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ABSTRACT

Background: Type 2 diabetes mellitus (T2DM) presents a major global health burden due to its
progressive metabolic complications and strong association with cardiovascular disease. Exercise
therapy is widely recognized as an essential non-pharmacological strategy, yet comprehensive
randomized trials comparing cardiovascular-style exercise with standard therapeutic programs that
remain limited.

Objectives: To evaluate the impact of a structured 12-week cardiovascular exercise regimen on
glycemic markers and lipid parameters in adults with T2DM and compare outcomes with those
achieved through conventional therapeutic exercise.

Methods: A single-blind randomized controlled study was carried out at a tertiary care hospital in
New Delhi, India. Forty clinically diagnosed adults with T2DM were randomly assigned to either a
cardiovascular exercise group (n = 21) or a conventional therapeutic exercise group (n = 19). Both
groups participated in supervised exercise sessions three times weekly for 12 weeks. Primary
outcomes were glycated hemoglobin (HbAlc) and fasting blood glucose. Secondary variables
included lipid profile indices, body mass index (BMI), body weight, random blood sugar, six-minute
walk distance (60MWD), and blood pressure. Analysis involved paired tests for within-group changes
and changes-score comparisons for between-group differences.

Results: The cardiovascular group demonstrated pronounced improvements across nearly all
metabolic and functional parameters, including significant reductions in HbAlc, fasting glucose,
random glucose, triglycerides, LDL cholesterol, total cholesterol, weight, and BMI, alongside
enhanced functional capacity. The conventional exercise group showed modest improvements in
selected metabolic indicators but no significant gains in HbAlc, BMI, or endurance. Change-score
comparisons confirmed that cardiovascular training was superior across most outcome domains.
Conclusion: A structured cardiovascular exercise program performed thrice weekly for 12 weeks
produced clinically meaningful benefits in metabolic regulation, lipid health, and functional
performance in adults with T2DM. These findings highlight cardiovascular-style body-weight
training as an accessible and practical addition to diabetes rehabilitation programs.

Keywords: Diabetes Mellitus-Type 11, Exercise Therapy, Cardiovascular, Glycated Hemoglobin A,
Blood Glucose, Lipid Metabolism.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder involving persistent hyperglycemia due to
impaired insulin secretion or insulin resistance. With rising global prevalence, T2DM continues to impose a
substantial burden on healthcare systems. Sedentary habits, excessive adiposity, and reduced physical activity
contribute to worsening glycemic control and lipid abnormalities, predisposing individuals to severe vascular
complications (1,2). Structured exercise has been consistently recommended as an essential non-pharmacological
strategy to support metabolic regulation in individuals with T2DM.

Exercise therapy remains a central non-pharmacological strategy for improving metabolic function in T2DM.
Cardiovascular-style exercise—consisting of rhythmic, body-weight, multi-joint movements—has gained
recognition due to its practicality, low cost, and physiological benefits. Unlike equipment-based resistance
training, cardiovascular exercise requires minimal resources and has demonstrated favorable effects on glucose
regulation, lipid profiles, and functional capacity. Prior studies report improvements in insulin sensitivity,
enhanced GLUT-4 activation, and reductions in visceral adiposity following body-weight-based training
programs (3). However, relatively few randomized trials have examined its comparative effects against
conventional therapeutic exercise across a comprehensive range of metabolic and functional indicators (4).

Similarly, Kamat et al. demonstrated that 12 weeks of cardiovascular resulted in greater reductions in HbAlc,
postprandial glucose, and body-fat percentage compared with Pilates training in overweight adults with T2DM
(5). Even though a retracted study by Wu and Qu had initially suggested improvements in hypoglycemia
parameters with cardiovascular, subsequent investigations with stronger methodology have validated these
outcomes (6).

Cardiovascular exercise studies further support this physiological mechanism. Amini-Najafabadi et al. showed
significant reductions in fasting blood sugar, HbAlc, and total cholesterol after 8 weeks of moderate-intensity
Cardiovascular training among women with T2DM (1). Likewise, Ghalavand et al. demonstrated improvements
in glycemic markers and HDL following structured Cardiovascular sessions in diabetic men (2). Collectively,
these findings indicate that resistance-based cardiovascular and traditional Cardiovascular training both contribute
to improved metabolic control through enhanced glucose transport, improved insulin action, and favorable lipid
modulation.

