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ABSTRACT 
Prediabetes and Type 2 diabetes mellitus (T2DM) are characterized by impaired glucose regulation, insulin resistance and 
progressive metabolic dysfunction. Although aerobic and conventional resistance exercise has been extensively 
investigated, comparatively less attention has been directed toward core- and trunk-focused strengthening. The purpose of 
this narrative review was to synthesize the current evidence on core- and trunk-focused exercise in prediabetes and T2DM 
andexamines theemerging evidence for core muscle strengthening in prediabetes and T2DM, with particular emphasis on 
its potential metabolic and functional mechanisms and its possible integration into comprehensive exercise management. 
A structured literature search was conducted in PubMed/MEDLINE, Google Scholar, Scopus, Web of Science, and PEDro 
for studies published from January 2015 through 2026. Studies involving core-, abdominal-, trunk-focused exercise in 
adults with prediabetes or T2DM were considered, with Pilates-based interventions included as supporting evidence when 
they incorporated a meaningful core component. Core exercise involves repeated activation of the abdominal, paraspinal 
and lumbopelvic musculature and may provide both muscular and metabolic benefits. Recent evidence suggests that core- 
and trunk-focused exercise may improve glycemic control, insulin resistance, body composition and physical function in 
individuals with prediabetes and T2DM. Supporting Pilates-based studies have additionally reported favourable effects on 
HbA1c, physical performance, balance and selected metabolic variables. However, substantial heterogeneity exists in 
intervention design, exercise content, duration and frequency, and Pilates interventions incorporate several components 
beyond isolated core strengthening. The current evidence therefore supports core- and trunk-focused strengthening as a 
promising approach, while the specific contribution of isolated trunk-muscle loading to systemic metabolic improvement 
requires further investigation. Further adequately powered randomized trials using standardized core-strengthening 
protocols and clinically relevant metabolic outcomes are needed. 
Keywords: core strengthening, core stability, core training, trunk strengthening, trunk stabilisation, abdominal 
strengthening, prediabetes, Type 2 diabetes mellitus, Pilates. 
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INTRODUCTION 
Prediabetes and type 2 diabetes mellitus (T2DM) are major 
metabolic disorders characterized by abnormalities in 
glucose regulation.¹ Prediabetes is defined by glucose 
levels above the normal range but below the diagnostic 
threshold for diabetes and represents an important stage at 
which lifestyle intervention may help prevent or delay 
progression to T2DM.¹ T2DM is characterized by 
progressive loss of adequate pancreatic β-cell insulin 
secretion, frequently occurring in the setting of insulin 
resistance, and results in chronic hyperglycemia with an 
increased risk of vascular and other complications.¹,² 
The International Diabetes Federation (IDF) estimates that 
approximately 589 million adults aged 20–79 years were 
living with diabetes globally in 2024, equivalent to 
approximately one in nine adults, with this number 
projected to increase to 853 million by 2050.³ Intermediate 

hyperglycemia is even more prevalent; in 2024, an 
estimated 634.8 million adults (12.0%) had impaired 
glucose tolerance, while approximately 487.7 million 
adults (9.2%) had impaired fasting glucose.³ These figures 
highlight the importance of interventions capable not only 
of managing established diabetes but also of preventing or 
delaying disease progression in individuals with 
prediabetes. 
Physical activity and structured exercise are established 
components of diabetes management, with current 
guidelines recommending 150 min or more of moderate- to 
vigorous-intensity aerobic activity per week, spread over at 
least 3 days, together with resistance exercise on 2–3 
nonconsecutive days per week.⁴Flexibility and balance 
activities are additionally recommended, particularly for 
older adults, while prolonged sedentary behavior should be 
interrupted regularly.¹,⁴ High-intensity interval training 
(HIIT) represents another exercise strategy that can 
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improve cardiorespiratory fitness and glycemic outcomes 
in appropriately selected individuals.¹,⁴ In addition, 
reducing sedentary time and interrupting prolonged sitting 
with brief periods of physical activity have increasingly 
been recognized as important components of diabetes 
management.¹,⁴ Thus, contemporary exercise 
recommendations emphasize a multimodal approach 
combining aerobic activity, muscle strengthening, 
flexibility, balance, functional movement, and reduction of 
sedentary behavior rather than reliance on a single form of 
exercise. 
Conventional exercise recommendations for individuals 
with prediabetes and T2DM emphasize aerobic activity 
together with muscle-strengthening exercise.¹,⁴ Resistance 
exercise increases the demand placed on skeletal muscle 
and may improve glucose disposal, insulin sensitivity and 
body composition. However, most exercise research in 
diabetes has focused on large-muscle-group or whole-body 
exercise, whereas the potential contribution of specifically 
targeted trunk and abdominal musculature has received 
considerably less attention. 
The core musculature provides central stability for 
movement and includes the abdominal and paraspinal 
muscles that contribute to control of the trunk and 
lumbopelvic region.⁵–⁸ Core-strengthening exercise 
therefore represents a form of muscular exercise directed 
toward improving the strength and control of this central 
musculature. Although core exercise has traditionally been 
studied for its effects on posture, balance, spinal stability 
and functional movement, increasing attention has recently 
been given to its potential metabolic relevance. 
Despite the established metabolic benefits of general 
exercise, evidence specifically addressing core-muscle 
strengthening in prediabetes and T2DM remains limited. 
Recent intervention studies have begun to investigate 
abdominal strengthening, core-strengthening programmes 
and Pilates-based core exercise, with encouraging findings 
for glycemic and physical outcomes.¹³–²⁷ These studies 
provide a basis for examining the potential role of targeted 
core strengthening in individuals with abnormal glucose 
regulation. 
The purpose of this narrative review is therefore to examine 
the available evidence concerning the role of core- and 
trunk-focused strengthening exercise in prediabetes and 
T2DM and their potential effects on glycemic control, 
insulin resistance, body composition and physical function. 

