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Abstract

Background: Type 2 diabetes (T2D) is preceded by prediabetes, and these conditions place a great burden on patients and
society. These conditions are significantly associated with poor glycemic control, which is improved by resistance exercise. It
has been suggested that resistance exercise should be performed with a high degree of effort to improve glucose metabolism, but
this is associated with negative psychological responses that might lead to lower long-term adherence.

Objective: This study aimed to investigate the effect of the degree of effort during a resistance exercise session on glycemic
control and psychological responses in individuals living with prediabetes or T2D.

Methods: This study will be a crossover, 3-arm, randomized controlled trial. A total of 15 participants living with prediabetes
or T2D will be thoroughly familiarized with 7 resistance exercises; afterward, they will perform 3 randomized experimental
sessions, each lasting approximately 48 hours each, separated by at least 4 washout days. In 2 of these sessions, supervised
resistance exercise will be performed, but the sessions will differ in the degree of effort in each set (high vs low) and will be
equalized in terms of total weight lifted and session duration. For this, proximity to failure will be manipulated by changing the
number of sets per exercise, the number of repetitions per set, and the resting interval between sets and exercises. Participants
will also complete a sedentary (control) session, where they will not perform any exercise. In response to each session, psychological
responses will be assessed (exertion, affect, enjoyment, self-efficacy, and discomfort). Glycemic control will be assessed by a
continuous glucose monitoring device every 5 minutes, throughout the approximately 48 hours of each experimental session.
Food and drink will be individually prescribed by a registered dietitian nutritionist and provided to participants, in order to control
for the confounding effect of energy intake and diet composition. Physical activity levels will be assessed by accelerometry.
Randomization will be done using the opaque, sequentially numbered envelopes technique. Participants and researchers will be
blinded for continuous glucose monitoring and accelerometry data, and data will be analyzed by a blinded statistician.
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Results: This study has been funded, and data collection is expected to take place between June 2024 and May 2025. Final
manuscript submission should happen by August 2025.

Conclusions: The results of this project might encourage individuals living with prediabetes and T2D to engage in resistance
exercise while better informing exercise specialists on how to best incorporate resistance exercise in their client’s or patient’s
routine.

Trial Registration: ClinicalTrials.gov NCT06208189; https://clinicaltrials.gov/study/NCT06208189

International Registered Report Identifier (IRRID): PRR1-10.2196/63598

(JMIR Res Protoc 2024;13:e63598) doi: 10.2196/63598
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Introduction

Type 2 diabetes (T2D) is a disease in which peripheral insulin
resistance associated with pancreatic beta-cell dysfunction leads
to chronically elevated blood glucose levels [1]. If left
unchecked over long periods of time, high glucose levels lead
to vascular complications such as increased risk of
cardiovascular diseases, diabetic nephropathy, neuropathy,
retinopathy, and lower limb amputation [2]. In 2021, a total of
0.7 million people died due to diabetes or its complications in
the United States [2], placing diabetes-related deaths as the
eighth leading cause of death. T2D is preceded by prediabetes,
a condition where blood glucose levels are higher than normal,
but not high enough to be considered T2D [3]. The risk of
individuals living with prediabetics developing T2D at some
point in their life is around 50% [4], and approximately 1 in 3
Americans aged 18 years or older are currently living with
prediabetes. The number of people living with diabetes in the
United States was 32.2 million in 2021, and it is expected to
increase to 36.3 million in 2045 [2]. Diabetes represents a great
economic burden to society, as diabetes-related costs in the
United States in 2021 were US$ 379.5 billion [2].
Approximately 95% of all diabetes cases are T2D [5].

It is an indisputable fact that exercise is a cornerstone for the
prevention and treatment of prediabetes and T2D [6,7]. Of note,
even an acute bout of exercise has profound positive effects on
glucose metabolism [8]. In fact, exercise training effects on
improved insulin sensitivity may be lost in as little as 6 days
after the last exercise session in individuals living with T2D
[9,10], suggesting the positive effects of exercise on glycemic
control can be largely attributed to the acute improvements
observed in the hours or days after each exercise bout [11].
Thus, understanding the acute effects of exercise on glucose
metabolism is important to optimize exercise prescription for
the prevention and treatment of T2D. Although aerobic exercise
is usually the default choice for T2D treatment and prevention
[7], resistance exercise is also a viable option for physically
inactive individuals living with prediabetes and T2D [12,13].

It has been repeatedly shown that an acute bout of resistance
exercise improves insulin sensitivity and glycemic control during
at least the following 24 hours in individuals living with
prediabetes and T2D [11,14,15]. For example, van Dijk et al
[11] assessed 24-hour glycemia with a continuous glucose
monitoring (CGM) device after bouts of resistance or aerobic

exercise in individuals living with prediabetes not on medication,
in individuals living with T2D on oral hypoglycemic
medications, and in individuals living with T2D on insulin.
They reported that regardless of the condition, resistance and
aerobic exercise equally reduced the prevalence of
hyperglycemia and improved glycemic control. Thus, resistance
exercise’s effects for preventing and treating prediabetes and
T2D have been increasingly recognized, and prescription for
muscle strengthening is highly recommended by international
guidelines [7]. Despite this, while compliance with the current
American College of Sports Medicine’s recommendations for
muscle strengthening remains low in Americans, at ~27%
[16,17], the proportion of individuals living with diabetes that
meet strength training guidelines is even lower, at ~13% [18].

Resistance exercise prescription entails the manipulation of
many variables. These include exercise type (single- or
multijoint) and order, load, number of sets per exercise,
repetitions per set, repetition duration (ie, tempo), and resting
interval between sets [19-22]. There are also variables that are
derived from the above, such as total volume-load (load × sets
× repetitions), and session density (total volume-load / session
duration). Appropriate manipulation of these variables is
important for targeting specific adaptations [23]. However, the
literature pertaining to the manipulation of these variables for
the prevention and treatment of T2D is scarce. With this in
mind, in a previous study [24-26], we assessed the effect of
manipulating training volume by changing the number of sets
in a session of resistance exercise in individuals living with
obesity on insulin sensitivity. The data showed that a session
composed of 21 sets improved insulin sensitivity, while a session
composed of 7 sets did not (Silva et al, 2024, unpublished data).

More recently, attention has also been directed to the degree of
effort during resistance exercise sets as a potentially important
variable that can be manipulated to affect adaptative outcomes
[27]. In fact, it has been suggested that a high degree of effort
is important for acute improvements in glucose metabolism and
insulin sensitivity in individuals living with T2D [28], although
direct evidence of that is lacking. In our previous study [24-26],
all sets were done with a high degree of effort (perceived
exertion 9-10 out of 10 for all working sets). However,
performing resistance exercise sets with a high degree of effort
is associated with higher perceived exertion and discomfort
[29], increased muscle soreness, negative psychological
responses [30], and higher neuromuscular fatigue and muscle
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damage [31]. Taken together, these negative psychological and
physiological responses to resistance exercise sets performed
with a high degree of effort might negatively affect enjoyment
and motivation during a resistance exercise session, which could
ultimately reduce long-term adherence [32]. Individuals living
with prediabetes and T2D might be more susceptible to these
negative responses, as they are more physically inactive than
the general population [33] and identify the lack of motivation
and low self-efficacy (self-perception of the ability to
accomplish something) as barriers to being more physically
active [34].

Resistance exercise prescriptions should be tailored to meet not
only the glycemic management needs of individuals living with
prediabetes and T2D but also their motivation and self-perceived
capacity to engage in exercise. Thus, the aim of this study is to
assess the effects of the degree of effort during a resistance
exercise session on glycemic control and psychological
responses in individuals living with prediabetes and T2D. The
hypothesis is that the degree of effort will not affect glycemic
control, but that a high degree of effort will negatively affect
psychological responses.

Methods

Description of Participants
Participants aged between 18 and 75 years will be recruited
through posters and flyers at strategic points and by word of
mouth in order to support diversity. More specifically, we will
recruit from the University of New Mexico’s hospital, clinics,
and facilities (both from the Main and North campuses), and
from the Albuquerque area in New Mexico. After showing
interest, potential participants will be thoroughly informed about
the study’s risks and benefits, and they will be asked to answer
a medical and physical activity history questionnaire in order
to assess eligibility [35]. The inclusion criteria will be presence
of prediabetes (fasting glycemia between 100 and 125 mg/dL

or glycated hemoglobin [HbA1c] between 5.7% and 6.4%) or
T2D (fasting glycemia 126 mg/dL or above or HbA1c 6.5% or
above), diagnosed by a medical doctor. Glycemic status will be
confirmed by assessing a fasting blood sample. Exclusion
criteria will be renal failure; liver disease; uncontrolled
hypertension (>160 mmHg systolic and/or >100 mmHg
diastolic); history of severe cardiovascular problems; inability
to perform resistance exercise; being pregnant or trying to
become pregnant during the course of the study; use of oral
contraceptives; and in case of being treated with biguanides
(metformin), being on them for less than 3 months. If eligible,
before initiating participation, subjects will sign the informed
consent form previously approved by the Institutional Review
Board (IRB). Participants will be reimbursed for expenses
incurred due to the research and resulting from it. Participation
will be discontinued in case of withdrawal of consent or in case
of injury or sickness (eg, skeletomuscular injury and having a
cold). We will report reasons for withdrawal and discuss the
reasons qualitatively. Adverse events related or nonrelated to
the research protocol experienced by participants during the
study will be carefully recorded and reported in the final
manuscript.

