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Resumen

El objetivo de esta investigación fue determinar el
gasto energético al caminar en la ruta peatonal más
popular de Las Palmas de Gran Canaria. Se determinó la
energía gastada en la ruta urbana principal a pie de Las
Palmas de Gran Canaria (13 km en total, ida y vuelta)
con un calorímetro indirecto portátil (COSMED K5) en 33
voluntarios de 21-69 años de edad (22 hombres y 11
mujeres). Se utilizó la geolocalización para determinar la
velocidad de marcha (5.6 ± 0.5 y 5.2 ± 0.4 km.h-1 , para
hombres y mujeres, P = 0.044) y el gasto energético exacto
correspondiente a cada sector kilométrico y crear paneles
informativos de interés para los caminantes para promover
Turismo de salud. El gasto energético total (10.8 ± 1.0 y 10.4
± 0.8 kcal.kg peso corporal-1 , respectivamente, P = 0.35) y
las respuestas fisiológicas (frequencia cardíaca y variables
respiratorias) durante las caminatas fueron similares en
ambos sexos. El gasto energético y la contribución de la
oxidación de grasas al gasto energético total aumentaron
de forma similar con la distancia recorrida en ambos sexos.
En conclusión, el gasto energético al caminar aumenta
con la distancia recorrida y es similar para hombres y
mujeres cuando se normaliza a la masa corporal total. La
calorimetría indirecta portátil se puede utilizar para mapear
con precisión el gasto de energía asociado con las rutas a
pie para promover el turismo de salud.

Palabras clave: Ejercicio, obesidad, turismo de salud,
actividad física.

Abstract

This investigation aimed to determine the energy
expenditure incurred by males and females in the most
popular walking route in Las Palmas de Gran Canaria
using state-of-the-art methods. The energy expended in
the main walking route of Las Palmas de Gran Canaria
(13 km in total, round trip) was determined with a
portable indirect calorimeter (COSMED K5) in thirty-three
volunteers aged 21-69 yr (22 males and 11 females).
Geolocalisation was used to determine the walking speed
(5.6 ± 0.5 and 5.2 ± 0.4 km.h-1 , for males and females,
p=0.044) and exact energy expenditure corresponding to
each kilometric sector and create information panels of
interest for walkers to promote health tourism. The total
energy expenditure (10.8 ± 1.0 and 10.4 ± 0.8 kcal.kg body
weight-1 , respectively, P = 0.35) and physiological responses
(heart rate and respiratory variables) during the walks were
similar in males and females. The energy expenditure and
the contribution of fat oxidation to the overall energy
expenditure increased similarly with the distance walked
in both sexes. In conclusion, the energy expenditure for
walking routes increased with the distance walked and is
similar for males and females when normalized to whole-
body mass. Portable indirect calorimetry can be used to
accurately map the energy expenditure associated with
walking routes to promote health tourism.

Keywords: Exercise, obesity, health-related tourism,
physical activity.
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Introduction

Vacation periods are associated with significant weight
gains persisting over time (Cooper & Tokar, 2016; Yanovski
et al., 2000). Therefore, tourists may be interested in
burning calories to reduce their body fat or to compensate
for some culinary excesses during the holidays could be
keen on receiving some information regarding the amount
of energy expended during the walks (Michimi & Wimberly,
2012) to adopt better-informed decisions regarding their
calorie intake and plan their daily physical activity. However,
no attempt has been made to quantify the energy required
in specific walking routes, beyond the information provided
by phone applications or distance covered, which depends
on the terrain characteristics and the velocity of walking,
among other factors (Looney et al., 2019a; Looney et al.,
2019b; Pandolf et al., 1977). Moreover, general equations
developed to estimate the energy cost of walking have
mostly used indoor (treadmill) data, which underestimate
by 2-18% the actual cost of walking observed outdoors on
natural terrain (Fattorini et al., 2012).

Health-oriented tourism aims at improving or
maintaining health (Ferrer et al., 2016) while enjoying some
of the other benefits associated with touristic activity. For
example, walking along coastal and marine destinations is
appealing for many tourists (Carvache-Franco et al., 2020).
This attractiveness may be even more significant when
accompanied by additional values, such as clean and well-
maintained blue waterfront (Garrett et al., 2019), areas
for children’s entertainment, stores and restaurants, and
the possibility of combining urban and more natural areas
in the walking route (Carvache-Franco et al., 2020; Hall &
Ram, 2019; Ram & Hall, 2018). In addition, walking routes
can be enhanced by adding touristic points of interest
(Gomez-Martin, 2019; Worndl et al., 2017), as sightseeing
points, informative panels with historical descriptions, and
information regarding the surrounding nature.

