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Abstract

Introduction: Resistance effort has a beneficial effect on muscle mass, body composition, bone density, and cardiac parameters. It is also
a modulator of the inflammatory reaction. The aim of the study was to assess the impact of 3 months of resistance training on muscle
strength, irisin levels, and metabolic parameters in patients with long-term type 1 diabetes.

Material and methods: Eleven type 1 male diabetic patients with low levels of physical activity were recruited, with mean age 38 + 6
years, body mass index (BMI) 28.4 + 2.6 kg/m?, and diabetes duration 23 + 7 years. All subjects participated in 60-minute resistance train-
ing sessions twice a week, for three months. At baseline and after 3 months in all patients, maximal muscle strength level, serum irisin
concentration, metabolic control parameters, and anthropometric measures were assessed.

Results: After 3 months there was a statistically significant increase of maximal muscle strength in comparison to baseline. There was no
significant change in serum irisin concentration, HbA , or other assessed parameters.

Conclusion: A 3-month resistance training programme in patients with long-term type 1 diabetes and low level of physical activity
significantly affects their maximum strength level. This indicates that people with diabetes are more adaptive to additional loads, which

allows them to increase their load faster. (Endokrynol Pol 2022; 73 (1): 96-102)
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Introduction

Physical effort, along with proper nutrition, is the basis
for behavioural treatment of diabetes. For many years
aerobic exercise was the most recommended for diabetic
patients, and resistance training was contraindicated.
Currently, resistance training is treated as an impor-
tant supplement to aerobic exercise in the therapy of
diabetes [1].

Aerobic exercise is associated with an increased
risk of hypoglycaemia in patients treated with insulin.
Therefore, patients have to monitor their blood glucose
levels frequently and consume additional carbohy-
drates during exercise. Conversely, patients performing
resistance exercise have lower risk of hypoglycaemia,
mainly due to elevated adrenaline levels that lead to the
rapid release of glucose from the liver [2, 3]. Resistance
effort has a beneficial effect on muscle mass, body com-

position, bone density, and cardiological parameters,
including blood pressure and lipid profile [4, 5]. It also
increases insulin sensitivity. Most studies assessing
the effects of exercise on the health status of patients
with type 1 diabetes were conducted in young, physi-
cally active, or high-performance athletes [6-9]. Skeletal
muscles play a mechanical role, are involved in energy
metabolism, and support the immune system through
anti-inflammatory action. Resistance training is known
as an inflammatory response modulator. Skeletal muscles
secrete proteins called “myokines” during exercise (over
100 myokines are known so far, including IL-1 receptor
agonist, interleukin 10, and irisin), which have a benefi-
cial effect on other tissues and reduce the concentration
of some pro-inflammatory cytokines (e.g. TNF-alpha)
[10]. In recent years, irisin has been of great interest; it is
produced among other sources by skeletal muscle and
is involved in the induction of the process of converting
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white adipose tissue (WAT) into brown adipose tissue
(BAT). The precursor for this myokine is transmembrane
protein ENDCS5 (fibronectin type IIl domain containing
5), from which irisin is detached under the influence
of a specific protease, which then enters the circulation
[11]. It works by increasing expression in the uncoupling
protein 1 (UCP-1) in mitochondria, and this leads to
the conversion of white to brown fat tissue [12]. White
adipose tissue is a supply of lipids for the body — it is
rich in triglycerides and free fatty acids and has a low
number of mitochondria. Due to the large number of
mitochondria, brown adipose tissue plays a major role in
energy expenditure and is responsible for thermogenesis
[13]. Irisin seems to play a pleiotropic role especially in
type 2 diabetes. Browning of white adipose tissue under
the influence of irisin may be associated with beneficial
effects of weight loss, on glucose and lipid homeostasis
and endothelium. Irisin also acts as the inhibitor of
lipogenesis and gluconeogenesis via the AMPK path-
way, which has recently been shown in mice [14], and
it might be a protective antidiabetic factor. It has been
also shown that recombinant irisin has an antiapoptotic
impact on pancreatic beta cells of humans and rodents
— it stimulates their proliferation, insulin synthesis, and
secretion. Its action seems to be similar to those of GLP-1
agonists (glucagon like peptide 1) and probably acts via
special receptor for irisin, which has not yet been found
on beta cells [15]. This myokine also has a positive impact
on bone mineral density [16], which is often reduced in
type 1 diabetic patients with long-lasting disease. Factors
that affect irisin levels include physical activity, obesity,
and diet [17]. There are not many scientific papers on
the evaluation of irisin in adults with type 1 diabetes.

