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Abstract

In the present research, models based on multivariate adaptive regression splines (MARS) are
proposed to study the influence of gender in the factors affecting the development of shoulders,
neck and upper limb MSD. Two different MARS models, corresponding to men and women,
are constructed to identify variables with the strongest effect on the target MSD. Both models
are capable to predict successfully the occurrence of the studied disorders. Men seem to be more
vulnerable to physical risk factors and some other working conditions, whereas women appear
to be more affected by psychosocial risk factors and activities carried out outside their working
hours. According to the results, gender needs to be considered to ensure the success and
effectiveness of ergonomic interventions on the whole working population.

Keywords: Musculoskeletal Disorders (MSD); gender; shoulder; neck; upper limb; multivariate
adaptive regression splines (MARS).

1. Introduction

Preventing musculoskeletal disorders (MSD) has turned into one of the major Health
and Safety management development areas and many ergonomic interventions have
been carried out in this field (Denis et al., 2008; Yazdani et al., 2015). A lot of barriers
use to be found during the implementation of these intervention programs; most of them
are the same that appear in the development of general Health and Safety practices
(Yazdani et al., 2018). Several hurdles are related with the difficulties to identify all
factors that are involved in the development of MSD, especially when the assessor
should focus on external elements that have no direct relation with working conditions.
In this sense, there are several social issues such as gender, race and socioeconomics
(Rasmussen et al., 2012; Mousaid et al., 2016; Barnes and Bendixsen, 2017), that affect
each person individually and may have an impact on their response to hazardous
conditions, low ergonomics or a high workload. The current study is focused on one of
them: gender.

Gender differences have been identified in diverse occupational health areas (Messing
et al., 2003; Waller et al., 2015; Artime Rios et al., 2018). In particular, numerous
studies have shown differences between women and men in MSD prevalence
(Silverstein et al., 2009; Paarup et al., 2011; Widanarko et al., 2011; Laberge et al.,
2012) and how job sexual division affects ergonomics (Caroly et al., 2013). Research
has demonstrated a higher prevalence of shoulders, neck and upper limb MSD (the
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target of this study) in women than in men (Messing et al., 2009). Now the key is to find
out how gender affects the behavior at work and the body response to several negative
work-related stimuli, and this has motivated the chosen standpoint for our analysis.

In the last years, the advances in numerical simulation (de Cos et al., 2008) and machine
learning (de Andrés et al., 2011; Alvarez-Anton et al., 2013; Sanchez Lasheras et al.,
2015; Garcia Iglesias et al., 2018; Riesgo Garcia et al., 2018; Sanchez Lasheras et al.,
2018) have made possible the achievement of developments that were out of reach
before. In the field of occupational risks, Sudrez Sanchez et al. (2011) used a model
based on support vector machines to predict work-related accidents according to
working conditions, while Krzemien (2019a) implemented artificial neural network
models to prevent the risk of fire in underground coal gasification processes. The
implementation of machine learning techniques to ergonomics is not new either
(Asensio-Cuesta et al., 2010; Suarez Sanchez et al., 2016). In the case of the present
research, models based on multivariate adaptive regression splines are proposed
(Guzman et al., 2010; De Andrés et al., 2011) to study the influence of gender in the
factors affecting the development of shoulders, neck and upper limb MSD.

2. Material and methods
2.1. Data set

The European Working Conditions Survey (EWCS) is conducted by the European
Foundation for the Improvement of Living and Working Conditions (Eurofound, 2018).
The EWCS provides an overview of working conditions of employees and the self-
employed in Europe. It was first launched in 1990 and is generally conducted every five
years. In each EU country, the questionnaire is administered face-to-face to a random
representative sample of 'persons in employment' (i.e. employees and the self-
employed).

The Eurofound datasets are stored by the UK Data Service (UKDS, 2019) and promoted
online via their website. Upon request, the data are available free of charge to those who
intend to use them for non-commercial purposes.

This research employs the microdata from the sixth wave of the survey (Sixth European
Working Conditions Survey: 2015), conducted in 2015, when almost 44,000 workers
were interviewed in 35 countries. To guarantee its validity, an expert questionnaire
development group was set up to discuss the questionnaire used. The group was
composed of experts and representatives of the European Commission and of
international organizations (Eurofound, 2016).

