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ABSTRACT

Objective and methods. This narrative review synthesizes current research on the influence of RT on glycaemic control
and major T1DM-related complications, including cardiovascular disease, neuropathy, nephropathy, and retinopathy.
Material and methods. PubMed, Google Scholar and Scopus databases were searched for existing publications concerning
influence of resistance training or anaerobic training on glycaemia and prevention of typical complications of Type 1
Diabetes Mellitus among human patients and animal specimens if human based research is lacking.

Results. The evidence indicates that RT can improve glycaemic control by enhancing insulin-independent glucose uptake
through increased GLUT4 expression and muscle mass. However, its effect on long-term glycaemic markers like HbAlc is
inconsistent, with more significant benefits often seen when combined with aerobic training. In terms of cardiovascular
health, RT may offer improvements in lipid profiles, endothelial function, and cardiac autonomic function, though findings
are not uniformly positive and research is limited. RT shows promise in mitigating peripheral neuropathy by enhancing
neural plasticity and muscle strength. Conversely, the direct impact of RT on autonomic neuropathy, nephropathy, and
retinopathy in T1DM patients is under-researched, with most data on nephropathy stemming from animal models and
significant safety precautions advised for patients with retinopathy.

Conclusions. Overall, while RT presents a valuable intervention for managing T1DM, the current body of evidence is
marked by inconsistencies and a notable lack of long-term human studies, underscoring the need for further rigorous
investigation.
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Methodology

PubMed, Google Scholar and Scopus databases were consulted to identify studies on resistance training
exercise and Type 1 Diabetes Mellitus. To narrow research we implemented specific “MeSH terms” such as
“resistance training”, “strength training”, “type 1 diabetes mellitus”, “cardiovascular complications”,
“glycaemia”, “inflammation”, “nephropathy”, “neuropathy”, “retinopathy”, “hypertension”, “aerobic training”,
“anaerobic training” etc. Studies were evaluated based on type of investigation, type of physical activity,
methodology and results. Type 2 Diabetes Mellitus research were excluded from analysis and animal trails

were included only in absence of human trials.

1. Introduction

Type 1 Diabetes Mellitus (T1DM) is chronic autoimmune disease caused by destruction of insulin
producing B-cells located in Langerhans isles of the pancreas ' as a result of CD4+ and CD8+ T-cells and
macrophages infiltration of that region * and production of anti-islets antibodies. * Destruction of B-cells leads
to absolute insulin deficiency, disruption of metabolic homeostasis and hyperglycaemia. Long-term
complications are usually divided into 2 groups: microvascular complications such as nephropathy, retinopathy,
neuropathy and macrovascular- coronary heart disease, cerebrovascular disease, peripheral artery disease,
heart failure. * TIDM requires lifelong exogenous insulin treatment. Physical activity is widely known to have
beneficial effects on lipid profile, endothelial function, insulin sensitivity, quality of life and general well-
being. > There are many models of physical activity, most commonly used division points out aerobic and
anaerobic (resistance) exercises. > Aerobic exercise together with diet control is considered cornerstone of
T1DM therapy and it is proven that can improve insulin sensitivity and lipid metabolism which affects better
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glycaemic control and allows insulin dose reduction. ® Regular exercise improve overall health and support
individuals in achieving their target lipid profile, body composition, and fitness and glycaemic goals. ’ Some
studies have shown potential contribute of resistance training on better glycaemic control but there exist also
contradictory results in that matter. ® Guidelines recommend that patients should engage in minimum 150
minutes of moderate or vigorous aerobic physical activity for at least 3 days a week with no more than 2
consecutive days without activity and engage in 2-3 sessions/week of resistance training on non-consecutive
days ? starting with moderate intensity, involving 10—15 repetitions per set ' gradual increases in weight or
resistance, with a lower number of repetitions (8—10), only after the target number of repetitions per set can
consistently be exceeded. ' This study aims to examine the impact of resistance training on glycaemic control
in patients with type 1 diabetes mellitus and its potential role in mitigating or accelerating the progression of
diabetes-related complications.

2. Aerobic training and Resistance Training

2.1. There exist various types of physical activity and numerous methods of differentiating them. For
the purposes of this review we will be operating on most common division for Aerobic Training (AT) and
Anaerobic Training known as Resistance Training (RT or RET). Here is a short characteristic of each one of
mentioned.

2.2. Aerobic Training involves repetitive and continuous movements of large muscle groups with
minimum of moderate intensity, main source of energy in that type of movement comes from aerobic
respiration. It includes activities such as: walking, cycling, jogging or swimming.

