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ABSTRACT
Background: Taxi drivers are at an elevated risk for work‐related musculoskeletal disorders (MSDs), and the reasons for this 
are prolonged sitting, static postures, and whole‐body vibration. Physical activity (PA) may mitigate MSD risk but is often 
assessed subjectively. This study compared objective (wrist‐worn accelerometry) and subjective (IPAQ‐S) measures of PA and 
sedentary behaviours by examining their associations with MSD prevalence in taxi drivers from Spain and Chile.
Methods: In this cross‐sectional study, 170 taxi drivers (mean age 51.9 ± 10.7 years; 87.1% male) completed sociodemographic 
and Nordic questionnaires on MSDs (7‐day recall), and the IPAQ‐S for PA. A subsample of 36 wore a wrist‐worn accelerometer 
for seven days to quantify sedentary time and PA amount and intensities.
Results: Overall, 68.8% of drivers reported pain in at least one body region in the past 7 days, most commonly the neck (36.5%) 
and lower back (32.9%). IPAQ‐S overestimated moderate‐to‐vigorous PA (145.7 ± 140.2 vs. 42.4 ± 31.2 min/day, p < 0.01) 
compared with accelerometry, with moderate correlation (r = 0.47). Sedentary time averaged 715.5 ± 146.9 min/day by 
accelerometry, with negligible correlation to IPAQ‐S (r = −0.01). Female drivers had higher odds of neck, upper back, and lower 
back pain, while higher BMI was associated with knee pain. No significant associations were found between PA levels and MSD 
prevalence.
Conclusions: Taxi drivers exhibit high MSD prevalence, extreme sedentary exposure, and marked overestimation of PA in self‐ 
reports. Neither self‐reported nor accelerometer‐measured physical activity was significantly associated with 7‐day MSD 
prevalence. Targeted interventions should combine ergonomic improvements, active breaks, and accurate monitoring tools to 
reduce occupational health risks.
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1 | Introduction

Musculoskeletal disorders (MSDs) are defined as alterations in 
body structures such as muscles, joints, tendons, ligaments, 
nerves, cartilage, bones, and the local circulatory system 
(Isusi 2020). When they are caused or aggravated mainly by 
work and the effects of the immediate environment in which it 
is carried out, they are called work‐related MSDs (Isusi 2020).

MSDs are a global public health problem that negatively af
fects quality of life, causes incapacity and, in the long term, 
disability (Woolf and Pfleger 2003). They are the leading 
cause of years lived with disability (YLD) worldwide, ac
counting for an estimated 149 million YLD, representing 17% 
of the total global burden of non‐fatal health loss (World 
Health Organization 2022).

These disorders affect millions of workers in various occupa
tions, especially those that involve a fast pace of work, repetitive 
movement patterns, insufficient recovery time, heavy lifting, 
non‐neutral body postures or vibration on the body, high de
mands or low control, among others (Isusi 2020; Punnett and 
Wegman 2004).

Professional drivers are considered a high‐risk occupational 
group for MSDs, with prevalence rates ranging from 43.1% to 
93.0%, most commonly affecting the lower back (Joseph 
et al. 2020). A systematic review and meta‐analysis involving 
5277 taxi drivers confirmed that the lower back was the most 
frequently affected area (53.9%), followed by the neck (38.2%), 
shoulders (34.9%), upper back (18.3%), and knees (14.1%) 
(Rezaei et al. 2024).

When using the Standardised Nordic Questionnaire (SNQ) with 
a 12‐month recall period in taxi drivers, we found a high 
prevalence of musculoskeletal disorders (MSDs) (83.0%), with 
the lumbar region (51.6%), neck (50.2%), and right shoulder 
(34.5%) being the most commonly affected areas. Furthermore, 
significant associations were observed between multisite pain 
and poorer physical quality of life, particularly among older 
drivers and those reporting perceived financial instability 
(Marín‐Berges et al. 2026). However, additional relevant vari
ables that may influence the development of MSDs, such as 
sedentary behaviours or physical activity, could not be properly 
analysed due to inconsistencies in the data collection time
frames. In most studies, the Standardised Nordic Questionnaire 
(SNQ) captures MSD‐related data over a 12‐month period, 
whereas physical activity is typically assessed using weekly self‐ 
reports or accelerometry, making temporal comparisons diffi
cult. Despite this limitation, substantial evidence supports the 
protective role of moderate to high levels of physical activity 
(300–450 min per week) in reducing musculoskeletal pain 
across various body regions (Rhim et al. 2022). Conversely, 
sedentary behaviour—particularly prolonged sitting—has 
emerged as a major risk factor for MSDs in professional 
drivers (Murray et al. 2019), and is now considered a global 
pandemic in industrialised societies (Cunningham et al. 2020; 
Kohl et al. 2012). Notably, replacing just 1 hour of sedentary 
behaviour with physical activity may lower the risk of low back 
pain by up to 8% (Zhang et al. 2024).

In addition, low levels of physical activity are associated with a 
higher Body Mass Index (BMI), which in turn has been iden
tified as a contributing factor to the development and exacer
bation of MSDs in the lower back (Shiri et al. 2010). High BMI 
increases biomechanical loading and systemic inflammation, 
both of which are linked to increased incidence and severity of 
musculoskeletal pain (Vincent et al. 2013).

Recent estimates indicate that nearly one‐third of the global 
adult population, approximately 1.8 billion people, are physi
cally inactive (Strain et al. 2024). This widespread inactivity 
contributes significantly to the global burden of chronic non‐ 
communicable diseases, including obesity, type 2 diabetes, hy
pertension, cardiovascular disease, and even premature mor
tality (Manson et al. 2004).

Therefore, accurately assessing physical activity and inactivity 
levels in taxi drivers is essential. However, few studies have 
specifically addressed this issue. For example, a study conducted 
in Cameroon found that 62.9% of drivers reported low levels of 
physical activity (Ngatcha Tchounga et al. 2022). Similarly, in 
Colombia, 36.4% of drivers engaged only in low‐intensity 
physical activity (Melo Betancourt et al. 2021). In another 
investigation, nearly 40% of drivers stated they had not per
formed any moderate physical activity in the previous month, 
and 63.9% reported no vigorous activity at all (Mirpuri 
et al. 2021). However, none of them assessed the link to MSDs.

Although these figures may seem inconsistent, the disparity 
could be attributed to the subjective nature of self‐reported data 
and the use of tools not validated for use with taxi drivers, a 
population characterised by prolonged sitting and, in many 
cases, having little time for exercise. Additionally, cross‐study 
differences may reflect country‐specific factors such as varia
tions in urban infrastructure, work conditions, cultural attitudes 
toward physical activity, and access to recreational spaces, all of 
which can influence the activity patterns of taxi drivers. 
Therefore, further research across diverse national contexts is 
needed to better understand physical activity behaviours and 
health‐related implications in this occupational group and to 
inform targeted interventions.

The objectives of this research were: (1) to describe the level of 
physical activity and sedentary behaviour of drivers using both 
objective (accelerometry), and subjective (self‐reported short‐ 
form International Physical Activity Questionnaire, IPAQ‐S) 
measures; (2) to evaluate the association between the prevalence 
of musculoskeletal disorders (MSDs) and the levels of physical 
activity and sedentary behaviour in this population; and (3) to 
analyse the discrepancies between assessment methods (objec
tive vs. subjective) and discuss their implications for research 
and public health practice.

2 | Methodology

2.1 | Study Design and Participants

This was a cross‐sectional observational study. The sampling 
process employed a combination of non‐probability convenience 
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and snowball sampling methods to recruit participants. This dual 
approach allowed researchers to initially select participants from 
known networks and then expand the sample by encouraging 
participants to recommend other taxi drivers. Data collection took 
place over 1 year, from October 2022 to November 2023, ensuring 
comprehensive capture of health data across different seasons 
and periods of the year, which may have different effects on taxi 
drivers’ health conditions.

The inclusion criteria for this study were set to focus on active 
taxi drivers working in the cities of Zaragoza, Spain, or Val
paraíso, Chile. Specifically, participants had to meet the 
following requirements: (1) be actively working as taxi drivers; 
and (2) work within the city of Zaragoza or the region of Val
paraíso. To ensure that drivers had sufficient exposure to the 
occupational risks and demands of the profession, two exclusion 
criteria were defined: (1) being disabled at the time of data 
collection, which would disqualify those unable to work, and (2) 
having less than 1 year of experience as a taxi driver, given that 
the study focused on the long‐term health effects of this activity.

2.2 | Sample Size

An a priori sample size was estimated to obtain acceptable pre
cision for the prevalence of 7‐day musculoskeletal symptoms. We 
used the single‐proportion formula n = Z2 × p(1 − p)/d2, 
assuming 95% confidence (Z = 1.96). As no taxi‐driver–specific 
estimates were available, we considered prevalence figures re
ported in working populations in Chile (49.8%; Vidal Gamboa 
et al. 2016) and Spain (40.26%; Ministerio de Sanidad 2021)as a 
plausible range and selected a conservative expected prevalence 
of p = 0.50 to avoid underestimation. With an absolute precision 
of d = 0.08, the minimum required sample size was 151 partici
pants. We inflated this by 10% to account for incomplete re
sponses, yielding a target of ≥ 167 participants.