Despite these promising findings, gaps remain. Few randomized controlled trials have compared cardiovascular
directly with conventional exercise programs in adults aged 30 to 65 years with established T2DM. Moreover,
limited studies have evaluated comprehensive metabolic outcomes including fasting blood sugar, random blood
sugar, HbAlc, total lipid profile, blood pressure, anthropometry, and functional capacity in a single 12-week
Cardiovascular protocol. The existing literature often focuses on single outcomes or specific subgroups, leaving
uncertainty about the holistic cardiometabolic effects of Cardiovascular training in clinically diagnosed adults.

Therefore, the present study was designed to address this gap by evaluating glycemic, lipid, anthropometric,
cardiovascular, and functional changes following 12 weeks of structured cardiovascular exercise in adults with
T2DM.

METHODOLOGY

Study Design: This study employed a single-blind, randomized controlled trial with two parallel groups: an A
single-blind, parallel-group randomized controlled trial was conducted between July and October 2025 at Hakeem
Abdul Hameed Centenary Hospital, Jamia Hamdard, New Delhi. Participants were randomly allocated to either a
cardiovascular exercise group or a conventional exercise group. Baseline and follow-up assessments were
performed by an outcome assessor blinded to group allocation.

Participants: Adults aged between 30 and 65 years with clinically confirmed T2DM for at least one year and
medically cleared for moderate-intensity physical activity were recruited. Exclusion criteria included uncontrolled
hypertension, diabetic complications limiting exercise capacity, musculoskeletal disorders restricting movement,
and recent cardiovascular events. Ethical approval was obtained, and all participants provided written informed
consent. Ethical approval was obtained from the Institutional Ethics Committee (Ref. No. 14/23/12/2023), and
the trial was prospectively registered with the Clinical Trial Registry of India (CTRI/REF/2024/02/079131). All
procedures followed institutional and international ethical guidelines.

Randomization: A computer-generated allocation sequence was used to assign participants in a 1:1 ratio.
Sequentially numbered, sealed opaque envelopes ensure allocation concealment. Therapists supervising
interventions were not blinded, whereas assessors and data analysts remained blinded.

Intervention Protocol:

Cardiovascular Exercise Group: Participants completed structured body-weight exercise sessions lasting 45—
60 minutes, three times weekly. Sessions included warm-up mobility exercises, multi-joint cardiovascular
movements (squats, lunges, step sequences, modified push-ups, hip-stabilizing drills), and cool-down stretching.
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Exercise intensity was regulated using Borg’s RPE scale (11-14), with gradual progression introduced throughout
the 12-week program.

Conventional Exercise Group: Participants engaged in standard therapeutic exercise that included warm-up
walking, moderate aerobic activity, basic strengthening and mobility routines, and flexibility training. Intensity
and session duration were matched to the cardiovascular group.

Outcome Measures:

Primary outcome:

e Glycated hemoglobin (HbAlc)

o Fasting blood glucose (FBG)

Secondary outcomes:

o Lipid profile (total cholesterol, LDL-C, HDL-C, triglycerides)
e Body weight and BMI

e Systolic and diastolic blood pressure

e Six-minute walk distance (6MWD)

e Random blood sugar

All biochemical measurements were performed at baseline and after 12 weeks using standard laboratory protocols.
Statistical Analysis:

Data were analyzed using SPSS version XX. Within-group differences were assessed using paired tests, while
between-group differences were analyzed using independent t-tests on change scores. Statistical significance was
set at p <0.05.

RESULTS

Forty participants (21 cardiovascular; 19 conventional) completed the intervention. Baseline characteristics were
comparable. Baseline demographic and clinical variables were broadly comparable between the groups, although
minor differences in certain metabolic values were present. These variations were statistically adjusted using
change-score analyses to ensure an unbiased comparison of outcomes.

The cardiovascular exercise group experienced significant reductions across all major metabolic markers,
including HbA lc, fasting glucose, random glucose, triglycerides, LDL cholesterol, and total cholesterol. Weight
and BMI declined meaningfully, and functional capacity improved markedly, as demonstrated by substantial
increases in 6MWD. Blood pressure values also showed notable improvements (Table-1).

The conventional exercise group demonstrated smaller improvements in certain biochemical measures but no
substantial changes in HbAlc, BMI, or endurance capacity. Functional performance decreased slightly in this
group (Table-1).

