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A B S T R A C T   

Background: Insulin resistance (IR) is the main risk factor for developing type 2 diabetes. Both strength training 
(ST) and photobiomodulation therapy (PBMt) reduce IR, but the effect of combining different volumes of ST with 
PBMt is unknown. 
Methods: Overweight/obese individuals will be assigned to 4 groups (n = 12/group): ST with volume following 
international guidelines (3 sets per exercise – high volume) or one-third of this volume (1 set per exercise – low 
volume), combined with PBMt or placebo. ST will be performed for 20 sessions over 10 weeks and will consist of 
7 exercises. The PBMt will be applied after training sessions using blankets with light emitters (LEDs) placed over 
the skin on the frontal and the posterior region of the body, following the parameters recommended by the 
literature. The placebo group will undergo an identical procedure, but blankets will emit insignificant light. To 
measure plasma glucose and insulin concentrations, oral glucose tolerance tests (OGTT) will be performed before 
and after the training period. Thereafter, IR, the area under the curve of glucose and insulin, and OGTT-derived 
indices of insulin sensitivity/resistance will be calculated. 
Expected impact on the field: This study will determine the effects of different ST volumes on IR and whether the 
addition of PBMt potentiates the effects of ST. Because previously sedentary, obese, insulin-resistant individuals 
might not comply with recommended volumes of exercise, the possibility that adding PBMt to low-volume ST 
enhances ST effects on IR bears practical significance.   

1. Introduction 

Diabetes mellitus (DM) is a set of diseases characterized by chronic 
hyperglycemia [1]. It was estimated that in 2017 there were 451 million 
cases of DM worldwide, which is expected to rise to 693 million in 2045 
[2]. Also in 2017, DM was responsible for 9.9% of deaths from all causes 
and expenditure on health care was 850 billion American dollars (USD) 
[2]. In Brazil, 7.4% Brazilians over 18 years of age were diabetic in 2019 
[3] and the costs of hospitalizations, outpatient procedures, and 

medications attributable to DM in the national health care system in 
2018 were more than 1 billion Brazilian reais [4]. Type 2 DM (T2DM) is 
the most prevalent form of DM and accounts for 90–95% of cases [1,5]. 

The etiology of T2DM is related to insulin resistance (IR) [6]. In IR, 
the effects insulin are attenuated, which compared to the normal con-
dition, increases hepatic glucose production, and reduces glucose uptake 
by adipose tissue and skeletal muscle [7–10]. As a compensatory 
response, pancreatic beta cells produce more insulin to control plasma 
glucose concentration. However, if IR persists, over time, insulin 
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production may become insufficient to maintain normal blood glucose 
or the pancreas may lose its ability to produce insulin. In either case, 
hyperglycemia will prevail, leading to T2DM [11]. Therefore, the pre-
vention and treatment of IR are essential to prevent and control the 
progression of T2DM and its consequences. 

Several studies have demonstrated that strength training effectively 
reduces IR [12–15]. Specifically, improvement in glucose metabolism 
has been observed in response to strength training in T2DM patients [12, 
16,17], in pre-diabetic [18], obese [19,20], overweight [21] and healthy 
individuals [13]. In addition, strength training appears to have benefi-
cial effects on IR by increasing fat-free mass [22], reducing visceral 
adiposity [23], reducing inflammation [24,25] and leading to mito-
chondrial adaptations [26–29]. Indeed, because of their beneficial ef-
fects on improving IR and other health parameters, international 
guidelines recommend that the general population [30–33] and T2DM 
patients [34–36] engage in strength training. 

In addition to strength training, other non-pharmacological and non- 
invasive strategies improve IR. In this context, light therapy, known as 
phototherapy or photobiomodulation therapy (PBMt) [37] is an inter-
esting alternative. PBMt utilizes non-ionizing forms of light sources, 
including lasers, light emitting diodes (LEDs), and broadband light, in 
the visible and infrared spectrum to induce biological effects [38,39]. 
Although the mechanisms by which PBMt acts are not entirely known, 
studies suggest it elicits positive effects by improving mitochondrial 
function [39]. Furthermore, improvements in inflammatory parameters 
are also reported with PBMt [40]. Recently, different research groups 
have demonstrated that treatment with PBMt reduced IR and improved 
glucose metabolism in mice fed a high-fat diet [41–45] and in T2DM 
patients [46]. Furthermore, results showed there was an improvement in 
mitochondrial function in skeletal muscle, greater activation of the in-
sulin pathway in adipose tissue and skeletal muscle, less inflammation in 
adipose tissue, and less visceral adiposity [41,42]. Therefore, PBMt was 
suggested to be a potentially effective tool for improving IR [47]. 