The increase in the level of muscle strength reflects
the improvement in the level of neuromuscular coordi-
nation, better body awareness, and the economization
and efficiency of the use of muscle groups in everyday
life activities. Adaptation of the passive apparatus,
elimination of the disproportion of muscle groups, and
a better level of their synchronization should affect
the control of diabetes (mean glycaemia, HbA _value,
insulin demand) as well as anthropometric and labora-
tory parameters in physically inactive men with type 1
diabetes. The aim of the study was to assess the effect
of 3 months of resistance training on muscle strength,
irisin levels, and metabolic parameters in men with
long-term type 1 diabetes.

Material and methods

Patients

The study included 11 men with long-term type 1 diabetes from
Silesia Province (Poland), with low physical activity at baseline,
and without advanced diabetes complications [age: 38 =+ 6 years;
body mass index (BMI) 28.4 + 2.6 kg/m? duration of diabetes 23 =

7 years]. Patients were qualified for the study taking into account

the following criteria:

— patients with type 1 diabetes aged 30-45 years, duration of
diabetes at least 15 years;

— BMI 20-32 kg/m?

— treated with multiple insulin injections (at least 4/day) or a per-
sonal insulin pump;

— not physically active;

— not planning to intensify effort during the study period;

— without significant valve defects in echocardiography, and
with normal left ventricular ejection fraction (minimum 50%);

— with a negative ECG exercise test,

— HbA, < 8.5%, without advanced diabetes complications (with-
out albuminuria, overt autonomic neuropathy, more advanced
than simple diabetic retinopathy).

Patients with advanced diabetes complications (e.g. no increase in

heart rate during exercise), HbA, > 8.5%, pre-proliferative and pro-

liferative retinopathy, post-laser therapy, cardiovascular incident,
coronary artery disease, microalbuminuria, and overt autonomic
neuropathy were not qualified for the study.

The study was conducted in accordance with the Declaration of

Helsinki, and the protocol was approved by the Ethics Committee at

the Silesian Medical University in Katowice (KNW/0022/KB1/26/15).

Written consent to participate in the study was obtained from all

participants, after explaining the purpose of the study. All qualified

patients underwent initial clinical tests, including cardiology, to
assess their health before training.

Methods

Before starting training, the maximum load test (IRM) was per-
formed for each exercise in each patient qualified for the study.
The tests were carried out at the Laboratory of Muscle Strength
and Power at the Jerzy Kukuczka Academy of Physical Education
in Katowice. Maximum strength tests to determine the value of
1RM in 5 exercises (leg extension, lying leg curl, barbell upright row,
wide pulldown, chest press) were performed a week before the first
training session. Every testing and training session was performed
using a HOIST Fitness System (California, USA). After perform-
ing a warm-up in accordance with the protocol [18], the subject
conducted a series of maximum repetitions in such a way that the
measure of maximum repetitions varied in the range 3-8 repetitions.
Based on the value of one maximum repetition (IRM), the amount
of external load with which the subjects performed 3 months of
resistance training (50% 1RM) was calculated.

IRM = load X (1+0.0033 X number of repetitions made) [19]

The training unit consisted of 5 exercises involving most of the muscle
groups (leg extension, lying leg curl, barbell upright row, wide pull-
down, chest press). The subjects performed 5 sets of 10 repetitions
of each of the resistance exercises. The interval between successive
series and exercises was 90 seconds. The movement tempo was 2121
(2 seconds of eccentric and concentric work with a 1-second transition
phase). The individual resistance training program was planned for
3 months, taking into account the basic principles of periodization
of resistance training. Each week, the subject performed 2 training
units (lasting 60 minutes). Progression of loads — both the number of
series and the size of the external load — occurred weekly (min. 2%
1RM). After the end of the 3-month training period, a test protocol
identical to the one before training was started.