The original database codified more than 740 variables (more than 370 for the sixth
wave) that could be classified in the following topics:
e physical and psychosocial risk factors
e working time: duration, organization, predictability and flexibility; work—life
balance
e place of work
e speed of work, pace determinants
e employee participation, human resource policies and work organization (such as
task rotation); employee representation



e skills use, cognitive dimensions of work, decision-making authority, and
learning in work

e employment conditions: job security and insecurity

e social relations at work: support, trust, cooperation, discrimination, violence

e gender issues: segregation, household composition, unpaid’ work, extent of
women in supervisory positions

e well-being and health, earnings and financial security.

In the group of items concerning health, the interviewed worker was asked to mention
any health problem (from a list of ten) that they had suffered in the previous 12 months.
Such problems included “Muscular pains in shoulders, neck and/or upper limbs (arms,
elbows, wrists, hands, etc.)”, codified as variable yl15 Q78d. This was the target
variable used to develop a model to predict the prevalence of such MSDs. This target
variable identifies any worker who, in the previous year, suffered from any of the
above-mentioned musculoskeletal symptoms.

According to the aims of the study, 350 subjects were excluded either because their
gender, age or employment regime (part/full time) was not specified, or because they
were under age. Thus, the final sample consisted of 43,500 subjects from the 28 EU
Member States plus Albania, the former Yugoslav Republic of Macedonia, Montenegro,
Serbia, Turkey, Norway and Switzerland.

Before using the machine learning technique, expert criterion was implemented to
reduce the dimension of the data. As a result, 51 variables from the different topics were
pre-selected as the most relevant items to try to explain the occurrence of the target
disorder. In line with the approach of this study, it was essential to re-categorize the
selected variables to be able to consider gender in the statistical results analysis. Thus,
the following five groups were defined to classify them:

- Individual factors and health status.

- Physical risk factors.

- Psychosocial risk factors.

- Other work-related factors.

- Activities outside working hours.

Individual factors and health status includes all variables that, apparently, seem to be
outside the scope of work management, so they exclusively depend on the person’s
biological and physiological circumstances. In the group, there are items such as age or
prevalence of illness.

The physical risk factors group comprehends all variables that represent the exposure to
a risk factor related with painful positions, repetitive movements, load carrying and
lifting, etc.

Along the same lines, the psychosocial risk factors group fits the traditional definition
of this kind of risk considered in health and safety management. For example, variables
related with stress, conflicts, working rhythm and time pressure, job contents, etc. were
included in this category.

Other work-related factors includes variables that have any influence on working
conditions, as those traditionally connected to safety at work, polluting chemicals or



physical agents, kind of activity developed, etc. Unlike the first category, in this case,
each manager could act on these variables to improve working conditions by turning
them healthier.

Activities outside working hours is a compendium of all those circumstances connected
with free time, family care and housework. This is the main category to guarantee that
gender has been considered in the data analysis, since it records the possible influence
of workload and responsibilities outside the paid-working on MSD prevalence and,
obviously, the differences between women and men in this sense.

Most of the variables were designed as Lickert scales, some of them were binary and a
few were continuous or categorical. To describe the sample, the statistical significance
of the differences between men and women was tested by means of a T-Test of
difference in the case of continuous variables and a Pearson Chi-Square test in the rest.

2.2. Multivariate adaptive regression splines method (MARS)

Multivariate adaptive regression splines (MARS) is a multivariate nonparametric
classification and regression technique introduced by Friedman in 1991. Its aim is to
predict the values of a continuous dependent variable (in this case, y15 Q78d) from a
set of independent explanatory variables.

MARS defines the functional relationship between the dependent and the independent
variables by means of a group of coefficients and piecewise-defined polynomials, also
called splines, of degree ¢ (basis functions) that are entirely “driven” from the
regression data (Garcia Nieto et al., 2011; Suarez Sanchez et al., 2011; Ordéfiez Galan
et al., 2011; Krzemien A., 2019b). The MARS regression model is constructed by
fitting basis functions to different intervals of the independent variables (Alonso
Fernandez et al., 2013). Generally, splines have pieces smoothly connected together to
describe the behavior of the dependent variable. The degree g of the splines (2 in this
work) is usually selected by achieving a compromise between performance and
complexity of the model. The reason why degree 2 has been selected will be explained
in the results section.

