
INTRODUCTION 

rediabetes (PD) is a growing Pglobal public health concern, 
characterized by blood glucose 

levels that exceed normal thresholds 
but do not meet diagnostic criteria for 
diabetes mellitus. This intermediate 
metabolic state is associated with a 
substant ia l ly  increased r isk of  
progression to type 2 diabetes mellitus 
(T2DM) and the development of 

1 ,2cardiovascular diseases (CVD).    
According to recent estimates from the 

Centers for Disease Control and 
Prevention (CDC) and the International 
Diabetes Federation (IDF), Pakistan 
ranks among the countries with the 
h i g h e s t  b u r d e n  o f  P D ,  w i t h  
approximately 33 million adults 
affected.  This burden is expected to 
rise further in parallel with increasing 
sedentary lifestyles, obesity, and 

3-5unhealthy dietary patterns.  

One of the key metabolic abnormalities 
in PD is dyslipidaemia, characterized by 
elevated triglyceride (TG) levels, 

reduced high-density lipoprotein 
cholesterol (HDL-C), and increased 
low-density lipoprotein cholesterol 
(LDL-C), all of which contribute to 

6heightened cardiovascular risk.     
A d d r e s s i n g  t h e s e  m e t a b o l i c  
disturbances is essential to prevent 
progression from PD to overt diabetes 
and its associated complications. Non-
pharmacolog ica l  in tervent ions ,  
particularly regular physical activity, 
have been shown to significantly 
improve insulin sensitivity, lipid profiles, 

1,7and glucose tolerance.  

Importantly, emerging evidence 
indicates that the timing of exercise 
relat ive to meal  consumption, 
particularly during the postprandial 
phase, may play a critical role in 
modulating metabolic responses. The 
postprandial period is a metabolically 
vulnerable window characterized by 
transient surges in glucose, insulin, and 
circulating lipids, and dysregulated 
responses during this phase are closely 
linked to endothelial dysfunction and 

8,9increased cardiometabolic risk.    
D e s p i t e  g r o w i n g  i n t e r e s t  i n  
postprandial exercise, most existing 
studies have primarily focused on 
glycaemic control, with limited 
mechanistic insight into hormone-
mediated adaptations, especially among 
i n d i v i d u a l s  w i t h  p r e d i a b e t e s .  
Consequently, the concept of chrono-
exercise, time-specific physical activity 
tailored to metabolic rhythms, has 
emerged as a promising, personalized 

10strategy for metabolic regulation.  

A novel focus of contemporary 
metabolic research is the investigation 
o f  i r i s in ,  an  exerc i se- induced 
adipocytokine implicated in the 
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browning of white adipose tissue, 
improved glucose homeostasis, lipid 

11,12modulation, and stress reduction.    
However, evidence regarding the 
temporal dynamics of irisin release 
remains inconsistent. While some 
studies report pronounced exercise-
induced increases, others demonstrate 
attenuated or variable responses, 
particularly in insulin-resistant or 
dysmetabolic states. Notably, the 
impact of postprandial exercise timing 
on irisin secretion has not been 
systematically explored in prediabetic 
populations, leaving an important 
physiological and clinical gap.

Although prior studies have examined 
the effects of exercise on lipid profiles or 
irisin levels independently, many have 
employed heterogeneous exercise 
protocols, varying intensities, or non-
standardized nutritional conditions, 
thereby limiting interpretability. 
Moreover, few investigations have 
integrated hormonal responses with 
substrate utilization patterns, despite 
evidence that fat and carbohydrate 
oxidation are strongly influenced by the 

13,14timing of exercise relative to meals.    
This lack of an integrative approach 
constrains understanding of whether 
observed metabolic benefits are 
primarily hormonally mediated, 
substrate driven, or a combination of 
both.

Therefore, a critical unanswered 
question remains: does the timing of 
exercise within the postprandial 
window differentially influence irisin 
secretion, lipid metabolism, and 
substrate utilization in adults with 
prediabetes? Clarifying this relationship 
is essential for refining exercise 
p resc r ip t ions  beyond  gener i c  
recommendations toward mechanism-
i n f o r m e d ,  p r e c i s i o n  l i f e s t y l e  
interventions.