Before starting the training program, all patients underwent the
following: resting ECG, echocardiography, Holter ECG, Holter
blood pressure, and fundus assessment. In addition, morphology,
HbA,, concentration of aspartate transaminase and alanine trans-
aminase, creatinine, urine albumin, and lipid profile were assessed.
Baseline serum irisin were assessed in each study participant (irisin,
fibronectin type III domain-containing protein 5 [FNDC5]) (test
Irisin ELISA, BioVendor, Czech Republic). In addition, irisin levels
were assessed within 1 hour immediately after the first training.
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Anthropometric tests were carried out: body weight, height, BMI,
waist circumference, and body composition assessment (muscle
mass, fat mass). Body weight and composition were evaluated
in the morning hours (7-8 a.m.) after an overnight fast, using the
electrical impedance method (Inbody 720, Biospace Co., Tokyo,
Japan) before each phase of the experiment. Food and liquid intake
was monitored the night before these measurements. The average
daily insulin requirement and average daily glucose concentration
(based on data from 1 week before start of training) were assessed.
Glycaemia was monitored using the same model of glucometer
for all patients (Contour Plus, Ascensia Diabetes Care, Germany).
Patients committed to at least 6 measurements of glucose per day.
Additional, required measurements on the training day were
taken 15 minutes before training, after 30 minutes of training, and
immediately after training. All patients had training on how to
exercise during physical activity (matching insulin doses, counting
carbohydrate exchanges, protein-fat exchanges).

The principles of dietary management during the training period
were discussed with patients, with particular emphasis on the
composition and regarding time of meal before and after training
(patients also received it in writing). Each study participant was
obligated to eat a carbohydrate-protein meal with fixed carbohy-
drate content (minimum 4-5 carbohydrate exchanges [40-50 grams
of carbohydrates] + protein equivalent to 100 g of poultry meat).
This meal was to be consumed no later than 1.5-2 hours before
exercise to minimize the risk of hypoglycaemia. The subjects were
also asked to consume a meal containing complex carbohydrates
and protein (2-3 carbohydrate exchanges + protein [meat, fish,
cheese]) within 1 hour after training. It was recommended that
the pre-exercise target glucose range should be 140-180 mg/dL.
After the third month of the training period, the following pa-
rameters were re-evaluated: morphology, HbA, , concentration of
aspartate transaminase and alanine transaminase, creatinine, urine
albumin (ug/min), plasma irisin concentration, lipid profile, body
weight, waist circumference, average daily insulin requirement
(based on data from the last training week), average daily glucose
concentration in the third month of the study [data from glucom-
eters were read using the program GlucoContro Plus (Ascensia
Diabetes Care, Germany)]. The frequency of hypoglycaemia in the
It and 3™ (last) month of the study was also evaluated.

Statistical analysis

In order to characterize the structure of the studied variables, means
and standard deviations were calculated. The Shapiro-Wilk test
was used to verify the normality of the distribution of the analysed
variables. To verify the significance of differences before and after
the training, significance tests of dependent samples were used. If
the variables had normal distributions, Student’s t-test was used
for dependent samples; after finding extreme asymmetries, the
Wilcoxon pair order test was used. All analyses were performed
using the Statistica v.13 package. A significance level of 0.05 was
used for all analyses. Regarding measurements for all variables,
the intraclass correlation coefficient (ICC) was high (0.96-0.99).

Results

Table 1 presents the general characteristics of the group
as well as the parameters of somatic and biochemical
structure, insulin demand, and the frequency of hypo-
glycaemia before and after training. The tested param-
eters did not change at the end of training sessions.

