
DOI 10.26773/smj.201006

Sport Mont 18 (2020) 3: Ahead of Print� 3

Determining Factors of Physical Performance 
in an Exercise Stress Test in Women Practicing 
Nordic Walking
María Jódar-Reverte1, María José Paredes-Ruiz1, Vicente Ferrer-López1 and Ignacio Martínez-González-Moro1

1University of Murcia, University Institute for Researching Aging, Murcia, Spain

Abstract

The goal of this research is the Analyse the influence of age, experience and relative fat mass (RFM) on physical 
performance in women practising Nordic Walking during maximal treadmill exercise testing. The population was 
formed of 20 women, who underwent a maximum stress test with continuous electrocardiographic recording. 
The Bruce protocol on the ramp was modified with progressive increases in speed and incline. In addition, we 
measured their height, weight, and waist. A study of exhaled gases was carried out. Our population has an 
average RFM of 39.8±2.9. Experience subjects reach higher levels of intensity during the exercise, with a variable 
speed of 6.4±0.9 km/h, compared to newcomers at 5.6±0.7 km/h (p<0.05). We observe that with higher RFM, 
higher body mass index (BMI) and waist size index, there is a lower oxygen consumption (VO2) and metabolic 
equivalent (METS) (p<0.05). Likewise, a longer time increases both VO2 and METS (p<0.05). The results suggest 
that the indexes and anthropometric relationships RFM, BMI, and waist-size index (WSI) influence performance in 
women practising Nordic Walking. In addition, previous experience in this discipline is also an influential factor in 
the intensity of the exercise.  
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Introduction
Nordic Walking (NW) is a relatively new activity, which 

originated in Finland in 1930; since then, different investi-
gations have been carried out on its characteristics and ben-
efits (Jódar-Reverte, 2019). 

This activity consists of walking with canes specifically 
designed for this activity; it involves working both the upper 
and lower part of the body, respecting the joint alignment 
and reducing the impact on the joints (Padulo et al., 2018). 
Unlike the usual gait, in NW, the gait of an upright posi-
tion is adopted; the individual is tilted slightly forward, also 
requiring counter-lateral hand/foot coordination (Pérez-
Soriano et al., 2014). Likewise, it involves the active partic-
ipation of the upper limbs that exert the necessary force to 
contribute to the displacement, in this way, the movement 

ranges of the joints are much greater than in conventional 
walking (Song, Yoo, Choi, & Kim, 2012).

The Spanish Federation of Mountain and Climbing 
Sports (FEDME) states that it is a dynamic and rhythmic 
activity that can be suitable for everyone. According to the 
regulations of the FEDME, competitions are usually made 
on routes with a length between 10 and 42 km (FEDME, 
2019). Thus, due to the type of exercise that is performed, 
the duration of its sessions and the predominant metabolic 
characteristics, it can be considered an aerobic endurance 
sport (Tschentscher, Niederseer, & Niebauer, 2013).

Therefore, the performance of a stress test in labora-
tory conditions is adequate for the objective assessment 
of its participants regarding both health and performance 
(Geevar-Zachariah & Anoop, 2017). This test examines the 
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response of the heart to physical exercise; electrocardio-
graphic analysis (Balady et al., 2010) is used for the diag-
nosis, monitoring and prevention of ischemic heart disease 
(McSweeney et al., 2016) and monitoring the performance 
of athletes (Ronconi & Alvero-Cruz, 2011). In addition, by 
incorporating spirometric analysis, through the study of re-
spiratory gases, these practitioners will obtain information 
on the adaptation to exercise that can be evaluated regard-
ing the performance and planning of training (Arós et al., 
2000). In this manner, the data obtained in performing the 
ergospirometric test can be modified in order to develop or 
adapt the training plans to the physical capabilities of each 
individual (Mezzani, 2017).

In the literature referring to Nordic walking, studies 
that evaluate the influence of training programmes in NW 
in order to improve health stand out. These have been per-
formed in specific populations, such as people with diabetes 
(B. Gram, R. Christensen, C. Christiansen, & J. Gram, 2010), 
hypertension (Launois et al., 2018), overweight or obesity 
(Hagner-Derengowska et al., 2015) or Parkinson’s disease 
(Monteiro et al., 2017), among others. Most authors agree 
that NW is a relatively easy activity and that it can be used 
to counteract the negative aspects associated with inactivi-
ty, thus helping to maintain subjects’ optimal performance 
(Mansour, Gorce, & Rezzoug, 2018). Among the subjects, we 
do not find references that separate the population accord-
ing to age, experience (experienced and novices) and relative 
fat mass that could be useful for adapting different training 
plans according to the responses of these athletes to exercise.