2.3 | Ethics Committee

This study was approved by the Research Ethics Committee of 
the Autonomous Community of Aragon (PI22‐382) and by the 
Bioethics Committee of the Pontifical Catholic University of 
Valparaíso (No. BIOEPUCV‐H 633‐2023). All participants gave 
their voluntary consent by signing the informed consent form 
after being fully informed about the objectives of the study. They 
were also informed of their right to withdraw from the study at 
any time without consequences.

2.4 | Recruitment of Participants

Before beginning the research, the taxi cooperatives in both cities 
were contacted to request permission to use their facilities for the 
study. The cooperatives also helped inform taxi drivers about the 
location, date, and time of the meeting through internal com
munications, including WhatsApp messages, social media plat
forms, and their internal magazine. Taxi drivers interested in 
participating in the study arrived at the cooperative’s facilities and 

completed the questionnaires online or in person. Two re
searchers on site addressed any questions or concerns.

2.5 | Instruments

For this study, four instruments were selected for analysis: an ad 
hoc questionnaire developed to obtain sociodemographic, per
sonal and occupational information; the SNQ and the IPAQ‐S. As 
the IPAQ‐S assesses physical activity over the past 7 days, items 
from that refer to the same recall period that were used to ensure 
consistency. Additionally, in a randomly selected subsample of 36 
participants from the total sample of 170, physical activity was 
objectively measured using the GT9X Link accelerometer.

Ad Hoc Questionnaire: This questionnaire gathered information 
on a range of demographic, socioeconomic, and occupational 
variables, including country, age, gender, marital status, 
educational level, hours of work per day, years worked as a taxi 
driver and self‐reported height and weight. BMI was calculated 
as weight in kilogrammes divided by the square of height in 
metres (BMI = kg/m2).

The SNQ developed by Kuorinka et al., provides information on 
the prevalence of pain in 15 body regions: neck, right shoulder, 
left shoulder, right elbow/forearm, left elbow/forearm, right 
wrist/hand, left wrist/hand, thoracic spine, lumbar spine, right 
hip/leg, left hip/leg, right knee, left knee, right ankle/foot, and 
left ankle/foot (Kuorinka et al. 1987). In this case, the subsection 
for the last 7 days was used. SNQ has been validated for the 
Spanish and Chilean populations (Martínez and Alvarado 
Muñoz 2017; Mateos‐González et al. 2024). The Spanish version 
has shown very high internal consistency (ω = 0.81) and 
excellent test–retest reliability (ICC = 0.95; Mateos‐González 
et al. 2024). The Chilean version has also demonstrated 
test–retest reliability for the 7‐day section with moderate‐to‐ 
substantial agreement (κ ≈ 0.51–0.85; Martínez and Alvarado 
Muñoz 2017).

The IPAQ‐S consists of seven questions that provide informa
tion on energy expenditure and the time the person spends 
doing moderate and vigorous physical activity, as well as the 
time the person spends walking or sitting in the last 7 days 
(Craig et al. 2003). Data are expressed in MET minutes per 
week, and sitting time is recorded in hours per day. From the 
activity variables, two composite measures were derived: 
moderate‐vigorous physical activity (MVPA), calculated as the 
sum of time spent on moderate and vigorous activities, and total 
physical activity, calculated as the sum of time spent walking, 
on moderate and vigorous activities. This short version has been 
validated in Spanish (Cancela et al. 2019) and the Chilean 
population (Palma‐Leal et al. 2022). The original 12‐country 
evaluation reported high test–retest reliability (Spearman's 
ρ ~ 0.8; Craig et al. 2003). Evidence supporting construct validity 
of the Spanish version has also been reported, although self‐ 
report may overestimate activity levels (Cancela et al. 2019). 
In Chilean samples, test–retest reliability for the IPAQ‐S has 
been reported with ICC values ranging approximately from 0.56 
to 0.89 (Palma‐Leal et al. 2022).
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Responses were converted into Metabolic Equivalent Task mi
nutes per week (MET‐min/week), following the IPAQ scoring 
protocol. The MET values assigned were: 3.3 METs for walking, 
4.0 METs for moderate physical activity, and 8.0 METs for 
vigorous physical activity. The total weekly physical activity 
score (in MET‐min/week) was calculated by summing the MET‐ 
min/week for walking, moderate, and vigorous activities. Par
ticipants were then classified into three activity levels according 
to IPAQ guidelines:

Inactive: No activity or not enough to meet the minimum 
criteria.

Minimally active: Meeting at least the equivalent of 600 MET‐ 
min/week of physical activity.

Health‐Enhancing Physical Activity (HEPA): Meeting one of the 
following: Vigorous activity ≥ 3 days/week totalling ≥ 1500 
MET‐min/week, or ≥ 7 days of any combination of walking, 
moderate or vigorous activity totalling ≥ 3000 MET‐min/week.

An objective measurement of physical activity was obtained 
using the GT9X Link device (ActiGraph, Pensacola, FL, USA), a 
validated accelerometer and one of the most widely used devices 
for measuring physical activity (Suau et al. 2024). This is a 
compact and lightweight triaxial device (3.5 × 3.5 × 1 cm; 14 g) 
that detects acceleration along the X, Y, and Z axes (sample rate: 
30–100 Hz; dynamic range: ± 8 g). Following the methodology 
used in previous studies with professional drivers (Gilson 
et al. 2021), participants wore the device on their non‐dominant 
wrist. The sensor captured acceleration over 7 consecutive days 
at 30 Hz with a dynamic range of ± 8 g.

The accelerometry data were processed using the GGIR package 
(3.1–5 version; Migueles et al. 2019), through the RStudio soft
ware (2024.09.1+394 version), which operates on the R pro
gramming environment (4.3.2 version). Acceleration signals 
were processed as proposed by van Hees et al. (2014) for free‐ 
living physical activity assessment.

Non‐wear time was identified as consecutive stationary 
episodes ≥ 60 min in which the three axes had a standard 
deviation < 13.0 mg (van Hees et al. 2011). We excluded people 
who didn’t wear it long enough to support the imputation (< 72 h 
of wear time or no usage data in each 1 h of the 24‐h cycle).

To determine the time subjects spent at each intensity level (min/ 
day), we used the cut‐off points (acceleration; mg) validated by 
Hildebrand et al. (2017, 2014) for ActiGraph devices in the adult 
population worn on the non‐dominant wrist: 44.8 mg for light‐ 
intensity physical activity (LPA), 100.6 mg for moderate‐ 
intensity physical activity (MPA), and 428.8 mg for vigorous‐ 
intensity physical activity (VPA). We quantified the intensity at 
each defined level in 1‐min periods in which the mean acceler
ation was higher than the threshold to reduce the likelihood of 
misclassifying artefacts as activity. Inactivity was also classified 
when the intensity was below the LPA threshold, MVPA was 
classified as the sum of MPA and VPA, and total physical activity 
(TPA) was classified as the sum of LPA, MPA, and VPA.

We also calculated the overall mean acceleration (mg/day), a 
validated surrogate for global physical activity (van Hees 
et al. 2011; White et al. 2016). Based on this data, we applied the 
formula proposed by White et al. (2019, 2016) (−10.58 + 1.1176*x 
+ 2.9418 × sqrt(x) − 0.00059277 × (x^2)) to obtain the activity in 
units of MET/min/week.

2.6 | Statistical Analysis

Descriptive statistics were performed to characterise the sample 
in terms of sociodemographic, occupational and anthropometric 
variables. Continuous variables were presented as mean ±
standard deviation (SD). Categorical variables were expressed as 
absolute frequencies and percentages.

To compare physical activity levels and sedentary behaviours 
between self‐reporting methods (IPAQ‐S) and objective mea
surements (accelerometry), a subsample of 36 participants with 
valid accelerometry data was used. The normality of the variables 
was checked using the Shapiro–Wilk test. Since most variables 
did not follow a normal distribution, Wilcoxon signed‐rank tests 
were applied to compare the differences between the two 
methods for each variable (inactivity/sedentary behaviour, light, 
moderate, vigorous activity, MVPA and total physical activity).

To assess the association between the variables measured by 
both instruments, Spearman's correlation coefficients (ρ) were 
calculated. Correlation strength was interpreted following con
ventional thresholds: ρ = 0.00–0.19 (very weak), 0.20–0.39 
(weak), 0.40–0.59 (moderate), 0.60–0.79 (strong), and 0.80–1.0 
(very strong) (Pavan Kumar and Reddi 2023).

Likewise, logistic regression models were performed to analyse 
the association between MSDs in different body regions 
(dichotomous variable: presence/absence in the last 7 days) and 
sociodemographic variables. Additionally, contingency tables 
and chi‐square tests were used to explore the association be
tween the presence of MSDs in each body region (dichotomous 
variable: yes/no in the past 7 days) and variables related to 
physical activity and sedentary behaviour.

For the self‐reported IPAQ‐S data, the following variables were 
analyzed: compliance with WHO aerobic recommendations, 
physical activity classification (Inactive, Minimally Active, 
HEPA Active), and sedentary time. For the accelerometry‐based 
data, WHO guidelines compliance and sedentary time were also 
examined. Compliance with WHO guidelines was defined as 
engaging in at least 150 min per week of aerobic moderate‐ 
intensity physical activity, or 75 min of vigorous‐intensity ac
tivity, or an equivalent combination of both, as recommended 
for adults aged 18–64 years (Bull et al. 2020).