Analysis of maximum strength levels

The analysis of the level of muscle strength showed
a statistically significant increase in the level of maxi-
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mum strength in participants in each of the exercises
after a 3-month training period (leg extension, lying leg
curl, barbell upright row, wide pulldown, chest press)
(p < 0.05, Tab. 2).

Irisin

We observed a comparable baseline irisin concentra-
tion among the patients of our study in relation to
the control group, who were healthy men, physi-
cally inactive, and at a comparable age (9.85 = 4.7
vs. 10.3 = 2.1 ug/mL). A statistically insignificant de-
crease in irisin concentration immediately after the first
training (8.16 + 3.7 ug/mL, p = 0.2) and after 3 months
of training (8.4 = 2.0 ug/mL, p = 0.37) was found, com-
pared to the initial value.

Safety

No side effects were recorded during the study.

Discussion

Our results indicate that a 3-month period of resistance
training in patients with long-term type 1 diabetes, at
the beginning physically inactive, significantly affects
their maximal strength level (1IRM value). The increase
in the level of muscle strength obtained by the par-
ticipants of our study is much larger than with similar
muscle strength training procedures used in healthy
beginners [20]. The results of strength training are very
well-described in the literature; relying on this fact, we
decided not to involve a control group. According to
the literature reports, in healthy subjects the increase in
the level of muscle strength over a period of 3 months
ranges from 30% to 50% 1RM [21-23]. In our study the
maximal strength level increased between 70-100%
1RM for the specific variables after 3 months (Tab. 2). It
was not observed that the applied resistance training
had an effect on plasma irisin concentration, metabolic
control parameters, lipid profile, or anthropometric
parameters.

The significant improvement in muscle strength
achieved after a 3-month training period is probably
because the study participants are insulin-treated pa-
tients. Insulin works synergistically with growth hor-
mone and with IGF-1. It is an anabolic hormone; hence,
itis used as a doping agent by healthy people practicing
in sports at a competitive level [24]. Insulin increases
protein synthesis in muscle, fat, and liver tissue and
inhibits their breakdown. In addition, it facilitates the
transport of glucose and amino acids into the cell and
increases the rate of glycolysis by increasing the activ-
ity of hexokinase and 6-phospho-kinase [25]. Insulin
increases glycogen synthesis and accumulation during
the restitution period and inhibits its breakdown, and it
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Table 1. General characteristics, parameters of somatic structure, and biochemical parameters before and after muscle strength

training
Baseline After 3 months p
Variables
Mean SD Mean SD
Age (years) 35 6
Diabetes duration [years] 23 7
Urine albumin [ug/min] 4,70 5.24 4.97 5.34 0.22
HbA, (%) 1.36 0.98 7.28 0.79 0.16
ALT [U/L] 26.73 19.48 33.36 26.53 0.40
AST [U/L] 22.73 6.94 21.91 18.11 0.39
Creatinine [umol/L] 74.27 11.65 75.55 11.78 0.47
Total cholesterol [mmol/L] 5.34 1.09 5.29 0.79 0.87
HDL-cholesterol [mmol/L] 1.50 0.40 1.51 0.37 0.92
LDL-cholesterol [mmol/L] 3.1 1.05 3.23 0.84 0.87
Triglycerides [mmol/L] 1.39 0.75 1.23 0.85 0.57
Body mass [kg] 91.68 9.77 91.88 9.64 0.61
Muscle mass [kg] 31.74 4.19 38.46 4.36 0.17
Fat mass [kg] 24.79 1.36 23.97 8.45 0.26
% fat 26.78 6.22 25.73 7.58 0.21
BMI [kg/m?] 28.41 2.66 28.42 2.70 0.94
Waist circumference [cm] 101.45 8.36 100.36 8.59 0.26
Insulin — total daily dose (U/24 h) 72 20.4 67 16.8 0.09
Insulin/kg body mass 0.78 0.17 0.73 1.14 0.08
Mean glucose [mg/dL] 162 32.2 168 19.0 0.39
Hypoglycaemia (below 70/mg/dL), 16 1
amount of episodes/month (1 month) n (3 month) 9 0.21

