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Abstract: Background: Resistance training improves health in obese and overweight people. 

However, it is not clear what is the optimal weekly resistance training frequency and the most 

efficacious training protocol on body composition, cardiometabolic risk factors, and handgrip 

strength (HS). The aim of this study was to determine the effects of a supervised structured 24 week 

resistance training program on obese and overweight women. Methods: Forty-five women (BMI 

37.1 ± 6.3 kg/m2; age 56.5 ± 0.7 years) were randomly assigned to one of two groups: a group with a 

high weekly training frequency of three times a week (HIGH) and a group that performed it only 

once a week (LOW). Cardiometabolic risk factors, anthropometric and HS measures were taken 

before and after the intervention period. Results: A significant (p < 0.05) group by time interaction 

was observed for body weight, body mass index, waist circumference, fat mass, plasma glucose, 

plasma insulin, homeostatic model assessment, and for dominant and absolute HS. Additionally, 

only the HIGH group saw increased HS and decreased total cholesterol and LDL-cholesterol after 

the intervention period (p < 0.05). The observed increase in HS was associated with an improved 

insulin resistance sensitivity (absolute handgrip strength: r = −0.40, p = 0.007; relative handgrip 

strength: r = −0.47, p = 0.001) after training, which constitutes an essential element for cardiovascular 

health. Conclusions: The results suggest that high weekly frequency training give greater benefits 

for weight loss and cardiometabolic risk factors improvement than a training program with a 

training session of once a week. Furthermore, the improvement of HS can be achieved with a high 

weekly frequency training. 
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1. Introduction 

Overweight and obesity are major risk factors for a number of chronic diseases, including 

cardiovascular diseases such as heart disease and stroke, which are the leading causes of death 

worldwide [1]. According to the 1998 overweight and obesity clinical guidelines, overweight is 

defined as a BMI ranging from 25 to 29.9 kg/m2 and obesity as a BMI ≥ 30 kg/m2 [2]. From 1999–2000 
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to 2017–2018, the age-adjusted prevalence of obesity increased from 30.5% to 42.4%, and the 

prevalence of severe obesity increased from 4.7% to 9.2% in the USA [3]. In addition, the overall 

prevalence of obesity was similar among men and women, but the prevalence of severe obesity was 

higher among women and adults aged 40–59 [3]. In 2017, 52% of adults worldwide and 65% of adults 

in the UK were classified as overweight or obese [4]. Moreover, in most of Northern European and 

Southern European countries, the rate of obesity has doubled in the last 30 years [5,6]. 

Obesity is correlated with morphological changes resulting from an increased deposition of lipid 

within muscle fibers, which decreases muscle quality and contributes to frailty by reducing muscle 

strength and increasing disability [7]. The high percentage of overweight/obese people with the poor 

metabolic control of diabetes has become an important public health problem in recent years [8–10]. 

Although bariatric surgery is the most effective treatment to reduce and maintain weight loss [11,12], 

another effective strategy is represented by a lifestyle modification that includes a prescription for 

increased physical activity [13,14]. 

A weight change of 3% to 5% may lead to clinically meaningful health benefits and losing 5% to 

10% of weight can decrease the cardiovascular risk factor, morbidity, and mortality [15,16]. Resistance 

training is a physical activity which promotes improvements in body composition and most 

cardiometabolic risk factors [17,18]. It can reduce blood pressure, total cholesterol and plasma 

triglycerides, inducing beneficial effects on circulating inflammatory markers and reducing insulin 

resistance sensitivity [19–21]. In addition, enhancements in body composition are associated to a 

better quality of life [22]. Resistance exercise is also effective to increase muscular strength [23,24], 

especially that of handgrip [25,26]. 

Recent studies, which have offered resistance training as a physical activity for obese and 

overweight people, have used training protocols with a frequency of two or three times a week 

[27,28]. Studies on training frequency in older adults have shown different results, with some 

reporting no differences between lower and higher frequencies on muscle mass [29,30], while others 

have reported that muscle strength and functional performance are favored with higher frequencies 

[31,32]. However, to our knowledge, no study compared the effects of different resistance training 

frequencies on the most informative parameters of the health status in obese and overweight people. 

Therefore, the aim of this study was to compare the effects of a resistance training program of 

one or three times a week on body composition, cardiometabolic risk factors, and handgrip strength 

in overweight and obese women. We hypothesized that a higher training frequency could have a 

better impact on the examined parameters, especially on handgrip strength development. 

2. Materials and Methods 

2.1. Participants 

To identify the sample size for the study, we assessed an a ‘’priori: computer required sample 

size- given α, power and Effect Size’’ by G*Power (3.1.9.2, Uiversität Kiel, Germany). A repeated 

measures ANOVA was selected as the F test of all the test family, inputing the following parameters: 

α = 0.05; (1−β) = 0.8; Effect Size f = 0.5. The outcomes parameters thus calculated detected a sample 

size of 19 participants for each group, totalling 38 participants. To meet this, we estimated a follow-

up loss rate of about 10 people and selected 50 subjects who were women aged 56.5 ± 8.7 years and 

with a BMI 37.1 ± 6.3 kg/m2. They were chosen from the Lifestyle program of the ‘’Infermi’’ 

Endocrinology Department (Rimini) and voluntarily participated in our study. To comply with our 

treatment inclusion criteria, the participants could not have a body mass index ≤ 25 kg/m2. To prevent 

the affected outcomes they were not to smoke, were not to take medications and they did not have 

any major disease (cardiovascular disease, etc.). In addition, they had not participated in a physical 

exercise program over the last six months before the study. Menopausal status and menstrual cycle 

info were collected during two interviews before the tests, as previously stated by our group [33]. 