Therefore, the primary aim of this research was to
determine the total energy expenditure incurred by males
and females in the walking route that extends along the
urban beach of La Playa de Las Canteras (Las Palmas de
Gran Canaria, Spain) and continues through the seafront to
the wild neighbour beach of La Playa del Confital, ending in
La Isleta natural park. Secondary aims were to determine
whether the energy expenditure of walking increases with
the duration of the walks and whether there are sex
differences in the energy expenditure elicited by prolonged

walks. This type of information can be incorporated in
information panels to enhance the attractiveness of walking
routed to promote health-related touristic activities.

Methods

Study design and participants

First, we defined a walking route extending along all the
waterfront of la Playa de Las Canteras in Las Palmas de
Gran Canaria, one of the city's main attractions. The beach
has a wide walking avenue, with terraces, bars, restaurants,
and numerous hotels and touristic apartments. In addition
to the tourists residing nearby, the beach is often visited
by tourists travelling from their residences in other areas
of the Island of Gran Canaria as well as by travellers from
the cruisers regularly visiting the city de Gran Canaria.
The route has 6.5 km and extends from the Plaza de
la Música, near the Auditorium Alfredo Kraus (28°07'46.3
"N 15°26'59.4 "W), along the length of the beach until
La Puntilla and continues following the pedestrian street
Blas de Lezo and the street Rodrigo de Manrique at the
seafront, which leads to la Playa del Confital. The route
extends all the length of La Playa del Confital, which is a
protected wilderness area and finishes at the fence where
a military area starts (28°09'58.6 "N 15°26'22.9 "W) (Fig.
1). Most of the route takes place on a flat pavement,
while the last kilometre corresponds to a trail with some
irregularities but high walkability (see Fig. 1 for more
details regarding the altitude profile). Next, we determined
accurately the amount of energy needed to complete a
round trip in this route. The energy requirements may be
influenced by the physical characteristics of the subjects
and speed of walking (Ludlow & Weyand, 2017), and factors
related to the features of the terrain (Pandolf et al., 1977).
An accurate assessment of energy expenditure during
prolonged outdoors activities has been a challenge until
the developments of high-precision and accurate portable
indirect calorimeters equipped with Global Positioning
System (GPS), which allows precise geolocalisation and
the assessment of the distance covered and the speed
of walk. Therefore, we decided to use the most precise
and accurate portable indirect calorimeter available for
research purposes and recruited thirty-three volunteers of
both sexes with different levels of assumed cardiometabolic
fitness and a wide variation in the degree of adiposity and
age, with volunteers ranging from lean to overweight and
moderately obese, and from young to 69 years of age.
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Figure 1. Some pictures of La Playa de Las Canteras walking route and the COSMED K5 device attached on
the back of one of the volunteers
The route is marked in yellow, starting at the lowest part of the picture and ending in the upper part.

The study population was composed of fourteen
physically active Sports Sciences students (11 male and 3
female) and nineteen sedentary volunteers with overweight
or obesity (11 males and 8 females), as defined by a body
mass index (BMI) ≥ 25, all of them residents in the Island
of Gran Canaria. The general characteristics of males and
females are reported in Table 1. Volunteers were accepted
in the study under fulfilment of the following inclusion
criteria: a) age from 18 to 70 years old; b) BMI > 19 kg.m-2

; c) no medical contraindications to exercise; d) smoking
less than six cigarettes per day, and f) without joint or
orthopaedic conditions that could limit their capacity to

perform a lengthy walk lasting between 2-3 hours. The
study was conducted by the Declaration of Helsinki after
ethical approval (Hospital Universitario anonymised ethical
committee reference number: 140187). Before giving their
written consent, the volunteers received written and oral
information regarding the study's purposes, risks, and
benefits. In addition, participants were requested to avoid
exercise other than their daily usual physical activity and
to refrain from caffeinated, carbonated and alcohol- and
taurine-containing beverages for the 48 hours preceding
the measurements. All volunteers were non-smokers.

Table 1. Characteristics of the study population

Analysis based on an unpaired two-tailed t-test.

