Volume 114 4/2023

Rivista fondata nel 1901 da Luigi Devoto Issn 0025 - 7818

La Medicina del Lavoro

Organo della Societa Italiana di Medicina del Lavoro

Work, Environment & Health

Official Journal of the Italian Society of Occupational Medicine

www.lamedicinadellavoro.it

EbITORIAL

Pride and Concern for Bibliometric Achievements: Deserved Results or Result of Cites Inflation? - Anzonio Mutti -
€2023034

ReviEws, COMMENTARIES, PERSPECTIVES

Shoulder Tendinopathies and Occupational Biomechanical Overload: A Critical Appraisal of Available Evidence -
Stefania Curti, Stefano Mattioli, Francesco Saverio Violante - €2023033

Occupational Exposure to Solar Radiation and the Eye: A Call to Implement Health Surveillance of Outdoor Workers
- Alberto Modenese, B. Ralph Chou, Balizs Addam, Tom Loney, Marilia Silva Paulo, Thomas Tenkate, Fabriziomaria Gobba -
€2023032

ORIGINAL ARTICLES

The Professional Future in Operated Carpal Tunnel Syndrome: A Cross-Sectional Study of Recognized
Occupational Cases - Hanene Ben Said, Khaoula Kaabi, Neila Kerkeni, Imen Youssef, Najla Mechergui, Dorra Brahim, Imen
Youssfi, Meriem Mersni, Ghada Bahri, Mongi Hamdouni, Nizar Ladhari - ¢2023031

To Work or Not to Work Remotely? Work-to-family Interface Before and During the COVID-19 Pandemic - Chiara
Ghislieri, Monica Molino, Valentina Dolce - €2023027

Work-Family Boundaries in the Digital Age: A Study in France on Technological Intrusion, Work-Family Conflict, and
Stress - Marianna Giunchi, Marco Peria-Jimenez, Sara Petrilli - €2023039

Chromosomal Aberrations, Micronuclei, Blood Parameters and Received Doses in Workers Exposed to Ionizing
Radiation - Jelena Dj. Djokovic, Srdjan M. Jankovic, Aleksandar P.S. Milovanovic, Petar Bulat - €2023036

SHORT COMMUNICATIONS

Trends in Occupational Diseases in Italian Industry and Services From 2006 To 2019 - Francesca Larese Filon, Ottavia
Spadola, Claudio Colosio, Henk Van Der Molen - ¢2023035

LETTER TO THE EDITOR

Shift Office Work - Nicola Magnavita, Francesco Chirico - Authors’ reply - Nejdiye Giingordi, Seher Kurtul, Mehmet Sarper
Erdogan - ¢2023037

MarTTIOLT 1885

FINITO DI STAMPARE NEL MESE DI AGOSTO 2023

- D.L. 353/2003 (coNv. IN L. 27/02/2004 N. 46) ART. 1, cOMMA 1, DCB PARMA -

- Spep. IN AL P.

POSTE ITALIANE S.P.A.



wa\msolc,%%
éﬁﬁ ? <
Volume 114 4. g Issn 0025-7818

Rivista fondata nel 1901 da Luigi Devoto elssn 2532-1080

La Medicina del Lavoro

Organo della Societa Italiana di Medicina del Lavoro

Work, Environment & Health

Official Journal of the Italian Society of Occupational Medicine

EDITOR IN CHIEF P4sT EDITORS IN CHIEF
Antonio Mutti L. Devoto, L. Preti, E.C. Vigliani, V. Foa, PA. Bertazzi
DEPUTY EDITOR IN CHIEF NATIONAL ADVISORY BOARD
Angela Cecilia Pesatori Enrico Bergamaschi, Massimo Bovenzi, Stefano Candura,
Paolo Carrer, Domenico Maria Cavallo, Pierluigi Cocco,
4 Claudio Colosio, Giuseppe De Palma, Concettina Fenga,
SSOCIATE EDITORS

Roberta Andreoli, Pietro Apostoli, Valentina Bollati,
Matteo Bonzini, Paolo Boffetta, Paolo Campanini,
Massimo Corradi, Alfonso Cristaudo, Paolo Durando,
Silvia Fustinoni, Ivo Iavicoli, Sergio Iavicoli, Francesca
Larese Filon, Stefano Mattioli, Paola Mozzoni,

Jos Verbeek, Francesco Saverio Violante, Carlo Zocchetti

INTERNATIONAL ADVISORY BOARD

Raymond Agius (UK), Andrea Baccarelli (USA),

Aaron Blair (USA), Hermann Bolt (Germany),

David Coggon (UK), Monique HW Frings-Dresen
(The Netherlands), Carel T] Hulshof (The Netherlands),
Manolis Kogevinas (Spain), Thomas Kraus (Germany),
David Kriebel (USA), Gunnar Johanson (Sweden),
Gérard Lasfargues (France), Dominique Lison (Belgium),
Keith Palmer (UK), Neil Pearce (New Zealand),

Shyam Pingle (India), Yves Roquelaure (France),

Lesley Rushton (UK), Markku Sainio (Finland),

Paul Schulte (USA), Johannes Siegrist (Germany),
Torben Sigsgaard (Denmark), Jukka Vuori (Finland)

Marco Ferrario, Fabriziomaria Gobba, Piero Maestrelli,
Nicola Magnavita, Andrea Magrini, Angelo Moretto,
Giacomo Muzi, Sofia Pavanello,

Enrico Pira, Stefano Porru, Luciano Riboldi, Michele Riva,
Lory Santarelli, Pietro Sartorelli, Giovanna Spatari

EDITORIAL ASSISTANT
Ludovica Saracino

EDITORIAL OFFICE

La Medicina del Lavoro

Clinica del Lavoro «L. Devoto»

Via San Barnaba, 8 - 20122 Milano (Italy)
Tel. 02/50320125 - Fax 02/50320103
http://www.lamedicinadellavoro.it
redazione@lamedicinadellavoro.it

PUBLISHER

Mattioli 1885 srl - Casa Editrice

Strada di Lodesana 649/sx, Loc. Vaio - 43036 Fidenza (PR)
Tel. 0524/530383 - Fax 0524/82537

e-mail: edit@mattioli1885.com

www.mattioli1885.com

Pubblicazione bimestrale - Direttore Responsabile: Antonio Mutti
Autorizzazione del Presidente del Tribunale di Milano 10/5/1948 Reg. al N. 47

La Medicina del Lavoro ¢ indicizzata da / La Medicina del Lavoro is indexed in:
PubMed/Medline; Embase/Excerpta Medica; Abstracts on Hygiene; Industrial Hygiene Digest;
Securité et Santé au Travail Bit-CIS; Sociedad Iberoamericana de Informacion Cientifica (SIIC);
Science Citation Index Expanded (SciSearch®); Journal Citation Report/Science Edition; ISI Web of Science;
Scopus (Elsevier); Bibliovigilance



“Medicina del Lavoro EDITORIAL

Med. Lav. 2023; 114 (4): €2023034
DOI: 10.23749/mdl.v114i4.14990

Pride and Concern for Bibliometric Achievements:
Deserved Results or Result of Cites Inflation?

We are delighted to announce the publication of the latest bibliometric scores by Clarivate’s Journal Ci-
tation Reports (JCR) and Scopus. The official journal impact factor (JIF) for 2022 is 2.7, the corresponding
Cite Score being 3.1, thus reflecting the growing impact and success of our journal and validating our efforts
to publish high-quality research. Such a positive trend is corroborated by other metrics, such as the immediacy
index, and has been achieved in a few years by a small, independently managed, and fully open-access journal
not applying, so far, any article processing charge. Thanks to the Italian Society of Occupational Medicine’s
sponsorship of its official journal, only scientific merit makes us decide whether to accept or decline submissions.
The decision to publish research articles in English has been crucial in widening the readership and increasing
the journal’s international visibility, particularly in countries where Occupational Medicine is still growing.

We want to thank all authors who have entrusted us with their original research, our dedicated editorial
staft, and our reviewers for helping us maintain the highest standards of academic rigor as a reliable source
of knowledge dissemination. A concerning trend tempering our enthusiasm for recent bibliometric achieve-
ments has emerged in recent years, a phenomenon I would call ‘citeflation’l. Citeflation can be described as
the inflationary growth in the number of citations in academic literature. It refers to excessively citing papers,
not necessarily for their intellectual merit or contribution to a particular study but for boosting one’s visibility
and impact metrics. This phenomenon distorts scholarly work’s value and undermines scientific research’s
integrity and reliability.

'The pressure to publish frequently and gain recognition has intensified with academic institutions plac-
ing increased emphasis on researchers’ publication records. As a result, scholars are under immense pressure
to produce an impressive number of publications while maintaining a high citation count. Some researchers
resort to excessive self-citation or manipulative citation practices in this hypercompetitive environment.

One major consequence of citeflation is the distortion it creates in perceived research impact. Inflated
citation counts can give an illusion of significant influence within a field, leading to biased assessments in
hiring decisions, promotions, grant allocations, and tenure evaluations. As scholars strive for greater prestige
and recognition through artificial means, the true quality and novelty of their contributions may be overshad-
owed by inflated metrics.

Moreover, citeflation hampers scientific progress in two fundamental ways. First, it perpetuates echo
chambers within academia by reinforcing existing beliefs instead of encouraging critical thinking and di-
verse perspectives. Researchers repeatedly cite well-known papers within their subfields while overlooking
potentially valuable contributions from lesser-known authors or interdisciplinary studies. Second, it erodes
the credibility of academic publishing. Scientific progress is built on the foundation of rigorous peer review
and meticulous validation of research findings. However, when citations become a currency for reputation
and career advancement, the integrity of the peer review process can be compromised. Researchers may feel
compelled to cite influential authors excessively or exchange citations as a form of academic favoritism.

To address Citeflation, several steps can be taken. Academic institutions must prioritize quality over
quantity and foster an environment where originality, creativity, and sound research methodology are valued

Note: The term “Citeflation” and the concept of excessive citation practices have not gained widespread recognition in the aca-
demic community. It is proposed in this editorial serves as a speculative piece to highlight the potential negative consequences of
such practices, i.e., the devaluation of scholarly impact and the need for vigilance in maintaining academic integrity.
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above citation counts alone. Peer reviewers should be wary of manipulative citation patterns during the eval-
uation process and emphasize the importance of intellectual contribution rather than sheer quantity.

Although excellent scientists lend, in most cases free of charge, their prestige, their commitment, and
their hard work to publishers, and maintain their high standard of scientific rigor, predatory and mega jour-
nals born in the last few decades often have less stringent criteria for acceptance than traditional subject-spe-
cific journals, particularly in special issues, which means more papers can be published, potentially leading to
more citations. Scholars publishing in such special issues may benefit from increased visibility and citation
counts. However, this emphasis on quantity can result in a lower average quality of published papers. With a
flood of articles being released, the thoroughness of peer review processes may be compromised.

We adopt strict guidelines for citation practices, discouraging excessive self-citation and encouraging
reference diversity. Additionally, technological advancements in citation analysis tools could be utilized to
identify potential cases of citeflation and flag suspicious patterns.

QUANTITY OR QUALITY IN ACADEMIC PROMOTION?

Even leaving aside malpractice or misconduct cases, it is time for scientists, especially the junior ones,
to ask themselves: is my bibliometric record well deserved or rather a consequence of citeflation? Similarly,
mentors should ask themselves whether encouragement and support they give to their pupils is going far
beyond their mission and duty.

Bibliometric criteria were introduced to avoid competition among mentors when acting as commission-
ers with the responsibility for assigning academic positions and to base their decisions on a transparent and
possibly objective assessment of scientific merit. After two decades, we are back to the problem: how can we
assess the individual scientific productivity, and how can we separate the candidate’s contribution from the
overall activity of the team?

Combating citeflation requires collective efforts from researchers, institutions, funding agencies, and
publishers. It demands a cultural shift within academia whereby scholars prioritize genuine impact over su-
perficial metrics. By valuing intellectual rigor, collaboration, and integrity in research practices, we can restore
the true essence of scholarly pursuit - advancing knowledge for the betterment of society.

As stakeholders in academia strive for excellence and impact, they must guard against this malpractice
by promoting genuine scholarship and reevaluating current assessment metrics. Perhaps through a transition
phase, we can only ensure that academic pursuits focus on meaningful contributions to human knowledge
rather than inflated numbers on a page.

Finally, the primary academic job is teaching, and while scientific achievements are important, they alone
do not justify a tenure track position.

AnTONIO MUTTI
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ABSTRACT

Background: The aim of this study is to evaluate the association between occupational exposure to biomechanical risk
factors and shoulder tendinopathies. Methods: We updated recent systematic reviews about specific shoulder disor-
ders and work-related risk factors. MEDLINE was searched up to September 2022. Studies satisfying the following
criteria were included: i) the diagnosis was based on physical examination plus imaging data (when available), and
ii) the exposure assessment was based on video analysis and/or directly measured. Results: Five studies met the
inclusion criteria: three cross-sectional studies identified from published systematic reviews and two cohort studies
retrieved from the update. Two studies investigated shoulder tendinitis, one supraspinatus tendinitis, and the other
two rotator cuff syndrome. The diagnosis was based on physical examination, not supported by imaging techniques
for all the included studies. In four out of five studies, the exposure was assessed by experienced ergonomists with the
support of video recordings. In two studies, the exposure assessment was further supplemented by force gauge meas-
urements or direct measurements of upper arm elevation. Only the combined exposure of working with arms above
shoulder level with forceful hand exertion appears to be associated with rotator cuff syndrome: i) a cohort study re-
ported an HR=1.11 (95%CI 1.01-1.22) for each unit increase in forceful repetition rate when the upper arm is flexed
245" for 229% of the working time; and ii) a cross-sectional study showed an OR=2.43 (95%CI 1.04-5.68) for the
combination of upper arm flexion 245° for more than 15% of the time with a duty cycle of forceful exertions more than
9% of the time. Conclusions: There is moderate evidence of a causal association between shoulder tendinopathy and
combined exposures of working above shoulder level with forceful hand exertion. The evidence is insufficient for any
single biomechanical exposure on its own. High-quality cohort studies with direct exposure measures and objective
diagnostic criteria are needed. The occupational origin of shoulder tendinopathies is still an open question that must

be properly answered.

1. INTRODUCTION in England and 6.8% and 9.0% in France, respec-
tively) [1, 2]. However, the prevalence of shoulder

Shoulder disorders are prevalent among menand ~ pain varied considerably across studies and case
women of the general population (7% and 9.1%  definitions [3]. Rotator cuff syndrome is one of the
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most frequently reported shoulder disorders among
the working population in both men and women,
with an incidence of more than 2/100 person-years
among subjects older than 44 years [4].

Rotator cuff disorders encompass a broad spec-
trum of conditions affecting tendons of rotator
cuft muscles ranging from inflammation to tears or
rupture [5]. There is no universally accepted way to
label or define shoulder tendinopathies [6]. Shoul-
der disorders have been described in the literature
under a variety of names including, but not limited
to, rotator cuff disease, rotator cuft syndrome, rota-
tor cuft tendinitis/tendinosis, subacromial impinge-
ment syndrome, subacromial shoulder disorders,
subacromial bursitis, supraspinatus tendinitis/
tendinosis, infraspinatus tendinitis/tendinosis, and
bicipital tendinopathy.

The international classification of diseases 10th
revision (ICD-10) covers the following shoulder le-
sions: M75.0 (adhesive capsulitis of shoulder), M75.1
(rotator cuft syndrome), M75.2 (bicipital tendinitis),
M?75.3 (calcific tendinitis of the shoulder), M75.4
(impingement syndrome of the shoulder), M75.5
(bursitis of the shoulder), M75.8 (other shoulder
lesions), and M75.9 (shoulder lesion, unspecified).
However, no international consensus has been reached
about the diagnosis of “subacromial pain syndrome”
suitable for epidemiological studies: only 34% of the
panellists agreed that a case definition for epidemio-
logical research could be based on symptoms only [7].

Biomechanical risk factors for shoulder disorders
include repetitive upper arm movements, working
above shoulder height, and shoulder efforts; non-
occupational risk factors could be associated with
shoulder pain among adults [4, 8].

We aimed to evaluate the association between
shoulder tendinopathies and occupational exposure
to biomechanical risk factors ranking the quality of
evidence for establishing a causal relationship. How-
ever, to our knowledge, a critical appraisal focusing
on objective criteria for both exposure assessment
and diagnosis has yet to be performed.

2. METHODS

For the present review, we included shoulder
tendinopathies defined as the following: i) rotator

cuff syndrome/disease; ii) tendinitis/tendinosis of
the rotator cuff muscles; iii) bicipital tendinitis/
tendinopathy; iv) calcific tendinitis; and v) impinge-
ment syndrome. These diagnoses correspond to
M75.1-M75.4 codes of ICD-10.

At first, we re-evaluated the studies already in-
cluded in published systematic reviews about spe-
cific shoulder disorders and work-related risk
factors [9-11]. These three systematic reviews are
based on the same methodological approach, and
each, in turn, constitutes an update of the previous
one. We retrieved the list of included studies, and
two authors (SC and SM) independently extracted
the following data: first author, year of publication,
systematic reviews identifying the included studies,
study design, outcome assessment, and exposure as-
sessment. For each included study, data about diag-
nosis and exposure assessment were retrieved and
categorized according to predefined criteria [12].
Each combination of diagnosis and exposure was
ranked for case definition and exposure assessment.
The hypothetical combinations of case definition
and exposure assessment and their evidence quality
are reported in Supplementary Table 1.