A randomized controlled trial was conducted for up to 28 weeks, of which 4 (first, second, 

second to last and last) were employed for assessment and measurements and 24 weeks were used 

for the exercise treatment. The participants were randomly allocated to each group following the 
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study purpose: an experimental group who performed the exercise program with a weekly frequency 

of three times per week (HIGH) and a control group who performed the exercise program just once 

per week (LOW). The participants were recommended did not eat for at least two hours before the 

exercise program. The random allocation (random.org) was carried out by a blinded researcher. 

Different places were selected for measurements, which were assessed in the hospital department, 

and exercise which was performed in a contracted sports center. Our study followed the CONSORT 

statement recommendations for reporting randomized trials [32]. All participants provided their 

written, informed consent to participate after all procedures were explained. The study was approved 

by the Bioethics Committee of the University of Bologna and was conducted in accordance with the 

guidelines of the Declaration of Helsinki; project identification code was NCT03410329 (25 January 

2018). 

2.2. Exercise Program 

The 24 week resistance training program was performed under the supervision of an exercise 

physiologist. During first two weeks, he exhibited how to execute each exercise correctly and theh 

participants had to familiarize with it. After this learning period, the exercise physiologist tested each 

participant workload at 10 repetitions for every exercise programmed. The resistance training 

program was about 65 min for both the exercise and the control group and for all of the experiment 

period. Exercise selection and sequence never changed over time and between groups. Workouts 

included an initial 10 min warm-up at low intensity (30–50% HRmax), performed using a treadmill, 

stepper, elliptical, or cycle ergometer, as preferred by the subjects. The central part of the program 

had a duration of 45 min and included seven exercises on isotonic machines with the specific 

sequence: leg extension and leg press for leg muscles, lat machine and low row for back muscles, 

pectoral machine and chest press for chest muscles and shoulder press for shoulder muscles. 

Following Ehrman and colleagues’ recommendations for obese people [34], every exercise provided 

four sets of 8–12 repetitions in a range of 60–80% one repetition maximum (1-RM); each set was 

performed in about 30 s with 1 min of rest between series and 2 min of rest among exercises. 

Whenever the participants reached less than 8 repetitions, a decreased weight of 5% was advised to 

perform after a short rest; similarly, whether the participants reached more than 12 repetitions, an 

increased weight of 5% was required to perform after a short rest. In addition, to meet the basic 

principles of resistance training progression [35] every 2 weeks the exercise physiologist increased 

the intensity by 5% on a muscular group exercise (leg, back, chest or shoulder) and tested it on the 

participants: if they were able to perform it, the new workload was set, whereas if they were not able 

to perform it, the workload did not change. Finally, the participants performed 10 min of cool down 

on a treadmill at the same intensity of the initial warm-up. The HIGH group performed the training 

program on Monday, Wednesday and Friday evening (6 p.m.) with 48 h of rest between sessions; the 

LOW group performed the training program on Thursday evening. 

2.3. Anthropometry 

All the measurements were carried out by a physician specifically trained in physical 

anthropometry and blinded to group assignment. To calculate the BMI (kg/m2) of each participant, 

we needed to evaluate the anthropometric features of height and weight. These were measured 

according to standard methods [36], using a stadiometer which recorded the height at an accuracy of 

0.1 cm and a high-precision mechanical scale (Seca, Basel, Switzerland) for recording weight at an 

accuracy of 0.1 kg. Moreover, each participant’s waist circumference (WC) was recorded. It was taken 

at the narrowest part of the torso [36]. Skinfold thicknesses at four sites (biceps, triceps, subscapular 

and suprailiac) were measured to the nearest 0.1 mm with a Lange skinfold caliper (Beta technology 

Inc., Cambridge, MD, USA). For each anthropometrical point considered, three non-consecutive 

measurements were performed in order to extract the average. The technical error of measurement 

scores (TEM) was required to be within 5% agreement for skinfolds and within 1% for WC. Skinfold 

values were used in anthropometric regression equations to predict fat mass [37,38]. 
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2.4. Cardiometabolic Risk Factors 

Routine laboratory testing was carried out in all cases at entry; plasma glucose, total cholesterol 

(TC), high-density lipoprotein (HDL) cholesterol, and triglycerides (TG) were measured with routine 

assays using internal and external quality controls. Low-density lipoprotein (LDL) cholesterol was 

calculated using the Friedewald formula [39]. The homeostasis model assessment (HOMAIR), insulin 

resistance index, was calculated as the fasting plasma insulin concentration (mU/l) × fasting plasma 

glucose concentration (mmol/l)/22.5. Glycated hemoglobin (HbA1c) was measured by exchange 

high-performance liquid chromatograph using standardized laboratory procedures. Blood pressure 

was taken by an automatic monitor (Omron1 Model HEM-7011, Omron Healthcare, Inc., 

Bannockburn, IL, USA) three times successively with at least a one-minute interval between each 

reading. The average of the three blood pressure measurements was used for analysis. 

2.5. Handgrip Strength 

A mechanical dynamometer (Takei K.K. 5001, Takei Scientific Instruments, Ltd., Niigata City, 

Japan) was used to evaluate the left and right handgrip strengths at an accuracy of 0.5 kg to carry out 

the dominant (DHS) and absolute handgrip strength (AHS). Each participant was evaluated by 

keeping the dynamometer at a 90-degree flexion of their elbow, in a sitting position for a maximum 

of three attempts for each hand. The AHS was calculated as the sum of the right and left hand 

outcomes. Finally, the relative handgrip strength (RHS) was calculated following Choquette and 

colleagues [40], as the relationship between handgrip strength (HS) and BMI. 

