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دعبمدلايفركسلاةبسننيسحتىلعةيضايرلانيرامتلالمعت:ثحبلافادهأ
لظتنكلو،يركسلاضرمبنيباصملادارفلأاىدلنيلوسنلأاةيساسحولكلأا
ىلإةيلاحلاةساردلافدهت.ةحضاوريغيضيلأاميظنتلااذهلىلثملاةفاثكلا
مدلايفزوكولجلاتايوتسمىلعةفلتخملانيرامتلاتافاثكريثأتفاشكتسا
ةفاثكلاديدحتليركسلاضرمبنيباصملادارفلأاىدليسديتببلاونيلوسنلأاو
.ةيضيلأاتارشؤملاهذهنيسحتلىلثملا

ضرمباباصمادرف25كراش،ةعطاقتملاةساردلاهذهيف:ثحبلاةقيرط
%70و%60و%50ةبسنبةفلتخمتافاثكعبرأبنيرمتتاسلجيفيركسلا
لكترمتسا.يشملازاهجمادختسابعقوتمبلقتابرضلدعمىصقأنم%80و
5ةدملةئدهتةرتفوقئاقد5ةدملءامحإةرتفكلذيفامب،ةقيقد30ةدملةسلج
لبقو،مايصلاءانثأ:ةزيممةينمزطاقنعبرأيفمدلاتانيععمجمت.قئاقد
ةفرعملتانيعلاهذهليلحتمت.ةقيقد60و30ـبنيرمتلادعبو،ةرشابمنيرمتلا
ىلعنيرمتلاةدشتاريثأتمييقتمت.يسديتببلاونيلوسنلأاوزوكولجلاتايوتسم
ديدحتلةقحلاتارابتخاءارجإعم،رركتملانيابتلاليلحتمادختسابتاملعملاهذه
.ةدشلانيبةددحملاتافلاتخلاا

،مس170مهلوططسوتمو،اماع34.88نيكراشملارامعأطسوتمناك:جئاتنلا
تايوتسميفريبكضافخناظحول.2م/مجك30.34مسجلاةلتكرشؤمو
تايوتسمعافترانممغرلاىلعو.%70ةبسنبنيرمتلادعبزوكولجلاونيلوسنلأا
ضافخناظحولدقف،)رتليسيد/مجم115-110(مايصلاءانثأمدلايفزوكولجلا
طخنمنيلوسنلأاتايوتسمتبرتقا.نيرمتلانمةقيقد60و30دعبريبك
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ريشيامم،نيرمتلادعبةقيقد60ىلإمايصلانم،ةدشلانم%70دنعساسلأا
تارييغتاضًيأيسديتببلاتايوتسمترهظأ.ةدشلاهذهدنعةيباجيإةباجتساىلإ
دعبمايصلاتايوتسمىلإبرقأةدشلانم%70ةبسنبنيرمتلالعجثيح،ةريبك

.نيرمتلانمةقيقد60

يفةيضايرلانيرامتلاةدشةيمهأىلعءوضلاةساردلاهذهطلست:تاجاتنتسلاا
هجوىلعو.يركسلاضرمبنيباصملادارفلأاىدلةيضيلأاريياعملانيسحت
امم،اديفمعقوتملابلقلاتابرضلدعملىصقلأادحلانم%70ناك،ديدحتلا
نميركسلاضرمبةباصلإارطخليلقتونيلوسنلأاةيساسحنيسحتىلإىدأ
.يركسلالبقامةلحرم

؛نيرمتلاةدش؛يندبلاطاشنلا؛يس-دياتببلا؛مدلاركس:ةيحاتفملاتاملكلا
يركسلاتامدقم؛نيلوسنلأا

Abstract

Objective: Exercise improves postprandial glycaemia and

insulin sensitivity in individuals with prediabetes, but the

optimal intensity for this metabolic regulation remains

unclear. The current study aims to explore the impact of

various exercise intensities on metabolic markers in pre-

diabetic individuals to identify the optimal intensity for

improving these indicators.

