [g/day] PRE 205.7±76.2 226.7±32.2 0.908 (0.00) 0.138 (0.09) 0.255 (0.06)
DURING 200.1±69.1 185.5±54.7

Physical activity (MET/min/week) PRE 1665±1726 2864±2242 0.916 (0.00) 0.710 (0.01) 0.004 (0.29)

DURING 3111±2950* 1722±1907

Notes: Bold indicate significant (p < 0.05); *Post-hoc p<0.05 (difference between pre to post intervention in the particular group).

Table 4 Pre- and Post-Study Physiological and Body Composition Indicators in the Training and Non-Training Groups

T Group NT Group ANOVA

MEAN±SD 
(n=19)

MEAN±SD 
(N=8)

Group Effect 
p value (ƞ2)

Time Effect 
p value (ƞ2)

Group x Time 
p value (ƞ2)

1 RM abdominal crunch [kg] PRE 21.7±5.1 22.0±5.5 0.051 (0.14) 0.000 (0.38) 0.000 (0.53)
POST 28.8±4.3** 20.9±4.6

Resting heart rate [bpm] PRE 85.61±10.7 74.25±8.4 0.278 (0.05) 0.043 (0.16) 0.010 (0.25)
POST 74.37±11.3** 75.88±14.4

Systolic blood pressure [mmHg] PRE 120.67±14.8 120.38±12.6 0.978 (0.00) 0.147 (0.09) 0.892 (0.00)
POST 115.74±13.8 116.13±11.6

Diastolic blood pressure [mmHg] PRE 82.67±11.1 78.88±9.1 0.282 (0.05) 0.301 (0.04) 0.961 (0.00)
POST 80.53±7.9 76.38±11.5

Body mass [kg] PRE 79.72±9.4 79.39±5.0 0.769 (0.00) 0.421 (0.03) 0.186 (0.07)
POST 80.87±9.7 79.10±4.8

Visceral Adipose Tissue [g] PRE 1033±491 993±461 0.937 (0.00) 0.787 (0.80) 0.571 (0.00)
POST 997±468 1006±431

Total Fat Mass [kg] PRE 34.32±6.3 32.35±3.2 0.436 (0.03) 0.562 (0.01) 0.830 (0.00)
POST 34.46±6.6 32.64±3.3

Total Lean Mass [kg] PRE 43.11±3.8 44.77±2.6 0.530 (0.02) 0.752 (0.00) 0.039 (0.24)

POST 43.95±3.8* 44.11±2.2

Notes: Bold indicate significant (p < 0.05); **Post-hoc p<0.01, *Post-hoc p<0.05 (difference between pre to post intervention in the particular group). 
Abbreviation: 1RM, one repetition maximum test.
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concentration, and glucose and lipid metabolism, despite a significant increase in lean body mass (p < 0.05) in females 
with insulin resistance (BMI up to 33 kg/m2; Table 4 and Table 5).

The 12-week circuit training program did result in a significant reduction in resting HR in the T group compared to 
the NT group (p<0.05), confirming that regular exercise economizes cardiovascular function in women. The mechanism 
responsible for the HR changes was a favorable adaptation of the autonomic system balance—conventionally explained 
by a decrease in the activity of the sympathetic component and an increase in the tension of the parasympathetic 
component.26

We propose several explanations for the lack of improvement in insulin sensitivity as a result of the implemented 
training program. First, according to Bird and Hawley’s literature review,5 when an exercise program fails to improve 
insulin sensitivity, as seen in the T group in the present study, the lack of improvement may be due to the exercise 
intensity being too low, the duration being too short, or the group already having adequate insulin sensitivity, limiting the 
potential for improvement. When the degree of insulin resistance is low, higher exercise loads are required, particularly 
during strength training. Likewise, Mavros et al27 reported that improvements in metabolic health in older patients with 
T2DM were mediated through improvements in body composition only if they were achieved through high-intensity 
progressive resistance training. They additionally found that the changes in skeletal muscle mass were associated with 
improvements in homeostasis model assessment 2 of insulin resistance (HOMA2) in older patients with T2DM.