Study Type and Design
This study will be a crossover, 3-arm, randomized controlled
trial. The protocol description followed the SPIRIT (Standard
Protocol Items: Recommendations for Interventional Trial) [36]
and the TiDieR (Template for Intervention Description and
Replication) [37] guidelines (Figure 1 and Multimedia
Appendices 1-4). Upon meeting eligibility criteria and agreeing
to participate, participants will undergo an anthropometrics
assessment, familiarization sessions, and strength assessment
before randomly carrying out 3 separate experimental sessions
(2 exercise and 1 control), with each session taking place over
~48 hours, over 3 consecutive days. The order of the sessions
will be randomized and they will be separated by a minimum
of 4 washout days.
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Figure 1. SPIRIT (Standard Protocol Items: Recommendations for Interventional Trial) schedule of assessments at different time points. a: Sessions
order is randomized with at least a 4-day washout period.

During experimental sessions, participants’diets will be strictly
controlled, and all food and drink will be provided to the
participants. Glycemic control will be monitored using a CGM
device throughout the experimental sessions. The exercise
sessions will be matched for total volume load and session
density, but proximity to concentric muscular failure (ie,
incapacity to continue the set in the concentric phase of the
movement) will be manipulated to vary the effort between the
exercise sessions. The control session will follow identical
procedures except that participants will remain sedentary for
the same period of time they are to exercise in the exercise
sessions.

Participants will be asked to refrain from moderate- to
high-intensity physical exertion for 72 hours before the
experimental sessions. The evening before the exercise or
control sessions (day 1), at ~5 PM, participants will report to
the laboratory to be instrumented with the CGM device and an
accelerometer (to assess physical activity levels, refer to
Continuous Glucose Monitoring subsection) and will receive
dinner to be ingested at 6:30 PM and a snack to be ingested at
9:30 PM. The next morning (day 2), they will report fasted to
the laboratory at 8:00 AM and ingest the provided breakfast at
8:30 AM. The exercise or control sessions will begin at 9:30

AM and will last ~50 minutes. They will perform 1 of 3 random
sessions: a high-effort resistance exercise, a low-effort resistance
exercise, or control session. After each session, psychological
responses (perceived exertion, enjoyment, affect, discomfort,
and self-efficacy) will be assessed.

After the session, participants will then be free to resume their
daily activities after being given individualized meal bags and
will be asked to consume lunch at 12:00 PM, a snack at 3:30
PM, dinner at 6:30 PM, and another snack at 9:30 PM, and in
the following day (day 3), they will have breakfast at 8:30 AM,
lunch at 12:00 PM, and a snack at 3:30 PM. After that, they will
report to the laboratory between 5 and 6 PM to have the CGM
device and accelerometer removed. Participants will be
instructed to refrain from moderate- to high-intensity physical
exertion until they are deinstrumented.

Throughout the entire study period, participants will be explicitly
instructed not to alter their prescribed medication and to report
any prescription changes made by their medical doctor during
participation. Any adverse events whether related or nonrelated
to the research protocol experienced by participants during the
study (eg, skeletomuscular injury and having a cold) will be
carefully recorded and reported in the final manuscript. Figure
2 depicts the study design.
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Figure 2. Study design. CGM: continuous glucose monitoring.

Anthropometrics
Body weight and height will be measured on an analog scale

and a stadiometer, respectively, and BMI (kg/m2) will be
calculated. Subsequently, the waist circumference will be
measured with a measuring tape parallel to the ground over the
umbilicus. Body composition will be evaluated using
multifrequency bioelectrical impedance analysis (Bioelectrical
impedance analysis, InBody 770) following manufacturer
instructions.

Familiarization and Strength Tests
Familiarization and strength tests will be performed as
previously described [24-26]. Briefly, familiarization will consist

of 5 sessions separated by at least 48 hours. In each session,
participants will perform 3 sets of 8-10 repetitions of 7 exercises
that target major muscle groups (hex bar squat, seated chest
press, leg press, lat pulldown, leg extension, shoulder press, and
leg curl; Figure 3), and load will be gradually increased
throughout the familiarization sessions so that by the fifth
session, participants will be able to perform the exercises with
a high degree of effort (9-10 out of 10) based on the
OMNI-Resistance Exercise scale [38]. Participants will also be
familiarized with the psychological assessments during the
familiarization period.
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Figure 3. Exercises that will be prescribed for the strength exercise sessions: (1) hex bar squat, (2) seated chest press, (3) leg press, (4) lat pulldown,
(5) leg extension, (6) shoulder press, and (7) leg curl.

At least 72 hours after the fourth familiarization session,
participants will perform the 10–repetition maximum (RM)
tests [39,40] (the highest load one can lift for 10 complete
repetitions with proper form) in each of the 7 exercises. After
an initial 5-minute warm-up walking on a treadmill (~3-4 km/h,
very light intensity) and 1 set with low load (12 repetitions,
~40%-50% 1RM, ~3-4 on the OMNI scale), the weight in each
exercise will be adjusted to the weight used in the last
familiarization session plus 5% to 10%, and participants will
be instructed to attempt to perform 11 repetitions with good
form (ie, with a full range of motion and tempo ~2:1 sec). If
they perform the 11 repetitions with good form, the weight will
be increased by 5% to 10%, and they will be given 180 seconds
to recover and will make another attempt. Load will be increased
until they can perform 10 repetitions or fewer with good form.
If they perform fewer than 10 repetitions, the Brzycki equation
[41,42] will be used to estimate participant’s 10-RM. All tests
will be performed under the supervision of the same research
team member and the load corresponding to the 10-RM in each
of the exercises will be used in the exercise sessions (described
in Exercise and Control Sessions subsection).

At least 72 hours after the strength assessments, participants
will perform a fifth and final familiarization session. This
familiarization session will be equal to the high-effort session
(described below). Participants will perform the 7 exercises, 3
sets per exercise (total of 21 sets), aiming at 8 repetitions per
set, using the load corresponding to their 10-RM. Participants
will be asked to rate their exertion after each set using the OMNI
scale, to ensure they are performing the sets with high effort
(>8 on the OMNI scale). The resting period between exercises
and sets will be 120 seconds. The main outcome from the fifth
familiarization session is the number of repetitions the
participant can perform in each set of the 7 exercises.

Psychological Responses
After each set of each exercise, participants will be asked to
rate their perceived exertion using the OMNI-Resistance
Exercise scale from 0 to 10 [38]. During each session,
participants will be asked to rank their feeling (before and

immediately after) [43], enjoyment (immediately after) [44],
self-efficacy (immediately after) [45], discomfort (5 min after
the resistance exercise sessions) [46], and session rating of
perceived exertion (5 min after the resistance exercise sessions)
[29] using validated scales.

Randomization and Blinding
After the fifth familiarization session, random allocation of the
order of the experimental sessions’ participants will carry out
will be performed as previously described [24-26]. The order
in which the experimental sessions will be held will be
randomized with the aid of the website. A collaborator not
directly involved in any phase of the research (conceptualization,
data collection and analysis, and reporting) will print the random
orders generated by the program, insert them inside opaque,
sequentially numbered envelopes, and seal them. After
completing the fifth familiarization day, the envelope will be
opened, and the sequence of experimental sessions will be
revealed.

Due to characteristics inherent to this trial (resistance exercise),
blinding of participants and researchers to exercise or control
situations is not possible. However, participants and researchers
will be blinded to CGM results (the blind model will be used).
Furthermore, data and statistical analysis will be performed by
a statistician blinded to groups and participants’ identities, as
previously described [24-26].

Exercise and Control Sessions
Participants will perform 2 exercise sessions and a control
session, and the exercise sessions will be composed of 7
exercises (described above), both with the loads corresponding
to 10-RM.

One of the exercise sessions will be a high-effort session (high),
when participants will perform 3 sets per exercise (total of 21
sets) aiming at 8 repetitions per set. We anticipate participants
will perform each repetition with a total duration of ~2.5
seconds. The resting period between exercises and sets will be
120 seconds. This will lead to a total session time of ~50
minutes.
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The other session will be a low-effort one (low), when
participants will perform 6 sets per exercise (total of 42 sets)
but perform half of the number of repetitions of the high session
(ie, 4 repetitions). A repetition duration of ~2.5 seconds and a
resting period between exercises and sets of 60 seconds will
also lead to a total session time of ~50 minutes.