METHODOLOGY 

Study Design 
This study was designed as a structured narrative review 
aiming to synthesize the available evidence on core- and 
trunk-focused exercise in individuals with prediabetes and 
T2DM. A structured search and predefined eligibility 
criteria were used to enhance transparency and 
reproducibility. Quantitative pooling was not performed 
because the available studies differed substantially in 
participant characteristics, intervention content, exercise 
dose, and outcome assessment. 

Literature Search Strategy 
A comprehensive literature search was conducted in 
PubMed/MEDLINE, Google Scholar, Scopus, Web of 
Science, and PEDro for studies published from January 
2015 through 2026. For PubMed/MEDLINE, a 
combination of MeSH and free-text keywords relating to 
prediabetes, T2DM, exercise, core strengthening, core 
stability, abdominal strengthening, trunk strengthening, 
trunk stabilization and Pilates were combined using 
Boolean operators. Equivalent search strategies were 
adapted for the other databases. The initial search was 
intentionally broad and did not require specific outcome 
terms or an RCT filter, thereby allowing potentially 
relevant observational, interventional and randomized 
studies to be identified. Reference lists of relevant articles 
were also screened. 

Study Selection and Eligibility Criteria 
Studies were considered eligible when they involved 
human participants with prediabetes or T2DM and 
evaluated an exercise intervention with a meaningful core-, 
abdominal-, or trunk-focused component and reported 
relevant metabolic, cardiorespiratory, muscular or 
functional outcomes. Direct core-focused studies were 
considered irrespective of study design when they met the 
population and intervention criteria. For the supporting 
Pilates evidence, only randomized controlled trials 
involving mat- or body-weight Pilates without Pilates 
apparatus or specialized equipment were included, 
provided that the intervention incorporated a meaningful 
core/trunk strengthening component. Reviews, meta-
analyses, editorials, letters, abstracts, duplicate publications 
and studies with an inappropriate population, intervention 
or outcome were excluded. 
Out of the 43 studies considered, 22 were excluded 
following application of the predefined eligibility criteria. 
The excluded studies comprised two direct-core studies that 
did not meet the final intervention or outcome criteria and 
20 Pilates studies that did not meet the predefined criteria 
for the supporting Pilates evidence, including studies with 
inappropriate populations, interventions, study designs, use 
of Pilates apparatus or specialized equipment, or 
insufficient relevance to the core/trunk-focused outcomes 
of interest. The final evidence base comprised 21 studies, 
including seven studies evaluating direct core strengthening 
interventions and 14 randomized controlled trials 
evaluating Pilates as supporting evidence representing 
1,136participants.The overall study-selection process and 
the final composition of the evidence base are summarized 
in Figure 1. 

Data Extraction and Narrative Synthesis 
Information extracted from eligible studies included study 
design, participant characteristics, diagnosis, intervention 
content, exercise frequency and duration, outcome 
measures and principal findings. Evidence was synthesized 
descriptively and organized into direct core-focused 
evidence and supporting equipment-free Pilates evidence. 
Outcomes were considered across four broad domains: 
glycemic and metabolic outcomes, body-composition 
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outcomes, muscular and cardiorespiratory outcomes, and 
functional outcomes including balance, gait, proprioception 

and quality of life. 

 
Figure 1: Schematic study-selection flow for the narrative review. This diagram summarizes the final screening decisions based on the 

predefined inclusion and exclusion criteria. 

SKELETAL MUSCLE AND GLUCOSE 
REGULATION 
Skeletal muscle is the principal tissue responsible for 
insulin-stimulated glucose disposal and therefore plays an 
important role in maintaining glucose homeostasis. In 
insulin-resistant states, the ability of skeletal muscle to 
respond appropriately to insulin is reduced, contributing to 
impaired glucose disposal and elevated blood glucose 
concentrations.² 
Repeated exercise produces longer-term adaptations within 
skeletal muscle. Regular physical activity can improve 
insulin sensitivity, glucose transport and mitochondrial 
function while increasing the capacity of muscle to utilize 
glucose.³,⁴,⁵ Resistance exercise may additionally preserve 
or increase skeletal-muscle mass, thereby increasing the 
metabolically active tissue available for glucose disposal. 
These mechanisms provide the physiological foundation 
for examining different forms of muscular exercise in 
prediabetes and T2DM. 
Among the different forms of muscular exercise, core- and 
trunk-focused strengthening provides a distinct approach 
by specifically targeting the abdominal, paraspinal and 
lumbopelvic musculature. Repeated activation of these 

muscles increases local energy demand thereby stimulating 
contraction-mediated glucose uptake, while also 
contributing to trunk stability, balance and functional 
movement. These characteristics provide a physiological 
basis for investigating whether targeted core-muscle 
strengthening may contribute to metabolic and functional 
outcomes in individuals with prediabetes and T2DM. The 
anatomical characteristics and functional role of the core 
musculature are therefore considered in the following 
section. 