Methods: In this crossover study, 25 prediabetic in-

dividuals participated in exercise sessions at 50 %, 60 %,

70 %, and 80 % intensities of their predicted maximum

heart rate using a treadmill. Each session lasted for 30

min, including a 5-min warm-up and a 5-min cool-down

period. Blood samples were collected at four distinct time

points: during fasting, immediately before exercise, and

30 and 60 min post-exercise. These samples were analyzed

for glucose, insulin, and C-peptide levels. The effects of

exercise intensity on these parameters were evaluated
pen access article under the CC BY-NC-ND license
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using repeated measures ANOVA, with post hoc tests

conducted to determine specific differences between the

intensities.

Results: The participants had an average age of 34.88

years, a mean height of 170 cm, and a BMI of 30.34 kg/m2.

A significant reduction in insulin and glucose levels post-

exercise was observed at 70 % intensity (p � 0.001).

Despite high fasting blood glucose levels (110e115

mg/dL), significant reductions were noted at 30 and 60 min

post-exercise (p � 0.001). Insulin levels approached near

baseline at 70 % intensity, from fasting (26.74 � 20.83) to

60 min post-exercise (28.47 � 20.79), indicating a posi-

tive response at this intensity. C-peptide levels also

showed significant changes, with the 70 % intensity exer-

cise bringing them closest to fasting levels by 60 min

post-exercise.

Conclusion: This study highlights the importance of ex-

ercise intensities in enhancing metabolic parameters in

prediabetic individuals. Specifically, 70 % of the pre-

dicted maximum heart rate was beneficial, optimizing

insulin sensitivity and potentially reducing the risk of

progressing from prediabetes to diabetes.

Keywords: Blood glucose; C-peptide; Exercise; Exercise in-

tensities; Insulin; Prediabetes

� 2024 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Prediabetes is characterized by impaired fasting glucose
(IFG) and/or impaired glucose tolerance (IGT); it signifies a
stage where the body’s capability to regulate glucose de-
clines.1 The World Health Organization categorizes fasting

blood glucose (FBG) levels between 6.1 and 6.9 mmol/L
after overnight fasting as IFG,2 whereas IGT is
characterized by elevated blood glucose levels post-meal.3

Both IFG and IGT are generally attributed to insulin
resistance and dysfunction of pancreatic b-cells.4 People
with IFG have a 20e30 % greater risk of developing type

2 diabetes (T2DM) within 5e10 years.3

Regular aerobic exercise is essential for lowering the risk
of developing T2DM. Its efficacy is primarily attributed to

positive effects on postprandial metabolism, as it increases
the sensitivity of skeletal muscles to insulin for up to 48 h
post-exercise.5 The significant role of exercise in managing
prediabetes and T2DM is well-established and widely

acknowledged.6 However, the intensity of exercise that
optimally improves insulin sensitivity still needs to be
clearly defined. The American Diabetes Association (ADA)

recommends that adults with prediabetes perform at least
150 min of moderate-intensity physical activity or 90 min
of vigorous-intensity activity weekly.5 While both moderate

and vigorous exercises offer health benefits, the specific
outcomes can vary based on the intensity of the activity.7

High-intensity exercise (HIE) is often associated with more
immediate and noticeable improvements in cardiometabolic
health compared to moderate-intensity exercise (MIE).5,8,9

Recent medical care standards have underscored the
importance of including exercise in treatment plans for pre-
diabetes, emphasizing its role in effectively managing this

condition.9 However, the clinical guidelines do not specify
the most effective exercise intensity for blood sugar control
in individuals with prediabetes.9 Thus, determining the

optimal intensity of exercise necessary for enhancing insulin
sensitivity in patients with prediabetes is of paramount
importance.

Therefore, the current study assessed the impact of

varying exercise intensities on glucose, insulin, and C-peptide
levels in patients with prediabetes after they consumed an
isocaloric breakfast.

Materials and Methods

Study approvals, participants, and location

This crossover study was approved by the ethical review
board of the Institute of Basic Medical Sciences (IBMS) of
Khyber Medical University (Reference No. KMU/IBMS/

IRBE/meeting/2022/8075; Pesahwar, Pakistan), and was car-
ried out according to the Declaration of Helsinki. The study
was conducted from July 2022 through December 2023, and
written informed consent was obtained from all participants.