2.6. Statistical Analyses 

Normality was checked with the Shapiro–Wilk test. The two-way ANOVA for between- and 

within-group comparisons was assessed to accept the main hypothesis. Bonferroni’s post hoc test 

was employed to detect specific differences in the variables where the F-ratio was significant. A two-

way repeated measures ANCOVA was assessed for comparisons with the covariates as age, weight 

loss, and menopausal status. Effect size (ES) was calculated as the difference between the post-

training mean and the pre-training mean related to the pooled standard deviation [8]. The ES was 

classified as follows: it was considered as small when its value was 0.20–0.49, moderate when it was 

0.50–0.79, and large when it was ≥0.80. To compare the changes in weight status categories after the 

intervention period, the McNemar test for paired proportions was used. Bivariate and partial 

correlation between the changes after training in anthropometric, cardiometabolic and strength 

parameters were performed. Statistical significance for all the analyses was defined at p < 0.05. SPSS 

(SPSS 23.0.0.0; SPSS Inc., Chicago, IL, USA) was used for all the statistical calculations. 

3. Results 

3.1. Participants’ General Characteristics 

The flow chart with a schematic representation of participant allocation is presented in Figure 1. 

Forty-five participants met the inclusion criteria: 22 women had been randomly assigned to the HIGH 

group and 23 to the LOW group. Of them, five subjects abandoned during the intervention period 

and one was excluded from analysis to prevent outlier bias. Finally, 39 participants were included in 

the analysis. 

No significant differences in age, weight, height and BMI were found between the two groups 

before the intervention period (Table 1). 
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Table 1. General characteristics of the participants before the intervention period. 

Variable  HIGH (n = 22) LOW (n = 23) p 

Age (years) 
a 55.51 ± 9.16 57.50 ± 8.44 0.46 

b 40–69 40–68  

Weight (kg) 
a 97.43 ± 17.41 88.76 ± 16.00 0.10 

b 73.50–137.10 73.20–139.30  

Height (cm) 
a 158.51 ± 6.12 158.05 ± 6.60 0.81 

b 146.80–170.70 146.00–168.90  

BMI (kg/m2) 
a 38.70 ± 6.18 35.58 ± 6.35 0.11 

b 28.10–52.10 27.50–51.00  

Note: a = mean ± SD, b = range. 

 

Figure 1. Flow chart. 

3.2. Anthropometry 

There was a significant group by time interaction for weight, BMI, WC and the percentage of fat 

mass (%FM) with an 8.7%, 8.7%, 9.0% and 9.8% decrease in the HIGH group and with a 4.9%, 4.9%, 

4.7% and 5.3% decrease in LOW group (Table 2), respectively. After adjusting for age, weight loss, 

and menopausal status as covariates, the group by time interaction remained significant for weight 

(F = 4.15, p = 0.049, statistical power = 0.51), WC (F = 8.02, p = 0.007, statistical power = 0.78) and %FM 
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(F = 7.79, p = 0.008, statistical power = 0.77). Post hoc analysis revealed that in both groups all the 

anthropometric values significantly decreased from before to after the intervention period. 

Figure 2 shows changes in the weight status categories among the participants after 24 weeks. 

In the HIGH group, 11 women reached a lower weight status category than at the beginning of the 

study (p = 0.001), while only seven achieved this in the LOW group (p = 0.01). 

 

Figure 2. Changes in the weight status categories among the participants after the intervention 

period. 

Table 2. Participant characteristics before and after the 24 weeks of intervention. 

Variable 
HIGH (n = 19) LOW (n = 20) 

ES 
Interaction 

p-Value  
SP 

Before After Before After 

Anthropometry        

Weight (kg) 97.43 ± 17.41 88.73 ± 18.52 * 88.76 ± 16.00 84.02 ± 13.20 * −0.31 <0.01 0.80 

BMI (kg/m2) 38.70 ± 6.18 35.25 ± 6.85 * 35.58 ± 6.35 33.66 ± 5.05 * −0.19 <0.01 0.77 

WC (cm)  110.31 ± 13.68 100.49 ± 14.66 * 106.69 ± 12.26 101.46 ± 11.24 * −0.41 <0.01 0.89 

FM (%) 40.17 ± 3.29 36.26 ± 3.73 * 39.36 ± 3.36 37.24 ± 3.70 * −5.60 <0.01 0.94 

Blood pressure         

SBP (mmHg) 130.48 ±13.77 125.24 ± 17.78 127.62 ± 11.46 121.43 ± 25.93 0.04 0.89 0.05 

DBP (mmHg) 81.43 ± 9.10 77.57 ± 9.66 78.81 ± 6.69 78.33 ± 10.16 0.35 0.26 0.19 

Lipid profile        

TC (mg/dl) 204.50 ± 49.16 196.14 ± 44.08 * 209.85 ± 32.42 202.36 ± 27.87 −0.05 0.87 0.05 

TG (mg/dl) 143.35 ± 52.90 120.18 ± 50.28 * 138.54 ± 54.25 127.69 ± 50.44 * −0.31 0.30 0.17 

HDL-C(mg/dl) 54.30 ± 15.16 59.43 ± 16.24 * 53.04 ± 13.74 54.35 ± 13.96 * 0.58 0.06 0.45 

LDL-C (mg/dl) 133.58 ± 27.76 121.29 ± 25.00 * 122.98 ± 41.62 120.33 ± 48.75 −0.60 0.05 0.58 