CORE MUSCULATURE AND CORE 
STRENGTHENING 
Core muscles represent a substantial component of the 
skeletal-muscle system and participate repeatedly in both 
structured exercise and activities of daily 
living.Terminology describing trunk-focused exercise is 
inconsistent across the literature, and terms such as core 
strengthening, core stability, core training, abdominal 
strengthening and trunk strengthening are often used 
interchangeably despite representing different constructs.⁵–
⁹ Core strengthening has been described as encompassing 
lumbar stabilization, motor-control training and other 
exercise approaches involving muscular control around the 
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lumbar spine to maintain functional stability.⁷ Core stability 
emphasizes the ability to control the position and 
movement of the trunk over the pelvis during functional 
activities, with both muscular capacity and neuromuscular 
control contributing to this function.⁶,⁸ The term core itself 
has been broadly described to include abdominal, 
paraspinal, gluteal, hip-girdle and other muscles 
contributing to spinal and trunk stability.⁶ More recent 
literature has also highlighted that core training does not 
consistently specify the anatomical location or depth of the 
muscles being targeted, resulting in considerable variation 
in the exercises classified under this term.¹⁶ Similarly, 
trunk-strengthening interventions may target trunk flexor 
and extensor musculature and may therefore overlap with 
exercises described as core strengthening.¹⁵ For the 
purposes of the present review, studies were classified 
according to the principal characteristics of their 
interventions while retaining the terminology used by the 
original investigators. 
Core muscle strengthening can be achieved through a 
variety of exercise strategies. Traditional exercises may 
include abdominal curls, trunk flexion or extension 
exercises, bridges, planks, side planks, and resisted trunk 
movements. More integrated approaches incorporate free-
weight or functional movements such as squats, deadlifts, 
loaded carries, and unilateral resistance exercises, which 
require substantial trunk muscle activation while 
simultaneously training other muscle groups.⁵–¹⁰ For the 
purposes of the present review, core muscle strengthening 
refers primarily to progressive exercise intended to increase 
the force-generating capacity of the musculature of the 
trunk and lumbopelvic region, rather than interventions 
designed exclusively to improve endurance or motor 
control. 
An important practical characteristic of core strengthening 
is that exercises can be performed using body weight or 
simple mat-based movements. Examples include 
abdominal strengthening exercises, bridging, controlled 
trunk flexion, quadruped exercises and stabilization tasks. 
This accessibility may be particularly relevant for 
individuals with prediabetes or type 2 diabetes mellitus, for 
whom a simple, low-equipment approach may facilitate the 
incorporation of structured exercise into routine clinical, 
community or home-based settings. Such interventions may 
therefore provide a practical option for individuals who 
have limited access to exercise facilities or equipment, 
while also allowing exercise to be progressively adapted 
according to individual functional capacity.  

DIRECT EVIDENCE FROM CORE-FOCUSED 
EXERCISE STUDIES 
The final evidence base comprised seven direct core/core-
focused studies involving 368 participants. These studies 
varied in design, population and intervention content, but 
collectively provide the most direct evidence for evaluating 
whether targeted trunk exercise is associated with 
metabolic or functional outcomes in prediabetes and 
T2DM. The characteristics and principal findings of these 
direct core-focused studies are summarized in Table 1.  

Glycemic and metabolic outcomes 
Evidence for glycemic effects from direct core-focused 
exercise interventions is emerging. In a study of 100 
individuals with T2DM, Sudhan et al. investigated an 
abdominal muscle-strengthening programme. Participants 
received supervised exercise for 30 minutes, three times 
weekly, over 12 weeks, and the experimental group 
performed the ABON abdominal exercise programme 
incorporating leg raises, abdominal tucks, quadruped 
abdominal exercises, breathing and abdominal grading. The 
abdominal-strengthening group demonstrated significantly 
greater improvements in random blood glucose and HbA1c 
than the control group.¹³ 
More recently, evidence in prediabetes has extended these 
findings to broader metabolic outcomes. Yiğiter et al. 
conducted a randomized controlled trial specifically 
investigating core exercise in women with prediabetes. 
Eighteen women aged 20–55 years were randomized to 
core exercise or control, with nine participants in each 
group, and the intervention group completed 24 supervised 
sessions over eight weeks. Significant improvements were 
reported in fasting and postprandial glucose, HbA1c, 
insulin, HOMA-IR, body weight, BMI, fat percentage, 
selected circumferences and lipid-related measures.¹⁴ The 
small sample and restriction to women require confirmation 
in larger and more diverse populations 

Muscular, cardiorespiratory and functional outcomes 
Functional outcomes have also been examined, particularly 
in individuals with diabetes-related peripheral neuropathy. 
Core stability exercises combined with desensitisation 
therapy were associated with improvement in limit of 
stability in the study by Battesha et al.¹⁵ Pavana et al. 
compared core-stability exercise with proprioception 
exercise and found significant within-group improvements 
in balance in both groups, without a significant between-
group difference.¹⁶ These findings support the functional 
relevance of trunk-focused exercise for balance and 
postural control, but do not establish superiority over other 
active rehabilitation strategies. 
Evidence for improvements in cardiorespiratory and 
muscular fitness is provided by a progressive intervention 
reported by Arkate et al. The study investigated a 
progressive core-strengthening programme in people with 
T2DM and reported improvements in VO₂max, vital 
capacity and core strength after four weeks. The 
programme progressed from deep segmental activation to 
more demanding abdominal, bridging, plank, side-plank 
and rotational exercises.¹⁷ The findings provide preliminary 
evidence that progressive core exercise may influence 
muscular and cardiorespiratory fitness, although the small 
sample and short intervention limit generalizability. 
The available Pilates-based evidence provides additional 
information on both exercise dose and physical outcomes. 
Kaur et al. examined different durations and frequencies of 
Pilates-based core strengthening in 40 individuals with 
T2DM. All groups received the intervention, so the study 
primarily informs exercise dose rather than comparative 
efficacy. Six weeks of 20- or 30-minute sessions performed 
two or three times weekly improved HbA1c, balance, gait 
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and proprioception, with 30 minutes three times weekly 
reported as the most favourable protocol among those 
tested.¹⁸ Ebrahimi et al. similarly reported that eight weeks 
of selected Pilates exercises improved HbA1c, muscle 
strength and static balance in women with T2DM, whereas 
dynamic balance did not change significantly.¹⁹ Because 
these interventions remained multimodal, their findings 
cannot be interpreted as a pure test of isolated trunk-muscle 
loading. 