The purpose of this research is to analyse the influence 
of age, experience and relative fat mass (RFM) on physical 
performance in women practising Nordic Walking during 
maximal treadmill exercise testing.

Methods
Subjects

The population was formed of 20 women with a mean age 
of 50.6±5.1 years. Participants voluntarily registered through 
an agreement with the Mountaineering Federation of the 
Region of Murcia. Women over 40 years were included, ex-
cluding those who, due to illness, alteration and/or injury, were 
unable to perform the stress test. Prior to the data collection, 
participants were informed of the objectives and procedures 
of the study, all of them signed the corresponding informed 
consent document. The study was conducted in accordance 
with the Declaration of Helsinki and also has the approval of 
the Research Ethics Commission.

Design
This is an observational, descriptive study. Each partici-

pant had the following evaluation. After anthropometric mea-
surements (weight, height and waist and hip contours) and 
baseline cardiovascular examination (history, auscultation, 
blood pressure and resting electrocardiogram), each woman 
underwent a maximum stress test on a Run model treadmill 
7411 (Runner®) with the continuous recording of the 12 stan-
dard electrocardiogram leads (Cardioline® electrocardiograph, 
Click ECG model) and blood pressure every two minutes 
(Metronik BL-6®). The study of exhaled gases, maximum oxy-
gen consumption, respiratory ratio and maximum ventilation 
was carried out using the Cortex Metalyzer® 3 B gas analyser.

A modified Bruce protocol was used on the ramp; the test 
began with a speed of 1.9 km/hour, and the slope and/or speed 
were progressively increased (Will et al., 1999). During this, 
the heart rate was recorded every minute and the blood pres-
sure every two minutes, and at 1, 3 and 5 minutes of recov-
ery. The test ended when each woman reached the maximum 
capacity and indicated this by raising her arm; at that time, 
the recovery period began. Similarly, the reason for the end of 
the test was noted. To establish the maximality of the test, it is 
verified that 1.1 is exceeded in the respiratory exchange ratio 
and 85% of the maximum expected heart rate for the age of 
the subject.

Statistical analysis
The SPSS version 24 software was used. Quantitative vari-

ables are presented using their mean and standard deviation 
and qualitative variables with their absolute frequencies and 
percentages. Furthermore, the normality of the distributions 
with the Shapiro Wilk test was determined, and the Wilcoxon 
traits test was used to establish the differences between re-
lated samples. Likewise, the Mann Whitney U test has been 
used for two independent samples. The relationship between 
quantitative variables was made with the Pearson correlation. 
The analyses were performed with a 95% confidence interval 
and p≤0.05. The body mass index (BMI) has been obtained 
from the classic formula (body mass/squared size), the waist-
size index (WSI) (waist circumference/height) and the relative 
fat mass (RFM) by the procedure of Woolcott and Bergman 
(2018), from the height and waist circumference, using the 
equation adjusted according to gender.

Results
The following table shows the general characteristics of the 

population (Table 1).

Table 1. General characteristics of the population

Age (years) 50.6±5.1

Previous experience in NW (years) 3.25±3.95

Height (cm) 163.87±5.02

Weight (Kg) 67.49±10.19

Waist (cm) 91.12±9.54

Hip (cm) 103.02±7.93

BMI (Kg/m2) 25.11±3.24

WSI 0.55±0.05

RFM (%) 39.72±3.40

Legend: NW - Nordic Walking; BMI – Body Mass Index; WSI - Waist-Size index; RFM - Relative Fat Mass
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Likewise, we divided women according to previous experi-
ence in Nordic Walking, considering experienced subjects those 

who had a year or more of experience. Table 2 shows the anthro-
pometric characteristics according to the level of experience.

Table 2. Anthropometric characteristics according to experience

  Veterans (n=8) Newcomers (n=12) p

Age (years) 49.7±6.2 51.1±4.3 0.057 0.057

Height (cm) 162.60±4.33 164.71±5.43 0.369 0.369

Weight (Kg) 67.66±6.71 67.38±12.26 0.954 0.954

Waist (cm) 91.93±6.21 90.58±11.47 0.765 0.765

Hip (cm) 102.68±4.57 103.25±9.75 0.881 0.881

BMI (Kg/m2) 25.60±2.28 24.79±3.80 0.598 0.598

WSI 0.53±0.04 0.55±0.05 0.254 0.254

RFM (%) 40.48±2.60 39.20±3.85 0.424 0.424

The clinical, electrical, and hemodynamic responses during 
the stress test were normal in all participants. Likewise, rest-
ing electrocardiographic traces showed no alterations. Table 3 

details the ergospirometric values obtained in the maximum 
effort of veteran and novice women. We note that experienced 
women had slightly higher intensity, yet still show no signifi-