Insulin resistance        

HbA1c (%) 6.05 ± 0.65 5.68 ± 0.67 * 6.56 ± 1.36 6.31 ± 1.22 * −0.39 0.20 0.23 

Glucose (mg/dl) 97.48 ± 13.77 88.82 ± 12.89 * 94.98 ± 7.83 92.43 ± 7.54 * −1.33 <0.01 0.98 

Insulin (u/l) 13.07 ± 2.61  11.01 ± 2.90 * 11.63 ± 2.85 10.79 ± 2.71 * −0.76 0.01 0.68 

HOMAIR 3.12 ± 0.68 2.40 ± 0.67 * 2.72 ± 0.69 2.45 ± 0.58 * −1.07 <0.01 0.92 

Strength        

DHS (kg) 22.76 ± 4.92 27.04 ± 5.29 * 24.50 ± 5.66 25.45 ± 5.77 1.34 <0.01 0.99 

AHS (kg) 42.81 ± 9.39 50.35 ± 9.13 * 46.88 ± 11.18 48.83 ± 11.71 1.36 <0.01 0.99 

RHS (kg) 1.12 ± 0.27 1.47 ± 0.36 * 1.34 ± 0.36 1.47 ± 0.39 * 1.53 <0.01 0.98 

Note: Data are expressed as the mean and standard deviation. * p < 0.05 vs. before, BMI: body mass 

index, WC: waist circumference, FM: fat mass, SBP: systolic blood pressure, DBP: diastolic blood 

pressure, TC: total cholesterol, TG: triacylglycerol, LDL-C: low-density lipoprotein cholesterol, 

HbA1c: glycated hemoglobin, HOMAIR: homeostasis model assessment for insulin resistance, DHS: 

dominant handgrip strength, AHS: absolute handgrip strength, RHS: relative handgrip strength, SP: 

statistical power. 
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3.3. Cardiometabolic Risk Factors 

A significant group by time interaction was found for plasma glucose, insulin and HOMAIR 

(Table 2). After adjusting for age, weight loss and menopausal status as covariates, the group by time 

interaction remained significant for plasma glucose (F = 19.54, p < 0.001, statistical power = 0.99), 

insulin (F = 5.43, p = 0.025, statistical power = 0.62), and HOMAIR (F = 10.83, p = 0.002, statistical power 

= 0.89). Post hoc analysis showed that, after the intervention period, the participants significantly 

reduced their fasting plasma glucose of 8.7% and 2.6%, insulin of 16.0% and 6.5% and HOMAIR of 

23% and 8.9% in the HIGH and LOW group, respectively. HbA1c, TC, TG and LDL cholesterol were 

significantly decreased, and the HDL cholesterol was increased in the HIGH group after the 

intervention period. HbA1c, TG and HDL cholesterol were similarly changed in the LOW group (p < 

0.05). The systolic and diastolic blood pressure were not significantly changed in both groups after 

the 24 week intervention program. 

3.4. Handgrip Strength 

A significant group by time interaction was also found for the DHS, AHS and RHS (Table 2). 

After controlling for age, weight loss, and menopausal status as covariates, the group by time 

interaction was significant for the DHS (F = 15.09, p < 0.001, statistical power = 0.96), AHS (F = 15.57, 

p < 0.001, statistical power = 0.97), and the RHS (F = 23.67, p < 0.001, statistical power = 0.99). In the 

HIGH group, participants increased the strength values by 19.8%, 18.7% and 30.1% for the DHS, AHS 

and RHS, respectively, while for the same parameters in the LOW group the increments were 4.6%, 

4.7% and 10.2%, respectively. Post hoc analyses revealed that in the HIGH group, the participants 

increased their DHS, AHS and RHS after the intervention (p < 0.05). On the contrary, the LOW group 

changed significantly only in RHS. 

3.5. Correlations 

The matrix of correlations between the percent variations after the Lifestyle program (Δ) in 

anthropometric parameters, cardiometabolic risk factors and strength values is presented in Table 3. 

After adjusting for age, weight loss, and menopausal status as covariates, the association remained 

significant between the weight and WC (r = 0.425, p = 0.006), %FM (r = 0.418, p = 0.007) glucose (r = 

0.374, p = 0.017), and RHS (r = −0.422, p = 0.007). Other associations were shown between WC and 

%FM (r = 0.315, p = 0.048), HDL cholesterol (r = −0.387, p = 0.014), LDL cholesterol (r = 0.356, p = 0.024), 

glucose (r = 0.369, p = 0.019), insulin (r = 0.347, p = 0.028), HOMAIR (r = 0.407, p = 0.009) and RHS (r = 

−0.392, p = 0.012), and between %FM and glucose (r = 0.495, p = 0.001), insulin (r = 0.380, p = 0.015), 

HOMAIR (r = 0.490, p = 0.001) AHS (r = −0.364, p = 0.021) and RHS (r = −0.513, p < 0.001). Changes in 

LDL cholesterol were associated with variations in HDL cholesterol (r = −0.357, p = 0.024) and in 

HbA1c (r = 0.327, p = 0.040). Significantly correlations were also found among the glucose and 

HOMAIR (r = 0.569, p < 0.001), AHR (r = −0.349, p = 0.027) and RHS (r = −0.480, p = 0.002), and between 

AHS and HbA1c (p = 0.039), insulin (r = −0.365, p = 0.021), HOMAIR (r = −0.426, p = 0.006), DHS (r = 

0.778, p < 0.001) and RHS (r = 0.902, p < 0.001). HOMAIR was also correlated with insulin (r = 0.948, p 

< 0.001) and RHS (r = −0.500, p = 0.001). 
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Table 3. Matrix of the correlations between the percentage variations of the variables after training. 