* Statistical analysis performed with logarithmically transformed variables.
BMI: body mass index; SD: standard deviation.

General procedures

Following a 12-h overnight fast, participants reported to
the laboratory between 7:00 and 9:30 a.m. to assess their

physical characteristics and body composition. First, their
body height and mass were measured to the nearest
0.1 cm and 0.1 kg, respectively, while subjects wore light
clothes and no shoes, using a balance scale (Seca, Hamburg,
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Germany) calibrated using certified calibration masses
(class M1, Scheck, Germany). Subsequently, their body fat
% and total lean body mass were assessed using a dual-
energy X-ray absorptiometer (Lunar iDXA, General Electric,
Wisconsin, USA) (Martin-Rincon et al., 2020).

On a different day, the energy expenditure during
a round trip (13 km) extending the total distance of
the walking route (6.5 km) was assessed between 7:00
and 14:00 after a 12-h overnight fast. For this purpose,
the volunteers were equipped with a portable indirect
calorimeter (COSMED K5, Rome, Italy) (Fig. 1). The portable
indirect calorimeter measures oxygen uptake (VO2), carbon
dioxide production (VCO2), respiratory exchange ratio,
respiratory rate and pulmonary ventilation. This device
also records environmental conditions (temperature and
barometric pressure) and geolocalisation data (GPS). The
environmental conditions were similar during the different
walking days. The environmental temperatures ranging
from 15 to 29 °C (mean ± SD: 22 ± 2 °C) with a low
intra-day variation in temperature (in general less than
2-3 °C) while barometric pressures ranged between 756
to 771 mmHg (mean ± SD: 766 ± 3 mmHg). The accuracy
and precision of the COSMED K5 were determined by
comparison with a state-of-the-art stationary metabolic
cart (Vyntus CPX, Jaeger-CareFusion, Hochberg, Germany)
at exercise intensities eliciting a similar energy demand as
that measured during walking (Perez-Suarez et al., 2018).
The validity and reliability of the stationary Vyntus CPX were
previously established using a butane combustion test and
repeated measurements (Perez-Suarez et al., 2018). Before
the tests, the COSMED K5 was warmed up for a minimum
of 15 min and then calibrated with high-grade calibration
gases provided by the manufacturers. The flowmeter, used
to measure pulmonary ventilation, was calibrated with
a 3 L calibration syringe, following the manufacturers'
recommendations (COSMED, 2015). After calibration, the
K5 was attached to the back of the subjects using a
harness, and a face mask of appropriate size was carefully
adjusted to avoid gas leaks. The reliability of the COSMED
K5 was established in this same route by performing two
measurements in fourteen volunteers separated by at least
four days. The COSMED K5 was operated in the mixing
chamber mode during the walks.

The walks were performed on non-raining days.
Volunteers we asked to maintain a walking speed close
to 5 km.h-1 . For this purpose, subjects were equipped
with a heart rate strap (Garmin Forerunner 210, Garmin
International Inc., Olathe, KS, USA) equipped with GPS
connected to the K5. All volunteers were weighed
immediately before and after walking (SECA 869, Hamburg,
Germany) while wearing all equipment and clothes. The
scale was calibrated with certified calibration masses of
class M1. Participants were allowed to drink plain water ad
libitum during the walks.

Calculation of the energy expenditure

Gas exchange data were averaged every 15 seconds
and stored for further analysis. From the VO2 and VCO2
values, fat and carbohydrate oxidation rates and the
energy expenditure were calculated using Peronnet and
Massicotte tables (1991). These values were used to
calculate the energy expenditure corresponding to each km
interval and the entire round trip. Additional calculations
were carried out adjusted for the bodyweight of the
volunteers.

Statistical analysis

Data are reported as the mean (±SD) unless otherwise
stated. Values were checked for normal distribution using
the Shapiro-Wilks test. The BMI was determined as weight/
height2 . BMI and age were not normally distributed;
therefore, these two variables were logarithmically
transformed before further analyses. Student's t-tests for
unpaired samples were run to determine between-sex
differences in physical characteristics and overall energy
expenditure. The impact of the distance covered on energy
expenditure was determined with analysis of variance for
repeated measures with one within-subjects factor (time,
with 13 levels corresponding to each kilometre walked)
and one between-subjects factor (sex, with two levels). The
Mauchly's test of sphericity was run before the ANOVA.
In the case of violation of the sphericity assumption, the
degrees of freedom were adjusted according to the Huynh
and Feldt correction. When a significant main effect or
interaction was observed, specific pairwise comparisons
were carried out with the Fisher's Least Significant
Difference post-Hoc test. The statistical significance was
accepted for .-values < 0.05. All statistical analyses were
performed using IBM SPSS v.21.0 (IBM, New York, USA).

