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ABSTRACT

Aim: This semi-experimental study aimed to investigate the effect of
insulin resistance on substrate selection during exercise in obese
diabetic women.

Methods: 24 inactive obese women, including control (C;
n=8,BMI=31.03£1.18), non-insulin resistance (NIR;n=8,BMI=30.91+0.78),
and insulin resistance (IR, n=8,BMI=31.57+£0.91) groups, were purposely
selected and performed a standard incremental test with an initial
workload of 50 W and increased in the workload of 20 W every three
minutes. Respiratory gases were collected throughout the test. Cross-
over point (COP), a point at which the metabolic substrate changes from
fat to carbohydrates, and FATmax point at which fat has the highest
contribution to energy supply, were determined. Heart rate and oxygen
consumption corresponding to COP and FATmax, points were calculated
and compared among the groups using one-way analysis of variance
(ANOVA).

Results: In both diabetic groups, heart rate (P<0.001) and oxygen
consumption (P<0.001) corresponding to COP were significantly lower
compared to the C. Both variables had lower values in the IR compared
to the NIR (P<0.001). In both diabetic groups, oxygen consumption
corresponding to the FATmax point was significantly lower compared to
the C (P<0.001) and had lower values in IR compared to the NIR
(P<0.001). Conclusion: In general, the results of the present study
showed that insulin resistance is associated with more reliance on
carbohydrates and diminished fat oxidation at submaximal exercise
intensities.
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Extended Abstract:

Diabetes is a complex syndrome involving disturbances in carbohydrate and lipid
metabolism, primarily due to inadequate insulin secretion or reduced tissue sensitivity to
insulin [1,2]. These disturbances are manifested in two main forms: type 1 and type 2
diabetes [1]. As diabetes progresses, insulin resistance becomes a key feature,
especially in type 2 diabetes, affecting the body's metabolic flexibility—the ability to
switch between glucose and fatty acids as energy sources [3]. This metabolic flexibility
is crucial for adapting substrate utilization to meet varying energy demands, such as
using carbohydrates during high-intensity exercise and fats during low-intensity

activities.

Challenges and Research Needs

Understanding how insulin resistance influences substrate selection during exercise is
crucial, as it directly impacts the management of diabetes through physical activity [4].
Insulin resistance impairs the body's ability to oxidize fats, shifting energy reliance
towards carbohydrates, which can lead to quicker fatigue and less efficient energy
utilization [5]. This shift in substrate utilization not only diminishes exercise performance
but also exacerbates metabolic dysregulation, making it harder to manage blood
glucose levels effectively [6]. Despite its importance, there is a significant gap in the
literature regarding how these metabolic alterations specifically affect exercise
performance and substrate utilization in obese diabetic patients [7]. Particularly, the
distinction between insulin-resistant and non-insulin-resistant individuals remains
underexplored. Addressing these challenges is essential for developing targeted
exercise interventions that can enhance metabolic health and exercise performance in
this population [3]. By understanding these mechanisms, healthcare providers can
design personalized exercise programs that optimize fat oxidation and carbohydrate
management, ultimately improving the overall metabolic health and quality of life for

diabetic patients [1].
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Objectives

The main thrust of the current study is to compare substrate selection during exercise
between insulin-resistant and non-insulin-resistant obese diabetic women, thereby
assessing the impact of insulin resistance on metabolic flexibility and exercise
efficiency. By examining how these two groups differ in their utilization of carbohydrates
and fats as energy sources during physical activity, the study aims to elucidate the

metabolic constraints imposed by insulin resistance.

Materials and Methods

This quasi-experimental study included 24 inactive obese women aged 40 to 60 from
Kerman, categorized into three groups based on BMI: healthy (n=8), non-insulin
resistant (NIR; n=8), and insulin resistant (IR; n=8). Participants were purposively
selected and matched for BMI to ensure comparability across groups. Each participant
provided informed consent and attended two sessions. The first session involved
familiarization with the laboratory environment, body composition measurement using a
Body Composition Analyzer (Zeus 9.4), and baseline blood sampling for glucose and
insulin levels to establish initial metabolic states. The second session included a
standard incremental exercise test conducted on a Monark ergometer bike to determine
key metabolic markers: the crossover point (COP) and FATmax point.