Sedentary time was dichotomised using a cut‐off point of 
650 min/day. This threshold was based on a large harmonised 
meta‐analysis on accelerometer‐measured physical activity and 
all‐cause mortality, which identified ≥ 650 min/day as the upper 
quartile (Q4) of sedentary time (Ekelund et al. 2019). Given the 
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nature of taxi drivers’ occupation, characterised by prolonged 
sitting, this highest quartile was considered an appropriate 
reference for defining high sedentary exposure in the present 
study.

The level of statistical significance was set at p < 0.05. All an
alyses were performed using the Jamovi software version 2.6.44.

3 | Results

Table 1 shows the sociodemographic characteristics of taxi 
drivers in both cities. The sample consisted of 170 taxi drivers, 
with a mean age of 51.90 ± 10.66 years. Most participants were 
men (87.10%) who worked more than 9 h a day (87.10%) and 
had an average of 16.50 ± 10.40 years of experience as drivers. 
The average BMI was 28.5 ± 5.10 kg/m2.

Figure 1 shows the prevalence of MSDs in the past 7 days. 
68.80% of the taxi drivers reported experiencing pain in at least 
one body region during the past 7 days. The most frequently 
affected areas were the neck (36.50%), lower back (32.90%), 
upper back (15.30%), and shoulders (25.30%), followed by the 
knee (21.20%) and hip/thigh (16.50%). Other areas such as the 
feet (14.70%), hands (14.70%), and elbows (10.60%) also showed 
significant levels of involvement.

As shown in Table 2, data collected using the IPAQ‐S showed a 
high level of sedentary time (622.64 ± 184.47 min/day) and a 
weekly energy expenditure of 728.70 ± 986.29 MET‐min/week 
for walking, 636.21 ± 1098.00 MET‐min/week for moderate 

activity, and 990.26 ± 1709.53 MET‐min/week for vigorous ac
tivity, for a combined total of 2355.17 ± 2733.74 MET‐min/ 
week. According to the IPAQ classification, 52.9% of partici
pants were classified as HEPA active (i.e., engaging in health‐ 
enhancing physical activity), 33.5% as minimally active, and 
13.5% as inactive.

From the subsample of 36 drivers who carried the GT9X Link, 
one person was excluded for wearing it for < 72 h (n = 36).

The comparison between the physical activity values estimated 
using the IPAQ‐S questionnaire and those obtained using 
accelerometry showed significant discrepancies in most of the 
variables analysed (Table 3).

Participants tended to report higher time spent on LPA, MPA, 
VPA, MVPA and TPA, when reported by IPAQ‐S as presented in 
Table 3. The mean difference between IPAQ‐S and accelerometry 
for TPA was 163.73 min/day (95% CI 93.17 to 234.29; p < 0.01), 
and for MVPA it was 103.32 min/day (95% CI 57.99 to 148.66; 
p < 0.01). The only category in which no statistically significant 
differences were found between methods was inactivity time.

Regarding the correlation between the two methods, low to 
moderate Spearman correlation coefficients were observed. The 
highest correlation was obtained for MVPA (r = 0.47; p < 0.01), 
followed by TAP MET‐min/week (r = 0.41; p < 0.05) and TPA 
(r = 0.33; p < 0.05). In contrast, the correlation was very low or 
even inverse for LPA (r = −0.12) and null for inactivity (r = −0.01), 
suggesting a lower accuracy of the IPAQ‐S questionnaire in esti
mating low‐intensity activities or sedentary behaviours.

TABLE 1 | Sociodemographic characteristics.

Total (n = 170) (%)
Country Spain/Chile 94 (55.30)/76 (44.70)

Age (mean and SD) 51.90 ± 10.66

Gender male/Female 148 (87.10)/22 (12.90)

Civil status

Single 44 (25.90)

In a relationship/married 101 (57.40)

Divorced 25 (14.70)

Educationa

Primary 27 (16.10)

Secondary 55 (32.70)

Post‐secondary 86 (51.20)

Hours of work per day

≤ 4 h 1 (0.60)

5–8 h 21 (12.40)

≥ 9 h 148 (87.10)

Years worked as a taxi driver (mean and SD) 16.50 ± 10.35

BMI (mean and SD)b 28.50 ± 5.10
Abbreviations: BMI, Body Mass Index; SD, Standard Deviation.
aMissing data for 2 participants.
bMissing data for 1 participant.
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As shown in Table 4, a binomial logistic regression analysis was 
performed to identify sociodemographic variables with MSDs in 
different anatomical locations.

Regarding sociodemographic variables, age showed a statistically 
significant association with upper back pain, demonstrating a 

protective effect (OR of 0.96, p < 0.05), suggesting that the like
lihood of experiencing pain in this region decreases with 
increasing age.

Female gender was significantly associated with a higher 
probability of pain in several body regions: neck (OR = 3.65, 

FIGURE 1 | Prevalence of MSD in the past 7 days. Distribution of musculoskeletal disorders reported by taxi drivers during the week prior to the 
survey. Percentages indicate the proportion of participants affected in each anatomical region: neck (36.50%), lower back (32.90%), upper back 
(15.30%), shoulders (25.30%), knee (21.20%), hip/thigh (16.50%), feet (14.70%), hands (14.70%), and elbows (10.60%). Overall, 68.8% of participants 
reported pain in at least one body region.

TABLE 2 | Physical activity levels and sedentary time according to the IPAQ‐S questionnaire (n = 170).

Mean ± SD Median (IQR)
Sitting minutes/day 622.64 ± 184.47 600.00 (480.00–720.00)

Walking MET‐minutes/week 728.70 ± 986.29 321.75 (66.00–990.00)

Moderate MET‐minutes/week 636.21 ± 1098.00 120.00 (0.00–720.00)

Vigorous MET‐minutes/week 990.26 ± 1709.53 0.00 (0.00–1440.00)

Moderate to vigorous MET‐minutes/week 1626.47 ± 2339.47 520.00 (0.00–15,120)

Total physical activity MET‐min/week 2355.17 ± 2733.74 1350.00 (390.38–3438.00)

IPAQ‐S classification

1. Inactive 23 (13.5%)

2. Minimally active 57 (33.5%)

3. HEPA active 90 (52.9%)
Abbreviations: HEPA, Health‐Enhancing Physical Activity; IPAQ‐S, International Physical Activity Questionnaire—Short Form; IQR, Interquartile Range; MET, 
Metabolic Equivalent of Task; SD, Standard Deviation.
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p < 0.01), upper back (OR = 3.17, p < 0.05) and lower back 
(OR = 3.53, p < 0.01).

BMI was positively associated with knee pain (OR 1.09, 
p < 0.05), indicating an increase in the likelihood of pain in the 
knee as BMI increased.

With regard to working hours, working more than 4 h a day was 
associated with a higher risk of neck pain (OR of 4.10, p < 0.05).

As shown in Table 5, no statistically significant associations were 
found between MSDs and any of the physical activity or sedentary 
behaviour variables IPAQ‐S classification (Inactive, Minimally 
Active and HEPA active), adherence to WHO guidelines (yes/no), 
or sedentary behaviour (above or below 650 daily minutes) ac
cording to IPAQ‐S or accelerometry. A trend was observed for 
shoulder pain (p = 0.052), with a higher prevalence among par
ticipants with ≥ 650 min/day of sitting time, although this asso
ciation did not reach statistical significance.

4 | Discussion

This article aimed to describe the levels of physical activity and 
sedentary behaviours of taxi drivers using objective (accel
erometry) and self‐reported (IPAQ‐S) tools, to assess their as
sociation with the prevalence of MSDs, and to analyse the 
discrepancies between the two measurement methods.

The results showed a high prevalence of MSDs in this pop
ulation. In total, 68.8% of taxi drivers reported pain in at 
least one body region during the previous 7 days, with the 
most affected areas being the neck (36.5%) and lower back 
(32.9%). Significant percentages were also observed in the 
shoulders (25.3%), knees (21.2%) and hips (16.5%). These 
figures are consistent with previous studies of professional 
drivers, where the cervical and lumbar regions are usually 
the most affected due to prolonged static postures, vehicle 
vibration and limited seat ergonomics (Joseph et al. 2020; 
Rezaei et al. 2024).

TABLE 3 | Comparison of daily physical activity levels estimated by accelerometry and the IPAQ‐S questionnaire, and correlation between 
methods in the subsample of 36 taxi drivers.

