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Preface 

The medical, social, and cultural history of diabetes dates back approximately 1,500 
years BC, when “a disease with excessive urinary output” was described, as stated 
in the Ebers Papyrus, discovered in Egypt in the 19th century. The name “diabetes” 
was used as late as 200 BC by Demetrios of Apamaia. Further important historical 
milestones, including key discoveries like insulin, gliflozins, incretin preparations and 
recent technical equipment like glucometers, subcutaneous sensors, insulin pumps, 
etc., have already been referenced in literature focused on diabetes, which is available 
in libraries all over the world and also in websites, e.g. 

• Engelhardt D. Diabetes: Its medical and cultural history. Springer Verlag Berlin-
Heidelberg, 1989. Pages 491. 

• Jörgens V. Die Geschichte der Diabetesforschung. Vom Opium zum Insulin. (The 
history of diabetes research. From Opium to Insulin.German). Auflage (Edition) 
1, 2022. Verlag (Published in) Kirchheim, Mainz, 303 Seiten (Pages). 

• Pantea Stoian A, editor. Type 2 Diabetes - From Pathophysiology to Cyber 
Systems [Internet]. IntechOpen; 2021. Available from: http://dx.doi.org/10.5772/ 
intechopen.87312. 

• Chlup R, editor. Type 2 Diabetes in 2024 - From Early Suspicion to Effective 
Management [Internet]. IntechOpen; 2023. Available from: http://dx.doi. 
org/10.5772/intechopen.1000405. 

This book provides a short overview of the professional management of type 2 
diabetes (T2D). The purpose of this edition is to support healthcare professionals and 
students of general medicine in transferring recent knowledge to routine diabetes 
practice. 

The book comprises six chapters, organized into two sections. The first section 
deals with the assessment of therapeutic effectiveness on diabetes and includes two 
chapters: 

1. Anthropometric Measures and Type 2 Diabetes: Evaluating Predictors for Risk 
and Management 

2. Assessment of Personal Glucometers for Routine Monitoring 

The second section focuses on the management of type 2 diabetes and its complica-
tions. It includes four chapters: 

http://dx.doi
http://dx.doi.org/10.5772


1. Exercise and Type 2 Diabetes Mellitus 

2. New and Interesting Benefits with New Molecules in Obesity and Type 2 Diabetes 

3. Lived Experience of Diabetes Self-Management among the Elderly in India 

4. Sarcopenia and Type 2 Diabetes Mellitus: Evaluation, Pathophysiological Links, 
and Management Strategies 

Written by specialists in diabetes from various Institutions in different countries, 
including the Czech Republic, Egypt, India, the Kingdom of Saudi Arabia, and 
Mexico. 

With its comprehensive coverage, this volume serves as a valuable resource for family 
physicians, diabetologists, educators, nurses, students, and other interested readers. 

I want to thank the staff at IntechOpen, especially Author Service Manager Ms. Laura 
Divic, for her continuous assistance throughout the publication process. 

Mission: from recent history to dawning future (years of milestones in diabetes man-
agement). Roman numerals at figure margins serve as reminders of important dates 
related to pancreas function [1, 2], insulin implementation to human medicine [3], 
technology for insulin substitution and supplementation [4–8], therapeutic exercise 
[9], risk of atherosclerosis [10], trials on experimental diabetes in the rat [11], and 
implementation of incretins to type 2 management [12], all of which created a base 
for the topics presented in this book [13]. 
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Chapter 1

Anthropometric Measures and 
Type 2 Diabetes: Evaluating 
Predictors for Risk and 
Management
Faisal Khalid A. Zakri

Abstract

Anthropometric indices are vital in evaluating obesity, a key factor in develop-
ing type 2 diabetes mellitus (T2DM). This chapter reviews the effectiveness of 
measures like body mass index (BMI), waist circumference (WC), waist-to-hip 
ratio (WHR), and body shape index (ABSI) in predicting diabetes risks. This 
chapter emphasizes the importance of tailored thresholds for different popula-
tions by focusing on Saudi Arabia’s and global studies’ findings. Emerging 
tools, including waist-to-height ratio (WHtR), are explored alongside advanced 
technologies such as artificial intelligence and 3D body imaging to enhance risk 
assessment and diabetes management. Anthropometric measures are indispens-
able for evaluating obesity, a key risk factor for type 2 diabetes mellitus (T2DM). 
This chapter examines the predictive value of indices such as body mass index 
(BMI), waist circumference (WC), waist-to-hip ratio (WHR), and body shape 
index (ABSI). Leveraging findings from Saudi populations and global system-
atic reviews, it highlights population-specific thresholds and the role of central 
adiposity in disease progression. Emerging metrics like ABSI and waist-to-height 
ratio (WHtR) are evaluated alongside traditional measures. The chapter also 
discusses integrating advanced technologies, including artificial intelligence (AI) 
and 3D imaging, to enhance diabetes risk prediction.

Keywords: anthropometric measures, type 2 diabetes, a body shape index, waist 
circumference, risk stratification

1. �Introduction

Note: The term ‘body mass’ is used in this chapter to reflect scientific precision, though it 
is often referred to as ‘weight’ in non-technical contexts.

Type 2 diabetes mellitus (T2DM) is a growing global concern, with projections 
estimating a significant increase in prevalence by 2045. Obesity, particularly central 
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obesity, is strongly associated with the development of insulin resistance and T2DM. 
Due to their simplicity and cost-effectiveness, anthropometric measures, such as 
BMI, WC, and WHR, are widely utilized for assessing obesity-related health risks. 
However, these indices have limitations, leading to the development of alterna-
tive metrics like ABSI and WHtR. This chapter examines the significance of these 
measures in predicting diabetes risks and highlights technological advancements for 
improving their accuracy and utility.

Type 2 diabetes mellitus (T2DM) represents a significant global health challenge, 
with its prevalence projected to increase from 463 million in 2019 to 700 million by 
2045 [1]. Obesity, particularly central obesity, is a primary driver of T2DM due to its 
association with insulin resistance, chronic inflammation, and metabolic dysregula-
tion [2]. Anthropometric measures such as BMI, WC, and WHR provide simple, cost-
effective tools to assess obesity-related risks. This chapter explores these measures’ 
relevance, utility, and limitations, focusing on population-specific findings and their 
integration with advanced technologies.

2. �Anthropometric indices

2.1 Body mass index (BMI)

BMI is one of the most commonly used metrics for classifying individuals based 
on their body mass relative to height. Although widely adopted, BMI fails to distin-
guish between fat and lean mass, limiting its accuracy in assessing central obesity—a 
key factor in T2DM risk. Despite these limitations, BMI remains a valuable tool for 
population-level obesity monitoring.

BMI is the most commonly used anthropometric measure for categorizing individ-
uals as underbody mass, normal body mass, overbody mass, or obese. It is calculated 
using the formula:

	 ( ) ( )=weight / height m ^2BMI kg 	 (1)

Although widely utilized, BMI has limitations as it does not differentiate between 
lean and fat mass. Studies indicate that BMI is a better indicator of general obesity 
than central adiposity, which is more closely associated with T2DM risk [3].

2.2 Waist circumference (WC) and waist-to-hip ratio (WHR)

WC and WHR are critical measures for assessing fat distribution, which is more 
directly linked to metabolic disorders like T2DM. These indices outperform BMI in 
predicting central obesity-related risks. For instance, WC thresholds of >102 cm for 
men and > 88 cm for women are widely accepted, while WHR thresholds are 0.90 
for men and 0.85 for women. These metrics provide a more targeted assessment of 
central adiposity.

WC and WHR are superior to BMI in predicting central obesity and its related 
complications, including T2DM. WHO guidelines define abdominal obesity as WC 
>102 cm for men and > 88 cm for women, while WHR thresholds are 0.90 for men 
and 0.85 for women [4]. These measures account for fat distribution, providing a 
better assessment of metabolic risk.
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2.3 A body shape index (ABSI)

ABSI is a relatively new metric that adjusts WC for height and body mass, offering 
a more precise measure of central obesity. Unlike traditional indices, ABSI has been 
shown to correlate strongly with mortality risk and metabolic complications, making 
it a valuable tool for identifying high-risk individuals.

ABSI, introduced in 2012, adjusts WC for height and body mass to provide a more 
nuanced measure of central obesity. It is calculated as follows:

	 ( ) ( )( )= ×ABSI / ^ 2 /3 height^ 1/2WC BMI 	 (2)

Research suggests that ABSI correlates more strongly with all-cause mortality 
and T2DM risk than traditional measures like BMI and WC [5]. This index offers the 
potential for identifying high-risk individuals whom conventional metrics might 
overlook.

2.4 Waist-to-height ratio (WHtR)

WHtR is an emerging metric that uses the waist circumference to height ratio to 
assess obesity-related risks. With a universal cutoff of 0.5, WHtR is less influenced by 
population-specific variability, making it a promising alternative to other indices.

WHtR has emerged as a simple and effective measure for assessing central obe-
sity. Unlike WC and WHR, WHtR accounts for height, making it less susceptible to 
population-specific variability. A WHtR cutoff of 0.5 is commonly recommended for 
identifying individuals at risk of T2DM and cardiovascular diseases [6].

3. �Findings from Saudi Arabian cohorts

The relationship between anthropometric indices and diabetes risk varies across 
populations due to genetic, environmental, and lifestyle differences. Table 1 presents 
comparative BMI, WC, WHR, and ABSI data for Saudi Arabia and the USA. While 
the USA exhibits higher levels of central obesity, as indicated by larger WC and WHR 
values, ABSI remains relatively consistent across populations, suggesting its potential 
as a universal index. These findings emphasize the importance of tailoring obesity 
thresholds to specific populations for more accurate risk assessment.

Research in Saudi Arabia reinforces the significance of anthropometric indices in 
predicting T2DM risks. A 2019 study of 120 adults found that ABSI was more effec-
tive than BMI in identifying individuals with high central adiposity, particularly those 
with normal or below-average BMI. This underscores the need for population-specific 

Country BMI (mean ± SD) WC (cm) WHR ABSI

Saudi Arabia 27.5 ± 3.2 98.3 ± 4.1 0.91 0.08

USA 29.1 ± 4.5 102.5 ± 5.0 0.95 0.09

Table 1. 
Comparative epidemiological data for anthropometric measures.
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thresholds and interventions to improve diabetes risk prediction and management 
[7]. These findings underscore the importance of population-specific thresholds and 
the need for tailored interventions.

4. �Comparative insights from systematic reviews

The prevalence of type 2 diabetes mellitus (T2DM) and obesity-related anthro-
pometric indicators varies significantly across regions, reflecting differences in body 
composition and risk factors. Table 2 provides an overview of these prevalences and 
mean values for BMI, WC, WHR, and ABSI across selected countries. The data highlight 
that while obesity prevalence is high in developed nations like the USA, countries such as 
Saudi Arabia show similar trends in central obesity and T2DM prevalence. These patterns 
underscore the global challenge of diabetes and the importance of adopting context-
specific anthropometric measures for effective risk assessment and early diagnosis.

Systematic reviews and meta-analyses further emphasize that WC and WHR 
outperform BMI predicting T2DM and its complications. Additionally, ABSI offers 
enhanced predictive value, particularly in diverse populations where body composi-
tion varies widely.

4.1 Meta-analyses on anthropometric predictors

Global meta-analyses consistently demonstrate the superiority of WC and WHR 
over BMI in predicting T2DM and its complications. For instance, a 2021 analysis 
reported that WC and WHR were stronger predictors of insulin resistance and cardio-
vascular risk than BMI [8].

5. �Challenges and future directions

5.1 Limitations of current measures

While traditional anthropometric measures such as body mass index (BMI) and 
waist circumference (WC) remain valuable for assessing obesity-related risks, they 
have notable limitations. BMI does not differentiate between fat and muscle mass, 
while WC lacks standardized thresholds across different ethnic groups. These limita-
tions underscore the need for alternative metrics to provide more precise and univer-
sally applicable assessments.

Emerging indices like waist-to-height ratio (WHtR) and A body shape index 
(ABSI) address some of these shortcomings. WHtR, with its universal cutoff of 0.5, 

Country Prevalence of 
T2DM (%)

Obesity 
prevalence (%)

BMI (mean ± SD) WC (cm) WHR ABSI

Saudi 
Arabia

18.3 35.4 27.5 ± 3.2 98.3 ± 4.1 0.91 0.08

USA 11.3 42.4 29.1 ± 4.5 102.5 ± 5.0 0.95 0.09

India 8.9 18.7 23.2 ± 2.8 91.4 ± 3.8 0.87 0.07

Table 2. 
Prevalence of type 2 diabetes and obesity indicators by country.
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reduces the need for population-specific adjustments, making it a promising tool for 
global use. ABSI incorporates WC, height, and body mass into its calculation, offering 
insights into central obesity and mortality risk. Table 3 summarizes these emerg-
ing metrics, their formulas, cutoff values, and predictive capabilities compared to 
traditional measures.

Despite their potential, these indices require further validation across diverse 
populations to ensure accuracy and reliability in different contexts. Integrating WHtR 
and ABSI into clinical practice could bridge gaps left by traditional metrics, enabling 
more precise assessments of central obesity and its role in metabolic disorders like 
type 2 diabetes mellitus (T2DM) [9].

5.2 Emerging technologies

Advanced technologies such as 3D body imaging and AI-driven predictive models 
are transforming the landscape of anthropometric assessments. These tools provide 
precise body composition measurements and enable personalized risk assessments for 
T2DM. However, challenges related to cost, accessibility, and integration into clinical 
practice remain.

Advancements in 3D body scanning and AI-based analytics are revolutionizing 
anthropometric assessments. These technologies enable precise body composition 
measurements, offering personalized risk profiles for T2DM. However, challenges 
such as cost, accessibility, and integration into clinical workflows remain [10].

6. �Conclusion

Anthropometric indices remain essential tools for evaluating obesity-related risks 
of T2DM. While traditional measures like BMI and WC are valuable, emerging tools 
such as ABSI and WHtR offer enhanced predictive capabilities. Integrating these 
measures with advanced technologies will improve their utility in clinical and public 
health settings.

Anthropometric measures remain essential tools for assessing obesity-related 
T2DM risks. Traditional metrics like BMI and WC and emerging indices like ABSI 
and WHtR provide a comprehensive framework for evaluating central adiposity. 
Integrating advanced technologies will enhance their utility in clinical and public 
health settings.

Metric Formula Cutoff value Predictive 
accuracy

Limitation

BMI Weight (kg)/height (m)^2 ≥25 Moderate Does not account for 
fat distribution

WHR Waist circumference/hip 
circumference

Men: ≥0.90, 
women: ≥0.85

High Population-specific 
variability

WHtR Waist circumference/height Universal: ≥0.5 High Requires validation in 
large cohorts

ABSI WC/(BMI^(2/3) × height^(1/2)) — Strong correlation 
with mortality risk

Complex formula

Table 3. 
Emerging anthropometric metrics in risk prediction.
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Chapter 2

Assessment of Personal 
Glucometers for Routine 
Monitoring
Biayni Minasyan, Jenna Al-Hammady, Abdullah Ahmed, 
Alexia Assaad, Serdar Serdar and Olufunmilayo Moronwiyan

Abstract

The purpose of this chapter is (1) to assess the accuracy and precision of two 
glucometer-strip systems (GSS): Galileo Glu/Ket (Wellion) and Newton GDH-FAD 
(Wellion), (2) to evaluate the relation between body mass index and glycemic 
response (BMI), and (3) to evaluate the effect of glycemic load (GL) on glycemic 
response. Capillary plasma glucose (cPG) measurement with a GSS determines the 
glycemic response. This study was performed within 6 months; with 10 volunteers, 
cPG was measured during three different one-hour sessions at ten-minute intervals, 
for each volunteer with the two evaluated GSS systems and a reference GSS system 
(Contour Plus One). The cPG values measured ranged between 2.9 and 9.3 mmol/L. 
Precision ranked as 1. Contour, 2. Newton, 3. Galileo. Contour Plus One showed the 
lowest variability. No significant difference in accuracy was shown between Galileo 
and Newton when compared to Contour reference. The control study provided 
similar results. Duration till maximum cPG achieved after ingestion of the glucose 
jelly was influenced by the glucose load; a higher glucose load takes longer to reach its 
maximum cPG values and return to baseline. The participants with a higher BMI had 
less effective glycemic responses with higher recorded cPG levels upon ingestion of a 
larger amount of GL during the study.

Keywords: GSS, cPG, Contour Plus One, Newton GDH-FAD (Wellion), 
Galileo Glu/Ket (Wellion), accuracy, precision, BMI, glycemic load, glycemic response, 
control study

1. �Introduction

Ames Reflectance Meter, the first-ever blood glucose meter, was launched in 1970 
by Miles Laboratories. It was bulky, expensive, and intended for hospital use only. 
Then, Anton H. Clemens invented the first portable glucose meter, the Ames Eyetone, 
paving the way for at-home blood sugar monitoring. However, it was not widely 
available to the public yet. Later, in 1981, Lifescan, a division of Johnson & Johnson, 
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released the OneTouch meter, one of the first affordable and user-friendly devices 
to use at home. This was revolutionary, people with diabetes could finally monitor 
their blood glucose at home, in just seconds. More importantly, studies proved that 
frequent glucose monitoring dramatically reduces the risk of diabetes-related com-
plications such as neuropathy, retinopathy, and nephropathy [1]. Today, glucometers 
are widely used, with digital displays, faster results, memory storage to track previ-
ous readings, and many more features to aid the user. They have become lifelines for 
millions, facilitating making daily decisions related to food, exercise, insulin, and 
safety. Modern glucometers have made the shift from reporting whole blood glucose 
to plasma-equivalent glucose to align with laboratory standards, which use plasma 
for testing. Plasma glucose levels are slightly higher than whole blood levels, so this 
change improves accuracy and consistency across home and clinical settings [2]. The 
international standard, ISO 15197:2013, specifies the requirements for in vitro glucose 
monitoring systems that measure glucose concentrations in capillary blood samples, 
and emphasizes the importance of plasma-equivalent reporting for consistency with 
laboratory results [3]. Glucometers still use capillary blood but convert the result to a 
plasma-equivalent value using a built-in software, to ensure results match lab read-
ings and follow medical guidelines [4]. To measure the plasma glucose, glucometers 
generally use one of two enzyme systems: glucose oxidase or glucose dehydrogenase. 
Glucose oxidase system measures glucose by reacting with oxygen, producing hydro-
gen peroxide; it is glucose-specific but oxygen-dependent. On the other hand, the 
glucose dehydrogenase (GDH) System measures glucose via electron transfer using 
coenzymes such as PQQ and FAD; it is oxygen-independent but some types may lack 
glucose specificity. This raises the central question: which enzymatic system provides 
more accurate and precise glucose readings? [5]. In this study, two ISO-accredited 
GSS from Wellion, Galileo, which uses the glucose oxidase (Glu/Ket) method [6], 
and Newton, which employs the glucose dehydrogenase (GDH-FAD) method, were 
compared. The aim was to evaluate whether one outperforms the other in clinical 
accuracy. According to ISO 15197:2013, system accuracy is defined by the range within 
which 95% of the measured glucose values fall in comparison to a reference method, 
providing a standardized benchmark for performance assessment. The criteria 
states that 95% of the measured glucose values shall fall within either ±0.83 mmol/l 
(±15 mg/dl) of the average measured values of the reference measurement procedure 
at glucose concentrations <5.55 mmol/l (<100 mg/dl) or within ±15% at glucose 
concentrations ≥5.55 mmol/l (≥100 mg/dl) [7].

Contour Plus One, a third GSS, was used as the reference monitoring system. 
This was done because the Contour Plus One, which uses the glucose dehydrogenase 
(GDH-FAD) enzyme system itself, not only meets but exceeds the accuracy require-
ments [8, 9]. During user performance evaluations, Contour Plus One demonstrated 
high accuracy levels, with 97.7% of subject-obtained fingertip results and 100% of 
trial staff-obtained fingertip results [8]. Moreover, to assess further possible questions 
in this setting, the study additionally looks at the effect of factors like glycemic load 
and body mass index (BMI) on individual glycemic responses. The glycemic load 
(GL) measures the blood glucose elevating effect within food while glycemic index 
(GI) measures the speed of this effect. Foods with elevated glycemic load values 
generate more substantial blood glucose reactions [10]. Research shows that people 
with elevated BMI experience intensified blood glucose reactions after consuming 
meals with high GL values [11]. Hence, using cPG values within the range of 2.9–
9.3 mmol/L, the study focused on the following questions (1) how do two commercial 
glucometers: Galileo Glu/Ket (Wellion) and Newton GDH-FAD (Wellion), perform 
12
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with relation to their precision and accuracy, (2) how BMI affects individual glycemic 
responses, and (3) how glycemic loads affect glycemic responses.

