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ABSTRACT

Aim: This single-case study aimed to investigate the acute effects of a structured diet and exercise protocol on
glycemic control and variability in a sedentary prediabetic individual, using continuous glucose monitoring.
Material and Method: A 40-year-old female with prediabetes underwent a 6-day controlled intervention with
a fixed macronutrient diet and three daily sessions of moderate-intensity continuous cycling on an ergometer.
Interstitial glucose was monitored via Medtronic iPro2 CGM at 5-min intervals. Glycemic metrics (mean
glucose, time in range, variability) were analyzed for 24-h, daytime, and nighttime using Glyculator 3.0
software per international consensus. Pre- and post-intervention assessments included body composition and
fasting metabolic parameters (insulin, HOMA-IR).

Results: Fasting insulin decreased from 16 to 8.91 plU/mL; HOMA-IR from 3.55 to 1.98. CGM showed mean
glucose of 106.88 mg/dL, 100% time in range (70-180 mg/dL), but elevated glycemic variability (higher
daytime vs. nighttime). Pre-meal exercise consistently blunted postprandial glucose peaks. Body composition
improved.

Conclusion: Short-term lifestyle intervention rapidly enhanced insulin sensitivity and body composition.
CGM detected high variability despite normal averages, underscoring its role in early dysglycemia detection
and personalized guidance on exercise timing.

Keywords: Aerobic Exercise, Continuous Glucose Monitoring, Glycemic Variability, Prediabetes.
OZET

Amag: Bu tek vaka gozlem galigmasi, prediyabetli sedanter bir bireyde, 1 haftalik yapilandirilmis diyet ve
egzersiz protokoliiniin glisemik kontrol ve degiskenlik izerindeki akut etkilerini siirekli glikoz izleme (SGT)
ile arastirmay1 amaglamustir.

Materyal ve Metod: Prediyabetli 40 yasinda kadin katilimci, sabit makro besin diyeti ve bisiklet
ergometresinde giinde {i¢ seans orta yogunluklu siirekli antrenman (OYSA) igeren 6 giinliik kontrollii
miidahaleye alind1. Glukoz, Medtronic iPro2 SGI cihaziyla izlendi. Glisemik 6l¢iimler uluslararasi konsensiise
gore hesaplandi; veriler Glyculator 3.0 ile 24 saat, giindiiz ve gece i¢in analiz edildi. Viicut kompozisyonu ve
metabolik parametreler miidahale 6ncesi ve sonrasi degerlendirildi.

Bulgular: Aglik insiilini (16'dan 8,91 pIU/mL) ve HOMA-IR (3,55'ten 1,98) diistii. CGM'de ortalama glukoz
106,88 mg/dL ve hedef aralikta kalma siiresi (TIR) (70-180 mg/dL) %100 olmasma ragmen, glisemik
degiskenlik yiiksekti (degisim katsayis1 CV: %14,67; glisemik eksiirsyonlarin ortalama genligi MAGE: 28,07
mg/dL). Giindiiz degiskenligi geceye gore daha yiiksekti. Yemek oOncesi egzersiz, yemek sonrasi glukoz
artiglarini belirgin sekilde azaltti.

Sonug: Kisa siireli yapilandirilmis yasam tarzi miidahalesi, prediyabette insiilin duyarliligmi ve viicut
kompozisyonunu hizla iyilestirdi. SGI, normal ortalama glukoza ragmen artmis glisemik degiskenligi ortaya
koyarak, erken disgliseminin saptanmasi ve egzersiz zamanlamasi gibi kisisellestirilmis tedavi kilavuzlugunda
degerli bir arag olabilecegini gosterdi.

Anahtar Kelimeler: Aerobik Egzersiz, Glisemik Degiskenlik, Prediyabet, Siirekli Glukoz Izleme.
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INTRODUCTION

Prediabetes is a critical clinical intermediate stage that carries a high risk for type 2 diabetes (T2D),
is often asymptomatic, and is increasing in global prevalence (Carvalho & Liang, 2024; Echouffo-
Tcheugui et al., 2023; Bent et al., 2021).