Interestingly, studies have shown that PBMt can enhance the effects 
of exercise on IR. For example, da Silveira Campos et al. [48] showed 
that 4 months of exercise training combined with PBMt reduced circu-
lating insulin concentration in obese women, which was not observed 
with exercise training alone. Furthermore, the same group of researchers 
[49,50] used a similar protocol and sample and showed the delta 
reduction in IR was greater in the exercise training + PBMt group than in 
the group that only exercised. These results indicate that PBMt can 
potentiate the effects of exercise training on IR. Importantly, in the 
studies mentioned above [48–50], the exercise sessions were a combi-
nation of 30 min of aerobic exercise and 30 min of strength exercise. 
Thus, no studies in the literature have investigated the effect of strength 
training alone with PBMt on IR, even though PBMt has been shown to 
potentiate the effects of strength training on other adaptation parame-
ters (e.g. strength and hypertrophy) [51–54]. Thus, it is plausible to 
hypothesize that PBMt might also potentiate the effects of strength 
training on IR, although this has not yet been investigated previously. 

Although the combination of strength training with PBMt is poten-
tially beneficial for improving IR, some factors should be considered. For 
previously sedentary or physically inactive insulin-resistant, obese in-
dividuals, performing aerobic exercise can be difficult, uncomfortable, 
even painful [55], and for these subjects, strength training might be a 
viable option [12]. Conversely, even if the individual is able to perform 
strength exercise, the recommended volume of strength exercise (6–10 
exercises, 3 sets/exercise) by international guidelines [34] may be 
intangible for these individuals, which can result in demotivation and 
low adherence to training [56]. It is important to emphasize that the 
literature is still not unanimous in pointing out the best prescription for 
strength exercise to treat IR [15], and in particular there is ongoing 
discussion about the appropriate volume (number of exercises x set-
s/exercise x repetitions/set) of training to be prescribed [57,58]. Last 
but not least, lack of time is one of the reasons most commonly cited by 
people for not exercising regularly [59,60]. Keeping all the above factors 

in mind, it would be interesting to know the effects of strength training, 
consisting of exercise sessions with less volume than recommended (e.g. 
66.6% less), and by consequence, less time commitment, combined or 
not with PBMt, on the reduction of IR compared to traditional strength 
training volume. This question has major practical implications for the 
rehabilitation and health professions regarding the prescription of 
strength training for individuals who cannot reach the recommended 
training volume to improve IR. 

1.1. Objective 

The primary objective of this study is to investigate the effect of 
different strength training volumes combined with PBMt on IR. Both 
strength training and PBMt improve IR when performed alone, and the 
combination of PBMt with strength training enhances the traditional 
adaptations of the latter. Thus, the study hypothesis is that the associ-
ation of strength training with PBMt will improve IR more than strength 
training alone. Furthermore, by reducing the strength training volume 
to one-third of the original, the improvement in IR will be attenuated. 
Conversely, the association of reduced training volume with PBMt will 
induce greater improvement in IR than training with reduced volume 
without PBMt. 

1.2. Secondary objectives 

The secondary objectives will be to investigate the effects of strength 
training prescribed with different volumes combined with PBMt on 
visceral adiposity, fat mass and fat-free mass and strength. The hy-
pothesis is that strength training will lead to positive adaptations in the 
previous variables, and reducing training volume will attenuate these 
adaptations. Moreover, PBMt combined with strength training will 
induce greater adaptation than strength training alone. 

2. Methods 

Ethics approval 

This study received approval from the ethics committee of the local 
university (certificate number CAAE 45109621.7.0000.5108). This 
study complies with the Declaration of Helsinki. The present study was 
prospectively registered in a clinical trial registry (ReBEC #11453 - 
https://ensaiosclinicos.gov.br/rg/RBR-7rtcpp6). Any modifications to 
the protocol will be submitted to the ethics committee, followed by an 
updating of the trial registry. 