2. �Method

2.1 Scheduling, volunteers, and their characteristics

This trial was conducted between November 24, 2023, and April 16, 2024. A total 
of 10 volunteers (aged 19–34 years; BMI range: 18–31 kg/m2) participated in three 
scheduled visits. Participants were required to fast (excluding water) for a minimum 
of 5 hours prior to each session. The cohort included two men and eight women; 
among them, one female volunteer reported daily use of e-cigarettes (three to four 
times per day). Eight volunteers engaged in regular physical activity, averaging two to 
three exercise sessions per week. None of the participants had a history or diagnosis 
of cardiovascular, pulmonary, autoimmune, or pancreatic diseases, including any 
form of diabetes mellitus.

2.2 Analytical and laboratory equipment

Three glucose self-monitoring systems (GSS) and up to three LOTs of test 
strips were utilized in this study. A total of 210 capillary plasma glucose (cPG) 
triplets were collected using the following devices: (1) Galileo Glu/Ket (Wellion), 
employing glucose oxidase-based strips; (2) Newton GDH-FAD (Wellion); and 
(3) Contour Plus One (Ascensia), utilizing glucose dehydrogenase-based strips 
(Figures 1 and 2). The accuracy of the Galileo and Newton devices was evaluated by 
comparing 630 corresponding results obtained from the Contour Plus One device, 
which is validated against the certified hexokinase-based analyzer, Cobas Integra 
400. Measurement precision was assessed via the standard deviation (SD) of aver-
age differences within each of the 210 cPG triplets.

Figure 1. 
The three GSS used: Contour Plus One (left), Newton GDH-FAD (middle), Galileo Glu/Ket (right).
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Glycemic responses were induced using jelly-based GL containing 15 and 40 g 
of sucrose-fructose-glucose combinations (Figure 3), respectively, with both being 
produced by the Wellion brand. Each volunteer underwent the procedure mentioned 
below (see Section 2.3) three times on different days throughout the 6-month study 
period. The first day was with 15 g jelly, then with 40 g jelly, and lastly without 
administration of any sort of glucose load.

BMI was determined using a mechanical column scale, while height was con-
firmed verbally by each participant. The mean cPG values for the 15 and 40 g jelly 
groups were compared to the control values. Additionally, a Wilcoxon paired test was 
conducted to determine whether the glycemic loads of the two jelly amounts differed 
significantly.

Data analysis was performed using IBM SPSS Statistics for Windows, Version 23.0, 
with statistical significance set at p < 0.05.

2.3 Study design and data collection procedure

The study procedure followed a structured protocol described below, which was 
also illustrated as a video to demonstrate the process (see Video 1, https://intech-files.
s3.amazonaws.com/a04Tc0000084zLMIAY/a09Tc000002fepxIAA/Videos%20
%28Full%20Chapter%29-Assessment%20of%20personal%20glucometers%20
for%20routine%20mon%20%282025-05-12%2014%3A29%3A24%29.zip).

Participants underwent standardized testing at each visit, following consistent 
pre-test conditions and device use across sessions to ensure the repeatability and 
reliability of the data. The procedure followed this subsequent order:

Figure 2. 
The three GSS used: Contour Plus One (top right), Newton GDH-FAD (bottom), Galileo Glu/Ket (top left). All 
nine glucometers showing different values of cPG in mmol/L estimated from the same drop of blood collected from 
a single finger-prick.
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1.	Patients arrived after having fasted for a minimum of 8 hours prior to the proce-
dure to ensure a fasting state with the exclusion of water.

2.	Fasting cPG levels were measured.

3.	On two separate days, patients were administered a glucose-containing jelly, 15 g 
on the first day and 40 g on the next.

Figure 3. 
Display of the 15 gram (left) and 40 gram (right) sucrose-fructose-glucose combination instant energy shots. Both 
contain vanilla flavored invert sugar syrup, with respective 54 and 144 kcal content [12, 13].

Figure 4. 
The process of measuring cPG from a single finger-prick with one of the nine glucometers in action.
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4.	Immediately after the jelly was swallowed, a timer was started to monitor the 
time-dependent response.

5.	From a single finger-prick, the cPG was measured using all nine glucometers 
(Figure 4).

6.	At 10-minute intervals over the course of 1 hour, the same procedure was repeat-
ed under the same controlled conditions to assess glucose response over time.

Later, a control study was performed using an identical procedure with the single 
exception of no jelly being administered. The control study involved the same group 
of 10 volunteers.

3. �Results

3.1 Impact of glucose load on glycemic response

Based on the Data Collection procedure at (2.3), the cPG values for each of the 
GSS systems (1. Galileo, 2. Contour Plus One, and 3. Newton) were recorded. Mean 
cPG values were calculated to standard deviation (Table 1), and values were further 
graphed (Figures 5–7).

GSS System_Time [min] No glucose [mmol/l] 15 g glucose [mmol/l] 40 g glucose [mmol/l]

Mean Standard deviation Mean Standard deviation Mean Standard deviation

Galileo_0 5.23 0.56 4.96 0.47 5.05 0.70

Contour_0 4.97 0.66 4.84 0.57 4.86 0.82

Newton_0 4.95 0.58 4.79 0.65 4.88 0.70

Galileo_10 5.05 0.52 5.00 0.47 5.47 0.77

Contour_10 4.91 0.69 4.92 0.69 5.40 0.77

Newton_10 4.86 0.63 4.96 0.63 5.41 0.71

Galileo_20 5.09 0.59 5.63 0.66 6.59 1.01

Contour_20 4.85 0.70 5.73 0.60 6.96 1.17

Newton_20 4.90 0.59 5.56 0.41 7.04 1.30

Galileo_30 5.13 0.50 5.50 0.72 7.21 1.21

Contour_30 4.99 0.52 5.51 0.63 7.28 1.23

Newton_30 5.02 0.65 5.40 0.66 7.03 1.34

Galileo_40 5.10 0.50 5.24 0.54 6.75 1.12

Contour_40 4.86 0.48 5.20 0.50 6.93 1.05

Newton_40 4.92 0.60 5.17 0.46 6.77 1.03

Galileo_50 4.99 0.51 4.92 0.44 6.26 1.14

Contour_50 4.76 0.57 4.93 0.43 6.33 1.24

Newton_50 4.72 0.60 4.81 0.41 6.19 1.16

Galileo_60 5.09 0.55 4.88 0.36 5.81 1.05

Contour_60 4.85 0.39 4.75 0.37 5.83 1.05

Newton_60 4.75 0.38 4.69 0.36 5.70 0.87

Table 1. 
Mean cPG values with SD for the three GSS systems at each session, cPG reading was taken at a 10-minute 
interval, and each session was done on a separate day while the volunteers were in a fasted state.
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Figure 5. 
Mean cPG values for the three GSS systems without any ingested glucose jelly, readings for the control group 
maintained relatively stable cPG throughout the session The control group maintained relatively stable cPG values, 
within the normal expected range, between 3.9 and 5.6 mmol/L [14].

Figure 6. 
Mean cPG values for the three GSS systems with 15 g of glucose jelly ingested.
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4. �Discussion

This chapter is focused on contrasting the accuracy and precision of two GSS, 
while also looking at the effects of glycemic load and BMI on glycemic response.

4.1 Precision assessment

Both in cases of the control study and the procedures dealing with 15 and 
40 g of jelly, the order of precision was found to be consistent: Contour Plus One 
showed the highest precision, followed by Newton, and finally, Galileo. Following 
data regarding precision, within the control study (Table 2) SD of average triplet 
value: (1) Contour Plus One (0.079 mmol/L), (2) Newton (0.159 mmol/L), and (3) 
Galileo (0.169 mmol/L). With respect to the data collected in the study involving the 
Jelly-shots (Table 3) based on the SD of average triplet value: (1) Contour Plus One 
(0.087 mmol/L), (2) Newton (0.155 mmol/L), and (3) Galileo (0.192 mmol/L). It 
can hence be inferred that the lowest variability among the results was demonstrated 
by Contour Plus One. Further, Newton exhibited lower variability in comparison 
with Galileo.

Mean SD p-value (vs. Contour)

sd Galileo 0.188 0.169 <0.0001

sd Newton 0.251 0.159 <0.0001

sd Contour 0.099 0.079 —

The analysis is based on the data collected from the control study.

Table 2. 
Descriptive characteristics of SDs of GSS triplets & P-values.

Figure 7. 
Mean cPG values for the three GSS systems with 40 g of glucose jelly ingested.
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4.2 Accuracy assessment

Using Contour Plus One as the reference device, both Newton and Galileo met 
the ISO 15197:2013 standards. As shown in Figures 8 and 9, the jelly shot stud-
ies proved ISO compliance of 98% for Newton and 95% for Galileo. As for the 
control studies (Figures 10 and 11), compliance was 98% for Newton and 97% for 
Galileo. No statistically significant differences were observed between Newton 
and Galileo.

4.3 Systemic and random error consideration

Despite the attempts to eliminate systemic errors, it is worth considering that 
unpredictable random errors may inevitably impact the results. Some of the measures 
that were taken to minimize systemic errors include:

Mean SD p-value (vs. Contour)

sd Galileo 0.195 0.192 <0.0001

sd Newton 0.254 0.155 <0.0001

sd Contour 0.103 0.087 —

The analysis is based on the data collected from administration of 15 and 40 g glucose-containing jellies.

Table 3. 
Descriptive characteristics of SDs of GSS triplets & P-value).

Figure 8. 
Consensus Error Grid (CEG) [15] graph plotting Galileo GSS cPG readings against Reference values (Contour 
Plus One). The readings are from the data collected from the administration of 15 and 40 g glucose-containing 
jellies. Accuracy shows 402 out of 420 (95%) pairs within the limits of ISO 15197.
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Figure 9. 
CEG graph plotting Newton GSS cPG readings against Reference values (Contour Plus One). The readings are 
from the data collected from the administration of 15 and 40 g glucose-containing jellies. Accuracy shows 412 out of 
420 (98%) pairs within the limits of ISO 15197.

Figure 10. 
Consensus Error Grid (CEG) graph plotting Galileo GSS cPG readings against Reference values (Contour Plus 
One). The readings are from the data collected from the control study. Accuracy shows 204 out of 210 (97%) pairs 
within limits of ISO 15197.
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•	 Participants were thoroughly instructed to wash their hands with soap and water, 
prior to the finger pricking process.

•	 During the oral jelly shot administration, volunteers were instructed not to 
touch, nor have any contact with the jelly container and/or with the administra-
tion apparatus, to prevent contamination of the fingers.

•	 The glucose shots were administered by a single team member, to maintain and 
ensure consistency [16].

Nevertheless, some systemic errors have occurred that were unaccounted for, 
which include a single LOT of the Contour Plus One strips being found outdated by 
2 months at the time of usage, which raises the question of whether Contour’s results 
were truly the correct choice for reference.

Additionally, some random errors that were difficult to account for include:

•	 Environmental conditions: previous studies have demonstrated deviation and 
overestimation of cPG by 2.1 mmol/L in case of an increase in temperature 
by 18°C [17]. This concomitant alteration of reliability should be considered, 
given that the study was conducted within the morning hours, spanning the 
time period of November–April (during years 2023/2024), where recorded 
temperatures range from −8.7 to 8.1°C in Czech Republic, Olomouc region 
(6–11 am) [18, 19].

Figure 11. 
Consensus Error Grid (CEG) graph plotting Newton GSS cPG readings against Reference values (Contour Plus 
One). The readings are from the data collected from the control study. Accuracy shows 206 out of 210 (98%) pairs 
within limits of ISO 15197.
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•	 Strip variability: Manufacturing differences, specifically in enzyme coating 
across batches, can impact readings [20].

•	 Timing inconsistencies: delays between lancing and blood application onto the 
strips can greatly influence the final reading in unpredictable ways due to factors 
such as blood clotting [21].

•	 User technique: Using a single finger-prick to supply samples for all nine glucom-
eters in each round may have resulted in variability due to insufficient blood 
volume or contamination with interstitial fluid from squeezing the finger or 
both, potentially leading to under-reporting of cPG levels [16].

4.4 Strength and weak points of the study

This practice-oriented chapter deals with simple routine testing of various accred-
ited GSS, using a validated GSS (Contour Plus One) as a reference, creating a real-life 
testing environment (e.g., temperature, user error, and field calibration).

The strength of this study is its independence on other studies to determine refer-
ence points while simultaneously building credibility, compliance, and validation of 
the data. It proves more accessible to patients and clinicians and aids in the reflection 
of actual patient experience, enhancing the external validity of the study [22].

However, two weak points should be mentioned: (1) throughout the course of 
the study, the cPG measurements obtained by the GSS were not compared against 
a laboratory accredited analysis. Instead, a third highly qualified GSS was used as 
reference. A laboratory accredited analysis refers to measurements performed by a 
laboratory that has been officially assessed and approved by an official body like the 
ISO 15197:2013, follows standard procedures, uses calibrated equipment and ensures 
accuracy [23] and (2) the results and conclusions in this study were based on the 
assessment of cPG values obtained from participants, where the range of readings fell 
between 2.9 and 9.3 mmol/L. Further studies, with a wider range of measurements, 
need to be conducted to support the results that were concluded.

4.5 Glycemic load effect on the glycemic response

As per the data in Table 1, which was further plotted in Figures 5–7, the time 
required for the absorptive phase to fully manifest in the circulation and return to 
baseline can be determined by measuring cPG levels. It can also be determined the 
maximum increase in cPG for each glycemic load.

To further analyze the cPG values shown in Table 1, several observations can be 
made:

•	 The mean cPG of the three GSS at the start of the control session (Figure 5) was 
slightly higher (5.05 mmol/l) compared to the other two sessions, 4.86 mmol/L 
for 15 g and 4.93 mmol/l for 40 g (Figures 6 and 7). This slight increase is most 
likely attributed to the Dawn Phenomenon [24], as this session was performed at 
an earlier time of day.

•	 Galileo GSS cPG values at the start of the control session (5.23 mmol/L) 
were significantly higher when compared to the other GSS systems (4.97 and 
4.95 mmol/L) (Figure 5).
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•	 The time required to reach maximum cPG after glucose jelly ingestion was influ-
enced by the glucose load; 15 g of glucose jelly caused a peak in cPG values within 
20 minutes, whereas 40 g resulted in a peak within 30 minutes (Figures 6 and 7).

•	 Newton GSS’s maximum cPG value (7.04 mmol/L) for 40 g of glucose was 
recorded at 20 minutes, which was an exception as the maximum for the other 
GSS systems (Galileo and Contour Plus One) was recorded at 30 minutes. 
However, the difference in cPG values at 30 minutes (7.03 mmol/L) and 20 min-
utes was not significant, with only a slight variation observed between the two 
time points (0.01 mmol/L).

•	 Following the ingestion of 15 g of glucose jelly, the cPG values returned to 
baseline within 50 minutes (Figure 6).

•	 For the 40 g session, cPG values did not return to baseline within the 1-hour 
period. As supported by source [25], higher glucose loads typically require more 
time for cPG levels to normalize.

4.6 Correlation between BMI and cPG

As per the results (Section 3.3), Spearman’s correlation analysis found a strong 
negative relationship between cPG increment and BMI when participants did not 
ingest any glucose jelly after 30 minutes for Galileo (Table 4) and after 30 and 
50 minutes for Newton (Tables 5 and 6). This finding could be related to the pro-
cedure in Section 2.1, in which participants were required to fast for a minimum of 
8 hours prior to each session. It has been found that an individual’s cPG levels when 
fasting are decreased and will continue to decrease every hour that they continue to 
fast, thus contributing to lower cPG levels during the participants’ fasting session 
[26]. There was no significant correlation found between cPG increment and BMI 
using either of the three glucometers when the participants ingested 15 g glucose jelly 
(Tables 7–9). This absence of a significant correlation finding may be related to the 

GALILEO, no glucose Time 10 Time 20 Time 30 Time 40 Time 50 Time 60

BMI (kg/m2) Correlation 
coefficient

−0.579 −0.421 −0.711 −0.281 −0.395 −0.559

p-value 0.079 0.226 0.021 0.431 0.258 0.093

The measurements span 60 minutes and were measured in 10-minute intervals. Significant findings highlighted.

Table 4. 
The correlation between BMI x change in cPG levels without ingesting glucose jelly and using Galileo GSS.

CONTOUR, no glucose Time 10 Time 20 Time 30 Time 40 Time 50 Time 60

BMI (kg/m2) Correlation 
coefficient

0.293 −0.237 −0.547 0.083 −0.280 −0.444

p-value 0.412 0.510 0.102 0.821 0.434 0.199

The measurements span 60 minutes and were measured in 10-minute intervals.

Table 5. 
The correlation between BMI x change in cPG levels without ingesting glucose jelly and using Contour Plus One.
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smaller GL of 15 g glucose jelly. There have been findings that concluded that lower 
GL foods are not as effective at raising cPG levels as higher GL foods [11].

Finally, Spearman’s correlation analysis found a strong positive correlation 
between cPG increment and BMI when participants ingested 40 g glucose jelly after 
40 and 50 minutes for the Newton GSS and after 50 minutes for the Galileo GSS 
(Tables 10–12). As shown in the graphs (Figures 12–14), participants with a BMI 
of at least 25 had poorer glycemic responses when 40 g glucose jelly was ingested, as 
opposed to participants with lower BMI values. These findings may contribute to the 
thought that individuals with a higher BMI have a less adequate response to glucose 
than those with a lower BMI, or that having a higher BMI may influence the glucose 
jelly absorption rates, which in turn influence the cPG levels. There have also been 

NEWTON, no glucose Time 10 Time 20 Time 30 Time 40 Time 50 Time 60

BMI (kg/m2) Correlation 
coefficient

0.082 −0.165 −0.729 −0.485 −0.784 −0.395

p-value 0.821 0.649 0.017 0.156 0.007 0.58

The measurements span 60 minutes and were measured in 10-minute intervals. Significant findings highlighted.

Table 6. 
The correlation between BMI x change in cPG levels without ingesting glucose jelly and using Newton GSS.

GALILEO, 15 g glucose Time 10 Time 20 Time 30 Time 40 Time 50 Time 60

BMI (kg/m2) Correlation 
coefficient

0.561 0.333 0.168 −0.061 −0.183 −0.109

p-value 0.092 0.347 0.642 0.868 0.613 0.763

The measurements span 60 minutes and were measured in 10-minute intervals.

Table 7. 
The correlation between BMI x change in cPG levels ingestion of 15 g glucose jelly and using Galileo GSS.

CONTOUR, 15 g glucose Time 10 Time 20 Time 30 Time 40 Time 50 Time 60

BMI (kg/m2) Correlation 
coefficient 0.131 0.190 −0.043 −0.231 0.140 −0.061

p-value 0.717 0.600 0.907 0.521 0.699 0.868

The measurements span 60 minutes and were measured in 10-minute intervals.

Table 8. 
The correlation between BMI x change in cPG levels ingestion of 15 g glucose jelly and using Contour Plus One.

NEWTON, 15 g glucose Time 10 Time 20 Time 30 Time 40 Time 50 Time 60

BMI (kg/m2) Correlation 
coefficient

0.237 0.359 0.328 −0.140 0.529 0.438

p-value 0.510 0.309 0.354 0.700 0.116 0.206

The measurements span 60 minutes and were measured in 10-minute intervals.

Table 9. 
The correlation between BMI x change in cPG levels ingestion of 15 g glucose jelly and using Newton GSS.
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NEWTON, 40 g glucose Time 10 Time 20 Time 30 Time 40 Time 50 Time 60

BMI (kg/m2) Correlation 
coefficient

−0.334 −0.012 −0.088 0.486 0.663 0.529

p-value 0.345 0.973 0.808 0.154 0.037 0.116

The measurements span 60 minutes and were measured in 10-minute intervals. Significant findings highlighted.

Table 10. 
The correlation between BMI x change in cPG levels ingestion of 40 g glucose jelly and using Galileo GSS.