Both the high and low sessions will have similar total
volume-load and session density but differ in perceived effort
after each set [47]. Pilot data from our laboratory in healthy
untrained participants show that participants were able to
complete both high and low sessions as prescribed, but average
OMNI score after sets (8.5 vs 5.9), session rating of perceived
exertion (7.5 vs 4), and perceived session discomfort (73 vs 40)
were all higher in response to high sessions compared with low
sessions.

For the control session, all procedures will be identical to the
high session, with the exception of performing the resistance
exercises. However, to simulate all other procedures participants
will be positioned on the equipment for ~20 seconds for each
of the 3 sets in each of the 7 exercises, but will not perform any
repetitions, thus, performing sham sets.

Heart Rate Assessment
To estimate cardiac work, heart rate will be assessed throughout
the experimental sessions. Participants will be instrumented
with a heart rate strap (Polar H10) and monitor (Polar V800),
and their heart rate will be recorded continuously during the
experimental situations. Data will be synced into Polar Flow
and downloaded to a spreadsheet before being analyzed.

CGM Assessment
Glycemic control will be assessed by a CGM device (Dexcom
G6 Pro; Dexcom) every 5 minutes, over the ~48-hour
experimental sessions. Reporting of variables will follow the
most recent international guidelines consensus for clinical trials
[48] and will include (1) time in range: 70-180 mg/dL; (2) time
in tight range: 70-140 mg/dL; (3) time below range: <70 mg/dL;
(4) time in level 1 hypoglycemia: 54-69 mg/dL; (5) time in level
2 hypoglycemia: <54 mg/dL; (6) time above range: >180 mg/dL;
(7) time in level 1 hyperglycemia: 181-250 mg/dL; and (8) time
in level 2 hyperglycemia: >250 mg/dL. Data will be reported
as a percentage of time per day and as estimated hours and
minutes per day. We will also report (9) average glucose
concentration and (10) area under the curve, (11) glucose
management indicator (used to predict long-term glucose
exposure); (12) glycemia risk index (summary of the quality of
glycemia), (13) glucose coefficient of variation; and (14) mean
SD glucose (both are measures of dynamic glucose variability).
Variables will be reported for the entire 48-hour collection
period, for the first and second 24-hour periods, and stratified
over 4 different periods: morning (6 AM to 12 PM), afternoon
(12 PM to 6 PM), evening (6 PM to 12 AM), and nocturnal (12
AM to 6 AM) [11]. Individual data will be analyzed only if the
percentage of data obtained is >70% of the anticipated amount
of data collected during the collection period [48].

Diet and Physical Activity Levels
During the ~48-hour experimental situations, diet prescription
will follow American Diabetes Association recommendations
[49,50] to ensure a personalized diet based on their estimated
energy requirements. Meals and snacks will be provided in
individualized, pre-weighted packages and will be composed
of ~55% carbohydrate, ~15% protein, and ~30% fat. The timing
of ingestion will be strictly controlled to ensure a standardized
diet. Diet prescription will be done by a registered dietitian
nutritionist. The diet will be designed to meet the energy
requirements as calculated with the Cunningham equation [51]
multiplied by a physical activity level of 1.2 [11].

Participants will be instructed to maintain their habitual physical
activity levels, and to not perform moderate- to high-intensity
physical activity 72 hours before and during the experimental
sessions. Physical activity levels will be assessed using a
commercially available accelerometer (GT3X, ActiGraph).

Statistical Analysis
The sample size was calculated using data from relevant
literature using similar individuals and glucose-assessing tools
(CGM) [11,14,52,53]. Conservative parameters were inserted
in the G*Power program (Heinrich-Heine-Universität
Düsseldorf, version 3.1.9.6) for a repeated measure ANOVA
within interaction: effect size of 0.2 (for 24-hour average glucose
concentrations), probability of error type α of 0.05, power
(probability of error type 1 β) of 0.95, correlation among
repeated measurements of 0.7 [54], and nonsphericity correction
of 0.5 [55,56]. With these parameters, 15 individuals are
required (actual power of 0.96). Considering a typical dropout
rate of 25% to 40%, we will initially recruit 25 participants.

A collaborator outside the research team will double-enter data
coded for allocation into a computer in separate spreadsheets,
allowing the researcher responsible for data analysis to assess
the data without access to allocation information. Allocation
will only be revealed after statistical analyses are run. In case
of doubts about data entry (missing values or values outside the
reference range), the researcher responsible for data analysis
will contact the collaborator outside the research team
responsible for double entry of the data to check accuracy. There
will be no interim analysis.

To ensure confidentiality, all study-related information will be
securely stored at the study site. All participant information will
be kept in locked file cabinets in areas with access controlled
by the principal investigator. All laboratory specimens, reports,
data collection, process, and administrative forms will be
identified by a coded ID number only to maintain participant
confidentiality. Records containing names or other personal
identifiers, such as locator forms and informed consent forms,
will be stored separately from study records identified by code
number. No personal information from participants will be
released outside the study. Full access to the complete dataset
will be restricted to members of the research team.

The statistical analysis will follow the principles of
intention-to-treat analysis [57]. Thus, data from participants
will be assessed as randomized, regardless of whether they
received the randomized treatment, meaning that even if they
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fail to follow the physical activity and diet instructions, or fail
to complete the sessions as required, their data will be included
in the analyses. Furthermore, we will also analyze the data “per
protocol” [58], meaning that participants who deviate from
instructions will be excluded from the final analyses. Differences
in results stemming from intention-to-treat and per-protocol
analyses will be discussed accordingly. The available variables
will also be compared between participants who withdraw from
the study and those who complete the study.

The effect of resistance exercise on glycemic control will be
calculated as the absolute and percentage change between
control and resistance exercise situations. Data will be expressed
as mean and SD, with a 95% CI. For the analysis of data
normality, we will perform the Shapiro-Wilk test. For normally
distributed data, ANOVA will be used with 1 source of variation
(experimental condition). If a significant main effect is observed,
the post hoc Tukey test will be conducted. For nonnormal data,
the Kruskal-Wallis test or Friedman test will be used as
appropriate. The effect size will be calculated and interpreted
as follows: <0.2=no effect, 0.2-0.49=low effect,
0.5-0.79=medium effect, and >0.8=large effect [59,60]. The
significance level is set at 5%. The Prism program (version
10.1.1, GraphPad Software) will be used to generate graphs and
analyze results. This trial will be reported following the
CONSORT (Consolidated Standards of Reporting Trials)
guidelines [61-63].

Data Monitoring Committee
A data and safety monitoring board will be composed of 2
medical doctors (a diabetes specialist clinician and a sports
medicine specialist) and a biostatistician. The board will meet
quarterly to address data and safety stemming from data
collection. Specifically, they will analyze data related to adverse
events related and unrelated to the study: musculoskeletal
injuries (muscle strain, bruising, joint pain, back pain, etc),
cardiovascular issues (increased blood pressure, arrhythmia,
angina, myocardial infarction, etc), acute illnesses and symptoms
(bronchitis, pneumonia, asthma attacks, flu, heart attacks, strep
throat, respiratory infections sore throat, fever, cough, diarrhea,
sneezing, headaches, etc), falls, syncope, aggravation of
preexisting conditions (arthritis, tendinopathy, etc),
hospitalizations, and death. The board will also analyze the
dropout rate, as well as the reasons for dropping out. The board
will make independent decisions and will have no conflict of
interest regarding data collection, analysis, interpretation, and
publication.

Ethical Considerations
This study’s protocol and informed consent were submitted to
and approved by the University of New Mexico IRB (protocol
# 2310089095), and all procedures will follow the ethical
standards of the IRB on human experimentation and the Helsinki
Declaration of 1975, as revised in 2000. The study was
prospectively registered in a public clinical trial registry [64].
Any modifications to the protocol will be submitted to the ethics
committee, followed by an update of the trial registry. To
promote participant retention, financial compensation (USD
$200) for their time and effort will be provided.

For data sharing, all personal identifiers will be stripped from
the data. Specifically, any direct identifiers (name, email
addresses, phone, and cell phone numbers), date identifiers
(birthday, date of disease diagnosis, and dates patients
participated in data collection), location identifiers (personal or
professional addresses and zip codes), links to external datasets
identifiers (social media accounts) will be removed.
Furthermore, participants will be represented by an ID string
generated randomly, and their data will be inserted in the files
in a random order, not associated with the order they were
enrolled. Thus, data will be entirely deidentified before sharing,
in order to protect sensitive personal information and privacy.