The minimum criteria to be qualified as poten-
tially eligible for the present study are as follows:
i) the diagnosis is based on physical examination
(symptoms plus clinical signs), and ii) the exposure
assessment is based on video analysis or video-
based observations. The best scenario is repre-
sented by studies whose case definition is based on
physical examination plus imaging (e.g., Magnetic
Resonance Imaging, MRI). Exposure is assessed
using quantitative measures of biomechanical ex-
posure like inclinometer measurements. Studies
based on self-reported symptoms (e.g., shoulder
pain) and/or an indirect assessment of biomechani-
cal exposure (e.g., job titles, job exposure matrix,
self-reports, or expert ratings) did not qualify for
inclusion but were retained for descriptive pur-
poses. Studies about a wide spectrum of shoulder
pathologies were poorly rated and reported non-
standardized and adequately described diagnostic
criteria and/or exposure assessment. Of note, stud-
ies using imaging alone (without physical examina-
tion) do not allow a standardized medical diagnosis,
precluding any ratings. Occupational exposure to
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vibration and psychosocial risk factors were not in-
cluded as well.

In addition, we updated the search of the litera-
ture included in MEDLINE (through PubMed)
from November 1, 2018, up to September 25, 2022.
The search strategy is reported in Supplementary
Table 2. Briefly, search terms related to shoulder
tendinopathies were combined with the “more spe-
cific” PubMed search filter for occupational deter-
minants of diseases [13], along with terms related
to biomechanical risk factors. Such a search strat-
egy was validated against the reference set of 34
citations included in the three selected systematic
reviews [9-11]. The reference lists of included stud-
ies and other reviews about the topic of interest (if
any) were checked for additional citations (including
grey literature reports). No language restriction was
applied. Case reports and case series were excluded.

Two authors (SC and SM) independently
screened titles and abstracts to identify potentially
relevant studies. The same two authors assessed
whether each full article met the inclusion crite-
ria. Disagreements were resolved by a third author
(FSV). Multiple publications were detected, and
valuable information was retained as appropriate.
Two authors (SC and SM) independently extracted
data from each eligible study. We collected informa-
tion on the first author, year of publication, study
design, outcome assessment, and exposure assess-
ment. Data about diagnosis and exposure were then
classified according to the quality of evidence [12].

The quality of included studies was evaluated
according to predefined criteria [12]. Two authors
(SC and SM) independently performed the qual-
ity assessment. Disagreements were resolved by
consensus. The quality assessment covered the fol-
lowing topics: i) study design; ii) study population;
iii) outcome assessment; iv) exposure assessment;
and v) data analysis. The overall quality score ranges
trom 3 to 17. According to tertile distribution, stud-
ies were classified into three categories, namely:
low-quality (3-7), medium-quality (8-12), and
high-quality studies (13-17). To evaluate the causal
relationship between shoulder tendinopathies and
occupational exposure to biomechanical risk factors,
a slightly modified version of the criteria developed
by The Scientific Committee of the Danish Society

of Occupational and Environmental Medicine was

used [12, 14].
3. RESULTS

The three published systematic reviews on spe-
cific shoulder disorders and work-related risk fac-
tors included 34 studies (excluding duplications)
[9-11]. Of these, three studies met the inclusion
criteria for the present study [15-17]. The update of
the electronic search in MEDLINE retrieved 696
potentially relevant references, of which 20 were
assessed in full text. Of these, one met the inclu-
sion criteria [18]. Eight additional references were
identified through other sources [19-21] and one
study qualified for inclusion [22]. Overall, five stud-
ies were included in qualitative synthesis. The flow
diagram is summarised in Figure 1.

Table 1 reported the list of studies included in
three published systematic reviews classified accord-
ing to quality of evidence. Overall, 34 studies were
listed including 19 cross-sectional studies, 3 case-
control studies and 12 cohort studies.

Most of these applied a case definition based
on physical examination but performed an indi-
rect assessment of biomechanical exposure. In one
case, ultrasonography further supported the clinical
diagnosis [23]. Of note, three other studies did not
meet the minimum diagnostic requirements (i.e.,
imaging - MRI or ultrasonography - without physi-
cal examination was used) [24-26]. On the con-
trary, none of the studies was detected using a case
definition based on self-reports and direct exposure
measurements. In addition, 13 studies were poorly
ranked according to case definition and exposure as-
sessment criteria. The ranking for outcome/exposure
combination by study design is reported in Table 2.

Altogether, five studies met the inclusion criteria
for the present review: three cross-sectional studies
were identified from the selected systematic reviews
[15-17], and two cohort studies were retrieved from
the update [18, 22] (Table 1). The main characteris-
tics of the included studies are reported in Table 3.

Two studies investigated shoulder tendinitis
[15, 22], another one supraspinatus tendinitis [16],
and the last two rotator cuff syndromes [17,18].The
case definition was based on physical examination
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Records included in three Records identified through
selected systematic reviews MEDLINE
(n=34) (n=696)
Additional records identified
through other sources v
©@=9 Records screened Records excluded based on
(n=696) title and abstract
(n=676)
Full-text articles assessed Full-text articles excluded, with reasons:
g for eligibility (20 n=57)
identified through the
update + 42 through other e not about occupational
sources) biomechanical overload/shoulder
(n=62) disorders, n=4
¢ not meeting inclusion criteria for
outcome and/or exposure, n=>51
2 ¢ redundant publications, n=2
Studies included in
qualitative synthesis
@®=5)

Figure 1. Flow-chart of included studies.

for all the included studies. In four out of five stud-
ies, the exposure was assessed by experienced ergon-
omists with video recordings combined with plant
walkthrough and self-reported task distribution [15,
18, 22] or work history [17]. In one study, the expo-
sure assessment was further supplemented by force
gauge measurements of objects’ weights and push/
pull forces [17]. The other study was based on direct
measurements of upper arm elevation above 30°,
607, and 90° using an inclinometer which consisted
of a sensor on each upper arm and a torque index
combining posture and force along with the collec-
tion of individual occupational history [16].

In the study by Frost and colleagues, the risk of
shoulder tendinitis was three times higher for work-
ers performing repetitive tasks (adjusted Odds Ra-
tio [OR] 3.12, 95% Confidence Interval [95%CI]
1.33-7.34) [15]. In particular, the high frequency of

shoulder movements (i.e., 15-36 movements/min)

was associated with an adjusted OR of 3.29 (95%CI
1.34-8.11) compared to non-repetitive work. The
risk for high force demands (i.e., 210% of maxi-
mal voluntary contraction) was more than fourfold
(adjusted OR 4.21, 95%CI 1.71-10.40) compared
to the reference group, whereas performing 80% of
cycle time without pauses reported an OR of 3.33
(95%CI 1.37-8.13). Combined exposures were
found to be at risk as well [15]. Svendsen and col-
leagues reported that supraspinatus tendinitis was
associated with current upper arm elevation above
90° for 6-9% of working hours (OR 4.70, 95%CI
2.07-10.68); however, no association was found for
lifetime upper arm elevation above 90°, for both
dominant and non-dominant shoulder [16]. The co-
hort study by Werner and colleagues did not report
an association between shoulder tendonitis and ab-
normal hand activity threshold limit value (42.3% of
incident cases vs. 40.6% of referent subjects, p=0.87
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12 CURTI ET AL

at the univariate analysis) or hand peak force at the
dominant side (2.96 in incident cases vs. 2.96 in ref-
erent subjects, p=0.98 at the univariate analysis) [22].

'The study by Silverstein and colleagues reported
that frequent forceful exertions (i.e., > five times/
min) were associated with an increased risk of ro-
tator cuff syndrome (adjusted OR 2.02, 95%CI
1.01-4.07); on the other hand, performing shoul-
der movements more than 20 times per minute
was found not to be associated (adjusted OR 1.01,
95%CI 0.43-2.38) [17]. In addition, upper arm flex-
ion 245° doubled the risk of rotator cuft syndrome
when maintained for more than 18% of the time
(adjusted OR 2.16, 95%CI 1.22-3.83). The com-
bination of upper arm flexion 245° for more than
15% of the time was associated with rotator cuff
syndrome either with a duty cycle of forceful exer-
tions more than 9% of the time (OR 2.43, 95%CI
1.04-5.68) or a forceful pinch more than 0% of the
time (OR 2.66, 95%CI 1.26-5.59) [17].

'The cohort study by Meyers and colleagues failed
to identify an association between rotator cuff syn-
drome and any single biomechanical exposure.
However, it showed an increased risk of incident ro-
tator cuff syndrome for interactions between forceful
hand exertions and upper arm elevation. In particu-
lar, it was found i) an hazard ratio [HR] of 1.11
(95%CI 1.04-1.34) for each unit increase in total
repetition rate when the upper arm is abducted 30°
for 12%-21% of the working time; ii) an HR of 1.18
(95%CI 1.04-1.34) for each unit increase in force-
tul repetition rate when the upper arm is abducted
30° for 12%-21% of the working time; iii) an HR
of 1.16 (95%CI 1.04-1.29) for each unit increase in
torceful repetition rate when the upper arm is ab-
ducted 260° for 5% of the working time; iv) an HR
of 1.11 (95%CI 1.01-1.22) for each unit increase in
torceful repetition rate when the upper arm is flexed
245° for 229% of the working time [18].

The quality assessment of the five included stud-
ies is reported in Table 4.

Four studies were ranked with medium quality
scores [15-18], and the other one was classified
as low quality [22]. Four out of five studies con-
trolled for confounding [15-18]; of these, only one
adjusted for non-occupational biomechanical risk

factors [15].

4. DISCUSSION

This review showed limited evidence of a causal
relationship between occupational exposure to biome-
chanical risk factors and shoulder tendinopathies.

We summarised the existing epidemiologi-
cal evidence for the associations between shoulder
tendinopathies and occupational exposure to bio-
mechanical risk factors. This study has a specific
focus on both outcome and exposure assessment;
in particular, we included i) studies in which physi-
cal examination was part of the outcome definition
with or without the support of imaging; and ii) the
exposure assessment was based on direct measure-
ments or estimated with video recordings. Studies
that used as outcome shoulder pain or were based
on MRI/US without physical examination [24-26]
were not considered to provide evidence of any
causation as well those reporting/using an indirect
measure of the exposure.

US was reported to be as accurate as MRI for
identifying and measuring the size of partial and
full-thickness rotator cuff tears [27]. However, a
high prevalence of rotator cuft tears in asymptomatic
subjects was detected using MRI [28]. The study
also revealed a relationship of rotator cuff tears with
increasing age in subjects who had normal, pain-
less shoulder function. This casts a shadow for those
studies that used imaging alone to diagnose shoul-
der tendinopathy in the absence of positive physical
findings, considering that the disease—exposure as-
sociation might be underestimated and confounded
by age.

Compared to MRI, US tends to be more op-
erator dependent, less costly and more accessible
[29]. However, imaging techniques are not rou-
tinely applied in large epidemiological studies and,
as reported in a recent scoping review, some stud-
ies proposed the use of X-ray to assess shoulder de-
generative changes, while others sustained the use of
US, to exclude a rotator cuff rupture [30].

A range of methods have been developed for the
assessment of exposure to risk factors for work-
related musculoskeletal disorders. The choice be-
tween these methods depends upon the nature of
the investigation and purposes of the study. Self-
reports from workers can be used to collect data on
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Table 4. Detailed assessment of study quality for each included study (minimum score of 3 and maximum of 17).

Frost
2002

Items

Svendsen

2004a Werner 2005  Silverstein 2008 Meyers 2021

a. Study design (1-3)
Cross-sectional (1) 1
Cohort with a follow-up=1 year (2) -
Cohort with a follow-up>1 year (3) -
b. Study population (0-3), sum of:
Adequate description of inclusion/exclusion 1
criteria (1)
Participation rate 270% (1)

Sufficient description on completers vs 0
withdrawals (1)

c. Outcome assessment (1-3)
Physical examination (symptoms and clinical 1
signs) (1)
Physical examination (symptoms and clinical -
signs) plus imaging techniques (2)
Blinding for exposure status (+1) 1
d. Exposure assessment (1-3)
Observation and video analysis (1) 1
Quantitative measurements (2) -
Blinding for outcome status (+1) 0
e. Data analysis (0-5)
Confounders in descriptive tables only (1) -
Control for confounding (age, gender) (2) -

Control for confounding (age, gender, and 3
others) (3)

Analysis adjusted for non-occupational 1
biomechanical risk factors

(e.g. sport, hobby) (+1)

Robustness of the results to missing data (+1) 0
Total quality score 10

10 6 11 12

workplace exposure by using, for instance, interviews
or questionnaires. However, a major problem with
these subjective methods is that worker perceptions
of exposure have been found to be imprecise and
unreliable. For example, having musculoskeletal
complaints were found to increase the probability of
workers reporting higher durations or frequencies
of physical load in comparison with those workers
without musculoskeletal complaints from the same

occupational groups [31, 32]. On the contrary, direct
measurement techniques can provide more reliable
data than those based on subjective judgements only.
For the purpose of the present study, we included
studies that reported quantitative measures of the
exposure (like force measurement or, at least, obser-
vations supported by video analysis). Direct meas-
urements and video-based observation of exposure
are more desirable considering that these methods
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are assumed to have a higher level of accuracy than
subjective assessment and self-reports [31, 32].

With respect to high frequency shoulder move-
ments, only a cross-sectional study was in favor of an
association with shoulder tendinopathies [15], while
a cohort study [18] and a cross-sectional study [17]
did not support it. In addition, another cohort study
did not report an association between repetitive
hand movements and shoulder tendinopathies [22].

Two cross-sectional studies reported an associa-
tion with rotator cuff syndrome or supraspinatus
tendinopathy with upper arm elevation [16, 17].
Conversely, a cohort study did not support this as-
sociation [18].

With respect to forceful exertions, two cross-
sectional studies reported an association with
rotator cuff syndrome [17] or with shoulder ten-
dinopathy [15], while two cohort studies did not
report this association [18, 22].

Regarding combined exposures, a cross-sectional
study showed an association between upper arm
flexion (245°) and frequent forceful exertions with
rotator cuff syndrome [17]. The same study reported
an association between upper arm flexion (245°) and
forceful pinch as well [17]. Moreover, a cohort study
found a weak association between rotator cuff syn-
drome and forceful hand exertions plus upper arm
flexion or abduction [18]. Finally, a cross-sectional
study found an association between high-force de-
mands and a high frequency of shoulder movements
with shoulder tendonitis [15].

Based on a cohort study and a cross-sectional
study of medium quality, we found moderate evi-
dence of a causal association between shoulder ten-
dinopathy and combined exposures of working with
arms above shoulder level with forceful hand exer-
tion [17,18]. On the other hand, the evidence is still
insufficient for any single biomechanical exposure
considered by itself.

These findings contrast with a recent systematic
review with metanalysis that calculated a 21% risk
increase (95%CI 4-41%) per 1000 h of work above
the shoulder [11]. It should be noted that the stud-
ies included in this meta-analysis were heterogene-
ous in terms of study design, exposure assessment,

and diagnosis [24, 25, 33].

In the present study, we searched PubMed only.
Nevertheless, PubMed indexes the vast majority of
high-quality studies published in biomedical jour-
nals [34]. In addition to that, we successfully tested
our PubMed search strategy against the 34 studies
included in the three selected reviews [9-11]. As a
result, all 34 citations were retrieved.

5. CONCLUSION

High-quality cohort studies are needed. Direct
exposure measures and objective diagnostic criteria
are desirable to minimize potential biases. Further-
more, there is a need for a consensus on the minimal
diagnostic criteria used in epidemiological studies
on shoulder tendinopathies. Epidemiological stud-
ies on the possible occupational origin of shoulder
tendinopathies should consider non-occupational
risk factors (including sports) and comorbidities. So
far, the occupational origin of shoulder tendinopa-
thies is still an open question that needs to be prop-
erly answered.

SUPPLEMENTARY MATERIALS: Supplementary Table 1,
Supplementary Table 2, Supplementary Table 3.
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Supplementary Table 1. Level of evidence based on data quality for exposure assessment and diagnosis.

Exposure assessment

Diagnosis Direct evaluation Indirect evaluation
Video analysis
Quantitative or video-based Job title, self-reported assessment,
measures observations job exposure matrix, experts’ ratings
Imaging (plus physical 4/ ++ ++/+ ++/-
examination)
Physical examination (symptoms +/++ +/+ +/-

plus clinical signs)

Self-reported symptoms -/++ -/+ -/-

Modified from Curti S, Mattioli S, Bonfiglioli R, et al. Elbow tendinopathy and occupational biomechanical overload: A systematic
review with best-evidence synthesis. | Occup Health. 2021 Jan;63(1):e12186.

Supplementary Table 2. Search strategy developed for PubMed.