Inclusion criteria were stringent, focusing on individuals with a BMI = 30, HOMA-IR =
2.7, fasting plasma insulin levels =2 60 pmol/L, and fasting plasma glucose levels
between 110-140 mg/dL. This ensured the selection of a homogenous group with
significant metabolic disturbances typical of obese diabetic patients. Respiratory data
were meticulously collected using the Cortex Metalyzer 3B-R2 gas analyzer, which was
calibrated with three-liter reference gas cylinders for accuracy. The exercise test
protocol started with a 3-minute rest period on the ergometer to stabilize the
participants, followed by an incremental workload test beginning at 50 watts. The
workload was increased by 20 watts every 3 minutes until the participants reached the

point of exhaustion.
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To determine the COP, the respiratory exchange ratio (RER) values were averaged in
30-second intervals, and the relative contributions of carbohydrates and fats to energy
expenditure were plotted. The intersection of these curves provided the COP. The
FATmax point, indicating the exercise intensity at which fat oxidation peaked, was
identified by the highest relative fat contribution during the exercise. Blood samples
taken 24-48 hours before the exercise test were analyzed for glucose and insulin levels,
and the Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) was
calculated to quantify insulin resistance.

Statistical analyses were comprehensive, including the Shapiro-Wilk test to assess data
normality, one-way ANOVA to evaluate differences among groups, Tukey's post hoc
test for pairwise comparisons, and Levene's test to check for homogeneity of variances.
The significance level for all statistical tests was set at a = 0.05, ensuring rigorous
evaluation of the results. This methodical approach aimed to elucidate the impact of
insulin resistance on substrate selection during exercise, providing insights that could

inform tailored exercise interventions for diabetic patients.

Findings

The study revealed significant differences in substrate utilization during exercise
between the insulin-resistant and non-insulin-resistant groups. The insulin-resistant
group demonstrated a lower capacity for fatty acid oxidation and a greater reliance on
carbohydrate metabolism at lower exercise intensities compared to the non-insulin-
resistant group. This was evidenced by an earlier crossover point (COP), where
carbohydrate oxidation surpassed fat oxidation, and a lower FATmax point, the exercise
intensity at which fat oxidation peaks. These findings suggest that insulin resistance
significantly impairs metabolic flexibility, leading to reduced exercise efficiency and a
quicker onset of fatigue.

Table 1 presents the anthropometric characteristics and blood indices of the
participants, highlighting significant differences in insulin and glucose levels between
the groups. Specifically, the insulin-resistant group had markedly higher fasting plasma
insulin and glucose levels, as well as higher HOMA-IR indices compared to the non-
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insulin-resistant and control groups. This indicates more severe metabolic dysregulation

in the insulin-resistant group.

Table 1: Mean * Standard Deviation of Anthropometric Characteristics and Blood

Indices of Study Participants

Control Non-Insulin Resistant Insulin

Resistant

Height (cm) 159 £ 3.10 155.85 + 4.01 156 + 3.16

Weight (kg) 78.42 £ 2.57 75+ 3.55 76.83 £ 2.92

Fat Mass (%) 41.38 £4.04 40.84 £ 2.67 40.86 + 2.44

BMI (kg/m?) 31.03+1.18 30.91+0.78 31.57 £ 0.91

Insulin 33.28 £ 5.51 43.39 + 2.8* 72.83 £ 9.3#*

(pmol/L)

Glucose 5.01+£0.40 5.88 + 0.54* 7.01 £ 0.43#*

(mmol/L)

HOMA-IR Index 1.24 £ 017 1.7 £0.2* 3.78 £ 0.35#*

[ Downloaded from system.khu.ac.ir on 2026-06-27 ]

[ DOR: 20.1001.1.22520708.1404.23.30.8.6 ]

*Significant difference with the control group (P < 0.01), #Significant difference with the
non-insulin resistant group (P < 0.01). Data are expressed as mean % standard

deviation. Each value is the mean of 8 participants.