Results

As of June 2024, we have performed pilot studies and recruited
2 potential participants. The anticipated data collection period
will be from June 2024 to May 2025, and the final manuscript
is expected to be submitted for publication by August 2025.

Discussion

Potential Impact and Significance of the Study
The results of this study will contribute to a better understanding
of the effects of resistance exercise in individuals living with
prediabetes and T2D and will be relevant to trainers and
therapists who seek to incorporate resistance exercise in their
client’s or patient’s routine. Specifically, understanding how
short-term glycemic control is affected by altering resistance
exercise prescription, in the case of this study, degree of effort,
and assessing how this affects psychological responses bears
clinical and practical relevance. We anticipate that glycemic
control will be similarly improved independently of effort, but
participants will experience more positive feelings after the
low-effort session. As feelings experienced during a resistance
exercise session may be predictive of long-term adherence, this
would suggest that correct manipulation of the degree of effort
during a resistance exercise session might confer better
long-term outcomes for individuals living with prediabetes and
T2D.

Strengths and Weaknesses
This study will take advantage of the latest technology to track
glycemic control using a CGM device and accelerometry to
directly assess physical activity levels. These are much better
approaches compared with other glycemic (handheld
glucometers or the oral glucose tolerance test) and physical
activity (self-reported questionnaires) assessments, which would
increase the reliability of the data as well as its application to
real-world scenarios. Also, strict dietary control will be used,
and glucose-lowering medication will not be altered, in order
to tease out the specific effects of resistance exercise on
glycemic control. Finally, a blinded statistician not directly
involved in data collection will analyze data, in order to
minimize any bias and increase the significance of our findings.

In this study, we will try to anticipate participants’ performance
in the high-effort trial by performing a fifth and final
familiarization session. This is necessary in case the low-effort
trial is randomized to happen before the high-effort one, as the
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number of repetitions during the low-effort session will be
prescribed as half of the high-effort session. However, if the
number of repetitions performed in the high-effort session is
different from the fifth familiarization session, this could
introduce error. Also, to increase the external validity and scope
of our results, we will include both male and female participants
within a wide age range, as there is evidence that sex and age

affect glycemic control [65-74] and response to
glucose-lowering drugs [75-79]. Finally, because it has been
demonstrated that glycemic control is worsened during the luteal
compared with the follicular phase in premenopausal women
[80], menstrual cycle phase might be a confounding factor in
the present protocol.

Acknowledgments
This study will be based at the University of New Mexico, which will provide the equipment and space necessary for conducting
the research. The authors would like to acknowledge the invaluable role played by Cintia Pimenta Lopes, a physical therapist,
who will be responsible for coding data, double entering data into the electronic spreadsheets, creating the random orders, and
sealing random order in opaque envelopes. This study is supported by the University of New Mexico Research Allocation
Committee grant (#CmdxfJ), the University of New Mexico College of Education and Human Sciences Research Office
Mini-Grants, the National Council for Scientific and Technological Development (CNPQ: Grant#407975/2018-7 and #
402091/2021-3), and 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, interpretation of data, or reporting of results. MR is the recipient of the
University of New Mexico College of Education and Human Sciences’ Dean’s Graduate Student Research Fellowship from the
University of New Mexico College of Education and Human Sciences. This project was supported by the College of Education
and Human Sciences Research Office at the University of New Mexico. The views expressed are those of the author(s) and do
not necessarily reflect the views of the funders.

Authors' Contributions
All authors contributed to the concept and design of the study and established the hypothesis. FdCM wrote the first draft of the
manuscript. All authors performed critical revisions of the manuscript. All authors approved the final version of the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
[PDF File (Adobe PDF File), 77 KB-Multimedia Appendix 1]

Multimedia Appendix 2
[PDF File (Adobe PDF File), 170 KB-Multimedia Appendix 2]

Multimedia Appendix 3
SPIRIT (Standard Protocol Items: Recommendations for Interventional Trial) 2013 checklist.
[DOCX File , 23 KB-Multimedia Appendix 3]

Multimedia Appendix 4
World Health Organization trial registration dataset.
[DOCX File , 16 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Approved informed consent.
[PDF File (Adobe PDF File), 259 KB-Multimedia Appendix 5]

References

1. DeFronzo RA, Ferrannini E, Groop L, Henry RR, Herman WH, Holst JJ, et al. Type 2 diabetes mellitus. Nat Rev Dis
Primers. 2015;1:15019. [doi: 10.1038/nrdp.2015.19] [Medline: 27189025]

2. IDF Diabetes Atlas. International Diabetes Federation. 2021. URL: https://diabetesatlas.org [accessed 2024-09-11]
3. Rooney MR, Fang M, Ogurtsova K, Ozkan B, Echouffo-Tcheugui JB, Boyko EJ, et al. Global prevalence of prediabetes.

Diabetes Care. 2023;46(7):1388-1394. [FREE Full text] [doi: 10.2337/dc22-2376] [Medline: 37196350]
4. van Herpt TTW, Ligthart S, Leening MJG, van Hoek M, Lieverse AG, Ikram MA, et al. Lifetime risk to progress from

pre-diabetes to type 2 diabetes among women and men: comparison between American diabetes association and world

JMIR Res Protoc 2024 | vol. 13 | e63598 | p. 9https://www.researchprotocols.org/2024/1/e63598
(page number not for citation purposes)

Ramirez et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v13i1e63598_app1.pdf&filename=a25b5bb4d89ebda733d99f130ff81b70.pdf
https://jmir.org/api/download?alt_name=resprot_v13i1e63598_app1.pdf&filename=a25b5bb4d89ebda733d99f130ff81b70.pdf
https://jmir.org/api/download?alt_name=resprot_v13i1e63598_app2.pdf&filename=4c9c3e58400a2337d13ab2fce195f26c.pdf
https://jmir.org/api/download?alt_name=resprot_v13i1e63598_app2.pdf&filename=4c9c3e58400a2337d13ab2fce195f26c.pdf
https://jmir.org/api/download?alt_name=resprot_v13i1e63598_app3.docx&filename=071475c5924c713be978b49c61039f81.docx
https://jmir.org/api/download?alt_name=resprot_v13i1e63598_app3.docx&filename=071475c5924c713be978b49c61039f81.docx
https://jmir.org/api/download?alt_name=resprot_v13i1e63598_app4.docx&filename=550bbc2058983a6dafe91b5b428dc625.docx
https://jmir.org/api/download?alt_name=resprot_v13i1e63598_app4.docx&filename=550bbc2058983a6dafe91b5b428dc625.docx
https://jmir.org/api/download?alt_name=resprot_v13i1e63598_app5.pdf&filename=c33faacc64c44d190c71741ea71a5792.pdf
https://jmir.org/api/download?alt_name=resprot_v13i1e63598_app5.pdf&filename=c33faacc64c44d190c71741ea71a5792.pdf
http://dx.doi.org/10.1038/nrdp.2015.19
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27189025&dopt=Abstract
https://diabetesatlas.org
https://europepmc.org/abstract/MED/37196350
http://dx.doi.org/10.2337/dc22-2376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37196350&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


health organization diagnostic criteria. BMJ Open Diabetes Res Care. 2020;8(2):e001529. [FREE Full text] [doi:
10.1136/bmjdrc-2020-001529] [Medline: 33214188]

5. Zheng Y, Ley SH, Hu FB. Global aetiology and epidemiology of type 2 diabetes mellitus and its complications. Nat Rev
Endocrinol. 2018;14(2):88-98. [doi: 10.1038/nrendo.2017.151] [Medline: 29219149]

6. Jadhav RA, Hazari A, Monterio A, Kumar S, Maiya AG. Effect of physical activity intervention in prediabetes: a systematic
review with meta-analysis. J Phys Act Health. 2017;14(9):745-755. [doi: 10.1123/jpah.2016-0632] [Medline: 28422560]

7. Kanaley JA, Colberg SR, Corcoran MH, Malin SK, Rodriguez NR, Crespo CJ, et al. Exercise/physical activity in individuals
with type 2 diabetes: a consensus statement from the American college of sports medicine. Med Sci Sports Exerc.
2022;54(2):353-368. [FREE Full text] [doi: 10.1249/MSS.0000000000002800] [Medline: 35029593]

8. DiMenna FJ, Arad AD. The acute vs. chronic effect of exercise on insulin sensitivity: nothing lasts forever. Cardiovasc
Endocrinol Metab. 2020;10(3):149-161. [FREE Full text] [doi: 10.1097/XCE.0000000000000239] [Medline: 34386716]

9. Dela F, Larsen JJ, Mikines KJ, Ploug T, Petersen LN, Galbo H. Insulin-stimulated muscle glucose clearance in patients
with NIDDM. Effects of one-legged physical training. Diabetes. 1995;44(9):1010-1020. [doi: 10.2337/diab.44.9.1010]
[Medline: 7657022]