Traditional diagnostic methods (HbA1c, fasting glucose) cannot adequately reflect intraday glucose
fluctuations (Cichosz et al., 2025). In contrast, Continuous Glucose Monitoring (CGM) systems reveal
the dynamic nature of control by providing consensus-based advanced metrics such as time in range
(TIR) and coefficient of variation (CV) (Rodbard, 2012; Danne et al., 2017; Battelino et al., 2019, 2022).

Regular aerobic exercise is an important component of lifestyle interventions for prediabetes. It has
been shown to improve insulin sensitivity and glucose regulation, thereby reducing the risk of
progression to type 2 diabetes (Ji et al., 2025). Integrating CGM data with physiological responses to
exercise can further improve these interventions by providing detailed feedback on how different
exercise methods affect individual glucose profiles (Choi et al., 2023). Thirty minutes of aerobic
exercise pre-meals has been shown to acutely improve postprandial glucose fluctuations, particularly in
individuals with impaired glucose tolerance (Chaudhry et al., 2024).

However, a consensus has yet to be reached regarding the precise role of CGM in prediabetes. In
this heterogeneous condition, average glucose may remain within normal limits, while postprandial
elevations and increased glycemic variability may be observed (Polonsky et al., 1988). Recent studies
suggest that glycemic variability metrics may be more sensitive than average glucose for detecting
prediabetes (Olsen et al., 2024; Cichosz et al., 2025). Furthermore, short “exercise snacks” performed
pre-meals have been shown to reduce postprandial glycaemia (Francois et al., 2014).

The objective of this study was twofold: firstly, to evaluate glycemic variability and the effect of
exercise timing using CGM data collected under a fixed diet and a one-week intensive exercise protocol
in a prediabetic individual without prior exercise history; and secondly, to investigate the therapeutic
effect of the training program as well as the potential of CGM for personalised monitoring.

MATERIAL AND METHOD
Participant, Protocol and Data Collection

The rationale for selecting the combined protocol of a Mediterranean-based isocaloric diet, three
daily sessions of moderate-intensity exercise before meals, and continuous glucose monitoring stems
from their synergistic physiological effects on postprandial glucose control, insulin sensitivity, and
glycemic variability in prediabetes (Chang et al., 2020; Slentz et al., 2016) Specifically, the isocaloric
diet with fixed meal times and balanced macronutrient composition (50-55% carbohydrates, 15-20%
protein, 25-30% fat) standardizes the metabolic challenge, thereby minimizing within-day glucose
fluctuations and postprandial excursions. Pre-meal moderate-intensity exercise sessions target the
anticipated postprandial glucose peak by promoting muscle contractions that enhance glucose uptake
through both insulin-dependent and insulin-independent (contraction-mediated GLUT4 translocation)
pathways, reducing hyperglycemia magnitude and overall glycemic variability. High-frequency CGM
provides fine temporal resolution (5-min intervals) to capture the dynamic interplay between diet,
exercise timing, and real-time glucose responses, revealing acute variability changes undetectable by
traditional methods (Chang et al., 2020). Collectively, this intervention hypothesizes that repeated, timed
lifestyle modifications can rapidly improve glycemic control in prediabetes by attenuating postprandial
spikes and boosting insulin sensitivity.
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The CGM data from the participant was analysed over the course of one week. Prior to the
intervention, cardiovascular risk was assessed via the Bruce protocol treadmill test at Pendik Training
and Research Hospital. Interstitial glucose levels were measured at five-minute intervals using a
Medtronic iPro2 CGM device (Medtronic, Northridge, CA, USA). The study was approved by the
Institutional Ethics Committee of Marmara University, and written informed consent was obtained from
the participant.

During the study, the participant's meal times were kept fixed (08:00, 12:00, 16:00, and 20:00), and
moderate-intensity aerobic cycling exercise was performed three times a day (11:00, 15:00, and 19:00)
for 30 minutes. A personalized nutrition programme consisting of four meals per day was planned for
the participant to minimize intraday glycemic fluctuations and ensure standardization of measurements.
All meals were arranged to be isocaloric and standardized with a macro-nutrient distribution of 50-55%
carbohydrates, 15-20% protein, and 25-30% fat.

The participant's basal metabolic rate (BMR) was calculated using the Harris-Benedict formula
[655.1 +(9.56 x weight, kg) + (1.85 x height, cm) — (4.68 x age)] and the resulting value was multiplied
by a physical activity factor of 1.3, taking into account the participant's sedentary lifestyle, to determine
the daily energy requirement.