 BMI WC FM HDL-C LDL-C HbA1c GLU INS HOMAIR AHS RHS 

Weight 1.00 †  0.54 † 0.39 * −0.24 0.20 0.68 0.47 † 0.29 0.35 * −0.07 −0.45 * 

BMI 1.00 0.53 † 0.38 * −0.24 0.20 0.06 0.47 † 0.29 0.35 * −0.06 −0.45 * 

WC - 1.00 0.29 −0.41 * 0.42 * 0.25 0.40 * 0.30 * 0.36 * −0.21 −0.38 * 

FM - - 1.00 −0.08 0.36 * 0.24 0.53 † 0.45 * 0.47 † −0.39 * −0.47 † 

HDL-C - - - 1.00 −0.32 * −0.01 −0.28 −0.09 −0.16 0.10 0.18 

LDL-C - - - - 1.00 0.40 * 0.21 0.20 0.23 −0.23 −0.27 

HbA1c - - - - - 1.00 0.07 −0.05 −0.07 −0.32 * −0.29 

GLU - - - - - - 1.00 0.41 * 0.60 † −0.31 * −0.47 † 

INS - - - - - - - 1.00 0.95 † −0.36 * −0.42 * 

HOMAIR - - - - - - - - 1.00 −0.40 * −0.47 † 

AHS - - - - - - - - - 1.00 0.88 † 

Note: * p < 0.05, † p < 0.001, GLU: glucose, INS: insulin. 

4. Discussion 

We found that 24 weeks of resistance training improved health in overweight and obese 

participants. Our resistance training program led to weight loss and a reduced BMI, improved insulin 

resistance and fat mass profile, and increased relative strength in participants. Aronne and Isoldi [41] 

suggested that changes in anthropometric and cardiometabolic risk factors are essential to improve 

obese health outcomes. Although some studies reported a statistically insignificant trend or no 

change in fat mass after a resistance training program [42,43], our study is in line with the findings 

of other authors who reported beneficial changes in body composition [44], fat mass and fat-free mass 

[45,46], muscle volume [47], physical function [48], BMI [49], and body weight [50]. According to 

Kraemer and Ratamess [35], the foremost principles of resistance training progression are progressive 

overload, specificity, and variation. We assessed these altering exercise intensity and training 

volume. However, one limitation may be that we never changed the exercise selection and rest over 

time. 

We also hypothesized that the highest training frequency would have provided more positive 

improvements in body composition, cardiometabolic risk factors, and handgrip strength. No prior 

evidence was available on the differences in training frequencies in obese and overweight people. 

The American College of Sports Medicine [51] recommended that novice individuals should do full 

body resistance exercise 2–3 days per week. Our results agreed with it and showed that a higher 

frequency better affects obese and overweight health in women. The most important differences 

between the two groups relate to some of the lipid profile parameters, such as total cholesterol, LDL 

cholesterol, and handgrip strength. In the group that followed the resistance training program three 

times a week, these parameters increased significantly, unlike the group that trained once per week. 

Another important result of our study was that a 24 week exercise program elicited a positive 

effect on metabolic syndrome risk factors such as HbA1c, HOMAIR and lipid profile. A review from 

Lee and colleagues [19] showed that resistance exercise improved insulin resistance and lipid profile 

in younger obese, but the best outcomes appeared with resistance combined with aerobic exercise. In 

addition, Brown and associates [52] showed that a single bout of resistance exercise positively 

affected the glucose and insulin level during 18–24 h post exercise. However, more evidence is 

needed. 

No significant changes in blood pressure values were measured after the intervention in both 

groups, though they tended towards improvements. Similar results were found by Sigal and 

colleagues [53], who could not find reductions in blood pressure values after 22 weeks in the 

participants of a resistance training program, and not even in those who practiced an aerobic training 

program. A limitation in our results may be due to the experimental designs that did not include diet 

with a caloric restriction program. Several authors found that dietary patterns combined with 

exercise improved obese health [54,55]. 

Our view is that high-frequency training is crucial in the development of strength, which also 

plays an important role in cardiovascular health. On this point, Lee et al. [56] reported that handgrip 

strength is correlated with cardiometabolic risk factors including blood pressure, triglyceride, HDL 
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cholesterol, HbA1c, and fasting glucose. In line with that, our results highlighted significant 

correlations between handgrip strength and HbA1c, plasma glucose, plasma insulin and HOMAIR, 

indicating that strength development may have played a role in improving insulin resistance and 

cardiometabolic risk factor. Moreover, the observed increase in the handgrip strength concomitant 

with an improved insulin resistance sensitivity after training constituted an essential element for 

cardiovascular health. 

Other limitations of our study included: (a) we did not consider a control group to monitor the 

differences of the changes in the evaluated parameters between those who practice a controlled 

exercise and those who do not; (b) only women were included in this experimental design, therefore 

our findings may not be applicable on a male sample; (c) we were not able to monitor physical activity 

levels outside of the study environment and to track dietary intake throughout the study, though 

individuals were asked to maintain their usual lifestyle habits. 

Further evidence on the subject could be collected, contributing to this particular field of research 

and supporting the effort of clinicians working with physical exercise for obese or overweight people. 

The literature is abundant with resistance training studies, but very little is known regarding the 

effects of different frequencies of weekly training. As demonstrated by our results, resistance exercise 

and its weekly training frequency causes different effects on body composition, cardiometabolic risk 

factors and in particular on strength development. In fact, although both groups had an improvement 

trend after 24 weeks of intervention, the major effects on the examined parameters were measured in 

the group that performed the training program at a higher weekly frequency. 