Results

The descriptive characteristics of the twenty-two males and
eleven females that participated in the study are reported in
Table 1. In addition, males and females had comparable age
and BMI, while females had a greater body fat percentage
than males. Males were taller and had a greater whole-body
lean mass than females.

As shown in Table 2, the physiological responses
were similar in males and females during the walks, as
reflected by the heart rate and respiratory response, which
were almost identical. Nevertheless, females walked at a
marginally lower speed compared to males. Despite the
marked differences in physical characteristics, the energy
expenditure was similar in males and females (10.8 ± 1.0
and 10.4 ± 0.8 kcal.kg body weight-1 , respectively, p= .35).
The total amount of carbohydrates and fats oxidized during
the walks was similar in both sexes, after accounting for the
differences in body mass (Table 2).
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Table 2. Energy consumption and physiological responses to a round
trip in La Playa de Las Canteras-Confital walking route (13 km)

EE: Energy expenditure; CHO: carbohydrates. Analysis based on two-tailed unpaired t-tests.

The amount of energy consumed after each km is
reported in Table 3 and Fig. 2. Interestingly, the energy cost
of walking increased with the distance covered (p < .001),
being 9.2% higher in the first km sector during the return
trip compared to that observed in this same sector at the

start of the walk (p < .001). Likewise, the percentage of
energy obtained from fat oxidation increased from 37.6 ±
14.8 to 55.1 ± 10.8 % from the first km to the same parkour
in the return trip (p < .001).
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Table 3. Energy consumption along the first 6 kilometers of
La Playa de Las Canteras-Confital walking route at 5 km.h-1.

Data generated using the mean energy expenditure per kg of body weight recorded during the route for males and females, respectively.

WAPI: Walker’s Point of Interest for walkers.
a Total: corresponds to the round trip (13 km).
Precise geolocalisation information available on request from the authors.

Figure 2. Mean energy expenditure in each km sector, after averaging the outgoing and the return trips for
the first six kms.
Box and whisker plots and individual data for males (n = 22) and females (n = 11). The extremes of the whiskers represent the limits of the 5th and 95th
percentiles, respectively; the white and black horizontal lines inside the boxes correspond to the mean and median values, respectively; and the lower and
upper limits of the box delimit the 1st and 3rd quartiles, respectively. p = .345 for the difference between males and females (unpaired two-tailed t-test).

Discussion

This study shows that the energy expended during long
outdoors walks is mostly determined by walkers' body
weight and the distance covered for walking velocities
ranging between 4.6 and 5.8 km.h-1 . These walking
velocities elicit similar physiological responses and energy

expenditure in males and females when adjusted for body
weight.

Another aspect of interest is that we have demonstrated
that the energy requirements increase slightly with the
distance covered. Although this study is the first research
to report such observation during prolonged walking,
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previous studies have seen a similar phenomenon in long-
distance runners likely caused by mitochondrial respiration
changes (Sahlin et al., 2010). Several published reviews
on the mechanisms by which energy expenditure may be
increased by prolonged exercise mention oxidative stress,
hyperthermia and muscle damage. A detailed analysis of
the physiological mechanisms explaining this response is
beyond the scope of the present manuscript, and therefore
the readers are addressed to several excellent reviews on
this topic (Enoka, 2012; Nybo & Nielsen, 2001; Westerblad
& Allen, 2011).

Although the energy expenditure of walking can be
estimated using prediction equations or the Compendium
of Physical Activities (Ainsworth et al., 2011), this may
deviate from the actual energy expenditure, which
depends in part on the duration of the walk and the
characteristics of the terrain, as shown in the present
investigation. For example, had we used the Compendium
of Physical Activities (Ainsworth et al., 2011) we would have
underestimated the actual energy expenditure of the whole
route by 2.4 and 13% in males and females, respectively.