2.1. Description of participants 

The presence of overweight and obesity are determinants for IR [61, 
62]. Therefore, inclusion criteria are individuals of both sexes with 
overweight (body mass index - BMI>25 kg/m2) or obesity (BMI>30 
kg/m2), aged between 18 and 60 years, stable body mass over the past 3 
months, insufficiently physically active (<150 min/week of moderate to 
intense physical activity) [63], able to perform physical activities 
[64–66]. Exclusion criteria are individuals with diabetes or another 
metabolic disease, those who report using drugs with an effect on 
metabolism, anti-inflammatory medications, or anabolic steroids. 
Pregnant women will be excluded from the study, but contraceptive use 
will not be an exclusion criterion. The project will be publicized by 
fixing posters on appropriate murals in the university buildings, by 
distributing folders at health units in the city, through posters and ad-
vertisements distributed at commercial points in the city, and by word of 
mouth. After volunteering, individuals will be informed about the ob-
jectives and methodological procedures of the study, as well as the 
possible risks, discomforts and benefits related to participation in the 
research. Participation in the study as a volunteer will be subject to 
signing the “Informed Consent Form". 
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2.2. Study design 

This study will be an assessor-, therapists-, and participant-tripled- 
blinded, randomized, placebo-controlled trial. First, participants will 
undergo a baseline oral glucose tolerance test (OGTT) and will be sub-
mitted to anthropometric analyses to measure body mass, height, waist 
circumference, fat mass, fat-free mass and visceral fat mass, and strength 
assessments. Then, overweight/obese individuals will be randomly 
assigned (using the website https://www.randomizer.org) into four 
groups: 20 strength training sessions over 10 weeks with volume ac-
cording to international guidelines (3 sets per exercise – high volume) or 
one-third of this volume (1 set per exercise – low volume), undergoing 
post-exercise session treatment with PBMt or placebo: high-Pla (n = 12); 
low-Pla (n = 12); high-PBMt (n = 12) and low-PBMt (n = 12). After the 
intervention period, post-training assessments will be performed. Fig. 1 
illustrates the timeline of the experimental protocol. 

2.3. Outcome measures 

2.3.1. Primary outcomes 
Insulin resistance - Oral Glucose Tolerance Test. After at least 48 

h of physical inactivity, and after 8–10 h of overnight fast subjects will 
report to the laboratory. A catheter will be inserted into the antecubital 
vein and a blood sample will be taken (minute 0). Subsequently, they 
will ingest 75 g of glucose in 300 mL of water and blood samples will be 
taken every 30 min until 120 min after ingestion of the glucose solution, 
totaling 5 withdrawals (0, 30, 60, 90 and 120 min) of 5 ml each. Plasma 
glucose and insulin concentrations will be measured in all samples. With 
the results of glucose and insulin at time 0 min, IR will be calculated 
from the homeostasis model of IR (HOMA-IR) using the formula glucose 
(mmol) x insulin (μU/mL) ÷ 22.5 [67] and insulin sensitivity will be 
calculated using the quantitative insulin sensitivity check index 
(QUICKI) [68]. Other indexes of insulin sensitivity and IR will be 
calculated from the results of the OGTT [69], such as the Oral Glucose 
Insulin Sensitivity index [70], the Matsuda index [71], Cederholm’s 
insulin sensitivity index [72], skeletal muscle insulin sensitivity index 
[73,74], the glucose-stimulated insulin secretion index [75], oral 
disposition index [76,77], the Gutt index [78], the Avignon et al. index 
[79], Belfiore et al. index [80], the Stumvoll et al. index [81], and the 
McAuley et al. index [82]. Furthermore, total glucose and insulin area 
under the curve (AUC) will be calculated using the trapezoidal method 
[83]. Post-training OGTT will be performed 48 h after the strength test 
session, and 24 h after the anthropometric measurements. Individuals 
whose fasting glucose result (0 min) is above 125 mg/dL and/or the 
120-min glucose result is above 199 mg/dL will be excluded from the 
study. 

2.3.2. Secondary outcomes 
Anthropometric measurements. At least 24 h after the pre-training 

OGTT, and after a standardized breakfast, individuals will have body 
mass and height measured using an analog scale (Welmy, model 110, 
0.1 kg precision) with a stadiometer attached (0.5 cm precision) to 
calculate the BMI and the measurement of the volunteers’ waist 

circumference will be taken. Then, body composition will be analyzed 
using Dual-energy X-ray Absorptiometry (DEXA, Lunar, iDXA 
Advanced). Individuals will be positioned on the equipment and the 
manufacturer’s instructions will be followed for analysis of fat mass, fat- 
free mass and visceral fat mass. Anthropometric measurements will be 
retaken after the strength training period, 24 h before OGTT and 24 h 
after the strength test session. 