CONTOUR, 40 g glucose Time 10 Time 20 Time 30 Time 40 Time 50 Time 60

BMI (kg/m2) Correlation 
coefficient

−0.036 −0.143 0.055 0.547 0.523 0.511

p-value 0.920 0.693 0.881 0.102 0.121 0.132

The measurements span 60 minutes and were measured in 10-minute intervals.

Table 11. 
The correlation between BMI x change in cPG levels ingestion of 40 g glucose jelly and using Contour Plus One.

NEWTON, 40 g glucose Time 10 Time 20 Time 30 Time 40 Time 50 Time 60

BMI (kg/
m2)

Correlation 
coefficient −0.018 −0.085 -0.079 0.687 0.668 0.389

p-value 0.960 0.815 0.828 0.028 0.035 0.266

The measurements span 60 minutes and were measured in 10-minute intervals. Significant findings highlighted.

Table 12. 
The correlation between BMI x change in cPG levels ingestion of 40 g glucose jelly and using Newton GSS.

Figure 12. 
Correlation between cPG increment x BMI after 50 minutes using Galileo GSS.
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links between obesity and insulin resistance, which affects glycemic response nega-
tively; this supports the finding that those with a higher BMI also had a diminished 
glucose response [27].

Although it is true that certain factors could not be fully controlled or accounted 
for, the study represents a valuable step toward a better and deeper understanding 
of different glucometer devices. The study strives to highlight and address key areas 
and aspects open for investigation and improvement within this important field. 
Furthermore, the negative relationship between cPG increment and BMI in fast-
ing patients who did not ingest glucose, may suggest that there are more significant 
factors to consider when looking at an individual’s response to glucose. Lastly, through 

Figure 13. 
Correlation between cPG increment x BMI after 40 minutes using Newton GSS.

Figure 14. 
Correlation between cPG increment x BMI after 50 minutes using Newton GSS.
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looking at the effects of glycemic load on individuals, it is of most importance to 
note that during a state of hypoglycemia, the consumption of an adequate amount of 
glucose can be lifesaving [28].

5. �Summary and conclusion

Firstly, with regards to accuracy, there was no significant difference between 
Gallio and Newton, and they both met ISO 15197:2013 criteria. As for precision, 
Contour had the least variability among its readings, followed by Newton and 
then Galileo. When considering the effects of GL on glycemic response, it was 
determined that a larger GL contributes to a greater elevation of cPG levels. 
Finally, when looking at the correlation between BMI and glycemic response, it 
was found that a higher BMI contributes to a greater elevation of cPG levels as 
well. Although the results of the study were as predicted and rather positive, any 
future relative studies should have a larger participant group with a wider range 
of BMI levels, as having more varied data would be beneficial and aid in further 
cementing the above conclusions.
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Chapter 3

Exercise and Type 2 Diabetes 
Mellitus
Ahmed Ahmed and Samah Ismail

Abstract

Exercise is a crucial component of lifestyle therapy for both the prevention and 
management of type 2 diabetes (T2D). The aim of this chapter is to explain the 
various exercises implemented for the management of diabetic patients. These recom-
mendations stem from strong evidence linking physical activity to a reduced risk of 
developing T2D, improved disease management, and lower diabetes-related morbid-
ity and mortality. However, individuals with T2D face physiological and behavioral 
challenges that can hinder their ability to fully reap the benefits of physical activity. 
Physiological barriers include diabetes-related impairments in exercise capacity, 
higher perceived exertion at lower workloads, and the need for careful glycemic man-
agement during physical activity. Additionally, social and psychological factors, such 
as depression and low self-efficacy, can further discourage participation in exercise. 
Individual responses to physical activity can vary based on factors like sex, genetics, 
and environmental influences, making it difficult to predict the specific benefits for 
each person. The optimal exercise dosage, duration, timing, and type for maximizing 
health outcomes remain unclear. Both aerobic and resistance training enhance insulin 
action, at least in the short term, and can aid in managing blood glucose levels, lipids, 
blood pressure, cardiovascular risk, mortality, and overall quality of life. However, 
to sustain these benefits, exercise must be performed consistently and should ideally 
incorporate a variety of training types.

Keywords: exercise, training, aerobic, resistance, HIIT

1. �Introduction

Diabetes mellitus causes both macrovascular and microvascular complica-
tions, which can lead to severe health issues. Regular exercise is a key component 
of diabetes management, offering significant therapeutic benefits. In individuals 
with diabetes, exercise supports cardiovascular health by lowering the risk of heart 
disease and mortality, aids in weight management, and enhances glycemic control. 
Improved tissue sensitivity to insulin further contributes to better plasma glucose 
concentration regulation [1]. The purpose of this chapter is to explain the various 
exercises implemented for the management of diabetic patients.
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1.1 Types of exercise and physical activity

Aerobic exercise involves continuous, repetitive movements of large muscle 
groups, such as walking, cycling, jogging, and swimming, which primarily utilize 
aerobic energy systems. Resistance training, or strength training, includes activities 
using free weights, weight machines, body mass, or resistance bands to build muscle 
strength. Flexibility exercises enhance joint range of motion, while balance exer-
cises improve gait stability and help prevent falls. Activities such as tai chi and yoga 
integrate flexibility, balance, and resistance training [2].

1.2 Aerobic exercise benefits

Engaging in aerobic exercise enhances mitochondrial density, insulin sensitivity, 
oxidative enzyme activity, vascular function, lung capacity, immune response, and 
cardiac output [3]. A moderate to high volume of aerobic activity significantly reduces 
cardiovascular and overall mortality risks in both type 1 and type 2 diabetes [4]. 
For individuals with type 2 diabetes, it helps lower A1C, blood pressure, and insulin 
resistance [5]. High-intensity interval training (HIIT) is particularly effective for 
quickly enhancing muscle oxidative capacity, insulin sensitivity, and glycemic control 
in type 2 diabetes [6].

1.3 Resistance exercise benefits

Diabetes is linked to reduced muscle strength and a faster decline in physical 
function [7, 8]. Resistance training benefits all adults by increasing muscle mass, body 
composition, strength, functional capacity, mental well-being, bone density, insulin 
sensitivity, blood pressure regulation, lipid profiles, and cardiovascular health [3]. 
In type 2 diabetes, resistance training supports glycemic control, improves insulin 
resistance, reduces fat mass and blood pressure, and enhances strength and lean 
muscle mass [9].

1.4 Other physical activity benefits

Flexibility and balance exercises are especially important for older adults with 
diabetes, as joint mobility may decline due to aging and hyperglycemia-related 
effects [10]. Stretching increases flexibility and joint range of motion [11] but does 
not directly impact glycemic control. Balance training, however, can lower the 
risk of falls, even for individuals with peripheral neuropathy [12]. Group exercises 
incorporating resistance and balance training, as well as tai chi, have been shown to 
decrease fall rates [13]. Yoga and tai chi may improve glycemic control, lipid profiles, 
body composition, and overall quality of life in people with diabetes, though further 
research is needed [14].

2. �Exercise for glycemic control

Research on the effects of exercise on glycemic control has largely focused on 
aerobic exercise for individuals with prediabetes or type 2 diabetes (T2D). Aerobic 
activities, which include walking, jogging, running, and cycling, involve rhythmic 
movements of large muscle groups. This form of exercise improves insulin sensitivity, 
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vascular function, aerobic fitness, and body fat reduction [2]. Guidelines from the 
American College of Sports Medicine (ACSM) and the American Diabetes Association 
(ADA) suggest engaging in at least 150 minutes per week of moderate-to-vigorous 
aerobic exercise, spread over at least 3 days, with no more than two consecutive days 
without activity. The rationale for this frequency is that aerobic exercise enhances 
insulin sensitivity, an effect that persists for up to 48 hours post-exercise [15, 16].

Skeletal muscle plays a crucial role in glycemic regulation, facilitating blood 
glucose uptake through both insulin-dependent and -independent pathways. During 
aerobic exercise, glucose transporter type 4 (GLUT-4) moves to the cell membrane, 
increasing glucose uptake without insulin [17]. This effect diminishes within 
3–6 hours, after which muscles exhibit heightened insulin sensitivity, lasting up to 
48 hours depending on factors, such as intensity, diet, and sleep [18]. Notably, aerobic 
exercise lowers the risk of hypoglycemia in T2D patients who do not use insulin and 
contributes to overall cardiovascular health, irrespective of weight loss [4].

Substantial evidence supports the role of exercise in improving glycemic control. 
A six-month aerobic training study involving overweight individuals with T2D, con-
sisting of four sessions per week (45–60 minutes per session at 50–75% of peak oxy-
gen uptake (VO2peak)), resulted in decreased fasting plasma glucose (−1.03 mmol/l) 
and insulin levels (−20.2 pmol/l) compared to a non-exercising control group [19]. 
Similarly, a 12–16-week aerobic exercise program (60 minutes at ~75% VO2peak, 
4–5 days per week) led to a reduction in fasting blood glucose (−0.35 mmol/l) and 
increased insulin sensitivity in individuals with impaired glucose tolerance or T2D 
[20]. These improvements are significant since a 1% decrease in glycated hemoglo-
bin (HbA1c) is associated with a 21% reduction in diabetes-related mortality [21]. 
Furthermore, a meta-analysis of 12 aerobic and two resistance training trials found 
a 10 mmol/mol decrease in post-intervention HbA1c in exercise groups compared to 
controls, independent of weight loss [22].

Recent advancements, such as continuous glucose monitoring (CGM), provide 
better insights into acute glycemic changes. A meta-analysis of 11 aerobic and resis-
tance exercise interventions demonstrated that exercise significantly lowered average 
glucose concentrations (−0.8 mmol/l) and reduced the time spent in hyperglycemic 
ranges by approximately 129 minutes daily [23]. Aerobic exercise also offers cardio-
vascular benefits, as shown in a meta-analysis of 1003 T2D patients, which found 
reductions in systolic (−5.6 mmHg) and diastolic (−5.5 mmHg) blood pressure 
(−0.3 mmol/l), and total cholesterol (−0.3 mmol/l) [5].

While aerobic and resistance exercises have unique health benefits, incorporat-
ing both forms of training may enhance adherence and optimize outcomes. Given 
that T2D is associated with reduced muscle strength and accelerated muscle loss, 
resistance training is valuable for maintaining muscle mass and functional status 
[9]. Resistance training involves muscle contractions against external forces using 
weights, machines, body mass, or resistance bands. ACSM and ADA guidelines 
recommend resistance training at least 2–3 nonconsecutive days per week, with 
intensity levels determined by the number of repetitions performed per set (reps per 
set). Moderate training typically involves 10–15 reps per set, while vigorous training 
comprises 6–8 reps per set [2].

Resistance training significantly benefits glycemic control, muscle strength, 
bone density, and muscle quality. A meta-analysis of over 8500 T2D patients found 
a − 9.26 mmol/mol reduction in HbA1c following structured resistance training. 
While this reduction is clinically meaningful, resistance training primarily affects 
postprandial rather than fasting glucose levels [24]. Skeletal muscle accounts 
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for ~80% of insulin-mediated glucose uptake [25], making resistance exercise a 
strategic approach for blood glucose regulation. A separate meta-analysis of 14 stud-
ies confirmed that resistance training lowers total cholesterol, low-density lipoprotein 
(LDL) cholesterol, and triacylglycerols [26]. Additionally, a six-month high-intensity 
resistance training program for older T2D patients reduced both systolic and diastolic 
blood pressure [27].

Combining aerobic and resistance training appears to offer the most compre-
hensive benefits. A combined regimen of 30 minutes of aerobic exercise (40–80% 
heart rate reserve) plus 30 minutes of resistance training (40–60% of one-rep max) 
resulted in significant reductions in fasting blood glucose (−2 mmol/l) and triacylg-
lycerols (−5.9 mmol/l), along with increases in fat-free mass (+0.4 kg) [28]. A meta-
analysis of 915 participants across 14 trials found that concurrent training produced 
greater reductions in HbA1c (−2.67 mmol/mol), fasting glucose (−1.94 mmol/l), and 
triacylglycerols (−0.28 mmol/l) than aerobic or resistance training alone [29]. Trials, 
such as the Health Benefits of Aerobic and Resistance Training in Individuals with 
Type 2 Diabetes (HART-D) and the Diabetes Aerobic and Resistance Exercise (DARE) 
study, further confirm the effectiveness of concurrent training in reducing HbA1c 
and improving cardiovascular health [30].

The HART-D trial was specifically designed to ensure that exercise volume was 
comparable across different workout modalities. The study included aerobic train-
ing (12 kcal/kg/week or 50 kJ/week at 50–80% VO2max), resistance training (three 
sessions per week consisting of two sets of four upper-body exercises, three sets of 
three leg exercises, and two sets of abdominal crunches and back extensions), and a 
combined regimen (10 kcal/kg/week or 42 kJ/week of aerobic exercise plus two ses-
sions of one set of the resistance exercises mentioned). The results showed that only 
the combined training approach significantly reduced HbA1c levels compared to the 
control group, with a decrease of 0.34% [31].

This finding aligns with the Italian Diabetes and Exercise Study (IDES), 
which demonstrated that combining aerobic and resistance exercises is effective 
in lowering HbA1c, LDL cholesterol, and blood pressure compared to standard 
care [32]. It also supports evidence that short-term, high-intensity functional 
training, such as CrossFit, can enhance insulin sensitivity and pancreatic function 
in individuals with type 2 diabetes (T2D) [33]. While the exact mechanisms behind 
exercise-induced improvements in pancreatic function, potential factors include 
increased GLUT-2 (glucose transporter type 2) transporter content, enhanced 
protein kinase B (Akt) signaling, and greater glucokinase activity. Additionally, 
mitochondrial function in beta cells may play a role, and muscle-released cytokines 
could influence beta-cell mass or function [34, 35]. Overall, these studies reinforce 
the current recommendations from the American College of Sports Medicine 
(ACSM) and the American Diabetes Association (ADA), which advocate for 
concurrent training and at least 2 days of resistance training per week as part of 
a minimum of 150 minutes of moderate-intensity exercise to effectively regulate 
plasma glucose levels [36].

2.1 High-intensity interval training (HIIT) and glycemic control

Despite the well-established benefits of exercise for glycemic control, many indi-
viduals cite time constraints as a barrier to consistent physical activity [37]. HIIT has 
emerged as a time-efficient alternative that enhances glycemic control and cardiovascu-
lar health. HIIT involves short bursts of high-intensity exercise (e.g., 75–95% HRmax) 
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interspersed with recovery periods (30–60% HRmax). Unlike continuous training, 
HIIT allows individuals to achieve substantial health benefits in less time [38]. However, 
it may not be suitable for all individuals due to its intensity, and caution should be 
exercised to minimize the risk of injury or exercise-induced hypoglycemia, particularly 
among insulin users [39]. Therefore, individuals who are medically approved for vigor-
ous exercise may benefit from HIIT as an alternative to traditional moderate-intensity 
workouts [40].

Interval training involves alternating between exercise and recovery phases. In 
HIIT, individuals perform high-intensity aerobic exercise (ranging from 10 seconds 
to 4 minutes at 75–95% HRmax) interspersed with active or passive recovery periods 
(lasting 12 seconds to 5 minutes at 30–60% HRmax). Unlike traditional continuous 
exercise, where intensity remains steady, HIIT elicits heart rate responses of approxi-
mately 75–95% HRmax. Current ACSM guidelines recommend at least 75 minutes 
of vigorous activity per week, with no more than two consecutive days between 
sessions [2].

Research indicates that HIIT, similar to continuous high-intensity exercise, 
supports glycemic control [36]. Short-term HIIT studies, including six sessions of 
10 × 60-second cycling bouts at ~90% HRmax over 2 weeks, have demonstrated 
reductions in 24-hour blood glucose levels measured by CGM [41]. Additionally, 
muscle biopsies revealed improved mitochondrial capacity, indicating enhanced 
oxidative glucose utilization.

Pancreatic function improvements have also been observed following an 
8-week HIIT cycling intervention in individuals with T2D (three weekly sessions 
of 10 × 60-second cycling at ~90% HRmax). Compared to a healthy control group, 
participants showed reductions in fasting glucose, HbA1c, HOMA-IR (Homeostatic 
Model Assessment of Insulin Resistance) (a measure of insulin resistance), HOMA-b 
(Homeostatic Model Assessment of Beta-Cell Function) (an index of insulin secre-
tion), and abdominal fat mass [42].

A meta-analysis of ~1400 individuals with T2D found that HIIT yielded greater 
improvements in HbA1c, HOMA-IR, fasting serum glucose, and VO2peak compared 
to moderate- and low-intensity exercise [43]. However, differences in total energy 
expenditure among groups were not standardized, possibly influencing exercise 
adaptations across intensities. Nevertheless, an 8-week HIIT program (three weekly 
cycling sessions at 80–110% of peak power output) increased aerobic capacity while 
reducing blood insulin concentrations and HOMA-IR in adults with T2D, relative to 
non-insulin-resistant, non-obese controls [44]. Collectively, these findings suggest 
that HIIT is an effective strategy for improving glycemic control in individuals with 
T2D [36].

The question of whether HIIT is superior to continuous training remains unre-
solved. In a study comparing 11 weeks of HIIT (10 one-minute intervals at 95% 
peak workload with one-minute active recovery) to continuous endurance training 
(40 minutes of cycling at 50% peak workload, 3 days per week), HIIT led to greater 
improvements in VO2max while yielding similar effects on HbA1c, fasting glucose, 
postprandial glucose, and HOMA-IR in individuals with T2D—despite requiring less 
time and energy expenditure [45].

These findings align with a recent meta-analysis of 13 HIIT trials involving 345 
patients with T2D, which found significant reductions in HbA1c (−6 mmol/mol 
mean difference) compared to a non-exercise control group. However, there were no 
significant differences between HIIT and continuous training in terms of HOMA-IR 
or cardiovascular disease (CVD) risk reduction [46].
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Additionally, a 12-week HIIT cycling program (one four-minute bout at 90% 
VO2peak, three sessions per week) reduced pulse wave velocity (PWV), a measure of 
arterial stiffness, and improved systolic blood pressure to levels comparable to those 
achieved with moderate-intensity continuous training (MICT) [47]. Flow-mediated 
dilation (FMD), an indicator of endothelial function, also showed similar improve-
ments between HIIT and MICT [48].

While aerobic HIIT has primarily been studied using treadmill or cycling exer-
cises, recent research has begun exploring resistance-based HIIT for improving 
fitness and glycemic control. In a year-long study, individuals performing resistance 
HIIT (10–12 repetitions of upper- and lower-body exercises at 90% heart rate reserve 
[HRR], followed by one-minute rest at 40–60% HRR, three times per week) showed 
greater vascular benefits than those performing moderate-intensity resistance train-
ing. Both groups experienced reductions in carotid intima-media thickness (cIMT), 
an indicator of carotid atherosclerosis, but only HIIT led to a decrease in PWV, 
suggesting reduced arterial stiffness [49]. Further studies are needed to determine the 
optimal combination of resistance and aerobic HIIT for maximizing glycemic control 
in individuals with T2D [36].

3. �Effects of physical activity on insulin action

Both acute and long-term exercise training influence insulin action in muscle and 
liver [50]. Aerobic exercise significantly increases muscle glucose uptake, initially 
through insulin-independent mechanisms, with post-exercise effects lasting up to 
48 hours via both insulin-dependent and -independent pathways [51–53]. Shorter, 
more intense exercise sessions can also enhance insulin action for 24 hours, while 
low-intensity exercise for at least 60 minutes benefits insulin-resistant individuals 
[54, 55]. Aerobic exercise, even at low intensity for at least 60 minutes, can improve 
insulin sensitivity in obese, insulin-resistant adults for up to 24 hours [56]. If the 
primary objective is to enhance insulin action, engaging in daily moderate- or 
high-intensity exercise is likely the most effective approach [18]. Both aerobic and 
resistance training induce beneficial adaptations in skeletal muscle, adipose tissue, 
and the liver, improving insulin sensitivity even in the absence of weight loss [57, 58]. 
Regular aerobic exercise enhances muscle insulin sensitivity in individuals with type 
2 diabetes, with improvements correlating to exercise volume [59]. Even low-volume 
exercise, burning as little as 400 kcal or 1673 kJ per week, can enhance insulin action 
in previously sedentary adults, with the greatest benefits seen in those with higher 
baseline insulin resistance [60]. A dose-response relationship exists up to approxi-
mately 2500 kcal or 10,460 kJ per week [60].