Using G Power 3.1.9.2 software, and maintaining a signifi-
cance level (a) of 0.05 and statistical power of 0.80, a sample
size of 12was calculated.However, to increase the power of the

study, 25 participants were recruited.10 Participants were both
males and females aged 25e35 years. Prediabetic status was
diagnosed by fasting plasma glucose levels ranging from 100

to 125 mg/dL, and/or glycosylated hemoglobin (HbA1c)
levels between 5.7 % and 6.4 %. All procedures were
conducted at the Sports Research Unit (SRU) of Khyber

Medical University at 8:00 AM after participants fasted for
10e12 h overnight.

Screening and baseline tests

In the screening phase, participants visited the SRU for
evaluations, including fasting plasma glucose and HbA1c
levels. Their previous physical activity status was assessed

using the short form of the International Physical Activity
Questionnaire (IPAQ).11 Participants who met the ADA12

prediabetes criteria were invited to participate in the study.

The exclusion criteria were participants with a history of
ischemic heart disease, hypertension, diabetes, or any
respiratory or musculoskeletal disorder hindering physical

activity; and females who were pregnant or breastfeeding.
The CONSORT flowchart showing the participant
recruitment and baseline assessment is shown in Figure 1.

Borg rating of perceived exertion

The Borg Rating of Perceived Exertion (RPE) scale13 is a
standard tool for evaluating an individual’s subjective

experience of effort and strain during physical activity. The
scale ranges from 6 to 20, indicating different categories of
no to light exertion, moderate exertion, hard to very hard

http://creativecommons.org/licenses/by-nc-nd/4.0/
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exertion, and maximum exertion. The RPE for each
participant was recorded after each exercise session.
Exercise protocol and participation preparation for the study

Participants were scheduled for four separate morning
sessions in a fasting state at the SRU, each starting at about
8:00 AM, spaced 1 week apart with a 7-day washout period

between sessions. Before the scheduled exercise day, they
were advised not to engage in any strenuous physical activ-
ities for at least 24 h. To maintain dietary uniformity and
account for prestudy nutritional factors, they were inter-

viewed about food consumption the day before exercise
session, using a 24-h dietary recall questionnaire. During this
period, participants were asked to avoid junk food and non-

healthy items such as sugary beverages, sweets, and fizzy
drinks during the study period, to reduce acute dietary
variability that could influence the exercise outcomes. The

goal of the study was to assess the effects of exercise inde-
pendent of dietary modifications on parameters under
investigation.

Exercise intensities were calculated as predicted maximum
heart rate (PMHR) percentages. Intensities of 50 %, 60 %,
70 %, and 80 % of PMHR were selected to cover the spec-
trum from moderate to high intensity to assess the impact of

different exercise levels on the study outcomes. Each exercise
session lasted 40 min (including a 5 min warm-up and cool-
down period) and was performed 30 min after a standard-

ized 250 calorie isocaloric breakfast. The exercise sessions
were designed and aligned with the durations and intensities
evaluated elsewhere.14,15 Before starting the exercise session,

the participants were acquainted with the treadmill’s (Revo
fitness treadmill Model no. RT-115 serial no. ZYT102-
581501007) controls and speeds. Each participant wore a
heart rate monitor (HRM-Run Garmin, Sports Research

Unit of Khyber Medical University, Peshwar, Pakistan),
which used short-range telemetry technology to monitor
and transmit heart rate data in real time, ensuring that ex-

ercise was performed at the intended intensities. The speed of
the treadmill (Revo RT100; Taiwan) was adjusted incre-
mentally to reach the desired maximum heart rate. The first

session involved a total of 40 min of exercise at 50 % of the
PMHR, including 5-min warm-up and 5-min cool-down
periods. Blood samples were collected at fasting, before ex-

ercise, and 30 and 60 min after exercise. The subsequent
sessions followed a similar pattern, with exercise intensities at
60 %, 70 %, and 80 % PMHR for the second, third, and
fourth visits, respectively, maintaining the same duration and

blood sampling routine, as shown in Figure 2. However, the
final session required greater fitness from participants. In the
final visit, the participants were instructed to stop exercising

if they could not continue. The PMHR for all participants
was calculated from the following formula: PMHR ¼ 220
e age in years.16