2.3. Anaerobic training or resistance training encompasses physical exercises that engage specific
skeletal muscles by applying high loads through external resistance, such as weight lifting, elastic resistance
bands, or workout machines. It is fuelled by energy released in anaerobic respiration reactions. '* Other authors
define resistance training as exercise that involves of free weights lifting, resistance machines training and
circuit training. '

3. Mechanisms of Resistance Training in TIDM

3.1. Muscle Glucose Uptake and Insulin Sensitivity: Resistance training promotes hypertrophy,
which enhances skeletal muscle mass and increases glucose uptake and utilization, thereby contributing to
improved glycaemic control. ®!>!* RT enhances the expression of glucose transporter type 4 (GLUT4) in
skeletal muscle, facilitating increased glucose uptake independent of insulin. This adaptation is particularly
beneficial for TIDM patients, as it can lead to improved insulin sensitivity and better blood glucose
management. 1415

3.2. Anti-inflammatory Effects: Elevated levels of inflammatory markers such as C-reactive protein
(CRP), tumour necrosis factor-o (TNF-a) or interleukin-6 (I1-6) are heavily implicated in inflammaging and
the development of age-related conditions. '® Chronic low-grade inflammation is associated with TIDM
complications, for example higher CRP corresponds with microalbuminuria in TIDM patients. '’ The same
marker elevations correlate with development of atherosclerosis and coronary disease and it manifests itself
earlier than in healthy population. '® Researchers from Norway suggest that other inflammatory process
markers such as IL-18, P-selectin, E-selectin and TIMP-1 are associated with low-grade inflammation and
development of atherosclerosis and even accelerating the process. '° Other researchers emphasise that low-
grade inflammatory markers such as CRP and 11-6 elevation was present with T1DM patients suffering from
diabetic nephropathy and microalbuminuria, this research showed correlation between this phenomena. '’ It is
proven that higher RT modulates inflammatory markers, potentially reducing disease progression in Type 2
Diabetes patients. *° Research concerning the same topic in TIDM patients is not as broad. So far experiments
with laboratory rats suffering from diabetes show that animals undergoing 4-weeks RT training have lower
levels of pro-inflammatory cytokines than the control group. ' However there are some contradictory evidence
concerning influence of 11-6 on post-RT glucose levels. In study of Turner exercise-induced elevation of 11-6
cytokine correlated with reduction of post-exercise hyperglycaemia. %

3.3. Hormonal Adaptations: Resistance training elicits significant hormonal adaptations that can
positively influence metabolic control and mitigate complications in individuals with Type 1 Diabetes Mellitus
(T1DM). During and after RT, there is an acute elevation in anabolic hormones such as growth hormone (GH)
and insulin-like growth factor 1 (IGF-1). GH has a dualistic influence on glycaemia. On one hand it plays
antagonistic role to insulin stimulating gluconeogenesis in liver and lowering the tissues insulin sensitivity, on
the other GH and IGF-1 play crucial roles in promoting muscle protein synthesis and enhancing glucose uptake
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to muscle cells. In TIDM patients, RT has been shown to increase GH levels, which may contribute to
improved glycaemic control and reduced insulin requirements. ***** Moreover, RT influences the secretion of
counter-regulatory hormones, including catecholamines and cortisol, which are involved in glucose
metabolism causing rise in plasma glucose levels. The modulation of these hormones through RT can aid in
maintaining glucose homeostasis and reducing the risk of hypoglycaemic episodes during and after exercise.?®
Collectively, these hormonal adaptations induced by RT contribute to improved metabolic outcomes and may
play a role in mitigating the progression of T1DM-related complications.

4. Effects of Resistance Training on Glycaemic Control

4.1. Impact on Blood Glucose Levels: Increased glucose uptake causes less hyperglycaemia episodes
during physical activity and is considered to longer-lasting post-activity blood glucose reductions in
comparison to aerobic activities.*'*!>, Other researchers suggest that anaerobic activity is related to transient
increase in blood glucose concentrations and it is recommendable to combine it with aerobic exercises. ’
Sarnblad in his research on adolescent males concluded that RT did not show any change of plasma glucose
level during exercise and period of 1 hour after exercise opposite to aerobic exercise which caused drop in PG
levels. ° In Khalafi et al. meta-analysis Fasting glucose levels reduction corresponds with RET especially in
younger individuals.