Strength tests. After two familiarization sessions [84–86], subjects 
will perform the strength test. Subjects will perform 8 RM [87,88] to 
assess the effect of training on strength, and the tests will be repeated 48 
h after the last training session. 

Assessment of total food intake and composition. Volunteers will 
be instructed not to change their eating habits during the study period. 
To verify the caloric intake (calories) and composition (macronutrients) 
of foods, a diet log will be used to monitor two weekdays and one 
weekend day, as suggested by Willet and Stampfer [89], and previously 
carried out by our research group [74]. The diet record will be done in 
the 1st and in the 10th weeks of training. The data obtained will be 
converted into weight (kg) or volume (ml) and analyzed using com-
mercial food analysis software (DietPro R, version 5.7, AS Systems, 
2013). 

2.4. Assignment of interventions 

2.4.1. Random allocation 
The participants will be randomly allocated to one of four groups (1) 

high-Pla (overweight/obese group that will perform strength training 
with 3 sets per exercise and will undergo placebo treatment); (2) low- 
Pla (overweight/obese group that will perform strength training with 1 
set per exercise and will undergo placebo treatment); (3) high-PBMt 
(overweight/obese group that will perform strength training with 3 sets 
per exercise and will undergo treatment with PBMt); (4) low-PBMt 
(overweight/obese group that will perform strength training with 1 set 
per exercise and will undergo treatment with PBMt). The randomization 
will be generated by the website https://www.randomizer.org and 
performed by a researcher not involved in the participants’ recruitment, 
treatment, or assessment. This researcher will be instructed not to 
disclose the programmed intervention to the therapist, participants, or 
other researchers until the completion of the study. In addition, the 
participants and therapist will be blinded throughout the treatment (see 
Blinding section below). Concealed allocation will be achieved using 
sequentially numbered, sealed, opaque envelopes. 

2.4.2. Blinding 
This will be a triple (participants, therapist, assessor)-blinded study. 

To ensure proper blinding, the PBMt device will be previously coded for 
the active or placebo mode by a researcher not involved in the 
randomization, training, PBMt application, or assessment. The active 
and placebo modes are identical, emit the same sounds, and present the 
same information on the display. Moreover, as the device produces a 
non-significant amount of heat, and participants will wear reflective 
glasses during the application, they will be blinded to PBMt (active or 
placebo) treatment. The therapist responsible for the PBMt application 

Fig. 1. Illustration of the experimental protocol timeline. PBMt: photobiomodulation therapy; OGTT: oral glucose tolerance test; 8 RM: strength tests.  
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will be blinded to participants’ allocation (high-volume or low-volume 
strength training, and PBMt or placebo), and to pre-training measure 
outcomes. The therapists responsible for training will be blinded to 
PBMt (active or placebo) treatment, and to pre-training measure out-
comes. The researcher responsible for assessing outcomes will be blin-
ded to randomization. By the end of the experimental protocol, 
participants, the therapist responsible for PBMt, the therapist respon-
sible for conducting the training sessions, and the researcher responsible 
for assessing outcomes will be asked about each participant group to 
confirm blinding. Blinding effectiveness will be tested using the χ2 test. 

2.5. Interventions 

Strength Training. The prescription of strength training will be based 
on international guidelines for the general population and for diabetics, 
and on recent studies investigating the effect of strength training on IR in 
overweight/obese individuals [21,32,34,90]. The training will be con-
ducted out for 10 weeks, on 2 non-consecutive days per week. It will 
consist of 7 exercises per session [91], with 1 (low volume) or 3 (high 
volume) sets per exercise, and will be of moderate (12–15 repetitions) to 
high (6–8 repetitions) intensity. Each repetition will consist of 1 s in the 
concentric phase and 2 s in the eccentric phase (controlled with the aid 
of a metronome), with each set performed until momentary fatigue 
(defined as the individual’s incapacity to maintain the duration of the 
concentric or eccentric phases in 2 consecutive repetitions). After each 
set, subjects will be instructed to rate their effort using the OMNI-RPE 
scale [92]. If needed, weight will be adjusted so prescribed repetition 
range is maintained. The interval between sets will be from 90 to 120 s. 
In all sets, the number of repetitions actually performed and the weight 
lifted in each set will be recorded so that the total training volume can be 
calculated (sets x repetitions x weight) [93]. If an individual misses a 
session, they will allowed to reschedule. Any individual who misses 
(without rescheduling) 3 non-consecutive sessions, or 2 consecutive 
sessions will be excluded from the study. Table 1 shows the training 
prescription. 