Resistance training similarly improves insulin sensitivity [57], as do HIIT and 
other exercise modalities [5, 41, 61]. Combining endurance and resistance training 
may yield even greater benefits [30], and HIIT may offer advantages over continuous 
aerobic exercise in individuals with diabetes [6].

3.1 Physical activity for adults with type 2 diabetes

The Look AHEAD trial examined the effects of an intensive lifestyle intervention, 
including at least 175 minutes of weekly exercise, compared to standard diabetes 
care [62]. As reviewed by Pi-Sunyer [63], the intensive lifestyle intervention group 
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demonstrated significantly greater and sustained improvements in weight loss, 
cardiorespiratory fitness, blood glucose regulation, blood pressure, and lipid levels 
while requiring fewer medications. Additionally, they experienced lower rates of sleep 
apnea, severe diabetic kidney disease, retinopathy, depression, sexual dysfunction, 
urinary incontinence, and knee pain. They also maintained better physical mobility 
and quality of life, all while reducing overall healthcare costs. This trial provided 
compelling evidence of the substantial health benefits associated with intensive 
lifestyle intervention.

Furthermore, aerobic exercise is particularly effective in improving glycemic 
control in individuals with type 2 diabetes, especially when performed for at least 
150 minutes per week [24]. Resistance training, whether using free weights or 
weight machines, enhances strength in adults with type 2 diabetes by approximately 
50% [23] and reduces A1C levels by 9.2 mmol/mol [9, 24]. A meta-analysis of 12 
studies found that aerobic exercise led to a slightly greater reduction in A1C (by 
−2.9 mmol/mol) compared to resistance training, although both forms of exercise 
had similar effects on cardiovascular risk markers [64]. Notably, a combination of 
aerobic and resistance training is more effective for glycemic control than either 
type alone [31]. Therefore, for optimal glycemic management and overall health 
benefits, adults with type 2 diabetes should ideally engage in both aerobic and 
resistance exercises [2].

3.2 Recommended physical activity for individuals with diabetes

3.2.1 General recommendations

•	 Medical clearance is generally not required for asymptomatic individuals before 
starting low- to moderate-intensity activities, such as brisk walking.

•	 Most adults with diabetes should engage in at least 150 minutes per week of 
moderate-to-vigorous intensity exercise, spread over at least 3 days, with no 
more than two consecutive days without exercise. Shorter durations (75 minutes 
per week) of vigorous-intensity training may suffice for younger, physically fit 
individuals.

•	 Children and adolescents with diabetes should aim for at least 60 minutes of 
moderate-to-vigorous aerobic activity daily, incorporating muscle-strengthening 
and bone-strengthening exercises at least three times per week.

•	 Adults should participate in resistance training at least two to three times per 
week on nonconsecutive days.

•	 Older adults should include flexibility and balance training two to three times 
per week, with activities like yoga and tai chi as options.

•	 Increasing overall daily movement, even through non-exercise activities, is 
encouraged.

•	 Supervised exercise programs offer greater health benefits compared to unsuper-
vised training.
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3.3 Pre-exercise screening and health considerations

The American College of Sports Medicine (ACSM) recently introduced a revised 
model for exercise preparticipation health screening, considering three key factors: 
(1) an individual’s current level of physical activity, (2) the presence of symptoms or 
diagnosed cardiovascular, metabolic, or renal disease, and (3) the intended exercise 
intensity. These factors help assess the risk of exercise-related cardiovascular events. 
Notably, the ACSM has removed risk factor assessment from this screening process. 
However, they recommend that individuals with diabetes who are currently inactive 
seek medical clearance before beginning any level of physical activity, even at low 
intensity [65].

While physical activity does present some risks for individuals with diabetes, such 
as potential acute complications including cardiac events, hypoglycemia, and hyper-
glycemia, the likelihood of exercise-induced adverse events is low for adults with 
type 2 diabetes engaging in low- to moderate-intensity activities. For individuals with 
type 1 diabetes, hypoglycemia is the most common exercise-related issue. Current 
evidence does not support the need for additional screening beyond routine diabetes 
care to reduce the risk of exercise-induced adverse events in asymptomatic individu-
als. As a result, medical clearance before exercise is unnecessary for those who are 
asymptomatic and receiving standard diabetes care, provided they engage in activities 
that do not exceed the physical demands of brisk walking or daily tasks [66, 67].

However, individuals who plan to increase exercise intensity or who meet higher-
risk criteria may benefit from consulting a healthcare provider for an evaluation and 
possibly an exercise stress test before starting more strenuous activities. Additionally, 
most adults with diabetes may find it helpful to work with an exercise physiologist or 
a certified fitness professional with expertise in diabetes to develop a safe and effec-
tive exercise plan. Ultimately, determining an individual’s risk of acute complications 
and selecting appropriate physical activities should be based on a thorough assess-
ment of multiple factors, clinical judgment, and a review of their medical history and 
physical condition [2].

4. �Aerobic exercise guidelines

Individuals with diabetes should engage in regular aerobic exercise. Ideally, each 
aerobic session should last at least 10 minutes, aiming for approximately 30 minutes 
per day on most days of the week for adults with type 2 diabetes. To reduce insulin 
resistance, daily exercise is encouraged, or at a minimum, no more than two con-
secutive days should be skipped, regardless of diabetes type. Over time, individuals 
should gradually increase the intensity, frequency, or duration of their workouts to 
reach at least 150 minutes per week of moderate-intensity exercise. Those capable of 
running at a speed of 6 miles per hour (9.7 km/h) for at least 25 minutes may achieve 
sufficient benefits with 75 minutes of vigorous-intensity exercise per week. However, 
since many adults, particularly those with type 2 diabetes, may find vigorous exer-
cise too challenging, moderate-intensity exercise for the recommended duration is 
advised [68].

Children and adolescents with type 1 or type 2 diabetes should adhere to general 
physical activity guidelines for their age group. These guidelines recommend at least 
60 minutes of moderate- to vigorous-intensity aerobic activity daily, along with 
muscle-strengthening and bone-strengthening exercises at least 3 days per week [69].
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Low-volume high-intensity interval training (HIIT), which consists of short 
bursts of very intense exercise interspersed with longer periods of low- to moderate-
intensity recovery, is an alternative to continuous aerobic exercise [6]. Recently, 
a 12-week HIIT program has been suggested as an effective training approach for 
improving serum omentin-1 levels, body composition, lipid profile, and insulin 
sensitivity in obese men with diabetes [70].

4.1 Resistance exercise guidelines

Adults with diabetes should engage in strength training two to three times per 
week on nonconsecutive days. Although heavier resistance training may provide 
greater benefits for glucose control and muscle strength, any form of resistance 
exercise is beneficial for maintaining overall physical function and balance [71].

4.2 Flexibility, balance, and other activities

Flexibility exercises should be performed at least twice a week to maintain joint 
mobility, but they should not replace aerobic or resistance training since they do not 
significantly impact glucose control [3]. Older adults, particularly those with periph-
eral neuropathy, should focus on balance training two to three times per week [3, 12]. 
Many lower-body and core exercises naturally improve balance, and activities like 
yoga and tai chi can be incorporated based on personal preferences.

4.3 Daily physical activity and lifestyle integration

Engaging in unstructured physical activities, such as household chores, walking, 
and gardening, increases energy expenditure and supports weight management. 
Reducing sedentary time, even in short bouts, improves post-meal glucose levels and 
overall glycemic control in individuals with diabetes or prediabetes. Encouraging 
increased daily movement is particularly beneficial for those who are sedentary and 
hesitant to engage in structured exercise programs [2].

4.4 Exercise timing in relation to the time of day and meals

Recent research has focused on the optimal timing of exercise for better plasma 
glucose control. Both the time of day and whether exercise is performed before or 
after meals play a crucial role in managing long-term glucose levels and post-meal 
plasma glucose spikes. Since the body’s internal clock influences glucose regulation, 
it is important to consider circadian rhythms when determining the best time for 
physical activity. Various physiological functions, such as body temperature, glucose 
tolerance, insulin levels, and hormones like adiponectin and leptin, follow daily 
cycles. Generally, these processes function more efficiently in the morning than in the 
afternoon or evening in healthy individuals [72]. Some studies suggest that consum-
ing smaller meals, especially in the evening, may improve glucose control the follow-
ing day compared to large dinners (over 30% of total daily calorie intake) [49].

People with type 2 diabetes (T2D) experience circadian disruptions, with insulin 
sensitivity being relatively higher in the evening but decreasing overnight, leading 
to elevated morning glucose levels (known as the dawn phenomenon) [73]. Exercise 
may help realign these disrupted rhythms, though more research is needed to deter-
mine its precise effects on T2D. The natural daily fluctuations in glucose metabolism 
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indicate that certain times of the day may be more favorable for exercise in terms of 
improving plasma glucose control. While some studies [74–76] indicate that exercis-
ing in the afternoon or evening is more effective for improving glucose regulation 
and insulin sensitivity—regardless of insulin use—others [77, 78] have found no 
significant differences between morning and later workouts. However, when it comes 
to weight management and adherence to exercise routines, morning workouts appear 
to be more beneficial [77]. This suggests that the ideal time for exercise depends on 
the desired outcome. Ultimately, the most important factor is ensuring consistency, 
as regular physical activity—regardless of timing—has been linked to lower mortality 
rates in both men and women, according to an analysis of the National Health and 
Nutrition Examination Survey (NHANES) [79].

Post-meal plasma glucose levels are a stronger predictor of future cardiovascular 
disease (CVD) risk than fasting glucose [80]. Therefore, another key question is 
whether it is more effective to exercise before or after eating. Engaging in physical 
activity after meals may enhance vascular health by reducing endothelial dysfunction 
and oxidative stress linked to post-meal glucose spikes [81]. However, there is limited 
research comparing the effects of exercising in a fasted versus fed state in people with 
T2D. A position statement from the American College of Sports Medicine (ACSM) 
concluded that post-meal exercise generally leads to better glucose control by reduc-
ing acute plasma glucose spikes, regardless of exercise type or intensity, with dura-
tions of 45 minutes or more showing the most consistent benefits [39].

A few studies have explored the impact of brief, high-intensity workouts before 
meals. For instance, one study found that performing six one-minute bursts of intense 
incline walking (at 90% maximum heart rate) 30 minutes before a meal lowered 
post-meal plasma glucose levels after breakfast and dinner in individuals with T2D or 
insulin resistance, compared to a traditional 30-minute moderate-intensity workout 
[82]. Another study found that cycling at moderate intensity for 60 minutes before 
carbohydrate intake improved insulin sensitivity and reduced insulin and lipid levels 
but did not significantly impact blood glucose [83]. Research has shown that short 
bouts of exercise after meals can help reduce glucose spikes. Examples of such exercises 
include: (a) three sets of one-minute light jogging with 30-second rest intervals, total-
ing 4 minutes per session, repeated every 30 minutes throughout the day for a total of 
20 sessions; (b) three 15-minute bouts of activity at 3 metabolic equivalents (METs) 
after a meal [84]; (c) resistance exercises using up to 40% of body mass [85]; (d) 10 
rounds of one-minute high-intensity intervals (working at 95–120% of peak power 
output) with one-minute low-intensity cycling between sets [75]; and (e) four intervals 
of three-minute exercises at approximately 56.5 ± 3.9% VO2max after breakfast [86].

Additionally, post-meal exercise has been found to lower acute serum triacylglyc-
erol spikes following high-fat meals and mitigate the negative effects of lipid-induced 
oxidative stress. These benefits suggest that engaging in brief physical activity after 
eating may help regulate both glucose and lipid levels, ultimately supporting cardio-
vascular health. Collectively, these findings indicate that “exercise desserts” imme-
diately after meals may be an effective strategy for reducing postprandial plasma 
glucose fluctuations [36].

5. �Supervised vs. unsupervised training

Supervised exercise programs result in greater improvements in A1C, body com-
position, fitness, and cardiovascular health compared to unsupervised activity [24]. 
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While unsupervised exercise can still be beneficial, it is most effective when com-
bined with dietary interventions. Therefore, whenever feasible, supervised training is 
recommended for adults with diabetes to maximize health benefits [87].

Conclusion: Both aerobic and resistance training enhance insulin action, at least in 
the short term, and can aid in managing blood glucose levels, lipids, blood pressure, 
cardiovascular risk, mortality, and overall quality of life. However, to sustain these 
benefits, exercise must be performed consistently and should ideally incorporate a 
variety of training types.
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Abstract

Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) are highly effective 
therapies for managing type 2 diabetes mellitus (T2DM) and obesity. These agents 
mimic the incretin hormone GLP-1, enhancing glucose-dependent insulin secretion, 
suppressing glucagon release, delaying gastric emptying, and promoting satiety. 
Mechanistically, GLP-1 RAs target the GLP-1 receptor, predominantly found in 
pancreatic β-cells, the gastrointestinal tract, and the central nervous system, leading 
to improved glycemic control with a reduced risk of hypoglycemia. Their weight-
loss benefits stem from delayed gastric emptying and central appetite suppression, 
while cardiovascular benefits, such as reduced major adverse cardiovascular events, 
make them integral to T2DM treatment. GLP-1 RAs differ in pharmacokinetics, with 
short-acting agents, like exenatide, targeting postprandial glucose, and long-acting 
options, like liraglutide and semaglutide, offering sustained fasting and postprandial 
glucose control. Semaglutide, available as both injectable and oral formulations, has 
demonstrated superior efficacy in weight reduction and glycemic outcomes compared 
to its counterparts. Additionally, emerging dual and triple agonists targeting GLP-1, 
glucose-dependent insulinotropic polypeptide (GIP), and glucagon receptors, such as 
tirzepatide, represent a novel therapeutic frontier, amplifying metabolic benefits with 
substantial weight loss and improved glycemic control. While GLP-1 RAs are gener-
ally well-tolerated, gastrointestinal side effects, such as nausea and vomiting, remain 
the most common adverse events. Long-term safety, particularly concerning pan-
creatitis and gallbladder disease, requires further study. Nonetheless, their efficacy 
and safety profiles solidify their role as cornerstone therapies for metabolic diseases. 
Ongoing advancements in multi-agonist therapies promise enhanced therapeutic 
outcomes and broader clinical utility in the management of T2DM and obesity.

Keywords: GLP-1 receptor agonists, incretin-based therapy, glycemic control, weight 
loss, dual and triple agonists, tirzepatide, retatrutide, survodutide
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1. �Introduction

Glucagon-like peptide-1 receptor agonists (GLP-1) RAs exert their effects by 
mimicking the incretin hormone GLP-1, enhancing glucose-dependent insulin 
secretion, suppressing glucagon release, delaying gastric emptying, and promoting 
satiety (Figure 1). This unique pharmacological profile has positioned GLP-1 RAs 
as dual-purpose agents for glycemic control and weight reduction, offering substan-
tial benefits for patients with obesity and T2DM. Clinical trials and meta-analyses 
consistently demonstrate the efficacy of GLP-1 RAs in achieving significant weight 
loss and improved glycemic outcomes, often surpassing traditional therapeutic agents 
for diabetes management. For instance, high-dose GLP-1 RAs, such as liraglutide and 
semaglutide, have been shown to induce clinically meaningful reductions in body 
weight and hemoglobin A1c (HbA1c), with additional benefits in cardiovascular risk 
reduction [1, 2].

Recent advances in GLP-1 receptor pharmacology have further expanded the 
therapeutic potential of these agents. Studies investigating their use in higher doses, 
extended formulations, and as part of dual- or triple-agonist therapies have revealed 
unprecedented outcomes in managing obesity and its comorbidities. The introduc-
tion of dual GLP-1/glucose-dependent insulinotropic polypeptide (GIP) receptor 
agonists, such as tirzepatide, represents a paradigm shift, combining the benefits 
of GLP-1 RAs with additional anti-inflammatory and vascular protective proper-
ties attributed to GIP signaling, [3–5] and recently Survodutide (BI 456906), has 
arisen as a novel subcutaneous GCGR/GLP-1R dual agonist in development for the 
treatment of people with type 2 diabetes, obesity and non-alcoholic steatohepatitis 
(NASH) [6].

The increasing prevalence of obesity and diabetes needs a comprehensive explo-
ration of therapies that address not only glycemic control but also metabolic and 
cardiovascular risk factors. This chapter provides an in-depth examination of the 
role of GLP-1 RAs in the treatment of obesity and T2DM, emphasizing the evidence-
based benefits and emerging trends in the use of these pharmacological agents. The 
integration of GLP-1 RAs into clinical practice highlights their potential to redefine 
the therapeutic landscape for patients struggling with obesity-related metabolic 
disorders.

Figure 1. 
Effects GLP-1 RAs.
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2. �Pathophysiology of obesity

Obesity remains a global health challenge, with its prevalence escalating over 
recent years. Understanding its complex pathophysiology is crucial for developing 
effective interventions.

2.1 Genetic and epigenetic influences

Recent studies have reinforced the significant role of genetics in obesity. 
Monogenic forms, resulting from single-gene mutations, and polygenic obesity, 
involving multiple genetic variants, contribute to individual susceptibility [1, 2]. 
Epigenetic modifications, influenced by environmental factors, further modulate 
gene expression related to adiposity and metabolic regulation [3, 4]. These insights 
underscore the intricate interplay between genetic predisposition and environmental 
exposures in obesity development [5].

2.2 Adipose tissue dysfunction and inflammation

Adipose tissue is now recognized as an active endocrine organ. In obesity, adi-
pocyte hypertrophy and hyperplasia lead to hypoxia and subsequent inflammation 
[7, 8]. This state is characterized by increased infiltration of immune cells, particu-
larly macrophages, which shift from an anti-inflammatory (M2) to a pro-inflam-
matory (M1) phenotype. The resulting chronic low-grade inflammation disrupts 
adipokine secretion, notably decreasing adiponectin and increasing leptin levels, 
contributing to systemic insulin resistance and metabolic dysregulation [9, 10].

2.3 Neuroendocrine regulation and appetite control

The central nervous system, especially the hypothalamus, plays a pivotal role in 
energy homeostasis. Recent research has elucidated how dysregulation in neuroendo-
crine pathways affects appetite and satiety signals [10, 11]. Alterations in hormones 
such as ghrelin, peptide YY, and glucagon-like peptide-1 (GLP-1) have been impli-
cated in disrupted hunger cues, promoting excessive caloric intake and weight gain 
[12–14].

2.4 Gut microbiota and metabolic interactions

Advancements in metagenomics have highlighted the gut microbiota’s influence on 
obesity. Dysbiosis, or microbial imbalance, affects energy harvest from the diet and 
modulates inflammatory pathways. Specific microbial profiles have been associated 
with increased adiposity, suggesting that targeting the microbiome could offer novel 
therapeutic avenues for obesity management [13, 14].

2.5 Insulin resistance and metabolic complications

Obesity-induced inflammation and adipokine imbalance contribute to the devel-
opment of insulin resistance. This condition impairs glucose uptake in peripheral 
tissues, elevating blood glucose levels and increasing the risk of type 2 diabetes 
mellitus (T2DM) [6, 7]. Understanding the molecular mechanisms linking obesity to 
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insulin resistance is essential for developing targeted treatments to mitigate associated 
metabolic complications [9, 10].

2.6 Environmental and lifestyle factors

Beyond biological mechanisms, environmental and lifestyle factors significantly 
influence obesity prevalence. Sedentary behavior, high-calorie diets, and socio-
economic determinants interact with genetic predispositions, exacerbating weight 
gain [3, 12]. Public health strategies focusing on lifestyle modifications remain critical 
components in addressing the obesity epidemic (Figure 2) [15].

2.7 Therapeutic implications and future directions

The deepening understanding of obesity’s pathophysiology has paved the way 
for innovative therapeutic approaches. Pharmacological agents targeting specific 
pathways, such as GLP-1 receptor agonists, have shown promise in weight man-
agement [16, 17]. Additionally, personalized medicine, considering individual 
genetic and microbiome profiles, holds potential for more effective interventions. 
Ongoing research is essential to translate these insights into clinical practice, 
aiming to curb the global obesity crisis [18–23], in conclusion, the past two years 
have yielded significant insights into the multifaceted pathophysiology of obesity. 
Integrating genetic, inflammatory, neuroendocrine, and environmental perspec-
tives is essential for developing comprehensive strategies to combat this pervasive 
health issue. Continued interdisciplinary research and public health initiatives are 
imperative to address the complexities of obesity and its associated comorbidities 
[9, 13].