In general, any MARS model makes use of the following model:
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Where B;(x) represents the basis functions of the model and c¢; are constant
coefficients. Basis functions are defined as follows:

x if x=0
Bi(x) =
() {0 otherwise
In any MARS model, for each data set of n individuals and m explanatory variables,
n X m basis functions are defined. In order to prune and obtain the definitive MARS
model, a two steps process is performed. Firstly, a progressive selection of basis
functions leads to a very complex and overfitted model. Such model, although is able to



fit the data, has poor predictive ability for new objects. To improve prediction,
redundant basis functions are removed one at a time using a regression procedure. To
determine which basis functions will be included in the model, the generalized cross
validation (GCV) methodology is employed. In this methodology, the root mean
squared residual error is divided by a penalty parameter, which depends on the
complexity of the model. The GCV equation is as follows:

1 —
— X — fu(x)?
M+1+d-M
-T2y
Where M is the number of basis functions, and the parameter d is a penalty for each
base function included in the model. For our research, this parameter is 2.

GCV (M) =

In this case, MARS is implemented as a classification model, trying to predict the value
of the target variable, defined as binary, and thus which subjects are expected (or not) to
suffer the studied MSD. Please note that MARS models are also employed for
regression problems (Garcia Nieto et al., 2012). The usual procedure is to construct the
model using a randomly selected part of the data set (in this case, 80%) and then to test
the classification capabilities of the model obtained by applying it to the rest of the data
set (20% of the individuals of the original sample). The outcome of the test for each
individual can be either positive (expected to suffer the MSD) or negative (not expected
to suffer the MSD), while the actual health status of the person may be the same (true
positives, tp, and true negatives, tn) or different (false positives, fp, and false negatives,
fn). The results can be presented using a confusion matrix, which records the number of
correctly (¢p, tn) and incorrectly (fp, fn) recognized subjects of the test sample. To
evaluate the performance of the binary classification model, sensitivity and specificity
are usually employed. Sensitivity (Equation 1) measures the proportion of actual
positives that are correctly identified, while specificity (Equation 2) measures the
proportion of actual negatives that are correctly identified (Alvarez Menéndez et al.,
2010):

tp

Sensitivity = o+ fn (1)
Specificity = m 2
pecificity = fp+ (2)

Once the MARS model is constructed, the relevance of the explanatory variables can be
expressed as their contribution to the goodness of fit of the model (Suarez Sanchez et
al., 2011; Suérez Sanchez et al., 2016). To determine variable importance scores,
MARS calculates how much the goodness of fit is reduced when eliminating each
variable. The importance of the variables is presented as a relative measure (RSS
criterion): the most important variable is the one that, when eliminated, decreases the
model fit the most, so it receives the highest score (100%). The scores for the rest of the
explanatory variables are calculated as the ratio of the reduction in the goodness of fit of
those variables to that of the most important one.

In the case of the present research, all the calculus were performed with the statistical
software R (R Core Team, 2017). MARS models were calculated with the help of the
earth package (Milborrow, 2011)



To fulfil the aims of this study the sample was split into two (women and men), and two
models (MARS 1 and MARS 2) were constructed using 80% of each sample for
training and 20% for testing. The purpose of this procedure was to find out whether the
most relevant variables that explained the behavior of the target MSD were the same or
different in each group.

3. Results
3.1. Characteristics of the sample and prevalence of the MSD

As stated above, the final sample consisted of 21,578 women and 21,922 men aged
between 18 and 89 years. Figures 1 and 2 describe their distribution in terms of level of
education and range of sectors. The differences in distribution between men and women
were statistically significant in both variables (Pearson Chi-Square test, p-value <
0.001).

As shown in Figure 1, the most frequent level of education, both in men and women, is
upper secondary education, being more frequent among men. At the same time, lower
educational levels are more frequent among men, while higher educational levels
(especially university studies) are more frequent among women.
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: 1 .
Level of education (y15_ISCED) education
12000 2 Primary education
10000 3 Lower.secondary
education
8000 4 Upper secondary
education
Z 6000 5 Post-secondary non-
tertiary education
4000 Short-cycle tertiary
6 ;
education
2000 Bachelor or
7 .
equivalent
0
1 2 3 4 5 6 7 8 9 8 Master or equivalent
Female Male 9 Doctorate or
equivalent

Regarding the sectors of activity, Figure 2 presents the distribution of the sample
according to the NACE (Rev.1), which is the statistical classification of economic
activities in the European Community. The most frequent sector among men is
manufacturing (17.1%), followed by wholesale and retail trade and repair of motor
vehicles and motorcycles (15.1%), construction (11.1%) and real estate activities
(10.9%). Women tend to work more frequently in wholesale and retail trade and repair
of motor vehicles and motorcycles (17.7%), health and social work (16.3%), real estate
activities (11.3%) and education (11.1%). While the figures in some sectors are very
similar for both genders, there are also very meaningful differences in the sample
studied: agriculture, manufacturing, construction and transport are clearly masculinized



sectors, and education, health and social work, other service activities and activities of
household are feminized ones.