Search strategy

#1

(shoulder pain[MH] OR shoulder impingement syndrome[MH] OR ((rotator cufff MH] OR “rotator cuff” OR
infraspinatus[ TW] OR supraspinatus[ TW] OR subscapularis[ TW] OR biceps[ TW] OR bicipital[TW] OR shoulder
jointfMH] OR shoulder[MH] OR shoulder [TW]) AND (cumulative trauma disordersf]MH] OR pain[TW] OR
complaint* OR disorder* OR discomfort* OR symptom™ OR tendon® OR tendin®)) OR “rotator cuff tear”” OR “rotator
cuff syndrome” OR “rotator cuff disease™ OR “subacromial impingement” OR “shoulder impingement®™ OR “subacromial
pain”)

#2

(occupational diseases[ MH] OR occupational exposure[ MH] OR occupational medicine[ MH] OR occupational
risk[TW] OR occupational hazard[TW] OR (industry[MeSH Terms] mortality[SH]) OR occupational group*[ TW]
OR work-related OR occupational air pollutants[MH] OR working environment[TW ] OR “at work’ [TW] OR
“repetitive work” OR “manual work” OR lifting] MH] OR workload[MH] OR physical exertion[ MH] OR Moving and
Lifting PatientsfMH] OR “heavy lifting” OR “manual material handling” OR “manual lifting” OR “manual handling” OR
“repetitive lifting” OR posture[ MH] OR “awkward position™ OR “awkward postur®” OR “above shoulder” OR “upper arm
elevation” OR “overhead work”)

#3
#1 AND #2

#4
#3 NOT (animals[MH] NOT humans[MH])
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Supplementary Table 3. References of excluded studies.
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SUMMARY

Globally, hundreds of millions of outdoor workers are exposed to solar radiation (SR) for most of their work. Such
occupational exposure is known to induce various adverse health effects on the eyes, mainly related to its ultraviolet
(UV) component. The present work is a call to action to raise awareness of the need for health surveillance to prevent
chronic ocular diseases in outdoor workers. Photo-chemical chronic damage can induce pterygium at the eye’s outer
layer and cataracts in the lens. Considering carcinogenic effects, rare squamous-cell tumors of the cornea and/or the
conjunctiva and ocular melanomas are associated with UV radiation exposure. Solar UV-related eye diseases should
be considered “occupational diseases” when workers have sufficient exposure. Still, they are often not recognized and/
or frequently not reported to the national compensation authorities. Therefore, to prevent the burden of these work-
related eye pathologies, an adequate risk assessment with identification of appropriate preventive measures and a
provision of periodic health surveillance to the exposed workers, particularly those at higher risk of exposure or with
individual susceptibility, should be urgently implemented.

well-known health risk for outdoor workers (OW):
the components of SR, i.e., ultraviolet (UVR), vis-
ible and infrared radiation (IR), defined as ‘optical

1. INTRODUCTION

Solar radiation (SR) is essential for human life

and is related to various health benefits, such as
reducing the risk of rickets, osteoporosis, and pos-
sibly other diseases due to its effect on vitamin D
activation [1-3]. However, SR exposure is also a

Received 27.04.2023 — Accepted 15.06.2023

radiation’ (OR), can have a significant health impact
in particular on the eyes and the skin of the workers.
Fortunately, the most hazardous UVR bands, i.e.,
all the UV-C and the majority (about 95%) of the
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Table 1. Optical radiation bands within solar radiation at the Sun vs. Earth’s surface and ocular exposure [4-5].

Sub-class/
Wavelength Emitted Reaches the Reaches the outer Reaches Reaches
Classification (nanometers) by the Sun  Earth’s surface layers of the eye the lens the retina
ULTRAVIOLET UV-C/100-280 Yes No Yes! No No
UV) UV-B/280-315  Yes Only 5% Yes Yes No
UV-A/315-400 Yes Yes Yes Yes Yes?
VISIBLE from violet to Yes Yes Yes Yes Yes
red/400-780
INFRARED IR-A 780-1400 Yes Yes Yes Yes Yes
(IR) IR- B/1400-3000 Yes Yes Yes Yes No
IR-C/3000- Yes Yes Yes No No
1000000

1 Only potentially, as there is no ocular exposure to solar UV-C at the Earth’s surface.
2 Only a small percentage, depending on age and on lens transparency, of UV-A with wavelengths around 390-400 nm able to reach

the retina.

UV-B, are absorbed within the stratospheric ozone
layer before reaching the Earth’s surface (Table 1)
[4].

Occupational exposure to OR may derive from
artificial (e.g., welding arcs) and natural sources.
However, SR is probably the most widespread oc-
cupational exposure in terms of the number of
workers exposed worldwide, i.e., all those perform-
ing outdoor activities or mixed indoor/outdoor jobs.
Moreover, the sun is also the potentially most harm-
tul occupational OR source due to the high expo-
sure levels received by OW, resulting in a significant
burden of several SR-related diseases [2, 4].

When SR reaches a human subject, its com-
ponents can interact with the biological tissues,
determining an effect based on the: (a) type of ra-
diation (i.e., the specific classes and sub-classes of
OR involved, related to the intrinsic characteristics
of the radiation, including its energy), (b) intensity,
duration and frequency of the exposure and (c) char-
acteristics of the exposed biological tissue/body part
concerning its specific interaction with the radiation
[2, 4]. Due to the relatively low penetration ability
of OR compared to other types of radiation, these
effects mainly involve the skin and the eyes [2, 4].

'The purpose of this review is to present a call to
action in order to implement health surveillance for

OW exposed to SR. We focus on the issue of the

prevention of possible adverse ocular effects, con-
sidering that many efforts have been made in re-
cent years to raise awareness on the problem of the
prevention of skin cancers affecting OW, while SR-
related eye diseases of the workers are still under-
recognized. Only long-term effects are specifically
addressed here, as short-term effects result from
acute exposures to high levels of SR, usually rep-
resenting accidental exposures. These effects cannot
be prevented with health surveillance, which can
only detect and monitor the phenomena, while for
prevention purposes, other technical and organi-
zational measures, as well as workers’ information
and training, can be implemented. According to the
International Labour Organization (ILO) and the
International Commission on Occupational Health
(ICOH), health surveillance includes the “...proce-
dures and investigations to assess workers’ health in
order to detect and identify any abnormality...” and
its objectives must be clearly defined. These proce-
dures have to be implemented and applied in all the
working situations where a relevant occupational
risk for the health of the exposed workers exists, and
the health surveillance program must be tailored to
the specific occupational risk considered and con-
sistent with available scientific evidence and good
practice [6-7]. According to these premises, the sci-
entifically demonstrated biophysical mechanisms
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explaining the chronic SR exposure-related ocular
damages will be presented in the following sections
of this review. This will allow an evidence-based
recognition of the long-term non-carcinogenic
and carcinogenic effects, recently identified in vari-
ous systematic reviews, that need to be investigated
within a good health surveillance program. Finally,
we will also discuss the specific contents of health
surveillance for the prevention of long-term adverse
eye effects occurring in OW exposed to SR, giv-
ing the currently available indications and inserting
health surveillance in the context of the other ap-
plicable preventive measures to deal with the SR-
exposure risk for the eyes at the workplace.

2. SOLAR RADIATION EXPOSURE OF THE EYES
AND ADVERSE EFFECTS: THE MECHANISMS
INVOLVED

The effects of SR exposure at the eye, similar to
what happens to the skin, can be related to photo-
chemical or thermal mechanisms. The former relates

to the interactions of OR bands with specific mol-
ecules in the eye tissues, determining chemical reac-
tions, possibly resulting in short-term and long-term
ocular damage. On the other hand, thermal effects
related to SR exposure are mainly acute effects, pos-
sibly occurring only after very intense and focused
exposures, as a consequence of a significant increase
in the temperature of the eye tissues [2, 4, 8-11]. In
the case of UVR exposure, the effects are almost ex-
clusively photochemical, while for IR exposure, the
mechanisms involved are thermal, and in the case of
exposure to visible light, both mechanisms can be
crucial. In particular, photochemical effects can be
more relevant for visible radiation with wavelengths
between 400 and 550 nanometers, while thermal
mechanisms are more typical of wavelengths be-
tween 600 and 700 nanometers [2, 4, 8-9].

The effects of OR exposure can appear in the
eye’s target regions where the specific OR band is
absorbed (Table 1, Figure 1). For example, UV-C is
absorbed mainly at the ocular surface (however, this
UV band does not reach the Earth’s surface within

UV-C
UV-B
e
UV-A =3
Visible
IR-A
IR-B
IR-C —

Figure 1. Penetration of the different components of optical radiation into the eye.
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SR), while UV-B and UV-A are absorbed in the oc-
ular surface and the crystalline lens. A small amount
of UV-A (approximately 1-2% on average, depend-
ing on age, higher during childhood and lower at
older ages) is also absorbed in the retina. The retina
absorbs visible radiation and IR-A, while IR-B and
IR-C mainly interact with the ocular surface, with
the remaining IR-B absorbed by the lens (Figure 1)
[2,4,8-9]. When considering how the different OR
bands reach the eyes, it must be noted that various
anatomical and physiological protections prevent
excessive OR exposure, allowing good vision and
decreasing the amount of harmful radiation ab-
sorbed by the eyes’structures. Firstly, the frontal and
orbital bones of the skull provide anatomical pro-
tection, particularly against overhead OR exposures.
Also, eyelashes, eyelids, and eyebrows have a signifi-
cant protective function.

Moreover, various involuntary ocular reflexes
defend the eyes from intense direct OR exposures,
e.g., squinting and aversion responses, occur in a few
fractions of a second [2, 4, 8-9]. The pupillary reflex
is probably one of the most critical reflexes as, de-
pending on the light intensity, there is the regula-
tion of the pupil’s diameter, increasing the amount
of OR reaching the macula when light is scarce
(mydriasis) and decreasing it when light is more
intense (miosis). This reflex is specifically aimed at
providing good vision under different illumination
conditions, but it is also a suitable defense mecha-
nism from excessive retina exposure to hazardous
OR components [4, 9-10].

As introduced above, the effects of OR can be
based on thermal or photochemical mechanisms.
Thermal effects are due to an increase in the tem-
perature of the eye, with adverse health effects only
occurring if the energy has sufficient power. Oth-
erwise, the tissue dissipates the heat with no health
consequences [8]. For these reasons, the thermal
effects of OR within the eye are mainly acute and
more typical after exposure to artificial sources that
can focus high energies on small regions of the eyes,
e.g., in case of accidental exposure to LASERs [11].
These exposures can result in ocular thermal burns
involving superficial and inner structures, such as
the retina [8, 11]. It should be noted that, in the case
of SR exposure, thermal retinal damage may occur

when people directly look at the Sun for long peri-
ods without adequate protection, e.g., during partial
solar eclipses [12].

On the other hand, photochemical effects are
mainly related to the action of the photons, being
absorbed by specific target chromophores in the dif-
ferent eye structures (Figure 1). Photochemical ef-
fects can result from intense short-term exposures
and repeated exposures exerting chronic damage
(i.e., inflammation, DNA mutations, formation of
reactive oxygen species, protein denaturation, etc.)
over many years [2,4,9,13].The acute effects of UV
exposure mainly involve the ocular surface, particu-
larly the cornea and the conjunctiva. Intense expo-
sure to unprotected eyes can induce a photochemical
lesion with acute and painful inflammation, red-
ness, and photophobia, called photo keratitis and
photo conjunctivitis, often presenting together [2,
4,9, 13]. In contrast to thermal burns, UV-related
injuries involve a latency period before appearance
(usually about 30 minutes for the eyes). The rea-
son is that UV rays need sufficient time to interact
with the biological tissues and, in particular, with
the chromophores inside the corneal and conjuncti-
val cells, inducing the disruption of chemical bonds
and the formation of new chemical bonds as a re-
sult of the energy released by the photons, therefore
initializing the inflammation process [2, 4, 9, 13].
'The massive penetration of UV rays in the eyes only
happens when the visible component of the OR
arising from the same exposure source is not suffi-
ciently intense to cause glare and trigger consequent
defense mechanisms of the eye. This can happen,
for example, when UV rays are reflected by white or
polished surfaces to penetrate the eyes, while direct
exposures are shielded [2, 4, 9, 13]. Photo keratitis
and photo conjunctivitis are possible on fresh snow
surfaces [14] because of their high UV reflectance.
Another possibility is using protective equipment
such as eyeglasses or masks not explicitly designed
for filtering the different UV components. In these
cases, even if the equipment blocks a fraction of the
OR, some bands of the UVR can reach the ocular
surface, potentially causing acute damage.

Nevertheless, it should be noted that, in the case
of SR exposure, these events are improbable, as
all plastic lens materials block the most energetic
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UV-B component and some UV-A, and many are
treated to extend the blockage to near 400 nm.
Meanwhile, glass lenses are less effective in blocking
near UV if not adequately integrated with specific
filters, and so are rarely used, especially in occupa-
tional settings, but even these materials can block
most UV-B. Photoretinitis is another possible re-
sult of acute ocular exposure to SR. This is a photo-
chemical lesion in the retina induced by UV-A and
short-wavelength visible light (“blue light”) [4, 8-9,
13-15]. It is unlikely to occur in OW since it re-
quires affected individuals to stare directly at a very
intense source like the Sun (e.g., eclipse retinopathy)
for an extended period.

As noted earlier, photochemical effects are also
possible due to long-term exposure: this is called
the reciprocity rule of photobiology, known as the
Bunsen-Roscoe law [16]. This is why OWs exposed
to SR, mainly because of its UV component, are not
only at risk for acute ocular effects that, according to
a medico-legal definition, are occupational injuries
but are also more likely to develop long-term ad-
verse eye effects related to SR exposure.

3. NON-CARCINOGENIC CHRONIC ADVERSE
EYE EFFECTS RELATED TO LONG-TERM
OCCUPATIONAL SOLAR RADIATION EXPOSURE

The main non-carcinogenic long-term adverse
eye effects induced by SR exposure that are prevent-
able include pterygium for the ocular surface, cata-
racts for the lens, and, possibly, as the evidence level
is still considered insufficient, macular degeneration
for the retina [2].

'The photochemical damage related to cumulative
SR exposure, and in particular to its UV component
absorbed at the ocular surface (i.e., cornea, conjunc-
tiva), can determine a chronic inflammatory stimu-
lus inducing pathological alterations with abnormal
growth of the corneal and conjunctival cells [10,17].
This may result in various diseases, some more likely
to present as aesthetic alterations with no clinical
relevancy, such as pinguecula [18]. However, others
are more severe and potentially affect visual function
if not treated, such as pterygium, abnormal growth
of the conjunctiva from the nasal angle of the eye to
the center, and finally, covering the cornea [19].

Pterygium prevalence is significantly higher
among male subjects, who are more likely to per-
form outdoor work compared to females. In gen-
eral, the reported prevalence estimates are highly
variable, primarily depending on the latitude of the
study’s location. However, it is generally agreed that
a higher disease prevalence correlates with lower
latitudes, ranging, according to a recent systematic
review, from 2.5% to 52% in the adult populations
included [20]. Overall, outdoor work was strongly
associated with the occurrence of pterygium, with
research reporting significantly increased odds ra-
tios in almost all the studies published on this topic
[20], reaching values up to a 4-fold increased likeli-
hood of OW developing the disease compared to
indoor workers [20-21]. Another possible result of
high-level chronic exposure to solar UV is decom-
pensation of the cornea, in which loss of corneal
endothelial cells breaks down the mechanism that
maintains dehydration of the corneal stroma. These
observations were reported for welders and some
OW several years ago, while currently, the increased
standards for eye protection seem to have signifi-
cantly reduced the occurrence of these UV-related
corneal disorders [22].

Penetrating through the ocular surface, the UV
component of SR, mainly UV-A but also a fraction
of UV-B [23], can induce long-term photochemi-
cal damage of the lens based on photo-oxidative
mechanisms resulting in a UV-induced cataract
[24]. There is solid mechanistic and experimental
evidence suggesting that UVR induces cataracts
through photo-oxidation and inflaimmatory re-
sponse pathways, as well as through causing DNA
damage. Animal studies also support a causal effect
of UVR in the development of cataracts. In addition,
epidemiological studies have shown strong support
for an association between personal solar UVR ex-
posure and the development of cortical cataracts
and possibly other forms [23-24]. According to the
World Health Organization (WHO), in 2006 the
population-attributable fraction of cortical cataracts
associated with SR was 25% [2].

Moreover, within its global health estimates of
the total disease burden due to SR exposure, the
WHO calculated a loss of 529.242 DALYs glob-
ally from cataracts attributable to solar UVR, with
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higher proportions of cortical cataracts at lower
latitudes [2]. These estimates only covered cortical
cataracts: more recently, new evidence also emerged
showing a positive association between the perfor-
mance of outdoor work with SR exposure and the
development of nuclear cataracts [25], while other
forms with posterior subcapsular opacities seem
more related to lens damage induced by other types
of radiation, particularly those which are ionizing
in nature [26]. When it is considered that cataract
is the leading cause of blindness worldwide, along
with the significantly increased risk for OW of de-
veloping lens opacities [25], the WHO, together
with the ILO, recently included solar UVR-induced
cataract as one of the outcomes addressed in their
joint project for estimating the work-related burden
of various diseases [27].

Finally, another non-carcinogenic chronic eye
disease should be mentioned here: age-related mac-
ular degeneration (AMD), currently the most im-
portant cause of vision loss in adults above 50 in
high-income countries [28]. A hypothesis states
that chronic photo-oxidative retinal damage is one
of the main pathogenic pathways inducing degen-
erative disease [29]. In addition to UVR, as highly
energetic blue light can induce photo retinitis, it
may be supposed that chronic blue-light-related
photochemical damage of the macula may play a
role in the development of AMD [30]. Moreover,
it should be noted that SR reaching the retina in-
cludes a small amount of UV-A in addition to blue
light [15, 31]. Although the experimental evidence
demonstrating AMD induction after long-term SR
exposure is still considered inadequate, several epi-
demiological studies show AMD associations with
outdoor work performance. A recent systematic re-
view found ten studies with significantly increased
odds ratios up to a 3-fold increased likelihood of
developing AMD due to outdoor work [32].

4. CARCINOGENIC EYE EFFECTS RELATED TO
LoNG-TERM OCCUPATIONAL SOLAR RADIATION
EXPOSURE

Eye tumors are rare, with two main groups related
to SR exposure considered relevant for prevention
purposes: epithelial tumors of the ocular surface and
melanoma of the eye [33].

Regarding epithelial tumors, corneal and conjunc-
tival squamous cells can develop carcinomas similar
to the skin. Although extremely rare, research has
demonstrated that epithelial tumors are associated
with cumulative solar UVR exposure [33]. The inci-
dence rates of these cancers (i.e., < 1 case per million
people in Europe) are low for sufficient statistical
power to perform epidemiologic studies in groups
of OW, which are therefore lacking [33-34]. Nev-
ertheless, various reports indicate that squamous
cell carcinomas of the cornea and the conjunctiva
show an increased incidence in countries at lower
latitudes, such as African countries and Australia
compared to Europe and the USA [34]. Among the
few available epidemiological studies investigating
possible risk factors for epithelial eye tumors, Lee
et al. found an increased odds ratio of 7.5 (CI 95%
1.8-30.6) for chronic SR exposure, in particular at
younger ages for those living 30° or less from the
equator [35].

Although melanoma of the eye is rare (incidence
<10 cases per million people), it is the most frequent
intraocular malignancy among adults. This cancer
is more frequent and aggressive than corneal and
conjunctival carcinomas, with an increased risk of
metastasis [33-34]. Intraocular malignant tumors
have been reported as possibly associated with UV
exposure, particularly in welders [33, 36]. Still, an
increasing number of studies suggest a possible as-
sociation with excessive SR exposure [33-34]. Nev-
ertheless, as is the case with skin melanoma, which
is believed not to be associated with cumulative
UVR but only with repeated sunburns, there is still
some scientific debate on the association of ocular
melanoma with cumulative SR exposure, typical of

OW [37].

5. PREVENTION OF THE OCULAR DAMAGE
RELATED TO OCCUPATIONAL SOLAR RADIATION
ExPOSURE: A Focus ON HEALTH SURVEILLANCE

Considering the prevention of ocular damage
related to occupational SR exposure, the usual ap-
proach includes a risk evaluation and, based on it,
the implementation of adequate protective meas-
ures and health surveillance of exposed workers.

Risk evaluation of outdoor worker exposure to
SR generally consists of estimating or measuring
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personal SR exposures of workers and comparing
these to accepted occupational exposure standards.
The standards produced by the ACGIH and IC-
NIRP provide ‘acceptable’ exposure limits for the
prevention of acute and chronic eye conditions [13,
38]. Measurement of personal SR exposure of OW
can be undertaken using a variety of techniques,
including plastic film dosimeters [39], biological
dosimeters [40], and electronic dosimeters [41].
However, these measurements primarily describe
skin exposure, whereas there is a range of additional
factors influencing ocular SR exposure. As such,
ocular SR exposure has been assessed in a series of
studies using dosimeters attached to manikins [42],
sunglasses of OWs [42-43], and purpose-designed
SR dosimeter contact lenses [44]. These studies
have assessed SR exposure at the eye’s surface and
reported their results in terms of an ‘Ocular Ambi-
ent Exposure Ratio’ (OAER, i.e., the proportion of
ambient SR which reaches the eye). The reported
OAERs have varied dramatically from 4% to 46%
[27], with an average annual OAER of 13% con-
sidered representative across job categories and
seasons [45]. As such, to complete a risk evalua-
tion for ocular SR exposure, the OAER is applied
to personal SR exposure measurements, and these
are then compared with the occupational exposure
standards to determine whether there is an elevated
risk of adverse eye conditions. Nevertheless, there
is still a lack of data on ocular SR exposures in the
occupational setting, and this may limit the possi-
bilities of an adequate risk evaluation and detailed
epidemiological research on the associations be-
tween work exposures to various OR components
and eye damage.

Adequate preventive measures, including those
aimed at the collective and the individual imple-
menting these measures, should be coordinated
through a Sun Safety Program, part of a workplace’s
Occupational Health and Safety Management
System [46]. Considering SR exposure as an oc-
cupational risk factor, collective prevention can be
provided with engineering and administrative con-
trols. A fundamental collective measure for preven-
tion is the adequate information and training of the
workers on the risks and their reduction. Technical
interventions include the coverage and shading of
the outdoor workplaces to reduce the amount of

harmful OR directly reaching the skin and the eyes
of the workers. All the artificial and natural surfaces
in the work environment must also be evaluated
based on the albedo properties of the specific mate-
rials: as anticipated, the eyes are naturally protected
from overhead exposure. At the same time, reflec-
tions are a relevant issue that must be prevented
[46-48]. Considering organizational measures, these
usually consist of the provision of (i) work breaks to
be spent indoors or at least under well-shaded areas;
(i) modification of the working hours according
to the season of the year (e.g., in summer, starting
earlier in the morning and avoiding, or at least sig-
nificantly reducing, the work activities during the
central hours of the day when the UV index is 23);
and (c) rotation of the exposed personnel. Individual
protection mainly includes using personal protective
equipment (PPE) [46-48]. Regarding ocular SR
exposure, appropriate PPE includes eye protection
and hats [49-50]. Sunglasses adequate for use at the
workplace should comply with the requirements of
standards for PPE [51-52], both in terms of the
ability of the lens to properly filter all the harmful
OR bands included in the SR spectrum, especially
UVR (with appropriate labeling on the PPE), and
of the shape of the sunglasses. Good sunglasses must
have ample and properly shaped lenses that can be
worn close to the eyes to enhance their protective
function and prevent SR exposure from overhead or
the side, and wide temples to protect the skin close
to the eye. Moreover, the lenses must be appropriate
for the specific type of activity performed: e.g., able
to resist chemical or physical agents if needed, break
and scratch resistant, anti-glare, etc. [46-48].

The choice of appropriate head covering de-
pends on the type of occupational outdoor activ-
ity. In agriculture and fishing sectors, for example,
broad-brimmed or legionnaire hats can shield the
forehead and eyes appropriately. In the construction
sector, workers must wear safety helmets that, for
better protection against the risk of excessive SR ex-
posure, can be larger on the front to shield the fore-
head and supplied with brim attachments to protect
the ears and neck [46-48].

Moreover, as introduced above, to improve pre-
vention, in case of residual risk after the assessment
process and the implementation of other preven-
tive measures, a specific health surveillance program
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should be set up for the exposed workers. It is un-
common to see health surveillance programs ad-
dressing OW to prevent SR-induced adverse eye
effects [46]. In many countries, recent increased
awareness of the need to protect OW from harmful
SR exposure has been reported. However, the fo-
cus of these health surveillance activities is generally
related to preventing possible adverse skin effects
[48]. One of the main challenges in fully recogniz-
ing SR as an occupational risk factor is the unavail-
ability, in the vast majority of the countries of the
world, of regulations that identify an occupational
exposure limit for SR, with this providing different
considerations for ocular and skin exposures [27].

Another fundamental element for preventing
SR-related adverse eye effects is the need to iden-
tify workers belonging to susceptible groups, which
may be more susceptible to developing ocular and
skin diseases, and therefore deserving of focused
attention during preventive health surveillance ac-
tivities [46-47]. Considering adverse ocular effects,
a non-exhaustive list of possible conditions increas-
ing susceptibility includes workers with alterations
of the iris (e.g., coloboma or aniridia), with condi-
tions determining chronic dilation of the pupil or
with the absence of the lens (aphakia) or surgical
removal of the lens (pseudophakia). In these cases,
the alterations of the ocular structures result in pos-
sibly different levels of penetration of blue light and
UV radiation into the eye. Other conditions to be
potentially evaluated during health surveillance in-
clude those related to possible indications of early
damage, e.g., the identification of drusen for macu-
lar degeneration or small opacities for cataracts. In
such cases, the workers should be followed closely,
as long-term exposure to SR may worsen the con-
dition. Finally, other individuals who should be in-
cluded among the group of susceptible workers are
those with monocular vision, as in this case, the
induction of disease in the healthy eye can lead to
vision loss [46-47].

We argue, therefore, that a specific health sur-
veillance program should be established for all
workers exposed to potentially harmful solar UVR
levels and, in particular, for those with a potentially
increased susceptibility. Considering SR-associ-
ated adverse eye effects, the objective of this health

surveillance would be the primary prevention, or
at least (if the damage has already developed in its
initial phase) early diagnosis of these diseases and
their precursory ocular changes. Health surveil-
lance programs usually include pre-employment
and periodic medical examinations by trained oc-
cupational physicians, who may require, on an
individual basis, supplementary assessments and
management by ophthalmologists and optome-
trists for the specific problems detected [46-47]. As
UVR is a carcinogenic agent, even if eye tumors are
rare, the additional carcinogenic risk for the eyes
of the exposed workers also has to be considered
[33]. Finally, SR-related eye diseases occurring in
OW should be reported to national compensation
authorities so that they can be recognized as oc-
cupational diseases, thus raising awareness of the
problem among the general public and exposed
workers, as well as among employers, occupational
health and safety professionals, and policymakers,
who are often not fully aware of the problem [46-
48]. Currently, these diseases are underreported, if
not totally neglected, in countries that include such
diseases in the available lists of occupational dis-
eases and in countries that do not consider them.
Accordingly, it is vitally essential that SR-related
eye diseases be included in the official lists of oc-
cupational diseases in all countries. Such an ap-
proach is considered one of the first steps to fully
recognize these pathologies as being related to out-
door work and therefore notified and compensated

appropriately.
6. CONCLUSIONS

Epidemiological studies consistently report in-
creased eye diseases among workers with long-term
exposure to SR, including pterygium, cataracts, eye
tumors, and, possibly, macular degeneration. These
diseases should be recognized as “occupational dis-
eases”, but they are frequently not reported to the
national compensation authorities. To prevent the
burden of these work-related eye diseases, an ad-
equate risk evaluation with the identification of ap-
propriate preventive measures (e.g., eye protection)
and the provision of health surveillance programs
for exposed workers (and in particular for those with
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increased susceptibility) should be implemented as a
matter of urgency.
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ABSTRACT

Background: Carpal tunnel syndrome (CTS) is frequently present among workers. This syndrome’s professional
and economic impact makes it a priority in occupational health. We aimed to describe the professional future of
workers suffering from occupational CT'S after surgery and the factors that could influence their retention at the job.

Methods: A retrospective descriptive study of workers operated on occupational CTS was conducted from 2014 to

2019. The data was collected using pre-established and phone questionnaires to determine their professional future
after surgery. Results: We included 99 workers with operated CTS. They had a mean age of 45+6.5 years, were pre-

dominantly female (97%), and had two dependent children in 72.7% of cases. They worked as a seamstress in 44.4%

of patients with a mean professional seniority of 18+7.2 years. Ihe professional future was a return to work with a

Job transfer at 44.4% and job maintenance with ergonomic adjustments at 39.4%. A job loss was noticed in 12.2% of
cases. Early retirement was noticed in 8.2%, dismissal in 3%, and resignation in 1% of cases. The factors influencing
the professional future were age 50 to 59 years (p=0.01) and dependent children (p=0.02). Conclusions: In our
survey, most operated-CT'S workers benefited from a job transfer and kept their job with ergonomic adjustments to
their work conditions. Therefore, interventions aiming to improve the professional future of workers operated on CTS
by ensuring sufficient staff and adjusting workplaces are needed.

1. INTRODUCTION

Carpal tunnel syndrome (CTYS) is the most com-
mon peripheral nerve entrapment syndrome fre-
quently present among workers [1]. This syndrome
is a major musculoskeletal disorder (MSD) of the
upper limbs, leading to harmful adverse eftects on
workers’health and a high absenteeism rate. The im-
pact of this disease, in terms of disruption of career
and economic costs, makes it a priority of health at
work [2]. However, there are few epidemiological
studies of the prevalence of CTS in Tunisia, and

Received 27.10-2022 — Accepted 24.05.2023

there are mainly case series studies of work-related
CTS [3-7]. The pathogenesis of this syndrome is
the result of several factors, which are represented
primarily by occupational constraints requiring to
work in an «assembly line» or a «set pace,» which
often makes the worker perform stereotyped and
monotonous activities, repetitive movements, carry-
ing heavy loads, and without sufficient rest breaks,
linked with individual factors [8]. Therapeutic op-
tions are medical in moderate CTS forms and sur-
gical in severe or drug-resistant forms. Moreover,
even after suitable medical or surgical treatment,
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the patient may still have functional sequelae which
limit his professional skills and cause a problem of
professional integration and especially a problem of
job retention.

We aimed to describe the professional future of
workers suffering from occupational CTS after sur-
gical treatment and the factors that could influence
their retention at the job.

2. METHODS
2.1. Study Design

It was a cross-sectional retrospective descriptive
study that concerned patients with CT'S treated surgi-
cally and recognized as an occupational disease for six

years, from January 1st,2014, to December 31st, 2019.
2.2. Settings

Data were collected at the National Health Insur-
ance Fund (NHIF) head office in Tunis, where the
northern committee for recognizing occupational dis-
eases is. Data collection was based on a pre-established
questionnaire. Patients operated on CTS have been
identified from a database including all the recog-
nized occupational cases of CT'S (operated and non-
operated ones) since 2014 and from medical records.
An additional phone survey was needed to identify
operated patients, specify the decision for medical fit-
ness to work and complete the missing data.

2.3. Participants

During the study period, workers who were op-
erated on CTS recognized as an occupational dis-
ease and accepted to answer the questionnaire were
included. Workers not operated on or operated on
after the study period were excluded. Workers not
reached by phone and those who refused to answer
the questionnaire were excluded.

2.4. Variables and Data Sources

The questionnaire included four sections on
socio-demographic characteristics (age, gender,

school level, marital status, dependent children),
occupational characteristics (job category, work-
station, occupational qualifications, professional
seniority in the company, biomechanical occupa-
tional constraints, the time before resuming work
after surgery) and medical characteristics (medical
history, CTS characteristics especially the site, the
onset and the evolution of symptoms before sur-
gery, the severity of the disease, the association
with other MSD, the postoperative course, and the
practice of functional rehabilitation) as well as the
assessment of professional outcomes. Participation
in the phone survey was voluntary, and anonym-
ity was respected. The administration of the ques-
tionnaire by phone could generate reporting bias.
Coverage error in phone samples could explain the
selection bias and underestimation of the target
population.

2.5. Statistical Methods

Data were analyzed using the SPSS 19.0 software.
Absolute frequencies and relative frequencies (per-
centages) were calculated for qualitative variables.
Averages, medians, and standard deviations were
measured, and extreme values were determined for
quantitative variables. The Chi-square test was used
to compare percentages of independent series. The
two-interval Fischer exact test was used for nominal
variables. In all statistical tests, the significance level
was set at 0.05.

3. RESULTS
3.1. Participants

During the study period, 99 workers operated
on CTS recognized as an occupational disease
and reachable by phone were included among 320
recognized cases (operated and non-operated on).
Among the initial workforce, 125 patients were
unreachable, 90 were not operated on CTS, four
had surgery in 2020, and two refused to answer the
questionnaire. The flow chart explaining the study
population is shown in Figure 1.
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Patients with CTS recognized as an occupational disease
N =320

Not included :

Non-operated (n = 90)
Unreacheable by phone (n = 125)

I

Included :
Operated from January 2014 to December 2019 and
accepted to participate in the phone survey
n=99

Excluded :
Operated after the study period (n = 4)
Refused to participate (n =2)

Figure 1. Flow chart of the study population.

3.2. Descriptive Data
3.2.1. Socio-demographic Characteristics

The mean age was 45%6.5 years old, ranging
from 31 to 58 years. The 40-49 age range was the
most represented (n=56; 56.6%). Our subjects were
female (n=96; 97%), with a sex ratio M/F of 0.03.
Eighty-six percent of our patients were married, and
72.7 % had at least two dependent children. The ed-
ucational level was primary in 49.5% and secondary
school in 47.5% of cases.

3.2.2. Occupational Characteristics

'The socio-demographic and occupational charac-
teristics of the population are shown in Table 1.

CTS was observed in the textile and clothing
sector in 52.5% of the cases, followed by the elec-

trical and leather industries in 25.3% and 13.3%,
respectively.

The workstation was mainly of a seamstress
(n=44; 44.4%), multi-skilled worker (n=24; 24.3%),
and packing station (n=16; 16.2%). One dentist and
98 factory workers represented our population. They
were qualified workers in 46.5% of cases. The mean
job tenure was 20.1+ 6.8 years, ranging from 6 to
38 years. The mean job tenure in the workstation,
which caused CTS, was 18+7.2 years [5, 32]. Re-
petitive movements were noticed as the primary oc-
cupational constraint among all our included cases,
followed by carrying heavy loads in 62.6% of the
patients, as shown in Table 1.

3.2.3. Medical Characteristics

Personal medical history of obesity, hypothyroid-
ism, hypertension, and diabetes has been found in
25.3%, 10.1%, 9.1%, and 6.1% of cases, respectively.
Another MSD in the same upper limb combined
with CTS was found in three workers. Two of them
had shoulder tendinopathy, and one had epicondylitis.
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the carpal tunnel

Table 1. Socio-demographic and occupational characteris- The CTS was bilateral in 70.7% of the cases,
tics of the population (n=99). and 82.8% of the unilateral cases (24 out of the 29
Variables n. (%) patients) affected the dominant hand. The damage
Age range, years of CTS was severe in 19.2%, moderate in 13.1%
30-39 22(22.2) of the cases, and not specified for the remaining
40-49 56 (56.6) cases. The identified symptoms were mainly pares-
50-59 21(21.2) thesia, pain, muscular weakness, and hypoesthesia
Gender in 89.9%, 68.7%, 58.6%, and 37.4% of the cases, as
Female 96 (97) shown in Table 2. The average duration of symp-
Mml’\z'/z{:;imlus 30) toms progression before surgery was 3.3+3.03 years
i/llr;iice 4 82 8612)) Table 2. Medical characteristics of the population (n=99).
Divorced 8(8.1) Variables n. (%)
Dependents children Medical history
0 20 (20.2) Diabetes 6 (6.1)
1 7(7.1) Hypertension 9(9.1)
>=2 72 (72.7) Obesity 25 (25.3)
Educational level Dysthyroidism 10 (10.1)
Primary 49 (49.5) Others 17 (17.3)
Secondary 47 (47.5) CTS site
University 3(3) Unilateral 29 (29.3)
Sector of activity Bilateral 70 (70.7)
Textile and clothing 52 (52.5) In Dominant hand 94 (94.9)
Electrical industry 25 (25.3) CTS severity
Leather industry 13 (13.3) Moderate 13 (13.1)
Other 9 (8.9) Severe 19 (19.2)
Job category Not mentioned 67 (67.7)
Factory worker 98 (99) CTS symptoms
Dentist 1(1) Paresthesia 89 (89.9)
Workstation Pain 68 (68.7)
Seamstress 44 (44.4) Muscular weakness 58 (58.6)
Multi-skills 24 (24.3) Hypoesthesia 37 (37.4)
Packing station 16 (16.2) Positive Tinel’s and Phalen’s tests 72 (72.7)
Quality control 7(7.1) Associated MSD
Head of unit 4(4) Shoulder tendinitis 2(2)
Pressing 3(3) Epicondylitis 1(1)
Dentist 1(1) Back and neck pain 6 (6.1)
Occupational qualification Other 1(1)
Qualified 46 (46.5) CTS hand surgery
Not qualified 53 (53.5) Unilateral 71 (71.7)
Biomechanical occupational Simultaneous in both hands 27 (27.3)
constraints Simultaneous with other MISD 2(2)
Repetitive movements 99 (100) Evolution of symptoms after surgery
Carrying heavy loads 62 (62.6) Complete resolution 35(35.4)
Awkward postures 80 (80.8) Recurrence 26 (26.3)
Prolonged pressure on 76 (76.8) Partial improvement 39 (39.4)

No improvement 25(25.2)
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with extremes from 3 months to 18 years. The hand
surgery was unilateral in 71.7% of the cases. It was
simultaneous in both hands in 27.3% and concur-
rent with another MSD in 2% of the cases.

Among participants, 7% reported postoperative
wound infection. The evolution of the symptoms was
tavorable, with a complete resolution of symptoms
in 35.4% of the cases within 8.4 months on average
(a minimum of seven days and a maximum period
of 36 months). A recurrence of symptoms was no-
ticed in 26.3% of the cases within 10.6 months on
average after surgery. Further surgery was indicated
for one patient among the recurrent cases. A par-
tial improvement of the symptoms was noticed in
39.4% and no improvement in 25.2% of the cases.
Functional rehabilitation was done in 60.6% of the
cases and immediately after surgery for 49.5%. The
average time before returning to work after surgery
was 3.36 months (from 1 to 24).

3.2.4. Professional Future

The professional future of the workers after re-
turning to work following CTS surgery is given
in Table 3. Our participants benefited from a job
transfer in 44.4% of cases. Job maintenance at the
same workplace with ergonomic adjustment has
been implemented in 39.4% of patients, and 4% of
the workers retained their job without workstation
adjustment. A job loss was noticed in 12.2% of cases.
Understaffing and the lack of suitable workstations
were the main reasons for job maintenance at the
same workplace without ergonomic interventions.

3.3. Other Analyses

When looking at the factors that can influence
the professional future, we found that being 50 to
59 was significantly higher among workers who
lost their jobs (58% of the job losses, p=0.01) than
those who kept their jobs. The frequency of work-
ers with at least two dependent children was sig-
nificantly greater in the group retained at their jobs
(p=0.02). Among the twelve workers who have lost
their j12.2%), CTS was bilateral in eight patients
who experienced symptom progression for over two
years of evolution and was favorable in only three
cases. In three cases, work was resumed within three
months after surgery. However, no significant rela-
tionship was found between the professional future
and patients’ occupational or medical characteristics.

4. DISCUSSION
4.1. Key Results

We identified in this study the recognized occu-
pational cases of operated CTS, and we noticed an
important rate of workers who kept their jobs after
the surgery. The professional future was mainly a re-
turn to work with a job transfer at 44.4% and job
maintenance with ergonomic adjustment at 39.4%.
A job loss was noticed in 12.2% of cases. Early re-
tirement was noticed in 8.2%, dismissal in 3%, and
resignation from work in 1% of cases. The factors
influencing the professional future were age 50 to

59 years (p=0.01) and dependent children (p=0.02).

Table 3. The professional future of the workers operated on occupational CTS (n=99).

Professional future n. (%)
Return to work with a job transfer 44 (44.4)%
Job maintenance at the same workplace with ergonomic adjustment 39 (39.4)%
Job maintenance at the same workplace without ergonomic adjustment 4 (4)%
Resignation 1 ()%
Early retirement 8 (8.2)%

Dismissal

33)%
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4.2. Interpretation

This study included a middle-aged population
(45+6.5 years old), mainly in the 40-49 age range,
and predominantly female, having at least two de-
pendent children. As for the level of education, most
of the participants had primary and secondary edu-
cation. They mainly worked in the textile industry.
A medical history of obesity, hypothyroidism, High
blood pressure, and diabetes was found.

Our population’s characteristics were similar
to those found in previous studies among oper-
ated and non-operated CTS patients. Our results
matched with those of a Tunisian study, including
106 patients suftering from CT'S and treated by sur-
gery [4]. Indeed, it has been reported in a case-con-
trol study on individual risk factors of carpal tunnel
syndrome by Guan et al. that age is a risk factor for
developing CTS [9]. Considering gender as a risk
factor, female predominance has also been reported
in previous studies [4, 10]. Women with CTS were
likely to have moderate manual work, and men with
CTS were likely to work in offices [10]. In this line,
according to a national survey about occupational
exposures in Tunisia between 2009 and 2013, the
“gesture” constraints have been mostly found among
women in 75.5% of cases [11]. Concerning the edu-
cational level, according to a case-control study led
in India, it has been reported that the educational
level was considered a CTS risk factor [12]. It is
explained by the fact that low school-level work-
ers are often regarded as unskilled workers and are
more exposed at their workstations to postural con-
straints, resulting in MSD. According to previous
studies, the textile and clothing sector is the largest
source of occupational CT'S [4, 9].This sector, one of
the foundations of the Tunisian economy and em-
ployability, exposes workers to many biomechanical
risk factors of CTS. These factors are mainly work-
ing on assembly lines and having repetitive move-
ments [8]. Concerning medical affections as risk
factors for CTS, the results of a study by Guan W
et al. [9] showed that wrist injury, diabetes melli-
tus, and hypothyroidism are all risk factors of CTS
and that hypertension could be a protective factor
in an early stage of CTS. In a study by Roquelaure
et al. [13], diabetes mellitus and obesity were twice

more frequent among CT'S cases than in the general
population. Unfortunately, in our study no, medical
condition was found as a key factor in the profes-
sional future of workers with CTS.

As for the professional future, 44.4% of our
participants benefited from a job transfer, and 39%
kept their work position by adjusting their work
conditions. A job loss was noticed in 12.2% of cases,
and 4% of the workers retained their job without
ergonomic adjustment. According to a study by Kho
et al., 89% of patients returned to full-time work
after surgery [14]. Parot et al. showed that 90 % of
patients resumed their job after surgery when their
study timeline [15]. According to Aloui et al., job
loss has been observed in 9.6% of cases, whereas
26.5% of patients had kept the same positions [6].
Moreover, another Tunisian study found nearly the
same job loss rates [7].

Furthermore, by studying the factors that could
influence the professional future, we found that be-
ing 50 to 59 was significantly higher among workers
who lost their jobs (58 % of the job losses, p=0.01)
compared to those who kept their jobs. The same re-
sults have been found in a Tunisian study in which
job loss was linked to age [11]. In another study, job
loss has been significantly linked to age over 43 years
(p=0.042) and marital status [6]. Also, according to
Samson, the quality of recovery after a CTS surgery
depends on the patient’s age [16]. The health dete-
rioration in old workers could explain these findings,
the decline in functional abilities, and the physical
weakening related to high physical demands at work.
Another factor that may influence our study’s pro-
fessional future was having at least two dependent
children, which was significantly greater in the group
who have retained their jobs (p=0.02). The increase
in job retention with the presence of dependent chil-
dren could be explained by the fact that these workers
would rather keep their jobs to support their children.

Except for these two socio-demographic factors,
no occupational or medical characteristic was found
as a key factor in the professional future. Other fac-
tors were found in the literature. In a study by Parot
et al., the results have shown that the concomitant
presence of multiple MSDs and at least a simulta-
neous surgical operation on another MSD of the
upper limb relate to a poorer prognosis in terms of
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resuming work [15]. This issue has not been raised
in our study, probably because of the limited number
of patients with another MSD on the upper limb.

According to the same study, the executives had a
better professional prognosis than the less qualified
workers [15]. Another study has also identified the
professional qualifications and the electromyogram
data as factors influencing the professional future of
workers who had a CTS operation [4]. The lack of a
significant relationship between professional future
and professional qualifications in our study could
be explained by the fact that our participants were
almost workers in the same occupational category.
Among the reasons identified as a difficulty for
workstation adjustments, the lack of suitable work
positions, and the understaffing were found in our
series. Difficulties of professional rehabilitation in
the sectors where manual work is needed, such as
the textile and clothing industry, could be the reason
for job loss. Another reason that could explain these
professional outcomes is the educational level of the
workers; most of the workers had a low level of edu-
cation and for whom job training would be difficult.
Indeed, the reasons for delayed return to work after
CTS surgery were inconsistent in the literature. In
the study by Mahfoudh et al. [4], the occupational
tuture of the operated workers was correlated with
the professional qualification and the type of sen-
sory and/or motor damage median nerve on electro-
myogram. Whilean in the study by Kho et al. [14],
job type, motor nerve conduction velocity, and bi-
lateral surgery were not predictive of delayed return
to work interval after CTS surgery. Unfortunately,
no occupational factor was associated in our results
with the professional future after CTS surgery.

According to Samson, the quality of recovery after
surgery depends on the age of the median nerve com-
pression [16]. A delay in treatment could cause a neg-
ative post-operational evolution which could impact
the professional future [17]. This evolution, charac-
terized by an incomplete improvement of symptoms,
was linked to delayed surgical treatment [18] and
hard manual work [19] and was observed the most
among patients with diabetes [20, 21].

According to our study, nce the professional fu-
ture. Unfor influence the professional futuretunately,
these are non-modifiable factors. However, it can be

considered that the professional future of operated-
CTS workers can be influenced by work condi-
tions and the lack of ergonomic interventions at the
workstation leading to job loss. Indeed, re-exposure
to the same work constraints after returning to work
could represent a factor of poor prognosis, both
for the individual and for the company, in terms
of impaired quality of life, lower productivity, and
absenteeism. The collaboration between the actors
in the prevention of health and safety at work for
an adapted reintegration and retention at job of
operated-CT'S workers appears necessary.

4.3. Limitations

We must point out some limitations of our study,
such as its retrospective design, the lack of com-
pleteness of information in the database, reporting
bias during the phone surveys, and the high rate of
unreachable patients by phone. Thus, a larger num-
ber of operated cases could have been included. The
study’s cross-sectional nature also prevented a long-
term follow-up. Therefore, these limitations should
be considered in the interpretation of our data. Lon-
gitudinal and analytical studies could help to assess
the role of work-related risk factors on the profes-
sional future of workers with CT'S and to limit in-
clusion bias due to the voluntary nature of the study.

4.4. Generalizability

In our study, we assessed the professional future of
workers suffering from occupational CTS after sur-
gical treatment and the factors that could influence
their retention at the job. We can conclude that CTS
has a significant professional impact, including job
loss and retention at a job without ergonomic adjust-
ments. The sampled population and selection criteria
limit the generalizability of our results. Longitudinal
studies would be needed to establish the causal re-
lationship between professional risk factors and the
professional future of the workers operating on CTS.

5. CONCLUSION

In our survey, most of the operated-CT'S workers
benefited from a job transfer and kept their work
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with the ergonomic adjustment of their work condi-
tions. However, non-negligible rates of job loss and
job retention without workstation arrangements
were found. Given the lack of suitable workplaces
for those who lost their jobs, interventions aiming
to improve the professional future of workers oper-
ated on CTS by ensuring sufficient staff and adjust-
ing workplaces are needed. Each company should
elaborate its preventive measures based on analyzing
work conditions to ensure a suitable rehabilitation
program for workers suffering from CTS.
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ABSTRACT

Background: 75is paper provides a brief, evidence-based reflection on two experiences with remote working,
‘0ld-normal” remote working and mandatory work-from-home during the COVID-19 pandemic. From the per-
spective of applied psychology in work and organizations, we used self~report instruments to assess variations in
work-family conflict and enrichment, frequency of information and communication technologies (ICT) use, and
recovery in two longitudinal studies. Methods: The first study involved 148 individuals from the technical-
administrative staff of a large Italian University during an experimentation of remote working (one day per week)
in 2019. The second study, conducted during the first lockdown in 2020, involved 144 individuals (convenience sam-
Ple, heterogeneous by proﬁ'ssion). Al participants completed a self-report online questionnaire two times six months
apart. Results: 7he two studies are not directly comparable, but they provide a dynamic idea of the effects of the two
types of work arrangements. In Study 1, an experimental remote working condition (one day per week ), participants
reported decreased work-family conflict and improved recovery experiences. Study 2 noted a slight deterioration
in work-family enrichment in the emergency remote working condition. Conclusions: These findings showed the
usefulness of monitoring specific indicators related to the work-life interface using validated instruments and in a
longitudinal perspective to assess each experience. We briefly discuss these aspects to inform future organizational deci-
sions and actions for the ‘new normal’.

1. INTRODUCTION Polytechnic of Milan, 570,000 people (3.6% of

the working population) worked remotely before

During the COVID-19 pandemic, emergency
remote working ensured continuity of work, reduc-
ing the risk of contagion, and was seen by some as
a global experiment in remote working [1]. Indeed,
the experience has been impressive, and many or-
ganizations, for example, in the public sector [2],
which had previously resisted adopting remote
working, have had to embrace it. In Italy, accord-
ing to the Smart Working Observatory of the

Received 12.01.2023 — Accepted 09.05.2023

the COVID-19 pandemic. On 09 March, the Ital-
ian government announced the first national partial
lockdown. At the end of April, the Italian Ministry
of Labor and Social Policy reported 1,827,792 re-
mote workers, 8% of the workforce. The 68% of the
public administration staft worked remotely during
the first lockdown. Considering the large number
of people involved in remote work during an emer-
gency, many studies have been conducted on this
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form of work over the past three years. However, es-
sential differences between emergency and standard
remote work should be considered.

In this brief research report, we present key find-
ings from two two-wave studies, one conducted
before the pandemic (in a state condition where
people could have chosen to work remotely) and
the other one carried out during the first lockdown
(in a mandatory work from home condition) [3].
Based on these findings, we emphasize the need
to longitudinally observe specific indicators of the
work-home interface to assess the effects of specific
work arrangements in different contexts on a case-
by-case basis.

Applying a psychological perspective, we focused
on the work-to-family interface [4-6], referring to
the Work-Home Resources Model (W-HR) [7],
according to which the work-home interface can be
described as a series of processes.

Each process proceeds from demands and re-
sources in the work (or home) sphere, through
changes in personal resources, to outcomes in the
home (or work) sphere. Work-family conflict is
a process in which demands in the work sphere
deplete personal resources in the family sphere.
Work-family enrichment is a process of resource
accumulation: both domains can increase personal
resources, improving home and family outcomes.

For both studies, data were collected through
self-report instruments measuring work-family
conflict and enrichment, recovery experiences, and
frequency of information and communication tech-
nologies (ICT) used to observe differences in these
dimensions between the two waves after remote
working. The first study involved some technical-
administrative employees of the University of Turin
who participated in a “smart working experimenta-
tion” (maximum one day per week) in 2019.The sec-
ond study included a heterogeneous and convenient
sample of remote workers during the first lockdown
(2020).

Although we know that the two studies are not
directly comparable because they deal with dif-
terent populations, we will discuss the variations
of the variables over time and observe the differ-
ences between an experimental situation under
non-emergency conditions and the first pandemic

period. The discussion will allow us to outline some
considerations for the future of organizations and
remote working and, by describing the questionnaire
used for monitoring, provide concrete guidance for
future projects evaluating work arrangements.

1.1. Remote Working and the
Work-Family Interface

Since the first introduction of remote working in
the 1970s, the benefits have been and continue to
be recognized [3, 8-10]. Reported benefits include:
improving the quality of work by increasing concen-
tration; promoting job satisfaction and well-being
through better time management; promoting the
experience of a balance between paid work and
the rest of life; promoting inclusion and diversity
management; offering work solutions that are also
suitable for people with disabilities; protecting or-
ganizational continuity in a pandemic situation;
reducing the commuting time between home and
work; reducing costs; and reducing environmental
impact [10, 11]. Some studies have confirmed that
flexible work arrangements, such as remote work,
can reduce stress levels by allowing greater control
over one’s time and work tasks [12]. A positive rela-
tionship has also been found between remote work-
ing and performance and job satisfaction [11, 13].
However, some risks of remote working have also
been pointed out. For example, lower satisfaction
due to social isolation [13] and negative conse-
quences for pay, learning, and career development.
In addition, the lack of physical boundaries has
been shown to lead to a blurring of psychological
and temporal boundaries between work and home,
resulting in an excessive dedication to work [14].
These consequences may be related to national
and organizational cultural factors associated with
a strong appreciation of presence in the work-
place [15]. Some systematic reviews of papers
published in PubMed/Medline identified several
problematic consequences of massive mandatory re-
mote working, such as blurring of boundaries, anxi-
ety, depression, stress, technostress, workaholism,
fatigue, and lower satisfaction [9, 16, 17].

Since the onset of the COVID-19 pandemic, the

scientific community of Work and Organizational
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Psychology has worked to establish a research and
intervention agenda [1]. Among the many areas of
study highlighted in this agenda, the work-family
interface and remote working are critical. The heavy
use of ICT should also be considered, as well as
problems related to a lack of recovery (with the im-
possibility of leaving the house and the closure of
the main care facilities) [18].

'The two two-wave studies presented in this paper
were conducted using the same questionnaire but
under two very different remote working conditions:
(i) the first was voluntary, and the second (ii) was
mandatory and in an emergency. In the question-
naire, we investigated specific dimensions related to
the W-HR model [7]. In particular, we considered
work-family conflict and enrichment, the use of
ICT for work purposes [19], and the recovery pro-
cess [20], as described below.

1.1.1. Work-Family Conflict and Enrichment

Based on role theories, according to which each
role requires the person to invest energy and time,
work-family conflict (WFC) is defined as a type of
inter-role conflict in which the demands of work and
family are mutually incompatible [21]. The study of
conflict is fundamental to assessing work-related
stress in Italy, as numerous adverse effects on emo-
tional exhaustion and burnout [22], job satisfaction,
and life satisfaction [23] have been identified.

A growing number of studies also looked at the
positive side of the work-family interface, namely
work-family enrichment (WFE) [5]. Enrichment
is a process in which one role improves the quality
of the other: “Work-to-family enrichment occurs
when work experiences improve the quality of fam-
ily life” [24] (p. 73). WFE is essential for employees
and organizations and has been positively associated
with work-, family-, and health-related outcomes
(e.g. [25, 26]).

Although work-life balance is one of the goals
of remote working, studies conducted before the
health emergency have not confirmed the expected
positive effects. Remote working often leads to in-
creased interference between family and work, an
issue that could cause a deterioration in concentra-

tion [10,11,27]. During the COVID-19 lockdown,

people experienced the simultaneity of work and
family roles, as it was impossible to separate the two
domains physically. With schools and childcare fa-
cilities closed, parents had to work and perform care
responsibilities simultaneously, including support-
ing homeschooling during the working day. This
led to increased work and family demands and a
deterioration of the work-family interface, as several
works in Italy and abroad have shown (e.g. [28]).
During the pandemic, using a person-centered ap-
proach, Huyghebaert-Zouaghi et al. [29] observed
moderately stable levels of profiles related to the
work-home interface [7] in a sample of workers
from the United States and the United Kingdom,
some of whom worked remotely. The longitudinal
study, with two waves over three months between
2020 and 2021, also allowed them to observe that
people faced more challenging and hindering de-
mands when working remotely. Although there
was no national lockdown in the two countries, the
period over which the study was conducted does
not allow for a distinction between emergency and
non-emergency remote working.

Why does remote working not always improve
the relationship between work and family? The
main explanations relate to the loss of boundaries
between the two spheres of life [30] and to the fact
that working from home may lead to an indefinite
extension of working hours on the one hand and
increase family responsibilities assumed by the in-
dividual on the other [31]. These aspects have been
exacerbated during the lockdown [28].

A systematic review by Vitéria et al. [17] showed
that the pandemic had a complex impact on WFC,
exacerbated by some aspects (the “imposed” remote
work) and attenuated by other variables (such as
support both at work and at home); as for WFE,
variations were rare, as also shown by the study of
Chambel et al. [14], which, however, also did not

find variations concerning WFC.
1.1.2 Frequency of Technology Use for Work Purposes

In the two studies presented in this paper, we ob-
served how job demands related to technology use
changed during remote working. Although ICT fa-

cilitated and accelerated various work processes and
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expanded the available information, it also exposed
workers to specific work-related stress risks [8, 19].
This adverse process was also found among remote
workers during the COVID-19 outbreak [32, 33].
In addition, the importance of creating conditions
that allow people to disconnect from technology
and recover has been widely emphasized, given that
the request to complete additional work tasks us-
ing technology during rest time has been associated

with WFC and a lack of recovery [8, 19].

1.1.3 Recovery Experiences

Recovery is the other element that the two studies
conducted sought to investigate. Recovery is when the
individual functional systems that have been stressed
during a stressful experience, such as work, return to
their pre-stress levels [34]. During recovery, personal
resources are restored, or new ones are generated.
'The recovery process can be explained by the effort-
recovery model [35] and the Conservation of Re-
source theory (COR) [36]. The former assumes that
the functional systems activated during work should
no longer be strained to return to restraint levels for the
recovery process to be effective. The COR theory [36]
states that individuals try to defend and maintain their
resources to protect themselves from stress. Based on
these premises, Sonnentag and Fritz [34] identified
four recovery experiences: detachment from work, re-
laxation, mastery (including engaging in stimulating
activities outside of work), and control over leisure. In
addition to positive effects on well-being (e.g., [20])
and performance (e.g., [37]), recovery may moderate
the relationship between WFC, psychological strain,
and life satisfaction [38]. The lack of adequate recov-
ery can lead to significant health problems in the me-
dium and long term [20, 35]. Resources are central
in the W-HR model [7], and recovery as a process of
maintaining or creating new personal resources can be
a compelling element in this positive dynamic.

2. METHODS
2.1 Procedure

'The first study was conducted in 2019 when the
technical-administrative staff of the University of

Turin participated in the experimentation of re-
mote working for one day per week for six months.
No more than 25% of the employees in each de-
partment participated. Participation was voluntary.
In the case of excessive applications, a ranking was
established based on some criteria (e.g., home-work
distance). Participants completed a self-report ques-
tionnaire at the beginning of the experimentation
in April 2019 for two weeks (Time 1 - T1) and
after six months in October 2019 for two weeks
(Time 2 - T2). The research project was conducted
and supervised by a team of female researchers
who created the questionnaire, collected the data
through the LimeSurvey platform, and returned the
results to participants after T2 through a summary
of the findings. The second study was conducted at
the beginning of the pandemic using a self-report
questionnaire via the Google Forms platform in two
separate waves: from 6 to 20 April 2020, during the
first lockdown (Time 3 - T3), and after six months
from 5 to 19 October (Time 4 - T4). Participation
in the study was completely voluntary.

Both studies followed the Declaration of Helsinki:
they did not involve any treatment or other proce-
dures that might affect the psychological or social
well-being of the participants. In both cases, par-
ticipation in the study was voluntary in exchange for
informed consent; anonymous data collection and
data confidentiality were ensured according to Reg-
ulation GDPR 2016/679. An alphanumeric code al-
lowed the assignment of participants to T1 and T2.
As for the first study, the whole procedure was car-
ried out with the support of the Uniform Guarantee
Committee and approved by the union tables; study
2 obtained the approval of the Bioethics Committee
of the University of Turin (Document No. 150561,
03 April, 2020).

2.2. Participants

In the first study, a total of 148 individuals (8.4%
of the total technical-administrative staff of the
University of Turin) completed the two question-
naires (response rate = 79%; respondents at T'1 were
187), 62.8% of whom were women; the mean age
was 45.46 years (SD=6.97). Of the respondents,

73% practiced care activities for children or parents.
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In the second study, 144 individuals participated
in the T3 and T4 surveys, working an average of
4 days per week. 68.1% of the sample was female,
and the average age was 48.83 (SD=9.91). While
in the first study, the participants were employed in
the same organization and invited to participate in
the survey, in the second study, the sample was a het-
erogeneous and convenience one, with participants
from different sectors who were more difficult to
reach remotely. This explains the lower response rate
between T3 and T4, which is 21% (there were 670
participants in T3). While the number of dropouts
is high, it is common in online surveys, especially
when participants participate voluntarily and do not
receive incentives [39]. In the sample, 41.7% worked
in the private sector and 58.3% in the public sector.
'The occupational profiles were: white collar (56.3%),
middle manager (25.7%), top manager (15.3%), and
missing (2.8%). 71% of respondents reported caring
for children or parents.

2.3. Measures

Work-family conflict (WFC) was assessed with
the 5-item Italian version [4] of the measure devel-
oped by Netemeyer et al. [6] using a 5-point fre-
quency scale from 1 “Never” to 5 “Always”.

Work-family enrichment (WFE) was assessed
with three items [5] using a 5-point agreement scale
from 1 “Not at all agree” to 5 “Completely agree”.

Frequency of technology use (FTU) was meas-
ured through 3 items [40] using a 5-point frequency
scale from 1 “Never” to 5 “Always”.

Recovery experiences were measured through 12
items (3 for each of the four recovery strategies, de-
tachment, relaxation, mastery,and control; Likert scale
from 1 “Not at all agree” to 5 “Completely agree”) of
Sonnentag and Fritz’s [34] short scale (already used
in Italian studies, e.g. [41]). An overall score of recov-
ery experiences has been used in the two studies.

In addition, the questionnaire asked for informa-
tion on gender, age, whether participants were in-
volved in child or parental care activities, and, only
in the second study, the number of remote working
days per week, occupational sector, and profile.

For each construct, the average response score
was calculated as indicated in the sources of the

measures used and in previous work using the same
scales. No cutoff values for these measures are re-
ported in the international or national literature.

2.4, Data Analysis

'The software IBM SPSS Statistics version 28 has
been used to perform analysis. First, the normality
of the scale items was checked using a z-score ob-
tained by dividing the values for skew and kurto-
sis by their standard errors. Consistent with Kim’s
recommendations [42], the normality assumption is
confirmed based on the sample size of the studies
(50 < n < 300) when the z-score is less than |3.29|.
'The preliminary analysis confirmed the normality of
the items except for three of the six items in the fre-
quency of technology use scale, which was excluded.

Because of the high number of dropouts between
the two survey waves, an independent-sample t-test
was conducted to rule out significant differences be-
tween the final sample and the larger sample (which
consisted only of participants in the first wave).
Then, Cronbach’s alpha coeflicients were calculated.
Finally, paired-sample t-tests were conducted to
detect significant differences in the four observed
variables (WFC, WFE, FTU, and recovery experi-

ences) between each study’s first and second waves.
3. RESULTS
3.1 Preliminary Analysis

In both studies, to assess possible differences be-
tween the final sample and the larger sample that
had participated only in the first wave, t-tests were
conducted for all four variables. No statistically sig-
nificant differences were found for any variables,
as shown in Table 1. In addition, a y* test showed
that gender distribution did not vary between the
two waves in either study (Study 1, y*=.44, p=.510;
Study 2, x’=.92, p=.821).

3.2 Assessment of Significant Differences in the
Four Variables Between the Two Waves

Table 2 summarizes the variables considered
and the differences found, shown graphically in
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Table 1. Means and standard deviations of all variables measured at the first wave and #-test results to compare sample at
T1 with sample at T2 and sample at T3 with sample at T4.

M+SD M+SD M+SD M+SD
Study 1-T1 Study 1-T1 Study 2-T3 Study 2-T3
Variable Sample T'1 Sample T2 t-test (331 gp) Sample T3 Sample T4 t-testgys ar)
WEC 2.73+0.88 2.71+0.87 0.12, p=.902 2.42+0.89 2.32+0.83 1.16, p=.245
WFE 2.77+1.03 2.80+1.03 -0.27,p=.790 3.33+0.98 3.27+1.04 0.69, p=.489
FTU 3.14+1.31 3.15+1.36 -0.58, p=.954 2.82+1.21 2.60+1.24 1.97, p=.054
Recovery 3.19+0.81 3.19+0.78 -0.09, p=.932 3.34+0.80 3.33+0.83 0.17, p=.867

All measures have a 5-point Likert scale. Study 1, T1 N=187, T2 N=148; Study 2, T3 N=670, T4 N=144.
WEC (work-family conflict); WFE (work-family enrichment); FTU (frequency of technology use).

Table 2. Means, standard deviations, Cronbach’s alpha values of all variables, and #test results.

M+/-SD & a M+/-SD & a M+/-SD& a M+/-SD & a.

Variable Study 1-T1 Study 1-T2 t-test 147 af) Study 2-T3 Study 2-T4 t-test(143 af)

WFC 2.71+0.87 2.60+0.86 2.13, p=.035 2.32+0.83 2.33+0.92 -0.17, p=.867
0=.88 0=.90 0=.89 0=.92

WFE 2.80+1.03 2.86+1.07 -1.01, p=.315 3.27+1.04 3.01+1.00 3.35, p=.001
0=.87 0=.83 0=.87 0=.88

FTU 3.15+1.36 3.29+1.32 -1.78, p=.077 2.60+1.24 2.61+1.24 -0.18, p=.859
0=.94 0=.95 a=.91 0=.91

Recovery 3.19+0.78 3.34+0.76 -3.27, p=.001 3.33+0.83 3.23+0.86 1.59, =.114
0=.90 0=.90 o=.91 0=.92

All measures have a 5-point Likert scale. Study 1 N=148; Study 2 N=144.
WEC (work-family conflict); WFE (work-family enrichment); FTU (frequency of technology use).

Figures 1 and 2. Study 1, conducted before the 2019
pandemic, showed significant differences between
T1 and T2. In particular, the results showed that
WFC decreased between T1 (M=2.71, SD=0.87)
and T2 (M=2.60, SD=0.86) [# (147)=2.13, p=.035]
and recovery experiences increased between T1
(M=3.19, SD=0.78) and T2 (M=3.34, §D=0.76)
[#(147)=-3.27, p=.001].In study 2, conducted at the
beginning of the pandemic COVID-19, the only
difference concerned WFE, which decreased signitf-
icantly from T3 (M=3.27, §D=1.04) to T4 (M=3.01,
SD=1.00) [#(147)=3.35, p=.001].

4. DISCUSSION
Although these two studies are not directly

comparable and considering the relative stability
of dimensions related to the work-home interface

during the pandemic [7, 29], some interesting re-
sults emerged. In particular, Study 1 showed that the
introduction of a planned, agreed, and prepared re-
mote working regime under normal conditions [43]
enabled a reduction in WFC and an increase in
recovery experiences: this is consistent with other
studies describing the positive effects of a fully cho-
sen work-from-home arrangement [9, 17].

In the first study, experimental remote working
appeared to be associated with a reduction in WFC
despite a perceived increase in the use of ICT for
work purposes, likely offset by greater autonomy in
managing work and personal time. On the other
hand, WFE remained stable, in line with a general
lower fluctuation of this variable [17]. When remote
working was part-time (in this case, only one day
per week), positive changes could be observed in
some indicators considered, even in the face of an
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Figure 1. Variable Means of Study 1. WFC (work-family conflict); WFE (work-family enrichment); FTU (frequency of
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Study 2

50

4,0

3,0
2’0 . l
1,0

Recovery

ET3 WT4
Figure 2. Means of all variables of Study 2. WFC (work-family conflict); WFE (work-family enrichment); FTU (frequency

of technology use).

intensification of digital use. It is also important to
emphasize that in the case of the experimentation,
the workgroups in which the participants worked
were prepared in advance for the new working
mode, and the rest of life did not present any new
critical aspects. Recovery experiences also improved,
suggesting that workers involved had no problems
disconnecting and finding ways to regain their per-
sonal resources. Overall, these results are consistent

with the assumption that part-time remote working
does not disturb the work-family interface [11].

In the second study, we observed a different
trend in the variables: WFE decreased to a statisti-
cally significant extent, while WFC and the other
variables remained stable. A stable level of WFC,
but only in the work-to-family direction, was also
found in the German study by Reimann et al. [44].
Other studies, such as the work mentioned above
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by Chambel et al. [14], have not found statistically
significant changes for WFC or WFE in a sample
of bank employees: This suggests the importance
of conducting targeted monitoring to capture the
specifics of difterent realities. Interestingly, the fre-
quency of ICT use was not excessively high over the
period considered. It had probably already reached
the highest level in the first survey (“absorbing” the
change in the way of working that occurred imme-
diately, in the very first weeks) in a sample that was
not so stressed in this respect.

4.1 Limitations

This contribution has many limitations, starting
with the fact that the two studies presented refer
to two different populations: therefore, the results
are not systematically comparable. Furthermore,
the mean values of the variables measured at the
first wave show substantial differences between
the two samples, which limits the possibilities for
comparison. Indeed, Study 2 participants appeared
to experience a more favorable working condi-
tions regarding life balance (lower WFC, higher
WEFE, lower FTU). In addition, the sample in the
first study represents almost the entire population
involved in remote working before the pandemic,
while the sample in the second study is one of con-
venience, which limits the generalizability of the
results. Another important limitation of the study
is that conflict and enrichment in the family-to-
work direction were not measured. In addition,
the size of the two samples does not allow us to
capture differences concerning many variables that
might be associated with the work-family interface,
such as gender, age, living arrangements, caregiv-
ing responsibilities, presence, and the number of
young children, family structure, socioeconomic
level, presence of mental health problems, fear of
the pandemic. Moreover, regarding the results of
the second study, we did not consider the differ-
ent employment sectors and types. Finally, there is
no evidence in these two studies of perceptions of
work quality or productivity, either in the form of
self-report, supervisor assessment, or objective data.
Moreover, an analytical reflection on the measures
used could support future studies.

5. CONCLUSIONS AND IMPLICATIONS

Although some research, including longitudinal
studies, has addressed the work-home interface is-
sue during the pandemic (e.g., [45]), to our knowl-
edge, this is the only paper that presents two studies
that used the same measures in remote work emer-
gencies and remote work non-emergencies in a spe-
cific national context, providing an opportunity to
monitor the different experiences of remote work-
ing experiences. While this brief research report has
the limitations noted above, it is intended to stimu-
late thinking about monitoring and evaluating the
impact of remote working on the work-to-family
interface and to provide important insights to or-
ganizations engaged in evaluating and defining the
next work arrangements.

According to the findings, it is essential that or-
ganizations carefully evaluate the choices to be made
in the coming months by referring to previous experi-
ences and monitoring the transition period. Moreover,
the experience of the pandemic should be considered
as a learning ground to assess training needs, criti-
cal issues encountered, and groups that need special
attention due to less well-functioning relationships
between leaders and followers, lack of autonomy, lack
of clarity about goals, tasks, or roles [9, 17].

Referring to the few systematic data available
during the pandemic, e.g., those of the technical-
administrative staff of Italian universities [2], it ap-
pears that training was mainly brief and sometimes
improvised, and in most cases related to the tech-
nologies and applications used for security and legal
aspects, but less focused on the effective develop-
ment of digital skills. An important training need is
related to the support of work dynamics, organiza-
tional elements, and psychological dimensions that
remote working requires.

'This is a broad panorama for which it is important
to make investments and find new ways of conceiv-
ing training to improve the quality of working life.
These investments, consistent with the funding lines
recently established by the government (Transition
4.0, Law 234/2021), among others, are necessary
both for the “new normal” and for creating con-
tingency plans. Promoting digitalization does not
mean working only on technological infrastructure,
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developing ICT systems, and improving applica-
tions, nor working exclusively on developing knowl-
edge and technical skills related to the digital world.
From a transdisciplinary perspective, change must
be understood as a whole that focuses on the re-
lationship between people, organizational culture,
work, and technologies, with particular attention to
digital attitudes and competence at individual and
organizational levels [9, 46]. The ultimate goal is al-

ways to promote both efficiency and quality of life.

INSTITUTIONAL REVIEW BOARD STATEMENT: The first and
second studies were conducted according to the guidelines of
the Declaration of Helsinki. As for the first study, the whole
procedure was carried out with the support of the Uniform
Guarantee Committee and approved by the union tables. Study
2 obtained the approval of the Bioethics Committee of the
University of Turin (Document No. 150561, 03 April, 2020).

INFORMED CONSENT STATEMENT: Informed consent was
obtained from all subjects involved in the study.
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flict of interest.

REFERENCES

1. Rudolph C, Allan B, Clark M, et al. Pandemics:
Implications for Research and Practice in Industrial and
Organizational Psychology. Ind Organ Psychol. 2020;
14(1-2,):1-35. Doi: 10.1017/i0p.2020.48

2. Ghislieri C, Sanseverino D, Addabbo T, et al. The Show
Must Go On: A Snapshot of Italian Academic Working
Life during Mandatory Work from Home through the
Results of a National Survey. Soc Sci. 2022;11(3):111.
Doi: 10.3390/s0csci11030111

3. Anderson D, Kelliher C. Enforced remote working and
the work-life interface during lockdown. Gen Manage.
2020;35(%):677-683.D0i: 10.1108/GM-07-2020-0224

4. Colombo L, Ghislieri C. The work-to-family conflict:
Theories and measures. T'PM Test Psychom Methodol
Appl Psychol. 2008;15(1): 35-55.

5. Ghislieri C,Martini M, Gatti P, Colombo L. The “B”ight
Side” “f the Work-Family Interface: a Brief Work-
Family Enrichment Scale in a Sample of Health Pro-
fessionals. TPM Test Psychom. Methodol Appl Psychol.
2011;18(4):211-230.

6. Netemeyer RG, Boles JS. Development and Validation
of Work-Family Conflict and Family-Work Con-
flict Scales. J App! Psychol. 1996;81(4):400-410. Doi:
10.1037/0021-9010.81.4.400

7. Ten Brummelhuis LL, Bakker AB. A Resource Perspec-
tive on the Work-Home Interface: The Work—-Home

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Resources Model. Am Psychol. 2012;67(7):545-556.
Doi: 10.1037/20027974

. Ghislieri C, Dolce V, Sanseverino D, et al. Mlight inse-

curity and use of ICT enhance internet addiction and
exhaust people? A study in two European countries
during emergency remote working. Comput Hum Behav.

2022;126:107010. Doi: 10.1016/j.chb.2021.107010

. Marino L, Capone V. Smart Working and Well-Being

before and during the COVID-19 Pandemic: A Scop-
ing Review. Eur | Investigation Health Psychol Educ.
2021;11(4):1516-1536. Doi: 10.3390/¢jihpe1104010
Toscano F, Zappala S. Smart working in Italia: origine,
diffusione e possibili esiti. Psico/ Soc. 2020;2:203-223.
Allen TD, Golden,TD, Shockley, KM. How Effective Is
Telecommuting? Assessing the Status of Our Scientific
Findings. Psychol Sci Public Interest. 2015;16(2):4068.
Doi: 10.1177/1529100615593273

Azar S, Khan A, Van Eerde W. Modelling linkages be-
tween flexible work arrangement’s and organizational
outcomes. J Bus Res. 2018;1(9):134-43. Doi: 10.1016
/j.jbusres.2018.06.004

Gajendran RS, Harrison, DA. The good, the bad, and
the unknown about telecommuting: Meta-analysis
of psychological mediators and individual conse-
quences. J Appl Psychol. 2007;92(6):1524-1541. Doi:
10.1037/0021-9010.92.6.1524

Chambel MJ, Carvalho VS, Santos A. Telework during
COVID-19: Effects on the Work-Family Relationship
and Well-Being in a Quasi-Field Experiment. Sust.
2022;14(24):16462. Doi: 10.3390/su142416462

Dolce V, Ghislieri C, Molino M, Vayre. Leadership and
the use of technology: health implications. In Digi-
talization of Work. New Spaces and New Working Times,
Vayre, E.; Eds, Wiley: 2022, pp. 49-72.

Chirico F, Zaffina S, Di Prinzio RR, et al. Working from
home in the context of COVID-19: A systematic re-
view of physical and mental health effects on telework-
ers. J Health Soc Sci. 2021;6(3):319-332. Doi: 10.19204
/2021/wrkn8

Vitéria BdA, Ribeiro M T, Carvalho VS. The work-family
interface and the COVID-19 pandemic: A systematic
review. Front Psychol. 2022;13:914474. Doi: 10.3389
/tpsyg.2022.914474

Ghislieri C, Molino M, Dolce V, Sanseverino D, Presutti
M. Work-family conflict during the Covid-19 pandemic:
teleworking of administrative and technical staffin health-
care. An Italian study. Med Lav. 2021;112(3):229-240.
Ghislieri C, Emanuel F, Molino M, et al. New technol-
ogies smart, or harm work-family boundaries manage-
ment? Gender differences in conflict and enrichment
using the JD-R theory. Front Psychol. 2017;8: 1070. Doi:
10.3389/fpsyg.2017.01070

Kinnunen U, Feldt T, Siltaloppi M, Sonnentag S. Job
Demands—Resources Model in the Context of Recovery:
Testing Recovery Experiences as Mediators. Eur ] Work
Organ Psy. 2011;20:805-832. Doi: 10.1080/1359432X
.2010.524411



10

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

GHISLIERI ET AL

Greenhaus JH, Beutell NJ. Sources of Conflict Be-
tween Work and Family Roles. Acad Manage Rew.
1985;10(1):76-88. Doi: 10.5465/amr.1985.4277352
Amstad FT, Meier LL, Fasel U, Elfering A, Semmer NK.
A meta-analysis of work-family conflict and various
outcomes with a special emphasis on cross-domain ver-
sus matching-domain relations. J Occup Health Psychol.
2011;16(2):151-169. Doi: 10.1037/20022170

Allen TD, French KA, Dumani S, Shockley KM. A
cross-national meta-analytic examination of predictors
and outcomes associated with work-family conflict. JApp/
Psychol. 2020;105(6):539-576. Doi: 10.1037/apl0000442
Greenhaus JH, Powell GN. When work and family are
allies: A theory of work-family enrichment. Acad Man-
age Review. 2006;31(1):72-92. Doi: 10.5465/amr.2006
19379625

Shockley KM, Singla N. Reconsidering work-family in-
teractions and satisfaction: A meta-analysis. | Manage.
2011;37(3):861-886. Doi: 10.1177/0149206310394864
Van Steenbergen EF, Ellemers N. Is managing the work-
tamily interface worthwhile? Benefits for employee health
and performance. J Organ Behav. 2009;30(5):617-642.
Golden TD, Veiga JF, Dino RN. The impact of pro-
fessional isolation on teleworker job performance and
turnover intentions: does time spent teleworking, inter-
acting face-to-face, or having access to communication-
enhancing technology matter? JApp! Psychol. 2008;93(6):
1412-1421. Doi: 10.1037/20012722

Power K. The COVID-19 pandemic has increased the
care burden of women and families. Sustain Sci Pract Policy.
2020;16(1):67-73.D0i:10.1080/15487733.2020.1776561
Huyghebaert-Zouaghi T, Morin AJS, Fernet C, et al.
Longitudinal profiles of work-family interface: Their
individual and organizational predictors, personal and
work outcomes, and implications for onsite and remote
workers. J Vocat Behav. 2022;134:1-21. Doi: 10.1016
/3.jvb.2022.103695

Ga S, Yoon D.The Effect of Work-Related ICT Use Dur-
ing Non-Business Hours on the Work-Family Conflict:
The Moderated-Mediation Effect of Work-Life Bal-
ance and Workaholism. Prod Rev. 2019;33(4):211-238.
Hammer LB, Neal MB, Newsom ] T, et al. A longitu-
dinal study of the effects of dual-earner couple’s stiliza-
tion of family-friendly workplace supports on work and
family outcomes. J App! Psychol. 2005;90(4):799-810.
Doi: 10.1037/0021-9010.90.4.799

Dolce, V, Vayre E, Molino M, Ghislieri C. Far away, so
close?The role of destructive leadership in the job demands—
resources and recovery model in emergency telework. Soc
Sci. 2020;9(11):196. Doi: 10.3390/s0csci9110196
Spagnoli P,Molino M, Molinaro D, et al. Workaholism
and Technostress During the COVID-19 Emergency:
The Crucial Role of the Leaders on Remote Working.
Front Psyhcol. 2020;11:620310. Doi: 10.3389/fpsyg.
2020.620310

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Sonnentag S, Fritz C. The Recovery Experience
Questionnaire: development and validation of a measure
for assessing recuperation and unwinding from work.
J Occup Health Psychol.2007;12(3):204-221.Doi: 10.1037
/1076-8998.12.3.204

Meijman TF, Mulder G. Psychological aspects of work-
load. In Handbook of Work and Organizational Psychology,
Work Psychology, 2nd, Drenth, PJD Thierry, H Wolff, CJ,
Eds.; Psychology Press: 1998, Volume 2, pp. 5-33.
Hobfoll, SE. Conservation of resources: A new at-
tempt at conceptualizing stress. Am Psychol. 1989;44(3):
513-524. Doi: 10.1037/0003-066X.44.3.513
Sonnentag S, Bayer U-V. Switching oft Mentally: Pre-
dictors and Consequences of Psychological Detachment
from Work during Off-Job Time. J Occup Health Psychol.
2005;10:393-414. Doi: 10.1037/1076-8998.10.4.393
Moreno-Jiménez B, Mayo M, Sanz-Vergel Al et al.
Effects of work-family conflict on ememployees’
well-being: the moderating role of recovery strategies.
J Occup Health Psychol. 2009;14(4):427-440.Doi: 10.1037
/20016739

O’NeilM, Penrod SD, Bornstein, BH. Web-based
research: Methodological vavariables’ effects on
dropout and sample characteristics. 2003. Bebav Res
Meth Instr Comp. 2003:35;217-226. Doi: 10.3758
/BF03202544

Molino M, Wodociag S, Ghislieri C. The effects of new
technologies on the work-family interface: A comparative
study between Italy and France. Paper presented at the
XIX EAWOP Congtess, Turin, Italy, 30th of May 2019.
Molino M, Cortese CG, Ghislieri C. Daily effect of
recovery on exhaustion: A cross-level interaction effect
of workaholism. Int | Environ Res Pu. 2018;15(9):1920.
Doi: 10.3390/ijerph15091920

Kim HY. Statistical notes for clinical researchers:
assessing normal distribution (2) using skewness and
kurtosis. Res Dent End. 2013;38(1):52-54.

Spagnoli P, Manuti A, Buono C, Ghislieri C. The good,
the bad and the blend: The strategic role of the “middle
leadership” in work-family/life dynamics during re-
mote working. Behav Sci. 2021;11(8):112. Doi: 10.3390
/bs11080112

Reimann M, Peters E, Diewald M. COVID-19
and Work-Family Conflicts in Germany: Risks and
Chances Across Gender and Parenthood. Front Sociol.
2022;6:780740. Doi: 10.3389/fs0¢.2021.780740

Cetin M, Dede B, Kokalan O, Dede E. A Multilevel
Investigation of the Effects of Daily Work—Family In-
teraction on Daily Affect During the COVID-19 Pan-
demic. J Fam Issues. 2021;43(12):1-22. Doi: 10.1177
/0192513X211044487

Molino M, Cortese CG, Ghislieri C. Technology ac-
ceptance and leadership 4.0: A quali-quantitative study.
Int ] Env Res Pub He. 2021;18(20):10845. Doi: 10.3390
/ijerph182010845



To Work or NoT-TO-WORK REMOTELY? 11

APPENDIX

SUPPLEMENTAL MATERIAL A
Work-Family Conflict

Thinking about the balance between work and the rest of life, how often do you find yourself in the following situ-
ations on a scale of 1 - Never to 5 - Always?

- 'The demands of my work interfere with my home and family life.

- 'The amount of time my job takes up makes it difficult to fulfill family responsibilities.

- 'Things I want to do at home do not get done because of the demands my job puts on me.
- My job produces strain that makes it difficult to fulfill family duties.

- Due to work-related duties, I have to make changes to my plans for family activities.
Work-Family Enrichment

Thinking about the intertwining of your work and family life, we ask you to express your degree of agreement with
the following statements using the scale from 1 - Not at all agree to 5 - Strongly agree.

- Atwork I develop new skills, and this helps me to be a better family member.
- At work I feel positive emotions, and this helps me to be a better family member.
- Atwork I feel a sense of accomplishment, and this helps me to be a better family member.

Recovery

Thinking about what usually happens when you finish work, please indicate how much you agree with the follow-
ing statements using the scale from 1 - Not at all agree to 5 - Completely agree.
During time after work

- ...Iforget about work.

- ...Idon't think about work at all.

- ...I distance myself from my work.

- ...Ido relax things.

- ...T use the time to relax.

- ... take time for leisure.

- ...Iseek out intellectual challenges.

- ...Ido things that challenge me.

- ...I do something to broaden my horizons.

- ...I decide my own schedule.

- ...I determine for myself how I will spend my time.
- ...I take care of things the way that I want them done.
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Frequency of Technology Use

Below are six questions regarding the frequency with which you are contacted outside your working hours. We ask
you to answer using the scale from 1 - Never to 5 - Always.
How often do you...

- ...receive business emails after working hours?
- ...receive work emails on weekends and/or days oft?
- ...receive work emails during holidays?
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ABSTRACT

Background: Since previous studies have shown that the request of off-work technology-assisted supplemental work
(of-TASW) can contribute to blurring the boundaries between the work and family domain by increasing work-
Jfamily conflict (WFGC), the purpose of this study is to go further, investigating how this relationship impacts stress
perceptions. Method: A cross-sectional study that involved a sample of 221 French workers was carried out using a
self-reported questionnaire. The data collected were analyzed by IBM SPSS 25.0 software, and a mediation model
was tested. Results: The results showed that off-TASW was associated with higher levels of WFC (b=.32; p=.000),
which was in turn associated with stress perceptions (b=.42; p=.000). Conclusions: This study contributes to un-
derstanding how the intrusion of technologies during off-work times impacts workers’ perceptions of psychological
wellbeing through work-family conflict. These findings should encourage the debate on the risks of staying connected
to work through technologies during off-~work and leisure time and stimulate the promotion of campaigns to make
workers aware of their right to disconnection, fo the benefits of detachment from work and recovery experiences.

1. INTRODUCTION

From the ’80s to now, we experienced a speedy
evolution of Information and Communication
Technologies (ICTs), which, combined with the
advent of the Internet, have permeated the labor
market, bringing new jobs, tasks, and ways of work-
ing. Technologies are useful for developing connec-
tions, information sharing, content creation, and
storage [1]. Also, they facilitate work tasks [2] and
participate in the achievement of organizational
goals [3]. Furthermore, technologies permit shifting
work from the official workplace to an offsite loca-
tion [4], enabling people to work more smartly and

Received 24.03.2023 - Accepted 20.07.2023

flexibly [5], including working remotely from home,
cafés, coworking spaces, transport, and also from far
and isolated places, just having a functioning Inter-
net connection. Correct use of technologies for work
and a reasonable ICTs connection during off-work
hours could be considered as resources in terms of
job autonomy since they might help to defer work-
load and job demands [6] and they potentially enable
people to differ work efforts and alternate moments
of implication with a detachment to work [7]. How-
ever, the possibility of being constantly connected to
work through technologies and as well to work any-
where at any time could at the same time lead to work
intensification [8], interruptions and information

* Corresponding Author: Marianna Giunchi, Paris Nanterre University; E-mail: mgiunchi@parisnanterre.fr
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overload [3], over-connectivity [9], workaholism [10],
addiction to the Internet [11,12] and to technologies
in general [13]. Especially, the possibility of being so-
licited by job demands through technologies during
oft-work hours, weekends, and holidays could con-
tribute to further blurring the boundaries between
work and family domains [14], increasing the risk
that professional imperatives may excessively nibble
away the time normally devoted to rest, family, and
leisure activities. By impacting the recovery and re-
sources restoration process [15], work-related ICTs
intrusion during oft work could make people more
vulnerable to job demands and stress [6].
Considering the pervasiveness of ICTs in our
personal and working life, this study aims to investi-
gate the role of the perceived request of technology-
assisted supplemental work during oft-work hours
in wellbeing by analyzing its impact on stress per-
ceptions through work-family conflict [14]. Several
previous studies have investigated the relationship be-
tween technology-assisted supplemental work during
oft-work hours and work-related wellbeing outcomes,
like job exhaustion [11], burnout [16], and worka-
holism [17]. However, the possibility of being solicited
by professional demands through technologies during
oft-work hours, weekends, and holidays by increasing
inter-role conflict due to the difficulty of simultane-
ously meeting job and personal needs may also impact
general mental health, inducing stress perceptions.
By studying the mechanism that links technology-
assisted supplemental work during off-work hours to
work-family conflict and stress perceptions, we intend
to contribute to the debate on its role in the recovery
and wellbeing process to make organizations, employ-
ers, health professionals, and employees aware of the
health risks connected to the elevated off-work hours
work-related technology intrusion in their life.