In the present study, the average training load was 50–75% HRR above resting HR and 50–80% 1RM. In one study, 
resistance training (60–80% 1RM, twice/week) combined with aerobic endurance exercise for 12 months significantly 

Table 5 Pre- and Post-Study Biochemical Indicators in the Training and Non-Training Groups

T Group NT Group ANOVA

MEAN±SD 
(n=19)

MEAN±SD 
(N=8)

Group Effect 
p value (ƞ2)

Time Effect 
p value (ƞ2)

Group x Time 
p value (ƞ2)

Glucose [mmol/L] PRE 5.30±0.4 5.26±0.3 0.495 (0.02) 0.473 (0.04) 0.629 (0.04)
POST 5.30±0.5 5.11±0.2

Insulin [µU/mL] PRE 13.17±3.8 12.30±5.3 0.397 (0.02) 0.532 (0.02) 0.543 (0.01)
POST 14.70±6.3 12.60±9.0

HOMA-IR PRE 3.08±0.9 2.85±1.1 0.397 (0.03) 0.532 (0.02) 0.543 (0.02)
POST 3.46±1.5 2.86±2.0

Total cholesterol [mmol/L] PRE 4.98±0.6 4.97±0.7 0.403 (0.03) 0.695 (0.01) 0.122 (0.15)
POST 4.71±0.6 5.16±0.9

HDL-cholesterol [mmol/L] PRE 1.40±0.3 1.30±0.2 0.460 (0.02) 0.253 (0.05) 0.431 (0.03)
POST 1.41±0.3 1.37±0.2

LDL-cholesterol [mmol/L] PRE 3.20±0.7 3.49±0.8 0.196 (0.07) 0.165 (0.08) 0.145 (0.08)
POST 2.96±0.7 3.48±0.9

Triglycerides [mmol/L] PRE 1.25±0.3 1.19±0.3 0.548 (0.02) 0.032 (0.17) 0.238 (0.06)
POST 1.39±0.5 1.65±0.9

TSH [uIU/mL] PRE 1.79±0.9 1.94±1.1 0.852 (0.00) 0.083 (0.12) 0.357 (0.03)
POST 2.46±1.2 2.15±1.5

IGF-1 [ng/mL] PRE 20.66±13.0 23.64±13.3 0.666 (0.01) 0.046 (0.16) 0.328 (0.04)
POST 20.03±13.0 21.87±12.5

RBP4 [mg/mL] PRE 62.09±23.7 78.56±26.1 0.106 (0.11) 0.068 (0.13) 0.923 (0.00)

POST 55.85±25.1 71.66±19.6

Note: Bold indicate significant (p < 0.05). 
Abbreviations: HOMA-IR, homeostasis model assessment of insulin resistance; TSH, thyroid-stimulating hormone; IGF-1, insulin-like growth factors-1; RBP4, retinol- 
binding protein-4.
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reduced HbA1c, blood glucose, body weight, and waist circumference and increased skeletal muscle PPAR-γ and PPAR- 
α mRNA levels, which promote glucose and fat oxidation in skeletal muscle mitochondria, in patients with diabetes.28 

The above program was characterized by a much longer duration compared to the program used in our study, which may 
indicate the reasons for the lack of improvement in insulin sensitivity in patients with overweight and mild obesity but 
not yet with diabetes.

Several studies have indicated that improved insulin sensitivity occurs with exercise intensities between 75% and 
100% 1RM. Further, plasma insulin levels were found to remain the same even after 6 months of high-intensity (75–85% 
1RM) exercise in older diabetic patients.29–31 Rynders et al32 revealed that higher intensities of exercise produced greater 
improvements; an 85% improvement in insulin sensitivity was observed following high-intensity exercise compared to 
a 51% improvement following moderate-intensity exercise. On the other hand, high-intensity exercise carries the risk of 
injury and discouragement from exercise, which may result in not completing the training program.33 Therefore 
researchers are also assessing whether lower-volume exercise programs achieve greater compliance and thus, may 
ultimately be superior to higher-intensity and/or longer-duration exercise sessions.5

Nevertheless, recent research suggests that ectopic fat might not be the primary determinant of insulin resistance; 
instead, intrinsic factors in the muscle34 and it is higher intensities of exercise during training that appear to have a more 
potent effect on peripheral insulin sensitivity assessed by hyperinsulinemic–euglycemic clamps.11 At a molecular level, 
increased muscle mass and muscle strength are attributed to the increase in muscle hypertrophy, which possibly occurs 
through phosphatidylinositol 3 kinase-Akt-mammalian target of rapamycin (PI3K/Akt/mTOR) signaling cascades. These 
molecular events may be associated with improved muscle substrate (glucose or fat) metabolism.35,36

Our supposition that the training intensity implemented in our program was too low is supported by the lack of post- 
program changes in IGF-1 levels in the T group (Table 5). It has been documented that successful training adaptations 
can rebound anabolic activation of the growth hormone–IGF-1 axis, causing IGF-1 to rise above pre-training levels.37 

Mixed training increases muscle mass and strength, in large part due to the induction of muscle hypertrophy and 
neuromuscular remodeling via the PI3K/Akt/mTOR pathway. These molecular changes in skeletal muscle likely underlie 
improvements in glucose and lipid metabolism, even in the absence of observable direct evidence.36