It is worth commenting that section G of NACE groups together wholesale and retail
trade with repair of motor vehicles and motorcycles, while they are sectors with
important differences, especially for the purpose of this work. If we break down the data
in specific subsections, only 8.7% of women (compared to 28.2% of men) in section G
are classified in the sale, maintenance and repair of motor vehicles subsection, and most
of them are in the retail (78.1%) and wholesale (13.2%) trade sectors. Moreover,
considering the occupation of those individuals, according to ISCO-08 (International
Standard Classification of Occupations of the International Labour Organization), most
of the women in this section were service and sales workers (65%) or clerical support
workers (9%), and actually only 0.2% were classified as mechanics. In contrast, 14.5%
of men in section G were classified as mechanics.

Sector of activity, NACE 1.1 (y15_nace_r1_17)
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Figure 2. Distribution of the sample according to the sector of activity, as classified in NACE Rev. 1.1.

Table 1 summarizes the rest of the variables initially considered, together with their
description and the most relevant statistics. P-values recorded in Table 1 correspond to
the results of statistical analysis. It is worth noting that there are very few variables
where differences between male and female individuals are not statistically significant.

Very important gender differences can be found in the variables that represent an
exposure to specific risks, such as vibrations, aerosols, noise, low and high
temperatures, etc. The ratio of reporting of such exposure is significantly higher among
men than women, with the exception of the contact with infectious materials. This is
consistent with the information summarized in Figure 2: men tend to work more
frequently in manufacturing and construction sectors, and women in health and social
work. In the case of physical and psychosocial conditions, the situation is the opposite:
the reporting ratio of exposure to factors such as dealing directly with people, working
with VDU, lifting or moving people, handling conflicts or emotionally disturbing



situations, etc. is significantly higher among women, with the important exception of
carrying or moving heavy loads. Again, the explanation to this can be found in the types
of sectors men and women are more commonly employed in.

Table 1. Description of the variables considered for the models.

Female Male

Variable Description Category* Type Mean StDev Mean StDev p-value
y15_Q2a gender 1 Binary 2,00 0,00 1,00 0,00