Accelerometry IPAQ‐S Mean difference
95% CI

rLower Upper
Inactivity (min/day)a 715.47 ± 146.94 675.81 ± 342.57 39.67 ± 60.90 −83.96 163.30 −0.01

LPA (min/day)b 21.26 ± 8.23 81.67 ± 114.56 −60.41 ± 19.26** −99.50 −21.32 −0.12

MPA (min/day) 32.01 ± 67.18 78.89 ± 77.99 −46.88 ± 19.23* −85.92 −7.84 0.31

VPA (min/day) 10.37 ± 56.96 66.81 ± 92.95 −56.44 ± 16.33** −89.58 −23.30 0.24

MVPA (min/day) 42.37 ± 31.21 145.69 ± 140.22 −103.32 ± 22.33** −148.66 −57.99 0.47**

TPA (min/day) 63.63 ± 34.21 227.36 ± 211.81 −163.73 ± 34.76** −234.29 −93.17 0.33*

TAP MET‐min/week 1967.74 ± 1750.90 4483.44 ± 4544.44 −2515.70 ± 591.10** −3715.70 −1315.70 0.41*
Abbreviations: CI, Confidence Interval; IPAQ‐S, International Physical Activity Questionnaire—Short Form; LPA, Light Physical Activity; MET, Metabolic Equivalent of 
Task; MPA, Moderate Physical Activity; MVPA, Moderate‐to‐Vigorous Physical Activity; r, Spearman correlation coefficient between accelerometer and IPAQ‐S 
variables; SD, Standard Deviation; TAP, Total Activity‐Related Physical Activity; TPA, Total Physical Activity; VPA, Vigorous Physical Activity.
aFor the IPAQ‐S, the variable compared was “Sedentary time”.
bFor the IPAQ‐S, the variable compared was walking time.
Statistical significance indicated by p < 0.05 (*) and p < 0.01 (**).

TABLE 4 | Results of the binomial logistic regression analysis for the association between sociodemographic variables and the presence of 
musculoskeletal pain in different body locations (n = 170).

Variables 
(references)

Neck Shoulder Forearm
Wrists or 

hands Upper back Lower back
Hips or 

legs Knees
Ankles or 

feet

OR (95% CI)
OR 

(95% CI)
OR 

(95% CI) OR (95% CI)
OR 

(95% CI) OR (95% CI)
OR 

(95% CI)
OR 

(95% CI)
OR 

(95% CI)
Age (continuous) 0.98 

(0.96–1.01)
1.02 

(0.98–1.10)
1.02 

(0.97–1.06)
1.02 

(0.97–1.06)
0.96 

(0.92–0.99)*
0.97 

(0.94–1.00)
1.03 

(0.99–1.07)
1.02 

(0.99–1.06)
0.99 

(0.96–1.04)

Gender (male) 3.65 
(1.43–9.28)**

1.45 
(0.55–3.84)

2.13 
(0.63–7.17)

2.55 
(0.89–7.31)

3.17 
(1.14–8.77)*

3.53 
(1.40–8.86)**

1.15 
(0.36–3.69)

0.81 
(0.26–2.55)

2.55 
(0.89–7.31)

BMI (continuous) 1.03 
(0.96–1.09)

1.04 
(0.98–1.11)

1.02 
(0.94–1.12)

1.01 
(0.94–1.10)

1.02 
(0.94–1.10)

1.03 
(0.97–1.10)

1.07 
(0.99–1.15)

1.09 
(1.02–1.18)*

1.04 
(0.96–1.12)

Hours of work per day 
(≤ 4 h)

4.10 
(1.18–14.22)*

2.34 
(0.68–8.08)

2.70 
(0.35–20.53)

1.86 
(0.42–8.12)

1.95 
(0.45–8.51)

2.43 
(0.81–7.34)

2.13 
(0.49–9.33)

0.96 
(80.35–2.67)

0.81 
(0.27–2.46)

Abbreviations: BMI, Body Mass Index; CI, Confidence Interval; OR, Odds Ratio.
Statistical significance indicated by p < 0.05 (*) and p < 0.01 (**).
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Beyond these mechanical explanations, the high 7‐day symptom 
prevalence may also reflect the interaction of prolonged con
strained sitting with work‐organisation factors (e.g., long shifts, 
limited opportunities for posture variation, time pressure, and 
psychosocial stress). This is particularly relevant given that a 7‐ 
day recall window may be sensitive to short‐term workload 
peaks and recovery patterns.

Accelerometry allowed the actual levels of physical activity to be 
compared with the self‐reported data from the IPAQ‐S 

questionnaire. A significant overestimation was evident in 
virtually all IPAQ‐S physical activity categories, especially in 
MVPA, with mean values of 145.70 ± 140.20 min/day according 
to the questionnaire, compared to 42.37 ± 31.21 min/day 
recorded by accelerometry. A similar discrepancy was observed 
in TPA, with 227.40 ± 211.80 min/day self‐reported versus 
63.63 ± 34.21 min/day.

These discrepancies between self‐reported and objectively 
measured data are consistent with what has been reported in 

TABLE 5 | Percentage of participants with MSD by body region according to variables related to aerobic physical activity and sedentary lifestyle.

Neck Shoulder Forearm
Wrists or 

hands
Upper 
back

Lower 
back

Hips or 
legs Knees

Ankles or 
feet

IPAQ‐S (n = 170)

WHO Recommendation

No 36 
(37.11)

27 (27.84) 10 
(10.31)

18 (18.56) 12 (12.37) 28 (28.87) 18 (18.56) 21 
(21.65)

17 (17.53)

Yes 26 
(35.62)

16 (21.92) 8 (10.96) 7 (9.59) 14 (19.18) 28 (38.36) 10 (13.70) 15 
(20.55)

8 (10.96)

p value 0.84 0.38 0.89 0.10 0.22 0.19 0.40 0.86 0.23

IPAQ‐S classification

Inactive 9 
(39.13)

8 (34.78) 2 (8.70) 3 (13.04) 3 (13.04) 9 (39.13) 7 (30.43) 3 
(13.04)

5 (21.74)

Minimally 
active

20 
(35.09)

14 (24.56) 7 (12.28) 13 (22.81) 9 (15.79) 17 (29.82) 8 (14.04) 15 
(26.32)

6 (10.53)

HEPA active 33 
(36.67)

21 (23.33) 9 (10.00) 9 (10.00) 14 (15.56) 30 (33.33) 13 (14.44) 18 
(20.00)

14 (15.56)

p value 0.94 0.52 0.86 0.10 0.94 0.72 0.15 0.40 0.42

Sedentary

< 650 min/ 
day

36 
(38.71)

29 (31.18) 12 
(12.90)

16 (17.20) 16 (17.20) 31 (33.33) 15 (16.13) 23 
(24.73)

15 (16.13)

≥ 650 min/ 
day

26 
(33.77)

14 (18.18) 6 (7.79) 9 (11.69) 10 (12.99) 25 (32.47) 13 (16.88) 13 
(16.88)

10 (12.99)

p value 0.51 0.052 0.28 0.31 0.45 0.91 0.90 0.21 0.57

Accelerometry (n = 36)

WHO Recommendation

No 6 
(60.00)

4 (40.00) 0 (0.00) 1 (10.00) 4 (40.00) 7 (70.00) 2 (20.00) 2 
(20.00)

0 (0.00)

Yes 8 
(30.77)

4 (15.38) 1 (3.85) 1 (3.85) 5 (19.23) 11 (42.31) 1 (3.85) 3 
(11.54)

1 (3.85)

p value 0.11 0.11 0.53 0.47 0.20 0.14 0.12 0.51 0.53

Sedentary

< 650 min/ 
day

5 
(41.67)

4 (33.33) 0 (0.00) 0 (0.00) 2 (16.67) 5 (41.67) 0 (0.00) 3 
(25.00)

1 (8.33)

≥ 650 min/ 
day

9 
(37.50)

4 (16.67) 1 (4.17) 2 (8.33) 7 (29.17) 13 (54.17) 3 (12.50) 2 (8.33) 0 (0.00)

p value 0.81 0.26 0.47 0.30 0.41 0.48 0.20 0.17 0.15
Note: Values represent absolute frequency and percentage (%) of participants with musculoskeletal disorders (MSDs) in each body region, stratified by physical activity 
level and sedentary behaviour, according to IPAQ‐S (International Physical Activity Questionnaire—Short Form) and accelerometry. WHO guidelines refer to achieving 
≥ 150 min/week of moderate‐intensity or ≥ 75 min/week of vigorous‐intensity physical activity, or an equivalent combination.
Abbreviation: HEPA, Health‐Enhancing Physical Activity.
Statistical significance assessed by chi‐square. Significant p values are indicated by p < 0.05 (*) and p < 0.01 (**).
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the scientific literature. Previous studies in working 
populations—such as administrative staff, healthcare personnel, 
and professional drivers—have documented that the IPAQ‐S 
tends to overestimate physical activity compared with accel
erometry, with margins ranging from 36% to 173% depending on 
the intensity of the activity and the type of workday (Lee 
et al. 2011; Nelson et al. 2019). This divergence can be attributed 
to various factors, such as social desirability bias, recall errors, 
or subjective perception of physical effort (Sánchez‐Lastra and 
Martínez‐Lemos 2018). However, this may have important im
plications when analysing the true relationship between phys
ical activity and pain in these populations.

Based on the accelerometry data, due to the objectivity of the 
test, in our sample, the inactivity time measured by accel
erometry exceeded 700 min per day (11 h and 40 min), which is 
comparable to that reported in other studies with transport and 
administrative sector workers (Bailey 2021; Murray et al. 2019; 
Prince et al. 2019; Rezaei et al. 2024; Varela‐Mato et al. 2016). 
This level of sedentary behaviour represents a significant risk 
factor for the development of non‐communicable diseases and 
MSDs. According to Park et al. (2020), compliance with physical 
activity recommendations does not necessarily offset the risks 
associated with prolonged sedentary behaviour, which is an 
independent risk factor for mortality (Park et al. 2020). In the 
case of taxi drivers, this distinction is particularly relevant, as 
most may overestimate their level of physical activity, without 
realising that spending more than 8 h a day sitting down carries 
a substantial risk to musculoskeletal and metabolic health.