The training will be carried out in a weightlifting laboratory and will 
always be accompanied by a certified professional who will be blinded 
to participant allocation (PBMt or placebo; see Blinding section above). 
The training will be carried out at a specific time, according to the 
availability of individuals, without the presence of other people not 
involved in the project. Subjects will be asked to refrain from further 
strength training during the study period and to maintain their usual 
physical activity and diet habits. In the first and last week of training, a 
diet log will verify caloric intake and diet composition (see Assessment of 
total food intake and composition above). 

Photobiomodulation therapy (PBMt). The PBMt parameters will be 
based on randomized clinical trials [48–50,94–110]. The application of 
PBMt will start immediately after all training sessions using 
custom-made flexible blankets in black color measuring 18 × 18 cm, 

with 6 columns of 6 LED diodes each (total of 36 diodes). Red (12 × 660 
nm) and infrared (12x850 and 12 × 940 nm) wavelength diodes will be 
used, with the diodes placed in an intercalated fashion (Fig. 3A). The 
diodes’ power output will be measured monthly during the experimental 
period using an optical energy meter PM100USB Thorlabs® fitted with a 
sensor S121C. During the application of PBMt, individuals will wear 
shorts (men) and shorts and tops (women) for the correct positioning of 
the blankets. Participants will lie down on a stretcher and the posi-
tioning of the blankets will be over the pectoralis major muscle, the 
abdominal region and the quadriceps (anterior view) and over the upper 
back, lower back and the posterior region of the thigh (posterior view) 
(Fig. 3B). 

Each diode will emit optical power equivalent to 70 mW, and the 
blanket will be in contact with the skin for 193 s, therefore, 13.51 J will 
be transferred per diode, totaling 486.36 J (36 diodes x 13.51 J per 
diode) per application site. The total energy transferred per session will 
be 5836.32 J (12 sites x 486.36 J per site). The PBMt parameters are 
shown in Table 2. In the groups receiving placebo treatment, the blanket 
will be positioned identically, but the optical power will be < 1 mW per 
diode, such that the energy transfer will be < 0.1 J per diode and <4 J 
per application site or <50 J per session (<1% of energy transferred in 
PBMt). In addition, all individuals will wear reflective glasses during the 
application of PBMt so that they will not be able to perceive the light on. 
All PBMt sessions will be in a private room, without people other than 
the team member administering the therapy and the individual. 

2.6. Statistics 

2.6.1. Sample size 
The sample size was calculated using data available from Ismail et al. 

[21] for the result of the Cederholm insulin sensitivity index for that 
study, with the G*Power program (Heinrich-Heine-Universität Düssel-
dorf, Germany, version 3.1.9.6), entering the parameters one-tailed 
analysis, effect size of 0.6, alpha error probability of 0.05 and power 
(probability of error type 1-beta) of 0.80. With these parameters, 11 
individuals per group will be needed. Due to expected dropout around 
30%, we will recruit initially a total of 70 individuals, in order to have 
48 (or 12 per group) individuals on the post-test analysis. 

2.6.2. Data analysis 
The statistical analysis will be conducted following the principles of 

intention-to-treat analysis [111]. Baseline data will be used to assess the 
comparability of the treatment groups. These variables also will be 
compared between participants who withdraw from the study and those 
who remain. Data will be expressed as mean and standard error (SE) 
with 95% confidence intervals (CI). For data normality analysis we will 
perform the Shapiro-Wilk test. For normally distributed data, results will 
be analyzed using analysis of variance with repeated measures with two 
sources of variation (training x PBMt). In case of significant main effect, 
posthoc Tukey will be used. When necessary, the Kruskal-Wallis or 
Friedman’s test, followed by Dunn’s post hoc test will be used for 
nonparametric data. The effect size will be calculated and interpreted as 
follows: 0.2 = small effect, 0.5 = medium effect and ≥0.8 = large effect 
[112,113]. The significance level adopted will be 5%. Analyzes will be 
performed using the Prism program (GraphPad Software, San Diego, 
CA-USA – version 8.4.0). The trial will be reported following the CON-
SORT guidelines. The statistician will be blinded to the group allocation 
until the completion of the analyses. 

2.7. Funding and role of funding source 

This study is supported by National Council for Scientific and 
Technological Development (CNPQ: Grant#407975/2018-7 and # 
402091/2021-3) and by the Minas Gerais State Agency for Research and 
Development (FAPEMIG: Grant# APQ-00008-22). The funders played 
no role in this study’s design, conduct, or reporting. 