y15 Q2b age 1 Continuous 43,39 12,39 43,58 12,91 0,120
y15_Q2c employment situation 4 Categorical < 0,001
y15_Q2d  part time/full time 4 Lickert (0-2) 1,63 059 1,79 0,51 <0,001
y15_Q7 employee/self employed 4 Categorical L13 037 1,21 0,43  <0,001
y15 Q11 kind of contract 4 Categorical 2,03 1,66 233 1,80 <0,001
y15 Q29a  exposed to vibrations 4 Lickert (1-7) 1,46 1,22 232 1,89 <0,001
y15 Q290  exposed to noise 4 Lickert (1-7) 1,84 1,49 248 1,84 <0,001
y15_Q29¢  exposed to high temperatures 4 Lickert (1-7) 1,76 1,39 231 1,69 <0,001
y15 Q29d  exposed to low temperatures 4 Lickert (1-7) 1,59 1,19 2,19 1,56 <0,001
y15 Q29¢  exposed to breathing in aerosols 4 Lickert (1-7) 1,30 0,96 2,01 1,69 <0,001
y15 Q29f  exposed to breathing in vapours 4 Lickert (1-7) 1,32 0,95 1,63 1,28 <0,001
y15 Q29g  exposed to contact with chemical products 4 Lickert (1-7) 1,61 1,38 1,76 1,40 <0,001
y15 Q291  exposed to contact with infectious materials 4 Lickert (1-7) 1,60 1,43 1,52 1,22 <0,001
y15_Q30a tiring or painful positions 2 Lickert (1-7) 2,86 1,99 294 1,96 <0,001
y15_Q30b lifting or moving people 2 Lickert (1-7) 1,57 1,42 1,28 0,95 <0,001
y15 Q30c  carrying or moving heavy loads 2 Lickert (1-7) 1,97 1,51 2,63 1,87 <0,001
y15_Q30d  sitting 2 Lickert (1-7) 3,60 222 341 2,11 <0,001
y15 Q30e  repetitive hand or arm movements 2 Lickert (1-7) 3,87 2,30 3,76 2,23 <0,001
y15 Q30f  dealing directly with people 3 Lickert (1-7) 4,46 2,49 3,78 2,37 <0,001
y15_Q30g  handling conflicts 3 Lickert (1-7) 2,72 1,88 245 1,76  <0,001
y15 Q30h  emotionally disturbing situatios 3 Lickert (1-7) 2,44 1,58 2,18 1,48 <0,001
y15_Q30i  working with VDU 2 Lickert (1-7) 358 245 324 234 <0,001
y15 Q39¢  shift work 4 Binary 1,78 0,41 1,80 0,40 <0,001
y15_Q44 work-life balance 5 Lickert (1-4) 1,88 0,74 1,97 0,77 <0,001
y15_Q45b  too tired after work to do household jobs 5 Lickert (1-5) 2,76 1,12 2,64 1,16 <0,001
y15 Q45¢  work interference with family (time) 5 Lickert (1-5) 2,11 1,12 2,14 1,15 0,003
y15_Q45d  family interference with work (concentration) 5 Lickert (1-5) 1,77 091 1,73 0,91 <0,001
y15 Q45¢  family interference with work (time) 5 Lickert (1-5) 1,63 0,87 1,64 089 0,049
y15_Q48a  short repetitive tasks of less than 1 minute 2 Binary 026 044 024 043 <0,001
y15_Q48b  short repetitive tasks of less than 10 minutes 2 Binary 0,41 0,49 038 0,49 <0,001
y15 Q49a  working at very high speed 3 Lickert (1-7) 3,52 2,04 356 2,01 <0,001
y15 Q53d  monotonous tasks 3 Binary 0,48 0,50 047 0,50 0,416
y15_Q54c  able to choose or change speed or rate of work 3 Binary 0,72 045 0,73 044 0,350
y15_Q61f  can take a break when needed 3 Lickert (1-5) 2,85 1,46 257 1,39 <0,001
y15_Q6lg  enough time to get the job done 3 Lickert (1-5) 2,01 0,99 2,02 098 0,334
y15_Q61m stress 3 Lickert (1-5) 2,87 1,15 285 1,17 0,078
y15 Q73 thinks health or safety is at risk because of work 4 Binary 0,21 0,40 0,29 0,45 <0,001
y15 Q74 work affects health 4 Lickert (0-2) 1,12 0,59 1,17 0,61 <0,001



y15_Q75 general health status 1 Lickert (1-5) 2,02 0,78 1,97 0,76 <0,001

y15_Q76 health problem lasting for more than 6 months 1 Binary 020 040 0,16 037 <0,001
y15 Q77 daily activities limited because of health problems 1 Lickert (0-2) 0,13 0,39 0,11 0,36 <0,001
y15 Q82 days lost due to sick leave in the last 12 months 1 Continuous 5,65 17,81 4,40 14,84 <0,001
y15 Q83a  days lost due to accident in the last 12 months 1 Continuous 0,38 481 0,59 6,70 <0,001

Lickert (1-5) 3,06 1,78 2,59 1,67 <0,001
Lickert (1-5) 4,56 0,88 3,09 1,49 <0,001
Lickert (1-5) 1,69 1,L19 1,55 1,04 <0,001
Lickert (1-5) 448 081 453 0,76 <0,001
Lickert (1-5) 3,51 1,25 3,37 1,24 <0,001

y15 Q95¢c  outside work: caring for children/grandchildren
y15 Q95d  outside work: cooking and housework
y15 Q95¢  outside work: caring for elderly/disabled relatives

y15_Q95f  outside work: taking a training or education course

AV Y Y Y Y]

y15 Q95g  outside work: sporting, cultural or leisure activity

Muscular pains in shoulders/neck/upper limbs.

y15_Q78d TARGET VARIABLE

Binary 0,47 0,50 041 049 <0,001

*Categories: 1 — Individual factors; 2 — Physical factors; 3 — Psychosocial factors; 4 — Other work-related factors; 5 — Outside work

There are other meaningful gender differences. The highest difference between men and
women (1.5 points in a scale 1-5) is in the answer to the question whether they are
involved in cooking and housework out of work. There is also an important difference
in the question concerning caring for children/grandchildren and, to a lesser extent,
caring for elderly/disabled relatives.

The target variable (the last one in Table 1) shows an important statistically significant
difference: 47% of women reported suffering one or more of the MSDs studied,
whereas only 41% of men did.

3.2. MARS models

As stated above, two MARS models were constructed to describe the behavior of the
target variable. Both models identified only 21 variables that are relevant to predict the
prevalence of the studied MSD. Those variables are recorded in Table 2, together with a
measurement of their importance according to MARS 1 (women) and MARS 2 (men).
Part of them coincide in both models, although usually with different importance, but
several of them only appear either in MARS 1 or in MARS 2.