One aspect that deserves attention is the effect of gender. 
Despite the small number of women in the sample (12.9%), 
being female was significantly associated with a higher proba
bility of pain in the neck, upper back and lower back. These 
findings, although preliminary, are consistent with studies in 
other contexts that have shown a higher prevalence of MSDs in 
female drivers (Berrones‐Sanz and Araiza‐Diaz 2019; Szeto and 
Lam 2007), possibly due to a complex interaction of biological, 
psychosocial, structural and dual exposure factors (work‐home 
demands; Fillingim et al. 2009; Punnett and Herbert 2000). 
However, given the small proportion of women and the region‐ 
specific modelling approach, these sex‐related estimates may be 
statistically imprecise and should be interpreted as exploratory.

Additionally, BMI was significantly associated with knee pain. 
While previous studies have typically linked elevated BMI to 
lower back pain (Shiri et al. 2010), our findings suggest a 
stronger association with the knees in this population. The 
mechanistic basis for this relationship is likely multifactorial. 
Although mechanical overload is a well‐established pathway 
(Muehleman et al. 2010) in a highly sedentary population, the 
contribution of sustained joint loading from prolonged sitting 
and suboptimal posture may be more relevant than repetitive 
weight‐bearing activities. Furthermore, excess adiposity is 
associated with chronic low‐grade systemic inflammation, 
which has been implicated in the progression of knee osteoar
thritis and other musculoskeletal disorders (Vincent et al. 2013). 
This inflammatory component, combined with reduced muscle 
strength from physical inactivity, may exacerbate joint vulner
ability and pain. Previous work has shown that obesity 
heightens the risk and severity of musculoskeletal pain across 

several anatomical sites (Mendonça et al. 2020; Nilsen 
et al. 2011), and such effects may be amplified in individuals 
with prolonged sedentary time and low physical activity levels.

Although our study did not find a significant association be
tween PA levels and MSDs, this finding should not be inter
preted as an absence of a relationship in general terms. One 
possible explanation is the existence of a ceiling effect or 
exposure threshold, whereby the benefits of physical activity are 
attenuated in populations subjected to extreme sedentary life
styles, as confirmed by Ribas et al. (2020) in their study of 
administrative workers (Ribas et al. 2020). In such cases, even 
adequate levels of PA may not be sufficient to counteract the 
accumulated risk of MSDs. This would explain why in our 
sample, neither self‐reported nor objectively measured levels 
showed a clear protective effect. In Australia, a study of more 
than 220,000 adults estimated that sedentary behaviour could be 
responsible for 6.9% of deaths in the population. This highlights 
the seriousness of the problem and suggests that reducing sitting 
time should be a priority objective alongside promoting PA, 
even when seeking to prevent MSDs (van der Ploeg 2012).

More broadly, the absence of significant associations between 
physical activity and MSDs, and between sedentary time and 
MSDs, may also reflect methodological and contextual factors. 
First, non‐differential misclassification of PA due to systematic 
self‐report overestimation (and the limited accelerometry sub
sample) can bias associations toward the null. Second, the occu
pational context of taxi driving entails very high—and potentially 
relatively homogeneous—sedentary exposure, which may restrict 
variability and reduce detectable associations. Third, reverse 
causality is plausible in a cross‐sectional design, as musculo
skeletal pain may influence activity patterns and break behaviour. 
Fourth, total sedentary time may not capture the specific 
biomechanical exposures most directly linked to regional pain 
(e.g., seat ergonomics, vibration exposure, driving hours, and 
opportunities for micro‐breaks), and residual confounding by 
these unmeasured factors may obscure associations. Finally, 
some region‐specific analyses may have limited statistical power 
and precision, yielding imprecise estimates. Taken together, these 
issues suggest that the null associations observed in this sample 
should be interpreted cautiously and warrant investigation in 
adequately powered longitudinal studies incorporating detailed 
occupational exposure metrics and objective monitoring.

On the other hand, it is worth reflecting on the validity of using 
the IPAQ‐S questionnaire in taxi drivers. As we have shown, 
this instrument tends to significantly overestimate the time 
spent on physical activity compared with objective measure
ment. From a measurement perspective, combining objective 
monitoring with instruments tailored to the task structure of 
driving (e.g., capturing micro‐breaks, posture changes, and 
domain‐specific activity) may improve exposure assessment and 
reduce misclassification in future studies.

Returning to sedentary time, the absence of an association with 
MSDs in our data should not be interpreted as definitive either. 
Uncontrolled variables (seat ergonomics, the presence of active 
breaks, stress levels or rest) may modulate this relationship 
(Straker et al. 2016). In addition, musculoskeletal pain may 
depend more on exposure to vibrations or uncomfortable 
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postures than on overall sedentary behaviour itself, although 
both aspects are interrelated (Lis et al. 2007).

Finally, although this study did not find a protective effect of PA 
on MSDs, its importance in other key dimensions of health 
should not be minimised. Physical activity is widely associated 
with cardiovascular, metabolic, psychological and functional 
benefits (Oral et al. 2024; Villamil‐Parra and Moscoso‐ 
Loaiza 2024), aspects that were not evaluated here but should be 
taken into account when designing public health strategies for 
this group.

Psychosocial determinants may also shape symptom experience 
and health behaviours in taxi drivers. Our prior Spain–Chile study 
linked stress, anxiety and depression to poorer quality of life and 
suggested occupational balance as a protective factor, supporting 
integrated biopsychosocial approaches alongside ergonomic and 
organisational strategies (Marín‐Berges et al. 2025).

Taken together, the main contribution of this study is descrip
tive and methodological: it documents a high 7‐day MSD burden 
alongside marked sedentary exposure and substantial over
estimation of PA by self‐report in a highly sedentary occupa
tional group. The absence of clear associations should be 
interpreted considering measurement limitations, cross‐ 
sectional design, and potential residual confounding. These 
findings refine hypotheses and can inform the design of future 
studies (larger objective monitoring, inclusion of detailed 
occupational exposure metrics, and longitudinal follow‐up) 
rather than supporting causal inference.

4.1 | Strengths and Limitations

One of the main strengths of this study is its mixed approach to 
assessing physical activity by combining self‐reporting tools 
(IPAQ‐S) with objective measurement using accelerometry. This 
approach made it possible to compare subjective perceptions 
with actual movement data, providing a more accurate picture 
of physical behaviour in a working population. In addition, the 
study covered a large sample of taxi drivers from two different 
geographical contexts (Spain and Chile), which contributes to 
the diversity and applicability of the findings in other urban 
environments.

Likewise, the use of the SNQ allowed for a detailed and vali
dated assessment of musculoskeletal disorders by body region, 
which strengthens the quality of the data collected on muscu
loskeletal health.

However, this study has some limitations. First, accelerometry 
was only used with a subsample of 36 participants, which restricts 
the generalisation of the objective results to the entire sample.

Furthermore, although the use of an accelerometer on the wrist of 
the non‐dominant hand is an accepted practice for professional 
drivers (Gilson et al. 2021), it may not fully reflect actual energy 
expenditure in certain activities, especially in drivers where upper 
limb movement may be restricted or influenced by driving.

Another limitation is the cross‐sectional nature of the design, 
which prevents the establishment of causal relationships be
tween physical activity and MSDs.

5 | Conclusion

Taxi drivers exhibited a high prevalence of 7‐day MSDs, 
particularly in the neck and lower back, with a higher reported 
burden among women. Although more than half of the partic
ipants were classified as sufficiently active based on question
naire data, accelerometer data (available in a subsample from 
Zaragoza) indicated very high sedentary time and substantially 
lower physical activity, suggesting overestimation in self‐ 
reports. Associations between physical activity and 7‐day 
MSDs were weak, and sedentary time was not clearly associ
ated with MSD prevalence in this sample. These findings should 
be interpreted cautiously given the cross‐sectional design, reli
ance on self‐report measures, and the limited proportion of 
participants with accelerometer data.

Overall, the results highlight a high MSD burden alongside 
marked sedentary exposure in taxi drivers and underscore the 
importance of improving measurement in highly sedentary 
occupational groups. Future research should include larger 
samples with objective monitoring across settings (e.g., Val
paraíso as well as Zaragoza), incorporate detailed occupational 
exposure measures (e.g., ergonomics and work organisation), 
and evaluate workplace strategies (e.g., ergonomic optimisation 
and feasible break routines) using adequately powered and 
preferably longitudinal designs.

Author Contributions

Marta Marín‐Berges led the statistical analysis, contributed to data 
collection, interpretation of results, and drafted the initial manuscript. 
Pablo A. Lizana contributed to study conception, data collection, and 
interpretation of results. Isabel Iguacel contributed to the study design, 
interpretation of results, and critically revised the manuscript for 
important intellectual content. Marcos Echevarría‐Polo contributed to 
statistical analysis, interpretation of results, and manuscript revision. 
Valentina Marroquín‐Pinochet contributed data collection, and inter
pretation of results. Constanza Rivas‐Sanhueza contributed to data 
collection and interpretation of results. German Vicente‐Rodríguez 
contributed to study conception, interpretation of results, and manu
script revision. Alejandro Gómez‐Bruton contributed to study concep
tion, statistical analysis, interpretation of results, and manuscript 
revision. All authors contributed to the study design and interpretation 
of data, critically reviewed and approved the final version of the 
manuscript, and agree to be accountable for all aspects of the work.

