
2025 (Septiembre), Retos, 70, 200-211  ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index 

 200  
 

Authors 

Raquel Aparicio-Mera1 
Antonio Alonso-Callejo1 
Maria Marin-Farrona1 
Daniel Duclos-Bastias1, 2 
Samuel Manzano-Carrasco3 

Leonor Gallardo1 
Jorge Garcia-Unanue1 
Jose Luis Felipe1 
 
1 University of Castilla-La Mancha, 
Toledo, Spain 
2 Pontificia Universidad Catolica de 
Valparaiso. Valparaiso, Chile 
3 Universidad Loyola Andalucía, 
Sevilla, Spain 
 
Corresponding author: 
Samuel Manzano-Carrasco,  
E-mail: smanzano@uloyola.es 

 

How to cite in APA 

Aparicio Mera, R., Alonso Callejo, A., 
Marín Farrona, M., Duclos Bastias, D., 
Manzano Carrasco, S., Gallardo, L., Felipe, 
JL (2025). Evaluación de los impactos en 
la salud de actividades ocupacionales 
pasadas en la edad adulta: un enfoque de 
modelo predictivo. Retos, 70, 200–211. 
https://doi.org/10.47197/retos.v70.114
237 

Abstract 

Introduction: Regular physical activity may help to reduce the effects associated with occupa-
tional activity before retirement.  
Objective: The aim of this study was to analyse by a predictive model approach the effect of the 
relationship between the type of occupational activity and physical activity on anthropometric, 
physical, and mental health in an adult retired population. 
Methodology: 501 retired participants (70.13 ± 1.23 years) were included and categorized into 
three groups based on their occupational activity. The model for prediction was built with: oc-
cupational activity, sex, physical activity level, body mass index, no smoking, physical activity, 
and the smoothed variables s(Age). Dependent variables were six-minute walk test, handgrip 
strength, mental health, physical health, fat mass, and muscle mass. 
Results: For men, the vigorous work group showed lower values in the six-minute walk test and 
higher values in anthropometric variables when compared to the sedentary work group. For 
women, the moderate and vigorous works groups showed lower values in six-minute walk test 
when compared to the sedentary work group. For anthropometric variables, the same groups 
showed higher values when compared to the sedentary work group. For mental health, the 
moderate work group showed lower scores compared to the sedentary work group. 
Discussion: Occupational activity, physical activity, sex, and body mass index were predictors 
of anthropometric variables, mental health, and physical fitness. 
Conclusions: It would be beneficial to implement an exercise programme during the working 
stage in organisations with moderate and vigorous work. 
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Resumen 

Introducción: La actividad física regular puede ayudar a reducir los efectos asociados con la 
actividad ocupacional antes de la jubilación. 
Objetivo: El objetivo de este estudio fue analizar, mediante un enfoque de modelo predictivo, el 
efecto de la relación entre el tipo de actividad ocupacional y la actividad física sobre la salud 
antropométrica, física y mental en una población adulta jubilada. 
Metodología: Se incluyeron un total de 501 participantes jubilados (70,13 ± 1,23 años) que fue-
ron categorizados en tres grupos según su actividad ocupacional. El modelo de predicción se 
construyó con las siguientes variables: actividad ocupacional, sexo, nivel de actividad física, ín-
dice de masa corporal, no fumar, actividad física y las variables suavizadas (Edad). Las variables 
dependientes fueron la prueba de caminata de seis minutos, la fuerza de agarre manual, la salud 
mental, la salud física, la masa grasa y la masa muscular. 
Resultados: En los hombres, el grupo de trabajo vigoroso mostró valores más bajos en la prueba 
de caminata de seis minutos y valores más altos en las variables antropométricas en compara-
ción con el grupo de trabajo sedentario. En las mujeres, los grupos de trabajo moderado y vigo-
roso mostraron valores más bajos en la prueba de caminata de seis minutos en comparación 
con el grupo de trabajo sedentario. En cuanto a las variables antropométricas, los mismos gru-
pos presentaron valores más altos en comparación con el grupo de trabajo sedentario. En tér-
minos de salud mental, el grupo de trabajo moderado mostró puntuaciones más bajas en com-
paración con el grupo de trabajo sedentario. 
Discusión: La actividad ocupacional, la actividad física, el sexo y el índice de masa corporal fue-
ron predictores de las variables antropométricas, la salud mental y la condición física. 
Conclusiones: Sería beneficioso implementar un programa de ejercicio durante la etapa laboral 
en organizaciones con trabajos de intensidad moderada y vigorosa. 
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Condición física; jubilación; personas mayores; salud mental.
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Introduction 

The growth of the world’s ageing population represents one of the greatest challenges for governments 
(Kaplan & Inguanzo, 2017). The global population of older people is projected to increase from 10% in 
2022 to 12% in 2030 and 16.7% in 2050 (Bank, 2023; He et al., 2016). However, this demographic shift 
is not necessarily accompanied by an improvement in quality of life (Nascimento et al., 2022). Ageing is 
often associated with a decline in functional capacity and health, as well as an increase in non-communi-
cable diseases, whether physiological (Barajas-Nava et al., 2022), mental (Barnett et al., 2012), or a 
worsening of existing chronic diseases (Nascimento et al., 2022). This situations poses a significant chal-
lenge to the sustainability of national health systems (Pascual-Saez et al., 2017), which may be over-
whelmed by the growing healthcare demands of this population group (Serrano et al., 2014). 

In this context, physical activity has emerged as a key strategy to mitigate the negative effects of ageing. 
Numerous studies have demonstrated that physical activity reduces the risk of falls, mortality, and car-
diovascular disease; prevents certain cancers; and improves both quality of life and mental health (Cun-
ningham et al., 2020; Fien et al., 2022; Thomas et al., 2019). Despite these benefits, older adults tend to 
reduce their participation in regular physical activity and increase sedentary behaviour (Figueiró et al., 
2019). This trend is particulary evident during the retirement transition, defined as the process of with-
drawal from paid work to a permanent work-free state (Henseke, 2018). Retirement has been linked to 
a more sedentary lifestyle and associated negative health outcomes (Gomes et al., 2022; Kang & Bae, 
2020; Thorp et al., 2011) although the extent of these effects may vary depending on prior occupational 
activity (Filomena & Picchio, 2023). 

Indeed, the type of work performed before retirement plays a crucial role in shaping health trajectories 
in later life. Physically demanding jobs such as construction, agriculture, and electrical work, as well as 
sedentary office-based occupations, have been associated with increased risks of unhealthy behaviours 
and chronic conditions in older adulthood (McLellan, 2017; Trzmiel et al., 2021). However, while the 
independent effects of occupational activity and physical activity on ageing have been studied, there is 
a lack of integrated research examining how these two factors interact to influence health outcomes 
after retirement. This gap is particularly relevant for designing targeted interventions that promote 
healthy ageing based on individuals’ occupational backgrounds. 

Although some studies have examined the independent effects of occupational activity or physical ac-
tivity on ageing, there is a lack of integrated research analysing how these two factors interact to influ-
ence health outcome after retirement. Understanding this relationship is essential for designing tar-
geted interventions that promote healthy ageing based on individuals´ occupational backgrounds. 
Therefore, the aim of this study was to analyse, using a predictive model approach, how interaction be-
tween pre-retirement occupational activity and post-retirement physical activity affects anthropomet-
ric, physical, and mental health in a retired adult. Specifically, we hypothesis that: (1) individuals with 
physically active occupational histories will show better physical health outcomes after retirement; and 
(2) engagement in leisure-time physical activity will moderate the relationship between occupational 
history and mental health outcomes. 

 

Method 

Study design and participants 

A cross-sectional study of Spanish older people was developed based on data from the Healthy Elderly 
Sportec project. A convenience sample of 501 retired participants was included in this study (70.13 ± 
1.23 years, 74.1 ± 6.84 kg, 160.31 ± 7.76 cm). Participants were stratified into three distinct categories 
based on their respective occupational activities (Willis et al., 2024): sedentary work (G1) < 3 METs, 
moderate work (G2) 3–6 METs, and vigorous work (G3) > 6 METs. Descriptive values for each group are 
shown in Table 1. All participants were enrolled in structured physical activity services offered by local 
councils in Castilla-La Mancha (central region of Spain) at least 2 days a week and for a minimum of 1 h. 
Participants were recruited through announcements and direct invitations in municipal physical activ-
ity programs. Inclusion criteria were: (1) aged 65 years or older, (2) retired, (3) enrolled in structured 
physical activity programs at least twice a week, and (4) able to provide informed consent. Exclusion 
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criteria included: (1) cognitive impairment that limited understanding of the procedures, (2) acute or 
unstable medical conditions, and (3) inability to complete the physical tests safely. Prior to contributing 
to the research, participants were formally invited to engage voluntarily in the study. They received both 
verbal and written information regarding the objectives of the study and a comprehensive description 
of the specific assessments to be administered. Informed consent was obtained from each participant 
before the start of the study. The study was approved by the Committee for Clinical Research with Med-
icines of the Toledo University Hospital Complex of Toledo, and all procedures were conducted in ac-
cordance with the Declaration of Helsinki. The approval code is (Ref.: 701/21042021). 

A convenience sampling method was employed due to the applied nature of the project and the collab-
oration with local councils. While this approach facilitated access to a large number of older adults en-
gaged in structured physical activity, we acknowledge the potential for selection bias and have ad-
dressed this in the study limitations. 

A post hoc power analysis was conducted using G*Power v3.1 (Heinrich Heine University Düsseldorf, 
Germany) with the observed effect sizes for the main outcome variables (e.g., six-minute walk test, 
handgrip strength, fat mass, muscle mass, and mental health). With a total sample size of 501 partici-
pants distributed across three occupational activity groups, the statistical power for detecting signifi-
cant differences was calculated using F-test ANOVA. All variables demonstrated statistical power ≥0.99, 
indicating that the sample size was more than adequate to detect medium to large effect sizes with a 
significance level of α=0.05. These results confirm the robustness of the study design and the reliability 
of the findings. 

 

Table 1. Descriptive characteristics of the study participants by occupational activity group. 
  Men (n=102) Women (n=399) 
  G1 (n=31) G2 (n=31) G3 (n=40) G1 (n=83) G2 (n=240) G3 (n=76) 
 Year 68.8 71.1 72 69.0 69.7 70.2 

Anthropometric 
Variables 

Weight (kg) 82.1 ± 13.4 81.6 ± 11.8 76.2 ± 9.4 66.6 ± 11.3 67.9 ± 11.4 70.2 ± 10.9 
Height (cm) 170.7 ± 5.9 166.8 ± 7.7 163.7 ± 7.3 154.8 ± 5.9 153.8 ± 5.8 152.1 ± 5.9 

Fat mass (%) 24.8 ± 6.4 27.5 ± 5.7 27.9 ± 4.3 34.0 ± 6.4 36.0 ± 6.5 37.5 ± 5.8 
Lean mass (%) 71.5 ± 6.0 68.8 ± 5.4 68.4 ± 4.0 62.7 ± 6.1 60.7 ± 6.1 59.3 ± 5.5 

Health perception 
Mental health 54.3 ± 5.7 55.9 ± 7.0 55.4 ± 9.3 53.7 ± 7.0 50.5 ± 9.4 50.8 ± 9.5 

Physical health 56.9 ± 9.0 54.5 ± 6.5 52.7 ± 9.0 52.9 ± 9.1 52.3 ± 8.1 50.3 ± 9.9 

Physical fitness 
6 MWT 578.6 ± 117.5 545.4 ± 78.3 492.1 ± 92.0 525.4 ± 80.1 496.5 ± 81.0 493.4 ± 73.0 

Hand dynamometer 37.3 ± 6.1 35.9 ± 7.1 31.9 ± 7.4 22.8 ± 4.8 21.9 ± 4.6 22.4 ± 5.2 
Fuente: Values are presented as mean ± standard deviation. G1, Sedentary work; G2, Moderate work; G3, Physical work; MWT, minute walk test. 

 
Procedure and measurements 

Each participant followed the protocol established in the Healthy Elderly Sportec project. This project 
includes standardized assessments of anthropometry, physical fitness, and quality of life. Tests were 
conducted in a circuit format, with participants rotating through stations in small groups. Each station 
was supervised by trained researchers to ensure consistency and safety. Participants were required to 
give their informed consent prior to participation in the testing. 

All assessments were conducted in the morning. Potential confounders such as sex, BMI, smoking status, 
and physical activity level were included as covariates in the statistical models.  

Sociodemographic questionnaires 

A structured questionnaire was used to obtain information on lifestyle, type of work, sociodemographic 
aspects, and self-referred quality of life, among other aspects. In this questionnaire, occupational activity 
was self-reported and categorized based on the Compendium of Physical Activities (Ainsworth et al., 
2011). Participants described their main job tasks, which were then assigned a MET value and grouped 
as follows: sedentary (<3 METs), moderate (3–6 METs), and vigorous (>6 METs), following the classifi-
cation by Willis et al. (2024). Participants also provided information on their leisure activities and the 
amount of time and type they spent in sport. Classification based on their physical activity was deter-
mined by classifying the MET intensity of physical activity (light < 3 METs, moderate 3–6 METs, and 
vigorous > 6 METs) (Haskell et al., 2007).  

Anthropometric variables 
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Body composition was assessed using electrical bioimpedance analysis with an advanced precision 
portable device (Tanita MC-780, Tanita Corp., Tokyo, Japan). The variables considered were weight (kg), 
total fat mass (kg and %), and total muscle mass (kg and %). The height of participants (cm) was meas-
ured with a measuring rod (Seca 214, Hamburg, Germany). BMI was calculated with the weight (kg) 
divided by the squared height (m). The evaluations were conducted while wearing sports clothing and 
without shoes. These tests were performed following the manufacturer's recommendations for greater 
reproducibility, following a protocol (Lukaski et al., 2017) 

Health perception and well-being 

The self-reported health perception, well-being, and functional capacity were measured through the 
Health and Wellbeing Questionnaire short form (SF-12). This questionnaire measures eight health di-
mensions (physical function, physical role, bodily pain, mental health, general health, vitality, social 
function, and emotional role). The final score ranges from 0 to 100, where the higher the score, the better 
the health-related quality of life (Vera-Villarroel et al., 2014). 

The SF-12 has been validated in older populations, showing good psychometric properties (Vilagut et 
al., 2008; Ware et al., 1996).  

Physical fitness 

A physical fitness testing protocol of two tests based on methods from previous studies was developed 
for this project (Rikli & Jones, 1999). Aerobic capacity was estimated through the six-minute walk test 
(6MWT). The way to perform it is simple and straightforward. Participants are asked to walk as fast as 
possible for 6 min, and the number of metres covered is counted (Rikli & Jones, 2013; Willenheimer & 
Erhardt, 2000). 

Handgrip strength was measured through a hand dynamometer with adjustable grip (TKK 5001 Grip A; 
Tokyo, Japan). Participants were required to close their hands with maximum continuous force for 2 s 
with the elbow position in full extension. The test was repeated twice with each hand, and the scores 
recorded were the best scores from each hand to the nearest 1 g and recorded as kg (Segura-Ortí & 
Martínez-Olmos, 2011). 

The 6MWT and handgrip strength tests are widely used and validated measures of functional capacity 
and strength in older adults (Rikli & Jones, 1999; Segura-Ortí & Martínez-Olmos, 2011) 

Data analysis 

Data distribution was tested using the Kolmogorov–Smirnov test. The variables weight, height, and BMI 
resulted in non-normal distribution along the different groups. Therefore, a generalised additive model 
(Morishita et al.) was chosen for the analysis, including a smooth function represented with B-splines 
with penalties. The GAM was selected due to its flexibility in modeling non-linear relationships between 
age and health outcomes, which are common in aging populations. Unlike linear models, GAMs allow for 
smooth functions that better capture the complexity of biological and behavioral data (Wood, 2017). 
This makes them particularly suitable for analyzing health-related variables that may change non-line-
arly with age or other continuous predictors. The model was built with the predictor variables of occu-
pational activity, sex, physical activity level, BMI, no smoking, physical activity, and the smoothed vari-
ables s(Age). These variables were used to run the model with each dependent variable (6MWT, hand-
grip strength, mental health, physical health, fat mass, and muscle mass). The number of nodes used for 
the different models was k=20 as the number in which the k-index was higher than 1 (p>0.05). The 
method for estimating the smoothed parameter was the restricted maximum likelihood (REML). Occu-
pational activity was included in the smoothed term as a factor to allow the interaction between them. 
The result was a final model for each dependent variable as: 

y = V1 + V2 + V3 + V4 + V5 + V6 + s (V7 by V6, k=20) 

V1 = sex (men/women); V2= BMI (body mass index); V3= No_smoking (non-smoker status); V4= Phys-
ical activity (weekly frequency); V5 = Physical activity level (light, moderate,vigorous); V6 = Occupa-
tional activity; V7 = Age.  
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The model estimates how each predictor (e.g., sex, BMI, physical activity) influences the outcome varia-
bles (e.g., 6MWT, handgrip strength). The smooth term s(Age by Occupational Activity) captures how 
the effect of age on outcomes varies by occupational group.  

Accuracy and error of the model were tested by different methods, such as adjusted R2; standard devi-
ation of the original variable; model standard deviation; deviance explained; mean absolute error; mean 
absolute percentage error; root mean square error; index of agreement; and AIC = Akaike information 
criterion. Data analysis was conducted in R version 4.2.2 (2022-10-31 ucrt) with RStudio 2022.12.0 us-
ing the function gam() from the package mgcv (version 1.8-41) for model fitting. 

 

Results 

Significant differences were observed between the type of occupational activity and the physiological 
and psychological variables assessed in this study (p<0.05) (Figure 1). These differences varied by sex 
and were particularly evident in functional capacity, body composition, and mental health indicators. 

Men 

For men, those engaged in vigorous work exhibited significantly lower performance in the 6MWT com-
pared to those with sedentary occupations, with a mean difference ranging from -141.59 to -31.33 me-
ters (p<0.05; ES -0.83), indicating a large effect size. This suggests a potential negative impact of physi-
cally demanding jobs on submaximal aerobic capacity. 

Additionally, the vigorous work group showed significantly higher fat mass [(0.11 to 6.26 %); p<0.05; 
ES 0.60] and lower muscle mass [(-5.95 to -0.12 %); p<0.05; ES -0.61] compared to the sedentary group. 
These findings reflect moderate effect sizes and may point to a paradoxical association between high 
physical workload and unfavorable body composition, possibly due to chronic fatigue or inadequate 
recovery. 

Women 

For women, both the moderate and vigorous work groups demonstrated lower 6MWT performance 
compared to the sedentary group. The moderate group showed a reduction of -52.70 to -5.16 meters 
(p<0.05; ES -0.36) while the vigorous group showed a reduction of -61.69 to -2.41 meters (p<0.05; ES -
0.42), both indicating small to moderate effect sizes. 

In terms of body composition, women in the moderate work group had higher fat mass [(0.15 to 3.94 
%); p<0.05; ES 0.32]and lower muscle mass [(-3.74 to -0.15 %); p<0.05; ES -0.32] compared to the sed-
entary group. Similarly, the vigorous work group showed increased fat mass [(1.18 to 5.90 %); p<0.05; 
ES 0.58] and decreased muscle mass [(-5.60 to -1.12 %); p<0.05; ES -0.58], with moderate effect sizes. 

Regarding mental health, women in the moderate work group reported significantly lower scores com-
pared to the sedentary group [(-5.87 to -0.48 score); p<0.05; ES -0.36], suggesting a potential psycho-
logical burden associated with intermediate levels of occupational physical activity. 

 
Figure 1. Boxplot of dependent variables for each occupational activity. 
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Fuente: 6MWT, six-minute walk test; * Significant differences (p<0.05) 

 

Model performance and statistical details 

The parametric coefficients of the generalized additive models (Morishita et al.) are presented as esti-
mated values with their corresponding standard errors for each dependent variable, according to the 
predictive variables and their levels (Table 2). For categorical variables with more than two levels, co-
efficients are expressed relative to the reference category. The reference levels used in the models were: 
sedentary work, physical activity level <150 min/week, and light physical activity (<3 METs).  

The models demonstrated moderate to high predictive accuracy across most outcome variables. Specif-
ically, the models for fat mass and muscle mass explained 76% of the variance (adjusted R² = 0.76), 
while the model for handgrip strength explained 52%. The model for the six-minute walk test (6MWT) 
explained 36% of the variance, with a deviance explained of 38% and an index of agreement (IOA) of 
0.74, indicating a good fit (Table 3). In all cases, the standard deviation of the original variables was 
higher than that of the model predictions, suggesting acceptable error levels. 

In addition, significant smooth terms were observed for the interaction between age and occupational 
activity, particularly for 6MWT and handgrip strength (F = 16.13 and 6.21, respectively; p<0.01). These 
results suggest that age plays a moderating role in the relationship between type of work and physical 
performance, capturing non-linear effects that would not be detected through linear modeling alone. 

Missing data 

No missing data were detected in the dataset. All participants included in the analysis had complete 
records for the variables of interest. 

 

Table 2. Parametric coefficients of the GAM model for dependent variables and approximate significance of smooth terms. 
 Fat mass (%) Muscle mass (%) Mental health Physical health 6MWT Handgrip strength 

Parametric 
coefficients 

Estimate Std error Estimate Std error Estimate Std error Estimate Std error Estimate Std error Estimate Std error 

(Intercept) 
-

5.24397** 
1.25986 99.88717** 1.1997 59.17157** 3.07551 60.20312** 3.03422 567.0101** 24.4784 34.34542** 1.84785 

Moderate 
work 

1.03154** 0.40857 -0.99188** 0.38901 -2.15074** 0.99648 -0.29239 0.9831 -23.1972** 7.9343 -0.95345 0.59083 

Physical 
work 

1.12584** 0.48625 -1.07476** 0.46299 -1.54895 1.18616 -1.87137 1.17025 -30.3988** 9.452 -1.63498** 0.70331 

Women 8.71149** 0.41765 -8.32879** 0.39768 -4.31898** 1.01944 -2.36084** 1.00559 -41.0579** 8.1396 
-

12.80089** 
0.61242 

Physical ac-
tivity level ≥ 

150 <300 
min/week 

0.29959 0.53342 -0.29754 0.50789 1.85069 1.30218 0.52737 1.28425 37.9170** 10.418 0.67215 0.78213 

Physical ac-
tivity level 

≥300 
min/week 

0.50566 0.41628 -0.48797 0.39636 0.83693 1.01621 0.98383 1.00222 39.4898** 8.1226 1.13544* 0.60233 

BMI 1.09286** 0.03597 -1.03516** 0.03424 -0.23439** 0.08777 -0.27080** 0.08656 -4.4854** 0.7001 0.01903 0.05202 
No smoking 0.80463 0.58294 -0.76304 0.55508 0.69333 1.42283 0.70741 1.40363 23.6610** 11.3806 -0.89201 0.84358 

PA moderate 
3–6 METS 

-0.99971* 0.51485 0.96171* 0.49015 3.84442** 1.257 1.03131 1.23917 76.3934** 10.0419 0.98037 0.74474 

PA vigorous 
> 6 METS 

-
2.23390** 

0.66031 2.12069** 0.62873 1.27824 1.6118 3.33196** 1.58978 85.8070** 12.8612 1.29355 0.95546 

Approximate 
significance 
of smooth 

terms 

F edf F edf F edf F edf F edf F edf 

s(age): occu-
pational ac-
tivity (G1) 

1.669 1.345 1.725 1.296 2.045 1.000 2.887* 1.001 16.134** 1.531 6.214** 1.000 

s(age): occu-
pational ac-
tivity (G2) 

4.958** 1.141 5.564** 1.087 0.808 1.176 0.587 1.001 21.053** 2.009 23.989** 1.002 

s(age): occu-
pational ac-
tivity (G3) 

0.697 1.004 0.678 1.004 0.045 1.002 0.004 1.001 4.369** 2.475 5.863** 1.011 
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Fuente: BMI, Body mass index; G1, Sedentary work; G2, Moderate work; G3, Physical work; Std error, Standard error; * Significant differences 
(p<0.05); ** Significant differences (p<0.01); F, statistic; edf, Effective degrees of freedom. 
 
 

Table 3. Accuracy and error tests of the model 

 R2 adj. 
Original 

SD 
GAM SD Dev (%) MAE MAPE RMSE IOA AIC 

6MWT 0.36 86.05 52.77 0.38 52.33 0.11 67.49 0.74 5679.11 
Handgrip strength  0.52 7.37 5.36 0.53 3.93 0.18 5.05 0.83 3072.46 

Mental health 0.06 8.92 2.61 0.09 6.69 0.15 8.52 0.38 3596.63 
Physical health 0.05 8.72 2.29 0.07 6.4 0.14 8.4 0.33 3582.63 

Fat mass 0.76 7.22 6.32 0.77 2.7 0.09 3.49 0.93 2703.1 
Muscle mass 0.76 6.86 6 0.77 2.57 0.04 0.04 0.93 2653.84 

Fuente. R2 adj = Adjusted R2; Original SD = Standard deviation of the original variable; GAM SD = Model standard deviation; Dev = Deviance 
explained; MAE = Mean absolute error; MAPE = Mean absolute percentage error; RMSE = Root mean square error; IOA = Index of agreement; 
AIC = Akaike information criterion. 

 

Discussion 

This study aimed to explore how occupational activity and physical activity levels predict anthropomet-
ric, physical, and mental health outcomes in a retired adult population using a predictive modeling ap-
proach. The main findings indicate that occupational activity type, sex, BMI, and physical activity level 
are significant predictors of body composition, physical fitness, and mental health. In contrast, smoking 
status and previous physical activity levels were not strong predictors of quality of life in this popula-
tion. 

The type of occupational activity performed (sedentary, moderate, and vigorous) until retirement influ-
ences fat percentage, mental health, and physical fitness. Participants who had engaged in vigorous oc-
cupational activity prior to retirement showed higher fat mass, lower muscle mass, and reduced physi-
cal fitness compared to those with sedentary jobs. (Rodríguez-Monforte et al., 2020; Stenholm et al., 
2021). These findings suggest that physically demanding jobs may not confer long-term health benefits, 
possibly due to insufficient recovery or lack of compensatory leisure-time physical activity. This aligns 
with previous research indicating that occupational physical activity is not equivalent to leisure-time 
physical activity in terms of health benefits (Holtermann et al., 2012; Vigezzi et al., 2021). However, 
given the cross-sectional nature of this study, we cannot infer causality—only associations. 

The classification of leisure-time physical activity reported that individuals who participated in moder-
ate (3–6 METS) or vigorous (> 6 METS) physical activity predicted better values for mental health, phys-
ical fitness, and percentage of muscle mass in retirement. Our model concluded that engaging in physical 
activity during leisure time when actively employed is a positive predictor for retirement and its influ-
ence on physical well-being and mental health (Morishita et al., 2017; von Gruenigen et al., 2011). In 
addition, BMI has also been shown to be a predictor of mental health. There is a bidirectional relation-
ship between obesity and psychopathology (Avila et al., 2015). The higher the BMI score in retired peo-
ple, the lower the level of mental health of individuals. Therefore, individuals with a high BMI have lower 
mental health values compared to those with a normal BMI. Thus, moderate or vigorous physical activity 
influences the different variables. 

Sex differences were also evident. Women showed higher fat mass, lower muscle mass, and poorer men-
tal health outcomes compared to men. These differences may be partially explained by hormonal 
changes during the postmenopausal period, which are associated with increased fat accumulation and 
reduced muscle mass (Cooper et al., 2021). Additionally, women have a higher lifetime prevalence of 
mood and anxiety disorders (Kiely et al., 2019), which may contribute to the observed differences in 
mental health.  

Our findings also support the positive role of leisure-time physical activity. Participants who engaged in 
moderate or vigorous physical activity during their working years had better outcomes in terms of mus-
cle mass, physical fitness, and mental health. This is consistent with previous studies showing that lei-
sure-time physical activity is a strong predictor of health in older adults (Morishita et al., 2017; von 
Gruenigen et al., 2011). Importantly, these associations highlight the need to promote physical activity 
beyond occupational settings, especially in populations with physically demanding jobs. 
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While our model identified several significant predictors, alternative explanations should be considered. 
For example, individuals with physically demanding jobs may have had lower socioeconomic status, 
poorer access to healthcare, or higher exposure to occupational stressors, which could influence long-
term health outcomes (Hoven & Siegrist, 2013).  

This study has several limitations. First, its cross-sectional design prevents causal inference. Second, 
self-reported data on physical activity and occupational history may be subject to recall bias. Third, alt-
hough the GAM model accounts for non-linear relationships, residual confounding cannot be ruled out. 

Despite these limitations, the findings have practical implications. For individuals approaching retire-
ment, promoting leisure-time physical activity may help mitigate the negative effects of physically de-
manding jobs. Employers and occupational health professionals should consider strategies to support 
physical and mental health during and after employment, particularly for workers in high-demand oc-
cupations. Healthcare providers can use occupational history as a tool to identify individuals at risk and 
tailor preventive interventions accordingly. 

 

Conclusions 

Ultimately, in relation to the ageing process, the model established a decrease in general physical fitness 
in retired people. After analysing the results, it is possible to conclude that occupational activity, physical 
activity, sex, and BMI were predictors of anthropometric variables, mental health, and physical fitness. 
Based on the associations observed in this retrospective study, it may be worth exploring the potential 
benefits of implementing exercise programmes during the working stage in organisations with moder-
ate and vigorous work, although further longitudinal or experimental research is needed to confirm this. 
While the findings are specific to a particular socio-cultural and economic context, they suggest that it 
would be beneficial to implement an exercise programme during the working stage in organisations 
with moderate and vigorous work. Although not directly assessed in this study, previous literature sug-
gests that work environments that promote positive relational dynamics, adequate physical conditions, 
and flexibility may contribute to improved mental health outcomes (Belloni et al., 2022; Henkens et al., 
2018). However, such factors fall outside the scope of our data. In addition, a good intervention in the 
programme sports of municipalities would be to implement a wide range of exercises and activities for 
all ages, focusing on strength training for women, given the observed sex-based differences in muscle 
mass and physical fitness, which highlight the need for tailored interventions. By doing so, we are en-
couraging physical activity in leisure time and good health in both working life and retirement. Physical 
training programmes specifically tailored to older people not only enrich their mental health but also 
offer tangible bodily benefits, such as reducing body fat percentage and improving overall fitness (Mar-
cos-Pardo et al., 2019; Romero-Arenas et al., 2013; Tomás et al., 2018). It is also important to consider 
potential challenges in implementing such programmes, including organisational constraints, varying 
levels of physical readiness among employees, and the need for sustained engagement strategies. 

 

Strengths and limitations 

The main strength of this study is that the sample of retirees analysed allowed us to obtain predictive 
results for different health variables. The findings can contribute to improving the design of public pol-
icies at the national and regional levels in the field of occupational health in the active working popula-
tion. 

A limitation is that the data are available on the population of a specific region, with a very specific socio-
cultural and economic context. This homogeneity does not allow the results to be generalisable, so their 
interpretation should be made with caution. In view of the limitation identified in the research, future 
research should aim to obtain a stratified sample according to place of residence and incorporate longi-
tudinal designs, as well as additional psychosocial and occupational variables, to enhance the generali-
sability and depth of the findings.  

 



2025 (Septiembre), Retos, 70, 200-211  ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index 

 208  
 

Ethics approval and consent to participate 

The study was conducted according to the standards of the Declaration of Helsinki 2024 and the Euro-
pean Community Guidelines for Good Clinical Practice (111/3976/88 July 1990). The instructions for 
clinical research in humans governed by the Spanish legal framework were followed (Royal Decree 
561/1993). Ethical approval for this research study was obtained from the Committee for Clinical Re-
search with Medicines of the Toledo University Hospital Complex of Toledo (Ref.: 701/21042021).  

 
Financing 

This work was supported by the University of Castilla-La Mancha and the “Fondo Social Europeo Plus 
(FSE+)” for funding the development of her Ph.D. BDNS (Identif.): 708128. [2023/6414] to R.A-M. And 
the Spanish Ministry of Science, Innovation, and Universities for funding the development of their doc-
toral thesis (Grant Number: FPU21/01758) to A. A.-C. This research has been developed with the help 
of Grant EQC2021-006804-P funded by MCIN/AEI/10.13039/501100011033 and by the "European Un-
ion NextGeneration EU/PRTR," Grant EQC2019-005843-P funded by 
MCIN/AEI/10.13039/501100011033 and ERDF ‘A way of making Europe,’ Grant PID2021-123177OB-
I00 funded by MCIN/AEI/10.13039/501100011033 and ERDF 'A way of making Europe,' and Grant 
2021-GRIN-31185 co-funded by the Universidad de Castilla-La Mancha and ERDF.  

 

References 

Ainsworth, B. E., Haskell, W. L., Herrmann, S. D., Meckes, N., Bassett Jr, D. R., Tudor-Locke, C., Greer, J. L., 
Vezina, J., Whitt-Glover, M. C., & Leon, A. S. (2011). 2011 Compendium of Physical Activities: a 
second update of codes and MET values. Medicine & science in sports & exercise, 43(8), 1575-
1581. https://doi.org/10.1249/MSS.0b013e31821ece12  

Avila, C., Holloway, A. C., Hahn, M. K., Morrison, K. M., Restivo, M., Anglin, R., & Taylor, V. H. (2015). An 
overview of links between obesity and mental health. Current obesity reports, 4, 303-310. 
https://doi.org/10.1007/s13679-015-0164-9  

Bank, W. (2023). Population aged 65 and over (% of total). https://datos.bancomundial.org/indica-
tor/SP.POP.65UP.TO.ZS 

Barajas-Nava, L. A., Garduño-Espinosa, J., Dorantes, J. M. M., Medina-Campos, R., & García-Peña, M. C. 
(2022). Models of comprehensive care for older persons with chronic diseases: a systematic re-
view with a focus on effectiveness. BMJ open, 12(8), e059606. 
https://doi.org/10.1136/bmjopen-2021-059606  

Barnett, K., Mercer, S. W., Norbury, M., Watt, G., Wyke, S., & Guthrie, B. (2012). Epidemiology of multi-
morbidity and implications for health care, research, and medical education: a cross-sectional 
study. Lancet 380(9836), 37-43. https://doi.org/10.1016/S0140-6736(12)60240-2  

Belloni, M., Carrino, L., & Meschi, E. (2022). The impact of working conditions on mental health: Novel 
evidence from the UK. Labour Economics, 76, 102176. 
https://doi.org/10.1016/j.labeco.2022.102176  

Cooper, A. J., Gupta, S. R., Moustafa, A. F., & Chao, A. M. (2021). Sex/gender differences in obesity preva-
lence, comorbidities, and treatment. Current obesity reports, 1-9. 
https://doi.org/10.1007/s13679-021-00453-x  

Cunningham, C., O'Sullivan, R., Caserotti, P., & Tully, M. A. (2020). Consequences of physical inactivity in 
older adults: A systematic review of reviews and meta‐analyses. Scandinavian journal of medi‐
cine & science in sports, 30(5), 816-827. https://doi.org/10.1111/sms.13616  

Fien, S., Linton, C., Mitchell, J. S., Wadsworth, D. P., Szabo, H., Askew, C. D., & Schaumberg, M. A. (2022). 
Characteristics of community-based exercise programs for community-dwelling older adults in 
rural/regional areas: a scoping review. Aging Clinical and Experimental Research, 34(7), 1511-
1528. https://doi.org/10.1007/s40520-022-02079-y  

Figueiró, T. H., Arins, G. C. B., Santos, C. E. S. d., Cembranel, F., Medeiros, P. A. d., d’Orsi, E., & Rech, C. R. 
(2019). Association of objectively measured sedentary behavior and physical activity with car-
diometabolic risk markers in older adults. PloS one, 14(1), e0210861. 
https://doi.org/10.1371/journal.pone.0210861  

https://doi.org/10.1249/MSS.0b013e31821ece12
https://doi.org/10.1007/s13679-015-0164-9
https://datos.bancomundial.org/indicator/SP.POP.65UP.TO.ZS
https://datos.bancomundial.org/indicator/SP.POP.65UP.TO.ZS
https://doi.org/10.1136/bmjopen-2021-059606
https://doi.org/10.1016/S0140-6736(12)60240-2
https://doi.org/10.1016/j.labeco.2022.102176
https://doi.org/10.1007/s13679-021-00453-x
https://doi.org/10.1111/sms.13616
https://doi.org/10.1007/s40520-022-02079-y
https://doi.org/10.1371/journal.pone.0210861


2025 (Septiembre), Retos, 70, 200-211  ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index 

 209  
 

Filomena, M., & Picchio, M. (2023). Retirement and health outcomes in a meta‐analytical framework. 
Journal of Economic Surveys, 37(4), 1120-1155. https://doi.org/10.1111/joes.12527  

Gomes, I. C., Tavares, V. D. d. O., Oliveira Neto, L., Agrícola, P. M. D., Jenkins, M., Smith, L., & Oliveira Duarte, 
Y. A. d. (2022). Associations between levels of physical activity and mortality in older adults: a 
prospective cohort study. Sport sciences for health, 18(3), 1061-1070. 
https://doi.org/10.1007/s11332-021-00891-z  

Haskell, W. L., Lee, I.-M., Pate, R. R., Powell, K. E., Blair, S. N., Franklin, B. A., Macera, C. A., Heath, G. W., 
Thompson, P. D., & Bauman, A. (2007). Physical activity and public health: updated recommen-
dation for adults from the American College of Sports Medicine and the American Heart Associ-
ation. Circulation Journal, 116(9), 1081. https://doi.org/10.1249/mss.0b013e3180616b27  

He, W., Goodkind, D., & Kowal, P. R. (2016). An aging world: 2015. United States Census Bureau Wash-
ington, DC. https://www.census.gov/library/publications/2016/demo/P95-16-1.html  

Henkens, K., Van Dalen, H. P., Ekerdt, D. J., Hershey, D. A., Hyde, M., Radl, J., Van Solinge, H., Wang, M., & 
Zacher, H. (2018). What we need to know about retirement: Pressing issues for the coming dec-
ade. The Gerontologist, 58(5), 805-812. https://doi.org/10.1093/geront/gnx095  

Henseke, G. (2018). Good jobs, good pay, better health? The effects of job quality on health among older 
European workers. European Journal of Health Economics, 19(1), 59-73. 
https://doi.org/10.1007/s10198-017-0867-9  

Holtermann, A., Hansen, J. V., Burr, H., Søgaard, K., & Sjøgaard, G. (2012). The health paradox of occupa-
tional and leisure-time physical activity. British journal of sports medicine, 46(4), 291-295. 
https://doi.org/10.1136/bjsm.2010.079582  

Hoven, H., & Siegrist, J. (2013). Work characteristics, socioeconomic position and health: a systematic 
review of mediation and moderation effects in prospective studies. Occupational and environ-
mental medicine, 70(9), 663-669. https://doi.org/10.1136/oemed-2012-101331  

Kang, H., & Bae, M. (2020). Health benefits of staying active after retirement. Review of European Stud-
ies, 12, 43. https://doi.org/10.5539/res.v12n4p43  

Kaplan, M. A., & Inguanzo, M. M. (2017). The social, economic, and public health consequences of global 
population aging: Implications for social work practice and public policy. Journal of Social Work 
in Global Community, 2(1), 1. https://doi.org/10.5590/JSWGC.2017.02.1.01  

Kiely, K. M., Brady, B., & Byles, J. (2019). Gender, mental health and ageing. Maturitas, 129, 76-84. 
https://doi.org/10.1016/j.maturitas.2019.09.004  

Lukaski, H. C., Kyle, U. G., & Kondrup, J. (2017). Assessment of adult malnutrition and prognosis with 
bioelectrical impedance analysis: phase angle and impedance ratio. Current opinion in clinical 
nutrition and metabolic care, 20(5), 330-339. 
https://doi.org/10.1097/MCO.0000000000000387  

Marcos-Pardo, P. J., Orquin-Castrillón, F. J., Gea-García, G. M., Menayo-Antúnez, R., González-Gálvez, N., 
Vale, R. G. d. S., & Martínez-Rodríguez, A. (2019). Effects of a moderate-to-high intensity re-
sistance circuit training on fat mass, functional capacity, muscular strength, and quality of life in 
elderly: A randomized controlled trial. Scientific reports, 9(1), 7830. 
https://doi.org/10.1038/s41598-019-44329-6  

McLellan, R. K. (2017). Work, health, and worker well-being: roles and opportunities for employers. 
Health affairs, 36(2), 206-213. https://doi.org/10.1377/hlthaff.2016.1150  

Morishita, S., Kaida, K., Yamauchi, S., Wakasugi, T., Ikegame, K., Ogawa, H., & Domen, K. (2017). Relation-
ship of physical activity with physical function and health‐related quality of life in patients hav-
ing undergone allogeneic haematopoietic stem‐cell transplantation. European Journal of Cancer 
26(4), e12669. https://doi.org/10.1111/ecc.12669  

Nascimento, V., Fonseca, C., Pinho, L. G., & Lopes, M. J. (2022). Person-Centered Health Intervention Pro-
grams, Provided at Home to Older Adults with Multimorbidity and Their Caregivers: Protocol for 
a Systematic Review. Journal of Personalized Medicine, 13(1), 27. 
https://doi.org/10.3390/jpm13010027  

Pascual-Saez, M., Cantarero-Prieto, D., & Castañeda, D. (2017). Public health expenditure, GDP and the 
elderly population: a comparative study. International Journal of Social Economics, 44(10), 
1390-1400. https://doi.org/10.1108/IJSE-03-2016-0106  

Rikli, R. E., & Jones, C. J. (1999). Development and validation of a functional fitness test for community-
residing older adults. Journal of aging and physical activity, 7(2), 129-161. 
https://doi.org/10.1123/japa.7.2.129  

https://doi.org/10.1111/joes.12527
https://doi.org/10.1007/s11332-021-00891-z
https://doi.org/10.1249/mss.0b013e3180616b27
https://www.census.gov/library/publications/2016/demo/P95-16-1.html
https://doi.org/10.1093/geront/gnx095
https://doi.org/10.1007/s10198-017-0867-9
https://doi.org/10.1136/bjsm.2010.079582
https://doi.org/10.1136/oemed-2012-101331
https://doi.org/10.5539/res.v12n4p43
https://doi.org/10.5590/JSWGC.2017.02.1.01
https://doi.org/10.1016/j.maturitas.2019.09.004
https://doi.org/10.1097/MCO.0000000000000387
https://doi.org/10.1038/s41598-019-44329-6
https://doi.org/10.1377/hlthaff.2016.1150
https://doi.org/10.1111/ecc.12669
https://doi.org/10.3390/jpm13010027
https://doi.org/10.1108/IJSE-03-2016-0106
https://doi.org/10.1123/japa.7.2.129


2025 (Septiembre), Retos, 70, 200-211  ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index 

 210  
 

Rikli, R. E., & Jones, C. J. (2013). Senior fitness test manual. Human kinetics.  
Rodríguez-Monforte, M., Fernández-Jané, C., Martin-Arribas, A., Costa-Tutusaus, L., Sitjà-Rabert, M., Ra-

mírez-García, I., Canet Velez, O., Kopp, J., Vilaró, J., & Carrillo-Alvarez, E. (2020). Interventions 
across the retirement transition for improving well-being: a scoping review. International Jour-
nal of Environmental Research and Public Health, 17(12), 4341. 
https://doi.org/10.3390/ijerph17124341  

Romero-Arenas, S., Martínez-Pascual, M., & Alcaraz, P. E. (2013). Impact of resistance circuit training on 
neuromuscular, cardiorespiratory and body composition adaptations in the elderly. Architectu-
ral Digest España, 4(5), 256. https://doi.org/10.14336/AD.2013.0400256  

Segura-Ortí, E., & Martínez-Olmos, F. J. (2011). Test-retest reliability and minimal detectable change 
scores for sit-to-stand-to-sit tests, the six-minute walk test, the one-leg heel-rise test, and hand-
grip strength in people undergoing hemodialysis. Physical therapy, 91(8), 1244-1252. 
https://doi.org/10.2522/ptj.20100141  

Serrano, J. P., Latorre, J. M., & Gatz, M. (2014). Spain: Promoting the welfare of older adults in the context 
of population aging. The Gerontologist, 54(5), 733-740. 
https://doi.org/10.1093/geront/gnu010  

Stenholm, S., Pulakka, A., Leskinen, T., Pentti, J., Heinonen, O. J., Koster, A., & Vahtera, J. (2021). Daily 
physical activity patterns and their association with health-related physical fitness among aging 
workers—the Finnish retirement and aging study. The Journals of Gerontology: Series A, Biolog-
ical Sciences and Medical Sciences, 76(7), 1242-1250. https://doi.org/10.1093/gerona/glaa193  

Thomas, E., Battaglia, G., Patti, A., Brusa, J., Leonardi, V., Palma, A., & Bellafiore, M. (2019). Physical activ-
ity programs for balance and fall prevention in elderly: A systematic review. Medicine, 98(27). 
https://doi.org/10.1097/MD.0000000000016218  

Thorp, A. A., Owen, N., Neuhaus, M., & Dunstan, D. W. (2011). Sedentary behaviors and subsequent health 
outcomes in adults: a systematic review of longitudinal studies, 1996–2011. American journal 
of preventive medicine, 41(2), 207-215. https://doi.org/10.1016/j.amepre.2011.05.004  

Tomás, M. T., Galán-Mercant, A., Carnero, E. A., & Fernandes, B. (2018). Functional capacity and levels of 
physical activity in aging: a 3-year follow-up. Frontiers in medicine, 4, 244. 
https://doi.org/10.3389/fmed.2017.00244  

Trzmiel, T., Pieczyńska, A., Zasadzka, E., & Pawlaczyk, M. (2021). The Impact of Lifetime Work and Non-
work Physical Activity on Physical Fitness Among White–and Blue–Collar Retirees: A Cross-Sec-
tional Study. Frontiers in medicine, 8, 745929. https://doi.org/10.3389/fmed.2021.745929  

Vera-Villarroel, P., Silva, J., Celis-Atenas, K., & Pavez, P. (2014). Evaluación del cuestionario SF-12: veri-
ficación de la utilidad de la escala salud mental. Revista médica de Chile, 142(10), 1275-1283. 
https://doi.org/10.4067/S0034-98872014001000007  

Vigezzi, G. P., Gaetti, G., Gianfredi, V., Frascella, B., Gentile, L., d’Errico, A., Stuckler, D., Ricceri, F., Costa, 
G., & Odone, A. (2021). Transition to retirement impact on health and lifestyle habits: analysis 
from a nationwide Italian cohort. BMC Public Health, 21, 1-10. https://doi.org/10.1186/s12889-
021-11670-3  

Vilagut, G., Valderas, J. M., Ferrer, M., Garin, O., López-García, E., & Alonso, J. (2008). Interpretación de los 
cuestionarios de salud SF-36 y SF-12 en España: componentes físico y mental. Medicina clínica, 
130(19), 726-735. https://doi.org/10.1157/13121076  

von Gruenigen, V. E., Frasure, H. E., Kavanagh, M. B., Lerner, E., Waggoner, S. E., & Courneya, K. S. (2011). 
Feasibility of a lifestyle intervention for ovarian cancer patients receiving adjuvant chemother-
apy. Gynecologic oncology, 122(2), 328-333. https://doi.org/10.1016/j.ygyno.2011.04.043  

Ware, J. E., Kosinski, M., & Keller, S. D. (1996). A 12-Item Short-Form Health Survey: construction of 
scales and preliminary tests of reliability and validity. Medical care, 34(3), 220-233. 
https://doi.org/10.1097/00005650-199603000-00003  

Willenheimer, R., & Erhardt, L. R. (2000). Value of 6-min-walk test for assessment of severity and prog-
nosis of heart failure. Lancet, 355(9203), 515-516. https://doi.org/10.1016/S0140-
6736(99)00445-6  

Willis, E. A., Herrmann, S. D., Hastert, M., Kracht, C. L., Barreira, T. V., Schuna Jr, J. M., Cai, Z., Quan, M., 
Conger, S. A., & Brown, W. J. (2024). Older Adult Compendium of Physical Activities: Energy costs 
of human activities in adults aged 60 and older. Journal of Sport and Health Science, 13(1), 13-
17. https://doi.org/10.1016/j.jshs.2023.10.007  

https://doi.org/10.3390/ijerph17124341
https://doi.org/10.14336/AD.2013.0400256
https://doi.org/10.2522/ptj.20100141
https://doi.org/10.1093/geront/gnu010
https://doi.org/10.1093/gerona/glaa193
https://doi.org/10.1097/MD.0000000000016218
https://doi.org/10.1016/j.amepre.2011.05.004
https://doi.org/10.3389/fmed.2017.00244
https://doi.org/10.3389/fmed.2021.745929
https://doi.org/10.4067/S0034-98872014001000007
https://doi.org/10.1186/s12889-021-11670-3
https://doi.org/10.1186/s12889-021-11670-3
https://doi.org/10.1157/13121076
https://doi.org/10.1016/j.ygyno.2011.04.043
https://doi.org/10.1097/00005650-199603000-00003
https://doi.org/10.1016/S0140-6736(99)00445-6
https://doi.org/10.1016/S0140-6736(99)00445-6
https://doi.org/10.1016/j.jshs.2023.10.007


2025 (Septiembre), Retos, 70, 200-211  ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index 

 211  
 

Wood, S. N. (2017). Generalized additive models: an introduction with R. Chapman and hall/CRC. 
https://doi.org/10.1201/9781315370279  

 

Authors' and translators' details: 

Raquel Aparicio-Mera raquel.aparicio@uclm.es Author   
Antonio Alonso-Callejo antonio.alonso@uclm.es Author   
Maria Marin-Farrona mariajesus.marin@uclm.es Author   
Daniel Duclos-Bastias daniel.duclos@uclm.es Author   

Samuel Manzano-Carrasco smanzano@uloyola.es Author   
Leonor Gallardo leonor.gallardo@uclm.es Author   

Jorge Garcia-Unanue jorge.garciaunanue@uclm.es Author   
Jose Luis Felipe joseluis.felipe@uclm.es Author   

 

https://doi.org/10.1201/9781315370279
mailto:raquel.aparicio@uclm.es
mailto:antonio.alonso@uclm.es
mailto:mariajesus.marin@uclm.es
mailto:daniel.duclos@uclm.es
mailto:smanzano@uloyola.es
mailto:leonor.gallardo@uclm.es
mailto:jorge.garciaunanue@uclm.es
mailto:joseluis.felipe@uclm.es