Accurate assessment of energy expenditure to promote
health-related tourism

The touristic industry is greatly influenced by factors
affecting lifestyle and health. Therefore, a continuous
adaptation to the needs and wills of consumers is required
to offer the best experience to visitors, including the
possibility of satisfying their wish for a healthy lifestyle,
in which physical activity is a central cornerstone. This
entails applying evidence-based knowledge from related
disciplines such as economy, sociology, psychology and
health sciences to innovate (Darbellay & Stock, 2012).
Here we have applied state-of-the-art techniques used in
exercise physiology to measure the energy expenditure
incurred during prolonged walks in the main walking
avenue of one of the most relevant touristic destinations
in Europe. We have also provided the stakeholders with
information on how to carry out this type of assessment
and provided a practical table (Table 3) with material that
could be included in what we called "walker’s points of
interest " (WAPI) in specific information panels, mobile
devices, apps, webpages or leaflets for tourists.

In a recent report, The European Travel Commission
brings attention to the societal lifestyle trends that shape
consumer attitudes, emphasising how "health tourism is
expanding its purview to respond to the consumer's hunger
for new ways to self-improve". This organisation postulates
that health is a prominent issue in tourism, which
encompasses travel-friendly concepts such as mental
and emotional wellbeing, spiritual growth, adventure,
and athleticism, among others (The European Travel
Commission, 2016). A particular emphasis is placed on the
fact that physical fitness is vital for a large part of the

population and that weight and appearance management
is a significant-top priority for the three Atlantic markets.
Customers want to be healthy, but they also wish to look
healthy (The European Travel Commission, 2016). Thus,
tourism organisations should market destinations taking
into consideration that destinations promoting a physically
active lifestyle will be more appealing for most consumers,
including the growing elderly population (Diekmann et
al., 2020; Ferrer et al., 2016). Moreover, according to The
European Travel Commission report, those clients more
interested in travelling also confer high importance to their
fitness (The European Travel Commission, 2016). Given the
recommendations by the medical associations (Arnett et al.,
2019; Powell et al., 2018) and the impact of social media
messages regarding the importance of physical activity
for health, growing demand for wellness offerings within
the travel packages are expected in the coming years
(Diekmann et al., 2020; Ferrer et al., 2016).

The reasons tourists decide to walk are very varied
and encompass social and cultural aspects, a search for
adventure, physical and mental health, wellbeing, contact
with nature and wilderness, pilgrimage and spirituality,
and others (Buckley, 2019, 2020; Carvache-Franco et al.,
2020). Distinctive destination marketing can be achieved
by creating routes for walkers and cyclists and adding
energy expenditure values based on scientific evidence
(Davies, 2018). For example, a trail including sightseeing
points (Davies, 2018), some adventure (Bichler & Peters),
blue spaces (Carvache-Franco et al., 2020; Garrett et al.,
2019), nature-based wildlife observation points or areas
(Carvache-Franco et al., 2020), architectural and historical
attractions, accompanied by maps and short stickers-
type messages may enhance the attractiveness and the
possibility of creating a one-off experience. Here we have
generated the information required to include in these
WAPIs data on energy expenditure. These WAPIs could
include a map of the route and some recommendations
regarding walking velocity, hydration, and the number
of calories burned depending on the distance covered
(see Fig. 3, as an example). These WAPIs could use
pre-existing points or new small panels, which could
also have information with links to apps or QR codes,
specifically developed to facilitate this information in
several languages, if not included in leaflets at the hotels/
resorts. In the case of Las Palmas de Gran Canaria, this
would add to the great effort made to provide active
alternatives to the city bus tours and promote urban
routes profiting from pedestrianisation. During holidays,
there is more tendency to walk and enjoy the culinary
virtues of the destination. Increasing physical activity with
some specific aims for energy expenditure would also allow
the customers to feel less guilty regarding potential food
excesses (Cohen & Avieli, 2004) to achieve a more satisfying
holiday experience.
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Figure 3. Representation of a Walker’s Point of Interest with the information of the energy expenditure
accumulated after the 1st, 2nd, 3rd and 4th km.

Conclusions

This investigation has shown that the energy expenditure
of walking outdoors increases with the distance covered
and is similar for males and females when normalized
to whole-body mass, despite remarkable differences in
body composition. Portable indirect calorimetry can be
used to accurately map the energy expenditure associated
with walking routes to promote health tourism. The
information gathered can be used to create points of
interest for walkers with accurate information regarding the
energy expenditure corresponding to each km sector and
recommendations for walking speeds.
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