Acknowledgements

We would like to thank the taxi drivers from the cities of Zaragoza and 
Valparaíso for their participation. In addition, we would like to thank 
the Association and the Cooperative for facilitating the communication 
and their facilities.

Funding

The authors have nothing to report.

10 of 13 Musculoskeletal Care, 2026

 15570681, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/m

sc.70201 by U
niversidad D

e Z
aragoza, W

iley O
nline L

ibrary on [17/03/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Ethics Statement

This study was approved by the Research Ethics Committee of the 
Autonomous Community of Aragón (PI22‐382) and by the Bioethics 
Committee of the Pontificia Universidad Católica de Valparaíso 
(n◦BIOEPUCV‐H 633–2023). All participants provided voluntary con
sent by signing the informed consent form after being fully informed 
about the study's objectives. They were also made aware of their right to 
withdraw from the study at any point without consequence.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The datasets generated and/or analysed during the current study are not 
publicly available due to participant confidentiality and the lack of 
consent for data sharing.

References

Bailey, D. P. 2021. “Sedentary Behaviour in the Workplace: Prevalence, 
Health Implications and Interventions.” British Medical Bulletin 137, no. 
1: 42–50. https://doi.org/10.1093/bmb/ldaa039.

Berrones‐Sanz, L. D., and E. M. Araiza‐Diaz. 2019. “Working and Health 
Conditions of Female Taxi Drivers in Mexico City: A Comparative 
Analysis Between Women and Men.” Research in Transportation Busi
ness & Management 31: 100371. https://doi.org/10.1016/j.rtbm.2019. 
100371.

Bull, F. C., S. S. Al‐Ansari, S. Biddle, et al. 2020. “World Health Orga
nization 2020 Guidelines on Physical Activity and Sedentary Behav
iour.” British Journal of Sports Medicine 54, no. 24: 1451–1462. https:// 
doi.org/10.1136/bjsports‐2020‐102955.

Cancela, J., C. Ayán, H. Vila, J. Gutiérrez, and A. Gutiérrez‐Santiago. 
2019. “Validez de Constructo del Cuestionario Internacional de Activi
dad Física en Universitarios Españoles.” Revista Iberoamericana de 
Diagnóstico y Evaluación – e Avaliação Psicológica 52, no. 3. https://doi. 
org/10.21865/RIDEP52.3.01.

Craig, C. L., A. L. Marshall, M. Sjöström, et al. 2003. “International 
Physical Activity Questionnaire: 12‐Country Reliability and Validity.” 
Medicine & Science in Sports & Exercise 35, no. 8: 1381–1395. https://doi. 
org/10.1249/01.MSS.0000078924.61453.FB.

Cunningham, C., R. O’ Sullivan, P. Caserotti, and M. A. Tully. 2020. 
“Consequences of Physical Inactivity in Older Adults: A Systematic 
Review of Reviews and Meta‐Analyses.” Scandinavian Journal of Med
icine & Science in Sports 30, no. 5: 816–827. https://doi.org/10.1111/sms. 
13616.

Ekelund, U., J. Tarp, J. Steene‐Johannessen, et al. 2019. “Dose‐Response 
Associations Between Accelerometry Measured Physical Activity and 
Sedentary Time and all Cause Mortality: Systematic Review and 
Harmonised Meta‐Analysis.” BMJ: l4570. https://doi.org/10.1136/bmj. 
l4570.

Fillingim, R. B., C. D. King, M. C. Ribeiro‐Dasilva, B. Rahim‐Williams, 
and J. L. Riley. 2009. “Sex, Gender, and Pain: A Review of Recent 
Clinical and Experimental Findings.” Journal of Pain 10, no. 5: 447–485. 
https://doi.org/10.1016/j.jpain.2008.12.001.

Gilson, N. D., G. I. Mielke, J. S. Coombes, et al. 2021. “VO2peak and 24‐ 
Hour Sleep, Sedentary Behavior, and Physical Activity in Australian 
Truck Drivers.” Scandinavian Journal of Medicine & Science in Sports 31, 
no. 7: 1574–1578. https://doi.org/10.1111/sms.13965.

Hildebrand, M., B. H. Hansen, V. T. van Hees, and U. Ekelund. 2017. 
“Evaluation of Raw Acceleration Sedentary Thresholds in Children and 
Adults.” Scandinavian Journal of Medicine & Science in Sports 27, no. 12: 
1814–1823. https://doi.org/10.1111/sms.12795.

Hildebrand, M., V. T. Van Hees, B. H. Hansen, and U. Ekelund. 2014. 
“Age Group Comparability of Raw Accelerometer Output From Wrist‐ 
and Hip‐Worn Monitors.” Medicine & Science in Sports & Exercise 46, no. 
9: 1816–1824. https://doi.org/10.1249/MSS.0000000000000289.

Isusi, I. 2020. Work‐Related Musculoskeletal Disorders: Facts and Figures: 
Synthesis Report (of 10 National Reports). Publications Office of the 
European Union.

Joseph, L., M. Standen, A. Paungmali, R. Kuisma, P. Sitilertpisan, and 
U. Pirunsan. 2020. “Prevalence of Musculoskeletal Pain Among Pro
fessional Drivers: A Systematic Review.” Journal of Occupational Health 
62, no. 1: e12150. https://doi.org/10.1002/1348‐9585.12150.

Kohl, H. W., C. L. Craig, E. V. Lambert, et al. 2012. “The Pandemic of 
Physical Inactivity: Global Action for Public Health.” Lancet 380, no. 
9838: 294–305. https://doi.org/10.1016/S0140‐6736(12)60898‐8.

Kuorinka, I., B. Jonsson, A. Kilbom, et al. 1987. “Standardised Nordic 
Questionnaires for the Analysis of Musculoskeletal Symptoms.” Applied 
Ergonomics 18, no. 3: 233–237. https://doi.org/10.1016/0003‐6870(87) 
90010‐X.

Lee, P. H., D. J. Macfarlane, T. Lam, and S. M. Stewart. 2011. “Validity of 
the International Physical Activity Questionnaire Short Form (IPAQ‐ 
SF): A Systematic Review.” International Journal of Behavioral Nutrition 
and Physical Activity 8, no. 1: 115. https://doi.org/10.1186/1479‐5868‐ 
8‐115.

Lis, A. M., K. M. Black, H. Korn, and M. Nordin. 2007. “Association 
Between Sitting and Occupational LBP.” European Spine Journal 16, no. 
2: 283–298. https://doi.org/10.1007/s00586‐006‐0143‐7.

Manson, J. E., P. J. Skerrett, P. Greenland, and T. B. VanItallie. 2004. 
“The Escalating Pandemics of Obesity and Sedentary Lifestyle.” Archives 
of Internal Medicine 164, no. 3: 249. https://doi.org/10.1001/archinte. 
164.3.249.

Marín‐Berges, M., A. Gómez‐Bruton, P. A. Lizana, M. Cáceres, P. 
Magaña, and I. Iguacel. 2026. “Association Between Musculoskeletal 
Disorders and Health‐Related Quality of Life in Chilean and Spanish 
Taxi Drivers.” AIMS Public Health 13, no. 1: 63–81. https://doi.org/10. 
3934/publichealth.2026005.

Marín‐Berges, M., P. A. Lizana, V. Marroquín‐Pinochet, V. Osorio‐ 
Paredes, I. Iguacel, and A. Gómez‐Bruton. 2025. “Mental Health, 
Quality of Life, and Occupational Balance Among Taxi Drivers in Spain 
and Chile: A Cross‐Cultural Study.” Journal of Transport & Health 44: 
102105. https://doi.org/10.1016/j.jth.2025.102105.

Martínez, M. M., and R. Alvarado Muñoz. 2017. “Validación del cues
tionario Nórdico Estandarizado de Síntomas Musculoesqueléticos Para 
la Población Trabajadora Chilena, Adicionando Una Escala de Dolor.” 
Revista de Salud Pública 21, no. 2: 43–53. https://doi.org/10.31052/1853. 
1180.v21.n2.16889.

Mateos‐González, L., J. Rodríguez‐Suárez, J. A. Llosa, and E. Agulló‐ 
Tomás. 2024. “Spanish Version of the Nordic Musculoskeletal Ques
tionnaire: Cross‐Cultural Adaptation and Validation in Nursing Aides.” 
Anales del Sistema Sanitario de Navarra 47, no. 1: e1066. https://doi.org/ 
10.23938/ASSN.1066.

Melo Betancourt, L. G., J. C. Castaño Marín, and W. Narváez Solarte. 
2021. “Physical Activity, Overweight and Obesity in Public Service 
Drivers in the City of Manizales, Colombia.” Hacia La Promoción de La 
Salud 26, no. 1: 132–147. https://doi.org/10.17151/hpsal.2021.26.1.11.

Mendonça, C. R., M. Noll, A. P. dos Santos Rodrigues, and E. A. Silveira. 
2020. “High Prevalence of Musculoskeletal Pain in Individuals With 
Severe Obesity: Sites, Intensity, and Associated Factors.” Korean Journal 
of Pain 33, no. 3: 245–257. https://doi.org/10.3344/kjp.2020.33.3.245.