MARS 1 MARS 2
Variable Importance Variable Importance
y15_Q30a 100.0 y15 Q30a 100.0
y15_ Q75 80.4 y15_ Q75 80.2
y15 Q82 80.4 y15 Q74 61.5
y15 Q74 66.2 y15_Q45b 51.6
y15_ Q76 553 y15 Q30e 46.7
y15_Q30b 48.6 y15 Q76 42.1
y15_Q30e 48.6 y15 Q82 38.1
y15_Q2b 43.4 y15_Q29b 35.0
y15 Q29b 43.4 y15_Q29d 35.0
y15_Q45b 38.1 y15_Q2b 31.8
y15 Q6lg 33.0 y15 Q30c 30.0
y15_Qo6l1f 29.6 y15_Q30d 26.3



y15 Q95¢g 25.8 y15 Q39¢ 24.7
y15 Q53d 24.5 y15 Q45¢c 233
y15 Q73 233 y15 Q2d 21.9
y15 nace rl 17 23.3 y15 Q95d 20.4
y73 _Q49a 21.8 y15 Q73 19.0
y15 Q95c¢ 20.7 y15 Q30g 17.5
y15 Q30g 17.2 y15 Q30h 16.2
y15 Q95d 14.9 y51_Q61lm 13.4
y15 Q77 10.7 y15 Q30b 11.9

For each model, Figure 3 presents the weight of each of the five categories previously
defined (as the percentage of variables of the model that can be classified in that

category), as well as the variables that belong to each category.
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Figure 3. Weight of the different categories of factors affecting shoulders, neck and upper limb MSD.

Figures 4 and 5 present some of the splines that are part of the MARS models. These
Figures not only show which variables are relevant but also explain how they influence

10



the prevalence of the target MSD. For example, the first spline of Figure 3 shows the
contribution of variable y15 Q2b (age) to the prediction of the value of the target
variable (from O to 1) made by MARS 1: this value increases with the age of the
worker, and this increase is especially important in the range of age between 30 and 50
years.
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Figure 4. Relevant variables according to MARS 1 (women) model (0 no reported MSD; 1 reported MSD).
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Figure 5. Relevant variables according to MARS 2 (men) model (0 no reported MSD; 1 reported MSD).

Tables 3 and 4 show the confusion matrix obtained when applying each MARS model
to the test samples (20% of the original ones). The sensitivity and specificity of both
models are very similar, as shown in Table 5. Increasing the grade of the models from 2
to 3 produced much more complex models without significant improvement in their

performance.

Table 3. The confusion matrix for MARS 1 (women).

Table 4. The confusion matrix for MARS 2 (men).

Recognized Recognized
Class As negative As positive Class As negative As positive
Negative 1,673 (tn) 705 (fp) Negative 2,069 (tn) 852 (fp)
Positive 590 (fn) 1,366 (tp) Positive 478 (fn) 962 (tp)
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MARS 1 MARS 2
Sensitivity 69,84% 66,81%
Specificity 70,35% 70,83%

4. Discussion

As shown in the Results, both MARS models are shaped by 21 variables. It is easy to
notice from Figure 3 that the weight of each category to explain the prevalence of
shoulders, neck and upper limb MSD is different for each gender. Thus, it is inevitable
to discuss these results attending to the behavior of each category.

4.1. Individual factors and health status.

This category seems to have the same weight in both models, while it is true that
variables included in it appear earlier in MARS 1 (women) model, so their importance
is higher in women.

The first of these variables, which takes the second place in importance in both models,
is “General health status” (y15 Q75). In the case of women, it is followed by “Days lost
due to sick leave in the last 12 months” (y15_Q82, in third position), and the “Existence
of health problems lasting for more than 6 months” (y15 Q76, in fifth position). In the
case of men, the order of appearance of these two variables is inverted and they occupy
the seventh (y15 Q82) and sixth (yl15 Q76) position respectively. Finally, “Age”
(y15_Q2b) is included again in both models, in the eighth position for women and in the
tenth position for men.