Between-group comparisons based on change scores revealed that cardiovascular training was significantly more
effective than conventional exercise across nearly all outcome categories, except for fasting glucose, which
improved similarly in both groups. Overall, the Cardiovascular intervention demonstrated superior effectiveness
compared to conventional exercise in improving cardiometabolic health and functional capacity in adults with
Type 2 Diabetes Mellitus (Table-1).

Table 1. Comparison of clinical and biochemical variables within and between groups at baseline and after 12
weeks.

Variable Cardiovascu | Cardiovascu | p (within | Conventio | Conventio | p (within | p
lar ~ group | lar  group | Cardiovascul | nal group | nal group | Convention | (betwe
Pre (Mean + | Post (Mean | ar) Pre (Mean | Post al) en
SD) + SD) + SD) (Mean + groups,
SD) change
Weight 71.10  + | 65.67 + | <0.001 6937 + | 69.84 + | 0.359 <0.00
(kg) 10.07 9.75 11.50 11.35 1
BMI 2651  + | 2445 £ | <0.001 2728 + | 2753 + | 0.246 <0.00
(kg/m?) 422 3.97 2.85 2.67 1
6MWD 400.00 =+ | 517.14 =+ | <0.001 456.58 + | 365.00 + | 0.001 <0.00
(m) 93.49 89.23 115.83 102.10 1
SBP 13638 + | 11629 =+ | <0.001 133.63 + | 125.95 + | 0.001 <0.00
(mmHg) 9.27 7.11 12.64 9.61 1
DBP 91.81 £ | 76.14 + | <0.001 80.47 + | 79.95 + | 0.682 <0.00
(mmHg) 7.15 6.41 7.95 6.95 1
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Fasting 14432 + | 10038 =+ | <0.001 148.04 12037 + | 0.002 0.193
sugar 47.98 7.88 48.58 2431
(mg/dL)
Total 270.12 + | 143.15 =+ | <0.001 243.17 190.47 + | <0.001 <0.00
cholestero | 5547 16.04 62.84 50.98 1
1 (mg/dL)
LDL 164.60 + | 7786 + | <0.001 141.33 12028 + | 0.001 <0.00
(mg/dL) 55.08 29.87 49.57 37.00 1
HDL 10098 + | 42.12 + | <0.001 58.28 50.35 + | 0.016 <0.00
(mg/dL) 23.27 7.53 10.32 8.07 1
Triglyceri | 328.94 + | 141.06 =+ | <0.001 243.17 187.48 + | <0.001 <0.00
des 77.19 19.26 133.12 109.13 1
(mg/dL)
HbAlc 9.60+2.00 | 6.54+0.80 | <0.001 8.85 8.81 =+ | 0.694 <0.00
(%) 1.62 1.49 1
Random 24262 + | 14924 £ | <0.001 258.47 24242 + | <0.001 <0.00
sugar 23.85 22.14 19.31 28.05 1
(mg/dL)

*p (between groups, change) = Independent-samples t-test on change scores (Post & Pre) for Cardiovascular vs.
Conventional group.

GRAPH 1

Within-group changes in clinical and biochemical variables following 12 weeks of Cardiovascular exercise. This
figure illustrates the pre-to-post intervention change scores for the Cardiovascular Exercise Group across all
measured outcomes, including weight, BMI, 6-minute walk distance (6MWD), systolic blood pressure (SBP),
fasting blood glucose (FBG), random blood sugar (RBS), HbA ¢, total cholesterol (TC), low-density lipoprotein
(LDL), and triglycerides (TG). Negative values indicate reductions, while positive values reflect improvements.

Within-Group Change: Calisthenic Exercise Group (12 Weeks)

1001

T "W
-5.0.
~-100+

=

Change from Baseline

=150

=200t

(# & \9\. «0

. N 0 g o o
& ) W $ & & \@v”

& &
GRAPH 2
Within-group changes in clinical and biochemical variables following 12 weeks of conventional exercise. This
figure presents the change scores for the Conventional Exercise Group across all variables. Moderate

improvements were observed in some metabolic markers, while weight, BMI, and HbAlc remained largely
unchanged, and functional capacity (6MWD) declined.
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Within-Group Change: Conventional Exercise Group (12 Weeks)
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GRAPH 3

Between-group comparison of change scores after 12 weeks of intervention. Side-by-side bars represent the
Cardiovascular Exercise Group and Conventional Exercise Group for each variable. The Cardiovascular group
demonstrated significantly greater improvements across most outcomes, indicating superior intervention
effectiveness.
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DISCUSSION

This randomized controlled study demonstrated that a 12-week structured cardiovascular exercise regimen can
produce meaningful improvements in essential metabolic parameters among adults with T2DM. The pronounced
reductions in HbA1c and lipid abnormalities suggest enhanced insulin action, improved energy metabolism, and
favorable modulation of lipid transport mechanisms. The substantial gain in 6MWD reflects improvements in
aerobic tolerance and cardiovascular efficiency.