Table 1 
Strength training prescription.  

Duration 10 weeks 

Frequency 2 non-consecutive days per week 
Number of Exercises 7 exercises 
Intensity Moderate-high (to concentric failure) 
Volume (number of sets) 1 or 3 sets per exercise 
Repetitions per set Weeks 1–2: 12-15 

Weeks 3–5: 10-12 
Weeks 6–7: 8-10 
Weeks 8–10: 6-8 

Repetition tempo (con:ecc) 1:2 s 
Rest intervals between sets 90–120 s 

The 7 exercises will be: 1) hex bar deadlift, 2) bench press, 3) leg press, 4) seated 
row, 5) leg extension, 4) shoulder press, and 7) leg curl. Fig. 2 illustrates these 
exercises. 
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3. Discussion 

3.1. Potential impact and significance of the study 

The appropriate “dose” (i.e. volume) of strength exercise to improve 
IR has not been established [57,58]. Thus, investigating to what extent 
reducing training (to one-third of the recommended volume) will affect 
the improvement in IR is of great practical value. This is particularly 
important, because reducing training volume to one-third means 
reducing time commitment by a similar amount. So, as the most 

common reason reported for not regularly engaging in exercise is “lack 
of time” [59,60], the present study might show that reduced-volume 
strength training could be a time-efficient mode for improving IR. 

Furthermore, it has been reported that PBMt potentiates strength 
training adaptations [51–54]. Then, as strength training improves IR 
[12–15,29], PBMt might also prove effective in potentiating this adap-
tation. Suppose this study demonstrates that this association is better 
than strength training alone for improving IR. In that case, this can be 
particularly important for individuals who cannot/will not adhere to the 
recommended amount of exercise but would benefit from greater 
improvement in IR. 

3.2. Strengths and weaknesses 

Strengths. This study will be a triple-blinded, placebo-controlled, 
randomized trial. Furthermore, to ensure the high quality of this trial, 
we will employ principles of intention-to-treat analysis [111]. Also, the 
PBMt parameters that will be used have been repeatedly reported to 
potentiate the positive effects of strength training in humans [51–54], 
and were recently reported to exert positive effects on glucose meta-
bolism in T2DM patients [46]. Finally, the strength training protocol 
that will be prescribed is based on international guidelines [21,32,34, 
90]. 

Weaknesses. Assessing both men and women and including women 

Fig. 2. Exercises that will be prescribed during strength training. 1) hex bar deadlift, 2) bench press, 3) leg press, 4) seated row, 5) leg extension, 6) shoulder press, 
and 7) leg curl. 

Fig. 3. A) Distribution of diodes in the blanket. B) Schematic illustration of the positioning of the blankets on the skin. Red = 660 nm diode; dark blue = 850 nm 
diode; light blue = 940 nm diode. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 

Table 2 
Photobiomodulation therapy parameters.  

Type of light emitting LEDs 

Wavelengths (nm) 660, 850, and 940 
Number of diodes per blanket 12 of each wavelength – 36 total 
Total area of the blanket (cm2) 324 
Number of sites stimulated 12 (6 in the front and 6 in the back) 
Optical power per diode (mW) 70 
Application time (sec) 193 
Energy Transferred per Diode (joules) 13.51 
Energy transferred per blanket (joules) 486.36 
Energy density per blanket (J/cm2) 1.50 
Energy transferred per session (joules) 5836.32 
Application method Contact  
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taking oral contraceptives might increase data variability. However, we 
believe this design increases the ecological validity of the study. 
Furthermore, individuals with potentially different levels of IR might be 
included in this study, and greater exercise-induced improvement in IR 
has been observed in individuals with higher levels of baseline of IR 
[114,115]. Thus, this factor can also increase results variability. Finally, 
participants might not carry the sets to momentary fatigue, which has 
been suggested to be important for resistance exercise-induced 
improvement in glucose metabolism [116]. However, the therapist 
responsible for conducting the training will verbally motivate partici-
pants throughout the session to guarantee appropriate effort. Further-
more, the OMNI-RPE scale will assess subjects’ perceived effort, 
providing information on proximity to failure. 