To address these gaps, the present study 
evaluated the effects of four distinct 
postprandial exercise timings; 30, 60, 
90, and 120 minutes after consumption 
of a standardized meal, implemented in 
a structured, week-by-week sequence. 
Using a repeated-measures design, each 
participant served as their own control, 
a l lowing  d i rect  wi th in-sub ject  
comparisons across timing conditions. 
The study assessed changes in serum 

i r i s i n  l e v e l s ,  l i p i d  p r o f i l e s ,  
anthropometric measures, perceived 
stress, and substrate metabolism, 
thereby extending existing evidence by 
integrating exercise timing with 
hormonal and metabolic mechanisms in 
a prediabetic population.

METHODS

Study design and ethical approval: 
This controlled, repeated-measures 
experimental study was conducted at 
the Sports Research Unit of Khyber 
Medical University, Peshawar, Pakistan, 
between July 2022 and December 
2023. Ethical approval was obtained 
from the Graduate Study Committee 
(Ref. No. 62/2022), the Advanced Study 
and Research Board (Letter No. 
DIR/KMU-AS&RB/EA/001693), and the 
Institutional Review Board and Ethics 
Committee of the Institute of Basic 
Medical Sciences, KMU (Approval Nos. 
KMU/IBMS/IRBE/meeting/2022/8075 
a n d  K M U / I B M S / I R B E / 3 r d  
meeting/2023/9606-7). The study was 
registered with ClinicalTrials.gov 
(Identifier: NCT06656377). 

Written informed consent was obtained 
from all participants prior to enrolment, 
and the study was conducted in 
accordance with the ethical principles of 
the Declaration of Helsinki.

Participants: A total of 25 middle-aged 
adults with prediabetes were recruited 
using non-probabil ity purposive 
sampling. Sample size estimation was 

*performed using G Power software 
(vers ion  3 .1 .9 .2 ) ,  a s suming  a  
significance level of α=0.05, statistical 
power of 1–β=0.95, and an effect 
size derived from previous exercise 
intervention studies. Participants 
were screened and diagnosed according 
to the American Diabetes Association 
criteria for prediabetes, defined by 
fasting plasma glucose levels of 100-125 
mg/dL and glycated hemoglobin 

15(HbA1c) values of 5.7%-6.4%.

Participant eligibility, screening, 
and baseline assessment: Eligible 
participants were adults aged 30-40 
years with a sedentary lifestyle, as 
determined using the International 
Physical Activity Questionnaire (IPAQ) 
short form, and were deemed physically 
fit to undertake exercise based on the 

P h y s i c a l  A c t i v i t y  R e a d i n e s s  
Questionnaire (PAR-Q). Exclusion 
criteria included a prior diagnosis of 
diabetes mellitus; cardiovascular, 
pulmonary,  or musculoskeleta l  
disorders; pregnancy or lactation; 
current  use  o f  l ip id - lower ing  
medications; or participation in any 
other interventional studies.

At the initial visit, participants 
underwent comprehensive screening 
and baseline assessments. Ant-
hropometric measurements, incl-uding 
height and weight, were recorded using 
a stadiometer and a calibrated digital 
weighing scale, and body mass index 
(BMI) was calculated as weight in 
kilograms divided by height in meters 
squared (kg/m²). Waist circumference 
was measured at the midpoint between 
the lowest rib and the iliac crest, while 
hip circumference was measured at the 
widest point of the hips; the waist-to-
hip ratio (WHR) was subsequently 
derived. Fasting blood samples were 
also obtained to assess glycated 
hemoglobin (HbA1c) and lipid profiles 
as part of the baseline biochemical 
evaluation.

Study protocol

Overview: Participants served as their 
own controls and completed four 
exercise sessions scheduled for one 
week apart. Each session was 
performed at a different postprandial 
interval (30, 60, 90, and 120 minutes) 
following consumption of a stan-
dardized breakfast, with postpr-andial 
exercise timing serving as the primary 
variable of interest.