Our results are in line with the Cardiovascular-specific trial by Kong et al., who reported that a structured
Cardiovascular program in middle-aged individuals with obesity and T2DM led to significant reductions in
visceral fat and improvements in glycemic markers, confirming that body-weight Cardiovascular-style
Cardiovascular can be an effective metabolic intervention in this population (4). Similarly, Elfaki found that a
structured exercise training program improved both HbA1c and lipid profile in adults with T2DM (6). The pattern
of HbAlc reduction and lipid improvements observed in our Cardiovascular group fits well within the effect sizes
reported by these earlier intervention trials.

The present findings also agree with several recent resistance-training and combined-exercise meta-analyses. Barg
et al. demonstrated that resistance training (RT) significantly reduces HbAlc in people with T2DM, with gym-
based, supervised RT protocols being more effective than unsupervised home programs (7). Su et al. further
clarified dose—response relationships, showing that higher training frequency and sufficient duration of RT are
associated with larger reductions in HbAlc and fasting glucose (8). Our 12-week, thrice-weekly Cardiovascular
protocol, which combines elements of Cardiovascular and resistance loading via repetitive body-weight
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movements, is consistent with these optimized RT “doses” and may explain the clinically relevant reductions in
HbA 1c observed in the experimental group.

Systematic reviews focused specifically on resistance training reinforce this interpretation. Dadzie et al. showed
that RT significantly reduces HbAlc and BMI while increasing muscle strength in people with diabetes across
middle-aged and older cohorts (10). Our finding of reductions in BMI and improvements in glycemic indices after
Cardiovascular training parallels these observations and suggests that a carefully progressed Cardiovascular
protocol can function physiologically as a form of resistance training.

Importantly, our results are also compatible with evidence on combined Cardiovascular—resistance interventions.
Zhang et al. demonstrated that combined Cardiovascular and resistance exercise improves HbAlc, lipid profile,
BMI, Cardiovascular capacity, and quality of life in middle-aged and older adults with T2DM (9). The present
Cardiovascular protocol which naturally blends rhythmic Cardiovascular components with repeated body-weight
loading may therefore provide benefits comparable to structured combined-training programs.

Mechanistically, the improvements in glycemic control and lipid levels are supported by established position
statements. The American Diabetes Association (ADA) position statement highlights that regular Cardiovascular
and resistance exercise enhances insulin sensitivity, promotes GLUT-4 translocation, improves mitochondrial
function, and reduces cardiovascular risk factors in T2DM (11). The joint ACSM/ADA position statement further
emphasizes that structured exercise programs combining endurance and resistance yield the greatest benefits in
HbA Ic, lipids, blood pressure, and overall cardiometabolic risk (12). Our Cardiovascular program aligns with
these evidence-based recommendations.

The broader exercise literature in T2DM provides additional support. Garcia et al. concluded that structured
exercise training and physical-activity advice are effective in lowering HbAlc in people with T2DM, with
supervised programs showing the strongest results (13). Several Current studies reported that a combination of
Cardiovascular and long term resistance training produced greater HbA lc reductions than either modality alone,
improvement in the thyroid functions and improve sleep quality (14, 15,16 & 17).

The superiority of cardiovascular exercise over conventional therapy may be attributed to its incorporation of
continuous, rhythmic, multi-joint movements that simultaneously engage multiple muscle groups, increase
metabolic demand, and enhance glucose uptake. These physiological mechanisms align with established evidence
showing that regular body-weight training can effectively reduce metabolic risk factors in individuals with T2DM

Limitation:

The study sample was limited to a single clinical setting with moderate sample size. Dietary patterns and
medication adherence were not objectively monitored. Long-term follow-up was not performed, limiting insight
into sustained metabolic benefits.

CONCLUSION

A 12-week cardiovascular body-weight exercise program administered three times weekly significantly improved
glycemic control, lipid profile, body composition, blood pressure, and functional endurance in adults with T2DM.
The intervention produced superior outcomes compared with conventional therapeutic exercise and may serve as
a scalable, low-cost strategy for diabetes rehabilitation programs.
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