10. Fenicchia LM, Kanaley JA, Azevedo JL, Miller CS, Weinstock RS, Carhart RL, et al. Influence of resistance exercise
training on glucose control in women with type 2 diabetes. Metabolism. 2004;53(3):284-289. [doi:
10.1016/j.metabol.2003.10.007] [Medline: 15015138]

11. van Dijk JW, Manders RJF, Tummers K, Bonomi AG, Stehouwer CDA, Hartgens F, et al. Both resistance- and endurance-type
exercise reduce the prevalence of hyperglycaemia in individuals with impaired glucose tolerance and in insulin-treated and
non-insulin-treated type 2 diabetic patients. Diabetologia. 2012;55(5):1273-1282. [FREE Full text] [doi:
10.1007/s00125-011-2380-5] [Medline: 22124605]

12. Codella R, Ialacqua M, Terruzzi I, Luzi L. May the force be with you: why resistance training is essential for subjects with
type 2 diabetes mellitus without complications. Endocrine. 2018;62(1):14-25. [FREE Full text] [doi:
10.1007/s12020-018-1603-7] [Medline: 29730785]

13. Eves ND, Plotnikoff RC. Resistance training and type 2 diabetes: considerations for implementation at the population level.
Diabetes Care. 2006;29(8):1933-1941. [doi: 10.2337/dc05-1981] [Medline: 16873809]

14. Heden TD, Winn NC, Mari A, Booth FW, Rector RS, Thyfault JP, et al. Postdinner resistance exercise improves postprandial
risk factors more effectively than predinner resistance exercise in patients with type 2 diabetes. J Appl Physiol (1985).
2015;118(5):624-634. [FREE Full text] [doi: 10.1152/japplphysiol.00917.2014] [Medline: 25539939]

15. Bittel AJ, Bittel DC, Mittendorfer B, Patterson BW, Okunade AL, Abumrad NA, et al. A single bout of premeal resistance
exercise improves postprandial glucose metabolism in obese men with prediabetes. Med Sci Sports Exerc.
2021;53(4):694-703. [FREE Full text] [doi: 10.1249/MSS.0000000000002538] [Medline: 33044441]

16. Calatayud J, López-Bueno R, Núñez-Cortés R, Yang L, Del Pozo Cruz B, Andersen LL. Trends in adherence to the
muscle-strengthening activity guidelines in the US over a 20-year span. Gen Hosp Psychiatry. 2023;84:89-95. [FREE Full
text] [doi: 10.1016/j.genhosppsych.2023.06.016] [Medline: 37413717]

17. Hyde ET, Whitfield GP, Omura JD, Fulton JE, Carlson SA. Trends in meeting the physical activity guidelines:
muscle-strengthening alone and combined with aerobic activity, United States, 1998-2018. J Phys Act Health.
2021;18(S1):S37-S44. [FREE Full text] [doi: 10.1123/jpah.2021-0077] [Medline: 34465652]

18. Fang M. Trends in diabetes management among US adults: 1999-2016. J Gen Intern Med. 2020;35(5):1427-1434. [FREE
Full text] [doi: 10.1007/s11606-019-05587-2] [Medline: 31898135]

19. Cunha PM, Nunes JP, Werneck AO, Ribeiro AS, da Silva Machado DG, Kassiano W, et al. Effect of resistance exercise
orders on health parameters in trained older women: a randomized crossover trial. Med Sci Sports Exerc. 2023;55(1):119-132.
[doi: 10.1249/MSS.0000000000003030] [Medline: 36044330]

20. Mang ZA, Realzola RA, Ducharme J, Bellissimo GF, Beam JR, Mermier C, et al. The effect of repetition tempo on
cardiovascular and metabolic stress when time under tension is matched during lower body exercise. Eur J Appl Physiol.
2022;122(6):1485-1495. [doi: 10.1007/s00421-022-04941-3] [Medline: 35394146]

21. Grgic J, Schoenfeld BJ, Skrepnik M, Davies TB, Mikulic P. Effects of rest interval duration in resistance training on
measures of muscular strength: a systematic review. Sports Med. 2018;48(1):137-151. [doi: 10.1007/s40279-017-0788-x]
[Medline: 28933024]

22. Morton RW, Colenso-Semple L, Phillips SM. Training for strength and hypertrophy: an evidence-based approach. Curr
Opin Physiol. 2019;10:90-95. [doi: 10.1016/j.cophys.2019.04.006]

23. Fox CD, Mesquita PHC, Godwin JS, Angleri V, Damas F, Ruple BA, et al. Frequent manipulation of resistance training
variables promotes myofibrillar spacing changes in resistance-trained individuals. Front Physiol. 2021;12:773995. [FREE
Full text] [doi: 10.3389/fphys.2021.773995] [Medline: 34975527]

24. Rocha Silva LF, Chaves Garcia BC, Mang ZA, Amorim FT, Dias-Peixoto MF, Gripp F, et al. Randomized controlled trial
to study the acute effects of strength exercise on insulin sensitivity in obese adults. J Vis Exp. 2023;(202). [doi:
10.3791/65478] [Medline: 38108404]

25. Silva LFR, Garcia BCC, Esteves EA, Mang ZA, Amorim FT, Dias-Peixoto MF, et al. The ASSIST trial: acute effects of
manipulating strength exercise volume on insulin sensitivity in obese adults: a protocol for a randomized controlled,

JMIR Res Protoc 2024 | vol. 13 | e63598 | p. 10https://www.researchprotocols.org/2024/1/e63598
(page number not for citation purposes)

Ramirez et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://drc.bmj.com/lookup/pmidlookup?view=long&pmid=33214188
http://dx.doi.org/10.1136/bmjdrc-2020-001529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33214188&dopt=Abstract
http://dx.doi.org/10.1038/nrendo.2017.151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29219149&dopt=Abstract
http://dx.doi.org/10.1123/jpah.2016-0632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28422560&dopt=Abstract
https://europepmc.org/abstract/MED/35029593
http://dx.doi.org/10.1249/MSS.0000000000002800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35029593&dopt=Abstract
https://europepmc.org/abstract/MED/34386716
http://dx.doi.org/10.1097/XCE.0000000000000239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34386716&dopt=Abstract
http://dx.doi.org/10.2337/diab.44.9.1010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7657022&dopt=Abstract
http://dx.doi.org/10.1016/j.metabol.2003.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15015138&dopt=Abstract
https://europepmc.org/abstract/MED/22124605
http://dx.doi.org/10.1007/s00125-011-2380-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22124605&dopt=Abstract
https://air.unimi.it/handle/2434/574779
http://dx.doi.org/10.1007/s12020-018-1603-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29730785&dopt=Abstract
http://dx.doi.org/10.2337/dc05-1981
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16873809&dopt=Abstract
https://journals.physiology.org/doi/10.1152/japplphysiol.00917.2014?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1152/japplphysiol.00917.2014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25539939&dopt=Abstract
https://europepmc.org/abstract/MED/33044441
http://dx.doi.org/10.1249/MSS.0000000000002538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33044441&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0163-8343(23)00113-5
https://linkinghub.elsevier.com/retrieve/pii/S0163-8343(23)00113-5
http://dx.doi.org/10.1016/j.genhosppsych.2023.06.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37413717&dopt=Abstract
https://europepmc.org/abstract/MED/34465652
http://dx.doi.org/10.1123/jpah.2021-0077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34465652&dopt=Abstract
https://europepmc.org/abstract/MED/31898135
https://europepmc.org/abstract/MED/31898135
http://dx.doi.org/10.1007/s11606-019-05587-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31898135&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000003030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36044330&dopt=Abstract
http://dx.doi.org/10.1007/s00421-022-04941-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35394146&dopt=Abstract
http://dx.doi.org/10.1007/s40279-017-0788-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28933024&dopt=Abstract
http://dx.doi.org/10.1016/j.cophys.2019.04.006
https://europepmc.org/abstract/MED/34975527
https://europepmc.org/abstract/MED/34975527
http://dx.doi.org/10.3389/fphys.2021.773995
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34975527&dopt=Abstract
http://dx.doi.org/10.3791/65478
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38108404&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


crossover, clinical trial. PLoS One. 2024;19(5):e0302480. [FREE Full text] [doi: 10.1371/journal.pone.0302480] [Medline:
38805474]

26. Silva LFR, Garcia BCC, Esteves EA, Mang ZA, Amorim FT, Dias-Peixoto MF, et al. The ASSIST trial: acute effects of
manipulating strength exercise volume on insulin sensitivity in obese adults: a protocol for a randomized controlled,
crossover, clinical trial. PLoS One. 2024;19(5):e0302480. [FREE Full text] [doi: 10.1371/journal.pone.0302480] [Medline:
38805474]

