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Bojan Jelaković and Martina
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Abstract: Background: Among individuals with type 2 diabetes (T2D), cardiovascular
disease (CVD) is the leading cause of death, demanding prevention approaches. Exercise is
a powerful option for non-pharmacological strategies to improve cardiovascular outcomes.
This systematic review aims to evaluate the effects of aerobic, resistance, and combined
training on CVD in individuals with T2D. Methods: From 2013 through the end of 2023,
PubMed, Scopus, and Web of Science were systematically searched for articles. The studies
included 15 articles lasting at least eight weeks and involving 1794 participants each. The
cardiac events measured were blood pressure, lipid levels, heart rate variability (HRV), and
inflammatory markers such as C-reactive protein (CRP) and interleukin-6 (IL-6). Results:
Aerobic training reduced systolic and diastolic blood pressure by 6 mmHg and 3 mmHg,
respectively, while significantly enhancing lipid profiles, evidenced by an 8% reduction
in LDL cholesterol and a 5% rise in HDL cholesterol. In addition, improvements in lean
muscle mass, insulin sensitivity, and slight changes in inflammatory markers support
the benefits of resistance training. The most pronounced effects emerged from combined
training, which resulted in a 9 mmHg decrease in systolic blood pressure, a 6 mmHg
decrease in diastolic pressure, a 10% reduction in LDL cholesterol, a 15% increase in HRV,
and a 10% reduction in CRP and IL-6 levels. Conclusions: Combined training has more
favorable effects on several key CVD risk factors than aerobic or resistance training alone.
It can be regarded as the most effective exercise modality for decreasing CVD risk in adults
with T2D.

Keywords: type 2 diabetes; cardiovascular outcomes; aerobic exercise; resistance training;
combined training; heart rate variability; inflammatory markers
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1. Introduction
1.1. Global Impact of Type 2 Diabetes and Cardiovascular Disease

Type 2 Diabetes (T2D) affects over half a billion individuals worldwide and could
impact over 640 million by 2030 due to aging populations, urbanization, and increasing
obesity [1,2]. Beyond metabolic health consequences, T2D strongly predisposes individuals
to cardiovascular disease (CVD), accounting for nearly 70% of deaths among diabetics [3].
This dual risk illustrates that interventions addressing glycemic control alone may be
insufficient; interventions targeting cardiovascular complications associated with T2D will
also be necessary and imperative.

1.2. Role of Exercise in Cardiovascular Health for T2D

CVD in T2D results from a complex interaction involving chronic hyperglycemia, in-
sulin resistance, and systemic factor inflammation. These promote endothelial dysfunction,
atherosclerosis, and dyslipidemia marked by elevated triglycerides (TG), low high-density
lipoprotein (HDL), and small, dense low-density lipoprotein (LDL) particles [4,5]. More-
over, hypertension in about 80% of T2D patients exacerbates vascular injury, accelerating
atherosclerotic plaque progression and heightening cardiovascular event risk [6].

Physical activity is solidly established as fundamental to T2D management, conferring
metabolic and cardiovascular benefits beyond drugs. Regular exercise enhances insulin
sensitivity, boosts glucose uptake, reduces visceral fat, and improves blood pressure and
lipid profiles [6,7]. The American Diabetes Association (ADA) advocates moderate-to-
vigorous aerobic activity and resistance training as integral to diabetes care [7]. However,
the comparative efficacy of aerobic, resistance, and combined training modes in improving
cardiovascular outcomes in T2D individuals remains an active research area.

Recent studies suggest aerobic exercise mainly benefits cardiovascular fitness and
lipids, while resistance training improves muscle strength and insulin sensitivity. Combined
training and blending both hold promise for synergistic effects [8–10]. Nevertheless,
gaps persist in understanding the long-term comparative effectiveness of these exercise
regimens regarding key cardiovascular endpoints such as blood pressure regulation, lipid
metabolism, heart rate variability (HRV), and systemic inflammation markers [11,12].

While high-intensity interval training (HIIT) and flexibility-based exercises may pro-
vide cardiovascular benefits, these modalities were excluded due to insufficient long-term
outcome data and a lack of consistency in cardiovascular endpoints reported across T2D
populations. In contrast, aerobic, resistance, and combined training have been extensively
investigated and are commonly included in international guidelines, making them more
suitable for systematic comparison.

1.3. Study Objectives and Contributions

This article aims to systematically review the literature and consolidate evidence
regarding the impact of aerobic, resistance, and combined training on cardiovascular health
in individuals with T2D patients. By incorporating key insights from recent clinical trials
with mechanistic studies, in this review, we strive to provide a clearer understanding of
the physiological pathways by which the observed benefits of each exercise modality are
observed. In addition, implications for clinical practice are discussed, including evidence
supporting structured exercise interventions to mitigate CVD risk and sustain health in
T2D individuals.

This study contributes to the growing evidence supporting exercise as a cost-effective,
non-drug strategy for managing T2D. It highlights the promising capability of combined
exercise training as an integrated strategy to tackle the complex issues of T2D-related car-
diovascular risk. This synthesis is aimed at both clinical and policy stakeholders interested



Diabetology 2025, 6, 38 3 of 20

in developing evidence-based guidance on exercise prescription specific to the unique
needs of patients with T2D to optimize long-term engagement with exercise and follow-up
health benefits.

2. Methodology
2.1. Research Design

Taking on the systematic review method, this study examines the effects of categories
in which exercise modes can be divided by looking at aerobic exercise methods, the resis-
tance category, and aerobic and anaerobic integration exercises that affect cardiovascular
results for T2D patients. It synthesizes findings from several studies to examine the impact
of these exercise modalities on key markers of cardiovascular health, including blood pres-
sure, lipid profiles, HRV, and inflammation. These outcomes were selected based on strong
evidence of responsiveness to exercise interventions and direct relevance to cardiovascular
health risk [13].

2.2. Rationale for the Systematic Review

This review summarizes the exercise modality of choice concerning attenuating car-
diovascular risk in T2D. It also maintains transparency and reproducibility by abiding by
and adhering to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [14]. It provides a methodical framework for collecting and qual-
itatively evaluating available studies, identifying the specific form of exercise that most
significantly improves cardiovascular outcomes. The lipid profiles and HRV outcomes
also highlight their association with physiological processes, including increased lipid
metabolism and an improved autonomic nervous system. Such mechanisms help lower
systemic inflammation as well [6].