Laboratory procedures and data analyses

After collecting whole blood samples, they were imme-

diately centrifuged for plasma glucose evaluation using
standardized kits (FreeStyle blood glucose meter; Abbott
Diabetes Care Inc., Alameda, CA, USA). Serum insulin
levels were determined with the enzyme-linked immunosor-

bent assay (ELISA) (Insulin ELISA, IN374S and C-peptide
ELISA, CP179S; Calbiotech, El Cajon, CA, USA), with tests
conducted in duplicate for accuracy.

SPSS version 23 and GraphPad Prism version 8 were used
for data analyses. The ShapiroeWilk test was used to assess
the normality of the data. Demographic variances were

examined using the independent samples t-test to identify
sex-based differences. Repeated measures analysis of vari-
ance (ANOVA) was applied to discern differences across the
various exercise intensity levels. Furthermore, to understand

the relationships between different time points and diabetes-
related parameters, a post hoc test was conducted, utilizing a
general linear model complemented by Bonferroni correction

for multiple comparisons.

Results

Demographic details of the participants

This study recruited a total of 25 participants with a mean
age of 34.88 � 4.11 years. The mean height, weight, and body

mass index of the participants were (170 cm � 6.70,
87.85 kg � 14.56, and 30.34 kg/m2 � 4.27), respectively, indi-
cating a prevalence of overweight and obesity. Similarly, mean
waist circumference was 102.16 � 12.22 cm, and mean hip

circumferencewas105.13� 12.43 cm,with ameanwaist-to-hip
ratio of 0.97� 0.04.As shown inTable 1, these values provide a
comprehensive overview of the physical characteristics of the

study participants, highlighting the general trends in age and
body size that are more prone to developing diabetes.
Analysis of the IPAQ showed that most participants (88 %)

were living a sedentary lifestyle fitting in the ‘low’ physical
activity category, as shown in Table 2. Only 12 % of the
participants reported ‘moderate’ physical activity, whereas no

participant reported vigorous, active activity.

Differential response to exercise intensities

Pre-exercise blood glucose levels increased across all ex-

ercise intensities due to breakfast consumption, as shown in
Table 3. Within 60 min post-exercise, a significant decrease in
glucose levels was observed at all intensities (p� 0.001), with

more pronounced reductions at 60 % and 70 % intensities.
Insulin levels showed significant fluctuations, with 70 % in-
tensity bringing levels closest to fasting benchmarks within

60 min post-exercise. At 80 % intensity, improvements in
glucose and insulin levels were noted, but sustaining this
intensity was challenging for participants. Therefore, 70 %

intensity was considered optimal.
C-peptide levels demonstrated significant changes at 50%

and 70 % intensity levels (p � 0.001), with less pronounced
changes at 60 % and 80 % intensities. The 70 % intensity

exercise brought C-peptide levels closest to fasting levels by
60 min post-exercise.

Figure 3A to 3D visually summarizes these responses,

highlighting the body’s intensity-dependent metabolic
response. Specifically, Figure 3A shows the trend of decreasing
glucose levels, and Figure 3B illustrates the variability of



Figure 1: Consort flowchart showing the details of each visit.

Figure 2: Consort flowchart showing the details of the exercise intensity protocol.
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insulin levels, especially at 70 % intensity, suggesting that

the body’s metabolic response to exercise is intensity-
dependent.