5. Conclusions 

Resistance training is effective to induce improvement in body composition and cardiometabolic 

risk factors, but the development of handgrip strength can only be achieved with a high training 

frequency. This study shows that a high training frequency gave greater benefits for weight loss, 

cardiometabolic risk factor improvement, and handgrip strength, than a training program with a 

session of once a week. 

Author Contributions: Conceptualization, F.C., G.G. and S.T.; data curation, F.S. and S.T.; formal analysis, F.C., 

G.G. and M.M.; investigation, F.C. and M.M.; methodology, P.M.L. and G.G.; project administration, P.M.L.; 

resources, P.M.L. and F.S.; software, P.M.; supervision, S.T.; validation, F.C.; visualization, P.M.L. and F.S.; 

writing—original draft, F.C.; writing—review and editing, F.C., G.G. and M.M. All authors have read and agreed 

to the published version of the manuscript. 

Funding: This research received no external funding. 

Acknowledgments: The authors are grateful to all the participants who took part in this study and to the 

research assistants who contributed to the collection of data and to the supervision of the Exercise program. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. World Health Organization. Obesity. Available online: https://www.who.int/health-topics/obesity#tab = 

tab_1 (accessed on 12 May 2020). 

2. National Institutes of Health. Clinical Guidelines on the Identification, Evaluation, and Treatment of 

Overweight and Obesity in Adults—The Evidence Report. National Institutes of Health. Obes Res 1998, 6, 

51S-209S. 

3. Hales, C.M.; Carroll, M.D.; Fryar, C.D.; Ogden, C.L. Prevalence of obesity and severe obesity among adults: 

United States, 2017–2018. In NCHS Data Brief, no 360. National Center for Health Statistics, Hyattsville, MD, 

2020. 

4. National Health Statistic. Health Survey of England 2017. Overweight and obesity in adults and children. 

Available online: https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-

england/2017 (accessed on 10 May 2020). 

5. Farrag, N.S.; Cheskin, L.J.; Farag, M.K. A systematic review of childhood obesity in the Middle East and 

North Africa (MENA) region: Health impact and management. Adv. Ped. Res. 2017, 4, 6. 



J. Funct. Morphol. Kinesiol. 2020, 5, 51 10 of 12 

6. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in body-mass index, underweight, 

overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 population-based measurement 

studies in 128·9 million children, adolescents, and adults. Lancet 2017, 390, 2627–2642. 

7. Porter Starr, K.N.; McDonald, S.R.; Bales, C.W. Obesity and physical frailty in older adults: a scoping review 

of lifestyle intervention trials. J. Am. Med. Direct. Assoc. 2014, 15, 240–250. 

8. Huck C. J. Effects of supervised resistance training on fitness and functional strength in patients succeeding 

bariatric surgery. J. Strength Condition. Res. 2015, 29, 589–595. 

9. Toselli, S.; Gualdi-Russo, E.; Campa, F. Ethnic differences in body image perception in patients with type 

2 diabetes. J. Human Nutr. Diet. 2019, 32, 356– 371. 

10. Toselli, S., Gualdi-Russo, E., Mazzuca, P., & Campa, F. Ethnic differences in body composition, 

sociodemographic characteristics and lifestyle in people with type 2 diabetes mellitus living in Italy. 

Endocrine 2019, 65, 558–568. 

11. Ma, C.; Avenell, A.; Bolland, M.; Hudson, J.; Stewart, F.; Robertson, C.; Sharma, P.; Fraser, C.; MacLennan, 

G. Effects of weight loss interventions for adults who are obese on mortality, cardiovascular disease, and 

cancer: systematic review and meta-analysis. BMJ (Clinical research ed.) 2017, 359, j4849. 

12. Scott, D.; Harrison, C.L.; Hutchison, S.; de Courten, B.; Stepto, N.K. Exploring factors related to changes in 

body composition, insulin sensitivity and aerobic capacity in response to a 12-week exercise intervention 

in overweight and obese women with and without polycystic ovary syndrome. PloS one 2017, 12, e0182412. 

13. National Heart, Lung, and Blood Institute. Managing overweight and obesity in adults: Systematic 

evidence review from the Obesity Expert Panel. Available online: 

https://www.nhlbi.nih.gov/sites/default/files/media/docs/obesity-evidence-review.pdf (accessed on 3 May 

2020). 

14. Theodorakopoulos, C.; Jones, J.; Bannerman, E.; Greig, C. A. Effectiveness of nutritional and exercise 

interventions to improve body composition and muscle strength or function in sarcopenic obese older 

adults: A systematic review. Nutr. Res. (New York, N.Y.) 2017, 43, 3–15. 

15. Brown, J.D.; Buscemi, J.; Milsom, V.; Malcolm, R.; O’Neil, P.M. Effects on cardiovascular risk factors of 

weight losses limited to 5-10. Transl. Behav. Med. 2016, 6, 339–346. 

16. National Institute for Clinical Excellence (NICE). Weight management: lifestyle services for overweight or 

obese adults (NICE guidance PH53). National Institute for Health and Care Excellence London. Available 

online: https://www.nice.org.uk/guidance/ph53/chapter/Introduction-scope-and-purpose-of-this-

guidance (accessed on 8 May 2020). 

17. Etemad, Z.; Moradiani, H.; Aziz-Beigi, K. Adiponectin is associated with inflammatory markers and insulin 

resistance following moderate-intensity circuit weight training in healthy overweight and obese men. Med. 

Sport 2015, 68, 627-638. 

18. Rajagopalan, P.; Dixit, S.; Alahmari, K.; Devenesan, C.S; Rengaramanujam, K.; Zaman, G.S.; Ali Asiri, H.; 

Chandramoorthy, C.H. Resistance training influences Adipokines and various biochemical factors altering 

the risk of metabolic syndrome in young male obese students. Med. Sport 2018, 71, 561-578. 