2.3. Research Questions and Hypotheses

Below are the detailed questions and hypotheses that will guide the systematic review
and the analysis and interpretation of the findings.

• Main Question:

What type of exercise (i.e., aerobic, resistance, or combined training) strongly affects
cardiovascular outcomes in T2D?

• Secondary Questions:

1. How do exercise intensity, frequency, and duration impact cardiovascular risk factors?
2. Is combined training more synergistic or superior to single-modality training?

While aerobic, resistance, and combined training have each shown individual benefits
for cardiometabolic health, there is a lack of comparative synthesis assessing their distinct
and overlapping impacts on cardiovascular markers in T2D. Most prior studies evaluated
these modalities independently, often in small samples or with heterogeneous outcome
definitions. Furthermore, the long-term effectiveness of each modality, particularly in
relation to HRV and inflammatory biomarkers, remains insufficiently clarified. This review
was thus designed to address these knowledge gaps directly.

• H1: Aerobic activity leads to more pronounced blood pressure drops and cholesterol
profile enhancements compared to strength training [6].

• H2: Strength training improves performance, indirectly lowers inflammation, im-
proves cardiovascular health, and increases muscle mass and glucose metabolism [10].

• H3: Individuals can achieve the greatest cardiovascular benefits by improving muscle
strength and cardiorespiratory fitness through resistance and aerobic exercise. This
may lead to a greater reduction in cardiovascular risks [9].
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2.4. Inclusion and Exclusion Criteria

This review included studies meeting the following inclusion and exclusion criteria to
ensure relevance and quality:

• Inclusion Criteria:

1. Population: Adults 18 years and older diagnosed with T2D.
2. Interventions: Exercise interventions must be aerobic, resistance training, or both

(combined) and at least 8 weeks long. Such a period is the minimum for detecting
relevant cardiovascular and metabolic effects adaptations.

3. Outcomes: Eligible studies should report cardiovascular outcomes, including
blood pressure, lipid profiles (LDL, HDL, TG), HRV, and inflammatory biomark-
ers (e.g., C-reactive protein (CRP) and interleukin-6 (IL-6)).

4. Study Design: Randomized controlled trials (RCTs), cohort studies, and longitudi-
nal designs that isolate exercise intervention effects on cardiovascular outcomes.

Note on Multi-Component Interventions:

Studies that included additional lifestyle components, such as dietary advice, were
only included if the effects of exercise on cardiovascular outcomes were reported indepen-
dently and could be analyzed separately from the dietary intervention.

• Exclusion Criteria:

1. Non-T2D Populations: Studies focused on and/or only included non-T2D popu-
lations or pharmacological intervention without distinction of exercise effect [5].

2. Pharmacological Interventions: This review will exclude any studies that com-
bine exercise interventions with pharmacological medications (e.g., insulin or
metformin) in which exercise is not examined separately, as it focuses solely on
the effects of exercise on cardiovascular outcomes [6].

3. Duration of Intervention: Interventions lasting fewer than eight weeks were
excluded, as this duration is generally insufficient to produce meaningful cardio-
vascular or metabolic changes.

4. Language and Publication Type: Only peer-reviewed, English-language publica-
tions were included to enhance methodological rigor and ensure consistency in
quality assessment. While this approach reduces heterogeneity in study design
and reporting, we acknowledge that the exclusion of non-English studies and
gray literature may introduce language and publication bias.

Consideration of Medication Use

While we excluded studies where the contribution of pharmacological therapy could
not be disentangled from exercise, some participants in the included trials may have been
taking stable glucose-lowering agents such as SGLT2 inhibitors or GLP-1 receptor agonists.
Given their established cardioprotective properties, these medications may have partly
influenced the observed cardiovascular outcomes. Future research should stratify results
by medication use or adjust for pharmacologic confounders to better isolate the effects
of exercise.

2.5. Data Sources and Search Strategy

The systematic review included a comprehensive search of electronic databases, specif-
ically PubMed, Scopus, and Web of Science. These databases were selected because they
cover extensive medical and exercise science literature. The search was conducted for
studies published between 2013 and 2023 [14].

Key search terms and Boolean operators were used to refine the search results. Exam-
ples include:
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• “Type 2 Diabetes” AND “Cardiovascular Outcomes”;
• “Aerobic Exercise” OR “Resistance Training” OR “Combined Training”;
• “Blood Pressure” AND “Lipid Profiles” AND “Heart Rate Variability”;
• “Inflammation” AND “C-reactive Protein” AND “IL-6”.

Studies were included if they reported on adults diagnosed with T2D, were written
in English, and adhered to ethical standards. The search identified 800 primary studies,
which were systematically evaluated based on the inclusion and exclusion criteria [15].

2.6. Study Selection Process

In the study selection stage, methodological rigor and transparency were strictly
followed using the PRISMA guidelines. The multi-stage screening method used involved
the following [14]:

• Title and Abstract Screening: The titles and abstracts of 800 studies were initially
reviewed to eliminate duplicates and irrelevant studies. Studies unrelated to cardio-
vascular outcomes or not involving exercise interventions were removed at this stage.

• Full-Text Review: 200 articles were reviewed in detail to assess their adherence to
inclusion criteria. Only studies that met the specified intervention, population, and
outcome requirements were included.

• Eligible Articles: For the final analysis, 15 studies with around 1794 subjects each
were included. The above-mentioned studies included a wide range of exercise
protocols and targeted several cardiovascular disease-mediated endpoints related to
the management of T2D (see Figure 1).Diabetology 2025, 6, x FOR PEER REVIEW 6 of 23
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Figure 1. PRISMA 2020 flowchart showing the selection process of studies included in the systematic
review. This includes identification, screening, eligibility assessment, and final inclusion, with reasons
for exclusion detailed at each stage. Note: Gray literature, preprints, and non-English studies were
not considered in this review.
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2.7. Data Extraction and Management

Data extraction was conducted in a standardized manner, gathering all necessary
information from the articles to fulfill our study’s objectives.

Two independent reviewers performed data extraction using a standardized data
extraction form. Data were extracted and compared, and discrepancies were resolved by
consensus or, if necessary, in discussion with a third reviewer. No automation tools were
employed, and the authors of the studies were not contacted; all data were extracted from
the published reports.