27. Refalo MC, Helms ER, Trexler ET, Hamilton DL, Fyfe JJ. Influence of resistance training proximity-to-failure on skeletal
muscle hypertrophy: a systematic review with meta-analysis. Sports Med. 2023;53(3):649-665. [FREE Full text] [doi:
10.1007/s40279-022-01784-y] [Medline: 36334240]

28. Brown EC, Franklin BA, Regensteiner JG, Stewart KJ. Effects of single bout resistance exercise on glucose levels, insulin
action, and cardiovascular risk in type 2 diabetes: a narrative review. J Diabetes Complications. 2020;34(8):107610. [doi:
10.1016/j.jdiacomp.2020.107610] [Medline: 32402840]

29. Santos WDND, Vieira CA, Bottaro M, Nunes VA, Ramirez-Campillo R, Steele J, et al. Resistance training performed to
failure or not to failure results in similar total volume, but with different fatigue and discomfort levels. J Strength Cond
Res. 2021;35(5):1372-1379. [doi: 10.1519/JSC.0000000000002915] [Medline: 30615007]

30. Refalo MC, Helms ER, Hamilton DL, Fyfe JJ. Influence of resistance training proximity-to-failure, determined by
repetitions-in-reserve, on neuromuscular fatigue in resistance-trained males and females. Sports Med Open. 2023;9(1):10.
[FREE Full text] [doi: 10.1186/s40798-023-00554-y] [Medline: 36752989]

31. Refalo MC, Helms ER, Hamilton DL, Fyfe JJ. Towards an improved understanding of proximity-to-failure in resistance
training and its influence on skeletal muscle hypertrophy, neuromuscular fatigue, muscle damage, and perceived discomfort:
a scoping review. J Sports Sci. 2022;40(12):1369-1391. [doi: 10.1080/02640414.2022.2080165] [Medline: 35658845]

32. Collado-Mateo D, Lavín-Pérez AM, Peñacoba C, Del Coso J, Leyton-Román M, Luque-Casado A, et al. Key factors
associated with adherence to physical exercise in patients with chronic diseases and older adults: an umbrella review. Int
J Environ Res Public Health. 2021;18(4):2023. [FREE Full text] [doi: 10.3390/ijerph18042023] [Medline: 33669679]

33. Morrato EH, Hill JO, Wyatt HR, Ghushchyan V, Sullivan PW. Physical activity in U.S. adults with diabetes and at risk for
developing diabetes, 2003. Diabetes Care. 2007;30(2):203-209. [doi: 10.2337/dc06-1128] [Medline: 17259482]

34. Vilafranca Cartagena M, Tort-Nasarre G, Rubinat Arnaldo E. Barriers and facilitators for physical activity in adults with
type 2 diabetes mellitus: a scoping review. Int J Environ Res Public Health. 2021;18(10):5359. [FREE Full text] [doi:
10.3390/ijerph18105359] [Medline: 34069859]

35. Riebe D, Franklin BA, Thompson PD, Garber CE, Whitfield GP, Magal M, et al. Updating ACSM's recommendations for
exercise preparticipation health screening. Med Sci Sports Exerc. 2015;47(11):2473-2479. [doi:
10.1249/MSS.0000000000000664] [Medline: 26473759]

36. Chan AW, Tetzlaff JM, Gøtzsche PC, Altman DG, Mann H, Berlin JA, et al. SPIRIT 2013 explanation and elaboration:
guidance for protocols of clinical trials. BMJ. 2013;346:e7586. [FREE Full text] [doi: 10.1136/bmj.e7586] [Medline:
23303884]

37. Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher D, et al. Better reporting of interventions: template for
intervention description and replication (TIDieR) checklist and guide. BMJ. 2014;348:g1687. [FREE Full text] [doi:
10.1136/bmj.g1687] [Medline: 24609605]

38. Robertson RJ, Goss FL, Rutkowski J, Lenz B, Dixon C, Timmer J, et al. Concurrent validation of the OMNI perceived
exertion scale for resistance exercise. Med Sci Sports Exerc. 2003;35(2):333-341. [doi:
10.1249/01.MSS.0000048831.15016.2A] [Medline: 12569225]

39. Simão R, Lemos A, Salles B, Leite T, Oliveira É, Rhea M, et al. The influence of strength, flexibility, and simultaneous
training on flexibility and strength gains. J Strength Cond Res. 2011;25(5):1333-1338. [doi: 10.1519/JSC.0b013e3181da85bf]
[Medline: 21386731]

40. Simão R, Farinatti PDTV, Polito MD, Maior AS, Fleck SJ. Influence of exercise order on the number of repetitions performed
and perceived exertion during resistance exercises. J Strength Cond Res. 2005;19(1):152-156. [doi:
10.1519/1533-4287(2005)19<152:IOEOOT>2.0.CO;2] [Medline: 15705026]

41. Brzycki M. Strength testing—predicting a one-rep max from reps-to-fatigue. J Phys Educ Recreat Dance. 1993;64(1):88-90.
[doi: 10.1080/07303084.1993.10606684]

42. Abdul-Hameed U, Rangra P, Shareef MY, Hussain ME. Reliability of 1-repetition maximum estimation for upper and
lower body muscular strength measurement in untrained middle aged type 2 diabetic patients. Asian J Sports Med.
2012;3(4):267-273. [FREE Full text] [doi: 10.5812/asjsm.34549] [Medline: 23342225]

43. Hardy CJ, Rejeski WJ. Not what, but how one feels: the measurement of affect during exercise. J Sport Exerc Psychol.
1989;11(3):304-317. [FREE Full text] [doi: 10.1123/jsep.11.3.304]

44. Kendzierski D, DeCarlo KJ. Physical activity enjoyment scale: two validation studies. J Sport Exerc Psychol.
1991;13(1):50-64. [FREE Full text]

45. McAuley E, Lox C, Duncan TE. Long-term maintenance of exercise, self-efficacy, and physiological change in older adults.
J Gerontol. 1993;48(4):P218-P224. [doi: 10.1093/geronj/48.4.p218] [Medline: 8315239]

JMIR Res Protoc 2024 | vol. 13 | e63598 | p. 11https://www.researchprotocols.org/2024/1/e63598
(page number not for citation purposes)

Ramirez et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://dx.plos.org/10.1371/journal.pone.0302480
http://dx.doi.org/10.1371/journal.pone.0302480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38805474&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0302480
http://dx.doi.org/10.1371/journal.pone.0302480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38805474&dopt=Abstract
https://europepmc.org/abstract/MED/36334240
http://dx.doi.org/10.1007/s40279-022-01784-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36334240&dopt=Abstract
http://dx.doi.org/10.1016/j.jdiacomp.2020.107610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32402840&dopt=Abstract
http://dx.doi.org/10.1519/JSC.0000000000002915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30615007&dopt=Abstract
https://europepmc.org/abstract/MED/36752989
http://dx.doi.org/10.1186/s40798-023-00554-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36752989&dopt=Abstract
http://dx.doi.org/10.1080/02640414.2022.2080165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35658845&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18042023
http://dx.doi.org/10.3390/ijerph18042023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33669679&dopt=Abstract
http://dx.doi.org/10.2337/dc06-1128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17259482&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18105359
http://dx.doi.org/10.3390/ijerph18105359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34069859&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000000664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26473759&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=23303884
http://dx.doi.org/10.1136/bmj.e7586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23303884&dopt=Abstract
https://core.ac.uk/reader/19913708?utm_source=linkout
http://dx.doi.org/10.1136/bmj.g1687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24609605&dopt=Abstract
http://dx.doi.org/10.1249/01.MSS.0000048831.15016.2A
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12569225&dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e3181da85bf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21386731&dopt=Abstract
http://dx.doi.org/10.1519/1533-4287(2005)19<152:IOEOOT>2.0.CO;2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15705026&dopt=Abstract
http://dx.doi.org/10.1080/07303084.1993.10606684
https://europepmc.org/abstract/MED/23342225
http://dx.doi.org/10.5812/asjsm.34549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23342225&dopt=Abstract
https://journals.humankinetics.com/view/journals/jsep/11/3/article-p304.xml
http://dx.doi.org/10.1123/jsep.11.3.304
https://www.researchgate.net/publication/232435324_Physical_Activity_Enjoyment_Scale_Two_Validation_Studies
http://dx.doi.org/10.1093/geronj/48.4.p218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8315239&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


46. Rosa A, Coleman M, Haun C, Grgic J, Schoenfeld BJ. Repetition performance, rating of perceived discomfort, and blood
lactate responses to different rest interval lengths in single-joint and multijoint lower-body exercise. J Strength Cond Res.
2023;37(7):1350-1357. [doi: 10.1519/JSC.0000000000004508] [Medline: 37347940]