19. Lee, S., Kim, Y., Kuk, J. L. What Is the Role of Resistance Exercise in Improving the Cardiometabolic Health 

of Adolescents with Obesity? J Obes. & Metab. Syndr. 2019, 28, 76–91. 

20. Christiansen, T.; Paulsen, S.K.; Bruun, J.M.; Pedersen, S.B.; Richelsen, B. Exercise training versus diet-

induced weight-loss on metabolic risk factors and inflammatory markers in obese subjects: a 12-week 

randomized intervention study. American journal of physiology. Endoc. Met. 2010, 298, E824–E831. 

21. Straight, C.R.; Dorfman, L.R.; Cottell, K.E.; Krol, J.M.; Lofgren, I. E.; Delmonico, M. J. Effects of resistance 

training and dietary changes on physical function and body composition in overweight and obese older 

adults. J. Phys. Act. Health 2012, 9, 875–883. 

22. Toselli, S., Campa, F., Spiga, F., Grigoletto, A., Simonelli, I., & Gualdi-Russo, E. The association between 

body composition and quality of life among elderly Italians. Endocrine 2020, 68, 279–286. 

23. Al-Shreef, F.M.; Al-Jiffri, O.H.; Abd El-Kader, S.M. Bone metabolism and hand grip strength response to 

aerobic versus resistance exercise training in non-insulin dependent diabetic patients. African health Scien. 

2015, 15, 896–901. 

24. Fazelifar, S.; Ebrahim, K.; Sarkisian, V. Effect of exercise training and detraining on serum leptin levels in 

obese young boys. Med. Sport 2013, 66, 325-337. 

25. Campa, F.; Silva, A.M.; Toselli, S. Changes in Phase Angle and Handgrip Strength Induced by Suspension 

Training in Older Women. Int. J. Sports Med. 2018, 39, 442–449. 



J. Funct. Morphol. Kinesiol. 2020, 5, 51 11 of 12 

26. Kim, H.J.; Lee, H.J.; So, B.; Son, J.S.; Yoon, D.; Song, W. Effect of aerobic training and resistance training on 

circulating irisin level and their association with change of body composition in overweight/obese adults: 

a pilot study. Physiol. Res. 2016, 65, 271–279. 

27. Filho, J.C.; Gobbi, L.T.; Gurjão, A.L.; Gonçalves, R.; Prado, A.K.; Gobbi, S. Effect of different rest intervals, 

between sets, on muscle performance during leg press exercise, in trained older women. J. Sports Science 

Med. 2013, 12, 138–143. 

28. Cavalcante, E. F., Ribeiro, A. S., do Nascimento, M. A., Silva, A. M., Tomeleri, C. M., Nabuco, H., Pina, F., 

Mayhew, J. L., Da Silva-Grigoletto, M. E., da Silva, D., Fleck, S. J., Cyrino, E. S. Effects of Different Resistance 

Training Frequencies on Fat in Overweight/Obese Older Women. Int J of Sports Med. 2018, 12, 527–534. 

29. Harris, C.; DeBeliso, M.A.; Spitzer-Gibson, T.A.; Adams, K.J. The effect of resistance-training intensity on 

strength-gain response in the older adult. J. Strength Cond. Res. 2004, 18, 833–838. 

30. Sayers, S.P.; Gibson, K. Effects of high-speed power training on muscle performance and braking speed in 

older adults. J. Aging Res. 2012, 2012, 426278. 

31. Murlasits, Z.; Reed, J.; Wells, K. Effect of resistance training frequency on physiological adaptations in older 

adults. J. Exer. Science Fit. 2012, 10, 28–32. 

32. Schulz, K.F.; Altman, D.G.; Moher, D.; CONSORT Group. CONSORT 2010 Statement: Updated guidelines 

for reporting parallel group randomised trials. J. Clin. Epidem. 2010, 63, 834–840. 

33. Toselli, S., Badicu, G., Bragonzoni, L., Spiga, F., Mazzuca, P., & Campa, F. Comparison of the Effect of 

Different Resistance Training Frequencies on Phase Angle and Handgrip Strength in Obese Women: a 

Randomized Controlled Trial. IJERPH 2020, 17, 1163. 

34. Ehrman, K. J., Gordon, M. P., Visich, S. P., Keteyian, J. S. Clinical Exercise Physiology, 4th ed.; Human Kinetics 

Books: Champaign, IL, 2019; pp. 129-136. 

35. Kraemer, W. J., Ratamess, N. A. Fundamentals of resistance training: progression and exercise prescription. 

Med science in sports exerc. 2004, 36, 674–688. 

36. Lohman, T.G.; Roche, A.F.; Martorell R. Anthropometric Standardization Reference Manual. Human Kinetics 

Books: Champaign, IL, 1998. 

37. Durnin, J.V.; Womersley, J. Body fat assessed from total body density and its estimation from skinfold 

thickness: measurements on 481 men and women aged from 16 to 72 years. Brit. J. Nutr. 1974, 32, 77–97. 

38. Siri WE. Body composition from fluid spaces and density: analyses of methods; in: Techniques for measuring body 

composition. Washington DC, Natl Acad. Sci. National Res. Council, 1961, pp. 223–244. 

39. Aruga, M.; Tokita, Y.; Nakajima, K.; Kamachi, K.; Tanaka, A. The effect of combined diet and exercise 

intervention on body weight and the serum GPIHBP1 concentration in overweight/obese middle-aged 

women. Clin. Chim. Acta; Int. J. Clin. Chem. 2017, 475, 109-115. 