3. �Pathophysiology of type 2 diabetes: Focus on GLP-1, GIP, and glucagon 
receptor agonists

T2DM is a complex metabolic disorder characterized by chronic hyperglycemia, 
insulin resistance, and progressive β-cell dysfunction. Recent studies have highlighted 
the intricate role of incretin hormones such as GLP-1, GIP, and glucagon in the regula-
tion of glucose and energy metabolism. Therapeutic advancements targeting these 

Figure 2. 
Pathophysiology of obesity.
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pathways have transformed the management of T2DM, offering improved glycemic 
control, weight reduction, and cardiovascular benefits [24].

3.1 GLP-1 receptor agonists

GLP-1 RAs mimic the incretin hormone GLP-1, enhancing insulin secretion, 
suppressing glucagon release, delaying gastric emptying, and promoting satiety. 
These actions collectively improve glycemic control while addressing obesity-related 
complications in T2DM. Semaglutide, liraglutide, and dulaglutide are among the 
most studied GLP-1 RAs, demonstrating significant reductions in HbA1c and body 
weight in clinical trials [25–27]. Furthermore, GLP-1 RAs have shown cardiovascular 
protective effects, reducing the risk of major adverse cardiovascular events (MACE) 
in high-risk patients [28].

On the other hand, recent research has also explored higher doses and innovative 
delivery methods, such as oral semaglutide, to enhance patient adherence [28–30]. 
These advancements further cement the role of GLP-1 RAs as cornerstone therapies 
for T2DM management.

3.2 GIP receptor agonists

Glucose insulinotrophic peptide (GIP), another incretin hormone, stimulates 
insulin secretion in a glucose-dependent manner. However, its insulinotropic effect is 
diminished in individuals with T2DM. Novel therapies targeting GIP receptors aim to 
restore its regulatory role in glucose homeostasis. Studies have revealed that GIP can 
enhance β-cell function, particularly when combined with GLP-1 receptor activation, 
creating synergistic effects [29].

Dual GLP-1/GIP receptor agonists, such as tirzepatide, have emerged as ground-
breaking therapies. Tirzepatide has demonstrated superior efficacy compared to 
GLP-1 RAs alone, achieving unprecedented reductions in HbA1c and body weight 
while maintaining a favorable safety profile [30].

3.3 Glucagon receptor agonists

While glucagon traditionally plays a counter-regulatory role by increasing hepatic 
glucose production, recent studies have identified its potential in energy expenditure 
and lipid metabolism. Dual GLP-1/glucagon receptor agonists, such as cotadutide, 
exploit these properties, combining glucagon’s lipolytic effects with GLP-1-mediated 
glycemic control [31, 32]. This dual mechanism offers a promising approach to 
managing both T2DM and obesity.

Furthermore, triagonists targeting GLP-1, GIP, and glucagon receptors are under 
investigation, aiming to maximize metabolic benefits. Early trials have shown signifi-
cant improvements in weight loss and glycemic control, suggesting a transformative 
potential in T2DM treatment [30].

3.4 Therapeutic implications and future directions

The integration of incretin-based therapies into clinical practice has redefined the 
treatment paradigm for T2DM. GLP-1, GIP, and glucagon receptor agonists not only 
improve glycemic control but also address obesity and cardiovascular risk factors, 
critical components of the T2DM disease burden [31].
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Future research is focused on optimizing these therapies through dose refinement, 
combination regimens, and personalized medicine approaches. Additionally, under-
standing the long-term effects and safety profiles of these agents remains essential to 
their widespread adoption.

4. �Pharmacology of GLP-1 receptor agonists

GLP-1 RAs are a cornerstone in the treatment of T2DM and obesity. These 
agents mimic the incretin hormone GLP-1, enhancing glucose-dependent insulin 
secretion, suppressing glucagon release, delaying gastric emptying, and promoting 
satiety.

4.1 Mechanism of action

GLP-1 RAs target the GLP-1 receptor, a member of the G-protein-coupled receptor 
family, predominantly expressed in pancreatic β-cells, the gastrointestinal tract, and 
the central nervous system. Activation of this receptor leads to increased intracellular 
cyclic AMP (cAMP), enhancing glucose-stimulated insulin secretion and suppress-
ing glucagon release in a glucose-dependent manner. These effects improve glycemic 
control while minimizing the risk of hypoglycemia [32].

In addition to their pancreatic effects, GLP-1 RAs delay gastric emptying and 
act on hypothalamic centers to reduce appetite, contributing to weight loss. Their 
cardiovascular benefits, including improved endothelial function and anti-inflam-
matory effects, further support their role in reducing cardiovascular risks in T2DM 
patients [33].

4.2 Pharmacokinetics and pharmacodynamics

GLP-1 RAs vary in their pharmacokinetic properties, influencing dosing regimens 
and patient adherence. Short-acting agents, such as exenatide twice daily, predomi-
nantly target postprandial glucose levels due to transient receptor activation.

Long-acting agents, including liraglutide, dulaglutide, and semaglutide, provide 
sustained receptor activation, effectively lowering fasting and postprandial glucose 
levels [30].

4.3 Pharmacology of the most important GLP-1 RAs

Exenatide: A synthetic version of exendin-4 with a half-life of 2–4 hours, requir-
ing twice-daily administration. It was the first GLP-1 RA introduced and primarily 
reduces postprandial glucose excursions [34].

Liraglutide: A long-acting analog with a half-life of approximately 13 hours, 
requiring once-daily administration. It has demonstrated cardiovascular benefits in 
addition to glycemic control [35].

Dulaglutide: Engineered as a fusion protein with a half-life of 5 days, allow-
ing for once-weekly dosing. Its molecular structure reduces renal clearance and 
immunogenicity.

Semaglutide: Available as a weekly injection or daily oral formulation. It has 
shown superior efficacy in weight reduction and HbA1c control compared to other 
GLP-1 Ras.
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Albiglutide and Lixisenatide: These agents provide alternative options with vary-
ing pharmacodynamic profiles, targeting specific patient populations [36].

4.4 Clinical efficacy

Head-to-head trials consistently demonstrate significant reductions in HbA1c 
(0.5–1.5%) and body weight (3–6 kg) across GLP-1 RAs, with semaglutide often 
showing the greatest efficacy. Cardiovascular outcome trials (CVOTs) such as 
LEADER and SUSTAIN-6 highlight their role in reducing MACE [35, 36].

4.5 Safety and tolerability

Gastrointestinal side effects, including nausea and vomiting, are the most com-
mon adverse events, often transient and dose-dependent. Rare but serious concerns, 
such as pancreatitis and gallbladder disease, require further investigation. Their 
favorable risk-benefit profile, however, supports widespread use [33].

4.6 Emerging trends

The development of dual and triple agonists targeting GLP-1, GIP, and glucagon 
receptors, such as tirzepatide, represents an exciting frontier. These agents aim to 
amplify metabolic benefits, achieving superior glycemic control and weight loss [37]. 
In conclusion, GLP-1 receptor agonists are transformative in managing T2DM and 
obesity. Their diverse pharmacological profiles, robust efficacy, and safety establish 
them as essential therapies. Ongoing innovation, particularly with multi-agonist 
therapies, promises to further enhance their clinical utility.

5. �Pharmacology of dual GLP-1 and GIP receptor agonists

Dual agonists targeting both GLP-1 and GIP receptors represent a novel thera-
peutic approach in the management of T2DM and obesity. These agents, exemplified 
by tirzepatide, aim to harness the synergistic effects of GLP-1 and GIP to enhance 
glycemic control and promote weight loss.

5.1 Mechanism of action

GLP-1 and GIP are incretin hormones that play crucial roles in glucose homeosta-
sis. GLP-1 enhances glucose-dependent insulin secretion, suppresses glucagon release, 
delays gastric emptying, and promotes satiety. GIP also stimulates insulin secretion in 
a glucose-dependent manner but has a less pronounced effect on glucagon suppres-
sion and gastric emptying. Dual agonists activate both receptors, potentially amplify-
ing these beneficial effects. Notably, the simultaneous activation of GLP-1 and GIP 
receptors may lead to improved insulin sensitivity and more substantial reductions in 
body weight compared to GLP-1 receptor agonists alone.

5.2 Pharmacokinetics and pharmacodynamics

Tirzepatide is the most advanced dual GLP-1/GIP receptor agonist, administered 
as a once-weekly subcutaneous injection. It exhibits a half-life conducive to weekly 
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dosing, facilitating patient adherence. Clinical trials have demonstrated that tirz-
epatide significantly reduces HbA1c levels and body weight in patients with T2DM. 
The pharmacodynamic profile of tirzepatide indicates enhanced insulin secretion, 
improved insulin sensitivity, and reduced food intake, contributing to its efficacy in 
glycemic control and weight management [38].

5.3 Clinical efficacy

In clinical studies, tirzepatide has shown superior efficacy in lowering HbA1c and 
body weight compared to existing GLP-1 receptor agonists. For instance, patients 
treated with tirzepatide achieved mean HbA1c reductions exceeding 2% and weight 
loss up to 12 kg over 40 weeks. These outcomes suggest that dual agonism may offer 
advantages over selective GLP-1 receptor activation, particularly in patients requiring 
substantial weight reduction alongside glycemic control [39, 40].

5.4 Safety and tolerability

The safety profile of dual GLP-1/GIP receptor agonists is generally consistent 
with that of GLP-1 receptor agonists, with gastrointestinal adverse events such as 
nausea, vomiting, and diarrhea being the most commonly reported side effects. These 
symptoms are typically transient and dose-dependent. Ongoing studies are assessing 
the long-term safety of these agents, including their cardiovascular outcomes and 
potential risks associated with chronic use [41–45].

5.5 Emerging therapies

Beyond tirzepatide, other dual agonists are under investigation. For example, 
CT-388 is a novel dual GLP-1 and GIP receptor modulator designed for once-weekly 
subcutaneous administration. Early-phase clinical trials have reported significant 
weight loss with CT-388, indicating its potential as an effective treatment for obesity 
and T2DM. In conclusion, Dual GLP-1 and GIP receptor agonists represent a sig-
nificant advancement in the pharmacotherapy of T2DM and obesity. By leveraging 
the complementary actions of GLP-1 and GIP, these agents offer enhanced glycemic 
control and weight reduction compared to existing therapies. Ongoing research will 
further elucidate their long-term efficacy and safety profiles, potentially expanding 
their therapeutic applications [46].

6. �Pharmacology of triple-action agonists targeting GLP-1, GIP, and 
glucagon receptors in the treatment of obesity and type 2 diabetes

In recent years, the development of multi-receptor agonists targeting GLP-1, GIP, 
and glucagon receptors has emerged as a promising therapeutic strategy for obesity 
and T2DM. These triple agonists aim to harness the synergistic effects of these 
hormones to improve glycemic control and induce weight loss [47].

6.1 Mechanism of action

Triple agonists simultaneously activate GLP-1, GIP, and glucagon receptors, 
leading to a multifaceted metabolic response. Activation of GLP-1 receptors enhances 
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insulin secretion, inhibits glucagon release, slows gastric emptying, and promotes 
satiety. GIP receptor activation further stimulates insulin secretion and may have 
direct effects on adipose tissue, enhancing lipid metabolism. Glucagon receptor 
activation increases energy expenditure by promoting hepatic glucose production and 
lipolysis. The combined activation of these receptors results in improved glycemic 
control and significant weight reduction.

7. �Recent developments

Retatrutide (LY3437943) is a novel triple agonist that shows promising results in 
clinical trials. In a phase 2 trial involving adults with obesity, retatrutide treatment for 
48 weeks resulted in substantial reductions in body weight, with participants achiev-
ing up to 24.2% weight loss. Additionally, improvements in glycemic control were 
observed, indicating its potential efficacy in T2DM management.

Another study demonstrated that triple agonism of GLP-1, GIP, and glucagon 
receptors resulted in greater weight loss and reduction in blood glucose levels in obese 
mice compared to monoagonists and dual agonists. This preclinical evidence supports 
the therapeutic potential of triple agonists in metabolic disorders [47, 48].

7.1 Pharmacokinetics and pharmacodynamics

Triple agonists are typically administered via subcutaneous injection. The phar-
macokinetic profiles are designed to allow for once-weekly dosing, enhancing patient 
compliance. These agents exhibit a balanced activity across GLP-1, GIP, and glucagon 
receptors, ensuring a coordinated metabolic response. The pharmacodynamic effects 
include enhanced insulin secretion, reduced appetite, increased energy expenditure, 
and improved lipid metabolism, contributing to their efficacy in obesity and T2DM 
treatment [48].

7.2 Safety and tolerability

The safety profile of triple agonists is generally consistent with that of GLP-1 
receptor agonists. Common adverse events include gastrointestinal symptoms such 
as nausea, vomiting, and diarrhea, which are typically transient and diminish over 
time. No significant safety concerns have been reported in clinical trials to date; 
however, long-term studies are necessary to fully assess their safety profile. In conclu-
sion, triple-action agonists targeting GLP-1, GIP, and glucagon receptors represent a 
novel and promising approach in the treatment of obesity and T2DM. The synergistic 
effects of these hormones offer significant advantages in terms of weight loss and 
glycemic control. Ongoing clinical trials and future research will further elucidate 
their therapeutic potential and long-term safety [49, 50].

8. �Pleiotropic effects of GLP-1, GIP, and glucagon receptor agonists

GLP-1, GIP, and glucagon receptor agonists have gained attention for their thera-
peutic effects in obesity and T2DM. Beyond their primary roles in glycemic control, 
these agonists exhibit pleiotropic effects, influencing cardiovascular health, inflam-
mation, and energy metabolism.
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8.1 Cardiovascular benefits

GLP-1 receptor agonists have demonstrated cardioprotective properties in 
both diabetic and non-diabetic populations. These effects include reduced MACE, 
improved endothelial function, and decreased arterial stiffness. For example, the 
LEADER trial with liraglutide showed a 13% reduction in MACE among high-risk 
patients with T2DM [51]. Similarly, tirzepatide, a dual GIP and GLP-1 receptor 
agonist, has shown reductions in cardiovascular risk biomarkers, such as triglycerides 
and C-reactive protein, further highlighting its cardiometabolic benefit [52].

8.2 Anti-inflammatory and immune modulation

Chronic inflammation is a hallmark of obesity and T2DM, contributing to insulin 
resistance and cardiovascular disease. GLP-1 receptor activation has been linked 
to reduced levels of inflammatory markers such as interleukin-6 (IL-6) and tumor 
necrosis factor-alpha (TNF-α). Moreover, dual and triple agonists that incorporate 
GIP and glucagon receptor targeting have shown enhanced anti-inflammatory effects. 
For instance, tirzepatide has demonstrated superior reductions in inflammatory 
markers compared to GLP-1 receptor agonists alone, indicating a synergistic interac-
tion between GIP and GLP-1 pathways [53, 54].

8.3 Effects on energy expenditure and fat metabolism

Glucagon receptor agonists play a pivotal role in increasing energy expenditure 
and promoting lipolysis. This complements the satiety-inducing and appetite-
suppressing effects of GLP-1 and GIP receptor activation. Triple agonists such as 
retatrutide have shown unprecedented reductions in body weight in clinical trials, 
with up to 24% reductions observed in phase 2 studies. This effect is attributed to a 
balanced stimulation of energy expenditure, appetite suppression, and enhanced 
lipid metabolism [55, 56].

8.4 Renal protection

Emerging evidence suggests that GLP-1 receptor agonists may confer renopro-
tective effects by reducing albuminuria and preserving glomerular filtration rates 
(GFR). These benefits are thought to be mediated through improvements in hemody-
namic regulation, reductions in oxidative stress, and anti-inflammatory actions. Dual 
agonists, such as tirzepatide, may amplify these effects, although long-term studies 
are needed to confirm these findings [57–59].

8.5 Neuroprotective effects

GLP-1 receptor agonists also exhibit potential neuroprotective benefits, includ-
ing improved cognitive function and reduced neuroinflammation. Preclinical 
studies indicate that GLP-1 receptor activation can mitigate amyloid-beta accu-
mulation and improve synaptic plasticity, suggesting a role in delaying neuro-
degenerative diseases such as Alzheimer’s disease. While data on dual and triple 
agonists are limited, their broader metabolic effects may enhance neuroprotection 
(Figure 3) [60, 61].
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9. �Conclusion

The pleiotropic effects of GLP-1, GIP, and glucagon receptor agonists extend 
beyond glycemic control, offering significant benefits in cardiovascular health, 
inflammation, energy metabolism, renal function, and neuroprotection. These agents 
represent a paradigm shift in the management of metabolic disorders, providing a 
holistic approach to addressing the complex interplay of obesity, T2DM, and their 
associated comorbidities.
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Chapter 5

Lived Experience of Diabetes  
Self-Management among the 
Elderly in India
B. Kalpana Kosalram, V. Srinivas and Irene Sambath

Abstract

The World Health Organization (WHO) and the United Nations (UN) designated 
2021–2030 as the “Decade of Healthy Ageing,” which underscores the increasing 
importance of addressing the needs of an aging global population. As emphasized 
in the Longitudinal Aging Study in India (LASI) Wave 1 Report, 2020, India, which 
is frequently referred to as the “Diabetes Capital of the World,” is grappling with a 
substantial burden of diabetes among older adults. Against this demographic back-
drop, the chapter explores the way elderly Indians handle the intricacies of diabetes 
self-management, which encompasses dietary modifications, medication adherence, 
physical activity, and routine monitoring, supported by family, healthcare providers, 
and community resources. This chapter endeavors to inform healthcare profession-
als, researchers, and policymakers regarding the unique requirements of elderly 
diabetic patients by providing the reader with personal insights and lived experi-
ences, thereby facilitating a more personalized approach to diabetes care.

Keywords: diabetes self-management, elderly population, older adults,  
lived experience, aging, India

1. �Introduction

The global population is undergoing a significant demographic transition, with 
an increasing older population. The World Health Organization (WHO) and United 
Nations (UN) have declared 2021–2030 to be the “Decade of Healthy Ageing” in 
response to the pressing demands of addressing the health emergencies facing the 
elderly [1]. In India, the elderly population is increasing at an alarming rate and 
is approaching crisis levels. The India Aging Report 2023, released by the United 
Nations Population Fund (UNFPA) and the International Institute for Population 
Sciences (IIPS), indicates that senior citizens currently make up 10% of India’s total 
population, which is expected to rise to 14.9% by 2036 [2].

Simultaneously, a notable epidemiological transition has been occurring toward 
chronic diseases, particularly Type 2 Diabetes Mellitus (T2DM). This condition 
is characterized by inadequate insulin production or reduced insulin sensitivity. 
Estimates suggest that the population of adults aged 20–79 living with diabetes will 
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rise from 537 million in 2021 to 643 million by 2030, and subsequently to 783 million 
by 2045 [3]. Diabetes is recognized as a significant public health concern on a global 
scale. Almost half of these adults are not receiving treatment and are unaware of their 
condition. The prevalence of diabetes is significantly elevated as individuals age, 
which is a cause for concern. In 2019, 19.3% of individuals aged 65–99 were diagnosed 
with diabetes, as per the International Diabetes Federation (IDF). This figure is 
expected to increase to 195.2 million by 2030 and 276.2 million by 2045 [3].

India, often called the “Diabetes Capital of the World,” is home to the larg-
est populace of diabetics. A study by the Noncommunicable Diseases Risk Factor 
Collaboration (NCD-RisC) and the World Health Organization (WHO) in 2022 shows 
that India has the most untreated diabetes cases in the world [4]. The International 
Diabetes Federation estimated 74.7 million people in India aged 20 to 79 lived with 
diabetes in 2021; this number is expected to increase to 124.9 million by 2045 [3]. The 
prevalence of diabetes in India has historically varied from 13% to 25%, with higher 
rates in urban areas and demographically advancing states [5].

The Longitudinal Aging Study in India (LASI) is the first full-scale national 
survey of scientific investigation of the health, economic, social determinants, and 
consequences of population aging in India. According to the LASI Wave 1 report, the 
self-reported prevalence of diabetes mellitus in older adults aged 45–59 and elderly 
aged 60 and above was 9 and 14%, respectively [6]. Urbanization, diet changes, and 
the increased incidence of obesity lead to rising numbers of new diabetes cases. At 
the same time, older people are confronted with atypical presentations of diabetes, 
comorbidities, and a higher risk of macro- and microvascular complications, leading 
to increased mortality, functional status decrements, and institutionalization [7].