Figure 1 illustrates the differences in oxygen consumption and heart rate at the COP
and FATmax points. The insulin-resistant group showed lower oxygen consumption at
both points, signifying a marked shift towards carbohydrate utilization even at lower
exercise intensities. This shift suggests a compromised ability to utilize fats as an

energy source, which is a hallmark of reduced metabolic flexibility.
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FIGURE 1: MEAN AND STANDARD DEVIATION OF OXYGEN CONSUMPTION AND
HEART RATE AT COP AND FATMAX POINTS.

*Significant difference with the control group (P < 0.01), #Significant difference with the
non-insulin resistant group (P < 0.01). Data are expressed as mean + standard

deviation. Each value is the mean of 8 participants. "
The one-way ANOVA and Tukey's post hoc test confirmed that the differences in
substrate utilization were statistically significant. The insulin-resistant group exhibited a
significantly lower FATmax and an earlier COP compared to the non-insulin-resistant
and healthy groups. These findings underscore the profound impact of insulin
resistance on exercise metabolism, emphasizing the need for tailored exercise
interventions. Such interventions should aim to enhance metabolic flexibility, improve fat
oxidation capacity, and ultimately boost exercise efficiency and overall metabolic health

in insulin-resistant individuals.

Conclusion
This study highlights the significant impact of insulin resistance on substrate selection
during exercise in obese diabetic women. Insulin-resistant individuals show a reduced

capacity for fat oxidation and an increased reliance on carbohydrates, even at lower
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exercise intensities. These metabolic alterations result in decreased exercise efficiency
and quicker fatigue, emphasizing the need for targeted exercise interventions that
address these specific challenges. The findings suggest that insulin-resistant individuals
experience a shift in their metabolic flexibility, which hampers their ability to effectively
switch between fat and carbohydrate utilization based on energy demands. This
impairment not only affects their overall exercise performance but also has broader
implications for their metabolic health. Developing exercise programs that improve fat
oxidation and manage carbohydrate utilization could significantly enhance both
metabolic health and exercise performance in insulin-resistant diabetic patients. Such
tailored exercise interventions might include a combination of aerobic and resistance
training specifically designed to optimize substrate utilization. For instance, lower-
intensity aerobic exercises could be gradually increased to improve fat oxidation
capacity, while resistance training could help improve muscle insulin sensitivity.
Additionally, dietary interventions that complement these exercise programs could
further enhance the metabolic flexibility of insulin-resistant individuals. This study
provides valuable insights into the metabolic challenges encountered by this population
and underscores the importance of considering insulin resistance in the design of
exercise prescriptions for diabetic patients. By tailoring exercise programs to address
the specific metabolic needs of insulin-resistant individuals, healthcare professionals
can help improve their patients' overall health outcomes and quality of life. This
approach not only supports better exercise performance but also aids in managing and

potentially mitigating the progression of diabetes and its associated complications.

Key worlds: Insulin resistance, Substrate selection, FAmax point, Crossover point,
Obesity

Study's Message

The study reveals that insulin resistance significantly affects substrate selection during
exercise, leading to a higher reliance on carbohydrates and a reduced capacity for fat
oxidation in obese diabetic women. These metabolic changes contribute to decreased
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exercise efficiency and faster onset of fatigue. The findings underscore the importance
of incorporating strategies to enhance fat oxidation and manage carbohydrate utilization
in exercise programs for insulin-resistant individuals. Personalized exercise
prescriptions that account for insulin resistance status could significantly improve the
effectiveness of exercise interventions and overall metabolic health in diabetic patients.
By addressing these specific metabolic challenges, healthcare providers can develop
more effective and tailored approaches to exercise therapy for insulin-resistant diabetic

patients, ultimately improving their quality of life and health outcomes.
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1. Hyperinsulinemia

2. Metabolic flexibility
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4. Acetyl Co A
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1. Glucose transporter, type 4
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