Standardized meal: At each visit, 
participants consumed a standardized 
250-kcal isocaloric breakfast in the 
fasting state. The meal provided 
approximately 55% carbohydrates, 
25% fat, and 20% protein, with an 
estimated moderate glycaemic index 
(GI≈55-60), and consisted of two slices 
of whole-grain bread, one boiled egg, 
a n d  a  m e a s u r e d  p o r t i o n  o f  
unsweetened low-fat milk tea. All meals 
were prepared under standardized 
conditions within the research facility 
and consumed within a fixed 20-minute 
period. Identical food items, portion 
sizes, preparation methods, and serving 
times were maintained across all visits 
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to ensure consistency of postprandial 
metabolic exposure. Participants were 
instructed to abstain from any additional 
food or beverages, except water, during 
the waiting period prior to exercise.

The exercise regimen consisted of 
treadmill walking performed at 50% of 
the predicted maximum heart rate 
(PMHR), calculated using the formula 
PMHR=220 -age. Each session lasted 
40 minutes, including a 5-minute warm-
up and a 5-minute cool-down. Exercise 
was initiated at four postprandial time 
points: 30 minutes (Visit 1), 60 minutes 
(Visit 2), 90 minutes (Visit 3), and 120 
m inu te s  (V i s i t  4 )  a f t e r  mea l  
consumpt ion.  Heart  ra te  was  
continuously monitored using a Garmin 
HRM chest strap, and treadmill speed 
was adjusted as needed to maintain the 
target PMHR. Participants were advised 
to avoid vigorous physical activity for at 
least 24 hours prior to each session.

Blood sample collection and 
biochemical analysis: Venous blood 
samples were collected at four time-
points during each visit: fasting (prior to 
breakfast), pre-exercise (immediately 
before the treadmill session), and at 30- 
and 60-minutes post-exercise. All 
samples were processed under aseptic 
conditions and centrifuged to separate 

°plasma, which was stored at -80 C until 
analysis.

Biochemical analyses included a lipid 
profile comprising total cholesterol, 
high-density lipoprotein (HDL), low-
density l ipoprotein (LDL), and 
triglycerides. Serum irisin conce-
ntrations were measured using a 
commercially available enzyme-linked 
immunosorbent assay (ELISA) kit 
(manufacturer and catalogue number to 
be specified in the final version), with an 
analytical sensitivity of <1 ng/mL and a 
detection range appropriate for human 
serum. All samples were analyzed in 
duplicate, preferably within the same 
assay batch, to minimize inter-assay 
variability. Intra-assay and inter-assay 
coef f ic ients  of  var iat ion were 
maintained below 10% and 12%, 
respectively, in accordance with 
manufacturer specifications. Samples 
underwent only a single freeze–thaw 
cycle, and all analyses were conducted 
by the same trained laboratory 
personnel following standardized 

operating procedures.

C a r d i o r e s p i r a t o r y  f i t n e s s  
assessment and gas analyzer: 
Cardiorespiratory variables were 
assessed using a breath-by-breath gas 
exchange analyzer (COSMED, Italy). 
Prior to each testing session, the 
metabolic cart was calibrated in 
accordance with manufacturer 
guidelines, including gas calibration with 
certified reference gas concentrations 
and flow calibration using a precision 
syringe. Ambient environmental 
conditions, including temperature, 
humidity, and barometric pressure, 
were recorded and incorporated into 
the calibration process. Calibration 
procedures were repeated before each 
par t i c ipant  sess ion  to  ensure  
consistency and accuracy of measu-
rements across all visits.

Measured parameters included oxygen 

consumption (VO₂), carbon dioxide 

production (VCO₂), respiratory 
quotient (RQ), metabolic equivalents 
(METs), heart rate (HR), energy 
expenditure (EEh; kcal/h), and fat and 
carbohydrate oxidation rates (kcal/day).

Psychological assessment: The 
Perceived Stress Scale (PSS) was 
administered before and after each 
exercise session to assess acute changes 
in psychological stress levels.