3.3. Contribution to the health professional 

Aerobic exercise is usually the first choice of exercise prescription for 
treating IR [117]. However, as stated previously, performing moderate 
to high-intensity aerobic exercise might be contraindicated for some 
individuals with chronic diseases, and may not be feasible for previously 
sedentary, insulin resistant, obese individuals [55]. Thus, the therapist 
and rehabilitation professional can take advantage of the results from 
the present study to prescribe strength training as an alternative to 
aerobic exercise. Also, if the patient lacks time, motivation, or capacity 
to adhere to a strength training prescription with traditional volume, the 
therapist and rehabilitation professional can use the results from the 
present study to prescribe a reduced-volume strength training protocol. 
Last, but certainly not least, the results from this study can show that 
associating strength training and PBMt might induce greater improve-
ments in IR. Thus, the therapist and rehabilitation professional can make 
clinical use of this association in patients that would benefit from a more 
aggressive improvement in IR. 
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[110] P.V. Mezzaroba, D.M. Pessôa Filho, A.M. Zagatto, F.A. Machado, LED session 
prior incremental step test enhance VO2max in running, Laser Med. Sci. 33 
(2018) 1263–1270, https://doi.org/10.1007/s10103-018-2475-z. 

[111] P.M. Sedgwick, Intention to treat analyses, Bmj 339 (2009) 165–167, https://doi. 
org/10.1136/bmj.b3603. 

P.P.R. Ferreira et al.                                                                                                                                                                                                                           

https://doi.org/10.1210/jcem.85.7.6661
https://doi.org/10.1016/j.rpedm.2013.10.004
https://doi.org/10.2337/diacare.24.3.539
https://doi.org/10.2337/diacare.22.9.1462
https://doi.org/10.1016/0168-8227(90)90040-Z
https://doi.org/10.1016/0168-8227(90)90040-Z
https://doi.org/10.2337/dc06-1519
https://doi.org/10.3389/fphys.2018.01451
https://doi.org/10.3389/fphys.2018.01451
https://doi.org/10.1007/s00421-013-2725-5
https://doi.org/10.1007/s00421-013-2725-5
https://doi.org/10.2337/dc05-2179
https://doi.org/10.1291/hypres.31.1357
https://doi.org/10.1291/hypres.31.1357
https://doi.org/10.1016/S0168-8227(99)00116-3
https://doi.org/10.1152/ajpendo.1987.252.5.E679
https://doi.org/10.1152/ajpendo.1987.252.5.E679
https://doi.org/10.1301/nr.2003.dec.397-412
https://doi.org/10.1301/nr.2003.dec.397-412
https://doi.org/10.2337/diacare.24.4.796
https://doi.org/10.2337/diacare.24.4.796
https://doi.org/10.2337/diacare.24.3.460
https://doi.org/10.1113/EP087435
https://doi.org/10.1113/EP087435
https://doi.org/10.1080/10671188.1963.10613218
https://doi.org/10.1080/10671188.1963.10613218
https://doi.org/10.1016/j.jsams.2007.10.007
http://refhub.elsevier.com/S2451-8654(22)00101-6/sref86
http://refhub.elsevier.com/S2451-8654(22)00101-6/sref86
http://refhub.elsevier.com/S2451-8654(22)00101-6/sref86
https://doi.org/10.1016/j.jsams.2011.07.002
https://doi.org/10.1016/j.jsams.2011.07.002
https://doi.org/10.1111/j.1748-1716.2012.02454.x
https://doi.org/10.1111/j.1748-1716.2012.02454.x
https://doi.org/10.1093/oxfordjournals.aje.a114366
https://doi.org/10.1093/oxfordjournals.aje.a114366
http://refhub.elsevier.com/S2451-8654(22)00101-6/sref90
http://refhub.elsevier.com/S2451-8654(22)00101-6/sref90
https://doi.org/10.1007/s40279-015-0379-7
https://doi.org/10.1249/01.MSS.0000048831.15016.2A
https://doi.org/10.1249/01.MSS.0000048831.15016.2A
https://doi.org/10.1080/17461391.2018.1450898
https://doi.org/10.1080/17461391.2018.1450898
https://doi.org/10.1016/j.bjpt.2018.12.002
https://doi.org/10.1016/j.bjpt.2018.12.002
https://doi.org/10.1016/j.ctim.2018.11.015
https://doi.org/10.1007/s10103-018-2643-1
https://doi.org/10.1007/s10103-018-2643-1
https://doi.org/10.1519/JSC.0000000000002339
https://doi.org/10.1519/JSC.0000000000002339
https://doi.org/10.1007/s10103-017-2396-2
https://doi.org/10.1007/s10103-017-2396-2
https://doi.org/10.4085/1062-6050-52.2.09
https://doi.org/10.1123/ijspp.2016-0187
https://doi.org/10.1007/s10103-017-2212-z
https://doi.org/10.1089/pho.2017.4343
https://doi.org/10.1089/pho.2017.4343
https://doi.org/10.1007/s10103-017-2378-4
https://doi.org/10.1007/s10103-017-2347-y
https://doi.org/10.1007/s10103-017-2347-y
https://doi.org/10.15171/jlms.2017.20
https://doi.org/10.15171/jlms.2017.20
https://doi.org/10.1007/s10103-017-2391-7
https://doi.org/10.1519/JSC.0000000000002488
https://doi.org/10.1007/s10103-018-2454-4
https://doi.org/10.1007/s10103-018-2454-4
https://doi.org/10.1007/s10103-018-2473-1
https://doi.org/10.1007/s10103-018-2475-z
https://doi.org/10.1136/bmj.b3603
https://doi.org/10.1136/bmj.b3603