In the moderate-intensity continuous training (MICT) protocol, the target heart rate was determined
based on the heart rate reserve (HRR) calculated using the Karvonen method. This calculation utilized
the participant's maximum heart rate and resting heart rate obtained during the Bruce protocol. The
exercise protocol consisted of a 2-minute light-intensity active warm-up at 50% of HRR, followed by 1
minute of passive rest. Subsequently, participants performed 25 minutes of moderate-intensity exercise
at 60-65% of HRR, concluding with a 2-minute light-intensity active cool-down at 50% of HRR on a
Concept2 BikeErg indoor cycling ergometer (Concept2, Morrisville, VT, USA). The total exercise
duration was 30 minutes, and the protocol was performed three times daily at 11:00, 15:00, and 19:00
for one week. The inclusion of the 2-minute warm-up and 1-minute passive rest interval was based on
the recommendations of Bishop (2003), which suggest that a brief recovery period following a short
warm-up can optimize subsequent performance by facilitating phosphocreatine resynthesis while
maintaining elevated muscle temperature. The target heart rate was calculated using the following
Karvonen formula (1):

Equation (1) Target Heart Rate = [(Maximum Heart Rate - Resting Heart Rate) x Target Intensity
%] + Resting Heart Rate

The participant's fasting plasma glucose and insulin levels, and 2-hour glucose levels from a 75 g
oral glucose tolerance test (OGTT), were measured before and after the intervention. Since HbAlc
reflects approximately three months of glycemic control and no significant change was expected during
the one-week intervention period, HbAlc levels were assessed at baseline. The Glucose Management
Index (GMI) was then calculated at the end of the study based on the average glucose level obtained
from CGM system (Bergenstal et al., 2018). The GMI value was derived using the formula (2):

Equation (2) GMI = 3.31 + 0.02392 x [average sensor glucose (mg/dL)]

Body composition measurements were performed using the TANITA BC-418 device (TANITA
Corporation, Tokyo, Japan) via bioelectrical impedance analysis (BIA) before and after the intervention.
Body weight, body mass index (BMI), fat mass, body fat percentage, and lean mass were measured,;
waist and hip circumference measurements were taken using a tape measure.
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CGM Data Analysis

CGM data were processed and analyzed in two distinct phases. First, raw glucose data were
downloaded from the Medtronic iPro2 CGM device using the manufacturer's proprietary CareLink®
software (Medtronic, Northridge, CA, USA) and exported in a standard spreadsheet (Excel) format.
These data were subsequently imported into Glyculator 3.0 (Chrzanowski et al., 2023), a validated,
open-source software tool for the standardized analysis of CGM metrics in accordance with international
consensus recommendations (Battelino et al., 2019, 2022). All glycemic metrics were calculated
automatically by the Glyculator software using the imported dataset.

In the first stage of analysis, data were processed for three daily time windows: 24-hour (full day),
daytime (07:00-23:00), and night-time (23:00-07:00). The calculated metrics are summarized in the
following four categories:

1. Average Glucose and Glucose Management Indicator (GMI)

2. Time-Based Metrics: Percentages of time spent in the Target Range (TIR: 70-180 mg/dL), Above
Range (TAR), and Below Range (TBR).

3. Glycemic Variability Metrics: Standard Deviation (SD), Coefficient of Variation (CV), Mean
Amplitude of Glycemic Excursions (MAGE) (Rodbard, 2012; Olsen et al., 2024; Cichosz et al., 2025).

4. Risk-Based Metrics: Glycemic Risk Index (GRI), Low (LBGI) and High (HBGI) Blood Sugar
Indices (Kovatchev et al., 1998; Klonoff et al., 2022).

The second analysis defined five separate time windows focusing on intra-day periods containing
exercise and meals: DM=07:00-11:00 (morning breakfast), DA1=11:00-15:00 (first exercise and post-
exercise meal), DA2=15:00-19:00 (second exercise and post-exercise meal), DA3=19:00-23:00 (third
exercise and post-exercise meal), and DN=23:00-07:00 (night). For these windows, the maximum,
minimum, maximum-minimum difference (range), mean, and standard deviation glucose values were
calculated for each day. Due to the non-normal distribution in the comparison of these measurements
repeated over one week, the non-parametric Friedman test and Durbin-Conover post-hoc pairwise
comparisons were applied, and statistical significance was set at p<0.05.

