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Abstract

Purpose: Nordic walking (NW) exercise is a type of exercise performed with batons, thus enabling the upper
extremity to participate in the movement, reducing the load on the lower extremity and resulting in the involvement
of large muscle groups. Exercise is recommended to prevent the development of diabetes mellitus.

The aim of this study was to investigate the effects of NW exercise on insulin resistance, erythrocyte deformability,
adipokine levels, oxidative stress in prediabetic women aged 40-65 years.

Materials and methods: Prediabetic individuals underwent progressive NW exercise at 65% of maximal heart
rate for 3 days/week/12 weeks. Erythrocyte deformability was measured with an ektacytometer. Oxidative
stress, serum adipokines were determined by commercial kits.

Results: NW exercise induced weight loss and decrement in body fat percentage (p<0.05). Waist, hips, thighs,
chest circumferences were also reduced in response to exercise (p<0.05). NW exercise returned fasting blood
glucose, insulin, HbA1c levels of prediabetic individuals to control levels (p=0.001, p=0.013 and p=0.021,
respectively). Exercise yielded acute and prolonged increases in erythrocyte deformability of prediabetic
individuals (p<0.05). The first exercise session caused decrement of total oxidant status and oxidative stress
(p=0.015 and p=0.013, respectively). No alteration in serum adipokines was detected.

Conclusions: Our results demonstrate that NW exercise may contribute to the prevention of diabetes
development in prediabetic individuals. It may also be beneficial in preventing the development of possible
complications by regulating perfussion and acutely reducing oxidative stress.

Key words: Nordic Walking exercise, prediabetes, erythrocyte deformability, oxidative stress, adipokines.

Ozdamar M, Kilic Erkek O, Tumkaya S, Ozdamar HC, Ozdamar A, Pakyurek H, Tunc Ata M, Senol H, Kilic Toprak
E, Bor Kucukatay ZM. Examination of the effectiveness of 12-week Nordic Walking exercise in prediabetic
individuals. Pam Med J 2022;15:285-301.

Oz

Amag: Nordic walking (NW) egzersizi batonlarla yapilan, dolayisiyla Ust ekstremitenin de harekete katihmini
saglayarak alt ekstremiteye binen yiki azaltan, daha fazla kas grubunu c¢alistiran populer bir egzersiz tiradir.
Diabetes mellitus gelisimini dnlemek igin egzersiz dnerilir. Bu ¢alismanin amaci 40-65 yaslarindaki prediyabetik
kadinlarda NW egzersizinin insulin direnci, eritrosit deformabilitesi, adipokin dizeyleri ve oksidatif stres
Uzerindeki etkilerini arastirmaktir.

Gereg ve yontem: Prediyabetik bireylere (n=16) maksimum kalp hizinin %65’inde, 3 gun/hafta, 12 haftalik
ilerleyici NW egzersizi uygulanmistir. Eritrosit deformabilitesi bir viskometre araciligiyla ve oksidatif stres ile
serum adipokin duzeyleri ticari kitlerle dl¢tlmustur.
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Bulgular: Uygulanan NW egzersizi hastalarin kilo vermesine, vicut yag yuzdelerinde azalmaya sebep
olmustur (p<0,05). Bel, kalga, uyluk, gogus cevreleri de egzersiz sonucunda azalmistir (p<0,05). Prediyabetik
hastalarin baslangi¢ aclik kan sekeri, serum insulin ve HbA1c diizeyleri saglikli gruptan yiksek iken (p=0,001,
p=0,013 ve p=0,021, sirasiyla), uygulanan egzersiz programi bu parametrelerin kontrol degerlerine dénmesine
yol agmistir. Egzersiz prediyabetik bireylerin eritrosit deformabilitesinde akut ve uzun sureli artiglara sebep
olmustur (p<0,05). Prediyabetik bireylerde ilk egzersiz seansi akut etkiyle total oksidan kapasite ve oksidatif
stres indeksinde azalma olusturmustur (p=0,015 ve p=0,013, sirasiyla). Serum adipokin duzeylerinde herhangi
bir degisiklik saptanmamistir.

Sonug: Sonuglarimiz NW egzersiz egitiminin prediyabetik bireylerde diyabet gelisiminin énlenmesinde faydali
olabilecegini, doku kanlanmasini dizenlemek ve akut donemde oksidatif stresi azaltmak suretiyle olasi
komplikasyonlarin gelisimine olumlu katkilari olabilecegini gostermektedir.

Anahtar kelimeler: Nordic Walking egzersizi, prediyabet, eritrosit deformabilitesi, oksidatif stres, adipokinler.
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Introduction

Physical inactivity in daily life increases the
risk of chronic diseases [1]. Type 2 diabetes
mellitus (T2DM) is a non-insulin dependent
diabetes with a progressive insulin secretion
reduction, increased peripheral insulin
resistance (IR) and chronic hyperglycaemia
[2]. Since T2DM is asymptomatic in the early
period, it may not be diagnosed in early stage.
However, vascular complications may exist in
this period [3]. Prediabetes is characterized by
impaired glucose tolerance and / or impaired
fasting glucose [4, 5].