HbA, — haemoglobin A, ; LDL — low-density lipoprotein; HDL — high-density lipoprotein; ALT — alanine transaminase; AST — aspartate transaminase;

BMI — body mass index; SD — standard deviation

Table 2. Analysis of maximum strength level (IRM) in the applied resistance exercises before and after 3 months of muscle
strength training. Data are presented as mean and standard deviation (SD)

Baseline After 3 months
Variables p
Mean SD Mean SD

Leg extension, 1RM [kg] 41.72 6.83 71.88 7.63 < 0.00001
Lying leg curl, TRM [kg] 36.59 3.40 62.27 3.44 < 0.00001
Barbell upright row, 1RM [kg] 37.70 3.01 67.50 2.24 0.003
Wide pulldown, 1RM [kg] 44,09 7.10 88.41 1.52 < 0.00001
Chest press, 1RM [kg] 36.36 6.16 70.41 10.87 < 0.00001

SD — standard deviation

accelerates muscle regeneration after exercise. In addi-
tion, it causes hypertrophy of muscles and an increase
in their strength due to a much greater amount of accu-
mulated glycogen after exercise compared to that seen
in people without diabetes [26]. According to the results
of studies from the 1980s, a type 1 diabetic patient has
a lower ability to accumulate hepatic glycogen stores
compared to healthy people, which could be related

to insufficient glycaemic control in patients as a result
of the unavailability of intensive insulin therapy at the
time [27]. However, it has been shown that patients
with type 1 diabetes, metabolically well controlled,
have comparable hepatic and muscle glycogen stores
assessed by magnetic resonance imaging (*C-magnetic
resonance spectroscopy [MRS]) with healthy individu-
als [28]. Participants in our study were metabolically
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Figure. 1. Irisin concentration [ug/mL] mean and standard
deviation (SD): baseline, directly after 1st training, and after
3 months

well controlled (HbA, 7.3%). Therefore, we assume
that the initial muscle glycogen supply was comparable
to that in healthy people. The increase in maximum
strength obtained in the study shows that people with
type 1 diabetes are more adaptable to additional loads,
and this allows them to progress faster.

Despite the lack of a statistically significant improve-
ment in glycaemic control, a downward trend in HbA
value was observed. Our participants had initially
well-controlled diabetes; therefore, a spectacular reduc-
tion of HbA, should not be expected. The glucose value,
both during and after exercise, results not only from
its intensity and duration, but also from several other
factors such as time of day, baseline glycaemia, amount
of active insulin injected before last meal, type of meal
consumed, type and amount of carbohydrates taken
during exercise, the patient’s knowledge of managing
disease in practice, etc. The level of knowledge of the
participants of our study was considered as high.

In patients with type 1 diabetes, insulin levels will
not decrease when they start exercising (the subcu-
taneous hormone will work in accordance with its
pharmacokinetics), so these patients are at particular
risk of hypoglycaemia. Resistance training, in contrast
to moderate oxygen training, allows for a more stable
glycaemic profile, and in some people it even results
in an increase in glucose requiring a correction dose
of insulin [3]. In this case, hypoglycaemia is less com-
mon than with moderate aerobic exercise. The lower
frequency of hypoglycaemia (not statistically signifi-
cant) in the third month of the study compared to the
frequency of hypoglycaemia in the first month was
probably the result of a gradually increased intensity
of resistance training, and thus more pronounced
hepatic glucose production under the influence of
secreted counter-regulatory hormones. Serious hypo-
glycaemia, defined as requiring the help of a second
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person, was not noted in our study. The participants of
our study were middle-aged (35 years old), overweight
(BMI = 28), leading mainly a sedentary lifestyle. This is
arepresentative sample of the type 1 diabetes popula-
tion because according to recent data overweight or
obesity is found in approximately 60% of adult patients
with this type of disease [29]. The fact that our patients
did not reduce their body weight after a 3-month
training period does not mean that exercise was not
suitable for them. The purpose of the used resistance
training was not to reduce body fat, which is justified
by exercise physiology. In resistance training, free fatty
acids are not the main “fuel”, in contrast to moderate
aerobic exercise, which is therefore recommended for
weight reduction.