The diabetes management paradigms comprise several components, with self-
management being one of the most significant in the theory and practice of diabetes 
care. Self-management ranges from adherence to medication to diet and physical 
activity changes to routine health monitoring. Unfortunately, elderly populations 
encounter numerous hurdles to effective self-management. The key hurdles include 
poor-quality health services, inadequate age-targeted counseling, and limited access 
to age-friendly healthcare technologies. Language barriers, poor communication, 
visual impairment, cognitive decline, insufficient financial resources, and a dearth 
of guidelines designed to meet the dietary and physical activity needs of the geriatric 
population also compound matters. Inequitable healthcare access, especially in 
secondary and tertiary care, further burdens diabetes complications. Social determi-
nants, including family support, healthcare accessibility, and cultural perceptions of 
aging and illness, play pivotal roles in shaping their self-management behaviors.

1.1 Qualitative approach and rationale

There is a deepening crisis of diabetes among India’s aging population that calls 
for a deeper understanding of how elderly individuals navigate the complexities of 
diabetes self-management. As reported in the LASI Wave 1 report, Tamil Nadu ranks 
third among the Indian states with 10.4% of its people aged 60 and above, following 
Kerala (12.6%) and Goa (11.2%) [6].

This chapter presents the personal narratives of 10 elderly individuals diagnosed 
with T2DM, comprising six outpatients and four residents from assisted living 
facility at a well-known geriatric hospital in Chennai, Tamil Nadu. Their experiences 
highlight the intricate relationship between personal, social, and systemic factors 
that affect how they manage their diabetes. Verbatim quotes reveal their challenges, 
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resilience, and coping strategies, providing a deeper insight and nuanced understand-
ing of their everyday realities.

1.2 Basic demographics

Of the ten individuals, six were male, and four were female, aged 69–82 years. All 
of them had diagnosed T2DM, with 4 and 46 years of disease duration. Four individ-
uals were illiterate, three had primary school education, and three were graduates. All 
of them were married, two separated from spouse and two widowed. Five individuals 
had a family history of diabetes. Eight individuals were unemployed, and two were 
supporting family business. Only one of them availed health insurance supported by 
the children. Regarding diabetes-related complications, two had diabetic neuropathy, 
three had cardiovascular symptoms, and two had a diabetic foot. Seven of them had 
other comorbidities.

2. �Challenges in diabetes self-management

Factors such as the physical, psychological, and social challenges experienced by 
elderly persons with T2DM contribute to the effectiveness of diabetes self-manage-
ment. These obstacles aggravate their sufferings and the risk of complications and 
diminishes the overall quality of life.

2.1 Physical limitations and comorbidities

The aging process is generally associated with physical frailty, reduced stamina, 
and a higher prevalence of comorbidities, which makes diabetes management increas-
ingly challenging. Comorbid conditions like arthritis, obesity, and cardiovascular 
issues often coexist with diabetes, causing older persons to struggle with their day-
to-day activities [7]. These challenges are echoed by one individual who shared, “I 
have arthritis which limits my walking. Added to this, my weight issue puts a strain on my 
knees” (P1).

Physical impairments also lead to dependence on others, sometimes fostering 
feelings of being a burden. For instance, another individual mentioned, “I’m scared to 
cut my own nails, thinking I might hurt myself. I rely on my grandchildren for such tasks” 
(P3). The fear of injuries and delayed wound healing is a constant concern among 
diabetic elderly individuals, further complicating self-care routines. This aligns with 
studies that highlight delayed healing is caused by compromised immune responses 
and vascular complications, which are often accompanied by other chronic conditions 
like hypertension and dyslipidemia [8]. As one individual noted, “I have cholesterol 
and hypertension … I cannot bend down to lift anything, my head spins. So, I call for help 
…” (P9). Research supports this, indicating that multimorbidity significantly impairs 
diabetes management in older adults, as they juggle complex medication regimens 
and lifestyle adjustments [5].

Acceptance of the disease is often a gradual process that emerges through personal 
reflection and lived experiences. One individual described the journey as a “…battle 
with my inner self and the system. I regret not being careful earlier” (P2). While initial 
resistance to the diagnosis is common, eventual acceptance enables better disease 
management. Literature also underscores that acceptance and resilience improve self-
care behaviors and emotional well-being among elderly diabetics [9].
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Obesity and mental toll were another concern expressed: “I’ve never been fat, but 
now I am. It’s really depressing” (P2). Studies show that obesity not only exacerbates 
diabetes symptoms but also negatively affects self-image, further complicating self-
care efforts [10].

2.2 Psychological and emotional challenges

The burden of living with diabetes comes with a psychological cost, such as 
stigma, feelings of frustration, and emotional exhaustion. A good number of older 
people struggle to comprehend the lifelong nature of the disease, intensifying the 
feelings of helplessness. One individual remarked, “Diabetes is an exhausting disease 
that cannot be completely eradicated; it is both physically and mentally painful” (P5).

The stigma associated with the condition can also be socially isolating. For exam-
ple, a participant shared, “I’m tired of being called a diabetic… It’s a label I will carry for 
the rest of my life” (P4). Stigmatization is common, with studies noting that it often 
discourages individuals from openly discussing their condition, hindering access to 
support systems.

Coping strategies such as concealing one’s condition are often employed. For 
instance, a participant recalled, “I preferred to keep my condition discreet, but my 
unexplained weight loss was spotted by my colleagues. The news spread…” (P3). Though 
such strategies may offer temporary relief that is situation and context specific to the 
individual, it can lead to feelings of loneliness and decreased emotional well-being.

The concept of the “diminished self” emerged from participants’ narratives, 
where they compared their current state to their past healthier selves. One partici-
pant reflected, “I regret not having looked after myself in the past, but now I have come 
to terms with it” (P8). This aligns with studies suggesting that individuals often go 
through a transformation, a phase of psychological distress, marked by a shift from 
self-blame to acceptance and adaptation [11].

The intersection of physical health and emotions can take a toll on mental health, 
as expressed by a participant: “I went from being confident to somebody drained and 
angry” (P4). Emotional distress, coupled with diabetes, can lead to poor glycaemic 
control and further complications, underscoring the importance of psychological 
interventions in diabetes care [11].

2.3 Social and environmental barriers

Environmental factors play a significant role in shaping diabetes self-management. 
Participants frequently reported feeling stigmatized (“diabetes stigma” [12] or 
unsupported in social settings. For instance, one individual shared, “I avoid weddings 
and family gatherings due to my frailty. I also fear being questioned” (P10). This aligns 
with studies indicating that societal stigma can lead to social withdrawal, reducing 
access to support networks [12].

Environmental challenges, such as inadequate disabled-friendly facilities, further 
limit mobility and independence. One participant recalled, “I once dined out and felt 
giddy but couldn’t find a rail to hold onto” (P5). Another shared, “I prefer a wheelchair, 
but not many places have ramps” (P7). Research corroborates these experiences, 
emphasizing that infrastructural barriers significantly impact the quality of life for 
elderly individuals with diabetes [13].

Finally, the economic burden of diabetes also emerged as a barrier. The cost of 
medications, frequent health checkups, and lifestyle modifications often strained 
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financial resources, further complicating disease management. This challenge is well-
documented in literature, where the financial strain of managing chronic illnesses 
disproportionately affects elderly individuals on fixed incomes [13].

3. �Strategies for self-management

Managing Type 2 Diabetes Mellitus (T2DM) among elderly individuals is multi-
faceted, involving physical, psychological, and social dimensions.

3.1 Dietary adjustments and food-related practices

Dietary management emerged as a critical yet challenging aspect of diabetes 
self-care, which is heavily influenced by socioeconomic factors, cultural beliefs, and 
limited nutritional education. Cultural norms around food preparation and meal 
composition may clash with clinical dietary recommendations, as medical advice is 
not always tailored to individuals’ socio-cultural realities, particularly for those rely-
ing on traditional diets or experiencing food insecurity [13, 14].

Limited nutritional education often results in simplistic views about diabetes man-
agement, such as focusing solely on reducing sugar intake. For example, one partici-
pant shared, “Diet is not just about avoiding sweets; it also involves eating smaller, more 
frequent meals” (P2), while another said, “I rely on supplies from the ration shop. I don’t 
get to eat much vegetables. It’s mostly lentils and rice” (P5). The decline in traditional, 
nutrient-rich foods and the adoption of processed, energy-dense diets reflect a shift 
in dietary habits contributing to poor diabetes control as explained by one individual 
“My children sometimes order biryani and desserts from food delivery app. When there is 
no home cooked food, I eat this ordered food which is too salty and heavy to digest” (P1).

Financial constraints compounded dietary challenges, with participants often 
unable to afford balanced meals. Many rely on low-cost, calorie-dense foods, which 
do not meet nutritional needs, contributing to poor diabetes control. One individual 
remarked, “I cannot afford healthy groceries by myself. If my son’s family willingly share 
chicken or fish, I eat. Otherwise, it’s only during festive occasions” (P10).

3.2 Medication adherence

It was interesting to observe varied attitudes toward medication adherence that 
were primarily influenced by the individual’s beliefs. Mistrust in allopathic medicine 
also surfaced from the verbatims. Participants sometimes turned to alternative thera-
pies based on cultural beliefs or anecdotal advice. This is a typical treatment-seeking 
behavior of persons especially from rural India. For example, one participant stated, 
“I switched to traditional medicine but didn’t experience benefits, so I resumed allopathic 
treatment” (P10). Additionally, the “pill burden” from managing multiple comor-
bidities discouraged adherence: “I have a pile of medicines to take every day. I wonder 
whether my body can cope” (P2).

3.3 Incorporation of physical activity

The trinity of barriers—personal (e.g., frailty, lack of motivation), societal 
(e.g., lack of support), and environmental (e.g., unsafe surroundings)—restricted 
participants’ ability to incorporate physical activity into their routines [15]. For 
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example, one individual said, “I don’t have space inside my house to walk. The house is 
on a busy street, so I sit or lie down most of the time” (P3). Unsafe surroundings, lack 
of open spaces, and unsuitable infrastructure discourage elderly individuals from 
regular outdoor physical activities. These challenges are particularly acute in urban 
environments, where busy streets or overcrowded living conditions restrict safe and 
comfortable spaces for walking or exercise.

Senior persons with higher BMI are more likely to avoid physical activity, with 
diseases such as arthritis or cardiovascular conditions further limiting participation. 
“I have a big belly and breathing difficulties. I cannot do much…” (P7). Fatigue, lacking 
companionship during walking, and low motivation were also identified as significant 
challenges for this demographic.

Despite this, some participants creatively integrated light activities like cleaning 
or gardening into their daily lives. For example, one participant noted, “I do some 
gardening in the evenings but don’t walk intentionally due to my frailty” (P1). These 
activities help improve mobility and well-being without requiring strenuous effort or 
specialized facilities.

3.4 Self-monitoring practices and tools

Self-monitoring of blood glucose was inconsistently practiced among participants. 
While some used glucometers regularly, others relied on subjective feelings to assess 
their glucose levels. One participant admitted, “I haven’t measured it for a long time; 
sometimes, when I feel my blood sugar rising, I take a measurement” (P4). The cost of 
glucometers and strips was a limiting factor for some, with several relying on donated 
equipment.

While some recognized its importance, others struggled with consistency due to the 
invasive nature of glucose monitoring, side effects, or fear of dependency. One partici-
pant shared, “In the beginning, I was consistent in checking my blood glucose. But I found 
it troublesome and stopped measuring frequently” (P9). Others expressed apprehension 
about the pain involved in blood sugar checks “I don’t want to measure my blood sugar 
because it hurts my fingers” (P3). Research indicates that invasive glucose monitoring 
methods creates anxiety and fear. Many patients discontinue frequent checks or reluc-
tant to practice home testing due to the discomfort caused by finger-prick tests [16].

4. �Role of support systems

Effective diabetes self-management extends beyond individual effort, relying on 
robust support systems: family and caregivers, healthcare providers, and community 
resources.

4.1 Family and caregiver involvement

Family dynamics play a significant role in the self-management of diabetes among 
elderly individuals. The shift in family roles, as seen in multigenerational households, 
often affects dietary habits and time for exercise. For instance, one individual shared, 
“I live with my son’s family. I have three grandchildren to take care. It is difficult to find 
free time to exercise” (P5).

In cases where elderly individuals lacked immediate family support, their 
emotional well-being was often compromised. As one participant recounted, “I 
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was living with the support of my cousins after my family members passed away. The 
neighbours and others looked down on me for being a burden to them. I felt helpless and 
hopeless” (P8).

4.2 Healthcare provider support

The elderly individuals highlighted challenges in accessing and utilizing healthcare 
services, particularly due to aging-related factors like memory decline and sensory 
impairments. For example, one participant stated, “I try to remember what my doc-
tor says, but I tend to forget about it” (P6). Others, like P8, emphasized difficulties in 
understanding written health information due to vision problems.

Negative experiences in public healthcare facilities, such as unapproachable staff 
and long wait times, were demotivating. “Sometimes I want to ask the doctor, but they 
are busy and unavailable” (P4). Individuals often valued private healthcare more for 
its perceived better communication and attentiveness. One of them observed, “To be 
honest…counselling us needs a kind approach. Comforting and soothing words help with 
our distress. Being stern will stop us from asking doubts” (P1).

Social interactions and conversational support emerged as a crucial coping 
mechanism. Individuals emphasized the importance of talking to healthcare profes-
sionals, peers, or friends. One remarked, “The less you choose to talk to your doctor 
about your health problem, the slower your recovery…” (P9). Studies confirm that open 
communication fosters emotional resilience and provides practical guidance for 
managing diabetes [13].

4.3 Community resources and peer support

Community and peer networks emerged as invaluable resources for partici-
pants. In assisted living facilities, peers often became substitutes for distant or 
uninvolved family members. “In this assisted living, my children from US send 
money every month but don’t check on me often. It is the doctors and fellow 
inmates who I rely on for moral support” (P9). Peer interactions provided emo-
tional support and a platform to share experiences, fostering a sense of under-
standing and solidarity.

Accessibility to healthcare services was another challenge, especially in rural 
areas. One participant described the logistical hurdles: “When I was initially diag-
nosed, I was residing in my village. Getting to the health centre was a nightmare due to 
limited daily bus schedules and poor roads” (P7). Spiritual practices and community 
gatherings, such as attending temples or listening to bhajans, were highlighted as 
stress-relieving and therapeutic. “I forget my stress when I listen to bhajans… it is 
mind-relaxing” (P5).

Individuals also highlighted the value of shared experiences in fostering self-
awareness and motivation. One participant shared, “Whenever I meet others in the 
OPD like me, I believe time has been the best healer” (P9), underscoring the psychologi-
cal benefits of peer support.

5. �Cultural and socioeconomic influences

Cultural perceptions of aging and illness, along with financial challenges, deeply 
impacts the management of T2DM.
75



Type 2 Diabetes in 2025 – From Long History to Near Outlook

8

5.1 Cultural perceptions of aging and illness

Cultural attitudes toward aging and illness influence how individuals perceive and 
manage this chronic condition. Some expressed indifference perceiving their condi-
tion as an inevitable consequence of aging or beyond their control, as exemplified 
by one individual who stated, “I just let it be. I’m tired of thinking about my condition” 
(P6). Another participant admitted to requiring external reminders due to their lack 
of concern “I need reminders as I fail to care about my disease” (P7).

This detachment from self-care was often linked to a perceived lack of symptoms 
or the belief that diabetes was not a serious condition unless complications arose, 
attributing it to external factors such as diet or fate. For instance, one participant 
reflected, “I used to eat whatever grew in my farm. I didn’t expect to fall sick, and I didn’t 
really pay much attention to it because there weren’t any symptoms” (P4).

Religious and spiritual beliefs also played a significant role in shaping health 
behaviors. Another individual associated diabetes with divine punishment or spiritual 
trial, stating, “Initially, I thought it was a curse from God and met my community’s faith 
leader for a remedy. I was given traditional medicines” (P10).

5.2 Economic constraints and access to healthcare

Economic hardships were pervasive among participants, significantly affecting 
their ability to manage diabetes. High healthcare costs, including those for diagnostic 
tests and medications, often led to compromised care. One individual expressed 
frustration: “Doctors ask for fasting sugar tests. I cannot afford private labs all the time. 
If I opt for the public health facility, it is crowded and adds to the difficulty of waiting 
without food” (P6).

Another described turning to government-subsidized options due to rising cost 
of living and inadequate financial support: “My pension has stopped. Everything has 
become expensive now. Purchasing medicines from private pharmacies is beyond my capac-
ity, so I buy from Jan Aushadhi stores” (P4).

Not possessing health insurance is a burden on the out-of-pocket medical 
expenses, often at the expense of other necessities. Many believed from personal 
experiences or from peer reference that private healthcare facilities offer superior ser-
vices, which led them to prioritize quality over affordability despite financial strain. 
This often forced them to make difficult choices, such as deciding which medications 
to purchase. As one participant lamented, “Out-of-pocket expenses often make me skip 
some medicines my doctor prescribes” (P5).

6. �Implications for practice

6.1 Recommendations for healthcare providers

It goes without saying that the healthcare providers from both private and govern-
ment settings collaborate with multidisciplinary teams to deliver holistic care and 
assistance to elderly diabetic patients amidst the structural and systemic challenges. 
Considering the unique challenges faced by elderly individuals managing T2DM due 
to physical frailty, comorbid conditions, and mobility challenges, healthcare provid-
ers must adopt a comprehensive approach that integrates medical, psychological, 
and social interventions. Given the complexities of managing diabetes alongside 
76



Lived Experience of Diabetes Self-Management among the Elderly in India
DOI: http://dx.doi.org/10.5772/intechopen.1008898

9

other chronic conditions, simplify the self-care regimens by integrating strategies 
for managing multiple conditions into a unified diabetic care plan. Assistive devices 
could be recommended for individuals with physical limitations. Implementing 
domiciliary visits by healthcare workers to bridge access gaps, especially for immobile 
or dependent patients.

Family-centered care enhances glycaemic control and improves treatment adher-
ence. Healthcare providers must educate patients and families on affordable and 
locally available nutritious food options, about the risks of delayed wound healing, 
provide specific wound care guidance to mitigate complications, emphasize the 
importance of using affordable and user-friendly glucose monitoring device, clearly 
explaining the progressive nature of diabetes through simplified health education 
materials, and the role of medications in preventing complications. Healthcare 
providers should recommend practical and accessible forms of exercise such as low-
impact activities like chair yoga, stretches, or short neighborhood walks and advocate 
for community-based initiatives that reduce environmental barriers to diabetes 
management, such as unsafe exercise spaces or inaccessible healthcare facilities. For 
elderly patients facing economic constraints, guidance must be provided regarding 
affordable resources such as government-supported stores for generic medicines, and 
visiting nearest primary health center or hospital.

The psychological burden of diabetes, including feelings of stigma, frustration, 
and emotional exhaustion, necessitates mental health support. The patient-provider 
relationship is a cornerstone of alleviating their fear, building trust, and supporting 
consistent habits of diabetes management. Encouraging open conversations about 
the challenges of living with diabetes and normalizing discussions about stigma can 
encourage patients to access support networks and counseling services without fear 
of judgment. Open communication through empathetic, culturally sensitive dialog 
in the form of workshops or group sessions fosters emotional resilience, creates safe 
spaces where elderly diabetics can share experiences and strategies, and helps elderly 
patients navigate their self-care routines. This extends to conversational and emo-
tional support from peers. Healthcare facilities may provide family education about 
the chronic nature of diabetes, to reduce self-blame, promote understanding, and 
assist in routine diabetes management tasks.

6.2 Policy considerations and initiatives for diabetes elderly are

The increasing prevalence of diabetes among India’s elderly population neces-
sitates large-scale implementation of periodic diabetes screening programs target-
ing adults aged 45 and above to facilitate early detection and timely intervention, 
and comprehensive public health campaigns to raise awareness about the disease. 
Ayushman Bharat Health and Wellness Centres already play a critical role in this area 
by offering screenings for common NCDs, including diabetes [17]. Initiatives like 
the Fit India Movement and yoga programs by the Ministry of AYUSH have tailored 
programs to include physical activity regimens for the elderly [17, 18]. Collaboration 
with organizations like the Food Safety and Standards Authority of India (FSSAI) can 
encourage the adoption of balanced diets to prevent and manage diabetes [17].