Figure 2 Spearman correlation between retinol binding protein- 4 and thyroid- stimulating hormone concentration before the intervention.
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RBP4 is an adipokine that appears to be involved in the early phases of the development of insulin resistance and 
other components of metabolic syndrome.38 Increasing serum RBP4 induces hepatic expression of the gluconeogenic 
enzyme phosphoenolpyruvate carboxykinase and impairs insulin signaling in muscle.39 In our study, high levels of RBP4 
were observed (the average baseline RBP4 concentration was 62.09 ± 23.7 g/mL in the T group and 78.56 ± 26.1 g/mL in 
the NT group) compared to the levels recorded in subjects with insulin resistance in the study by Graham et al38 Elevated 
serum RBP4 in insulin-resistant states might be a consequence of increased expression, expanded fat mass, altered 
secretion, and/or altered clearance of RBP4 from the circulation.39 As suggested by Numao et al,40 the effect of exercise 
training on metabolic abnormalities may be partially mediated by changes in circulating RBP4 concentrations. Research 
conducted by Graham et al38 showed that a 4-week exercise training program reduced circulating RBP4 concentrations in 
subjects who also demonstrated improved post-program insulin resistance, and RBP4 concentration was negatively 
correlated with glucose disposal rates after the exercise training program in subjects with impaired glucose tolerance or 
T2DM. In the present study, the implemented 12-week circuit training program did not induce post-program changes in 
RBP4 concentrations, and we found no differences in RBP4 levels between the groups (Table 5). According to Yang 
et al,39 decreases in RBP4 concentrations in subjects with obesity may be more related to exercise-induced improvements 
in circulating triglyceride concentrations; however, in our study, we did not observe significant changes in lipid 
metabolism in the T group from pre- to post-program, and we found no differences in lipid metabolism between the 
groups (Table 5).

Recent clinical studies in adults have demonstrated that RBP4 levels are higher in patients with clinical hypothyroid-
ism than in controls.41,42 The results of our study revealed a positive relationship between serum RBP4 concentrations 
and TSH concentrations before the intervention (r = 0.51; p < 0.01; Figure 2). These results are in agreement with those 
of previous studies,41,43,44 in which subjects with subclinical and overt hypothyroidism had higher circulating RBP4 
levels than those with normal thyroid function. However, it remains unclear whether increased RBP4 level is cause or 
effect of hypothyroidism. In people with reduced thyroid function, improving metabolism may be more difficult to 
achieve, but participation in physical training may reduce this connection as RBP-4 and probably more adverse factors 
tend to decrease despite no improvements in thyroid function. This is reflected by the lack of such correlation after the 
intervention.

Limitation of the Study
The relatively small size of the examined groups (especially in the NT group) may limit the inference from our study, 
thus generalization to a larger population should be made with caution. On the other hand, the groups are very 
homogeneous, ensuring the elimination of many factors that interfere with research on insulin resistance, such as age, 
presence of menopause, and body weight. Doubts may also arise from the use of the HOMA-IR index in the inclusion 
criteria, the cut-off point of which is not standardized and may vary across populations.

Conclusions
Based on the findings of this study, we conclude that 12 weeks of strength and endurance circuit training without 
calorie restriction has stronger effect on body composition, and functional fitness than HOMA-IR, glucose, lipid 
metabolism, IGF-1, TSH, and RBP4 in women with insulin-resistance. Minor changes in body composition may not 
be sufficient to translate into improvements in insulin sensitivity assessed 2 days after the last exercise session, but 
our study highlights the potential of combined training in the prevention and amelioration of insulin resistance. 
There is a clear need for further research to investigate the effectiveness of this type of intervention and to 
determine the optimal training load which simultaneously will not discourage patients with insulin resistance from 
exercising.

Abbreviations
RBP4, retinol-binding protein-4; T, training; NT, non-training; IGF-1, insulin-like growth factors-1; HOMA-IR, home-
ostasis model assessment of insulin resistance; TSH, thyroid-stimulating hormone; T2DM, type 2 diabetes mellitus; 
GLUT 4, glucose transporter type 4; AMPK, AMP-activated protein kinase; HbA1c, glycosylated hemoglobin; 1RM, one 
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repetition maximum; HR, heart rate; HRR, heart rate reserve; BMI, body mass index; PI3K/Akt/mTOR, phosphatidy-
linositol 3 kinase-Akt-mammalian target of rapamycin; PGC-1α, peroxisome proliferator-activated receptor-gamma 
coactivator; HOMA2-IR, homeostasis model assessment 2 of insulin resistance.
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