40. Choquette, S.; Bouchard, D.R.; Doyon, C.Y.; Sénéchal, M.; Brochu, M.; Dionne, I.J. Relative strength as a 

determinant of mobility in elders 67-84 years of age. a nuage study: nutrition as a determinant of successful 

aging. J. Nutr. Health & Aging 2010, 14, 190–195. 

41. Aronne, L. J.; Isoldi, K. K. Overweight and obesity: key components of cardiometabolic risk. Clin cornerstone 

2007, 8, 29–37. 

42. Dos Santos, L.; Cyrino, E.S.; Antunes, M.; Santos, D.A.; Sardinha, L.B. Changes in phase angle and body 

composition induced by resistance training in older women. Europ. J. Clin. Nutr. 2016, 70, 1408–1413. 

43. Hansen, D.; Dendale, P.; Berger, J.; van Loon, L.J.; Meeusen, R. The effects of exercise training on fat-mass 

loss in obese patients during energy intake restriction. Sports Med. (Auckland, N.Z.) 2007, 37, 31–46. 

44. Beavers, K.M.; Ambrosius, W.T.; Rejeski, W.J.; Burdette, J.H.; Walkup, M.P.; Sheedy, J.L.; Nesbit, B.A.; 

Gaukstern, J.E.; Nicklas, B.J.; Marsh, A.P. Effect of Exercise Type During Intentional Weight Loss on Body 

Composition in Older Adults with Obesity. Obesity (Silver Spring, Md.) 2017, 25, 1823–1829. 

45. Willis, L.H.; Slentz, C.A.; Bateman, L.A.; Shields, A.T.; Piner, L.W.; Bales, C.W.; Houmard, J.A.; Kraus, W.E. 

Effects of aerobic and/or resistance training on body mass and fat mass in overweight or obese adults. J. 

Appl. Physiol. (Bethesda, Md.:1985) 2012, 113, 1831–1837. 

46. Alberga, A.S.; Farnesi, B.C.; Lafleche, A.; Legault, L.; Komorowski, J. The effects of resistance exercise 

training on body composition and strength in obese prepubertal children. Physic. Sportsmed. 2013, 41, 103–

109. 

47. Keating, S.E.; Hackett, D.A.; Parker, H.M.; Way, K.L.; O’Connor, H.T.; Sainsbury, A., Baker, M.K.; Chuter, 

V.H.; Caterson, I.D.; George, J.; Johnson, N.A. Effect of resistance training on liver fat and visceral adiposity 



J. Funct. Morphol. Kinesiol. 2020, 5, 51 12 of 12 

in adults with obesity: A randomized controlled trial. Hepatol. Res.: Off. J Japan Society Hepatol. 2017, 47, 622–

631. 

48. Liao, C.D.; Tsauo, J.Y.; Huang, S.W.; Ku, J.W.; Hsiao, D.J.; Liou, T.H. Effects of elastic band exercise on lean 

mass and physical capacity in older women with sarcopenic obesity: A randomized controlled trial. Scient. 

Rep. 2018, 8, 2317. 

49. Freitas, P.D.; Silva, A.G.; Ferreira, P.G.; DA Silva, A.; Salge, J.M.; Carvalho-Pinto, R.M.; Cukier, A.; Brito, 

C.M.; Mancini, M.C.; Carvalho, C. Exercise Improves Physical Activity and Comorbidities in Obese Adults 

with Asthma. Med. Science Sports Exerc. 2018, 50, 1367–1376. 

50. Villareal, D.T.; Aguirre, L.; Gurney, A.B.; Waters, D.L.; Sinacore, D.R.; Colombo, E.; Armamento-Villareal, 

R.; Qualls, C. Aerobic or resistance exercise, or both, in dieting obese older adults. New England J. Med. 2017, 

376, 1943-1955. 

51. American College of Sports Medicine. American College of Sports Medicine position stand. Progression 

models in resistance training for healthy adults. Med. science sports exerc., 2009, 41, 687–708. 

52. Brown, E. C.; Franklin, B. A.; Regensteiner, J. G.; Stewart, K. J. Effects of single bout resistance exercise on 

glucose levels, insulin action, and cardiovascular risk in type 2 diabetes: A narrative review. J. Diab. Complic. 

2020, 34, 107610. 

53. Fock, K.M.; Khoo, J. Diet and exercise in management of obesity and overweight. J. Gastroent. Hepatol. 2013, 

28, 59–63. 

54. Franz, M.J.; VanWormer, J.J.; Crain, A.L.; Boucher, J.L.; Histon, T.; Caplan, W.; Bowman, J.D.; Pronk, N. P. 

Weight-loss outcomes: a systematic review and meta-analysis of weight-loss clinical trials with a minimum 

1-year follow-up. J. American Diet. Assoc. 2007, 107, 1755–1767. 

55. Sigal, R.J.; Kenny, G.P.; Boulé, N.G.; Wells, G.A.; Prud’homme, D.; Fortier, M.; Reid, R.D.; Tulloch, H.; 

Coyle, D.; Phillips, P.; Jennings, A.; Jaffey, J. Effects of aerobic training, resistance training, or both on 

glycemic control in type 2 diabetes: a randomized trial. Ann. Int. Med. 2007, 147, 357–369. 

56. Lee, W.J., Peng; L.N.; Chiou, S.T.; Chen, L. K. Relative Handgrip Strength Is a Simple Indicator of 

Cardiometabolic Risk among Middle-Aged and Older People: A Nationwide Population-Based Study in 

Taiwan. PloS one 2016, 11, e0160876. 

 

 

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 

article distributed under the terms and conditions of the Creative Commons Attribution 

(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 

 