SUPPORTING EVIDENCE FROM PILATES-BASED 
CORE STRENGTHENING STUDIES 
The supporting Pilates literature is larger than the direct 
core literature. Fourteen randomized controlled trials 
meeting the present criteria used mat- or body-weight 
Pilates without specialized Pilates apparatus. Several trials 
reported favourable glycemic outcomes, including 
reductions in HbA1c and/or fasting glucose. Zolfaghari et 
al., Khormizi and Azarniveh, Yucel and Uysal, Ruiz et al, 
Batar et al., Cui et al., Abd El-Monim et al. and Melo et al. 
collectively provide evidence that mat-based Pilates may 
improve selected metabolic outcomes in people with 
diabetes.²⁰–²⁷ A systematic review and meta-analysis of 
Pilates randomized trials similarly reported an overall 

reduction in HbA1c, although heterogeneity was 
substantial.²⁸ 
The supporting studies also reported effects beyond 
glycemic control. Mir and Fathi reported changes in insulin 
resistance, visfatin, VO₂max and body composition.²⁹ 
Sharma et al. found improvements in quality of life, sleep 
quality and satisfaction with life, whereas Hassani et al. did 
not observe a significant quality-of-life improvement.³⁰,³¹ 
Gouveia et al. examined metabolic control and oxidative 
stress, providing additional evidence that Pilates may 
influence broader physiological outcomes.³² 
More recent trials further illustrate the variability of 
findings. Karaman and Angın found that 16 weeks of 
Clinical Pilates in women with prediabetes improved 
HbA1c, fasting glucose, insulin, HOMA-IR, lipid 
parameters and several physical-fitness measures.³³ Uçgul 
et al., in contrast, reported no significant between-group 
differences in metabolic or body-composition outcomes 
following Pilates combined with physical-activity 
counselling, although physical activity, functional capacity, 
balance and step counts improved.³⁴ This contrasting result 
demonstrates that favourable metabolic effects should not 
be assumed for every Pilates-based programme. 
Taken together, these studies provide useful supporting 
evidence for the potential role of trunk-focused exercise.

Table 1: Study characteristics and principal findings 
Study Participant 

characterist
ics 

Diagnosis Sample and 
group 
allocation 

Interventio
n 

Dosage Outcome 
measures 

Principal 
findings 

Interpretation 

Sudhan 
et al. 
(2018) 

Adults with 
T2DM 

T2DM n=100; 
intervention 
n=50, control 
n=50 

Interventio
n: ABON 
abdominal 
muscle 
strengthenin
g. Control: 
no 
abdominal 
training; 
breathing 
exercises, 
general 
stretching, 
walking 
encouraged, 
usual 
lifestyle 
continued 

30 
min/sessio
n, 
3×/week, 
12 weeks 

Random blood 
glucose; HbA1c 

Intervention 
group showed 
significantly 
greater 
improvement in 
RBG and 
HbA1c than 
control 

Direct evidence 
supporting a 
potential glycemic 
effect of abdominal 
strengthening 

Battesha 
et al. 
(2018) 

Adults with 
diabetic 
peripheral 
neuropathy 

T2DM with 
diabetic 
peripheral 
neuropathy 

n=60; 
randomly 
assigned to 
four 
groups(n=15
) each  

Group A: 
selected 
physical 
therapy; 
Group B: 
core 
stability;Gr
oup C: 
desensitisati
ontherapyG
roup D: 
core 
stability 
with 
desensitisati
on therapy 

3×/week, 
6 weeks 

Limit of 
stability/postural 
control 

Improvement in 
limit of stability 

Supports 
functional/postural 
benefits; metabolic 
effects were not 
assessed 



Clinical Implications of Core and Trunk Centered Exercise in Prediabetes and Type 2 Diabetes Mellitus: Current Evidence and Potential 
Mechanisms 

 IJDDT Volume 16 Issue 89s 2026 Page: 2033 
 

Study Participant 
characterist
ics 

Diagnosis Sample and 
group 
allocation 

Interventio
n 

Dosage Outcome 
measures 

Principal 
findings 

Interpretation 

Pavana 
et al. 
(2021) 

40–60 years; 
diabetic 
peripheral 
neuropathy 

T2DM with 
diabetic 
peripheral 
neuropathy 

n=80; 
propriocepti
on n=40, 
core 
stability 
n=40 

Group A: 
propriocepti
on exercise 
(n=40). 
Group B: 
core 
stability 
exercise 
(n=40) 

3×/week, 
6 weeks 

Berg Balance 
Scale; Toronto 
Clinical Scoring 
System 

Both groups 
significantly 
improved 
balance; no 
significant 
between-group 
difference 

Core exercise 
improved balance 
but was not superior 
to proprioceptive 
exercise 

Arkate 
et al. 
(2024) 

Adults with 
T2DM; 
demographic 
details NR 

T2DM n=40; group 
allotted 
randomly in 
2 groups. 