Healthcare access and affordability remain critical challenges for older adults, 
particularly in rural areas. Under the National Programme for Prevention and Control 
of Cancer, Diabetes, Cardiovascular Diseases, and Stroke (NPCDCS) which was 
renamed the National Programme for Prevention & Control of Non-Communicable 
Diseases (NP-NCD) in May 2023, financial assistance is offered for purchasing 
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glucometers and diabetes medications, as requested by states and Union Territories 
[17]. The National Health Mission’s (NHM) Free Drugs Service Initiative provides 
free essential medications, including insulin to economically vulnerable groups 
[17]. Generic medications including insulin at affordable prices are available at The 
Pradhan Mantri Bhartiya Janaushadhi Pariyojana (PMBJP) [17]. A dedicated “Vay 
Vandana Card” under the Ayushman Bharat Pradhan Mantri Jan Arogya Yojana (AB 
PM-JAY) provides free annual health coverage of up to Rs 5 lakh to eligible senior 
citizens aged 70 and above [19].

Doorstep healthcare delivery programs like Tamil Nadu’s ‘Makkalai Thedi 
Maruthuvam’ (a comprehensive set of ‘home-based health care services’ to ensure 
a continuum of care and meet the health needs of beneficiaries in the family) 
should be scaled nationally to ensure equitable access to essential medicines and 
regular follow-up care for elderly patients, particularly in underserved areas [20]. 
The recent initiative by the Directorate of Public Health and Preventive Medicine, 
The Government of Tamil Nadu by introducing simplified flowcharts through the 
implementation of the ‘Comprehensive Step-wise Approach for Hypertension and 
Diabetes Management’ has exemplified the importance of standardized protocols at 
the primary care level [21]. Guiding the patients and their families to these govern-
ment-led initiatives must be prioritized to help elderly diabetic persons significantly 
reduce out-of-pocket expenditure.

Targeted policy measures can address health system inequities. Precision public 
health approaches, such as decentralized care cascade models, can track the progres-
sion of diabetes from diagnosis to management across states, addressing regional 
disparities. Strengthening primary healthcare centers and training healthcare workers 
to provide age-sensitive diabetes care is essential. Public health expenditure in India 
continues to remain low compared to the international level of health spending. 
Increased budget allocations for diabetes care, particularly for preventive and man-
agement services, are crucial to reduce economic inequalities.

In a country with substantial diabetes burden, it is surprising that India’s contribu-
tion toward global diabetes research is disproportionately low. However, a predomi-
nant initiative by India is the Longitudinal Aging Study in India (LASI), which is 
envisioned to be conducted every 5 years for the next 25 years, with Wave 1 survey 
conducted in 2017–2018 and Wave 2 survey in 2024–2025 [6]. It is well-positioned to 
evaluate the effect of changing policies on the behavioral outcomes in India providing 
a vital database for designing age-specific diabetes interventions. Initiatives like the 
Simple App under the India Hypertension Control Initiative (IHCI) demonstrate the 
potential of user-centered, point-of-care applications in improving diabetes manage-
ment [22]. Scaling such technologies can enhance monitoring and care delivery in 
busy public health facilities.

Further, randomized controlled trials and multicomponent interventions tailored 
for aging populations are critical for evidence-based policy formulation. In diabetic 
patients, psychological distress, also known as diabetes-related distress (DRD), is 
under-recognized and undertreated emphasizing the critical need for drug discovery 
[11]. New innovations in non-injectable insulin options such as transdermal patches and 
inhalable insulin, also studying their long-term efficacy, safety, and cost-effectiveness, 
will be a significant step forward in addressing barriers posed by needle-phobia in 
diabetes management. Precision medicine research, leveraging big data analytics, can 
help tailor personalized drug treatment plans and lifestyle interventions. Future research 
should address the social determinants of health affecting diabetes-related outcomes 
[15]. Adopting multidisciplinary frameworks and methodologies in future research 
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approaches supported by funding bodies can fill knowledge gaps and offer evidenced 
data regarding global and regional variations to address disparities in diabetes health out-
comes. At the global level, an international consensus statement and a unanimous pledge 
was published in 2024 to accelerate an end to diabetes stigma and discrimination [23].

7. �Conclusions

Not only social and environmental factors but also the individual’s own complex 
perceptions and experiences shape their management of Type 2 Diabetes Mellitus 
(T2DM) in the elderly population in India. Though self-management is a cornerstone 
of diabetes care, the personal narratives highlight that it is fraught with challenges 
such as psychological burdens, physical frailty, and limited social and environmental 
support. Financial hardships, cultural perceptions, and the stigma associated with 
diabetes further complicate the journey of managing this chronic lifelong condition. 
Despite these hurdles, many individuals demonstrated resilience by adopting creative 
coping strategies, including light physical activities, dietary adjustments, and seeking 
support from peers and caregivers.

Their findings reinforce the urgent need for holistic and inclusive diabetes care tai-
lored to the unique needs of the elderly in India. Healthcare providers must integrate 
medical, psychological, and social interventions with the personalized patient-cen-
tered approach. Policymakers should prioritize in their planning and implementation: 
affordable healthcare access, community-based resources, and culturally sensitive 
health education. Bridging these gaps can empower elderly diabetics to achieve better 
health outcomes and improve their quality of life.
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Chapter 6

Sarcopenia and Type 2 
Diabetes Mellitus: Evaluation, 
Pathophysiological Links,  
and Management Strategies
Jaya Bhanu Kanwar

Abstract

Sarcopenia refers to the rapid loss of skeletal muscle mass and strength, which can 
result in serious consequences such as falls, fractures, and a higher risk of mortality. 
The prevalence of sarcopenia is observed to be twice as high in individuals with type 
2 diabetes mellitus. Notably, there is a bidirectional relationship between sarcopenia 
and type 2 diabetes mellitus, where each condit‑‑ion can exacerbate the progression 
of the other. Overlapping pathophysiological mechanisms, such as insulin resistance, 
inflammation, oxidative stress, accumulation of advanced glycation end products, 
mitochondrial dysfunction, myosteatosis, and the aging process itself contribute to 
the development of both conditions. A few treatments, such as myostatin antagonists, 
testosterone supplementation, and selective androgen receptor modulators have been 
explored, but many remain in the experimental or clinical trial stages. The corner‑
stone of management involves nutritional intervention with foods rich in protein, 
essential amino acids, vitamin D, and omega-3 fatty acids. Additionally, incorpo‑
rating regular physical activity, particularly resistance exercises, and minimizing 
sedentary behavior are key components for management of sarcopenia.

Keywords: sarcopenia, type 2 diabetes mellitus, pathophysiological links, myosteatosis, 
nutritional intervention

1. �Introduction

Sarcopenia is defined by a rapid decline in skeletal muscle mass and strength. 
When this decline occurs primarily as a result of aging, it is referred to as primary 
sarcopenia. In contrast, when it is caused by underlying conditions such as malig‑
nancy, chronic renal failure, HIV infection, cardiovascular disease, or liver disorders; 
it is termed secondary sarcopenia [1]. The rate of muscle mass decline is estimated to 
be around 8% per decade up to the age of 70. After this point, the rate of loss acceler‑
ates to approximately 13–24% per decade [2]. This decline in muscle mass leads to 
poor physical performance as well as have adverse effects like fall, fractures, and 
increased mortality [3, 4]. Sarcopenia was officially recognized as a distinct disease 
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entity in 2016 and was assigned a code in International Classification of Diseases-10 
clinical modification (ICD10-CM) [5]. Skeletal muscle plays a crucial role in type 2 
diabetes mellitus (T2DM) as it is one of the primary tissues responsible for glucose 
utilization and the largest insulin-sensitive tissue in the body. This makes it essential 
for maintaining energy balance and metabolic homeostasis [6]. People with T2DM 
are at high risk for developing sarcopenia as compared to normal population [7]. 
There exists a bidirectional relationship between sarcopenia and T2DM, with each 
condition influencing the progression of the other. Additionally, sarcopenia is now 
being recognized as a long-term complication of T2DM, similar to other long-term 
complications.

2. �Epidemiology

The age-related sarcopenia is estimated to affect 5–10% of the general popula‑
tion [1], while 10–27% of older adults have sarcopenia [8]. A recent cross-sectional 
study involving 6381 adults over the age of 50, using data retrieved from the National 
Health and Nutrition Examination Survey, found that the prevalence of sarcopenia 
was 28% among individuals with T2DM compared to 16% in those without T2DM 
[9]. A longitudinal study conducted among elderly community dwellers (aged over 
60 years) included 27,241 participants and found that sarcopenia was prevalent in 
27.0% of them. Participants with diabetes had a significantly higher odds ratio of 1.14 
for developing sarcopenia [10]. A study involving 824 older Japanese adults found 
that individuals with T2DM had 2.5 times higher odds of developing sarcopenia over a 
5-year period compared to those without T2DM [11].

3. �Evaluation of sarcopenia

The evaluation of sarcopenia involves initially screening individuals with a higher 
likelihood of having the condition, followed by a diagnostic assessment based on key 
criteria: reduced muscle strength, decreased muscle mass, and impaired physical func‑
tion. Mnemonic such as “SARC” can be utilized in the evaluation process (Figure 1).

3.1 Screening

SARC-F questionnaire is used to assess sarcopenia risk, as recommended by 
European Working Group on Sarcopenia in the Elderly. SARC-F is a rapid and simple 
screening method for sarcopenia in the elderly. The SARC-F is a quick five-question 
checklist that includes strength, assisted walking, rising from a chair, climbing 
stairs, and falling [12]. In the SARC-F questionnaire, each question is scored from 
0 to 2 points, with a total score ranging from a minimum of 0 to a maximum of 
10. A sarcopenia risk is present if the sum of the scores for each of the five items is 
greater than or equal to 4 points. However, it demonstrates high specificity but low 
sensitivity. In a meta-analysis including 20 studies evaluating screening accuracy 
revealed the sensitivity of SARC-F ranged from 27% to 39%, the specificity ranged 
from 63% to 91% [13]. Hence, if this questionnaire is used, many cases of sarcopenia 
may likely to be missed. The SARC-Calf tool was developed to tackle the challenge 
of improving sensitivity in assessing sarcopenia. Calf circumference <33 cm in male 
and <32 cm in female is being used as a cut-off for diagnosis of sarcopenia [14]. It is 
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also recommended to adjust the specified measurements by adding or subtracting a 
certain number of centimeters based on the patient’s body mass index [14].

3.2 Diagnosis

The diagnosis of sarcopenia is based on the presence of low muscle strength, low 
muscle mass, and poor physical function. Low muscle strength indicates probable sar‑
copenia, low muscle mass confirms sarcopenia, and poor physical function suggests 
the severity of sarcopenia. International working groups have set various threshold 
values for the tests used to evaluate muscle strength, muscle mass, and physical 
performance in order to define sarcopenia (Table 1).

3.2.1 Muscle strength and physical function assessment

Grip strength: Muscle strength is the main parameter for diagnosing sarcopenia. Grip 
strength moderately correlates with strength in other body compartments. Grip strength 
in the upper limbs is typically assessed using a manual ergometer. The Jamar® dyna‑
mometer, which is validated and widely utilized, is a standard tool for this measurement. 
Research has indicated that reduced grip strength is associated with unfavorable patient 
outcomes, including extended hospital stays, increased functional impairments, dimin‑
ished quality of life, and higher mortality rates [16]. Additionally, diminished hand grip 
strength is associated with reduced nutritional status and considered a predictive marker 
of mortality and morbidity [17].

Chair stand test: The test refers to the duration it takes for an individual to rise 
from a seated position and return to sitting five times consecutively, without using 
their arms for assistance. If it takes more than 15 seconds for 5 times rising, then it is 
considered abnormal. Other commonly used tests to assess physical changes include 
the timed-up and go (TUG) test, where a value of 20 seconds or more indicates 
impairment; the gait speed (GS) test, with a speed of 0.8 m/second or less; the 400-m 
walk test, which is considered abnormal if it takes 6 minutes or more or cannot 
be completed; and the short physical performance battery (SPPB), with a score of 

Figure 1. 
Evaluation process for sarcopenia [SPPB: short physical performance battery, chair stand test (5 rises), TUG: 
timed-up and go test].
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8 points or less. The latter three tests are particularly useful for grading the severity of 
sarcopenia [18]. If muscle strength falls below the aforementioned cutoff determined 
by dynamometry and/or the TUG test, the patient will be classified as having prob‑
able sarcopenia, prompting an evaluation of muscle mass.

3.2.2 Muscle mass assessment

Muscle mass refers to the total amount of skeletal muscle in the body. Common 
techniques for measuring skeletal muscle mass include computed tomography (CT), 
magnetic resonance imaging (MRI), dual-energy X-ray absorptiometry (DXA), and 
bioelectrical impedance analysis (BIA). CT and MRI are the current gold standard 
for assessing muscle mass with high accuracy and reproducibility. CT imaging 
offers accurate assessments of skeletal muscle mass, commonly using metrics such 
as skeletal muscle area (SMA), skeletal muscle index (SMI), and muscle radia‑
tion attenuation (MRA), which quantifies fat infiltration within the muscle tissue 
[19]. However, the use of CT imaging is limited due to its high cost and significant 
radiation exposure. In contrast, DXA is regarded as one of the optimal methods for 
assessing muscle mass because of its rapid procedure and low radiation exposure. 

Low muscle strength Low muscle mass Poor physical 
performance

Revised 
EWGSOP

GS: <27 kg (male) and <16 kg 
(female)
Chair stand time: >15 seconds 
(5 rises)

ALM: <20 kg (male) 
and <15 kg (female)
ALM/height2: <7.0 kg/m2 
(male) and <5.5 kg/m2 
(female)

Gait speed: 0.8 m/second 
(4 m course)
SPPB score: <8 points
TUG: >20 seconds
400 m walk: ≥6 minutes 
or non-completion

Revised 
AWGS

GS: <28 kg (male) and 
<18 kg (female)

ALM/height2: <7.0 kg/m2 
(male) and <5.4 kg/m2 
(female)

Gait speed: <1 m/second 
(6 m course)
SPPB score: ≤9 points
Chair stand time: 
≥12 seconds (5 rises)

SDOC GS: <35.5 kg (male) and <20 kg 
(female)
GS/BMI: <1.05 kg/body wt (kg)/
height (m2) (male) and <0.79 kg/
body wt (kg)/height (m2) (female)
GS/TBF: <1.66 kg/TBF (kg) 
(male) and <0.65 kg/TBF (kg) 
(female)
GS/arm lean mass: <6.08 kg/
arm lean mass (kg) (male) and 
<3.26 kg/arm lean mass (kg) 
(female)
GS/body weight: <0.45 kg/body wt 
(kg) (male) and <0.34 kg/body wt 
(kg) (female)

Gait speed: ≤0.8 m/
second

Table 1. 
Current definition of sarcopenia by various international working groups. EWGSOP: European Working Group 
on Sarcopenia in Older People; AWGS, Asian Working Group for Sarcopenia; SDOC: Sarcopenia Definitions 
and Outcomes Consortium; GS: grip strength; ALM: appendicular lean mass; SPPB: short physical performance 
battery; TUG: timed up-and-go; BMI: body mass index; TBF: total body fat. Adapted from Mesinovic et al. [15].

86



Sarcopenia and Type 2 Diabetes Mellitus: Evaluation, Pathophysiological Links, and Management…
DOI: http://dx.doi.org/10.5772/intechopen.1009255

5

DXA provides precise analyses of body composition, including bone mineral den‑
sity (BMD) and distribution between lean and fat masses [19]. Appendicular lean 
mass (ALM), obtained through DXA scans, represents the sum of the lean mass in 
the arms and legs. It is commonly used on its own or normalized to height squared 
(ALM/height2) or body mass index (ALM/BMI) as an estimate of muscle mass. When 
appendicular lean mass is divided by height squared (ALM/height2), it is referred to 
as the skeletal muscle mass index (SMI). Currently SMI is the most commonly used 
measure to assess sarcopenia. The BIA is a non-invasive, cheap, easy, and fast method 
to evaluate body composition without any radiation exposure. BIA is well-suited for 
large-scale hospital and community screenings due to its simplicity, portability, and 
affordability, making it a cost-effective alternative for assessing muscle mass.

4. �Shared risk factors for development of sarcopenia and diabetes

4.1 Intrinsic risk factors

Aging is one of the most important risk factors for development of diabetes and 
sarcopenia (Figure 2). Beyond the third decade of life, there is gradual loss of skeletal 
muscle mass and function [20]. The skeletal muscle possesses glucose transporter 4 
(GLUT4) responsible for approximately 80% of glucose clearance [21]. Thus, reduced 
GLUT4, increases susceptibility to T2DM. Age influences muscle health not only by 
deteriorating its quality and function but also by triggering conditions such as hormone 
irregularities, mitochondrial impairment, and sustained inflammation, which contrib‑
ute to sarcopenia. Within muscle fibers, aging leads to changes in DNA and a decline 
in contractile proteins. Additionally, aging reduces blood flow to muscles, resulting 
in fewer capillaries and reduced contact between capillaries and muscle fibers, which 
diminishes the muscle’s strength potential. Age-related fibrosis, worsened by elevated 
oxidative stress and collagen crosslinking, further contributes to increased tissue stiff‑
ness [22]. Hormonal imbalances, such as the gradual decline in testosterone levels that 
occurs as men age, increase the likelihood of developing sarcopenia, as low testosterone 
is linked to a reduction in muscle mass and strength. Reduced total testosterone levels 

Figure 2. 
Shared risk factors and pathophysiology of sarcopenia and type 2 diabetes mellitus.
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have been linked to insulin resistance, which increases the likelihood of developing 
T2DM. Increased production of reactive oxygen species (ROS) disrupts several intracel‑
lular signaling pathways, contributing to insulin resistance and impaired β-cell function. 
Oxidative stress, a key driver of diabetes, plays a central role in its progression. Skeletal 
muscle ages, reactive oxygen species (ROS) levels gradually rise. Excessive ROS can dam‑
age mitochondria, leading to impaired mitochondrial function and possibly contributing 
to the progression of sarcopenia [23, 24]. Loss of muscle mass and strength is linked to 
elevated levels of inflammatory markers in the blood, which negatively impact lower 
limb function and physical activity [25]. Increasing evidence suggests that inflammatory 
markers are involved in the development and progression of type 2 diabetes. Evidence 
underscores the crucial role of inflammatory markers in the development of type 2 dia‑
betes. Similarly, sarcopenia is linked to heightened levels of proinflammatory cytokines, 
such as interleukin 6 (IL-6), tumor necrosis factor-α (TNF-α), and C-reactive protein 
(CRP). Factors associated with diabetes, such as elevated glycosylated hemoglobin 
(HbA1c) and the presence of vascular complications, have been linked to an increased 
likelihood of sarcopenia, with odds ratios of 1.2-fold and 2.4-fold, respectively [26].

4.2 Extrinsic risk factors

A lack of exercise results in insufficient muscle stimulation, reduced protein syn‑
thesis, and a gradual decrease in muscle mass (Figure 2). Moreover, elderly individuals 
with a prolonged history of a sedentary lifestyle face a significantly higher risk of 
developing sarcopenia [27]. Even among older adults who are physically active, sitting 
for extended periods exceeding 2 hours raises the risk of developing sarcopenia [28]. 
This underscores the fact that regular exercise alone is not enough to completely offset 
the harmful effects of prolonged inactivity. Vitamin D is essential for various functions 
in skeletal muscle, including maintaining muscle excitability by regulating intracellular 
calcium levels and supporting the proliferation and differentiation of skeletal muscle 
stem cells [29]. Low levels of vitamin D are linked to reduced physical performance. 
Studies have shown that vitamin D supplementation can enhance muscle strength and 
help prevent the atrophy of type II muscle fibers in individuals with vitamin D defi‑
ciency [30]. Smokers have higher risk developing T2DM by 30–40%. Various studies 
have highlighted the harmful effects of smoking on skeletal muscle function and struc‑
ture, including reduced muscle fatigue resistance due to impaired oxidative capacity 
and a shift from slow-twitch to fast-twitch muscle fiber types [31, 32]. We investigated 
the risk factors for sarcopenia in individuals with T2DM, and we identified low BMI, 
reduced physical activity, hypertension, neuropathy, and low serum calcium levels as 
significant contributors to the development of sarcopenia in this population [33]. In a 
study involving 334 hospitalized patients, low BMI, along with lower serum levels of 
25(OH)D and IGF-1 (insulin-like growth factor 1), were identified as significant risk 
factors for sarcopenia in individuals with T2DM [34]. Other factors like chronic stress, 
and prolonged periods of sleep, can also elevate the risk of muscle loss [35, 36].