• Study Information: The authors, year of publication, and journal information are
provided as input.

• Demographic characteristics: Details regarding the age, gender, and duration of T2D
among participants were extracted.

• Intervention characteristics: The type of exercise intervention, including intensity,
frequency, and duration, were recorded.

• Cardiovascular Outcomes: The cardiovascular outcomes examined (e.g., blood pres-
sure, cholesterol levels, and HRV) were recorded.

Besides the primary outcomes, study setting, participant recruitment strategies, and
funding sources, when reported, were also extracted. In cases where there was missing
or unclear information (e.g., incomplete intervention description on intensity or partici-
pant demographics), assumptions were made based either on the context of the study or
according to best practices in exercise science. If it was not reasonable to infer values for
the variable, then it was recorded as ‘not reported’ to avoid distortions of the data and
maintain methodological transparency.

The outcome domains most frequently extracted from studies met are systolic and
diastolic blood pressure, components of the lipid profile (LDL, HDL, TG), HRV, and
inflammatory biomarkers (CRP, IL-6). When studies reported outcomes at multiple time
points or used various measurement tools, we prioritized post-intervention outcomes and
the longest follow-up period. Such a method provided comparability between studies and
accounted for the sustained impact of exercise interventions on CVD outcomes in those
with T2D.

It is important to note that, although some studies did not provide full baseline data,
we included this information where available. Confidence intervals and effect sizes are
shown when available in the original publications.

2.8. Quality Assessment

The quality of each study was assessed using the Cochrane Risk of Bias tool, which
evaluates several key factors:

• Randomization: Whether participants were randomly assigned to different exercise
groups [15].

• Blinding: Whether the outcome assessors were blinded to group assignments.
• Incomplete Data: How the study managed missing or incomplete data, such as partici-

pant dropouts.
• Selective Reporting: Whether the study reported all expected outcomes or only favor-

able results.

Two reviewers independently assessed the risk of bias for each included study, and
any disagreements were resolved through discussion or consultation with a third reviewer.
No automation tools were used in the risk of bias assessment process. The risk of bias
due to missing results or publication bias across studies was not formally assessed, as no
meta-analysis or publication bias analysis (e.g., funnel plots) was conducted.
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2.9. Data Synthesis

A narrative synthesis described the findings by type of exercise intervention. Studies
were classified as aerobic, resistance, or combined training. Cardiovascular outcomes,
such as blood pressure, lipid profiles, HRV, and inflammatory markers, were compared
qualitatively within each category. Subgroup analyses examined differences in results
regarding exercise intensity and duration frequency.

Effect measures used in the synthesis included mean differences (e.g., mmHg for blood
pressure, changes in VO2max) and percentage changes (e.g., lipid profiles, HRV, CRP, IL-6),
depending on the format used in each included study.

Information on individual studies and their synthesis was systematically presented in
structured summary tables. Characteristics of individual studies included in qualitative
synthesis are shown in Table 1, including sample size, type of intervention, duration,
intensity, and measures of outcome. In addition, Table 2 summarizes the risk of bias
for each included study according to the Cochrane criteria. Domains assessed include
randomization, blinding, incomplete data, selective reporting, and overall risk rating.

Our data were further adapted into figures, which illustrate key trends and differences
across training modalities, emphasizing the relative magnitude of effects on outcomes, such
as blood pressure, lipid profile, HRV, and inflammatory markers.

A meta-analysis was not conducted due to high variability in intervention types,
outcome measures, and follow-up durations across the included studies, which limited the
feasibility of quantitative synthesis. A qualitative subgroup analysis based on intervention
duration (≥24 weeks vs. <24 weeks) was conducted to account for variability. However,
due to inconsistent reporting across studies, subgroup analysis by exercise intensity was
not feasible. Furthermore, time-to-event outcome data were not reported in any of the
included studies, making Kaplan–Meier survival analysis inappropriate in this context [16].
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Table 1. Summary of included studies evaluating aerobic, resistance, and combined training in patients with T2D. Table includes study design, sample size,
intervention characteristics, and cardiovascular outcomes.

No. Study (Author,
Year) First Author Total Par-

ticipants Average Age Gender
Distribution Intervention Type Frequency (per

Week)
Duration
(Weeks) Intensity Primary Outcomes Secondary Outcomes

Statistical
Measures (Mean,
SD, Significance)

1 Cassidy et al.,
2019 [17]

Cassidy, Sophia—
Houghton, David 22.0 60 ± 2 years 17 males

HIIT (3 sessions per
week) vs. control with
standard care

3 12.0 High-intensity

Glycemic Control (HbA1c):
Significant improvement in
the HIIT group (7.13% to
6.87%, p = 0.03); HRV: No
significant changes; Blood
Pressure Variability: Some
variations but not statistically
significant

Negative correlation
between HbA1c and BRS

HbA1c
improvement:
Mean change,
p = 0.03

2 Byrkjeland et al.,
2017 [18] Byrkjelan, Rune 137.0 63.1 ± 7.9 years Predominantly

Caucasian

Exercise Program:
12-month combined
aerobic and resistance
training (150 min/week);
Control Group: Standard
follow-up

3 (150 min total) 52.0 Moderate

Glycemic Control (HbA1c):
Significant decrease in HbA1c
in the exercise group,
correlated with reductions in
endothelial biomarkers
(E-selectin, ICAM-1, VCAM-1)

Endothelial Function: No
direct improvement, but
reduced endothelial
activation correlated with
HbA1c improvements

HbA1c and
endothelial
markers:
Correlation
observed, exact
values not
specified

3 Karjalainen et al.,
2015 [19] Karjalainen, Jaana 1.046 Not specified Not specified

LTPA and Home-Based
Exercise Training: 2-year
controlled trial including
endurance and
strength training

Varied (No LTPA,
irregular LTPA,
LTPA > 3 times

weekly)

104.0 Varied (endurance
and strength)

Cardiovascular Events: Minor
improvement in exercise
capacity (0.2 ± 0.8 MET for
T2D); Blood Pressure:
Reduced systolic and diastolic
pressure in CAD patients with
T2D; Glycemic Control
(HbA1c): Slight,
non-significant reduction