To minimize potential sources of bias, several measures were implemented. Measurement bias was
reduced by using a calibrated, factory-set CGM device (Medtronic iPro2) and by standardizing the data
processing pipeline through validated software (Glyculator 3.0). Performance bias was mitigated by
strictly controlling the intervention: meal content and timing, exercise intensity (using heart rate
reserve), and session duration were fixed throughout the study period. Although not applicable in a
single-case design, selection bias was acknowledged as an inherent limitation regarding generalizability.

Research Group

The present study employed a single-case design (n=1) to conduct an in-depth, high-resolution
analysis of glycemic variability and the acute effects of a combined lifestyle intervention—incorporating
both a structured exercise protocol and a standardized Mediterranean dietary plan—under meticulously
controlled conditions. The participant, a 40-year-old female with prediabetes, was classified as sedentary
(defined as not having engaged in exercise for at least 3 days per week for more than 30 minutes per day
during the preceding 3 months). She was specifically selected for her demonstrated ability to adhere to
the intensive protocol, which required precise meal and exercise timing. This single-case approach was
adopted to assess the feasibility of this novel, high-burden 1-week intensive exercise and diet
intervention combined with CGM. The design eliminates inter-individual variability as a confounding
factor, enabling a detailed longitudinal profile of glucose dynamics, while preserving individual-level
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glycemic response variability—a key feature in prediabetes—that would be lost in group-averaged
designs. The study thus serves as a proof-of-concept and feasibility assessment, generating hypotheses
and effect size estimates to inform future randomized controlled trials.

Statistical Analysis

CGM data were processed and analyzed using Glyculator 3.0 (Chrzanowski et al., 2022), a validated
software tool for standardized analysis in accordance with international consensus recommendations
(Battelino et al., 2019,2022). All glycemic metrics were calculated automatically by the software.

For the five intra-day time windows (DM=07:00-11:00, DA1=11:00-15:00, DA2=15:00-19:00,
DA3=19:00-23:00, DN=23:00-07:00), maximum, minimum, maximum-minimum difference, mean,
and standard deviation glucose values were calculated for each day. Due to the non-normal distribution
in the comparison of these measurements repeated over one week, the non-parametric Friedman test and
Durbin-Conover post-hoc pairwise comparisons were applied, and statistical significance was set at
p<0.05.

To minimize potential sources of bias, several measures were implemented. Measurement bias was
reduced by using a calibrated, factory-set CGM device and by standardizing the data processing pipeline
through validated software. Performance bias was mitigated by strictly controlling the intervention: meal
content and timing, exercise intensity, and session duration were fixed throughout the study period.
Although not applicable in a single-case design, selection bias was acknowledged as an inherent
limitation regarding generalizability.

RESULTS

A subsequent comparison of the measurements taken before and after the one-week intervention
revealed that the participant's fasting glucose level remained unchanged (90 mg/dL), while fasting
insulin levels decreased from 16 plU/mL to 8.91 pulU/mL and the homeostatic model assessment for
insulin resistance (HOMA-IR) value decreased from 3.55 to 1.98. A minimal increase was observed in
the 2-hour glucose level during the OGTT (from 97 to 99 mg/dL). The pre-intervention HbAlc value
was 5.7%, while the intervention GMI value, calculated based on the CGM average glucose (106.88
mg/dL), was 5.87%. The findings of the body composition analysis revealed a decrease in body weight
(from 72.8 kg to 71.7 kg), BMI (from 29.92 kg/m? to 29.46 kg/m?), total fat mass (from 29.9 kg to 27.9
kg), body fat percentage (from 41.4% to 38.9%), and trunk fat mass (from 15.00 to 13.70). In contrast,
lean tissue mass demonstrated a modest increase (from 42.9 kg to 43.8 kg). No alterations were observed
in waist circumference (88 cm), while hip circumference diminished (from 111 cm to 108 cm).

Table 1. Summary Glycemic Metrics from the Participant's One-Week CGM Data.