Contemporary Clinical Trials Communications 29 (2022) 100984

9

[112] C.J. Ferguson, An effect size primer: a guide for clinicians and researchers, Prof. 
Psychol. Res. Pract. 40 (2009) 532–538, https://doi.org/10.1037/a0015808. 

[113] G.M. Sullivan, R. Feinn, Using effect size—or why the P value is not enough, 
J. Graduate Med. Educ. 4 (2012) 279–282, https://doi.org/10.4300/jgme-d-12- 
00156.1. 

[114] F. Magkos, Y. Tsekouras, S.A. Kavouras, B. Mittendorfer, L.S. Sidossis, Improved 
insulin sensitivity after a single bout of exercise is curvilinearly related to exercise 
energy expenditure, Clin. Sci. 114 (2008) 59–64, https://doi.org/10.1042/ 
CS20070134. 

[115] M.E. Reed, V. Ben-Ezra, K.D. Biggerstaff, D.L. Nichols, The effects of two bouts of 
high- and low-volume resistance exercise on glucose tolerance in normoglycemic 

women, J. Strength Condit Res. 26 (2012) 251–260, https://doi.org/10.1519/ 
JSC.0b013e318218dea3. 

[116] E.C. Brown, B.A. Franklin, J.G. Regensteiner, K.J. Stewart, Effects of single bout 
resistance exercise on glucose levels, insulin action, and cardiovascular risk in 
type 2 diabetes: a narrative review, J. Diabetes Complicat. 34 (2020), https://doi. 
org/10.1016/j.jdiacomp.2020.107610. 

[117] F.J. DiMenna, A.D. Arad, The acute vs. chronic effect of exercise on insulin 
sensitivity: nothing lasts forever, Cardiovasc. Endocrinol. Metab. 10 (2021) 
149–161, https://doi.org/10.1097/XCE.0000000000000239. 

P.P.R. Ferreira et al.                                                                                                                                                                                                                           

https://doi.org/10.1037/a0015808
https://doi.org/10.4300/jgme-d-12-00156.1
https://doi.org/10.4300/jgme-d-12-00156.1
https://doi.org/10.1042/CS20070134
https://doi.org/10.1042/CS20070134
https://doi.org/10.1519/JSC.0b013e318218dea3
https://doi.org/10.1519/JSC.0b013e318218dea3
https://doi.org/10.1016/j.jdiacomp.2020.107610
https://doi.org/10.1016/j.jdiacomp.2020.107610
https://doi.org/10.1097/XCE.0000000000000239

	Effects of the association of different volumes of strength training with photobiomodulation therapy on insulin resistance: ...
	1 Introduction
	1.1 Objective
	1.2 Secondary objectives

	2 Methods
	Ethics approval
	2.1 Description of participants
	2.2 Study design
	2.3 Outcome measures
	2.3.1 Primary outcomes
	2.3.2 Secondary outcomes

	2.4 Assignment of interventions
	2.4.1 Random allocation
	2.4.2 Blinding

	2.5 Interventions
	2.6 Statistics
	2.6.1 Sample size
	2.6.2 Data analysis

	2.7 Funding and role of funding source

	3 Discussion
	3.1 Potential impact and significance of the study
	3.2 Strengths and weaknesses
	3.3 Contribution to the health professional

	Authors’ contributions
	Clinical trial registry number
	Conflict of interest
	Data availability
	References