Chronobiological and temporal 
controls: All exercise testing sessions 
were conducted within a fixed morning 
time window (08:00 –11:00 AM), with 
individual testing times kept consistent 
across all four visits for each participant. 
Participants were instructed to maintain 
their usual sleep patterns and to refrain 
from strenuous physical activity for at 
least 24 hours prior to each session. 
Self-reported sleep duration and recent 
physical  activity were verbal ly 
confirmed at each visit. Although formal 
chronotype assessment was not 
performed, the use of stable testing 
windows minimized circadian variability 
and supported interpretation of 
exercise timing effects within a chrono-
exercise framework.

Ethical considerations related to 
repeated venepuncture: To minimize 
participant burden associated with 
multiple venous blood samples across 
study visits, a single peripheral 

intravenous cannula (three-way 
cannula) was inserted at the start of 
each visit, thereby avoiding repeated 
venepunctures. All subsequent samples 
during that visit were obtained through 
the same cannula under aseptic 
conditions. The cannula was flushed 
with normal saline after each sampling 
to maintain patency and prevent clot 
formation. Al l  insertions were 
performed by an exper ienced 
phlebotomist using the smallest gauge 
compatible with adequate blood 
collection.

Part ic ipants were continuously 
monitored for discomfort, hematoma, 
dizziness, or vasovagal symptoms 
throughout each session. Potential risks 
and benefits, including those related to 
repeated blood sampling, were clearly 
explained during the informed consent 
process, and participants retained the 
right to withdraw at any time without 
penalty. The risk–benefit profile of this 
procedure was reviewed and approved 
by the Institutional Review Board prior 
to study initiation. 

Statistical analysis: Data were 
analyzed using SPSS version 23 and 
GraphPad Prism version 8. Descriptive 
statistics were presented as mean± 
standard deviation (SD). Inferential 
analyses included paired t-tests to 
assess pre- and post-exercise changes 
within each visit and repeated-
measures ANOVA with Bonferroni post 
hoc correction to evaluate trends across 
visits. Independent sample t-tests were 
applied to examine gender-based 
differences in anthropometric variables. 
A p value<0.05 was considered 
statistically significant. Graphical 
representations of lipid parameters and 
substrate metabolism were generated 
to improve clarity and support 
publication.

RESULTS

The participants had a mean age of 
34.88±4.11 years. Male participants 
were significantly taller than females 
(172.70 cm vs. 164.25 cm; p=0.002), 
and waist circumference was also 
significantly higher in males compared 
with females (103.76 cm vs. 98.75 cm; 
p=0.035). No statistically significant 
gender differences were observed in 
hip circumference (p=0.467), body 
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weight (p=0.545), or body mass index 
(p=0.372), although females exhibited 
a slightly higher mean BMI than males 
(31.48 vs. 29.81 kg/m²). Detailed 
anthropometric characteristics are 
presented in Table I. All the values in the 
table are presented as means± 

standard deviation (SD) values for the 
demographic and anthropometric 
parameters of the study participant's, 
categorized overall and by gender.  
Table II summarizes changes in lipid 
profiles at different postprandial 
exercise intervals. Across all visits, total 

c h o l e s t e r o l  l e v e l s  d e c r e a s e d  
significantly at 60 minutes of post-
exercise compared with pre-exercise 
values, with the greatest reduction 
observed during the 30-minute 
postprandial exercise session (p< 
0.001). Triglyceride levels demons-
trated variable responses, with a 
significant reduction observed in Visit 2 
(60-minute post-meal exercise; 
p=0.032), while changes during other 
vis its did not reach statist ical  
significance. High-density lipoprotein 
(HDL) levels increased consistently 
following exercise, with statistically 
significant elevations at 60 minutes 
across all four visits (p<0.05), most 
n o t a b l y  a f t e r  t h e  3 0 - m i n u t e  
postprandial session. Low-density 
lipoprotein (LDL) levels decreased 
significantly after exercise in Visits 1 
through 3 but not in Visit 4, indicating a 
diminishing lipid-lowering effect with 