Progressive 
core 
strengthenin
g, including 
deep 
segmental 
activation, 
abdominal, 
bridging, 
plank, side-
plank and 
rotational 
exercises 

12 
sessions, 
4 weeks 

VO₂max; vital 
capacity; core 
strength 

Improved 
VO₂max, vital 
capacity and 
core strength 

Preliminary 
evidence for 
muscular and 
cardiorespiratory 
benefits; small 
sample and short 
duration limit 
inference 

Kaur et 
al. 
(2018) 

35–60 years T2DM n=40; four 
intervention 
groups, 
n=10/group; 
no 
conventiona
l control 
group 

Pilates-
based core 
strengthenin
g protocols 
differing in 
exercise 
duration 
and 
frequency 

20 or 30 
min/sessio
n; 2 or 
3×/week; 
6 weeks 

HbA1c; balance; 
gait; 
proprioception 

HbA1c, balance, 
gait and 
proprioception 
improved; 30 
min, 3×/week 
was most 
favourable 
among tested 
protocols 

Primarily informs 
exercise dose rather 
than comparative 
efficacy 

Ebrahim
i et al. 
(2015) 

Women with 
T2DM;  

T2DM n=30; 
Intervention 
group 
n=15;contro
l group 
n=15 

Selected 
Pilates 
exercises 

8 weeks HbA1c; muscle 
strength; static 
and dynamic 
balance 

HbA1c, muscle 
strength and 
static balance 
improved; 
dynamic balance 
did not 
significantly 
change 

Supporting 
evidence; 
multimodal Pilates 
limits attribution to 
isolated core 
training 

Yiğiter 
et al. 
(2025) 

Women aged 
20–55 years 

Prediabetes n=18; 
intervention 
n=9, control 
n=9 

Interventio
n: 
supervised 
core 
exercise. 
Control: 
control 
condition 

24 
supervise
d 
sessions, 
8 weeks 

Fasting glucose; 
postprandial 
glucose; HbA1c; 
insulin; HOMA-
IR; body weight; 
BMI; fat 
percentage; 
circumferences; 
lipid parameter 

Significant 
improvements in 
glycemic 
measures, 
insulin, HOMA-
IR, body 
composition and 
lipid-related 
measures 

Promising direct 
metabolic evidence, 
but very small and 
female-only sample 

Zolfagha
ri et al. 
(2015) 

Women with 
T2DM;  

T2DM n=24; 
intervention 
n=12, 
control n=12 

Mat Pilates 
vs 

comparator 
75 
min/sessio
n, 
3×/week, 
8 weeks 

Fasting glucose; 
HbA1c; 
testosterone; 
SHBG 

Favourable 
effects on 
fasting glucose 
and HbA1c; 
hormonal 
outcomes also 
assessed 

Supporting 
metabolic evidence 
from Pilates; 
multimodal 
intervention 

Khormiz
i&Azarn
iveh 
(2017) 

Obese 
women with 

T2DM 
T2DM with 

obesity 
n=30; 
intervention 
n=15, 
control n=15 

Mat Pilates 
vs Routine 
intervention 

60 
min/sessio
n, 
3×/week, 
8 weeks 

Glycemic control; 
body weight 

Favourable 
effects on 
glycemic control 
and weight loss 

Suggests potential 
metabolic and 
weight-related 
benefit 

Yucel & 
Uysal 
(2016) 

Women with 
T2DM 

T2DM n=45; 
intervention 
n=24, 
control n=21 

Pilates-
based mat 
exercises vs 
comparator 

45-70  
min 3 
times/day, 
12 weeks 

HbA1c; FBS, 
quality-of-life 
parameter 

HbA1c 
improvement 
reported; 
quality-of-life 
parameters also 
assessed 

Supports possible 
glycemic and 
functional/quality-
of-life benefits 

Ruiz et 
al (2025) 

Elderly 
patients with 
diabetes;  

Diabetes 
mellitus/T2DM 

n=104; 
intervention 
n=52, 
control n=52 

Mat Pilates 
vs 

comparator 
60 min 
twice/day, 
12 weeks 

Nutritional status 
& HRQOL 

Improvements 
in Nutritional 
status & 
HRQOL 

Effects can be 
attributed to Pilates 
alone  
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Study Participant 
characterist
ics 

Diagnosis Sample and 
group 
allocation 

Interventio
n 

Dosage Outcome 
measures 

Principal 
findings 

Interpretation 

Batar et 
al. 
(2020) 

Women with 
T2DM;  

T2DM n=120 
randomized
; intervention 
4 groups n= 
30 each 
 

Mat Pilates 
combined 
with either 
low-
carbohydrat
e or high-
complex-
carbohydrat
e diabetic 
diet 

60 
min/sessio
n, 
3×/week, 
12 weeks 

Body 
composition; 
glucose; HbA1c; 
insulin; lipid 
parameter 

Changes in body 
composition, 
glucose, HbA1c, 
insulin and lipid 
parameters 

Metabolic/body-
composition 
findings are 
confounded by 
dietary intervention 

Cui et al. 
(2020) 

Elderly 
patients with 
T2DM;  

T2DM n=90 
randomized
; intervention 
n=44, control 
n=46 

Mat Pilates 
combined 
with diet 
managemen
t 

90-150 
min/sessio
n, 
7×/week, 
12 weeks 

Fasting glucose; 
postprandial 
glucose; HbA1c; 
debilitating status 

Improvements 
in 
fasting/postpran
dial glucose and 
HbA1c 

Supporting 
evidence, but effects 
cannot be separated 
from dietary 
management 

Abd El-
Monim 
et al. 
(2019) 

Women with 
T2DM 

T2DM n=60 
randomized
; intervention 
n=30, control 
n=30 

Mat Pilates 
vs DASH 
Diet 
&nedication 

60 
min/sessio
n, 
3×/week, 
12 weeks 

HbA1c; 
lipid/cardiometab
olic parameter 

Favourable 
changes in 
HbA1c and lipid 
parameters 

Supports potential 
cardiometabolic 
effects of Pilates 

Melo et 
al. 
(2020) 

Older 
women with 

T2DM;  
T2DM n=22random

ized assigned 
to 2 groups 

Pilates 
method 
training vs 
comparator 

60 
min/sessio
n, 
3×/week, 
12 weeks 

Functional 
capacity; blood-
glucose-related 
outcomes 

Improvements 
in functional 
capacity and 
blood-glucose-
related 
outcomes 

Supports metabolic 
and functional 
effects in older 
women 

Gouveia 
et al. 
(2021) 