In our study, the effect of resistance exercise on the
concentration of irisin — a myokine produced both by
skeletal muscle and in small amounts by adipose tissue
— was also analysed. The main factor responsible for
the synthesis of irisin is physical exertion. It is a pleio-
tropic hormone that not only has a beneficial effect
on glucose and lipid metabolism, but also stimulates
myogenesis of skeletal muscles, inhibiting their atrophy
and protecting against bone loss. It has been shown
that increased irisin levels in patients with type 1 dia-
betes are associated with improved bone mass, which
is particularly important because with prolongation of
diabetes the risk of osteoporosis increases [30].

There are not many scientific papers on irisin in
adults with type 1 diabetes [31, 32]. Hence, there is
a lack of consistent data on the concentration of this
myokine compared to healthy people [32, 33]. There
are reports that healthy, physically active people have
higher irisin values compared to inactive people [34].
In our study, the baseline plasma irisin concentration
was comparable to the control group. According to
recent reports, irisin has been found in pancreatic
cells located peripherally to Langerhans islets [11]. In
one study conducted in adults with type 1 diabetes,
lasting 3 years on average, a higher concentration of
irisin compared to healthy people was found. More-
over, irisin levels were higher in the group of people
with anti-glutamic acid decarboxylase (anti-GAD) and
anti-islet cell (anti-ICA) antibodies. Researchers explain
this fact by the increased release of irisin due to the
presence of chronic low-grade inflammation within
the pancreas [35]. Perhaps with the duration of type 1
diabetes, the irisin concentration decreases, and there-
fore in our study participants, with 23 years of illness,
no difference compared to healthy people was found.
Similarly, in another study, lower irisin levels were
observed in people who developed type 1 diabetes in
early childhood [32]. The baseline lack of differences
between irisin levels compared to the control group
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may also be due to the low baseline level of training for
both our study participants and healthy volunteers in
the control group.

Irisin is produced in response to physical exertion.
The highest concentration is reached between 3 and
60 minutes after exercise; it returns to baseline after
6 hours [35]. To assess short-term changes in plasma
irisin concentrations, we collected blood from patients
within 1 hour of the first training. Our lack of growth
could have been due to the fact that the first train-
ing was associated with the lowest muscle load. We
also did not observe statistically significant changes
in irisin concentration after the end of the 3-month
training period from baseline. Data on the impact of
the type of exercise and its intensity on irisin levels
are not entirely clear, even in healthy people. Some
studies have shown that resistance effort and endur-
ance training are associated with increased irisin levels
[17]. On the other hand, prolonged physical effort and
aerobic effort do not affect the concentration of this
parameter [36]. In a cross-sectional study evaluating
adolescents with type 1 diabetes, the highest levels of
this parameter were found in people who undertook
intense physical activity (3 times a week for at least
60 minutes) [34].

Therefore, itis difficult to relate the results obtained
by us to the currently available studies, in which irisin
concentration was assessed in response to a different
type of physical effort. Perhaps other previously un-
known factors affect the concentration of exercise-in-
duced irisin and its effect on other tissues. Nevertheless,
due to the wide range of suggested beneficial effects
(effects on carbohydrate and lipid metabolism, neuron
and osteoblast differentiation, etc.), besides fulfilling
the regulatory function in communication between
active muscle tissue and adipose tissue and other or-
gans, irisin requires further research in patients with
diabetes type 1.

Conclusions

The significant increase in the maximum strength
level after resistance training in type 1 diabetic patients
indicates that they are more adaptable to additional
loads, and it allows them to increase the load faster, in
comparison to healthy people. Seeing the effect of their
work, patients feel motivated to continue training and
change their lifestyle. Therefore, they should be able to
individually choose the type of training in accordance
with their own needs. Restricting the patient at the
outset by prohibiting, for example, strength exercises,
may discourage them from undertaking any physical
activity.

Limitations

The limitations of the study are primarily the lack of
control group, a small number of patients, and a short
observation period.
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