459KMUJ 2025, Vol. 17 No. 4

Participant Characteristics Total Female(n=8) Male (n=17) p-value

Age (years) 34.88±4.11 32.25±4.23 36.11±3.53 0.025

Height (cm) 170±6.70 164.25±2.91 172.70±6.28 0.002

Weight (kg) 87.85±14.56 85.21±13.77 89.1±13.77 0.545

2Body Mass Index (kg/m ) 30.34±4.27 31.48±4.30 29.81±4.28 0.372

Waist Circumference  (cm) 102.16±12.22 98.75±17.10 103.76±10.73 0.035

Hip Circumference (cm) 105.13±12.43 106.41±9.93 102.42±17.10 0.467

Waist to hip ratio 0.97±0.04 0.92±0.05 1.01±0.02 0.659

Table I: Demographic and anthropometric profile of participants
 in the study

m=meter; cm: centimeter

Markers Visits Fasting    Waiting time (minutes) Pre-exercise 30 min 60 min p -values 

Cholesterol

1 207.58±30.45 30 216.36±29.57 199.08±5.51 184.80±5.07 <0.001

2 216.92±44.87 60 221.56±48.96 201.44±41.48 189.44±39.72 <0.001

3 198.44±40.88 90 211.16±45.84 187.6±28.51 184.2±31.17 0.002

4 201.36±30.77 120 207.72±32.66 188.76±22.26 179.88±20.84 <0.001

p -value 0.314 - 0.636 0.274 0.738 -

TG

1 184.2±27.46 30 196.88±35.58 188.6±29.59 179.88±31.86 0.105

2 183.88±26.71 60 200.2±33.59 185.52±27.56 174.04±23.10 0.032

3 177.8±25.68 90 199.4±30.64 187.08±28.05 176.04±29.36 0.224

4 174.36±21.02 120 187.28±23.59 178.96±19.52 173.08±17.54 0.27

p-value 0.445 - 0.442 0.590 0.801 -

HDL

1 38.8±1.47 30 38.6±2.17 40.08±2.88 43.76±2.03 <0.001

2 38.76±2.48 60 38.68±2.15 39.8±2.34 41.12±2.61 <0.001

3 39±1.91 90 39.6±1.77 40.2±2.94 40.24±1.96 <0.001

4 39.2±2.23 120 38.88±1.58 40.36±2.56 39.88±2.53 0.031

p -value 0.867 - 0.255 0.901 <0.001 -

LDL

1 88.04±10.99 30 94±14.03 89.76±13.22 80.88±10.70 <0.001

2 82.64±9.86 60 87.64±10.75 84.76±11.29 77±10.76 <0.001

3 87.68±13.60 90 92.8±12.31 88.16±13.60 85.32±12.96 0.002

4 87.4±12.46 120 92.88±11.33 89.48±11.02 86.24±9.95 0.198

p -value 0.329 - 0.257 0.462 0.015 -

TG: Triglycerides; HDL: high-density lipoprotein; LDL: low-density lipoprotein

Table II: Changes in lipid profiles at various postprandial time points following exercise

Effects of postprandial exercise timing on Irisin and metabolic responses in adults with prediabetes
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delayed exercise timing (p=0.198).

Bonferroni-adjusted post hoc analysis 
(Table III) confirmed significant 
reductions in total cholesterol and LDL 
cholesterol from pre-exercise to both 
30- and 60-minutes post-exercise 
across study visits. Triglyceride levels 
demonstrated a comparable pattern, 
with significant reductions particularly 
evident in Visits 2 and 3. In contrast, 
HDL cholesterol showed modest 
decreases at certain time points, which 
may reflect acute fluid shifts or transient 
metabolic changes following exercise. 
Overall, LDL cholesterol reductions 
were consistent, demonstrating 
statistically significant declines across 
nearly all comparisons.

Table IV presents data on respiratory 
and metabolic parameters. While the 
number of steps and exercise duration 
remained statistically unchanged across 
different time intervals, oxygen 

consumption (VO₂) significantly 
increased with delayed exercise (p 
<0.001). Notably, fat oxidation was 
highest during the 30-minute post-meal 
exercise session and significantly 
declined with increasing wait times (p 
=0.015). Conversely, carbohydrate 
oxidation progressively increased, 
peaking at the 120-minute mark (p 
=0.026), indicating a metabolic 
substrate shift from fat to carbohydrate 
utilization as the postprandial period 
extended.