Irisin, preptin, resistin are adipokines
that play important role in carbohydrate
and fat metabolism [6]. Irisin stimulates the
transformation of the white adipose tissue, into
brown adipose tissue. Thus, the consumption of
energy in the body reduces fat mass, increases
glucose homeostasis and insulin sensitivity [7].
The effect of irisin on glucose and fat metabolism
may indicate that it is linked to prediabetes
and T2DM. Preptin is synthesized in beta cells
of the pancreas and is included in the insulin
family [8]. It is considered a strong stimulant
for insulin secretion [9]. High preptin level
was demonstrated to be positively associated
with diastolic blood pressure, triglyceride,
hemoglobin A1c (HbA1c) concentrations and
IR [10], demonstrating that it may have a role
in the etiology of IR [9]. Resistin is an adipokine
affecting glucose metabolism and visceral
adipose tissue [11]. Resistin levels were shown
to be associated with IR, subcutaneous adipose
tissue and HbA1c [12].

The structural features of erythrocytes
and thus gas exchange in capillaries are also
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affected in diabetes [13]. Various studies have
demonstrated that erythrocyte deformability
decreases in diabetic patients [14]. Erythrocyte
cell membrane proteins are damaged by
impaired glucose metabolism and associated
oxidative stress [15]. Oxidative stress is also
related with the development and complications
of diabetes [16].

Regular  exercise is recommended
for prediabetic individuals to prevent the
development of diabetes mellitus (DM) [17,
18]. Exercise is known to improve glucose
homeostasis in conditions of impaired glucose
tolerance, IR and T2DM [4, 19]. Exercise
also leads to various adaptations such as
mitochondrial biogenesis, improved oxidative
capacity and skeletal muscle hypertrophy [20].

Nordic Walking (NW) is an exercise
technique with specially designed sticks. It
provides the advantage of actively using the
upper body and arms compared to walking,
thus the load on the hips, knees and feet is
reduced [21]. NW improves cardiovascular
fitness more effectively than walking [22]. Since
the poles used during NW are durable, easy to
access and low cost, this exercise is functional
in daily life. Participation in exercise programs is
usually low in individuals with chronic diseases
due to musculoskeletal complications and lack
of motivation [23]. NW may be an effective
approach to improve walking performance
in peripheral artery disease patients, people
with diabetic foot and joint pain, as it imposes
less load on the legs. In this study, we aimed
to elucidate the effects of NW exercise on
erythrocyte deformability, adipokin levels,
fasting blood glucose, insulin levels and IR in
women who were diagnosed with prediabetes
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but did not undergo any medical treatment and
life modification for the first time in literature.
Oxidative stress was determined to demonstrate
the mechanism of possible alterations in these
parameters.

Materials and methods

Ethical approval was obtained from
Pamukkale University  Non-Interventional
Clinical Research Ethics Committee Ethics

Committee.
Participants

The study group consisted 16 volunteer
women between the ages of 40-65 years, who
were diagnosed with prediabetes by an internal
medicine physician. The subjects did not
exercise regularly. The data of this group were
compared with the age-gender, weight matched
healthy control group (n=14). Each individual
was given detailed information including risks
and inconvenience that might be encountered
during the study. No dietary recommendations
were made to the subjects. On the other hand
the participants may have paid attention to their
diet during the study.

Exclusion criteria for volunteers

Prediabetic patient group; The presence
of additional diseases, the diagnosis of DM,
the use of glucose-lowering drugs, history of
heart disease, myocardial infarction, stroke, the
presence of any contraindications to exercise,
uncontrolled hypertension, history of renal and
hepatic insufficiency, the presence of active
systemic inflammation.

Healthy control group; The presence of
any disease, diagnosis of prediabetes and
DM, use of glucose-lowering drugs, history of
heart disease, myocardial infarction, stroke,
any contraindication to exercise, uncontrolled
hypertension, renal and hepatic failure history,
the presence of active systemic inflammation.

Nordic walking exercise protocol

NW exercises were carried out under
the supervision of a physiotherapist on a
predetermined straight walking track 3 non-
consecutive days/week. The exercise performed
by the subjects is shown in Figure 1. Subjects

were taughtto use the poles safely and efficiently.
A training protocol was applied for 3 days. The
participants were allowed to exercise for 15
minutes on the 1%t and 2™ day, and 20 minutes
on the 3day. Individual target heart rates were
calculated by the formula [210-(0.65 x age)]
[24]. Subjects increased their walking speed in
order to achieve the desired heart rate target.
All sessions started with 5 minutes of warm-up
exercises (walking 400-500 m) and stretching
the main muscle groups. A progressive exercise
protocol was applied. NW was applied for 20
minutes on the 1%t and 2" weeks, 30 minutes on
the 3™ and 4™ weeks and 50 minutes between
the 5"-12"" weeks. Heart rates of the subjects
were monitored using commercial heart rate
meters (ChoiceMMed) during exercise. The
main muscle groups were allowed to cool with a
5-minute stretching exercise following each NW
session [25, 26].