The selection of this kind of variables by the MARS models demonstrate that a good
health status is a key to prevent MSD, so interventions oriented to maintain a healthier
lifestyle in the workforce have a "raison d'étre". On the other hand, considering gender,
there is room for debate (Harenstam, 2009) about how social roles could be an obstacle
to improve women’s health status. This is especially relevant if the same kind of
interventions are implemented for the whole of the workforce without keeping in mind
external factors as those included in the category of Activities outside working hours,
that are substantially different in men and women. Actually those Activities outside
working hours, which are significantly more relevant in MARS 1 (women) to predict
the studied MSD, have also a very strong influence on the general health status, but are
essentially out of the control of the employer.

It is also important to remark that individual factors are deeply linked to ergonomics. In
this sense, a good ergonomic assessment implies having in mind differences in workers
including anthropometrics or functional body characteristics, where gender is a
differentiating element (Coté, 2012).

4.2. Other work related factors.
This category, which comprehends all those work-related factors that are not included in

physical or psychosocial risk factors, starts to show relevant differences attending to
gender. These factors represent almost 29% for men and just 19% for women. This is a
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crucial issue when it comes to carrying out an intervention program to reduce MSD at
work: if it focusses on workplace conditions, as is frequently done, its impact might be
higher on men than on women.

The first variable that appears in both cases is the perception that “Work affects the
health of the worker” (y15_Q74), taking the third position in importance in the case of
men and the forth position in the case of women. That makes sense considering that this
item could be summarizing a set of circumstances that concern working conditions, as
carrying out risky tasks, or suffering poor environmental conditions (exposure to noise -
both- and low temperature -men-).

In the case of women, the “Sector of activity” (y15 nace rl 17) is one of the variables
selected by MARS to explain the target MSD. That seems to be logical, now that there
are plenty of different tasks with a high impact on the health status of workers,
specifically talking about shoulders, neck and upper limb MSD. Such tasks are deeply
related with certain jobs, as cleaning (Bell and Steele, 2012; Calvet et al., 2012), textile
jobs (Karimi et al., 2016) or health care (Salerno et al., 2012; Neupane et al., 2016).
Indeed, this is consistent with the content of Figure 2 and the comments previously
made: health and social work and activities of household are two of the most feminized
sectors in the sample.

In the case of men, other variables come into play that are strongly connected to work
organization and schedules, such as “Working full or part time” (y15 Q2d) or “Shift
working” (y15_Q39e). These are factors that act synergically with other individual
characteristics, especially with age, that also appears in MARS 2 and accelerates the
health deterioration in relation with working on shifts (Oginska et al., 1993).

As previously suggested, the main idea that these results bring is that it is easier to
design and develop an intervention program based on workplace conditions with a good
impact on men than on women. This is because such workplace conditions are internal
factors within the control of the organization, that can be evaluated and improved, and
have deep and positive impact avoiding or reducing MSD in men.

4.3. Activities outside working hours.

This is the most important category to consider the influence of gender on the
prevalence of MSD and how a double workload (professional and personal) has an
irreversible impact on women’s health. This category is, with Psychosocial factors, the
one that affects women the most, representing almost 24% of the variables in MARS 1
model. On the other hand, for men, it barely represents 14%.

There are some remarkable differences between women and men. First, it must be
mentioned that men’s items are mainly related with the obstacles to find a balance
between family time and work, which does not necessarily lead to assume that men
carry out the housework. An incompatibility between these two sides of life is
confirmed, but there is no evidence of which of both is chosen as the imperative one and
which the sacrificed one is.

In the case of women, even though the model includes one item linked with free time
activities and hobbies, the other four factors point out the possible impact of housework
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on MSD prevalence, as other studies have emphasized before (Habib et al., 2010; Habib
et al., 2012).

It is important to remark that there is one item that only appears on MARS 1: “Caring
for children and grandchildren” (y15 Q95). This seems to be one of the main
conclusions obtained from the current study: how caring work is usually the
responsibility of women, as social roles based on gender frequently stablish nowadays,
and how this affects women’s general health status, particularly MSD prevalence.

Once again, these findings recommend considering gender on ergonomic programs to
ensure their effectiveness, because ignoring it might prevent from reaching real and
ongoing improvements on women. They also point to the idea that public policies
promoting gender equality could be indispensable to improve working conditions in
women. There seems to be a vague zone where the borderline between companies and
administration’s responsibilities is not clear.

4.4. Physical risk factors

It was expectable that physical risk factors at work would be extremely linked to the
occurrence of the target MSD, so the results of the MARS models contribute to validate,
in a technical way, the expert criteria applied to the data selection and filtering. Physical
risk factors have an influence in both models, but there are significant differences
between men and women.