Adults with 
T2DM;  

T2DM n=44; 
intervention 
n=22, control 
n=22 

Pilates vs 
comparator 

2×/week, 
8 weeks 

Metabolic 
control; 
oxidative-stress-
related outcomes 

Effects reported 
on metabolic 
control and 
oxidative-stress-
related 
outcomes 

Provides supporting 
metabolic evidence 

Hassani 
et al. 
(2018) 

Elderly 
women with 

T2DM 
T2DM n=40; 

intervention 
n=20, control 
n=20 

Pilates vs 
comparator 

8 weeks Quality of life No significant 
improvement in 
quality of life 

Functional/psychos
ocial benefits were 
not consistently 
demonstrated 

Mir & 
Fathi 
(2018) 

Obese 
women with 

T2DM 
T2DM with 

obesity 
n=20; 
intervention 
n=10, control 
n=10 

Pilates vs 
comparator 

60 
min/sessio
n, 
3×/week, 
8 weeks 

Glucose; insulin 
resistance; 
visfatin; VO₂max; 
body composition 

Changes 
reported in 
glucose, insulin 
resistance, 
visfatin, 
VO₂max and 
body 
composition 

Suggests broader 
metabolic and 
fitness effects, but 
sample was small 

Sharma 
et al. 
(2018) 

Adults with 
T2DM;  

T2DM n=30; 
intervention 
n=20, control 
n=10 

Mat Pilates 
vs 

comparator 
20–30 
min/sessio
n, 
3×/week, 
4 weeks 

Quality of life; 
sleep quality; 
satisfaction with 
life 

Improvements 
in quality of life, 
sleep quality 
and satisfaction 
with life 

Suggests potential 
quality-of-life 
benefits despite 
short intervention 

Karama
n 
&Angın 
(2026) 

Women with 
prediabetes;  

Prediabetes n=49 
randomized
; n=42 
completed; 
intervention 
n=21, control 
n=21 

Clinical 
Pilates vs 
comparator 

3×/week, 
16 weeks 

HbA1c; fasting 
glucose; insulin; 
HOMA-IR; 
lipids; core 
endurance; 
strength; balance; 
physical fitness 

Improved 
HbA1c, fasting 
glucose, insulin, 
HOMA-IR, 
lipids, core 
endurance, 
strength, 
balance and 
fitness 

Recent supportive 
evidence with 
metabolic and 
functional 
outcomes; still 
represents 
multimodal Pilates 

Uçgul et 
al. 
(2026) 

Women with 
prediabetes 
and T2DM 

Prediabetes/T2
DM 

n=90; group 
1 (n=30) 
group 2 
(n=30) 
group 3 
(n=30) 

Pilates 
combined 
with 
physical-
activity vs 
counselling 
vs 
comparator 

12 weeks Metabolic/body-
composition 
measures; 
physical activity; 
functional 
capacity; balance; 
step counts 

No significant 
between-group 
metabolic/body-
composition 
differences; 
physical 
activity, 
functional 
capacity, 
balance and step 
counts improved 

Provides important 
contrasting 
evidence; 
functional/activity 
benefits were more 
consistent than 
metabolic effects 
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POTENTIAL MECHANISMS LINKING CORE 
STRENGTHENING TO METABOLIC HEALTH 
Several physiological pathways may explain the metabolic 
effects observed following core- and trunk-focused 
exercise. Skeletal-muscle contraction provides one of the 
most direct links between exercise and glucose regulation. 
Muscle contraction stimulates glucose uptake through 
translocation of glucose transporter type 4 (GLUT4) to the 
cell membrane via pathways that are partly independent of 
insulin. Repeated activation of the abdominal, paraspinal 
and other trunk-stabilizing muscles during core exercise 
may consequently increase local glucose utilization during 
exercise. Although the total muscle mass activated during 
isolated trunk exercise is smaller than that involved in 
activities such as walking or cycling, repeated muscular 
contraction may still contribute to overall glucose disposal. 
Improved insulin sensitivity and glucose regulation may 
represent another pathway. Regular exercise can enhance 
skeletal-muscle glucose transport, mitochondrial function 
and insulin responsiveness. In the core-focused studies 
included in this review, improvements in fasting glucose, 
insulin and HOMA-IR have been reported following 
structured training, including the study by Yiğiter et al. 
These findings are consistent with improved metabolic 
regulation; however, they cannot establish that the response 
resulted specifically from trunk-muscle activation, since 
improvements in insulin sensitivity are well-recognized 
effects of exercise more broadly.¹¹,¹² 
Body composition and central adiposity may also influence 
the relationship between core-focused exercise and 
metabolic health. Central or abdominal adiposity is closely 
associated with insulin resistance and adverse metabolic 
profiles. Several core-focused interventions have reported 
reductions in body weight, BMI, body-fat measures or 
abdominal circumferences alongside improvements in 
metabolic outcomes. Nevertheless, these findings do not 
establish that core exercise selectively reduces visceral or 
abdominal fat, and changes in body composition may also 
reflect increased overall physical activity and energy 
expenditure.² 
From a functional perspective, the trunk provides a stable 
foundation for movement of the extremities.Core-focused 
training has been associated with improvements in trunk 
strength and endurance, balance, gait, 
proprioception,functional performance and, in some 
studies, cardiorespiratory fitness. Such adaptations may be 
clinically relevant for individuals with prediabetes or 
T2DM, particularly when reduced physical capacity limits 
participation in regular exercise. Better trunk control and 
physical function may facilitate everyday movement and 
improve the ability to participate in other forms of 
structured physical activity.¹⁵–¹⁹ 
An additional indirect pathway may arise through increased 
overall physical activity. Improvements in trunk stability, 
balance and exercise tolerance could make movement more 
comfortable and physically manageable, potentially 
encouraging greater participation in daily and structured 
activities. Consequently, some of the metabolic benefits 
observed after core-focused programmes may reflect not 

only the direct effects of muscular contraction but also 
increases in total physical activity and exercise adherence. 
These pathways provide a plausible physiological 
framework linking core-focused exercise with metabolic 
health. These mechanisms should not be presented as 
mechanisms uniquely established for core strengthening. 
The current evidence supports their biological plausibility, 
but direct mechanistic studies examining how isolated core 
exercise alters glucose metabolism remain limited. 