47. Mangine GT, Serafini P, Stratton M, Olmos AA, VanDusseldorp TA, Feito Y. Effect of the repetitions-in-reserve resistance
training strategy on bench press performance, perceived effort, and recovery in trained men. J Strength Cond Res.
2022;36(1):1-9. [doi: 10.1519/JSC.0000000000004158] [Medline: 34941608]

48. Battelino T, Alexander CM, Amiel SA, Arreaza-Rubin G, Beck RW, Bergenstal RM, et al. Continuous glucose monitoring
and metrics for clinical trials: an international consensus statement. Lancet Diabetes Endocrinol. 2023;11(1):42-57. [doi:
10.1016/S2213-8587(22)00319-9] [Medline: 36493795]

49. American Diabetes Association, Bantle JP, Wylie-Rosett J, Albright AL, Apovian CM, Clark NG, et al. Nutrition
recommendations and interventions for diabetes: a position statement of the American diabetes association. Diabetes Care.
2008;31 Suppl 1:S61-S78. [doi: 10.2337/dc08-S061] [Medline: 18165339]

50. Reynolds A, Mitri J. Dietary advice for individuals with diabetes. National Library of Medicine. 2024. URL: https://www.
ncbi.nlm.nih.gov/books/NBK279012 [accessed 2024-09-11]

51. Cunningham JJ. Body composition as a determinant of energy expenditure: a synthetic review and a proposed general
prediction equation. Am J Clin Nutr. 1991;54(6):963-969. [doi: 10.1093/ajcn/54.6.963] [Medline: 1957828]

52. Heden TD, Liu Y, Kanaley JA. A comparison of adipose tissue interstitial glucose and venous blood glucose during
postprandial resistance exercise in patients with type 2 diabetes. J Appl Physiol (1985). 2018;124(4):1054-1061. [FREE
Full text] [doi: 10.1152/japplphysiol.00475.2017] [Medline: 28970202]

53. Kanaley JA, Fenicchia LM, Miller CS, Ploutz-Synder LL, Weinstock RS, Carhart R, et al. Resting leptin responses to acute
and chronic resistance training in type 2 diabetic men and women. Int J Obes Relat Metab Disord. 2001;25(10):1474-1480.
[doi: 10.1038/sj.ijo.0801797] [Medline: 11673769]

54. Terada T, Loehr S, Guigard E, McCargar LJ, Bell GJ, Senior P, et al. Test-retest reliability of a continuous glucose monitoring
system in individuals with type 2 diabetes. Diabetes Technol Ther. 2014;16(8):491-498. [FREE Full text] [doi:
10.1089/dia.2013.0355] [Medline: 24815725]

55. Gordon BA, Fraser SF, Bird SR, Benson AC. Reproducibility of multiple repeated oral glucose tolerance tests. Diabetes
Res Clin Pract. 2011;94(3):e78-e82. [doi: 10.1016/j.diabres.2011.08.025] [Medline: 21945562]

56. Utzschneider KM, Prigeon RL, Tong J, Gerchman F, Carr DB, Zraika S, et al. Within-subject variability of measures of
beta cell function derived from a 2 h OGTT: implications for research studies. Diabetologia. 2007;50(12):2516-2525. [doi:
10.1007/s00125-007-0819-5] [Medline: 17928990]

57. Sedgwick PM. Intention to treat analyses. BMJ. 2009;339:b3603. [doi: 10.1136/bmj.b3603]
58. Tripepi G, Chesnaye NC, Dekker FW, Zoccali C, Jager KJ. Intention to treat and per protocol analysis in clinical trials.

Nephrology (Carlton). 2020;25(7):513-517. [doi: 10.1111/nep.13709] [Medline: 32147926]
59. Ferguson CJ. An effect size primer: a guide for clinicians and researchers. Psychol: Res Pract. 2009;40(5):532-538. [doi:

10.1037/a0015808]
60. Sullivan GM, Feinn R. Using effect size-or why the P value is not enough. J Grad Med Educ. 2012;4(3):279-282. [FREE

Full text] [doi: 10.4300/JGME-D-12-00156.1] [Medline: 23997866]
61. Moher D, Hopewell S, Schulz KF, Montori V, Gøtzsche PC, Devereaux PJ, et al. CONSORT 2010 explanation and

elaboration: updated guidelines for reporting parallel group randomised trials. BMJ. 2010;340:c869. [FREE Full text] [doi:
10.1136/bmj.c869] [Medline: 20332511]

62. Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010 Statement: updated guidelines for reporting parallel
group randomised trials. BMC Med. 2010;8:18. [FREE Full text] [doi: 10.1186/1741-7015-8-18] [Medline: 20334633]

63. Dwan K, Li T, Altman DG, Elbourne D. CONSORT 2010 statement: extension to randomised crossover trials. BMJ.
2019;366:l4378. [FREE Full text] [doi: 10.1136/bmj.l4378] [Medline: 31366597]

64. de Castro Magalhaes F. The effect of effort during a resistance exercise session on glycemic control in individuals with
prediabetes or type 2 diabetes mellitus: a randomized-controlled trial. ClinicalTrials.gov. 2024. URL: https://clinicaltrials.
gov/study/NCT06208189 [accessed 2024-09-11]

65. Duarte FG, da Silva Moreira S, da Conceição C Almeida M, de Souza Teles CA, Andrade CS, Reingold AL, et al. Sex
differences and correlates of poor glycaemic control in type 2 diabetes: a cross-sectional study in Brazil and Venezuela.
BMJ Open. 2019;9(3):e023401. [FREE Full text] [doi: 10.1136/bmjopen-2018-023401] [Medline: 30842107]

66. Choe SA, Kim JY, Ro YS, Cho S. Women are less likely than men to achieve optimal glycemic control after 1 year of
treatment: a multi-level analysis of a Korean primary care cohort. PLoS One. 2018;13(5):e0196719. [FREE Full text] [doi:
10.1371/journal.pone.0196719] [Medline: 29718952]

67. Wexler DJ, Grant RW, Meigs JB, Nathan DM, Cagliero E. Sex disparities in treatment of cardiac risk factors in patients
with type 2 diabetes. Diabetes Care. 2005;28(3):514-520. [doi: 10.2337/diacare.28.3.514] [Medline: 15735180]

68. Kautzky-Willer A, Kosi L, Lin J, Mihaljevic R. Gender-based differences in glycaemic control and hypoglycaemia prevalence
in patients with type 2 diabetes: results from patient-level pooled data of six randomized controlled trials. Diabetes Obes
Metab. 2015;17(6):533-540. [FREE Full text] [doi: 10.1111/dom.12449] [Medline: 25678212]

JMIR Res Protoc 2024 | vol. 13 | e63598 | p. 12https://www.researchprotocols.org/2024/1/e63598
(page number not for citation purposes)

Ramirez et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1519/JSC.0000000000004508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37347940&dopt=Abstract
http://dx.doi.org/10.1519/JSC.0000000000004158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34941608&dopt=Abstract
http://dx.doi.org/10.1016/S2213-8587(22)00319-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36493795&dopt=Abstract
http://dx.doi.org/10.2337/dc08-S061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18165339&dopt=Abstract
https://www.ncbi.nlm.nih.gov/books/NBK279012
https://www.ncbi.nlm.nih.gov/books/NBK279012
http://dx.doi.org/10.1093/ajcn/54.6.963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1957828&dopt=Abstract
https://journals.physiology.org/doi/10.1152/japplphysiol.00475.2017?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://journals.physiology.org/doi/10.1152/japplphysiol.00475.2017?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1152/japplphysiol.00475.2017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28970202&dopt=Abstract
http://dx.doi.org/10.1038/sj.ijo.0801797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11673769&dopt=Abstract
https://europepmc.org/abstract/MED/24815725
http://dx.doi.org/10.1089/dia.2013.0355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24815725&dopt=Abstract
http://dx.doi.org/10.1016/j.diabres.2011.08.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21945562&dopt=Abstract
http://dx.doi.org/10.1007/s00125-007-0819-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17928990&dopt=Abstract
http://dx.doi.org/10.1136/bmj.b3603
http://dx.doi.org/10.1111/nep.13709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32147926&dopt=Abstract
http://dx.doi.org/10.1037/a0015808
https://europepmc.org/abstract/MED/23997866
https://europepmc.org/abstract/MED/23997866
http://dx.doi.org/10.4300/JGME-D-12-00156.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23997866&dopt=Abstract
https://boris.unibe.ch/id/eprint/1151
http://dx.doi.org/10.1136/bmj.c869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20332511&dopt=Abstract
https://bmcmedicine.biomedcentral.com/articles/10.1186/1741-7015-8-18
http://dx.doi.org/10.1186/1741-7015-8-18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20334633&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=31366597
http://dx.doi.org/10.1136/bmj.l4378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31366597&dopt=Abstract
https://clinicaltrials.gov/study/NCT06208189
https://clinicaltrials.gov/study/NCT06208189
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=30842107
http://dx.doi.org/10.1136/bmjopen-2018-023401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30842107&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0196719
http://dx.doi.org/10.1371/journal.pone.0196719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29718952&dopt=Abstract
http://dx.doi.org/10.2337/diacare.28.3.514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15735180&dopt=Abstract
https://europepmc.org/abstract/MED/25678212
http://dx.doi.org/10.1111/dom.12449
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25678212&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


69. Bin Rakhis SA, AlDuwayhis NM, Aleid N, AlBarrak AN, Aloraini AA. Glycemic control for type 2 diabetes mellitus
patients: a systematic review. Cureus. 2022;14(6):e26180. [FREE Full text] [doi: 10.7759/cureus.26180] [Medline: 35891859]

70. Kautzky-Willer A, Kosi L, Lin J, Mihaljevic R. Gender-based differences in glycaemic control and hypoglycaemia prevalence
in patients with type 2 diabetes: results from patient-level pooled data of six randomized controlled trials. Diabetes Obes
Metab. 2015;17(6):533-540. [FREE Full text] [doi: 10.1111/dom.12449] [Medline: 25678212]

71. Berkowitz SA, Meigs JB, Wexler DJ. Age at type 2 diabetes onset and glycaemic control: results from the national health
and nutrition examination survey (NHANES) 2005-2010. Diabetologia. 2013;56(12):2593-2600. [FREE Full text] [doi:
10.1007/s00125-013-3036-4] [Medline: 23995472]

72. Shamshirgaran SM, Mamaghanian A, Aliasgarzadeh A, Aiminisani N, Iranparvar-Alamdari M, Ataie J. Age differences
in diabetes-related complications and glycemic control. BMC Endocr Disord. 2017;17(1):25. [FREE Full text] [doi:
10.1186/s12902-017-0175-5] [Medline: 28472985]

73. Mousavi S, Tannenbaum Greenberg D, Ndjaboué R, Greiver M, Drescher O, Chipenda Dansokho S, et al. The influence
of age, sex, and socioeconomic status on glycemic control among people with type 1 and type 2 diabetes in Canada:
patient-led longitudinal retrospective cross-sectional study with multiple time points of measurement. JMIR Diabetes.
2023;8:e35682. [FREE Full text] [doi: 10.2196/35682] [Medline: 37104030]

74. Barrot-de la Puente J, Mata-Cases M, Franch-Nadal J, Mundet-Tudurí X, Casellas A, Fernandez-Real JM, et al. Older type
2 diabetic patients are more likely to achieve glycaemic and cardiovascular risk factors targets than younger patients:
analysis of a primary care database. Int J Clin Pract. 2015;69(12):1486-1495. [FREE Full text] [doi: 10.1111/ijcp.12741]
[Medline: 26422335]

75. Lee CMY, Gibson AA, Humphries J, Nassar N, Colagiuri S. Sex and age differences in the use of medications for diabetes
and cardiovascular risk factors among 25,733 people with diabetes. PLoS One. 2023;18(10):e0287599. [FREE Full text]
[doi: 10.1371/journal.pone.0287599] [Medline: 37874829]

76. Gourdy P, Bonadonna RC, Freemantle N, Mauricio D, Müller-Wieland D, Bigot G, et al. Does gender influence the
effectiveness and safety of insulin glargine 300 U/ml in patients with uncontrolled type 2 diabetes? Results from the REALI
European pooled analysis. Diabetes Ther. 2022;13(1):57-73. [FREE Full text] [doi: 10.1007/s13300-021-01179-8] [Medline:
34784005]

77. Han E, Kim A, Lee SJ, Kim J, Kim JH, Lee WJ, et al. Characteristics of dapagliflozin responders: a longitudinal, prospective,
nationwide dapagliflozin surveillance study in Korea. Diabetes Ther. 2018;9(4):1689-1701. [FREE Full text] [doi:
10.1007/s13300-018-0470-9] [Medline: 29998370]

78. McGill JB, Vlajnic A, Knutsen PG, Recklein C, Rimler M, Fisher SJ. Effect of gender on treatment outcomes in type 2
diabetes mellitus. Diabetes Res Clin Pract. 2013;102(3):167-174. [doi: 10.1016/j.diabres.2013.10.001] [Medline: 24183259]

79. Ke C, Stukel TA, Shah BR, Lau E, Ma RC, So WY, et al. Age at diagnosis, glycemic trajectories, and responses to oral
glucose-lowering drugs in type 2 diabetes in Hong Kong: a population-based observational study. PLoS Med.
2020;17(9):e1003316. [FREE Full text] [doi: 10.1371/journal.pmed.1003316] [Medline: 32946450]

80. Gugapriya TS, Karthick S, Nagarjuna B. A prospective study of variability in glycemic control during different phases of
the menstrual cycle in type 2 diabetic women using high sensitivity C - reactive protein. J Clin Diagn Res.
2014;8(4):CC01-CC04. [FREE Full text] [doi: 10.7860/JCDR/2014/8118.4240] [Medline: 24959437]

Abbreviations
CGM: continuous glucose monitoring
CONSORT: Consolidated Standards of Reporting Trials
HbA1c: glycated hemoglobin
IRB: Institutional Review Board
RM: repetition maximum
SPIRIT: Standard Protocol Items: Recommendations for Interventional Trial
T2D: type 2 diabetes
TiDieR: Template for Intervention Description and Replication

JMIR Res Protoc 2024 | vol. 13 | e63598 | p. 13https://www.researchprotocols.org/2024/1/e63598
(page number not for citation purposes)

Ramirez et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/35891859
http://dx.doi.org/10.7759/cureus.26180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35891859&dopt=Abstract
https://europepmc.org/abstract/MED/25678212
http://dx.doi.org/10.1111/dom.12449
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25678212&dopt=Abstract
https://europepmc.org/abstract/MED/23995472
http://dx.doi.org/10.1007/s00125-013-3036-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23995472&dopt=Abstract
https://bmcendocrdisord.biomedcentral.com/articles/10.1186/s12902-017-0175-5
http://dx.doi.org/10.1186/s12902-017-0175-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28472985&dopt=Abstract
https://diabetes.jmir.org/2023//e35682/
http://dx.doi.org/10.2196/35682
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37104030&dopt=Abstract
https://europepmc.org/abstract/MED/26422335
http://dx.doi.org/10.1111/ijcp.12741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26422335&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0287599
http://dx.doi.org/10.1371/journal.pone.0287599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37874829&dopt=Abstract
https://europepmc.org/abstract/MED/34784005
http://dx.doi.org/10.1007/s13300-021-01179-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34784005&dopt=Abstract
https://europepmc.org/abstract/MED/29998370
http://dx.doi.org/10.1007/s13300-018-0470-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29998370&dopt=Abstract
http://dx.doi.org/10.1016/j.diabres.2013.10.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24183259&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1003316
http://dx.doi.org/10.1371/journal.pmed.1003316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32946450&dopt=Abstract
https://europepmc.org/abstract/MED/24959437
http://dx.doi.org/10.7860/JCDR/2014/8118.4240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24959437&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by T Leung; The proposal for this study was peer-reviewed by: Research Office - College of Education and Human Sciences
(COEHS) (New Mexico, USA). See the Multimedia Appendix 2 for the peer-review report; Submitted 13.07.24; accepted 20.07.24;
published 05.11.24.

Please cite as:
Ramirez M, Gebauer M, Mermier C, Little JP, Lin L, Palley G, Hsiao YY, Mota Alvidrez RI, Mang ZA, Amorim FT, Tricoli V, De
Castro Magalhaes F
The Effect of Effort During a Resistance Exercise Session on Glycemic Control in Individuals Living With Prediabetes or Type 2
Diabetes: Protocol for a Crossover Randomized Controlled Trial
JMIR Res Protoc 2024;13:e63598
URL: https://www.researchprotocols.org/2024/1/e63598
doi: 10.2196/63598
PMID:

©Marissa Ramirez, Maja Gebauer, Christine Mermier, Jonathan Peter Little, Luotao Lin, Gabriel Palley, Yu Yu Hsiao, Roberto
Ivan Mota Alvidrez, Zach A Mang, Fabiano Trigueiro Amorim, Valmor Tricoli, Flavio De Castro Magalhaes. Originally published
in JMIR Research Protocols (https://www.researchprotocols.org), 05.11.2024. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is
properly cited. The complete bibliographic information, a link to the original publication on https://www.researchprotocols.org,
as well as this copyright and license information must be included.

JMIR Res Protoc 2024 | vol. 13 | e63598 | p. 14https://www.researchprotocols.org/2024/1/e63598
(page number not for citation purposes)

Ramirez et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www.researchprotocols.org/2024/1/e63598
http://dx.doi.org/10.2196/63598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