5. �Pathophysiology of sarcopenia in type 2 DM

As noted earlier, the prevalence of sarcopenia among individuals with T2DM is 
almost doubled. This is primarily because of overlap of pathophysiologic pathways 
of both sarcopenia and T2DM. Insulin resistance, oxidative stress, and inflammatory 
reaction lead to both T2DM and sarcopenia (Figure 2).
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5.1 Insulin resistance

Insulin resistance, the primary pathophysiological mechanism underlying 
T2DM, also plays a significant role in the onset and progression of sarcopenia. 
Skeletal muscle is one of the target organs for insulin action and insulin resistance 
[37]. Insulin has anabolic effect on skeletal muscle, which gradually decline due to 
the reduced insulin sensitivity in T2DM. So, the decrease in insulin’s effect lead not 
only to decreased protein synthesis but also to increased protein degradation [38]. 
Insulin itself reduces proteasome catalytic activity in muscles [39], thus resulting 
in reductions in muscle mass and strength. There are multiple pathways through 
which insulin resistance contributes to the development of muscle atrophy. In insulin 
resistance (IR), elevated blood glucose levels can lead to muscle atrophy through the 
proteolytic ubiquitin-proteasome pathway [40]. Additionally, metabolic dysregula‑
tion caused by IR promotes hyperglycemia and muscle atrophy via the WWP1/KLF15 
pathway [41]. WWP1 is a member of the ubiquitin ligase protein family. KLF15 is a 
protein associated with muscle wasting. Animal studies have shown that hyperglyce‑
mia upregulates KLF15 protein in skeletal muscle by downregulating the E3 ubiquitin 
ligase WWP1, followed by inhibition of ubiquitin-dependent degradation of KLF15. 
Muscle protein synthesis is mainly regulated by two factors: insulin-like growth fac‑
tor 1 (IGF1) and myostatin [42]. Myostatin, a member of the transforming growth 
factor β (TGF-β) superfamily, inhibits mTORC1 signaling and increases AMPKα2 
phosphorylation. These processes contribute to the dysregulation of protein syn‑
thesis and promote autophagic proteolysis, leading to muscle degradation [43]. 
Hyperinsulinemia caused by IR increases the content of myostatin, thereby reducing 
skeletal muscle through the above-mentioned pathway.

5.2 Inflammation

T2DM is characterized by state of chronic low-grade inflammation. Inflammatory 
markers like IL-6, TNF-  , and CRP are commonly elevated in people with T2DM. 
Higher levels of these pro-inflammatory factors have also been linked to negative 
effects on muscle mass and function [44]. IL-6 is linked to greater muscle and 
strength loss in individuals with T2DM, likely due to its direct impact on muscle cells 
and indirect effects on neurons and blood vessels. The inflammatory cascade starts 
with the activation of other interleukins, such as TNF and IL-1, which trigger signal‑
ing pathways like NFκB and FOXO4, ultimately leading to muscle atrophy [45].

5.3 Oxidative stress

Muscle cells naturally generate reactive oxygen species (ROS), such as hydroxyl 
radicals, peroxides, and superoxides, as by-products of normal metabolism, making 
them particularly vulnerable to oxidative stress. In T2DM, hyperglycemia increases 
ROS production, which activates the ubiquitin-proteasome system, speeding up 
muscle protein breakdown and contributing to sarcopenia [46]. Studies in diabetic 
rat have demonstrated that elevated oxidative stress disrupts muscle repair, hinders 
satellite cell differentiation, and damages DNA [47]. Mitochondria play an important 
role in muscle function and metabolism. Mitochondrial dysfunction, a factor linked 
to both aging and T2DM, contributes to oxidative stress and the decline of metabolic 
and muscle health [48]. In the elderly, oxidative capacity per muscle unit is reduced 
by 50% compared to younger individuals and is accompanied by a higher incidence of 
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mitochondrial DNA mutations [49]. Mitochondrial dysfunction caused by diabetes 
promotes myocyte apoptosis, which increases the risk of developing sarcopenia.

5.4 Advanced glycation end products

Hyperglycemia promotes the formation of advanced glycation end products 
(AGEs), which accumulate in muscle tissue and contribute to the decline in muscle 
performance [50]. In diabetes, the accumulation AGEs negatively impacts skeletal 
muscle health by triggering pathways such as mitochondrial dysfunction and cell 
death. AGEs also disrupt muscle contractility by altering charge properties and 
increasing intramuscular protein cross-linking. Additionally, AGEs bind to their 
receptors (RAGE) on skeletal muscle cell membranes, initiating inflammation and 
activating NADPH oxidase through intracellular signaling. This process elevates 
circulating reactive oxygen species, exacerbating oxidative stress [51].

5.5 Myosteatosis

Myosteatosis refers to the abnormal accumulation of fat within skeletal muscle. 
This includes intermuscular adipose tissue (IMAT), intramuscular adipose tissue, and 
intramyocellular lipids (IMCLs) within muscle cells [52]. Myosteatosis increases with 
aging and is known to have a negative correlation with muscle mass, strength, and 
mobility. IMAT is also positively linked to insulin resistance and a higher risk of devel‑
oping T2DM [53]. However, the precise mechanisms linking intermuscular adipose 
tissue (IMAT) to insulin resistance and explaining this relationship remain unclear.

6. �Holistic approaches to managing sarcopenia in type 2 diabetes mellitus

The primary goals of treating sarcopenia are to reverse or stabilize the loss of 
muscle strength or to some extent increasing lean muscle mass, thus improving 
quality of life and the ability to perform daily activities. Currently, there are lim‑
ited management options available for treating sarcopenia. At present, nutritional 
intervention and physical activity are considered the most promising strategies for 
addressing sarcopenia.

6.1 Nutritional intervention

Proper nutritional intervention plays a critical role in managing sarcopenia in 
individuals with diabetes. Nutritional interventions have the ability to prevent or 
potentially reverse sarcopenia and frailty by supporting muscle maintenance and 
improving overall physical health. The majority of studies have consistently demon‑
strated the beneficial effects of dietary and nutritional interventions in preventing 
and managing sarcopenia [54–56]. A balanced diet rich in high-quality protein, essen‑
tial amino acids (particularly leucine), vitamins, and minerals is crucial for stimulat‑
ing muscle protein synthesis and preventing muscle loss.

6.1.1 Protein

Boosting protein intake can significantly enhance blood sugar regulation, support 
muscle preservation, aid in weight management, lower inflammation, and improve 
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insulin sensitivity. Increase in protein consumption has been shown to improve grip 
strength and reduce occurrence of sarcopenia [57]. Research has indicated that older 
adults with sarcopenia should consume 1.6 g of protein per kg of body weight daily. 
Similarly, the ESPEN expert group and the PROT-AGE study group recommend a 
daily protein intake of approximately 1.2–1.5 g per kg of body weight for individuals 
with chronic conditions like diabetes [58, 59]. Animal protein intake has been associ‑
ated with a higher overall risk of developing T2DM compared to plant protein intake 
[60]. Therefore, protein derived from plant may be the most appropriate source to 
ensure protein needs in older adults with or at risk of T2DM. Essential amino acids are 
crucial for both muscle building and maintenance. A recent prospective study of 1140 
T2DM patients revealed that the higher baseline levels of branched-chain amino acids 
valine, leucine, and isoleucine significantly lower the risk of muscle mass loss over 
time [61]. Long-term consumption of leucine-enriched essential amino acids, when 
combined with exercise, has a synergistic effect on increasing skeletal muscle mass, 
strength, and walking speed in elderly individuals [62]. This combination can be an 
effective countermeasure to sarcopenia. As a result, supplementation with branched-
chain amino acids, especially leucine or leucine-rich proteins, is among the most 
commonly used strategies for managing sarcopenia in older adults.

6.1.2 Omega-3 fatty acids

Omega-3 fatty acids have shown potential benefits in the prevention and manage‑
ment of sarcopenia. Omega-3 fatty acids may support muscle health by promoting 
protein synthesis, improving muscle mass, and enhancing muscle strength. Omega-3 
fatty acid supplementation affects muscle directly by increasing muscle protein 
synthesis [63]. A meta-analysis of 66 randomized controlled trials investigating 
omega-3 long-chain polyunsaturated fatty acids as an intervention for muscle-related 
outcomes found that omega-3 supplementation had positive effects on certain mea‑
sures, such as skeletal muscle mass and quadricep strength. However, other outcomes, 
including mid-arm muscle circumference and hand grip strength, remained unaf‑
fected [64]. Additionally, their anti-inflammatory properties can help reduce chronic 
low-grade inflammation, which is often associated with sarcopenia and conditions 
like type 2 diabetes. A meta-regression analysis of 45 randomized controlled trials 
found that omega-3 fatty acid supplementation significantly improved HbA1c levels 
in individuals with T2DM. However, it showed no significant changes in other glyce‑
mic markers, such as fasting glucose, insulin levels, and HOMA-IR [65].

6.1.3 Vitamin D

Vitamin D has been shown to enhance muscle mass and function, making it 
beneficial for patients with sarcopenia. However, data on sarcopenia on vitamin D 
supplementation has been conflicting. Meta-analyses have shown positive effects 
of supplementation, but these benefits are primarily observed in individuals with 
25-hydroxyvitamin D levels below 25 or 30 nmol/L [66]. However, two recent meta-
analyses have reported either no significant impact or even negative effects on physi‑
cal performance, including measures such as the short physical performance battery 
scores and timed up-and-go tests [67, 68]. One study demonstrated that combining 
exercise with daily supplementation of whey protein (22 g), essential amino acids 
(11 g, including 4 g of leucine), and vitamin D (100 IU) led to an increase in lean mass 
nearly 2 kg greater than exercise alone in older adults with sarcopenia [69]. Moreover, 
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the combination treatment significantly improved hand grip strength and reduced 
CRP levels, indicating enhanced muscle function and decreased inflammation. As a 
result, adequate vitamin D intake is recommended for elderly diabetic individuals, 
particularly those with sarcopenia. However, the ideal dose, frequency, and duration 
of vitamin D supplementation remain uncertain.

6.2 Physical exercise

Physical exercise is regarded as an effective intervention for preventing and 
managing diabetes mellitus associated with sarcopenia. Both aerobic and resistance 
exercises are effective in preventing and managing the loss of muscle mass and 
strength associated with aging. Aerobic exercise improves glycemic parameters by 
reducing HbA1c levels, fasting blood glucose, and insulin resistance and also enhances 
skeletal muscle mass, especially improving leg strength. Resistance exercise strength‑
ens muscles, improves insulin sensitivity, reduces fat accumulation, and preserves 
mitochondrial function in individuals with T2DM [70]. Resistance training is widely 
recognized as an effective approach for enhancing muscle mass and function in older 
adults with sarcopenia and is considered the primary treatment for this condition. A 
meta-analysis of 26 trials examined the effects of different exercise modes on various 
aspects of sarcopenia in older adults. The results showed that resistance exercise, as 
well as combined resistance and aerobic exercise, led to improvements in knee exten‑
sion strength, gait speed, and timed up and go (TUG) performance [71]. Resistance 
training, when combined with nutritional supplements, can enhance its effectiveness 
as an intervention. International guidelines recommend that individuals with T2DM 
engage in resistance training at least twice per week [72]. Older adults with chronic 
conditions to engage in 150 to 300 minutes of moderate to vigorous-intensity physical 
activity (MVPA) per week and to minimize sedentary behavior, as recommended by 
World Health Organization [73]. A recent meta-analysis in older adults (n = 43,796) 
showed that higher total physical activity levels and avoiding sedentary behavior were 
associated with better upper and lower body muscle strength, as well as improved 
upper and lower body muscle power [74]. However, compensatory increases in sed‑
entary behavior may diminish or negate the metabolic and muscle health benefits of 
physical activity interventions. To counteract the harmful effects of sitting for more 
than 8 hours a day on all-cause mortality, high levels of moderate to vigorous physical 
activity (60–75 minutes per day) are necessary [75]. The Tromsø study, conducted 
on 3653 community-dwelling individuals, found that older adults who engage in 
moderate levels of MVPA have lower chances of developing probable sarcopenia, even 
if they spend a significant amount of time being sedentary [76]. The evidence from 
interventions aimed specifically at reducing sedentary behavior remains inconclusive. 
Growing evidences indicate that both engaging in more MVPA and reducing seden‑
tary behavior contribute to improved metabolic and muscle health in older adults. 
Notably, for older adults and patients with neurological conditions, high-intensity 
exercise can be challenging to perform. However, blood flow restriction (BFR) train‑
ing offers a viable alternative to traditional exercise, as even low-intensity strength 
training with BFR can lead to significant improvements in muscle strength [77].

6.3 Pharmacotherapy

At present, there are no approved medications specifically for the treatment of 
sarcopenia. However, several drugs have demonstrated promising efficacy in recent 
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clinical trials. Myostatin-based medications have generated significant interest due to 
their potential to enhance muscle growth and counteract muscle loss. Myostatin is a 
cytokine known as growth and differentiation factor-8 (GDF-8), primarily produced 
and secreted by skeletal muscles. It serves as a negative regulator of muscle mass. In 
simple terms, myostatin binds to the activin receptor type IIB (ActRIIB), triggering 
the activation of SMAD2/3, which in turn suppresses the expression of MyoD. MyoD 
is crucial for the differentiation and repair of skeletal muscle. Myostatin inhibitors, 
such as propeptides, soluble receptors, antibodies, and natural antagonists, have been 
tested in clinical trials to assess their ability to improve muscle growth and strength. 
However, despite showing potential for increasing muscle mass, these myostatin 
inhibitors have shown limited or no benefits in improving physical function, which is 
a more clinically important outcome for patients. Androgens play a crucial role in the 
development and maintenance of skeletal muscle [78]. Due to their anabolic effects 
on muscle tissue, they are considered highly promising for the treatment of sarcope‑
nia. Testosterone treatment has been shown to be effective in increasing muscle mass 
and, to a lesser extent, improving muscle strength. However, similar to myostatin-
based agonists, the evidence supporting the beneficial effects of testosterone treat‑
ment on physical performance in older adults is inconsistent. Adverse side effects 
of testosterone treatment, such as transaminitis, benign prostatic hypertrophy, and 
uterine hyperproliferation, limit its widespread use, especially in older adults. These 
potential risks must be carefully considered when evaluating testosterone as a treat‑
ment for sarcopenia. Selective androgen receptor modulators (SARMs) are designed 
to promote muscle growth and improve bone health while reducing unwanted side 
effects on other tissues, such as the prostate. In a randomized placebo-controlled 
study of 170 sarcopenic frail women, MK-0773, a selective androgen receptor 
modulator (SARM), was administered. The results showed a statistically significant 
increase in lean body mass (LBM) from baseline at month 6 compared to the placebo. 
However, this increase in muscle mass did not translate into improvements in strength 
or physical function [79]. Increasing muscle mass through pharmacological treat‑
ments alone provides limited functional benefits. Therefore, incorporating targeted 
exercise, particularly resistance training, will likely be crucial for achieving improve‑
ments in physical function in future clinical trials.

6.3.1 Antidiabetic drug

As previously mentioned, hyperglycemia leads to reduced mitochondrial activity, 
heightened oxidative stress, and increased inflammation, all of which contribute to 
insulin resistance and muscle atrophy by disrupting insulin signaling pathways. For 
individuals with diabetes and sarcopenia, managing blood sugar levels is crucial. 
Keeping blood glucose under control can help reduce muscle loss and limit protein 
breakdown. In individuals with well-managed diabetes, stable insulin levels support 
muscle protein synthesis, improving muscle quality and strength. This not only helps 
prevent sarcopenia but also supports muscle growth and repair, improving overall 
muscle health and physical performance. Multiple antidiabetic drugs are used to man‑
age hyperglycemia, but each medication has a varying impact on muscle mass and 
muscle strength.

While antidiabetic drugs may influence muscle mass, the exact mechanisms 
of most of these medications on sarcopenia remain unclear. Metformin, a com‑
monly used drug for treating T2DM, has shown positive effects on muscle mass 
and muscle strength in various studies [80, 81]. Some antidiabetic drugs, especially 
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sulfonylureas like glinide, gliclazide, and glibenclamide, have been linked to muscle 
loss or injury. These drugs work by inhibiting the KATP channels, which in turn 
stimulates insulin secretion, but their long-term use may have negative effects on 
muscle tissue. Thiazolidinediones act as insulin sensitizers. Insulin resistance is 
one of the pathophysiological mechanisms for development of sarcopenia, so these 
may be beneficial for muscle performance in diabetics. Improvement in insulin 
resistance promotes favorable changes in PI3K/Akt signaling and reduces activation 
of caspase-3 pathways, ultimately leading to a decrease in proteolysis and muscle 
shrinkage [82]. Pioglitazone, in particular, boosts skeletal muscle energy use by 
lowering fat accumulation within muscles and enhancing fatty acid metabolism 
[83]. Dipeptidyl peptidase-4 inhibitors (DPP-4) have shown to have positive effects 
on muscle mass [84]. A small study involving 80 elderly diabetic patients found 
that treatment with DPP-4 inhibitors was associated with improved sarcopenic 
parameters, including fat-free mass, skeletal muscle mass, muscle strength, and 
gait speed [85]. Glucagon-like peptide 1 receptor agonists (GLP-1RAs) possess 
anti-inflammatory and antioxidant properties, though their exact mechanism 
of action on skeletal muscle remains a topic of ongoing research and discussion. 
Animal studies have shown sodium-glucose cotransporter 2 inhibitors (SGLT-2i) 
enhanced fatty acid metabolism in muscles, helping to prevent muscle wasting [86]. 
Despite the potential benefits suggested by preclinical studies, the effects of SGLT-2i 
on muscle remain uncertain due to the limited follow-up periods in clinical trials. 
Insulin therapy is associated with weight gain, which could be beneficial for patients 
with a low BMI. A population-based KORA-Age study found that insulin therapy 
was linked to an increase in skeletal muscle index, but it showed no association with 
improvements in grip strength or performance on the timed up and go (TUG) test 
[87]. However, limited studies indicate that long-term insulin use may negatively 
impact muscle health. Consequently, there is no consistent evidence to support the 
use of insulin therapy for managing sarcopenia in older adults.

7. �Conclusion

Type 2 diabetes mellitus and sarcopenia share a bidirectional relationship. 
Overlapping pathophysiological mechanisms, such as insulin resistance, inflamma‑
tion, oxidative stress, accumulation of advanced glycation end products (AGEs), 
myosteatosis, and the aging process itself contribute to the development of both 
conditions. Currently, there are no approved targeted therapies for the manage‑
ment of sarcopenia. A few treatments, such as myostatin antagonists, testosterone 
supplementation, and selective androgen receptor modulators have been explored, 
but many remain in the experimental or clinical trial stages. The mainstay of manage‑
ment involves dietary adjustments emphasizing foods rich in protein, essential amino 
acids, vitamin D, calcium, and other vital nutrients such as omega-3 fatty acids. 
Additionally, incorporating regular physical activity, particularly resistance exercises, 
and minimizing sedentary behavior are key components. A wide range of antidiabetic 
medications is available for glycemic control, each with potential positive or negative 
effects on muscle mass and function. Therefore, selecting the appropriate diabetic 
medication is crucial when managing sarcopenia.
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Edited by Rudolf Chlup

Type 2 diabetes is a complex metabolic disorder caused by several pathophysiologic 
mechanisms that affect about 10% percent of the global population. This book focuses on 
clinical and laboratory assessment of therapeutic effectiveness and recent management 

of type 2 diabetes. It includes six chapters that address topics such as anthropometric 
measures and predictors for risk and management of diabetes, assessment of personal 
glucometers for routine monitoring, the influence of physical exercise, and new and 

Interesting benefits of molecules like GLP-1 receptor agonists, tirzepatide, retatrutide, 
and glucagon in obesity and type 2 diabetes. Chapters also discuss the lived experience of 

diabetes self-management among the elderly in India, as well as the pathophysiological 
links and management strategies of sarcopenia in type 2 diabetes.
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