4.2. Reduction in Glycaemic Variability: Increased muscle mass causes more glucose uptake which
allows to reduce doses of insulin to achieve satisfying blood glucose levels. Some research suggests that RET
is prone to cause less hypoglycaemic episodes *'2. Regular RT sessions contribute to more predictable blood
glucose patterns, reducing the risk of hyperglycaemia and hypoglycaemia. '>">. Khalafi in his systematic
review points out that RT strengthens insulin-independent glucose uptake paths by activating AMP-activated
protein kinase pathway which enhances glucose transport to myocytes during exercise which facilitates a
reduction in insulin doses. In this research he also noticed that RET causes increase in translation of GLUT-4
transporter to muscle cell membrane what promotes higher insulin sensitivity. '* One investigation revealed
existing corelation between post- RT elevated Interleukin-6 levels which occur both in healthy and TIDM
individuals and better glycaemic control. Patients that conducted RT had higher I1-6 levels and also less post-
exercise hyperglycaemic events than patients with sedentary lifestyle. ?” . RET influence on HbAlc levels
which are considered a gold standard in long-term glycemia control assessment is less investigated than aerobic
exercise and the existing study results are controversial. * In randomized clinical trial among Patients with
Diabetes Mellitus Type 1 who were already performing aerobic exercises inclusion on resistance training did
not significantly change the level of HbAlc in participants, however the decrease in glycated haemoglobin
was more noticeable among adolescent which is considered to be due to the higher basal insulin resistance in
this age group. ** Also in 2006 experiment resistance training did not improve glycated haemoglobin in type-
1 Diabetes patient. ’ In the meta-analisis by Khalafi et al. contribution to HbA 1¢ levels was found when RET
combined with aerobic training. Isolated RET training presents less contribution when compared with AET
and combined exercise training (CET). "

5. Cardiovascular Benefits of Resistance Training in T1IDM

5.1. Improvement in Endothelial Function: Endothelial dysfunction is a key early marker in the
pathogenesis of vascular complications in individuals with Type 1 Diabetes Mellitus (T1DM), often preceding
structural atherosclerotic changes. There exist evidence showing positive influence of AT on improving the
endothelial function and at the same time connecting lack of physical activity to development of endothelial
dysfunction in this group of patients. ***' However research concerning RT impact on Endothelium Function
is limited. Mota et al. in his work shows promising results on T1DM rat. Results of this study suggest that RT
might restore endothelial function and lower arterial blood pressure. ** Contradictory results were presented in
research on humans with T1DM, in the research exploring the influence of RT on release of endothelial
progenitor cells which promote stability of vascular system and lower the cardiovascular risk. In this study RT
both with AT showed zero effect among diabetic patients in comparison to healthy individuals. **

5.2. Reduction in Hypertension and Dyslipidaemia: Dyslipidaemia is a modifiable CVD risk factor
prevalent in TIDM. RT has been associated with favourable changes in lipid profiles, including reductions in
total cholesterol and low-density lipoprotein cholesterol (LDL-C), and increases in high-density lipoprotein
cholesterol (HDL-C). These alterations contribute to a decreased atherogenic risk. A 24-week RT program
involving middle-aged women with TIDM resulted in significant improvements in lipid parameters.
Participants experienced reductions in LDL-C and triglycerides (TG), along with an increase in HDL-C. These
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changes were accompanied by decreased fasting blood glucose and HbAlc levels, indicating enhanced
glycaemic control. ** Brazilian researchers in their systematic review and meta-analysis examining the effects
of RT on glycaemic control in T1DM patients also reported favourable lipid profile changes. Specifically, two
studies within the review highlighted significant reductions in HbAlc and improvements in lipid parameters,
including increased HDL-C and decreased LDL-C levels. ® Beyond T1DM populations, RT has demonstrated
efficacy in improving lipid profiles in various groups. A review article noted that both moderate- and high-
intensity RT led to significant reductions in total cholesterol and LDL-C, as well as improvements in the total
cholesterol to HDL-C ratio. These findings suggest that RT can beneficially modulate lipid metabolism,
potentially through mechanisms involving enhanced lipid clearance and altered lipoprotein synthesis. *°
Review by Khalafi et al. concluded that RET alone did not significantly improve lipid profiles (LDL, HDL,
triglycerides, total cholesterol) and also that blood pressure did not significantly change with RET-based
interventions. '*

5.3. Cardiac Autonomic Function: Evidence from systematic reviews and meta-analyses indicates
that resistance training can improve cardiac autonomic control in individuals with chronic diseases, as
measured by significant improvements in HRV parameters such as the root mean square of successive
differences (RMSSD), the low-frequency to high-frequency (LF/HF) ratio, and sample entropy. These changes
suggest enhanced parasympathetic activity and reduced sympathetic dominance, which are beneficial for
cardiovascular health in diseased populations, including those with T1DM. While the majority of studies have
focused on various chronic diseases, the beneficial effects of RT on cardiac autonomic function appear
consistent across different conditions characterized by autonomic dysfunction. However, it is important to note
that the number of studies specifically targeting T1DM is limited, and findings are often generalized from
broader diseased populations. Despite this, the available evidence supports the notion that RT can induce
favourable changes in cardiac autonomic modulation in TI1DM patients, potentially reducing
cardiovascular risk. **One research was found to confirm that combination of resistance and high intensity
interval trainings improve HRV parameters among adolescent boys with T1DM what leads to enhanced vagal
variability and more adequate autonomic system response in heart rate control. *’

5.4. Maximal Oxygen Uptake (VO; max): while traditionally associated with aerobic training, limited
improvements in maximal oxygen uptake (VO max) have also been observed with combination of RT and
AT. Enhanced VO max reflects better cardiorespiratory fitness, which is inversely related to CVD mortality.
¥ Meta-analysis from 2012 didn’t revealed any significant changes in VO, max among T1DM patients
undergoing sessions of RT. * It is important to remark that role of RT in that matter require further research
and most probably isolated resistance training has no effect on changes in maximal oxygen uptake.

6. Resistance Training and Neuropathy

6.1. Peripheral Neuropathy: Patients with T1DM developing peripheral neuropathy face motoneuron
loss, impaired neuromuscular junction (NMJ) signalling, and neurogenic muscle atrophy, reducing muscle
strength, power, and endurance. Scientists observed positive effects of resistance training in prophylaxis of
neuron loss of function facilitated by activating large muscle groups and motoneurons stimulations.
Comprehensive review published in The Journal of Physiology in 2025 remarks that resistance training
enhances neural plasticity, muscle strength, and muscle size, which are important for counteracting muscle
loss and maintaining independence in daily activities. These adaptations help mitigate the neuromuscular
decline associated with diabetic neuropathy and myopathy in type 1 diabetes. RT can improve nerve
conduction and reduce symptoms of neuropathy, as seen in studies with diabetic patients. Improved nerve
function is linked to better sensorimotor performance and reduced risk of further nerve damage. Also regular
resistance training helps manage blood glucose levels, which is crucial for preventing or slowing the
progression of neuropathy in type 1 diabetes. ** Also meta-analysis from 2021 revealed that RT increases
maximum muscle strength among T1DM individuals which might be useful countermeasure in prevention of
muscle loss. ¥

6.2. Autonomic Neuropathy: While exercise, including resistance training, is known to benefit
autonomic function in type 2 diabetes, direct evidence for its effects specifically in TIDM and autonomic
neuropathy is not existent.
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7. Nephropathy and Resistance Training

Similar to other issues covered by this paper, also Most studies on nephropathy have been conducted
among type 2 diabetes mellitus patients. **** The investigation concerning prevention of renal disfunction in
T1DM patients concentrates mainly on aerobic exercise trainings. So far RT influence in preventing
nephropathy in type 1 diabetes mellitus individuals was examined in laboratory conditions mostly on diabetic
rats models. In 2021 publication by Ralmony de Alcantara Santos emphasizes that T1DM rodents undergoing
RT in form of climbing vertical ladder while carrying progressively loads attached to their tails presented
positive effects on renal tissue by modulating internal RAS and cytokines of the tissue through enhanced blood
circulation which led to reduced inflammatory activity that damage kidneys. ** Available evidence on human
patients suggests that RT ensures better glycaemic stability what prevents microangiopathy affecting vessels
in kidneys and that among patients on dialysis improved creatinine levels in plasma. *® Other human based
research encourages to involve RT into the physical activity on TIDM patients *’ basing on the interventional
study in patients with renal failure (not exclusively diabetic nephropathy) that demonstrated reduced
inflammatory markers and Improved estimated glomerular filtration rate (¢GFR) when exposed to RT and
low-protein diet. **

8. Retinopathy and Resistance Training: Safety Considerations

Research including impact of resistance exercise training on prevalence of diabetic retinopathy (DR) in
type 1 diabetes mellitus patients is lacking. Most of available literature concentrates on RT mitigating effect
on other parameters which maintenance prevent retinopathy development. ** For example decreased HbAlc
levels and better glycaemic control which is the most important factor in prevention of DR. ** However there
exist safety considerations associated with performing RET among individuals with already present
proliferative or non-proliferative diabetic retinopathy. It is advisable to avoid very strenuous activities, heavy
lifting, or exercises that involve breath-holding (Valsalva manoeuvre), as these can increase intraocular

pressure and risk of retinal complications. "'
Table 1.
. Evidence of positive Evidence of Evidence of no No human
Investigated aspect . - . ]
influence negative influence influence based studies
Glycaemic control + + + -
Cardiovascular
L + - + -
complications
Neuropathy + - + -
Nephropathy - - -
Retinopathy - + - +

Table 1. presents limitations of existing studies concerning influence of RET among T1DM patients. Term
“positive influence” covers all the research showing improved glycaemic control and prevention of mentioned
condition. Term “negative influence” refers to inducing hypo- or hyperglycaemia or causing safety issues.

9. Results

Based on the evidence reviewed, the influence of resistance training (RT) on type 1 diabetes mellitus
(T1DM) complications yields varied and, in some areas, inconclusive results.

Glycaemic Control

The impact of RT on glycaemic control presents a complex picture. Resistance training promotes muscle
hypertrophy, which enhances glucose uptake and can improve glycaemic control. It facilitates increased
glucose uptake independent of insulin by enhancing the expression of GLUT4 in skeletal muscle. This may
lead to improved insulin sensitivity and better blood glucose management. Some studies suggest RT is
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associated with fewer hyperglycaemic episodes during activity and longer-lasting post-activity blood glucose
reductions compared to aerobic exercise. It has been proposed that RT contributes to more predictable blood
glucose patterns, thereby reducing the risk of both hyperglycaemia and hypoglycaemia. An insulin-
independent glucose uptake pathway is strengthened through the activation of the AMP-activated protein
kinase pathway during RT.

However, there is conflicting evidence. Some researchers suggest anaerobic activity can cause a
transient increase in blood glucose levels , while another study on adolescent males found no change in plasma
glucose during or for one hour after RT. The effect of RT on HbAlc levels, a key long-term glycaemic marker,
is also ambiguous. Several studies and reviews have found that RT alone did not significantly improve HbAlc
levels , though a more noticeable decrease was seen in adolescents. Meaningful contributions to HbA1c levels
were primarily observed when RT was combined with aerobic training.

Cardiovascular Complications

The cardiovascular benefits of RT in T1DM are promising but not yet fully substantiated. While aerobic
training is known to improve endothelial function, research on RT's impact is limited. One study on diabetic
rats indicated that RT might restore endothelial function and lower arterial blood pressure , but research on
humans showed no effect on the release of endothelial progenitor cells, which are important for vascular health.

Regarding dyslipidaemia, some studies report favourable changes, including reductions in total
cholesterol and LDL-C, and increases in HDL-C. A 24-week RT program in middle-aged women with T1DM
led to significant improvements in lipid profiles and glycaemic control. However, a meta-analysis by Khalafi
et al. concluded that RT alone did not significantly improve lipid profiles or blood pressure.

Evidence suggests RT can improve cardiac autonomic function in individuals with chronic diseases,
indicating enhanced parasympathetic activity. One study confirmed that combining RT with high-intensity interval
training improved heart rate variability in adolescent boys with TIDM. Conversely, a 2012 meta-analysis did not
find significant changes in maximal oxygen uptake (VO2 max) among T1DM patients after RT sessions.

Neuropathy, Nephropathy, and Retinopathy

Resistance training shows potential for mitigating neuromuscular decline associated with peripheral
neuropathy. It can enhance neural plasticity and muscle strength, which helps counteract muscle loss. Studies
have shown that RT can improve nerve conduction, reduce symptoms of neuropathy , and increase maximum
muscle strength in individuals with TIDM. However, direct evidence for the effects of RT on autonomic
neuropathy specifically in TIDM is lacking.

Research on RT's influence on nephropathy in T1DM is sparse and mainly limited to animal models.
Studies on diabetic rats suggest RT has positive effects on renal tissue by limiting inflammatory processes. In
human patients, the primary benefit appears to be indirect, through better glycaemic stability which prevents
microangiopathy in the kidneys.

There is a significant lack of research on the direct impact of RT on diabetic retinopathy. The available
literature focuses on RT's ability to improve factors that prevent retinopathy, such as glycaemic control. Safety
is a key consideration, and strenuous activities or those involving the Valsalva manoeuvre should be avoided
in patients with existing retinopathy to prevent increased intraocular pressure.

10. Conclusions and further directions

Resistance training may play important role as an supplement to aerobic training in maintaining
glycaemia and preventing development of complications among Type 1 Diabetes Mellitus Patients and is
recommended to be included in patient’s exercise schedule. Some of available research show promising results
however further investigation is necessary since the number of publications with representative number of
participants and restricted only to RET and T1DM is limited. Also safety issues need to be taken into account
especially among cases with present retinopathy.
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