C-peptide levels, indicative of insulin production,
demonstrated significant changes at 50 % and 70 % intensity

levels (p � 0.001), but at 60 % and 80 % intensities, the
Table 1: Demographic and anthropometric profile of participants in

Demographics Total F

Age 34.88 � 4.11 3

Height (cm) 170 � 6.70 1

Weight (kg) 87.85 � 14.56 8

Body mass index (kg/m2) 30.34 � 4.27 3

Waist circumference (cm) 102.16 � 12.22 9

Hip circumference (cm) 105.13 � 12.43 1

Waist-to-hip ratio 0.97 � 0.04 0

All values in the table are presented as the mean � standard deviation
changes were less pronounced (p ¼ 0.068 and p ¼ 0.359,

respectively). The patterns suggest that exercise at all in-
tensities affects C-peptide levels, but the return to fasting
levels varies. The 70 % intensity exercise brought C-peptide

levels closest to fasting levels by 60 min post-exercise, indi-
cating a potentially more significant impact of MIE to HIE
the study.

emale (n ¼ 8) Male (n ¼ 17) P-value

2.25 � 4.23 36.11 � 3.53 0.025

64.25 � 2.91 172.70 � 6.28 0.002

5.21 � 13.77 89.1 � 13.77 0.545

1.48 � 4.30 29.81 � 4.28 0.372

8.75 � 17.10 103.76 � 10.73 0.035

02.42 � 17.10 106.41 � 9.93 0.467

.96 � 0.05 0.97 � 0.02 0.659

.



Table 2: Baseline physical activity of the participants with

prediabetes as determined by the IPAQ questionnaire.

Physical Activity Frequency Percentage of

Participants

Low 22 88 %

Moderate 3 12 %

High 0 0 %

Total 25 100 %

IPAQ ¼ International Physical Activity Questionnaire.

Figure 3: Graphs presents the mean � standard error of the mean of

60 %, 70 % and 80 % maximum heart rate with sampling at four tim

prandial exercise. (D) Represents the Borg rating of perceived exertio

Table 3: Differential response of blood glucose levels, insulin, and C

Markers Intensity Fasting Pre-exer

Glucose (mg/dL) 50 % 115.08 � 3.45 190.48 �
60 % 113.48 � 7.45 184.48 �
70 % 112 � 3.29 177.12 �
80 % 110.28 � 3.24 172.28 �

Insulin (mU/mL) 50 % 22.84 � 25.76 63.62 �
60 % 24.69 � 25.50 74.25 �
70 % 26.74 � 20.83 70.98 �
80 % 20.39 � 17.33 69.27 �

C-peptide (ng/mL) 50 % 3.03 � 0.26 4.16 � 0

60 % 2.96 � 0.29 3.58 � 0

70 % 2.83 � 0.27 3.25 � 0

80 % 2.29 � 0.23 3.08 � 0
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on C-peptide levels. Figure 3C depicts a rise in insulin
utilization or reduced secretion over time in response to

varied exercise intensities.
Figure 3D illustrates the correlation between the BORG

exertion scale and the levels of exercise intensity. The data

clearly show that, as exercise intensity increase, so does the
RPE. Higher scores on the Borg Scale are indicative of
increased exertion levels. Workouts of moderate intensity,

which register an RPE of approximately 12e13, align with
60e70 % of the maximum exercise intensity. This link
between RPE and varying levels of exercise intensity is
blood glucose levels (A), insulin (B), and C-peptide (C) at 50 %,

e points: baseline, before exercise, and 30 and 60 min after post-

n for participants at the end of each visit.

-peptide to various exercise intensities.

cise 30 min 60 min P-values

6.81 161.64 � 11.19 157.36 � 11.66 �0.001

6.05 155.32 � 12.03 149.36 � 11.33 �0.001

5.83 137.92 � 5.99 120.64 � 2.28 �0.001

13.66 145.72 � 10.94 141.12 � 10.42 �0.001

48.70 41.58 � 43.77 36.13 � 42.74 �0.001

43.72 46.76 � 38.58 33.53 � 29.00 �0.001

43.27 51.95 � 37.31 28.47 � 20.79 �0.001

39.36 40.05 � 29.33 36.18 � 33.52 �0.001

.37 4.01 � 0.37 3.89 � 0.37 �0.001

.65 3.38 � 0.63 3.27 � 0.63 0.068

.39 2.09 � 0.23 2 � 0.29 �0.001

.36 2.54 � 0.26 2.42 � 0.28 0.359



Table 4: Effects of different exercise intensities on blood glucose levels, insulin, and C-peptide pre-exercise and post-exercise.

Parameters Time

points

50 % 60 % 70 % 80 %

Mean

Difference

Std. Error P-

Values

Mean

Difference

Std.

Error

P-

Values

Mean

Difference

Std.

Error

P-

Values

Mean

Difference

Std.

Error

P-

Values

Blood

glucose

levels

(mg/dL)

Fasting vs

PE

�75.4 1.653 �0.001 �71 1.463 �0.001 �65.12 1.295 �0.001 �62.00 3.02 �0.001

Fasting vs

30 min

�46.56 2.385 �0.001 �41.84 2.458 �0.001 �25.92 1.459 �0.001 �35.44 2.22 �0.001

Fasting vs

60 min

�42.28 2.448 �0.001 �35.88 2.340 �0.001 �8.64 0.838 �0.001 �30.84 2.13 �0.001

PE vs

30 min

28.84 2.09 �0.001 29.16 2.19 �0.001 39.2 1.52 �0.001 26.56 2.65 �0.001

PE vs

60 min

33.12 2.25 �0.001 35.12 2.02 �0.001 56.48 0.95 �0.001 31.16 2.64 �0.001

30 min vs

60 min

4.28 0.37 �0.001 5.96 0.32 �0.001 17.28 1.10 �0.001 4.60 0.32 �0.001

Insulin

(mU/mL)

Fasting vs

PE

�40.78 7.73 �0.001 �45.55 10.58 0.001 �43.84 7.92 �0.001 �48.87 6.97 �0.001

Fasting vs

30 min

�18.74 7.04 0.082 �10.07 15.66 1.000 �24.81 6.73 0.007 �19.65 6.16 0.024

Fasting vs

60 min

�13.28 6.93 0.402 �8.84 6.33 1.000 �1.32 3.29 1.000 �15.78 6.77 0.172

PE min vs

30 min

22.04 5.91 �0.001 35.48 8.29 0.002 19.02 4.56 0.002 29.22 5.88 �0.001

PE min vs

60 min

27.5 7.06 �0.001 36.72 8.15 0.001 42.51 6.62 �0.001 33.09 6.17 �0.001

30 min vs

60 min

5.45 3.55 0.41 1.23 13.61 1.000 23.48 4.86 �0.001 3.87 5.26 >0.999

C-peptide

(ng/mL)

Fasting vs

PE

�1.12 0.06 �0.001 �0.62 0.13 �0.001 �0.42 0.06 �0.001 �0.788* 0.06 �0.001

Fasting vs

30 min

�0.98 0.06 �0.001 �0.42 0.13 0.017 0.74 0.07 �0.001 �0.248* 0.05 �0.001

Fasting vs

60 min

�0.86 0.06 �0.001 �0.312 0.13 0.131 0.83 0.07 �0.001 �0.124 0.06 0.215

PE min vs

30 min

0.14 0.01 �0.001 0.2 0.02 �0.001 1.16 0.07 �0.001 0.54 0.04 �0.001

PE min vs

60 min

0.26 0.01 �0.001 0.31 0.02 �0.001 1.25 0.09 �0.001 0.66 0.04 �0.001

30 min vs

60 min

0.12 0.01 �0.001 0.1 0.01 �0.001 0.09 0.06 0.78 0.12 0.01 �0.001

PE: Pre-exercise.

Table 4 summarizes statistical data comparing post hoc analysis with blood glucose levels, insulin, and C-peptide at four different time

points (fasting vs pre-exercise, 30 and 60 min; pre-exercise vs 30 min; pre-exercise vs 60 min, and 30 vs 60 min) under different exercise

intensities (50 %, 60 %, 70 %, 80 %).
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valuable for researchers in creating personalized fitness
programs. Such tailored approaches ensure that physical
training regimens are safe and effective for individuals’ needs.