This category represents nearly 24% of variables in the case of men and 14% for
women. In the same direction as earlier analysis, this fixes the idea that ergonomic
interventions exclusively aimed at addressing physical risk factors are unintentionally
more focused on men’s circumstances.

Ergonomics used to be the warhorse issue in some sectors that are traditionally
masculinized, such as construction (Valero et al., 2016). Thus, it is necessary to make a
distinction between physical risk factors that typically affect one or the other gender:
women are more likely to suffer in works implying repetitive tasks and postural statism,
whereas men carry out tasks that involve more physical efforts (Chatigny and Riel,
2014, Clays et al., 2020). In fact, the factor related with “Carrying or moving heavy
loads” (y15_Q30c) appears only in MARS 2.

Some recent works propose including personal characteristics (including gender) to
improve the performance of classical risk assessment methods for this type of factors,
such as the NIOSH lifting equation (Barim et al., 2019).

It can be concluded that performing risk assessment on workplaces is still a good
ergonomic strategy when the target workforce is composed mostly of men, provided
that diversity is attended to through specific measures to avoid absence of protection for
women. Nevertheless, as stated before, the ideal approach would be designing an
intervention program attending each individual’s characteristics, including gender.
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4.5. Psychosocial factors

Gender identity, social behavior and psychosocial factors are related concepts, and
because of that their assessment becomes more difficult as well as the design of
effective intervention programs. For example, even how masculinity is constructed in
working environments (Stergiou-Kita et al., 2016) could be an obstacle to act against
psychosocial risks in many masculinized sectors.

As previous studies have pointed out (Solidaki et al., 2010; Haukka et al., 2011;
Eatough et al., 2012; Suarez Sanchez et al., 2016; Busto Serrano et al., 2018),
psychosocial factors have shown an impact on MSD prevalence. However, considering
gender, the influence of psychosocial risks on MSD is just the opposite to that of
Physical risk factors: the weight of this category is higher for women.

It seems that “Having to handle conflicts” (y15 Q30g) affects in a similar way both
genders, since it appears almost in the same position in both models: 18th for men and
19th for women. However, on the other hand, there are many differences in the
remainder factors of this category: MARS 2 (men) includes items such as “Stress”
(y15_Q6Im) and “Emotionally disturbing situations” (y15 Q30h), while MARS 1
(women) includes variables related with work rhythm and job contents (yl15 Q6lg,
y15_Q61f, y15 Q53d and y15_Q49a).

It must be kept in mind that these differences can also determine the course of
psychosocial intervention based on the gender of the workforce. Once again, it must be
underlined that considering gender is the right strategy to deal with psychosocial risks,
as it happened with physical or other work related factors.

All the differences that have been found between genders regarding psychosocial
factors and their influence on MSD could have numerous causes and origins that should
be deeply studied. In fact, a new line of research based on these ideas could be
established.

5. Conclusions

The origin of MSD is linked to numerous factors, but it must be noted that these factors
have different behavior attending to gender. Two different MARS models,
corresponding to each gender, that identify variables with the strongest influence in the
prevalence of shoulders, neck and upper limb MSD have been calculated, confirming
this conclusion.

Men seem to be more vulnerable to physical risk factors and some working conditions
such low temperature or shift work, while women appear to be more affected by
psychosocial related working conditions and activities carried out outside their working
hours.

Analyzing the results obtained, it must be said that any intervention to reduce the MSD
prevalence at work must be done including gender considerations. In this way, men
need interventions more aimed at addressing physical risk factors and some other work-
related conditions, such as environmental damaging agent’s reduction, and actions over
organizational factors. On the other hand, talking about women, an effective ergonomic
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intervention to reduce MSD prevalence must keep in mind the strong influence of
psychosocial risks factors, as well as the consequences of the activities carried out
outside work (such as housework and caring work), and how they contribute to increase
gender differences. In conclusion, employers have to consider work-family balance in
their organizational practices and policies.

How the gender difference works and where its causes lay could open new lines of
research that probably need new data. This could be done through the design of a new
gender sensitive tool, such as a survey focused on working conditions and health status.

Regarding the results presented, it can be concluded that, up to now, companies have
mainly applied programs that would be effective on men but would fall short on
women. Also, it can be said that a successful intervention against MSD must be carried
out both by companies and public administrations, since some preventive measures
would demand legislative changes.

To close the present contribution, it must be said that, applying the occupational
ergonomics principle of "adapting working conditions to each person", gender needs to
be considered to ensure the success and effectiveness of ergonomic interventions on the
whole working population, addressing both physical and psychosocial risk factors.
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