Table 3. Ergospirometric characteristics according to experience

  Veterans Newcomers t Sig. U

Speed (Km/h) 6.48±0.93 5.66±0.75 2.11 0.05 75.00

Duration (min) 10.94±2.15 9.18±1.62 2.04 0.057 109.00

VO2 (ml/kg/min) 27.13±2.59 24.91±3.67 1.46 0.163 177.00

METS 9.52±0.87 9.81±1.43 1.68 0.341 103.00

cant differences.
Table 4 shows the correlation between the different an-

thropometric variables and ergospirometric variables. In this 
way, we observe a significant relationship between the relative 

fat mass and the body mass indexes and waist size index, these 
being higher when the relative fat mass is higher. Likewise, we 
observe that the higher the relative fat mass, the lower the con-
sumption of oxygen and metabolic index.

Table 4. Anthropometric and ergospirometric data correlation

Age BMI WSI RFM Duration VO2 METS

BMI
Pearson correlation -0.076 1.000 0.871** 0.847** -0.088 -0.740** -0.740**

p 0.749 0.000 0.000 0.721 0.000 0.000

WSI
Pearson correlation 0.191 0.871** 1.000 0.992** -0.237 -0.708** -0.708**

p 0.420 0.000 0.000 0.329 0.001 0.001

RFM
Pearson correlation 0.232 0.847** 0.992** 1.000 -0.232 -0.697** -0.697**

p 0.325 0.000 0.000 0.339 0.001 0.001

Discussion
The objective of this study was to analyse the influence of 

age, experience and relative fat mass (RFM) on physical per-
formance in women who practice Nordic Walking during the 
maximum treadmill exercise test. The results indicated that 
experienced women reached slightly greater intensity during 
the stress test without showing specific differences. In addi-
tion, we observe that the different anthropometric indices af-
fect the performance of the participants.

Previous studies analysed aspects related to Nordic walking 
on populations similar to ours: middle-aged women (Cebula 
et al., 2017; Pilch et al., 2018) and with a number of similar 
or lower subjects (Sprod, Drum, Bentz, Carter, & Schneider, 
2005; Strombeck, Theander, & Jacobsson, 2007). In our study, 
we only consider the participation of those who have the char-
acteristic profile of the Nordic walking practitioner and who 
are middle-aged women (Martínez-Lemos, 2013).

Regarding the anthropometric characteristics of our popu-
lation, they correspond to the data obtained from the Spanish 
population in recent years (Rodríguez-Rodríguez, López-
Plaza, López-Sobaler, & Ortega, 2011; Jiménez-Talamantes, 
Rizk-Hernández, & Quiles-Izquierdo, 2017). In relation to the 
calculation of relative fat mass, the values provided by their re-
searchers are consistent with those obtained in our population 
(Woolcott & Bergman, 2018).

We have taken into account previous experience in the 
practice of Nordic walking by dividing our population into 
veterans and newcomers; this separation has not been seen in 
the literature cited referring to the practice of this discipline 
(Perrey & Fabre, 2008; Grainer et al., 2017). This division has 
been considered since a previous level of experience may cause 
changes not to occur or be slight due to the habit of exercising.

Our results show that experienced women reach slightly 
greater intensity during the stress test, without finding signif-
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icant differences, which may be because the stress tests were 
carried out at the beginning of the season after a period of 
rest, which could lead to veteran women disabling the exer-
cise. Likewise, they show that various anthropometric indices 
influence the performance of the participants, reaching lower 
oxygen consumption and metabolic index when the physical 
condition is worse.

One of the main limitations of this study lies in the small 
sample size; however we must consider that we have studied 
all women who practice Nordic walking in an organized way 
of the city of Murcia, aged between 40 and 65 years. We con-
sider another limitation to be that the stress tests were carried 
out at the beginning of the season, which could cause no dif-

ferences between the two groups.
Regarding practical applicability, we consider that the data 

provided by this study allow the individual situation of each 
athlete to be assessed in order to adapt the intensity of the 
exercise according to their needs. Likewise, if the stress test 
were repeated at the end of each season, we would obtain in-
formation on the effects that this type of long-term training 
produces.

The results suggest that the indexes and anthropometric 
relationships RFM, BMI and WSI influence performance in 
women practising Nordic Walking. In addition, previous ex-
perience in this discipline is also an influential factor in the 
intensity of the exercise. 
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