CLINICAL IMPLICATIONS AND EXERCISE 
PRESCRIPTION 
The current evidence suggests that core- and trunk-focused 
strengthening may be considered a complementary exercise 
strategy for individuals with prediabetes and T2DM rather 
than a replacement for established aerobic and whole-body 
resistance exercise. One practical advantage is 
accessibility: many core exercises can be performed with 
body weight or minimal equipment and may therefore be 
implemented in physiotherapy departments, community 
programmes and home-based settings. The ABON 
programme investigated by Sudhan et al. was specifically 
designed as a simple abdominal-strengthening approach.¹³ 
The findings of the available core-focused studies also 
provide preliminary guidance regarding practical exercise 
prescription. Across the included studies, supervised 
exercise performed approximately three times per week 
appears to be the most consistently supported frequency. 
Intervention duration ranged from 6 to 12 weeks, with 
approximately 20–30 minutes of dedicated core exercise 
per session appearing feasible when core strengthening was 
the primary intervention. In studies in which core exercises 
were incorporated into a broader rehabilitation programme, 
such as the study by Pavana et al., total session duration 
was longer because additional components were 
included.These findings provide a reasonable basis for 
clinical implementation, although they do not establish an 
optimal training dose.¹³,¹⁴,¹⁷,¹⁸ 
The exercise programmes also demonstrate the importance 
of progressive overload and controlled execution rather 
than relying solely on increasing exercise volume. Sudhan 
et al. progressively increased abdominal exercise 
repetitions from an initial three sets of 10 repetitions.¹³ 
Yiğiter et al. progressively modified exercise duration, sets, 
repetitions and rest intervals.¹⁴ Similarly, Arkate et al. 
progressively increased exercise difficulty and workload.¹⁷ 
Kaur et al. found that a 30-minute programme performed 
three times per week for six weeks was more favourable 
than the lower-frequency or shorter-duration alternatives 
investigated.¹⁸ Collectively, these findings support 
beginning with activation and stabilization exercises and 
progressively advancing towards bridging, controlled limb 
movements, planks and side planks, dynamic trunk 
exercises and more functionally demanding 
movements.Exercise difficulty can be increased gradually 
through changes in repetitions, duration, sets, lever length, 
movement complexity or external resistance according to 
the individual's ability 
From a clinical perspective, as depicted in Table 2, an 
evidence-informed approach would therefore be to 
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prescribe core-focused exercise two to three times per 
week, progressing towards three supervised sessions per 
week, with approximately 20–30 minutes of dedicated core 
training per session for at least 6–8 weeks and potentially 
up to 12 weeks. Exercise selection should emphasize 
activation of the deep trunk musculature, maintenance of 
lumbopelvic control and gradual progression towards 
exercises requiring greater trunk stabilization and 
functional integration. Such an approach may be 
particularly useful as an adjunct to established aerobic and 
resistance exercise rather than as a replacement for them. 
This proposed progression represents an evidence-informed 
clinical framework derived from the available studies and 
should not be interpreted as a validated optimal protocol. 
Progression should be individualized and clinically 
monitored, particularly in individuals who are previously 
sedentary or have reduced physical capacity. Proper 
technique and controlled movement should be prioritized 
over high exercise volume.  
From evidence perspective, the potential benefits of core-
focused exercise extend beyond glycemic outcomes. 
Improvements in trunk endurance, balance, gait, 
proprioception and functional capacity may help 
individuals perform daily activities more effectively and 
may facilitate continued participation in physical activity. 
These functional benefits could be particularly valuable in 
people whose physical limitations reduce their ability to 
engage consistently in conventional exercise 
programmes.¹⁵–¹⁹ 

Table 2: Evidence-Informed Core Exercise Dosage, 
Progression, and Expected Outcomes 

Component Evidence-informed approach 
Frequency 2–3 sessions/week, progressing 

toward 3 
Duration 20–30 min 
Programme duration 6–8 weeks initially to 12 
Initial focus Activation/stabilization/breathin

g/control 
Progression Repetitions, duration, sets, 

complexity, lever length or 
resistance 

Exercises Bridging, controlled limb 
movements, planks, side planks, 
trunk stabilization, functional 
movements 

Integration Aerobic exercise and whole-
body resistance training 

Monitoring Technique, perceived exertion, 
functional tolerance, adherence 
and clinical status 

Expected outcomes Potential glycemic, muscular 
endurance, balance, function 
and capacity improvements 

 
This framework should be interpreted as an evidence-
informed clinical approach rather than a validated optimal 
prescription. The heterogeneity of existing studies prevents 
the establishment of a definitive frequency, intensity or 
duration for core-focused exercise in prediabetes or T2DM. 
Future controlled trials using standardized core-training 
protocols are needed to determine the dose and progression 

most likely to produce clinically meaningful metabolic and 
functional benefits. 