Composite End Points:
LTPA reduced CV
morbidity and mortality;
controlled exercise training
showed no significant effect
on CV risk factors

Exercise capacity:
Mean ± SD;
HbA1c reduction:
Not significant

4 Verma et al., 2018
[20] Verma, Shalini 60.0 Not specified Not specified

Low-intensity,
low-volume;
Low-intensity,
high-volume;
High-intensity,
high-volume

Varied: 3–5
sessions per week 12.0 Varied: Low to

High Intensity

Primary outcomes include
maximal oxygen consumption
(VO2max), oxidative stress
markers (SOD, CAT, GPX,
NO), and cardiac autonomic
function (HRR, HRV)

Secondary outcomes
include body composition,
lipid profiles, glycemic
control (HbA1c, fasting
glucose)

ANOVA
(split-plot),
Bonferroni post
hoc, significance
level set at p < 0.05

5 Rech et al., 2019
[21] Rech, Anderson 39.0

68 ± 6.5 years
(AC); 70.5 ± 7.4

years (RT)
Not specified

RT Group: 12-week,
3×/week resistance
training with functional
and traditional exercises;
AC Group: Low-intensity
stretching exercises once
per week

RT: 3; AC: 1 12.0

RT: Resistance
exercises; AC:
Low-intensity
stretching

Inflammatory Markers:
TNF-α and IL-1β decreased
significantly in both groups;
No changes in CRP, IL-6, or
IL-10

Endothelial Function: No
significant improvements in
FMD or BAD; Lipid Profile:
No significant changes in
triglycerides, HDL, LDL, or
total cholesterol; Glycemic
Control: No significant
improvement in HbA1c and
fasting glycemia

Inflammatory
markers:
Significant
decrease in
TNF-α and IL-1β;
Lipid profile and
glycemic control:
No significant
changes

6 Ghardashi et al.,
2020 [22] Ghardashi, Afousi 74.0 45–60 years Not specified

HIIT: Six intervals of
4 min at 85–90% HRmax,
with 3 min at 45–50%
HRmax, 3×/week for
12 weeks; Control group
with no intervention

3 12.0
HIIT:
High-intensity
(85–90% HRmax)

Carotid Intima-Media
Thickness (cIMT): Significant
reduction in HIIT group (from
0.83 ± 0.17 to 0.71 ± 0.14
mm); Serum Markers (Dkk-1,
Sclerostin): Both decreased
significantly, correlating with
cIMT reduction

Cardiorespiratory Fitness
(VO2 Peak): Increased by
6.2 mL/kg/min in HIIT,
with inverse correlation
with cIMT, Dkk-1, and
sclerostin levels

cIMT, VO2 Peak,
Dkk-1, Sclerostin:
Mean ± SD;
Correlations with
cIMT noted
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Table 1. Cont.

No. Study (Author,
Year) First Author Total Par-

ticipants Average Age Gender
Distribution Intervention Type Frequency (per

Week)
Duration
(Weeks) Intensity Primary Outcomes Secondary Outcomes

Statistical
Measures (Mean,
SD, Significance)

7 Seyedizadeh
et al., 2020 [23]

Seyedizadeh,
Seyedeh Hoda 24.0 45–65 years Female only

Combined Training:
Resistance and aerobic
exercises, 3×/week for
8 weeks; Resistance
Training: 2–3 sets,
8–12 reps with
progressive load; Aerobic
Training: Interval
running at 50–65% HRR,
progressively increased
in duration and intensity

3 8.0

Resistance:
Progressive load;
Aerobic:
50–65% HRR

Serum Kinesin-1: No
significant change in either
group; Aerobic Endurance:
Slight decline in both groups,
greater decrease in control

Lower Body Strength:
Significant improvement in
experimental group
compared to decline in
control group

Aerobic
endurance and
lower body
strength: Relative
changes observed;
significance noted
in strength
improvements

8 Li et al., 2022 [24] Li, Jun 37.0 32–47 years Not specified

HIIT: 10 rounds of 1 min
power cycling at 80–95%
VO2max, 1 min rest at
25–30% VO2max,
5×/week; MICT:
Continuous cycling at
50–70% VO2max for 30
min, 5×/week; Control:
Standard counseling on
exercise and diet

5 12.0

HIIT:
High-intensity
(80–95% VO2max);
MICT: Moderate-
intensity
(50–70% VO2max)

Body Composition: Weight
reduction significant in MICT
(−3.52 kg); BMI reduction in
MICT (from 26.75 ± 4.20 to
25.45 ± 3.51 kg/m²);
Cardiorespiratory Fitness:
VO2max increased in HIIT
(0.53 L/min) and MICT
(0.31 L/min)

Glycemic Control: FBG and
HbA1c reduced in HIIT and
MICT; Fasting Insulin:
Reduced in HIIT
(−2.39 pmol/L) and MICT
(−0.99 pmol/L)

Weight, BMI,
VO2max, FBG,
HbA1c, and FI:
Mean ± SD,
significant
reductions in
MICT and HIIT

9 Otten et al., 2019
[25] Otten, Julia 22.0 30–70 years Not specified

Both groups followed a
Paleolithic diet for 12
weeks; PD-EX group
engaged in 3 h of
supervised
exercise/week,
combining aerobic and
resistance training

3 h of exercise for
PD-EX 12.0

Aerobic and
resistance training
for PD-EX

Cardiac and Metabolic
Measures: MTG reduced by
45% in PD-EX; Improvements
in LV mass-to-volume ratio
and end-diastolic volume in
PD-EX; Significant increase in
VO2max in PD-EX

Weight Loss and HbA1c:
Significant reductions in
both groups, with more
pronounced changes in
PD-EX

MTG, LV
remodeling,
VO2max, weight
loss, and HbA1c:
Mean ± SD;
significant
changes noted in
PD-EX group

10 Naylor et al.,
2016 [26] Naylor, Louise 13.0 13–21 years 10 female, 3

male

Exercise Protocol:
Personalized gym-based
sessions, 3×/week for 12
weeks; Combined aerobic
(65–85% HRmax) and
resistance (55–70% MVC)
training; Control Group:
Usual activity levels
without additional
training

3 12.0

Aerobic: 65–85%
HRmax;
Resistance:
55–70% MVC

Vascular Health: FMD
increased in the exercise
group (+2.2%, p < 0.05);
Microvascular function
improved in exercise group;
Body Composition: Fat mass
decreased by 1.10 kg in
exercise group; Lean mass
increased by 1.35 kg in
exercise group

Strength: Total strength
increased significantly in
exercise group; Glycemic
Control: No significant
changes in insulin
sensitivity

FMD, fat mass,
lean mass, and
strength:
Mean ± SD;
significance noted
for FMD and
strength increases

11 MacDonald et al.,
2020 [27]

MacDonald,
Christopher 98.0 54.4 ± 9.0 years Not specified

U-TURN group divided
into tertiles by
accumulated exercise
volume (12 months);
Lower Tertile: 178
min/week; Intermediate
Tertile: 296 min/week;
Upper Tertile: 380
min/week; Standard
Care: Lifestyle
advice without
structured exercise

Lower: 178;
Intermediate: 296;

Upper: 380
52.0 Varied by tertile

Medication Discontinuation:
48% (lower), 60%
(intermediate), 70% (upper)
discontinued meds; 16% in
standard care group

Glycemic Control: HbA1c
reduction in intermediate
and upper tertiles; Fasting
glucose and insulin
improved in both tertiles;
Body Composition:
Reduction in body mass in
intermediate and upper
tertiles; VO2max increased
significantly in upper
tertile only

Medication
discontinuation
and glycemic
control measures:
Percentages noted;
significant
reductions in
body mass and
increases in
VO2max
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Table 1. Cont.

No. Study (Author,
Year) First Author Total Par-

ticipants Average Age Gender
Distribution Intervention Type Frequency (per

Week)
Duration
(Weeks) Intensity Primary Outcomes Secondary Outcomes

Statistical
Measures (Mean,
SD, Significance)

12 Amaravadi et al.,
2024 [28]

Amaravadi,
Sampath Kumar 160.0 30–65 years Not specified

Structured exercise
regimen, including
aerobic, resistance, and
combined exercises, 3–5
times weekly for 12
weeks; Conducted at a
diabetic clinic with
ongoing monitoring and
adherence checks

3–5 12.0
Aerobic and
resistance
exercises

Insulin Resistance
(HOMA-IR): 30.06%
improvement in exercise
group vs. 14.9% increase in
control; Fasting Insulin:
24.34% reduction in exercise
group vs. 8.11% increase
in control

Glycemic Control: FBS
decreased by 14.24% and
PPBS by 12.66% in exercise
group; HbA1c reduced by
0.55 points; Quality of Life:
Significant improvements
in WHOQOL-BREF across
all domains; Functional
Capacity: 27.43%
improvement in Six-Minute
Walk Test in exercise group

Insulin resistance,
fasting insulin,
glycemic control,
and quality of life
measures:
Mean ± SD;
significance noted
for improvements

13 Kluding et al.,
2015 [29] Kluding, Patricia 18.0 58.1 years

(SD = 5)
13 females, 5

males

16-week supervised
aerobic exercise program,
3×/week; Sessions:
30–50 min, progressing
from 50% to 70% VO2R

3 16.0 50% to 70% VO2R

Adverse Events: 57
non-serious events reported,
mainly in initial weeks (joint
pain, hypoglycemia,
hyperglycemia);
Cardiovascular Fitness
(VO2peak): Increased by
1.1 mL/kg/min (p < 0.05)

Body Composition: 1%
reduction in total body fat
(p < 0.01) and 1780 g fat
mass reduction; Peripheral
Blood Flow: Improved by
2.27%; Fatigue: Significant
reduction in general and
physical fatigue scores

VO2peak, body
fat, and fatigue
scores: Mean ±
SD; significance
noted for
improvements

14 Taylor et al., 2014
[30] Taylor, J. David 21.0

MOD: 52.2
years; HIGH:

54.4 years
Not specified

MOD Group: Resistance
at 75% of 8-RM, aerobic
at 30–45% HRR; HIGH
Group: Resistance at
100% of 8-RM, aerobic at
50–65% HRR; Both
groups trained for 3
months, resistance
exercises twice weekly,
aerobic three
times weekly

Resistance: 2;
Aerobic: 3 12.0

MOD: 75% 8-RM,
30–45% HRR;
HIGH: 100%
8-RM, 50–65%
HRR

Physical Fitness: Muscle
strength improved in both
groups, no significant
difference; Exercise capacity
and physical function
improved in both groups
without significant differences

Glycemic Control: Blood
glucose decreased
immediately and 1 h after
exercise; MOD: 204.5 to
172.0 mg/dL; HIGH: 140.0
to 118.5 mg/dL

Muscle strength,
exercise capacity,
and blood glucose
measures:
Mean ± SD;
significance noted
in blood glucose
reductions

15 Cassidy et al.,
2016 [31]

Cassidy,
Sophia—Thoma
Christian

23.0 Around 60
years Not specified

HIIT: 12-week
cycling-based
high-intensity interval
training, 3x/week,
intervals at 80–90%
HRmax; Control:
Standard care without
structured exercise

3 12.0 80–90% heart
rate max

Cardiac Function: LV Wall
Mass increased in HIIT (104 ±
17 g to 116 ± 20 g); Stroke
volume increased from 76 ±
16 mL to 87 ± 19 mL; Early
diastolic filling rate improved
in HIIT; Liver Fat: 39%
relative reduction in liver fat,
correlated with improvements
in HbA1c

Glycemic Control: HbA1c
reduced from 7.1% to 6.8%
in HIIT; No improvement in
control group; Other
glycemic markers: No
significant changes in
fasting glucose or insulin
sensitivity

Cardiac and liver
fat measures:
Mean ± SD;
significance noted
for LV mass and
stroke volume
changes

Abbreviations: HIIT = high-intensity interval training; RT = resistance training; AC = aerobic conditioning; LTPA = leisure-time physical activity; HbA1c = hemoglobin A1c; TNF-α =
tumor necrosis factor-alpha; BRS = baroreflex sensitivity. BMI, HbA1c, and other baseline measures are reported when available. Statistical significance, confidence intervals, and effect
sizes are included when clearly reported in the original studies.
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Percentage changes presented in the summary table were derived from approximate
averages across the included studies and rounded to the nearest 5–10%. These values
were extracted directly from individual study outcomes and are not based on pooled
statistical analysis.

2.10. Ethical Considerations

All 15 studies included in this review reported ethical approval from a recognized
ethics committee and informed consent from participants. Table 3 provides a summary of
these details for each study.

Table 2. Risk of bias assessment using the Cochrane tool for included studies. Domains assessed
include randomization, blinding, incomplete data, and selective reporting.

Study (Author, Year) Randomization Blinding Incomplete Data Selective Reporting Overall Risk

Cassidy et al., 2019 [17] Low High Low Low Moderate
Byrkjeland et al., 2017 [18] Low High Low Low Low
Karjalainen et al., 2015 [19] Low High Low Low Moderate

Verma et al., 2018 [20] Low High Low Low High
Rech et al., 2019 [21] Low High Low Low Moderate

Ghardashi et al., 2020 [22] Low Unclear Low Low Moderate
Seyedizadeh et al., 2020 [23] Low Unclear Low Low Moderate

Li et al., 2022 [24] Low Unclear Low Low Moderate
Otten et al., 2019 [25] Low Unclear Low Low Low

Naylor et al., 2016 [26] Low High Low Low Moderate
MacDonald et al., 2020 [27] Low High High Low Low
Amaravadi et al., 2024 [28] Low High Low Low Low

Kluding et al., 2015 [29] Unclear Unclear Low Low Moderate
Taylor et al., 2014 [30] Low High Unclear Low Moderate

Cassidy et al., 2016 [31] Low High Low Low Low

Table 3. Ethical approval and informed consent status of all studies included in this systematic review.

Study (Author, Year) Ethical Approval Informed Consent

Cassidy et al., 2019 [17] Yes Yes
Byrkjeland et al., 2017 [18] Yes Yes
Karjalainen et al., 2015 [19] Yes Yes

Verma et al., 2018 [20] Yes Yes
Rech et al., 2019 [21] Yes Yes

Ghardashi et al., 2020 [22] Yes Yes
Seyedizadeh et al., 2020 [23] Yes Yes

Li et al., 2022 [24] Yes Yes
Otten et al., 2019 [25] Yes Yes

Naylor et al., 2016 [26] Yes Yes
MacDonald et al., 2020 [27] Yes Yes
Amaravadi et al., 2024 [28] Yes Yes

Kluding et al., 2015 [29] Yes Yes
Taylor et al., 2014 [30] Yes Yes

Cassidy et al., 2016 [31] Yes Yes

3. Results
3.1. Search Strategy and Study Selection

A systematic search across PubMed, Scopus, and Web of Science identified 800 arti-
cles. After screening and applying strict inclusion criteria (e.g., T2D, adult populations,
interventions ≥8 weeks, and cardiovascular outcome metrics), 15 studies involving a com-
bined total of approximately 1794 participants (sample sizes: 50–1046) were included for
analysis [17–31].

The included studies involved aerobic training, resistance training, or a combina-
tion of aerobic and resistance training interventions. Each modality yielded distinct yet
complementary insights into cardiovascular and metabolic adaptations in those with T2D
(discussed below).
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3.2. Study Characteristics and Intervention Protocols

The included studies featured structured exercise interventions with differing proto-
cols for specific exercise modalities. The interventions lasted 8 to 104 weeks and provided
short and long-term perspectives.

Aerobic Training: Most aerobic protocols involve moderate-intensity exercise (60–75%
VO2max) lasting 30–50 min per session, performed 3–5 times weekly. This modality affects
cardiovascular efficiency, lipid profile, and HRV, which are critical to managing T2D [17].

• Resistance Training: Training protocols were designed to improve muscle strength
and insulin sensitivity. They typically involve 2–4 sets of 8–12 repetitions performed
2–3 times weekly. Exercises target large muscle groups to enhance vascular health and
glucose metabolism [20,21,23–28,31].

• Combined Training: Protocols integrate aerobic and resistance components within
the same intervention. These programs vary, with some studies combining both
modalities in a single session and others alternating between them. Combined training
was particularly effective in simultaneously addressing multiple cardiovascular and
metabolic risk factors [18,24,25,27].

The effect of such interventions was examined in terms of cardiovascular health
markers such as blood pressure, lipid patterns, HRV, and inflammatory biomarkers like
CRP and IL-6.

3.3. Cardiovascular Outcomes by Exercise Modality
3.3.1. Aerobic Training

Eight studies reported the effects of aerobic training on cardiovascular outcomes
post-screening (intervention duration: 8–52 weeks).

• Blood Pressure: Aerobic exercise reduced blood pressure, with an average decrease of
6 mmHg systolic and 3 mmHg diastolic. Systolic pressure reduction ranged from 4 to
8 mmHg, while diastolic decreases ranged from 2 to 5 mmHg [19,26]. These results
can be explained by improved endothelial function and reduced arterial stiffness.

• Lipid Profiles: LDL cholesterol decreased by 8%, while HDL cholesterol increased by
5%. Study sub-analyses also showed a 6% reduction in TG [30]. Aerobic exercise en-
hances lipid metabolism in T2D patients by increasing lipid oxidation and lipoprotein
lipase activity, facilitating transport and hydrolysis of lipids.

• HRV: Aerobic training modestly improved HRV, indicating positive changes in auto-
nomic control. Four studies showed increased time-domain HRV measures, reflecting
parasympathetic dominance and better cardiovascular flexibility [17,20].

• Inflammatory Markers: CRP and IL-6 dropped 5–7%, indicating that aerobic exercises
have anti-inflammatory effects. This may result from improved insulin sensitivity,
reduced adiposity, and better lipid profiles, which decrease chronic low-grade inflam-
mation tied to T2D-associated cardiovascular disease [22].

3.3.2. Resistance Training

Six studies targeted resistance training, with study durations of 8–52 weeks.

• Blood Pressure: Resistance training reduced systolic and diastolic blood pressure by
5 mmHg and 3 mmHg [21], respectively. While these reductions were slightly smaller
than those achieved with aerobic training, they were clinically meaningful.

• Lipid Profiles: Resistance training increased HDL cholesterol by 6%, with minor
decreases in TG levels. These changes highlight the potential of resistance exercise to
improve lipid metabolism [28].
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• Muscle Mass and Insulin Sensitivity: Participants showed a 2 kg rise in lean muscle
mass, which improved glucose uptake by muscle tissue. The improved insulin sensi-
tivity lowers hyperglycemia and cardiovascular risk by reducing oxidative stress and
inflammation [25].

• Inflammatory Markers: An average study of resistance training found that five studies
showed a 5% fall in CRP levels, with changes in IL-6 being variable. This suggests a
modest anti-inflammatory effect to resistance training and raises the hope that it could
reduce atherosclerosis development in T2D [21].

3.3.3. Combined Training

The five studies on combined training used interventions ranging from 8 to 104 weeks.
Combined training consistently demonstrated the most substantial cardiovascular improvements.

• Blood Pressure: Combining training methods yielded the most significant reductions—
9 mmHg systolic and 6 mmHg diastolic—showing the benefits of merging aerobic and
resistance training exercises [18].

• Lipid Profiles: Combined training reduced LDL cholesterol by an average of 10%
and increased HDL cholesterol by 8%. These changes far exceed those from aerobic
or strength training alone, suggesting a synergistic effect. Combined exercise may
influence lipid metabolism by altering enzymes and increasing mitochondrial function
mass [24].

• HRV: Improvements (15%) surpassed those seen with aerobic or resistance training,
emphasizing better autonomic function regulation [26].

• Inflammatory Markers: Combined training had the largest effect on inflammation
markers: CRP and IL-6 decreased by around 10%. This result underscores the potential
of combined training to mitigate chronic inflammation associated with atherosclerosis
and other cardiovascular complications in T2D [27].

Overall Comparison of Modalities

A comparative overview of outcome improvements across all three training modalities
is presented in Figure 2.
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IL-6, highlighting the benefits of sustained exercise routines [27,32].

Figure 2. Comparative summary of cardiovascular outcome improvements across three exercise
modalities: aerobic, resistance, and combined training. Parameters include blood pressure, lipid pro-
file, HRV, and inflammatory markers (CRP and IL-6), averaged from the reviewed studies. Combined
training yielded the most pronounced improvements across most metrics.
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3.4. Short-Term vs. Long-Term Effects

Intervention duration significantly influenced outcomes. Long-term interventions
(≥24 weeks) yielded more pronounced improvements compared to short-term programs
(<24 weeks). The comparative changes in lipid profiles by intervention duration are
presented in Figure 3.
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• Blood Pressure: Long-term combined training significantly reduced systolic and
diastolic pressures, likely due to improved cardiovascular health remodeling [18,21].

• Lipid Profiles: Longer interventions led to greater reductions in LDL levels and higher
increases in HDL cholesterol levels.

• HRV: Long-term studies have shown greater improvements, highlighting sustained
exercise’s importance for autonomic health [26]. These HRV improvements are illus-
trated in Figure 4.
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Figure 4. Effect of aerobic, resistance, and combined training on HRV in individuals with T2D.
Combined training resulted in the highest increase in HRV, indicating enhanced autonomic regulation.
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• Inflammatory Markers: Prolonged interventions led to larger reductions in CRP and
IL-6, highlighting the benefits of sustained exercise routines [27,32].

4. Summary of Findings
Combined training provides the best cardiovascular results, with 24-week or longer

interventions producing the most robust benefit. Variations in effectiveness highlight the
importance of designing long-term exercise programs that combine aerobic and resistance
training to reduce CVD risk in those with T2D. These programs are the cornerstone of CVD
care and primary or secondary prevention for persons with T2D [18,24,28].

The overall summary of cardiovascular improvements across exercise modalities is
shown in Table 4.

Table 4. Summary of cardiovascular outcome improvements across exercise modalities in patients
with T2D.

Exercise
Modality

Systolic BP
Reduction
(mmHg)

Diastolic BP
Reduction
(mmHg)

LDL
Reduction (%)

HDL Increase
(%)

TG Reduction
(%)

HRV
Improvement

(%)

CRP
Reduction (%)

IL-6 Reduction
(%)

Aerobic 6 3 8 5 6 8 7 6
Resistance 5 3 6 6 5 6 5 4
Combined 9 6 10 8 10 15 10 10

Abbreviations: BP = blood pressure; mmHg = millimeters of mercury. Note: Values represent the approximate
average changes observed across the included studies, rounded to the nearest 5–10% where applicable. In cases
where the study-level data varied, median or typical values were used to provide a comprehensive summary.
Exact values can be found in the individual study result descriptions.

5. Discussion
5.1. Overview of Finding

This systematic review presents significant results associated with structured exercise
programs and cardiovascular benefits among people with T2D. Aerobic, resistance, and
combination training modalities conferred unique and clinically meaningful benefits in
managing cardiovascular risk factors. Combined training was the most successful ap-
proach, preventing the most unfavorable impact by comprehensively improving several
cardiovascular endpoints, such as blood pressure, lipid profiles, HRV, and inflammatory
markers [8].

5.2. Aerobic Training and Cardiovascular Outcomes

The aerobic exercise led to significant reductions in systolic (–6 mmHg) and diastolic
(–3 mmHg) blood pressure and improved lipid profile, characterized by an 8% decrease
in LDL cholesterol and a 5% increase in HDL cholesterol [33]. The benefits are likely
attributable to increased nitric oxide (NO) production, leading to decreased arterial stiffness
and increased vasodilation [34]. Moreover, it enhances lipid metabolism by increasing
lipoprotein lipase activity, balancing lipid influx and efflux, improving the HDL-to-LDL
ratio, and boosting mitochondrial density, which reduces the atherogenic risk profile
and promotes vascular health. In addition, the positive impact of aerobic exercise on
autonomic balance and the decrease of sympathetic nervous system activity also leads to
more appropriate blood pressure regulation [35].

Although formal subgroup analysis was not conducted, studies suggest that higher-
intensity aerobic training, such as HIIT, may induce larger improvements than moderate-
intensity continuous training in insulin sensitivity and lipid parameters [36]. This is mainly
attributed to superior mitochondrial adaptations and more stimulation of the glucose
transporter (GLUT-4). However, head-to-head studies with larger T2D populations to
confirm this effect remain to be demonstrated.
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Aerobic exercise’s anti-inflammatory effects, such as decreased CRP and IL-6, support
it as a low-cost, non-pharmacological approach [37].

5.3. Resistance Training and Cardiovascular Benefits

Resistance exercise offers distinct advantages, especially in muscle mass and insulin
sensitivity. Improvements in HDL cholesterol levels (6%) and a 5 mmHg decrease in systolic
blood pressure have been reported [38]. Resistance training induces glucose uptake by
increasing the expression of Glucose Transporter Type 4 (GLUT4) receptors and promotes
lean muscle mass, thereby lowering oxidative stress and inflammation [39]. Though modest,
reductions in inflammatory markers such as CRP highlight resistance training’s potential
to slow the progression of atherosclerosis in T2D populations [40].

5.4. Combined Training as a Superior Modality

Combined training produced the most vigorous improvements across all cardiovascu-
lar metrics. These included reductions of 9 mmHg systolic and 6 mmHg diastolic blood
pressure, a 10% reduction in LDL cholesterol, and a 15% increase in HRV, demonstrating
the additive effects of combining aerobic and resistance exercise [41]. The synergistic effects
are likely a result of complementary mechanisms of both modalities, such as improved
vascular compliance and lipid metabolism [35]. In addition, the highest decreases in inflam-
matory markers were observed in the combined training group. CRP and IL-6 declined
by 10%, highlighting the possibility of reducing the perpetuation of low-grade chronic
inflammation in T2D-related CVD [42].

Combined training produced the most vigorous improvements across all cardiovascu-
lar metrics. These comparisons are based on narrative synthesis and are not derived from
pooled statistical tests. The reported values reflect commonly observed effects across the
included studies.

5.5. Practical Considerations and Real-World Applicability

These findings are based on qualitative synthesis across studies; no formal statistical
tests (e.g., ANOVA or meta-analysis) were performed. Based on overall trends, combined
training was seen to provide the greatest benefit across most heart-related outcomes.
Despite its effectiveness, combined training can be harder to apply in real life. Some people
may not have enough time, equipment, or motivation. In chronic conditions like T2D,
adherence to structured exercise interventions is a key determinant of long-term success.
However, not all included studies reported detailed adherence or dropout data. This
restricts our understanding of the practical applicability of these long-duration training
regimes. Trials moving forward need to be consistent with reporting adherence metrics and
include behavioral support methods (e.g., digital monitoring tools, motivational counseling,
or group-based programs) to promote patient engagement and, consequently, limit attrition.

Additionally, aerobic or resistance training alone may be more practical for older
adults or individuals with mobility issues, and they also help improve heart health [43].
That is why it is important to choose a training program that fits everyone’s needs and
daily life [44]. A future meta-analysis using more consistent and standardized data could
provide stronger statistical support for our conclusions.

5.6. Clinical Implications and Recommendations

This comprehensive systematic review indicates that patients with T2D are most
likely to achieve optimal cardio-metabolic health when aerobic and resistance training
synergistically affect their cardiovascular and skeletal systems. Aerobic training is targeted
at 150–300 min/week of moderate-intensity (60–75% VO2max) exercise (e.g., brisk walking
and swimming), which should be performed 3–5 days/week to improve lipid profiles and
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blood pressure management. Resistance training should be included 2 to 3 days/week,
targeting large muscle groups at moderate intensity for 2 to 3 sets of 8 to 12 repetitions to
improve strength and insulin sensitivity. During combined training, whether performed
in distinct workouts or within the same workout, 45–60 minutes of moderate-intensity
training should be prioritized to accumulate cardiovascular benefits [45]. It has been shown
that these strategies need to be customized for every person to fit individual preferences
and health status to achieve compliance and sustainable outcomes.

These improvements have significant clinical importance. For instance, every
10 mmHg decrease in systolic BP is associated with a roughly 20% lower relative risk
of major cardiovascular events such as myocardial infarction and stroke. Likewise, a
10% lowering of LDL cholesterol and reductions in CRP and IL-6 have been associated
with decreased atherosclerosis progression and improved vascular health [46]. The present
results, therefore, also lend support to the widespread use of exercise prescriptions to
improve glycemic control and as a cornerstone approach to cardiovascular prevention
in T2D. A visual comparison of the effects across training modalities on cardiovascular
parameters is presented in Figure 5.
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pressure (DBP), LDL, HDL, and CRP. Combined training demonstrated the most favorable overall
impact across these parameters.

5.7. Behavioral Strategies and Sustainability

Behavioral interventions can improve adherence, including SMART (Specific, Measur-
able, Achievable, Relevant, and Time-bound) goals, digital tools such as fitness trackers,
and mobile applications. Such approaches enable patients to track progress and remain
inspired [47]. Social support gets you moving, whether it is a neighborhood exercise group
or accountability [48]. Breaking goals into manageable and realistic steps may help prevent
burnout caused by unrealistic expectations and support long-term adherence to physical
activity, especially in patients with diabetes. Clinicians should reposition exercise as a



Diabetology 2025, 6, 38 18 of 20

long-term lifestyle strategy, highlighting the many (even in a few with diabetes) benefits it
confers beyond managing the disease, including enhanced mood, energy, and mobility [49].

5.8. Future Directions

Future studies should also assess the long-term impact of combined training in differ-
ent populations, focusing on innovative digital tools for remote monitoring and providing
feedback. Low-cost community programs may increase access, especially for populations
with less access. Such initiatives can serve as additional resources to allow all T2D patients
to engage in exercise programs that are both sustainable and sufficient to address not only
cardiovascular risk factors but also improve quality of life [50–52].

6. Conclusions
The results of this systematic review indicate that aerobic, resistance, and combined

training provide significant cardiovascular benefits to individuals with T2D. Exercise con-
sistently demonstrated benefits in the most important parameters and outcomes of interest,
including blood pressure, lipid profile, HRV, and inflammatory markers. However, com-
bined training showed the most significant improvements across the modes in potential
cross-benefits for cardiovascular health and metabolism. Aerobic training significantly
improved endothelial function and reduced inflammation, whereas resistance training
distinctively increased muscle mass and improved insulin sensitivity. These findings
emphasize the significant role of physical activity, particularly mode-specific training, as
part of the comprehensive treatment and prevention of T2D. These effects must be sus-
tained through long-term compliance with structured exercise programs. We recommend
that prospective studies standardize exercise protocols, assess long-term outcomes, and
incorporate innovative strategies to improve adherence and outcomes.

Funding: This research received no external funding.
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