Metric Whole Day Night Relevance in Prediabetes
Day time time

Mean Glucose (mg/dL) 106.88 109.24 101.63  Primary glycemic indicator

Glucose Management Indicator .

(GMI, %) 5.87 5.92 5.74 Correlates with HbAlc

Time in Range (TIR, %) 100.0 100.0 100.0 Key therapeutic target

GRADE Hyperglycemia (%) 17.41 FEn qpey COOWEs  SIRRAR Gl
glucose excursions

Standard Deviation (SD, mg/dL) 15.68 16.97 10.58 Abgolt_;t_e measure of glycemic
variability

Coefficient of Variation (CV, %) 14.67 15.54 10.41 Sggz/o;/arlabmty metric (target
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mg/dL)
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Low/High Blood Glucose Index 0.58/ 0.55/ 0.65/ Hypo-/hyperglycaemia  risk
(LBGI / HBGI) 0.20 0.29 0.07 profile

As illustrated in Table 1, the acronyms CGM (Continuous Glucose Monitoring), GMI (Glucose
Management Indicator), TIR (Time in Range), GRADE (Glucose Rating and Adjustment Equation), SD
(Standard Deviation), CV (Coefficient of Variation)), MAGE (Mean Amplitude of
GlycemicExcursions), MODD (Mean of Daily Differences), GRI (GlycemicRisk Index), LBGI (Low
Blood Glucose Index), and HBGI (High Blood Glucose Index) are defined as follows.

The following section presents a summary of the values obtained from the analysis of the
participant's one-week CGM data, using international consensus metrics. These values are set out in
Table 1. As indicated by time-distribution metrics, 100% of glucose values were found to be within the
target range (TIR: 70-180 mg/dL). When glycemic variability was assessed, the standard deviation was
found to be 15.68 mg/dL, the coefficient of variation (CV) was 14.67%, and the mean amplitude of
glycemic excursions (MAGE) was 28.07 mg/dL. The risk-based metrics comprised a Glycemic Risk
Index (GRI) of 0.0, a Low Blood Glucose Index (LBGI) of 0.58, and a High Blood Glucose Index
(HBGI) of 0.22. A comparison of the daytime (07:00-23:00) and night-time (23:00-07:00) periods
revealed that the average glucose levels (109.24 mg/dL and 101.63 mg/dL, respectively) and variability
metrics (CV: 15.54% and 10.41%) were higher during daytime hours.

A detailed analysis specific to daily activity periods revealed time-dependent changes in glucose
dynamics (Figure 1). Statistically significant differences were detected when comparing repeated
measurements across five different time windows (DM: Morning, DA1-DA3: Post-exercise periods,
DN: Night).
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Figure 1. The measurement of condition-specific differences in minimum, mean, maximum,
glucose variability (standard deviation, SD), and range (maximum-minimum) of glucose levels derived
from CGM sensor.

The following figure illustrates box-whisker plots, which demonstrate the distribution of minimum
glucose values during five distinct time windows: morning (DM), three post-exercise periods (DA1,
DAZ2, DA3), and night (DN). The data presented herein correspond to the median and interquartile range
derived from a one-week period of CGM. A significant difference between periods was indicated by the
application of the Friedman test, with Durbin-Conover post-hoc comparisons being used to analyse the
data. It is indicated by the use of asterisks that significant differences have been identified at the level
of p <0.05, p<0.01 and p < 0.001, respectively.

The Friedman test for minimum glucose values demonstrated a statistically significant difference
between measurement conditions (3*(4) = 12.2, p=0.016). As demonstrated by Durbin-Conoverwise
comparisons, minimum glucose values recorded in morning measurements (DM) (Median = 96.0
mg/dL) were higher than all post-exercise periods (DAL: 86.5 mg/dL, p = 0.002; DA2: 86.0 mg/dL, p <
0.001; DA3: 87.5 mg/dL, p = 0.002) and the night period (DN: 91.0 mg/dL, p = 0.033).

A subsequent analysis of mean glucose values confirmed significant differences between
measurement conditions (y*(4) = 15.6, p=0.004). The lowest mean glucose levels were observed in the
night-time measurements (DN: Median = 98.8 mg/dL). In pairwise comparisons, the mean values for
morning (DM: 113.7 mg/dL, p<0.001) and all post-exercise periods (DA1: 110.6 mg/dL, p<0.001; DA2:
105.7 mg/dL, p=0.020; DA3: 110.9 mg/dL, p<0.001) were found to be significantly higher than the
night-time values. The mean values for the morning and DA2 (p=0.011) exercise periods also
demonstrated a significant difference.

A significant difference was also determined between conditions for maximum glucose values
(x*(4)=16.0, p=0.003). The highest maximum glucose values were observed in morning measurements
(median = 153 mg/dL), while the lowest values were recorded during the night period (DN: 112 mg/dL).
Pairwise comparisons revealed significant differences between morning (DM) and night (DN)
(p<0.001), as well as between night (DN) and all post-exercise periods (DA1: 140 mg/dL, p<0.001;
DAZ2: 139 mg/dL, p=0.002; DA3: 138 mg/dL, p=0.002). No significant difference was observed between
morning and DAL (p=0.095); however, significant differences were observed between morning and
DAZ2 (p=0.016), and between morning and DA3 (p=0.016).
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A thorough examination of the standard deviation (SD), a metric of glucose variability, revealed a
substantial discrepancy between conditions (¥*(4) = 12.9, p=0.012). Glucose variability in night
measurements (DN: Median = 5.38 mg/dL) was significantly lower than in the morning (DM: 16.35
mg/dL, p<0.001) and all post-exercise periods (DALl: 17.17 mg/dL, p<0.001; DA2: 16.04 mg/dL,
p=0.002; DA3: 16.22 mg/dL, p=0.008). Statistically significant differences were not identified between
the measurements taken during the day (DM, DA1-DA3).

The Friedman test, a statistical analysis tool, was employed on glucose range (maximum-minimum
difference) metrics. This analysis revealed a statistically significant difference between the various
measurement times (3*(4) = 14.6, p= 0.006). The widest glucose variation range was observed in the
morning measurements (DM: Median = 58.0 mg/dL), while the narrowest range was recorded during
the night period (DN: 23.0 mg/dL). As demonstrated by pair comparisons, the glucose range of the night
measurement (DN) was significantly lower than that of the morning (DM, p<0.001) and all post-exercise
periods (DA1: 53.0 mg/dL, p<0.001; DA2: 52.5 mg/dL, p=0.002; DA3: 51.0 mg/dL, p=0.008). A
significant difference was also observed between the morning glucose variation range and the DA3
(p=0.045) exercise period.

DISCUSSION AND CONCLUSION

The rationale for this single-case (n=1) design is the lack of prior research on the acute, high-
resolution effects of a one-week intensive diet and exercise protocol combined with CGM in prediabetes.
An n=1 approach uniquely preserves individual glycemic response patterns—which would be averaged
out in group designs—while providing proof-of-concept and feasibility data for future larger trials.
Given this design, all interpretations should be considered hypothesis-generating rather than conclusive.

This single case study illustrates the acute effects of a one-week structured diet and exercise
intervention on insulin sensitivity, body composition, and CGM metrics in an individual with
prediabetes. Given the single-case design, all interpretations should be considered hypothesis-generating
rather than conclusive.

The marked decrease in fasting insulin and HOMA-IR values observed after the intervention
suggests that metabolic improvements in insulin sensitivity may be possible in the short term. This
finding is consistent with previous studies showing that resistance and interval exercise can rapidly
improve insulin signalling pathways by increasing muscle glucose uptake (Winnick et al., 2007; Whyte
et al., 2010). The observed acute metabolic response highlights the dynamic interaction between
physical activity and glucose homeostasis. However, further research is needed to develop evidence-
based, detailed guidelines on how to translate real-time CGM feedback into actionable, personalized
exercise prescriptions in prediabetes management (Choi et al., 2023; Chiumello et al., 2025).

The reduction in fat mass and percentage, along with a slight increase in lean tissue mass, suggests
that the applied protocol may have promoted lipolysis while having protective or supportive effects on
muscle mass. This increase in lean tissue mass is consistent with the known effects of exercise on energy
balance and metabolism. These results suggest that even short-term interventions may lead to positive
early changes in body composition, although replication in larger samples is needed.

This study is characterised by its detailed analysis of CGM data in a prediabetic individual, which
reveals the dynamic nature of glycemic control. One-week CGM summary metrics revealed a
discrepancy: while mean glucose and TIR were within normal limits, glycemic variability was elevated
(CV 14.67%; MAGE 28.07 mg/dL). This pattern suggests that early impairment of glucose homeostasis
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primarily manifests as increased glycemic variability before causing overt hyperglycaemia, which
supports the necessity of evaluating these metrics in prediabetes (Battelino et al., 2019). Higher daytime
variability confirms the impact of meals and activity. Such variability has been associated with an
increased risk of diabetes via oxidative stress and vascular dysfunction (Cichosz et al., 2025; Olsen et
al., 2024), making it a potential therapeutic target.

The findings regarding exercise timing represent a notable finding of this study. Pre-meal exercise
appeared to blunt the postprandial glucose response: peak postprandial values were lower in exercise
epochs (mean 139 mg/dL) compared to the non-exercise morning period (154 mg/dL), and postprandial
nadirs were also reduced (from 97.2 to 86.6 mg/dL). This suppression of postprandial excursions aligns
with the concept of 'exercise snacks' (Francois et al., 2014). Importantly, this acute intervention may
have targeted the source of the elevated glycemic variability identified in our CGM analysis. While
overall glucose variability (SD) was unchanged, the range of postprandial excursions showed a
narrowing trend (becoming significant for the DA3 vs. DM comparison). This "blunting" effect suggests
that the postprandial glucose spikes contributing to early dysglycemic variability may be acutely
modifiable through the strategic timing of exercise, possibly mediated via rapid improvements in muscle
insulin sensitivity (Zhang et al., 2020). Consequently, for prediabetes management, exercise timing may
be an important variable alongside exercise volume for optimizing glycemic control, though this requires
confirmation in larger studies.

Methodologically, analysing CGM data with standardized tools such as Glyculator facilitates the
integration of advanced glycemic variability metrics such as MAGE into clinical research and increases
data comparability (Chrzanowski et al., 2023). However, the GMI estimate used instead of HbAlc may
deviate from laboratory values due to individual differences in glycation rates, and this should be
considered a limitation of the study.

This study is limited by its single-case design and short CGM monitoring period; this restricts
generalization and precludes causal inferences. Insulin sensitivity was not directly assessed using gold
standard methods such as the hyperinsulinemic-euglycemic clamp, and therefore interpretations are
based on glycemic patterns rather than direct physiological measurements. Additionally, behavioural
factors that could influence the glycemic response, such as dietary content, psycho-social stress, and
sleep quality/duration, were not systematically controlled. The structured timing of meals and exercise
may also limit applicability to free-living conditions. Consequently, any mechanistic interpretations
offered here should be viewed as speculative and hypothesis-generating.

This study illustrates the acute metabolic effects of a short-term structured intervention in a
prediabetic individual, as assessed by CGM. The findings suggest the potential for rapid improvement
in insulin sensitivity (decrease in HOMA-IR) and body composition, but these observations are
preliminary.

More importantly, CGM analysis detected early, subtle dysglycemic patterns such as increased
glycemic variability (CV 14.67%) and postprandial fluctuations, despite normal mean glucose and
excellent time in range (TIR 100%). This suggests that glycemic variability metrics may provide
valuable information beyond traditional measurements in prediabetes monitoring. The suppression of
the postprandial glucose response by pre-meal exercise highlights the potential importance of timing in
behavioural interventions. This case illustrates CGM's dual value: first for diagnosis/phenotyping
(detecting hidden variability), and second for therapy guidance/personalization (using real-time data to
time exercise effectively).
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In conclusion, CGM holds potential as a useful tool for personalized monitoring in prediabetes.
From a practical standpoint, this case suggests that a high-volume exercise regimen (totaling 90 minutes
per day, divided into three 30-minute sessions) may elicit favorable acute glycemic responses,
particularly in attenuating postprandial glucose excursions. While this daily volume exceeds the general
ACSM recommendation of 150 minutes per week for health maintenance, the findings suggest that
short-term, concentrated exercise stimuli may provide immediate metabolic benefits for sedentary
individuals with prediabetes. However, the generalization of these findings is limited by the single-case
design and short duration. Larger, longer-term studies are needed to determine the long-term clinical
role of CGM in prediabetes management and the sustainability of such intensive exercise algorithms.
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