Table 3: Evidence-derived progression of core exercise 
Training 
phase Main objective Exercise emphasis Suggested 

progression 

Phase 1 – 
Activation 

Establish trunk 
muscle 
activation and 
lumbopelvic 
control 

Abdominal 
activation, 
controlled 
abdominal 
contractions, basic 
stabilization 

Begin with low 
repetitions and 
short-duration 
holds; emphasize 
technique 

Phase 2 – 
Stabilizatio
n 

Improve trunk 
endurance and 
postural control 

Bridging, 
controlled limb 
movements, 
modified plank 

Increase 
repetitions and 
hold duration 
gradually 

Phase 3 – 
Advanced 
stabilizatio
n 

Increase 
demand on 
trunk 
musculature 

Plank, side plank, 
reverse bridge, 
dynamic 
stabilization 

Progress exercise 
difficulty, sets 
and hold duration 

Phase 4 – 
Dynamic 
control 

Develop trunk 
control during 
movement 

Trunk rotation, 
dynamic abdominal 
exercises, 
coordinated limb–
trunk movements 

Increase 
movement 
complexity and 
reduce rest 
intervals 

Phase 5 – 
Functional 
integration 

Transfer trunk 
control to 
functional 
movement 

Whole-body 
exercises requiring 
sustained trunk 
stabilization 

Progress 
according to 
individual 
capacity, fatigue 
and movement 
quality 

 

CURRENT LIMITATIONS AND RESEARCH GAPS 
Although the emerging findings are encouraging, the 
evidence base remains relatively small and heterogeneous. 
Studies differ substantially in participant characteristics, 
intervention content, exercise duration, frequency, 
supervision and outcome assessment.¹³,¹⁴,¹⁶,¹⁷,¹⁸,¹⁹ These 
differences make direct comparison difficult and limit 
confidence in any specific dose-response relationship. 
A particularly important distinction is between direct core 
or abdominal strengthening and broader Pilates 
interventions. Sudhan et al. investigated a specific 
abdominal-strengthening programme,¹³ while Yiğiter et al. 
investigated a structured core-exercise programme.¹⁴ In 
contrast, Pilates-based interventions may involve multiple 
physical components beyond core strengthening.¹⁸,¹⁹,³³ 
Consequently, Pilates evidence should be considered 
closely related supporting evidence rather than proof of an 
isolated core-muscle effect. 
The small sample sizes and relatively narrow study 
populations in several investigations also limit 
generalizability. Some studies have focused on specific 
populations, including predominantly women with 
prediabetes, making it difficult to determine whether the 
findings apply consistently across different ages, sexes, 
disease stages and baseline fitness levels.There is a lack of 
larger randomized controlled trials with diverse populations 
to examine whether responses differ according to age, sex, 
obesity status, diabetes duration and baseline glycemic 
control. 
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Exercise dose remains incompletely established. Although 
Kaur et al. identified a favourable 30-minute, three-times-
weekly protocol within their study,¹⁸ there is insufficient 
evidence to establish the optimal intensity, duration, 
frequency or progression of core strengthening for 
metabolic outcomes. The absence of long-term follow-up is 
an additional limitation because most available 
interventions have lasted several weeks to a few 
months.¹³,¹⁴,¹⁶,¹⁸,¹⁹,³³ It remains unclear whether 
improvements in HbA1c, insulin resistance and body 
composition can be maintained after supervised training 
ends. 
Recent evidence also demonstrates that not all Pilates-
based interventions produce significant metabolic 
improvements. Uçgul et al. studied 90 women with 
prediabetes and T2DM randomized to Pilates plus physical-
activity counselling, physical-activity counselling alone or 
standard treatment. After 12 weeks, no significant between-
group differences were observed in metabolic or body-
composition outcomes, although improvements were found 
in physical activity, functional capacity, balance and step 
counts.³⁴ This contrasting finding is important because it 
demonstrates that positive metabolic effects should not be 
assumed for every Pilates-based programme. 

FUTURE DIRECTIONS 
Future research should establish whether core 
strengthening produces metabolic benefits that are 
independent of, or additive to, those achieved through 
conventional aerobic and resistance exercise. Well-
designed randomized controlled trials should compare 
standardized core-strengthening programmes with usual 
care, conventional resistance training and combined 
exercise programmes. Such comparisons would help 
determine whether core strengthening provides a unique 
metabolic stimulus or primarily represents another 
accessible form of resistance exercise. 
Intervention protocols should clearly describe exercise 
selection, intensity, number of repetitions or duration, 
progression, frequency and total programme duration. This 
would allow replication and facilitate comparison between 
studies.  
Longer follow-up is necessary to establish whether 
improvements in glycemic control are sustained. Future 
studies should additionally investigate adherence, 
feasibility and patient acceptability because the clinical 
value of an exercise intervention depends not only on 
efficacy but also on its ability to be maintained over time. 
Studies combining metabolic outcomes with measures of 
muscle activation, insulin sensitivity, body composition 
and physical activity could help determine how core-
focused exercise influences systemic metabolism. 

CONCLUSION 
Core- and trunk-focused exercise represents a promising 
adjunctive strategy within exercise programmes for 
individuals with prediabetes and type 2 diabetes mellitus 
(T2DM). The available evidence suggests that core 
exercise may contribute to improvements in glycemic 
regulation, insulin sensitivity, body composition, muscular 

fitness and physical function. These effects are 
physiologically plausible through pathways involving 
skeletal-muscle glucose uptake, insulin sensitivity and 
improvements in physical capacity. 
However, the evidence should be interpreted with 
appropriate caution. Small samples, heterogeneous exercise 
protocols, limited follow-up and the multimodal nature of 
many interventions emphasize the need for larger and 
longer-term randomized controlled trials using standardized 
core-focused protocols and appropriate controls. 
Until stronger evidence is available, core-focused exercise 
may reasonably be considered a practical and accessible 
component of comprehensive exercise management for 
prediabetes and T2DM, with exercise prescription 
individualized according to functional capacity, tolerance 
and clinical needs. 
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