Timing protocol Human Irisin 
hormone concentration: Figure 1 
i l l u s t r a t e s  I r i s i n  h o r m o n e  
concentrations across the four exercise 
sessions. The highest increase in Irisin 
was  observed  when  exerc i se  
commenced 30 minutes post-meal, 
with a statistically significant rise across 

*  **  ***all visits ( p<0.05, p<0.005, p< 
0.001). This suggests that early 
postprandial exercise is most effective 
in stimulating Irisin secretion. Perceived 
stress levels, measured using the 
Perceived Stress Scale (PSS), showed no 
significant statistical change from 
baseline to the end of the study (p> 
0.05). However, subjective reports 
indicated that participants felt more 
relaxed and energized following 
exercise sessions, reflecting positive 
psychological responses even in the 
absence of statistically significant 

differences (Figure 2).  

Collectively, these findings support the 
hypothesis that exercise timing 
significantly influences lipid metabolism, 
substrate utilization, and hormonal 
responses  in  ind iv idua l s  w i th  
prediabetes. Exercise performed within 
30–60 minutes after meal consumption 
was most effective in improving lipid 
profiles, enhancing fat oxidation, and 
increasing irisin levels. These results 
p r o v i d e  s t r o n g  e v i d e n c e  f o r  
incorporating time-specific physical 
activity into metabolic risk reduction 
and management strategies.         

DISCUSSION

This  s tudy demonstrates  that  
p o s t p r a n d i a l  e x e r c i s e  t i m i n g  
significantly influences lipid metabolism, 
substrate utilization, and hormonal 
responses in adults with prediabetes. 
Exercise performed within 30-60 
minutes after meal intake elicited the 
most favorable metabolic effects, 
including pronounced increases in 
circulating irisin, improved lipid profiles, 
and enhanced fat oxidation. By 
integrating metabolic, hormonal, and 
substrate utilization outcomes within a 
standardized nutritional context, these 
findings emphasize exercise timing 
relative to meals as a modifiable 
determinant of metabolic adaptation 
and support the role of chrono-exercise 
as a targeted, non-pharmacological 
strategy for reducing cardiometabolic 

11risk in individuals with prediabetes.

Irisin has been proposed as a key 
mediator linking skeletal muscle 
contraction to systemic metabolic 
regulation. First described by Boström 
P, et al., this exercise-induced myokine 
has emerged as a promising molecular 
link between physical activity and 
metabolic homeostasis. 

In the present study, circulating irisin 
levels increased significantly when 
exercise was initiated 30 and 60 minutes 
after meal intake, a pattern consistent 
with previous reports by Parada-
Sánchez SG, et al., and Rioux BV, et al., 
which demonstrated that both exercise 
modality and intensity influence irisin 

18,19responses.  These findings may 
reflect enhanced muscle-adipose 
signal ing within a postprandial  
metabolic milieu; however, they should 

be interpreted with caution.

Rather than suggesting a discrete 
“anabolic window,” our results support 
the  hypothes i s  tha t  t rans ient  
postprandial insulin availability and 
nutrient flux may permissively modulate 
exercise-induced irisin release. This 
interpretation aligns with experimental 
evidence indicating that irisin secretion 
is sensitive to both metabolic state and 
exercise context, although the 
underlying causal mechanisms remain 
incompletely understood. Future 
mechanistic studies incorporating 
insulin dynamics, glucose kinetics, and 
muscle tissue analyses are warranted to 
further elucidate these interactions.

These findings suggest that the 
postprandial anabolic milieu may 
enhance muscle-adipose signaling 
through improved insulin sensitivity and 
nutrient availability, thereby optimizing 
irisin secretion. This observation is 
consistent with findings by Aqeel M, et 
al., who highlighted the glycaemic 

20benefits of post-meal exercise,    
although the present study uniquely 
positions irisin as a central mechanistic 
mediator in prediabetic populations.