Effects of exercise intensities on metabolic parameters over
time

The post hoc analysis in the study focused on the effects of
different exercise intensities on the metabolic parameters

over specific time intervals, as shown in Table 4.
Analyzing blood glucose levels, a consistent decrease from

pre-exercise to 30 min after exercise across all intensities were

noted, with the mean differences ranging from 26.56 to
29.16 mg/dL (p � 0.001), indicating a robust response to
exercise. The response from 30 to 60 min was comparatively
minimal, suggesting a continued effect of exercise on blood

glucose.
Similarly, a marked reduction in mean insulin and C-
peptide levels at both 30 and 60 min after exercise across all
visits was noted, with a more pronounced effect at 70 %

intensity. This indicates a significant response to MIE to
HIE, as shown by the lower standard errors given in Table 3.

Discussion

This study reinforces the importance of physical activity
in improving the metabolic parameters associated with pro-

gression of prediabetes to diabetes. Varied exercise intensities
demonstrated a dose-response relationship in improving the
metabolic parameters. However, based on the feasibility and

ease of performance, MIE to HIE, specifically at 70 %,
emerged, as an effective method for improving glucose
regulation in individuals with prediabetes.
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The findings of the current study are consistent with the
results reported by Kang et al.,17 Nybo et al.,18 and Sandvei

et al.,19 who all demonstrated the effect of different exercise
intensities on modulation of the insulin level, insulin
sensitivity, and blood glucose concentration in patients

with diabetes. All of these findings point towards the
positive effects of exercise on the metabolic parameters in
patients with diabetes; however, better effects are extracted

with enhanced intensities, a finding that is in line with the
current study and the overload principal of exercise.
However, it is also important to understand that the
prediabetic population usually presents a picture of central

obesity and least active lifestyle; thus, exercise
incorporation into their lifestyle should be supervised,
incremental, and submaximal for extraction of maximum

effects.19 Similarly, previous findings on the effects of a
single session on insulin sensitivity and glucose metabolism
have also been validated by the current study. Specifically,

the benefits of exercise do not require an active lifestyle.
Corey et al.20 reported that even a single session of
physical activity can reduce blood sugar levels
postprandially and ameliorate insulin sensitivity, in

individuals with prediabetes, depending on the exercise
intensity.20 The authors proposed that exercise can lower
blood sugar levels and the effects could be detected even in

an hour following exercise.
Exercise triggers a complex interaction between hormonal

and cellular mechanisms in the body, essential for regulating

blood glucose levels.21 A key component in this process is the
role of skeletal muscles in glucose absorption after eating.
Transporting glucose into muscles is a vital step for

utilization which is mainly done through glucose
transporter type 4 (GLUT4) isoforms.21 Both insulin and
exercise are important facilitators for the movement of
GLUT4 to the muscle cell membrane, thereby enhancing

glucose absorption and improving insulin sensitivity.21

During aerobic activities, muscle glucose uptake is
increased as exercise not only boosts the presence of

GLUT4 in the muscles but also promotes its translocation,
assisting in the insulin-independent uptake of blood
glucose.5,21 Post-exercise, there is sustained high uptake of

glucose, driven by muscle contraction, which can continue
for several hours5; the current study observed a decrease in
blood glucose levels at 30 and 60 min after exercise

(p � 0.001).
Engaging in HIE is challenging for individuals with a

greater body mass. People with prediabetes tend to be obese;
therefore, exercising at a high intensity was challenging,

despite the fact that a positive response was observed from
the participants. However, they found exercise at 70 %
PMHR to be easily manageable and thus sustainable for

longer periods of time when exercise was prescribed for
prediabetes.

In the current study, an initial increase in C-peptide levels

followed by stabilization or a decline has been observed. This
pattern reflects a complex interaction between the intensity
of exercise and the body’s insulin utilization and production.
Such interplay has been previously reported.22 It is widely

acknowledged that physical activity enhances insulin
sensitivity. From the findings of our study, it appears that
the reduction in both insulin and C-peptide levels might be

associated with improved b-cell function due to heightened
physical activity.22 Supporting our observations, Ha et al.23

also noted a significant reduction in C-peptide levels

following an aerobic exercise regimen, underscoring the
substantial influence of exercise. These outcomes contribute
to the fact that physical activity decreases the burden on

the pancreatic b-cells and promote transport of the insulin-
independent uptake of glucose by the cells.23

Contrary to the findings of the current study, Manders

et al.9 reported that HIE does not lower glucose levels. Their
results indicated that low-intensity exercise (LIE) may be
more effective at reducing hyperglycemia. The difference in
effectiveness between LIE and HIE might be attributed to

the fact that the immediate glucose-lowering effects of ex-
ercise may vary between individuals with prediabetes and
diabetes. Variability in responses can be attributed to

different mechanisms including insulin resistance, insulin-
independent uptake, and peripheral utilization of glucose.
Type 2 diabetes usually presents as peripheral insulin resis-

tance and lower glucose utilization, which may require a
more physically active lifestyle for efficient glucose meta-
bolism. Moreover, the participants in their study9 were
encouraged to implement dietary modifications, whereas

the participants in our study were directed to maintain
customary dietary habits.

Overall, our research offers compelling evidence sup-

porting the efficacy of targeted exercise intensity in-
terventions in improving physical health. For individuals
with prediabetes, engaging in physical activities at 70 % of

their PMHR can produce an immediate beneficial effects on
postprandial blood glucose levels and insulin sensitivity.

Consistent with our results, Zubia et al.24 and Liu et al.25

suggest that increased physical activity, particularly at 70 %
of PMHR, has a significant impact on reversing insulin
resistance, underscoring the importance of exercise as a
potential alternative to pharmacological treatments in

managing prediabetes. Notably, 48 % of the participants
with prediabetes in their study exhibited HbA1c levels
within the normal range following the intervention period.

Given that the exercise intervention in our study was
limited to 4 weeks, extending the duration could potentially
result in even greater benefits.

By integrating exercise prescription strategies informed by
these findings, healthcare professionals can more effectively
customize interventions to mitigate the risk of progression to

type 2 diabetes in individuals with prediabetes. This
approach underscores the crucial role of exercise intensity in
the management and potential reversal of prediabetes. One
of the key strengths of this study is its focus on adults with

prediabetes, a population that has been relatively underrep-
resented in existing research. The range of exercise intensities
assessed (from 50% to 80% of PMHR) provides a thorough

evaluation of how varying levels of physical activity influence
critical metabolic indicators, an area not extensively explored
in prior studies. Additionally, the crossover design represents

a significant advantage, enabling direct individual compari-
sons and minimizing interparticipant variability.

Despite its contributions, this study had several limita-
tions. It focused exclusively on the immediate post-exercise

period, neglecting the potential stabilization or variation of
metabolic parameters over hours or days, which is essential
for understanding long-term metabolic health benefits.

Additionally, the study did not include dietary modifications,
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thus not exploring how dietary changes might interact with
exercise to affect metabolic outcomes. The small sample size

of 25 participants, constrained by financial limitations, re-
stricts the generalizability of the findings and the scale of the
study. These limitations indicate that while the study offers

valuable preliminary insights, further research with larger
samples, long-term observations, and dietary considerations
is needed to comprehensively evaluate the impact of exercise

on metabolic health.

Conclusion

MIE to HIE, particularly at 70 % of PMHR, demon-
strated a marked reduction in postprandial glucose spikes.
The findings underscore the substantial and immediate

impact of physical activity on key metabolic markers,
including blood glucose, insulin, and C-peptide levels, with
the most pronounced effects observed at this intensity. While

HIE (80 %) also yielded notable metabolic benefits, its long-
term practicality is uncertain due to increased physical de-
mands. Consequently, exercise at 70 % intensity offers an
optimal balance between efficacy and sustainability.

Future research should aim to include diverse ethnic pop-
ulations to further validate these findings. Additionally, it is
crucial to monitor metabolic markers over extended periods

following exercise to gain a comprehensive understanding of
how these parameters fluctuate or stabilize over time.
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