Migueles, J. H., A. V. Rowlands, F. Huber, S. Sabia, and V. T. van Hees. 
2019. “GGIR: A Research Community–Driven Open Source R Package 
for Generating Physical Activity and Sleep Outcomes From Multi‐Day 
Raw Accelerometer Data.” Journal for the Measurement of Physical 
Behaviour 2, no. 3: 188–196. https://doi.org/10.1123/jmpb.2018‐0063.

Musculoskeletal Care, 2026 11 of 13

 15570681, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/m

sc.70201 by U
niversidad D

e Z
aragoza, W

iley O
nline L

ibrary on [17/03/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1093/bmb/ldaa039
https://doi.org/10.1016/j.rtbm.2019.100371
https://doi.org/10.1016/j.rtbm.2019.100371
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.21865/RIDEP52.3.01
https://doi.org/10.21865/RIDEP52.3.01
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1111/sms.13616
https://doi.org/10.1111/sms.13616
https://doi.org/10.1136/bmj.l4570
https://doi.org/10.1136/bmj.l4570
https://doi.org/10.1016/j.jpain.2008.12.001
https://doi.org/10.1111/sms.13965
https://doi.org/10.1111/sms.12795
https://doi.org/10.1249/MSS.0000000000000289
https://doi.org/10.1002/1348-9585.12150
https://doi.org/10.1016/S0140-6736(12)60898-8
https://doi.org/10.1016/0003-6870(87)90010-X
https://doi.org/10.1016/0003-6870(87)90010-X
https://doi.org/10.1186/1479-5868-8-115
https://doi.org/10.1186/1479-5868-8-115
https://doi.org/10.1007/s00586-006-0143-7
https://doi.org/10.1001/archinte.164.3.249
https://doi.org/10.1001/archinte.164.3.249
https://doi.org/10.3934/publichealth.2026005
https://doi.org/10.3934/publichealth.2026005
https://doi.org/10.1016/j.jth.2025.102105
https://doi.org/10.31052/1853.1180.v21.n2.16889
https://doi.org/10.31052/1853.1180.v21.n2.16889
https://doi.org/10.23938/ASSN.1066
https://doi.org/10.23938/ASSN.1066
https://doi.org/10.17151/hpsal.2021.26.1.11
https://doi.org/10.3344/kjp.2020.33.3.245
https://doi.org/10.1123/jmpb.2018-0063


Ministerio de Sanidad. 2021. “Encuesta Europea de Salud en España.”. 
EESE 2020: Evolución de los Principales Resultados. https://www.sanida 
d.gob.es/estadEstudios/estadisticas/EncuestaEuropea/EESE2020_inf_e 
vol_princip_result2.pdf.

Mirpuri, S., K. Riley, and F. Gany. 2021. “Taxi Drivers and Modifiable 
Health Behaviors: Is Stress Associated?” Work 69, no. 4: 1283–1291. 
https://doi.org/10.3233/WOR‐213549.

Muehleman, C., A. Margulis, W. C. Bae, and K. Masuda. 2010. “Rela
tionship Between Knee and Ankle Degeneration in a Population of 
Organ Donors.” BMC Medicine 8, no. 1: 48. https://doi.org/10.1186/ 
1741‐7015‐8‐48.

Murray, K. E., A. Buul, R. Aden, et al. 2019. “Occupational Health Risks 
and Intervention Strategies for US Taxi Drivers.” Health Promotion In
ternational 34, no. 2: 323–332. https://doi.org/10.1093/heapro/dax082.

Nelson, M. C., K. Taylor, and C. A. Vella. 2019. “Comparison of Self‐ 
Reported and Objectively Measured Sedentary Behavior and Physical 
Activity in Undergraduate Students.” Measurement in Physical Educa
tion and Exercise Science 23, no. 3: 237–248. https://doi.org/10.1080/ 
1091367X.2019.1610765.

Ngatcha Tchounga, C. C., M. Azabji Kenfack, W. R. Guessogo, et al. 2022. 
“Prevalence of Musculoskeletal Disorders Among Taxi Drivers in 
Yaoundé, Cameroon: Preventive Effect of Physical Activity.” BMC 
Musculoskeletal Disorders 23, no. 1: 1018. https://doi.org/10.1186/s12891‐ 
022‐05971‐w.

Nilsen, T. I. L., A. Holtermann, and P. J. Mork. 2011. “Physical Exercise, 
Body Mass Index, and Risk of Chronic Pain in the Low Back and Neck/ 
Shoulders: Longitudinal Data From the Nord‐Trondelag Health Study.” 
American Journal of Epidemiology 174, no. 3: 267–273. https://doi.org/ 
10.1093/aje/kwr087.

Oral, O., Z. Rezaee, P. Thapa, G. N. Nomikos, and M. Enser. 2024. “A 
Comprehensive Review of the Metabolic and Psychophysiological Effect 
of Regular Exercise on Healthy Life.” Global Sport Science 3, no. 1: 
26–30. https://doi.org/10.62836/gss.v3i1.170.

Palma‐Leal, X., C. Costa‐Rodríguez, Y. Barranco‐Ruiz, S. Hernández‐ 
Jaña, and F. Rodríguez‐Rodríguez. 2022. “Fiabilidad del Cuestionario 
Internacional de Actividad Física (IPAQ)‐Versión Corta y del Cuestio
nario de Autoevaluación de la Condición Física (IFIS) en Estudiantes 
Universitarios Chilenos.” Journal of Movement & Health 19, no. 2. 
https://doi.org/10.5027/jmh‐Vol19‐Issue2(2022)art161.

Park, J. H., J. H. Moon, H. J. Kim, M. H. Kong, and Y. H. Oh. 2020. 
“Sedentary Lifestyle: Overview of Updated Evidence of Potential Health 
Risks.” Korean Journal of Family Medicine 41, no. 6: 365–373. https:// 
doi.org/10.4082/kjfm.20.0165.

Pavan Kumar, K., and V. Reddi. 2023. “Significance of Spearman’s Rank 
Correlation Coefficient.” International Journal for Multidisciplinary 
Research 5, no. 4. https://doi.org/10.36948/ijfmr.2023.v05i04.5203.

Prince, S. A., C. G. Elliott, K. Scott, S. Visintini, and J. L. Reed. 2019. 
“Device‐Measured Physical Activity, Sedentary Behaviour and Car
diometabolic Health and Fitness Across Occupational Groups: A Sys
tematic Review and Meta‐Analysis.” International Journal of Behavioral 
Nutrition and Physical Activity 16, no. 1: 30. https://doi.org/10.1186/ 
s12966‐019‐0790‐9.

Punnett, L., and R. Herbert. 2000. “Work‐Related Musculoskeletal 
Disorders: Is There a Gender Differential, and if so, what Does It 
Mean?” In Women and Health, 474–492. Elsevier. https://doi.org/10. 
1016/B978‐012288145‐9/50044‐9.

Punnett, L., and D. H. Wegman. 2004. “Work‐Related Musculoskeletal 
Disorders: The Epidemiologic Evidence and the Debate.” Journal of 
Electromyography and Kinesiology 14, no. 1: 13–23. https://doi.org/10. 
1016/j.jelekin.2003.09.015.

Rezaei, E., F. Shahmahmoudi, F. Makki, F. Salehinejad, H. Marzban, 
and Z. Zangiabadi. 2024. “Musculoskeletal Disorders Among Taxi 

Drivers: A Systematic Review and Meta‐Analysis.” BMC Musculoskeletal 
Disorders 25, no. 1: 663. https://doi.org/10.1186/s12891‐024‐07771‐w.

Rhim, H. C., A. Tenforde, L. Mohr, et al. 2022. “Association Between 
Physical Activity and Musculoskeletal Pain: An Analysis of Interna
tional Data From the ASAP Survey.” BMJ Open 12, no. 9: e059525. 
https://doi.org/10.1136/bmjopen‐2021‐059525.

Ribas, T. M., R. M. Teodori, F. F. Mescolotto, M. I. D. L. Montebelo, S. B. S. 
Baruki, and E. M. Pazzianotto‐Forti. 2020. “Impact of Physical Activity 
Levels on Musculoskeletal Symptoms and Absenteeism of Workers of a 
Metallurgical Company.” Revista Brasileira de Medicina Do Trabalho 18, 
no. 4: 425–433. https://doi.org/10.47626/1679‐4435‐2020‐572.

Sánchez‐Lastra, M. A., and I. Martínez‐Lemos. 2018. “Cuestionarios De 
Estimación de Actividad Física: Revisión Sistemática y análisis de sus 
Propiedades Psicométricas en Población Española Mayor de 60 Años.” 
Revista Española de Salud Pública 92. http://scielo.isciii.es/scielo.php? 
script=sci_arttext&pid=S1135‐57272018000100508&nrm=iso.

Shiri, R., J. Karppinen, P. Leino‐Arjas, S. Solovieva, and E. Viikari‐ 
Juntura. 2010. “The Association Between Obesity and Low Back Pain: 
A Meta‐Analysis.” American Journal of Epidemiology 171, no. 2: 
135–154. https://doi.org/10.1093/aje/kwp356.