Our results demonstrated consistent 
and significant reductions in total 
cholesterol, LDL cholesterol, and 
triglycerides, particularly when exercise 
was performed 30-60 minutes after 
meal consumption. This temporal 
pattern suggests that exercise during 
peak postprandial lipaemia may 
facilitate lipid clearance, potentially 
through increased lipoprotein lipase 
activity and accelerated turnover of 
triglyceride-rich lipoproteins. The 
observed post-exercise increase in 
HDL cholesterol aligns with previous 
systematic reviews indicating that HDL 
is among the most responsive lipid 

2 1fractions to aerobic exercise.    
Collectively, these findings support the 
hypothesis that exercise undertaken 
during peak postprandia l  l ip id 
excursions can acutely attenuate 
lipaemia, likely via enhanced lipoprotein 
lipase activity and upregulation of 

22,23hepatic LDL receptor expression.  

Furthermore, the variabil ity in 
triglyceride and LDL responses 
observed during the 90- and 120-
minute exercise windows highlights the 
importance of individual metabolic 
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reported that late-afternoon endurance 
exercise more effectively reduced 24-
hour glucose and triglyceride levels 
compared with morning exercise, 
suggesting a circadian influence on 

10metabolic regulation.    These findings 
are consistent with our observation that 
exercise performed early in the 
postprandial period enhances lipid 
metabolism. Similarly, Vecchiato M, et 
al., (2022) demon-strated exercise-
induced increases in circulating irisin in 
healthy populations, further reinforcing 

29our results.   

Among individuals with type 2 diabetes, 
studies by Savikj M, et al., (2019) and 
Moholdt T, et al., (2021) showed that 
afternoon or evening exercise 
improved glycaemic profiles more 

30,31effectively than morning sessions.    
These benefits parallel our findings in 
prediabetes, where early postprandial 
exercise (30–60 minutes after meals) 
produced the most favorable metabolic 
responses. In contrast, Teo SYM, et al., 
(2020) reported no significant timing-
related dif ferences, potentia l ly 
attributable to variations in dietary 

32intake and exercise modalities.   

Limitations of the study 

Several limitations of this study warrant 
consideration. First, the relatively small 
sample size and the use of a non-
probability sampling strategy may limit 
the generalizability of the findings. 
Measurement of ir is in remains 
methodologically challenging, and 
although standardized ELISA protocols 
were followed, the possibility of inter-
assay variability cannot be entirely 
excluded. In addition, while exercise 
testing was standardized within a fixed 
morning time window, comprehensive 
circadian profiling (such as chronotype 
assessment or evaluation of melatonin 
rhythms) was not performed, thereby 
limiting inferences regarding the 
influence of intrinsic biological clocks.

Clinical and Practical Implications: 
F r o m  a  c l i n i c a l  s t a n d p o i n t ,  
recommending moderate-intensity 
exercise approximately 30 minutes 
after meal intake appears both feasible 
and sa fe  for  ind iv idua l s  wi th  
prediabetes. This timing integrates well 
with daily routines, avoids prolonged 
fasting, and may enhance adherence 

compared with more rigid exercise 
3 3 , 3 4prescr ipt ions.  Notably,  the 

metabolic benefits observed in this 
s tudy  were  ach ieved through 
moderate-intensity treadmill walking, a 
widely accessible and low-risk activity, 
underscoring its potential for real-world 

35implementation.

Nevertheless, exercise recommen-
dations should be indi-vidualized, 
particularly for individuals with 
comorbid conditions, mobility limi-
tations, or more advanced glycaemic 
dysregulation. While the present 
findings support postprandial exercise 
as a practical lifestyle strategy, they 
should be regarded as hypothesis 
generating rather than prescriptive, 
p e n d i n g  v a l i d a t i o n  i n  l a r g e r,  
randomized, and long-term trials 
incorporating clinically meaningful 
outcomes.

CONCLUSION 

In summary, this study demonstrates 
that metabolic and hormonal responses 
to exercise in individuals with 
prediabetes are strongly influenced by 
pos tprand i a l  t im ing .  Exerc i se  
performed within 30-60 minutes after 
meal intake yielded the most favorable 
outcomes in terms of irisin secretion, 
lipid modulation, and fat oxidation. 
These findings add to the growing 
evidence base for chrono-exercise and 
support further investigation into time-
specific lifestyle interventions aimed at 
reducing metabolic risk.
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