Figure 1. Defensive style of nordic walking
Venous blood samples

After oral and written consent of the subjects,
approximately 10 ml of venous blood was
collected on the 1%, 4" and 12" week before
and after exercise for prediabetes group and
on the 1% and 12" week for control group. The
blood samples were transported to Pamukkale
University Faculty of Medicine Physiology
Department laboratory in appropriate tubes and
suitable transportation conditions. Erythrocyte
deformability was studied within 4 hours using
blood anticaogulated with EDTA. Serum was
obtained to determine insulin, irisin, adipokine
levels as well as oxidative stress indices and
to calculate IR. All samples were centrifuged at
1000 g for 15 minutes at +4 degrees and stored
at -80°C until analysis.
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Anthropometric measurements

Measurement of height: The height of the
participants was recorded with a stadiometer in
centimeters (cm) during inspiration in anatomical
posture.

Weight measurement: Weight measurements
of the individuals were carried out using a
scale with a digital display (Fakir hercules body
analysis scale). Subjects were warned to wear
clothing of the same or similar thickness on the
measurement days.

Determination of body composition: Body
fat percentages (%) and lean body masses
of individuals were calculated using Holtain
Skinfold Caliper [27] at seven sites: midaxillary,
triceps, subscapular, abdominal, suprailiac,
iliocostal, thigh.

Body circumference measurements: Waist,
hip, thigh, chest and arm circumference were
assessed using a non-stretchable tape and
expressed in centimeters to the nearest 0.1
cm. The measurements were taken with the
abdomen in a normal relaxed position, the arms
at the sides, and the legs together [28].

Flexibility measurements: Flexibility (sit and
reach) test; Sit-reach test was used to measure
the flexibility of lumbal extensor, hip extensor,
hamstring, and gastrocnemius muscles. The
test was repeated 3 times and the highest value
was recorded in cm.

Fatigue assessment: Using the Borg scale,
individuals in the exercise group were asked
to mark their fatigue values before and after
exercise sessions.

Fasting blood glucose, insulin and
hemoglobin A1c measurements: Fasting
blood glucose (BECKMAN COULTER, AU5800,
California, USA), fasting insulin (Siemens
ADVIA Centaur XPT, Berlin, Germany), HbA1
(tosoh G8, San Francisco, USA) values of the
subjects were measured with automatic devices
in Nazilli State Hospital.

Calculating Insulin Resistance (IR): HOMA-
IR values were calculated to determine insulin
resistance as HOMA-IR score = [Fasting
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insulin level (ulU/ml) x Fasting blood glucose
(mmol/1)/22.5] [29].

Assessment of adipokines

Irisin:  Serum irisin concentrations were
determined using a commercially available kit
(SinoGeneClon Biotech). Optical density was
measured at 450 nanometers (nm) £+ 2 nm
wavelength spectrophotometrically by ELISA
(Elabscience, E-EL-R2466) and calculations
were performed.

Preptin: A commercial kit (Elabscience-E-
EL-H0913) was used to measure serum
preptin levels. Optical density was measured
spectrophotometrically by ELISA (Elabscience,
E-EL-R2466) at a wavelength of 450 nm+2 nm
and calculations were performed.

Resistin: A commercial kit (Elabscience-
E-EL-H1213.) was used to measure serum
resistin levels. Optical density was measured
spectrophotometrically by ELISA (Elabscience,
E-EL-R2466) at 450 nm+2 nm wavelength and
calculations were performed.

Assessment of erythrocyte deformability

Red blood cell (RBC) deformability (i.e.,
the ability of the entire cell to adopt a new
configuration when subjected to applied
mechanical forces) was determined by laser
diffraction analysis using an ektacytometer
(LORCA, RR Mechatronics; Hoorn, The
Netherlands). Briefly, a low Hct suspension of
RBC in 4% polyvinylpyrrolidone 360 solution
(MW 360 kD, Sigma P 5288, ST. LOUIS, MI, 4%
in PBS, viscosity: 22.5 cP, pH:7.4) was sheared
in a Couette system composed of a glass cup
and a precisely fitting bob with a gap of 0.3
mm between the cylinders. A laser beam was
directed through the sheared sample, and the
diffraction pattern produced by the deformed
cells was analyzed by a microcomputer. On the
basis of the geometry of the elliptical diffraction
pattern, an elongation index (El) was calculated
for 9 shear stress between 0.3 and 30 Pascal
(Pa) as: El =(L-W)/(L+W), where L and W are
the length and width of the diffraction pattern,
respectively. An increased El at a given shear
stress indicates greater RBC deformability. All
measurements were carried out at 37°C [30].
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Total oxidant status (TOS), Total antioxidant
status (TAS), Oxidative stress index (OSI)
measurements

Determination of serum total oxidant status
(TOS)

The total oxidant status (TOS) was
measured using a novel automated colorimetric
measurement method for TOS developed by
Erel [31]. In this method, oxidants present in
the sample oxidize the ferrous ion O-dianisidine
complex to ferric ion. The oxidation reaction
is enhanced by glycerol molecules, which are
abundantly present in the reaction medium. The
ferric ion makes a colored complex with xylenol
orange in an acidic medium. The color intensity,
which can be measured spectrophotometrically,
is related to the total amount of oxidant
molecules (e.g., lipids, proteins) present in the
sample. The assay is calibrated with hydrogen
peroxide, and the results are expressed in terms
of micromolar hydrogen peroxide equivalent per
liter (umol H,O, equivi/L).

Measurement of serum total antioxidant
status (TAS)

The total antioxidant status (TAS) was
measured using a novel automated colorimetric
measurement method for TAS developed by
Erel [32]. In this method the hydroxyl radical,
the most potent biological radical, is produced
by the Fenton reaction and reacts with the
colorless substrate O-dianisidine to produce
the dianisyl radical, which is bright yellowish-
brown in color. Upon the addition of a plasma
sample, the oxidative reactions initiated by the
hydroxyl radicals present in the reaction mix
are suppressed by the antioxidant components
of the plasma, preventing the color change
and thereby providing an effective measure of
the TAS of the plasma. The assay results are
expressed as mmol Trolox equiv/L.

Calculation of oxidative stress index

The ratio of TOS to TAS is referred as
oxidative stress index (OSI). The OSI is
calculated according to the following Formula;

OSI  (arbitrary unit)= [TOS (umolH,0O,
Equiv./L)/TAS (mmol Trolox Equiv./L) X 100]
[33].

Statistical analyses

According to the reference study results
[29], they had a large effect size (d=2.08).
Assuming we can achieve a lower effect size
level (d=1), a power analysis was performed
before the study. Accordingly, when at least
28 participants (at least 14 for each group)
were included in the study, that would result
in 80% power with 95% confidence level (5%
type 1 error rate). Considering that there may
be loss of participants, 2 more people were
added to the exercise group and 16 people
(total 32 people) were included in the study.
All statistical analyses were performed using
SPSS 25.0 software (IBM SPSS Statistics 25
software (Armonk, NY: IBM Corp.)). Continuous
variables were expressed as mean * standard
error (SE). Shapiro—Wilk test were used for
testing normality. For independent groups
comparisons, when parametric test assumptions
were provided we used Independent samples
t test and when parametric test assumptions
were not provided we used Mann-Whitney U
test. For pairwise comparisons; if parametric
test conditions were satisfied Paired Samples t
test and Repeated Measures ANOVA (post hoc:
Bonferroni method) was used; and if parametric
test conditions were not satisfied Wilcoxon
signed rank test and Friedman test (post hoc:
Wilcoxon signed rank test with Bonferroni
correction) was used. P<0.05 was considered
statistically significant.

Results
Demographic features

Demographic  characteristics of  the
participants are demonstrated in Table 1.
Weight, height, Body mass index (BMI) and
lean body mass (LBM) of prediabetic individuals
were not different from control. However,
the body fat percentage (BFP) values of the
prediabetic exercise group obtained at week
12 were lower than that of the control group
measured at the same week. The alteration was
statistically significant (p=0.022). Body weights
(p=0.0001), BMI (p=0.0001), BFP (p=0.0001)
of the prediabetic exercise group observed at
the 4" and 12" weeks were significantly lower,
LBM (p=0.017, p=0.004, respectively) higher
compared to the 1%t week measurements.
Similarly, body weight (p=0.0001), BMI
(p=0.0001) and BFP (p=0.0001) of the
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Table 1. Demographic characteristics of the individuals

CONTROL PREDIABETIC EXERCISE

1t week 12" week 1t week 4 week 12 week

Mean*SE Mean *SE Mean*SE Mean *SE Mean *SE
Weight (kg) 76.68+3.26 77.05+3.47 81.56+2.04 79.91%£2.04* 78.17+£2.19***
Height (m) 1.6+0.02 1.6+0.02 1.56+0.01 1.56+0.01 1.56+0.01
BMI (kg/m?) 30.16+1.22 30.29+1.26 33.51+£0.78 32.83%0.76* 32.05+0.79***
BFP (%kg) 32.6940.73 32.91+0.68 34.46+0.66 32.49%0.68* 30.39£0.67+%***
LBM (kg) 51.5+2.06 51.561+2.14 53.41+1.33 53.9%1.38* 54.39+1.57***

BMI: Body mass index, BFP: Body fat percentage, LBM: Lean body mass
Mean + Standard Error (SE), *: difference from 1% week exercise group

**: difference from the 4" week exercise group
# difference from 12" week control group, p<0.05

prediabetic exercise group obtained at week 12
were lower, whereas LBM was higher compared
to the 4™ week.

Body circumference measurements

Table 2 shows that, right arm circumference
of prediabetic patients was significantly higher
than healthy individuals at the beginning of the
study (p=0.031). Similarly, arms of prediabetic
group were found to be thicker compared to
control on the 12" week. The differences were
statistically  significant (p=0.007, p=0.012,
respectively). The NW exercise applied for 4
weeks resulted in an increase in the left arm
circumference (p=0.041) and a decrease in the
chest circumference (p=0.024) of the prediabetic
individuals. NW exercise of 12 weeks resulted

in a statistically significant decrement in waist
(p=0.0001, p=0.01, respectively), hip (p=0.0001,
p=0.019, respectively), right (p=0.0001,
p=0.014) and left thigh (p=0.0001, p=0.024),
chest (p=0.0001, p=0.024, respectively)
circumference, but increment in right (p=0.0001,
p=0.014, respectively) and left (p=0.0001,
p=0.019, respectively) arm circumference
compared to 1°t and 4" week measurements.

Flexibility measurements

Flexibility of prediabetic individuals assessed
by sit-reach test was not different from control
(Figure 2). Exercising for 12 weeks (NW)
resulted in increment of flexibility in prediabetic
patients (p=0.01).

Table 2. Body Circumference measurements of the groups

CONTROL PREDIABETIC EXERCISE

1° week 12" week 1t week 4™ week 12" week

MeantSE Mean £tSE MeantSE Mean *SE Mean SE
Waist Circumference (cm) 98.86+3.18 99.46+3.04  107.91+#2.32 106.25+2.36 104.67+2,55***
Hip Circumference (cm) 112.89+2.7 113.0422.72 117.94+1.52 116.22+1.51 114.47+1.63***
Right Thigh Circumference (cm) 50.96+1.54  51.18+1.62 53.78+0.74  53.19+0.74 52.4£0.75***
Left Thigh Circumference (cm)  50.68+1.55  50.96+1.62  53.72+0.7 53.13+0.71 52.4740.74***
Right Arm Circumference (cm) 30+0.9 30.21£0.91  33.03%0.76*  33.59:0.74 34.1£0.81%***
Left Arm Circumference (cm) 29.89+0.83 30.18+0.87  32.59+0.79  33.22+0.77* 33.8+0.84#***
Chest Circumference (cm) 103.43+2.41 103.5%2.39  108.31+1.67 106.97+1.64* 105.57+1.73***

Mean + Standard Error (SE), # difference from first week control group

#: difference from twelfth week control group, *: difference from first week exercise group

**: difference from fourth week exercise group, p<0.05
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Fatigue assessments of the exercise group

Figure 3 demonstrates that, the prediabetic
patients stated they feel tired following NW
compared to pre-exercise (p=0.0001).

Fasting blood glucose assessment

Fasting blood glucose values of prediabetic
patients were significantly higher than the
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healthy group, as expected (Figure 4, p=0.001).
NW exercise applied for 12 weeks caused
decrement of fasting blood glucose levels
compared to the 15t week in patients (p=0.0001).

Determination of fasting insulin value

Figure 5 demonstrates that, while fasting
serum insulin levels of prediabetic individuals

Figure 3. The Borg Rating of Perceived Exertion (RPE) scale of the exercise groups

(BE: Before Exercise, AE: After Exercise, Mean + Standard Error (SE), *: difference from pre-exercise, p<0.05)
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Mean + Standard Error (SE), #: difference from first week control group, p<0.05

were higher than healthy adults in the 15t week caused a decrease in HbA1c of the patients
(p=0.013), this value declined towards control (p=0.006, Figure 6).

levels with exercise. . . .
Calculation of Insulin Resistance (IR)

Determination of hemoglobin A1c ) o
HOMA-IR scores of prediabetic individuals

HbA1c values of prediabetic individuals were were higher than healthy subjects (p=0.004);
statistically significantly higher than healthy 12 week of NW did not induce a statistically
subjects (p=0.021); 12 weeks of exercise significant fall in IR (Figure 7).
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Figure 6. HbA1c measurements
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Figure 7. HOMA-IR measurements
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Adipokine assessments

Serum irisin (Figure 8), preptin (Figure
9) and resistin (Figure 10) concentrations of
prediabetic patients were not different from
control. Additionally, the NW protocol applied did
not cause any statistically significant alteration
in serum adipokine levels.

Red blood cell (RBC) deformability
measurements
Baseline erythrocyte deformability of

prediabetic group was not different from control

@™ e <<00 @ o\s“ P

CONTROL

(Table 3). The elongation index (El) values
measured at 0.53-9.49 Pa shear stresses
following exercise were significantly different
than preexercise levels at 4" and 12" weeks.
(At 4" week, p=0.026 for 0.53 Pa, p=0.017 for
0.95 Pa, p=0.006 for 1.69 Pa, p=0.02 for 3.00
Pa, p=0.01 for 5.33 Pa, p=0.005 for 9.49 Pa;
at 12" week, p=0.044 for 0.53 Pa, p=0.005
for 0.95 Pa, p=0.008 for 1.69 Pa, p=0.01 for
3.00 Pa, p=0.027 for 5.33 Pa, for 9.49 Pa,
p=0.023). In addition, the El values of the 12"
week after exercise group were higher at 0.30
(p=0.004) and 0.53 (p=0.024) Pa shear stresses
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Figure 8. Serum irisin concentrations
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Figure 9. Serum preptin measurements
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Figure 10. Serum resistin levels
BE: Before Exercise, AE: After Exercise, Mean + Standard Error (SE)
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Table 3. Erythrocyte deformability values

shear
stress Control Prediabetic Exercise
(Pa)
15t week 15t week 15t week 4" week 4t week 12t week 12t week
MeantSE BE AE BE AE BE AE
MeanzSE MeanzSE MeanzSE MeantSE MeantSE MeantSE
0.30 0.0410 0.030 0.02+0 0.03+0.01 0.04%0 0.04£0.01 0.06%0.02*
0.53 0.08+0.01 0.06+0.01 0.06+0.01 0.06+0.01 0.07+0.01** 0.08+0.01 0.08+0.01***
0.95 0.17%0.01 0.15+0.01 0.15+0.01 0.15+0.01 0.16+0.01*** 0.16+0.01 0.17%0.01**
1.69 0.28+0.01 0.26+0.01 0.26+0.01 0.26+0.01 0.27+0.01** 0.27+0.01 0.28+0.01**
3.00 0.38+0.01 0.38+0.01 0.38+0.01 0.38+0.01 0.39%0.01** 0.38+0.01 0.39%+0.01**
5.33 0.47+0.01 0.47+0 0.47+0.01 0.47+0.01 0.48+0.01** 0.47+0.01 0.48+0.01**
9.49 0.54+0.01 0.54+0 0.54+0 0.53+0.01 0.54+0** 0.54+0.01 0.55+0.01**
16.87 0.58+0.01 0.58+0 0.58+0 0.58+0.01 0.58+0** 0.58+0.01 0.59+0.01
30.00 0.61+0 0.61x0 0.61+0 0.6+0.01 0.61x0** 0.61+0.01 0.61+0

BE: Before Exercise, AE: After Exercise, Mean + Standard Error (SE)
*: Difference from first week AE, **: Difference from BE, p<0.05
compared to the 1t week AE group. RBC
deformability obtained at 0.95 Pa shear stress
at the 4" week after exercise group was higher
than 1%t week after exercise group (p=0.030).
Erythrocyte deformability measured at shear
stresses of 16.87 and 30 Pa on the 4" week
following exercise was increased compared to
pre-exercise levels of the same week (p=0.033
and p=0.04, respectively).

Determination of serum total oxidant (TOS),
antioxidant status (TAS) and oxidative stress
index (OSI)

In the prediabetes group, TOS (p=0.015)
and OSI (p=0.013) values in the blood obtained
after the first exercise session were found to
be lower than before exercise (Figure 11 and
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Figure 11. Serum TOS measurements

BE: Before Exercise, AE: After Exercise, Mean + Standard Error (SE)
*: Difference from BE, p<0.05
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13). Figure 12 shows that TAS value obtained
following exercise at the 12" week was
statistically significantly lower than that of the 4"
week (p=0.009).

Discussion

Lifestyle changes involving exercise and
diet constitute conventional treatment of
prediabetes, type 1 DM and T2DM [34]. Walking
exercise has been shown to prevent T2DM in
people with impaired glucose tolerance [35].
NW is an exercise that combines walking with
a high level of body coordination using batons
[36]. Bone / joint pain of the lower limbs is one
of the factors that negatively affect individuals’
adaptation to walking exercise. A significant
proportion of prediabetic and diabetic individuals
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Figure 12. Serum TAS values

BE: Before Exercise, AE: After Exercise, Mean + Standard Error (SE)
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Figure 13. Serum oxidative stress index (OSI) calculations

BE: Before Exercise, AE: After Exercise, Mean + Standard Error (SE)
*: Difference from BE

are overweight or obese. The excessive load
makes exercise more difficult for the lower
extremity, which is already forced due to weight.
NW exercise is also a suitable exercise type for
overcoming this problem. Compared to walking,
the stress applied to the lower limb during NW
decreases approximately by 30% [36]. This type
of exercise results in relatively higher energy
expenditure with the participation of the upper
body [37]. NW has been shown to increase
aerobic capacity, muscle strength, balance and
psychological well-being [21]. In the literature,
there is no study investigating serum resistin
levels, erythrocyte deformability and oxidative
stress in response to NW exercise in prediabetic
individuals.

The results of the current study may
be summarized as follows; The 12-week
progressive NW exercise led to a decrease in
BMI and BFP of prediabetic individuals and
an increase in LMB. While decreasing waist,
hip, thigh and chest circumference, it caused
increment of flexibility and arm circumference.
The exercise protocol applied herein, returned
initial high fasting blood glucose, fasting
serum insulin and HbA1c levels of prediabetic
individuals to control levels. Serum irisin, preptin

and resistin levels were not affected. The NW
applied led to acute and long-term increases in
RBC deformability of prediabetic individuals. The
first exercise session in prediabetic individuals
caused a decrease in TOS and OSI with an
acute effect. TAS values obtained after exercise
at the 12 week, were found to be lower than
the 4" week after exercise group.

Fritz et al. [38] investigated the effects of NW
exercise applied as a home exercise prescription
for 4 months and 5 hours / week on a total of
212 individuals with normal glucose tolerance,
impaired glucose tolerance and T2DM with
an average age of 61 years. As a result, they
found that the weight and BMI of individuals
with impaired glucose tolerance and T2DM did
not change, while that of healthy individuals
decreased. The researchers attributed these
results to the possibility that the home exercise
program may not have been applied exactly
as recommended. In our study, the 12-week
progressive NW exercise applied in 65% of
HRmax caused weight loss in prediabetic
women, decreased BMI and BFP, and
increased LBM. The waist, hip, thigh and chest
circumference of the subjects decreased while,
arm circumference increased. The increase in
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the arm circumference of the subjects may be
due to the effective functioning of the upper
extremity during NW. Exercise training applied
caused an increase in the flexibility of the
subjects evaluated by sit-and-reach test. Our
subjects of sedentary prediabetic women with
the age of 40-65 stated that they were very
tired at the end of the exercise sessions. The
subjects also pointed out that they were aware
of the positive alterations in their body and were
satisfied with the process despite fatigue.

The subjects of our study consist of women
who have been diagnosed with prediabetes by
an internal medicine physician and have not
started any medication. The first 4 weeks of NW
exercise caused a decrease in fasting blood
glucose of the subjects. Progressive exercise
program was applied to the subjects, and the
exercise time was extended to 50 minutes after
the 4" week. At the end of the 12" week, fasting
blood glucose, serum insulin, HbA1c levels and
HOMA-IR scores of the prediabetic individuals
decreased to control values. These results
suggest that the applied NW exercise program
is highly effective in preventing / delaying the
development of T2DM in prediabetic individuals.

Rowan et al. [39] (2017) investigated the
effects of two different combined exercise
training in prediabetic women aged 30-65 years
with HbA1c of 5.7-4.4%. The subjects received
continuous aerobic exercise + resistance
exercise and high intensity interval exercise
training + resistance exercise, 3 days a week,
for 3 months. Continuous exercise was applied
at 50-60% of HRmax and high-intensity interval
exercise at 90%. No difference between
continuous aerobic exercise and high intensity
interval exercise in the metabolic markers
of prediabetes was observed. At the end of
the exercise, 0.5% decrease in HbA1c of the
subjects, 34.8% decrease in HOMA-IR scores
and 28.9% increase in beta cell functions were
reported. Exercising in 90% of HRmax is quite
difficult for 30-65 year old people and may
cause additional problems / complications. Our
study was performed for 12 weeks and 65% of
HRmax. We observed 11% reduction in fasting
blood glucose, 28% in serum insulin level, 8% in
HbA1c, and 33% in HOMA-IR score.

The ability of the RBC to deform is of crucial
importance for performing its function of oxygen
delivery. Erythrocyte deformability is also a
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determinant of the cell survival time in the
circulation [40, 41]. T2DM is characterized with
impaired hemorheological parameters which
intensify with increasing age [42]. In addition,
high blood glucose and obesity are associated
with reduced RBC deformability along with
impaired erythrocyte membrane properties [43].
A study with T2DM and prediabetic individuals
demonstrated that fibrinogen / El, a fibrinogen-
adjusted elongation index value, correlates with
diabetic nephropathy [44]. We observed that
RBC deformability of prediabetic individuals
was similar to healthy people. On the other
hand, when NW exercise was performed for 4
weeks, an increase in erythrocyte deformability
of prediabetic individuals was detected. After the
4™ week, the exercise duration was extended
up to 50 minutes/day. RBC deformability of
the 12" week AE group was higher compared
to 12" week BE group and 1%t week AE
group measured at 0.53 Pa. Thus, our data
show that progressive NW exercise causes
acute and long-term increases in erythrocyte
deformability in  prediabetic  individuals.
Increased erythrocyte deformability; may
improve the use of oxygen by working muscles,
which may then increase aerobic performance
[45]. Enhanced RBC deformability reduces
the burden on the cardiovascular system,
thereby leading to a reduced risk of possible
cardiovascular complications in the future [40].
It has been suggested that the deterioration in
hemorheological parameters is more effective
than hyperglycemia on IR in cases of diabetes
lasting more than 15 years [46]. This information
shows that the increase in erythrocyte
deformability in response to NW exercise can
be even more important for the progression of
the disease in long term. NW exercise applied to
prediabetic individuals not only affects glucose
metabolism and lowers blood glucose, but also
contributes to tissue blood supply by increasing
erythrocyte deformability.

Reactive oxygen species (ROS) play a role
in the pathogenesis of many diseases, including
diabetes [47, 48]. Chronic high glucose
increases substrates in energy metabolism,
which may result in more ROS production in
the body [49]. Long-term exercise training is
recommended to reduce oxidative stress in
many disease populations, including T2DM
[50]. However, the intensity of exercise required
for the optimal change in redox homeostasis is
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still controversial [51-53]. Antioxidant activity
may also be reduced in diabetic individuals but
can be improved by exercise [54]. On the other
hand, Malin et al. [55] applied two different acute
and high intensity acute exercise protocols to
prediabetic individuals with a mean age of 52
and examined the oxidative stress markers.
They showed that there was no statistically
significant alteration in oxidative stress markers
after a single exercise session.

Erythrocytes are susceptible to oxidative
damage due to their continuous exposure to
oxygen, their polyunsaturated fatty acid rich
membranes, membrane skeletal proteins and
heme contents [56]. It is known that oxidative
damage contributes to their dehydration and
rigidity by affecting the ionic homeostasis
of erythrocytes, thus negatively affecting
erythrocyte deformability and their passage
through microcirculation [57-60]. The formation
of free oxygen radicals also leads to cross-
links between cell membrane proteins and
hemoglobin, resulting in reduced deformability
of erythrocytes [61-63]. We observed that,
basal TOS, TAS and OSI levels of prediabetic
individuals were not different from healthy
subjects. NW exercise caused a decrease in
TOS and OSI with acute effect in prediabetic
individuals. TAS measured in prediabetic
patients on the 12" week post- exercise, was
lower than the 4" week value determined
after exercise. Acute reductions in oxidative
stress parameters in prediabetic individuals
in response to NW exercise are important in
terms of the fact that the first exercise session
for individuals who are completely sedentary,
overweight and who have impaired glucose
metabolism may induce protective effects for
the body.

Altered adipokine concentration is one
of the primary defects in obesity which is
associated with prediabetes, T2DM, liver
diseases, cardiovascular diseases and may
be considered as one of the early symptoms of
adipose tissue dysfunction [64]. In the literature,
there are conflicting data about adipokine levels
of prediabetic individuals and the effect of
exercise on adipokines, possibly depending on
the method used in measurement and the type
/intensity / frequency / duration of the exercise.
Duran et al. [65] demonstrated that, circulating
irisin levels of individuals with impaired fasting

glucose + impaired glucose tolerance and
T2DM were lower than individuals with normal
glucose tolerance. Safarimosavi et al. [29] found
a significant decrease in circulating irisin levels
after 12 weeks of exercise training in prediabetic
patients. On the other hand, when prediabetic
40-65 years old male subjects were exercised
at 75% of VO,max, for 45 minutes, 4 days a
week, for 12 weeks; plasma irisin levels were
unchanged in response to acute exercise. On
the 12" week, post-exercise plasma irisin levels
were decreased compared to basal but, returned
to normal within 2 hours. The initially high irisin
levels of prediabetic patients decreased slightly
in response to chronic exercise. However, the
statistical difference between prediabetic and
healthy individuals still persisted [66]. In our
study, no statistically significant difference was
found between serum irisin levels of prediabetic
individuals and the control group. In addition,
the NW exercise program applied did not alter
serum irisin levels of prediabetic individuals.

Preptin is synthesized and secreted in
pancreatic beta cells like Insulin-like growth
factor 2 [8]. Plasma preptin levels of individuals
with T2DM were reported to be higher than that
of healthy people and subjects with impaired
glucose tolerance [10]. Safarimosavi et al.
[29] have shown that serum preptin levels do
not change with aerobic exercise equivalent
to the maximum fat consumption similar to our
exercise protocol. On the other hand, Bu et al.
[67] reported that high glucose concentrations
in prediabetic patients lead to higher preptin
levels compared to individuals with normal
glucose tolerance. It has been suggested that
preptin secretion as a result of high glucose
concentration leads to insulin secretion through
calcium-dependent pathway. Serum preptin
levels were shown to decrease following
intensive, intermittent and continuous aerobic
exercise, which is equivalent to anaerobic
intensity. Researchers have suggested that this
decrease may be due to a decrease in exercise-
related glucose concentration [29].

Recent research shows that adipose tissue
is an active endocrine tissue that secretes
hormones such as adiponectin, resistin, and
leptin [68, 69]. Researchers have suggested
that resistin may be a factor that increases
the development of cardiovascular diseases
associated with diabetes [70]. Adipocytokines
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may play role in the etiology of inflammation,
atherosclerosis, obesity, IR and T2DM [68,
69]. Jamurtas et al. [71] reported that the
45-minute acute endurance training at 65%
VO,max did not affect resistin levels of up to
48 hours after exercise in overweight men.
Balducci et al. [72] conducted studies with 20
T2DM individuals aged 40-75 years. Aerobic
exercise was applied 2 days a week, 60 minutes
at 70-80% VO2max for 12 months. When the
resistin levels of exercise and control groups
were compared at the end of the study, no
significant difference was found. The findings of
Giannopoulou et al. [73] are also consistent with
these results. In the literature, there is no study
investigating the effects of exercise training on
serum resistin levels in prediabetic individuals.
However, as summarized above, the results
of studies that did not show any difference in
serum resistin levels due to exercise in T2DM
patients are consistent with our study. In our
study, we observed that 12-week progressive
NW exercise in prediabetic individuals did not
alter serum resistin levels.

In conclusion, the results of the current
study demonstrate that 12-week progressive
NW exercise may contribute to the prevention
of the development of diabetes in prediabetic
women. In addition, it has been observed that
NW exercise protocol may also contribute to
tissue oxygenation by inducing increment in
erythrocyte deformability with acute and long-
term effect. NW exercise also causes beneficial
effects by reducing oxidants in the early period.
Adipokines as irisin, preptin and resistin do not
seem to be involved in these effects. Our data
show that NW exercise may be recommended to
prediabetic individuals as an effective exercise
model to prevent development of diabetes
and associated complications. Further studies
involving male subjects and other disease / age
groups are necessary to clarify the widespread
effects of NW exercise.

Conflict of interest: No conflict of interest was
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