Strain, T., S. Flaxman, R. Guthold, et al. 2024. “National, Regional, and 
Global Trends in Insufficient Physical Activity Among Adults From 
2000 to 2022: A Pooled Analysis of 507 Population‐Based Surveys With 
5·7 Million Participants.” Lancet Global Health 12, no. 8: e1232–e1243. 
https://doi.org/10.1016/S2214‐109X(24)00150‐5.

Straker, L., D. Dunstan, N. Gilson, and G. Healy. 2016. Sedentary Work. 
Evidence on an Emergent Work Health and Safety Issue.

Suau, Q., E. Bianchini, A. Bellier, et al. 2024. “Current Knowledge 
About ActiGraph GT9X Link Activity Monitor Accuracy and Validity in 
Measuring Steps and Energy Expenditure: A Systematic Review.” Sen
sors 24, no. 3: 825. https://doi.org/10.3390/s24030825.

Szeto, G. P. Y., and P. Lam. 2007. “Work‐Related Musculoskeletal Dis
orders in Urban Bus Drivers of Hong Kong.” Journal of Occupational 
Rehabilitation 17, no. 2: 181–198. https://doi.org/10.1007/s10926‐007‐ 
9070‐7.

van der Ploeg, H. P. 2012. “Sitting Time and All‐Cause Mortality Risk in 
222 497 Australian Adults.” Archives of Internal Medicine 172, no. 6: 494. 
https://doi.org/10.1001/archinternmed.2011.2174.

van Hees, V. T., Z. Fang, J. Langford, et al. 2014. “Autocalibration of 
Accelerometer Data for Free‐Living Physical Activity Assessment Using 
Local Gravity and Temperature: An Evaluation on Four Continents.” 
Journal of Applied Physiology 117, no. 7: 738–744. https://doi.org/10. 
1152/japplphysiol.00421.2014.

van Hees, V. T., F. Renström, A. Wright, et al. 2011. “Estimation of Daily 
Energy Expenditure in Pregnant and Non‐Pregnant Women Using a 
Wrist‐Worn Tri‐Axial Accelerometer.” PLoS One 6, no. 7: e22922. 
https://doi.org/10.1371/journal.pone.0022922.

Varela‐Mato, V., T. Yates, D. J. Stensel, S. J. H. Biddle, and S. A. Clemes. 
2016. “Time Spent Sitting During and Outside Working Hours in Bus 
Drivers: A Pilot Study.” Preventive Medicine Reports 3: 36–39. https://doi. 
org/10.1016/j.pmedr.2015.11.011.

Vidal Gamboa, C., L. Hoffmeister Arce, and D. Benadof. 2016. “Factores 
Asociados al Dolor Musculoesquelético en Población Trabajadora Chi
lena.” Ciencia & Trabajo 18, no. 55: 23–27. https://doi.org/10.4067/ 
S0718‐24492016000100005.

Villamil‐Parra, W., and L. Moscoso‐Loaiza. 2024. “Effects of Physical 
Exercise on Irisin and BDNF Concentrations, and Their Relationship 
With Cardiometabolic and Mental Health of Individuals With Metabolic 
Syndrome: A Systematic Review.” Experimental Gerontology 198: 
112640. https://doi.org/10.1016/j.exger.2024.112640.

Vincent, H. K., M. C. B. Adams, K. R. Vincent, and R. W. Hurley. 2013. 
“Musculoskeletal Pain, Fear Avoidance Behaviors, and Functional 

12 of 13 Musculoskeletal Care, 2026

 15570681, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/m

sc.70201 by U
niversidad D

e Z
aragoza, W

iley O
nline L

ibrary on [17/03/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.sanidad.gob.es/estadEstudios/estadisticas/EncuestaEuropea/EESE2020_inf_evol_princip_result2.pdf
https://www.sanidad.gob.es/estadEstudios/estadisticas/EncuestaEuropea/EESE2020_inf_evol_princip_result2.pdf
https://www.sanidad.gob.es/estadEstudios/estadisticas/EncuestaEuropea/EESE2020_inf_evol_princip_result2.pdf
https://doi.org/10.3233/WOR-213549
https://doi.org/10.1186/1741-7015-8-48
https://doi.org/10.1186/1741-7015-8-48
https://doi.org/10.1093/heapro/dax082
https://doi.org/10.1080/1091367X.2019.1610765
https://doi.org/10.1080/1091367X.2019.1610765
https://doi.org/10.1186/s12891-022-05971-w
https://doi.org/10.1186/s12891-022-05971-w
https://doi.org/10.1093/aje/kwr087
https://doi.org/10.1093/aje/kwr087
https://doi.org/10.62836/gss.v3i1.170
https://doi.org/10.5027/jmh-Vol19-Issue2(2022)art161
https://doi.org/10.4082/kjfm.20.0165
https://doi.org/10.4082/kjfm.20.0165
https://doi.org/10.36948/ijfmr.2023.v05i04.5203
https://doi.org/10.1186/s12966-019-0790-9
https://doi.org/10.1186/s12966-019-0790-9
https://doi.org/10.1016/B978-012288145-9/50044-9
https://doi.org/10.1016/B978-012288145-9/50044-9
https://doi.org/10.1016/j.jelekin.2003.09.015
https://doi.org/10.1016/j.jelekin.2003.09.015
https://doi.org/10.1186/s12891-024-07771-w
https://doi.org/10.1136/bmjopen-2021-059525
https://doi.org/10.47626/1679-4435-2020-572
http://scielo.isciii.es/scielo.php?script=sci_arttext%26pid=S1135-57272018000100508%26nrm=iso
http://scielo.isciii.es/scielo.php?script=sci_arttext%26pid=S1135-57272018000100508%26nrm=iso
https://doi.org/10.1093/aje/kwp356
https://doi.org/10.1016/S2214-109X(24)00150-5
https://doi.org/10.3390/s24030825
https://doi.org/10.1007/s10926-007-9070-7
https://doi.org/10.1007/s10926-007-9070-7
https://doi.org/10.1001/archinternmed.2011.2174
https://doi.org/10.1152/japplphysiol.00421.2014
https://doi.org/10.1152/japplphysiol.00421.2014
https://doi.org/10.1371/journal.pone.0022922
https://doi.org/10.1016/j.pmedr.2015.11.011
https://doi.org/10.1016/j.pmedr.2015.11.011
https://doi.org/10.4067/S0718-24492016000100005
https://doi.org/10.4067/S0718-24492016000100005
https://doi.org/10.1016/j.exger.2024.112640


Decline in Obesity.” Regional Anesthesia and Pain Medicine 38, no. 6: 
481–491. https://doi.org/10.1097/AAP.0000000000000013.

White, T., K. Westgate, S. Hollidge, et al. 2019. “Estimating Energy 
Expenditure From Wrist and Thigh Accelerometry in Free‐Living Adults: 
A Doubly Labelled Water Study.” International Journal of Obesity 43, no. 
11: 2333–2342. https://doi.org/10.1038/s41366‐019‐0352‐x.

White, T., K. Westgate, N. J. Wareham, and S. Brage. 2016. “Estimation 
of Physical Activity Energy Expenditure During Free‐Living From Wrist 
Accelerometry in UK Adults.” PLoS One 11, no. 12: e0167472. https:// 
doi.org/10.1371/journal.pone.0167472.

Woolf, A. D., and B. Pfleger. 2003. “Burden of Major Musculoskeletal 
Conditions.” Bulletin of the World Health Organization 81, no. 9: 
646–656. https://pubmed.ncbi.nlm.nih.gov/14710506/.

World Health Organization. 2022. “Musculoskeletal Health.” November 
6, 2024. https://www.who.int/news‐room/fact‐sheets/detail/musculoske 
letal‐conditions.

Zhang, Y.‐H., H.‐R. Xu, Q.‐H. Yang, et al. 2024. “Associations Between 
Back Pain Incidence, and Physical Activity and Sedentary Behaviors: A 
Prospective Cohort Study With Data From Over 365 000 Participants.” 
Journal of Orthopaedic & Sports Physical Therapy 54, no. 7: 468–476. 
https://doi.org/10.2519/jospt.2024.12338.

Musculoskeletal Care, 2026 13 of 13

 15570681, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/m

sc.70201 by U
niversidad D

e Z
aragoza, W

iley O
nline L

ibrary on [17/03/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1097/AAP.0000000000000013
https://doi.org/10.1038/s41366-019-0352-x
https://doi.org/10.1371/journal.pone.0167472
https://doi.org/10.1371/journal.pone.0167472
https://pubmed.ncbi.nlm.nih.gov/14710506/
https://www.who.int/news-room/fact-sheets/detail/musculoskeletal-conditions
https://www.who.int/news-room/fact-sheets/detail/musculoskeletal-conditions
https://doi.org/10.2519/jospt.2024.12338

	Assessing the Link Between Physical Activity and Musculoskeletal Disorders in Taxi Drivers: A Comparison of Accelerometry a ...
	1 | Introduction
	2 | Methodology
	2.1 | Study Design and Participants
	2.2 | Sample Size
	2.3 | Ethics Committee
	2.4 | Recruitment of Participants
	2.5 | Instruments
	2.6 | Statistical Analysis

	3 | Results
	4 | Discussion
	4.1 | Strengths and Limitations

	5 | Conclusion
	Author Contributions
	Acknowledgements
	Funding
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement


