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Abstract
Objectives: This study examined the effects of 6-week Nordic walking (NW) workout with individually customized intensity,
on the body composition, and oxidative stress biomarkers for women > 55 years of age. Material and Methods: Sixteen
sedentary women (age 58.1±2.02 years old, body mass index (BMI) 26.74±2.72 kg/m2) worked out the NW 3 times/week
over the 6-week period. Training intensity, which reflected the dominance of oxygen metabolism, was determined based
on changes in physiological indicators during graded exercise on a treadmill (walking with poles). The body composition
and oxidative stress biomarkers in blood were measured before and after the exercise routine. Results: After the training
period, body weight, body fat percentage, body mass index and uric acid levels in serum decreased significantly (p < 0.05).
At the same time the plasma total antioxidant status increased considerably (p < 0.05), while the total oxidative status and
the oxidized low-density lipoproteins concentration levels did not change significantly (p > 0.05). Conclusions: Within
a relatively short time, the Nordic walking with the customized intensity level focused on the dominance of fat metabolism,
decreased body fat and improved the blood antioxidant defense system for previously sedentary women. Int J Occup Med
Environ Health 2017;30(3):445–454
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INTRODUCTION
Regular physical activity helps to alleviate age-related involutional changes which occur in human body, it prevents
the negative effects of hypokinesia [1], and slows down decline in maximal aerobic capacity [2]. It is also well known
that physical exercise helps in reducing body weight and
body fat [3], which tend to increase with age [4,5].
Consistent physical activity plays an important part in
improving the protection of the body against harmful effects of oxidation processes [6]. It has been proven that
aerobic workout may reduce the levels of oxidative stress
markers and improve the antioxidant defense system in
blood [7,8]. These changes probably manifest the body’s
adaptation to repeated oxidative stress induced by exercise, which activates moderate production of reactive oxygen species (ROS) and reactive nitrogen species (RNS)
in contracting skeletal muscles [9], and may stimulate
adaptive increase in antioxidants as well as improvement
of deoxyribonucleic acid (DNA) repair processes. As a result the cellular resistance to oxidative damages increases,
which may contribute to delaying the aging process and
decreasing the occurrence of diseases associated with oxidative stress [10,11].
The Nordic walking (NW) has recently become a popular
form of physical activity, especially among the population
of older people. It has been proven that walking with poles
engages the upper parts of the body to a larger extent than
a regular march [12], therefore seems to be a stronger
training stimulus for the body.
Despite the growing interest of researchers in this form
of physical activity, the impact of regular walking with
sticks on aging body is still scantily documented in the literature. In particular, the response of body’s antioxidant
mechanisms to this exercise is unclear. Therefore the key
objective of this study has been to determine the impact of the 6-week NW exercise routine with individualized intensity level, focused on the dominance of fat
metabolism, on the indicators of body composition and
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concentration of oxidative stress markers in the blood,
for women > 55 years of age. Instead of previously used
observation techniques, in which the intensity of exercises
during the NW workouts was traditionally determined
by using objective (heart rate – HR, percent of maximal
heart rate – %HRmax, metabolic equivalent of task – MET)
[13–15] or subjective methods (e.g., based on subjective
perception of exertion or walking speed) [16–18], a nonstandard, precise method of determining and controlling
the intensity of exercise was selected in order to achieve
the domination of fat metabolism during exercise. Currently, there is no data available regarding the effects of
the Nordic walking training with such intensity level on
women’s health.
MATERIAL AND METHODS
Selection of the subjects
The study involved 16 women in the 56–62 age range, selected from the group of volunteers willing to participate
in the research. The sample size was selected taking into
account the strict monitoring of the training process using
specialized measuring equipment and supervision of each
training session by specialists.
The eligibility criteria included no medical contraindications to undergo stress test, good overall health (no diagnosed cardiovascular, pulmonary, metabolic, neurological and oncological diseases), post-menopause, nonsmoking and non-drinking status (at least 4 weeks prior to
the study), no previous experience of walking with poles
or regular walking for exercise and a low level of physical activity according to the International Physical Activity
Questionnaire (IPAQ) – Polish short version [19].
The individuals, who took medication or supplements
with vitamins and mineral compounds which could affect
the total antioxidant status (TAS) or the other variables,
were excluded from participation. The subjects were instructed not to change their usual diet nor alter their physical activity habits during the study.
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Ethics
All participants provided a written consent to take part
in the study. The research project obtained the approval of the Bioethics Commission for Scientific Research at the Regional Medical Chamber in Kraków,
Poland (No. 83/KBL/OIL/2011).
Experimental procedure and protocols
The research schedule included a pilot study, which was
meant to familiarize the participants with the testing
procedure, and 2 series of identical main tests, the first
one carried out before the start of the exercise routine
and the second one – on the 3rd day after its completion
(to minimize acute effects of exercise). The main tests
methodology was carried out in 2 stages. In the 1st stage
the levels of anthropometric and body composition
indicators were determined and blood samples were
collected for biochemical analysis. In the 2nd stage
the women, after learning the proper Nordic walking
technique, performed exercise with gradually increasing
intensity (graded exercise – GE) on a treadmill, consisting of walking with poles (the Nordic walking graded
exercise – NWGE), during which the cardiorespiratory
fitness indicators were recorded. Values for the physiological indicators, including the energy expenditure,
were used for determining individual exercise intensity
for each woman.
Training description and monitoring
After completion of the baseline tests, all participants
started the series of 18 workout sessions. The 90-min sessions 3 times a week were conducted by a certified instructor for 6 weeks in the morning hours (not sooner
than 2 h after a light meal). Each workout session consisted of a warm-up activity (15 min), a walk with poles
on a flat grassy path with individually customized intensity
level (60 min) and a cool-down phase (15 min) which included relaxing and stretching exercises.
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The exercise intensity selection for the workouts was geared
at the maximum rates of mobilization of fat reserves. Efficient use of energy sources which consist of free fatty acids (FFA) was attempted by determining exercise intensity
based on the level of selected physiological parameters recorded in the graded exercise on a treadmill (NWGE).
The optimal walk intensity was determined individually
for each person (based on the changes in the respiratory exchange indicators, such as the fraction of oxygen
in the expired air (FEO2), the respiratory exchanged ratio (RER) and minute oxygen uptake (VO2)) at the level,
at which the oxygen use by the body was the highest [20],
and the RER values fluctuated between 0.7 and 0.78.
Such intensity of walk with poles, mainly engaged aerobic
metabolism of free fatty acids. Accordingly, in this range
of the RER values, the participation of fat metabolism in
energy release was 73.7–100% [21].
The pulse rates registered at such intensity of exercise
allowed relatively precise determination of individual HR training range. During the walk, the subjects maintained the due heart rate (HR±4 beats/min) previously
set in the laboratory, which was monitored with the use of
telemetry. During 3 selected sessions (in 1st, 4th and 6th
week), 30 min into the main workout, respiratory exchange
indicators (VO2, FEO2, RER) were recorded with a portable ergospirometric device (Start 2000M, MES, Poland).
This enabled the control of the energy expenditure during
the exercise and, if necessary, modification of the individual physical load previously determined in the laboratory.
Anthropometric measurements
The body height (BH) was measured with the Martin anthropometer (GMP, Switzerland) to the nearest 0.1 cm. The body
mass (BM), lean body mass (LBM) and the percentage of
body fat (PF) were measured/estimated using the bioelectrical impedance analysis (BIA) via tetra-polar method using 8 touch electrodes (IOI – 353, Jawon Medical, Korea).
It was made clear that 12 h before the tests the examined
IJOMEH 2017;30(3)
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women should not perform any additional physical activities. The body mass index (BMI) was calculated by dividing
the body weight (kg) by the squared height (m).
Physiological parameters measurements
Graded exercise (NWGE) was performed on h/p/cosmos
saturn 250/100R treadmill (h/p/cosmos, Germany) not
sooner than 2 h after a light meal. It began with a 3 min
warm-up at an initial walking speed of 1 m/s, which was
then increased by 0.25 m/s every 3 min. The exercise lasted
no longer than till the 5th load segment, i.e., the walking
speed of 2 m/s. During the exercise the heart rate (HR)
was recorded continuously, and the respiratory exchange
indicators were measured every 30 s by means of the Start
2000M ergospirometric device (MES, Poland). The HR
was recorded by means of Polar 610 S and Polar Team2
(Polar Electro, Finland).
Biochemical analyses
Blood samples were taken 3 days before the 1st training
session and 3 days after the last training session, after
overnight fasting, from the vein located in the cubital
fossa, after 30-min rest in sitting position. Immundiagnostik AG (Germany) colorimetric test was used for
assessing the determination of total antioxidant status (TAS) (sensitivity 130 μmol/l) (ImAnOx, KC 5200)
and total oxidant status (TOS) (sensitivity 7 μmol/l)
(PerOx, KC 5100) in plasma, while the immunoenzymatic method (enzyme-linked immunosorbent assay – ELISA) (sensitivity 4.130 ng/ml) (ox-LDL, K 7810) was used
for determining concentration of oxidized low-density
lipoproteins (ox-LDL). The ElizaMAT 3000 Microtiterplate Reader (DRG International, Inc, USA) was used
for assessing TAS, TOS and ox-LDL.
The concentration of uric acid (UA) in serum was measured by the ARCHITECT ci8200 analyser (Abbott, USA)
using the enzymatic colorimetric method (Uric Acid test,
Abbott, USA).
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The values of biochemical indices after the course of workouts were corrected by changes in plasma volume (%∆PV)
using the formula suggested by Kraemer and Brown [22].
To calculate the %∆PV the formula proposed by Dill
and Costill [23] was used with Harrison et al.’s modification [24]. For this purpose, before and after the course
of workouts, the hemoglobin (Hb) concentration in the
whole blood was measured by means of Drabkin’s method, and the hematocrit (Hct) value was assessed by means
of the microhematocrit method.
The blood samples were stored at temperatures < –70°C
until assayed.
Statistical analyses
The statistical analysis was performed by means of
the Statistica 10 software for Windows (StatSoft). The results were presented as the mean (M) ± standard deviation (SD) and 95% confidence intervals (CI). Changes (∆)
in indicator levels resulting from the workout with the assumptions of distribution normality were analyzed using
the Student’s t-tests for related samples [25].
The level of p < 0.05 was considered as statistically significant.
RESULTS
The average age of the women was 58.1±2.02 years old
and their mean height was 160.3±5.03 cm. Participants
had a mean BMI of 26.7±2.72 kg/m2. According to
the World Health Organization (WHO) these values indicate overweight (pre-obesity) [26]. The high body fat percentage in the total body weight (PF > 32%) indicated its
excess [27] (Table 1).
After the 6-week exercise routine the body mass (BM) decreased significantly by an average of 0.72±0.75 kg and
the body fat percentage (PF) decreased by 0.43±0.53%.
The average BMI value decreased significantly by
0.29±0.29 kg/m2 (Table 1), while the LBM did not change
significantly.
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Table 1. Effects of 6-week Nordic walking (NW) for 16 women > 55 years of age – body composition indicators, and oxidative stress
biomarkers concentration before and after training period
Variable
Body mass (BM) [kg]
Body mass index (BMI) [kg/m2]
Body fat (PF) [%]
Lean body mass (LBM) [kg]
Total antioxidant status (TAS) [μmol/l]
Total oxidant status (TOS) [μmol/l]
Uric acid (UA) [μmol/l]
Oxidized low-density lipoprotein (ox-LDL) [ng/ml]

Parameters of respondents
(M±SD)
before NW
68.84±8.62
26.74±2.72
34.66±3.19
44.79±4.41
314.10±40.32
292.66±141.57
285.46±55.88
79.99±54.18

after NW
68.11±8.42
26.44±2.69
34.23±3.15
44.61±4.35
353.70±45.36
330.92±145.95
261.39±49.50
74.57±42.38

95% CI

p

0.33–1.12
0.14–0.45
0.41–0.71
–0.18–0.54
–65.34–(–13.86)
–104.58–28.07
4.28–43.85
–10.36–21.20

0.002
0.001
0.006
0.299
0.005
0.238
0.020
0.475

M – mean; SD – standard deviation; CI – confidence interval.

Table 2. Effects of 6-week Nordic walking (NW) for 16 women > 55 years of age – changes in hematological indices and plasma
volume after the training period
Parameters of respondents
(N = 16)
(M±SD)

Variable
Hematocrit (Hct) [%]
Haemoglobin (Hb) [g/dl]
Changes in plasma volume (%∆PV) [%]

before NW
40.16±2.69
13.63±0.94
–

after NW
40.49±2.24
13.49±1.00
0.67±4.38

M – mean; SD – standard deviation.

After the series of workouts a significant increase in
the total antioxidant status (TAS) in plasma was reported
by 39.6±48.3 μmol/l. However, no significant changes in
the concentration of lipid peroxidation products (TOS) in
plasma were noted. In the initial measurements, the average concentration of the UA was within the reference
values (range: 180–420 μmol/l) [28], and after the exercise routine it dropped in the statistically significant
way (∆ = –24.07±37.13 μmol/l). The concentration of
oxidized low-density lipoproteins (ox-LDL) in plasma did
not change significantly (Table 1).
The values of biochemical indices after the training
period were corrected by the changes in the plasma
volume (Table 2).

DISCUSSION
The exercise routine that the women were subjected to resulted in a modest, yet statistically significant decrease in
body weight, BMI, and percentage of body fat. This is in
line with the previous reports which signaled that regular
walking exercise with poles (during 8–13 weeks) could result in reduced body weight and fat deposits in previously
sedentary middle-aged women [13–18].
It needs to be emphasized, however, that in our study a significant loss of body weight and fat percentage was noticed
as early as 6 weeks into the exercise routine, which could
result from the aptly customized exercise intensity. Considering that aging is associated with a progressive increase
in fat mass [29], emphasis was put on the intensification
IJOMEH 2017;30(3)
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of fat metabolism during exercise. It was taken into account that during exercise the highest level of fat oxidation
falls between the intensity of 45% and 65% of maximal
oxygen uptake (VO2max), yet the specific VO2max percentage at which it is achieved shows interindividual variation, also determined by sex, diet and fitness level [30,31].
Therefore, the exercise intensity at trainings was individually determined based on the measurement of changes
in respiratory parameters (FEO2, RER, VO2) and heart
rate (HR) in the graded exercise.
It was assumed that the exercise intensity played a significant role in the workout routine for elderly people, and
the physical strain should be characterized by intensity at
which the oxygen consumption by the body is the highest,
and the respiratory exchange ratio (RER) remains within
the range corresponding to the dominance of fat energy
metabolism.
As the type of exercises at a given intensity determines
the amount of fat burnt [30], the above physiological
indices were evaluated during treadmill walking with
poles. Since the NW on treadmill does not reflect reliably the same physical effort in the field [32] in selected
walking sessions, the same physiological indices were controlled and recorded by means of a portable ergospirometric device. Any possible differences in results were the basis for verification of the initially determined HR exercise
ranges. Such meticulous selection of intensity, according
to the authors, was a strong point of the approach used
for this exercise routine purposes. Some scientific data
indicates that physical exercise with customized intensity
aimed at increased mobilization of fat reserves has a positive impact on fat oxidation, body composition and insulin
resistance [33,34].
Aging is associated with increased oxidative stress, which
plays an important role in pathogenesis of many diseases [35,36]. Our observations show that the NW routine
with the customized intensity level stimulates the antioxidant protective barrier in women’s bodies, which is
450
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confirmed by the significant increase in the TAS concentration in plasma. This findings are in line with the results
of the previous study which showed that even in a short
time (6-week) a properly composed aerobic exercise programme may have beneficial effects of antioxidant defense
system for previously sedentary women [37].
In monitoring the antioxidant defenses, the body’s nonenzymatic antioxidant network may be assessed through
the measurement of the total antioxidant capacity (TAC),
defined as the moles of radicals neutralized per 1 l of tested sample [38]. The detected increase in the TAS may be
explained by the phenomenon of hormesis [39]. According
to this theory, the mild oxidative stress, related to regular physical activity, causes adaptive changes in different
types of cells and improves their repair and antioxidant
systems. Consequently, cells become less prone to oxidative damages [40,41].
In contrast to the increased TAS, the lack of the reduced TOS concentration in this study suggests that reactive oxygen and nitrogen species could have been generated both during the exercise and in the post-exercise period
as a result of damage in myocytes. The inflammatory response and the process of phagocytosis in the muscle cells,
which have been microdamaged during physical activity,
are accompanied by the release of significant amounts of
reactive oxygen species, which was described by numerous
researchers [9,10,42].
Scientific evidence suggests that senescent organism is
more susceptible to oxidative stress generated by exercise due to the structural and biochemical changes promoting release of reactive oxygen species [43]. Significant
decrease of uric acid (UA) concentration in serum after
a period of trainings found in our study could therefore
have been the result of using this compound by working
muscles as an antioxidant during subsequent physical
efforts. In humans the UA is the end-product of purine
metabolism [44] and its increased synthesis is mainly observed during intense physical exercise. It is also known,
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that in the conditions of oxidative stress induced by exercise, muscles may absorb the UA from the bloodstream
and use it as one of the antioxidants [45].
Some scientific data indicates a high, positive correlation
between the TAS and UA concentration [46]. However,
in our study, the increase in the TAS was accompanied
by a significant decrease in the concentration of the UA
in serum. This reduction in serum uric acid should rather
contribute to the decrease in the TAS but the TAS was
increased in these participants. Even though uric acid
is considered an important antioxidant contributing to
the total antioxidant capacity of the plasma, the TAS concentration is also affected by other substances with antioxidant properties, such as ascorbic acid, α-tokoferol,
albumins, superoxide dismutase and glutathione peroxidase [47,48] which have not been measured in our
study. This is why this phenomenon requires further
explanation.
It is known now that elevated concentration of the
ox-LDL is associated with a higher risk of cardiovascular diseases [49] because the oxidative modification of
the LDL particle plays a key role in initiation and development processes of atherogenesis [50]. Although so far,
there is skimpy data on the effect of regular physical activity on resting levels of oxidized low-density lipoproteins,
the conclusions of some researchers suggest that chronic
physical activity may reduce the LDL particle susceptibility to oxidation [51], and lower the concentration of the
ox-LDL in blood [52].
With regard to the test results obtained by other authors [52], it seems that the 6-week training period, adopted in our study, was too short to imply a significant
reduction in the concentration of the ox-LDL levels in
plasma. It should be noted, however, that the average
ox-LDL concentration in plasma decreased after training
as compared to the baseline, which should be considered
a health benefit. Therefore, long-term studies of similar
exercise intensity are warranted.
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CONCLUSIONS
Our results demonstrate that even in a short period
of 6 weeks, the Nordic walking exercise generates numerous health benefits in an aging body, including the decrease
in body fat and improvement of antioxidant defense, while
a properly selected intensity seems to boost the effectiveness of such training. Considering that the sample size was
relatively small, further larger high-quality studies are warranted to confirm our results. It would also be advisable to
examine how under the NW training the concentration of
various antioxidants and other markers of oxidative stress
in blood changes selectively.
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