1.1.'The Debate on the Risks of Work-Related
Technology Intrusion in France and Italy

With the aid of technologies, employees can do
teleworking, defined as the work shifted from the
employer’s premises to an offsite location thanks
to using ICTs, such as desktop computers, laptops,
smartphones, and tablets [4]. In addition, technolo-
gies help people to perform work more smartly and

flexibly, as they enable a way of working, the so-called
Italian legislation “smart working,” where there are
no time or space constraints. Employees can organ-
ize their activity by phases, cycles, and objectives to
reconcile life and work times while favoring produc-
tivity growth [5]. Although the present study focuses
on work-related technology solicitations during off-
work hours, which may potentially impact work-
family balance and induce stress perceptions, it is
worth underlying that teleworking [18] and smart
working [19] are in the focus of the debate regarding
the impact of technologies’ work-related use on peo-
ple’s wellbeing and of how technologies are chang-
ing the world of work and organizations.

If teleworking was implemented by organizations
and regulations in 2004 and 2005 in Italy and France
res, respectively [20], the debate about the risks of in-
trusion of technologies used for work-related reasons
in our lives started later. In France, it was promoted by
a study published in 2012 by the General Direction
of Work and the Center of strategic analysis, which
pointed out several risks associated: with work in-
tensification, higher control of workers’ activity, deg-
radation of social relationships, information overload
and porosity between life domains [21]. Facing all
these issues, the social partners started to claim the
right to disconnection [22] regulated by a law (the
Loi Travail No. 2016-1088) that became effective
in 2017. France was the first European country to
adopt a general regulation to limit the risks of using
technologies during off-work hours in the private
sector. In Italy, the impulse to dialogue on the dan-
gers connected to the use of technologies for work-
related reasons was launched by the COVID-19
emergency [23]. Indeed, during the forced telework-
ing situations of the COVID-19 pandemic, people
have had to adapt to working remotely.

Consequently, they have developed new skills and
become more familiar with using technologies for
work-related reasons. By having democratized and
facilitated the adoption of teleworking and smart
working, the global emergency has contributed to
further blurring the boundaries between the work
and the family domain, and it has spread a culture
of the always-on [11, 24] where workers seem more
subjected to feel the pressure to have to be con-
stantly connected and available for work through
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technologies [3, 14, 15, 25] even when not explicitly
requested. This has raised worldwide new concerns
about the wellbeing of employees who adopt re-
mote working methods, leading the Italian political
and social parties to update the regulation on smart
working with a National Protocol in 2021 [26]. This
document acknowledges this practice’s advantages
and issues and provides guidelines for its correct
implementation in the private sector.

Nowadays, in the post-COVID-19 era, the
work-related over-connectivity through technolo-
gies has become common and transversal to many
different job domains [27], and many organizations,
private and public, as well as self-employed workers,
have decided to adopt the new ways of working out-
side the office as widespread practices, in a hybrid
or full mode. Therefore, it is important to continue
the debate on the intrusion of technologies used for
work since it may impact the process of employees’
recovery and wellbeing [6]. Although the existing
regulations, the risk of an over-connectivity to tech-
nologies is continuously increasing, and laws are
helpful but don't are sufficient to prevent people’s
wellbeing from the negative consequences of the in-
trusion of technologies in our lives [28].

1.2.The Relationship Between Off-TASW,
Work-Family Conflict, and Stress Perceptions

'The concept of technology-assisted supplemental
work (TASW) has been introduced by Fenner and
Ren [29] to designate work-related tasks performed
with the aid of new ICTs (such as laptops, smart-
phones, and tablets) at home or apart from home
during holidays and free time in the absence of a
formal agreement between the employee and the
company. In this study, we use a conceptualization of
TASW as the employees’ perceived request, and not
formally defined, to respond to work solicitations
from their organization through technologies dur-
ing off-work hours, weekends, and holidays [11, 14],
to which we refer henceforth as oft-TASW.

Previous studies have considered oft-TASW as
an additional job demand [11, 14, 15] in the Job
Demands-Resources model [30] developed to ex-
plain the process leading to burnout and work en-
gagement. According to this model, external factors

lead to stress only under certain circumstances, for
example, when they represent a threat and are per-
ceived negatively because of a lack of resources or
when combined with other demands; otherwise,
they could be perceived as boosting for wellbeing.
For this reason, to define negative external factors,
the authors prefer to use the term “job demands” over
the term “stressors” since a stressor, that is, an ex-
ternal factor that leads to stress, would exert only a
negative potential, and not a positive one, on most
people in most situations [31]. Differently, addi-
tional studies have identified oft-TASW directly as
a stressor [32], within the framework of the Trans-
actional Stress Theory [33], or more specifically as a
source of technostress, which is the stress induced
by technology use [34], because of its negative ef-
fects, for instance, it hinders employees’ work and
non-work performance, it consumes resources and
makes it difficult the process of recovery, and it
blurs the boundaries between work and family [34].
All combined, the results from the studies that
have considered off-TASW both as a job demand
and as a stressor converge in showing its negative
outcomes: offt-TASW seems negatively related to
work-family balance [35, 36], it leads to work-
family conflict [37, 38], it reduces wellbeing [39], it
causes strain and distress [40, 41], burnout [41], it
increases workaholism [10], and it reduces recovery
experiences [15].

Considering that our study investigates the re-
lationship between offFTASW and two negative
outcomes, namely work-family conflict and stress
perceptions, the conceptualization of oft-TASW as
a stressor within the framework of the Transactional
Stress Theory [33] seems more suitable. Following
this theory, when people face a potential stressor,
they undertake a primary appraisal to determine
whether they feel threatened. Then they do a sec-
ondary evaluation to activate resources and coping
strategies to counteract the stressor and to avoid
or reduce its long-term negative consequences. A
stressor induces stress, which is the immediate reac-
tion to the stressor, which can lead to strain. It is the
consequence of exhaustion due to constant exposure
to stressors without resources or coping strategies
to counteract them. Since technologies are omni-
present, techno-stressors are considered chronic



4 GIUNCHI ET AL

stressors [34] experienced daily, resulting in deplet-
ing resources and making it harder to regain them
through recovery. It follows a rise of vulnerability
that can lead to inter-role conflicts, such as work-
family and family-work conflict [35], which may
increase the chance of feeling generally stressed.
Since our study considers the relationship between
a stressor, inter-role conflict, and stress without con-
sidering resources, coping strategies, or long-term
reactions, we focus on the first part of the stress pro-
cess, the primary appraisal.

To deepen the mechanism that links oft-TASW
to stress perception, we deemed it pertinent to in-
clude work-family conflict (WFC) as a possible
mediator. In this study, we rely on Netemeyer and
colleagues’ conceptualization of WFC [35], who
consider WFC along with family-work conflict
(FWC) as two distinct but related forms of inter-
role conflict where “demands of, time devoted to,
and strain created by the job/family interfere with
performing family/work-related responsibilities”
[35, p. 401]. Inter-role conflict reduces commitment
and job satisfaction, increases burnout, job tension,
role conflict, role ambiguity, turnover intentions,
and decreases life satisfaction [35]. Previous studies
have stressed the importance of investigating demo-
graphic variables like sex, age, and having children
when considering work-family conflict [14], as they
are likely to influence its relationship with its ante-
cedents and outcomes. Since our study focuses on
the relationship between off-TASW and stress, we
considered it relevant to investigate these dimen-
sions with an explorative perspective by including
them as control variables, although without defining
specific hypotheses in their regard.

Therefore, based on the existing studies that have
investigated the impact of oft-TASW on work-family

conflict and wellbeing outcomes, we suppose that:

Hypothesis 1. The relationship between off-
TASW and stress perception is mediated by WFC,
controlling for sex, age,and having children. Figure 1
presents the hypothesized mediation model.

2. METHODS
2.1. Participants and Procedure

A cross-sectional study was conducted with a
convenience sample of workers contacted via the
snowball exercise. Participants received a message
by e-mail where they were invited to complete an
online self-reported questionnaire. An introduction
of the study was first presented, where the research
objectives, a reminder of voluntary participation and
answers’ anonymity, and instructions for the filling
were explained. The demographic and professional
data collection and the part dedicated to the study
variables followed.

The total sample of the study was composed of
221 French workers from various sectors (i.e., in-
dustry, commerce, teaching and research, health,
tertiary, and administration). Among participants,
67 were men (30.3%), 154 were women (69.7%),
and 45.2% had children. Their mean age was 36.73
(Standard Deviation, SD=13.53, min 20 years old—
max 65 years old); 17.6% had a secondary school de-
gree, 22.2% had a degree corresponding to two years
in university, 27.1% a bachelor’s degree and 30% a
master’s degree. 86.4% of the participants worked
tull time, 78.3% worked in the private sector, 78.3%
had an open-ended contract,17.3% had a contingent
contract, 3.7% were self-employed, 43.9% were exec-
utives, 46.2% were employees, and 4.1% were man-
agers. The 12.2% had a tenure of less than one year,
36.7% between 1 and 5 years, 18.6% between 5 and
10 years, and the rest more than ten years.

T

Off-TASW

Stress perceptions

Note. Sex, age, and having children were considered in the model as control variables.

Figure 1. The hypothesized mediation model.
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2.2. Measures

Off-work  technology-assisted supplemental work
(Off-TASW) was assessed with the French adap-
tation of a scale previously used by Ghislieri and
colleagues [11, 14] composed of three items. Peo-
ple were asked how often their company demanded
them to use technology to work during off-work
hours, weekends, and holidays. Responses were on a
five-point scale, ranging from 1 = never to 5=always.
An example item was “How often does your organi-
zation require you to answer phone calls and e-mails
during off-hours?” Cronbach’s alpha was .88.

Work-family conflict was assessed by the French
adaptation of the WFC scale developed by Nete-
meyer and colleagues [35], which consisted of five
items representing the direction of conflict from
work to family and one added item expressing the
direction of conflict from family to work. Responses
were measured on a 5-point scale, ranging from
1=strongly disagree and 5=strongly agree. An ex-
ample item was, “It is difficult for me to fulfill my
family obligations because of my work.” Cronbach’s
alpha was .90.

Stress perceptions were assessed by the French ver-
sion of the Perceived Stress Scale (PSS-10) devel-
oped by Cohen and colleagues [36], composed of
ten items. People were asked how often during the
past two months they have experienced the situa-
tions proposed. Responses were registered on a fre-
quency scale of 5-point, ranging from 1=never and
5=always. An example item was, during the past two
months, “I felt stressed and nervous.” Cronbach’s

alpha was .87.

Control variables such as sex, age, and having
children were considered in this study based on pre-
vious studies that have highlighted their importance
when considering the interference between the work
and family domains [14]. Sex and having children
were coded as dummy variables (O=men, 1=women;

0=no children, 1=having children).
2.3. Statistical Analysis

Data analysis was performed using IBM SPSS
Statistics 25.0 software. We calculated descriptive
statistics (mean and standard deviation) for each
scale, Cronbach’s alpha to measure the internal con-
sistency of the scales, and Pearson’s correlations (r)
to observe bidirectional relationships between vari-
ables. In addition, Mplus 8 software was used to as-
sess the measurement model of the study variables
of the hypothesized research model.

'The mediation was tested by a regression analysis
using Model 4 in the SPSS macro PROCESS, with
a boot-strapping approach [37]. In the regression,
stress perceptions were placed as dependent vari-
ables, off-TASW as the independent variable, WFC
as the mediator, and sex, age, and having children as
the covariates.

3. RESULTS
3.1. Descriptive Statistics

Table 1 reports the study variables’ means, stand-
ard deviations, correlations, and internal consisten-

cies. As expected, off-TASW was related to WFC

Table 1. Means, Standard Deviation, and Correlations Among the Study Variables in the total sample.

Range M SD 1 2 3 4 5 6
1. Sex 0-1 - - -
2. Age - 36.73 13.53 .07 -
3. Having 0-1 - - A1 69 -
children
4. Off-TASW 1-5 1.95 1.03 -.04 .06 -.05 (.88)
5. WFC 1-5 2.16 .87 .01 .06 .01 327 (.90)
6. Stress 1-5 2.52 .66 15% -.16* -12 14 AL (.87)
perceptions

N=221;"p < .05; ™p < .01; *™™p < .001. Cronbach’s alpha in brackets along the diagonal.
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(r=.32) and stress perceptions (r=.14). Furthermore,
WEC was related to stress perceptions (r=.41).

3.2. Model Testing

'The measurement model was first assessed as part
of the data analysis strategy. By using Mplus 8, a
Confirmatory Factor Analysis (CFA) revealed that
the 3-factor solution yielded an adequate fit to the
data (3 (149=294.84, p<0.05; CFI=0.92; TLI=0.91;
RMSEA=0.06, SRMR=0.06), thus verifying that
all the items loaded onto their corresponding three
underlying latent variables of our research model.
Moreover, considering the research model was
evaluated using self-reported data, we tested for
potential Common Method Bias issues [38]. The
common artifactual variance was assessed through
Harman’s [39] one-factor test, thus showing that the
first factor accounts for 34.09% (as recommended,
less than 50%). Findings support, therefore, the
non-presence of CMB in the measures used in the
present study.

Regression analysis investigated the hypothesis
that WEFC mediates the relationship between oft-
TASW and stress perceptions controlling for sex,
age, and having children. The results of the hypothe-
sized model are reported in Table 2. Concerning the
direct effects, off-TASW was positively related to
WEC, 4=.32 (p=.000), 95%CI=[.16; .38] and stress
perceptions, 4=.15 (p=.023), 95%CI=[.01; .18]. Fur-
thermore, WFC was a significant predictor of stress

perceptions, & = .42 (p = .000), 95%CI=(.22; .41).

Table 2. Path coefficients for WFC and stress perceptions.

Our final model explained approximately 10%
of the variance in WFC (R?=.10) and 23% of the
variance in stress perceptions (R”=.23). After con-
trolling for the mediator, WFC, offt-TASW was no
longer a significant predictor of stress perceptions
(6=.02, p=.796), 95%CI=[-.07; .09]. Therefore, re-
sults are consistent with full mediation.

The estimated indirect effects are shown in
Table 3. More specifically, the indirect coeflicient
was significant within a 95%CI that did not com-
prise zero, 4=.14, SE=.03, 95%CI=[.08; .20], mean-
ing that oft TASW was associated with stress
perceptions scores that were approximately .14
points higher as mediated by WFC. Concerning
control variables, sex was positively related to stress
perceptions. Thus, women reported higher levels of
stress in response to oft-TASW and WFC; the rela-
tionship between age and stress perceptions resulted
also significant, however with a small beta standard
coeflicient (4=-.18, p =.035), this still seems to indi-
cate that younger workers reported slightly higher
scores of stress perceptions.

4. DISCUSSION

The use of technology, especially among young
people, is increasing increasingly, thus invading
every area of people’s lives. It seems almost impos-
sible to implement that distancing from technology
called “IT distancing” or “digital detox” [40]. The risk,
therefore, is to be always connected, and this does
not only happen at work. Even outside work tasks

N=221
Path coefficients

To WFC To Stress To Stress
b SE b SE b SE
Sex .01 12 A7 .09 16™ .08
Age .02 .01 -17 .00 -.18* .00
Having children .02 .16 -.02 12 -.03 a1
Off-TASW 325 .05 15 .04 .02 .04
WEFC A2 .04

R?=.10"* R?=.07* R?=.23%*

Note: * p<.05; ™ p<.01; ™ p<.001; standardized coefficients are reported.
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Table 3. Mediation analysis summary.

95% CI
Effect B SE LL UL P

Total Effect

Off-TASW — Stress a5 .04 .01 18 .023
Direct Effect

Off-TASW — Stress .01 .04 -.07 .09 796
Indirect Effect

Off-TASW — WFC — Stress 14 .03 .08 .20

Note: N=221; * p .05; ™ p< .01; ™ p<.001; 95% CI= 95% confidence interval using the boot-strap bias-corrected method using 5000
samples. L =lower limit; UL=upper limit. Standardized coefficients are reported.

and office hours, people use technology for personal
purposes, creating a vicious circle where technology
is omnipresent [41]. It is likely to interfere with peo-
ple’s capability to accomplish their several life roles
leading to negative consequences on their wellbe-
ing. Conceptualizing stress as a process within the
framework of the Transactional Stress Theory [33],
we intended to understand better the mechanism
through which offt-TASW is linked to stress per-
ceptions. Our hypothesis posited that off-TASW
might be perceived as a work techno-stressor likely
to induce stress perceptions through WFC, a form
of inter-role conflict conceptualized in our model as
a first consequence of off-TASW. The results con-
firmed our hypothesis: in our sample, off-TASW is
related to higher WFC, which is, in turn, related to
stress perceptions.

Furthermore, WFC was revealed to mediate the
relationship between offt-TASW and stress percep-
tions. More specifically, among our 221 partici-
pants, we found that when they feel the intrusion
of technologies during off-work hours, leisure time,
weekends, and holidays, job demands spill over to
the family, and consequently, stress perceptions
increase. This is in line with previous studies that
have found positive relationships between the in-
trusion of technologies during off-work hours and
WEC [14, 42, 43, 44] and the literature that identi-
fied WFC as an antecedent of mental health [45].
In our study, the direct relationship between off-
TASW and stress perceptions disappears when
considering WFC. Therefore, as an inter-role con-

flict, WFC is a source of stress deeply implicated

in explaining the relationship between off-TASW
and stress perceptions. This finding is consistent
with previous studies that found WFC to mediate
between job stressors and impaired psychological
health [46]. Furthermore, the results of this study
add to the previous literature that identified an in-
direct relationship between oft-TASW and negative
work-related wellbeing outcomes, for example, the
intrusion of technologies during off-work times and
job exhaustion explained by internet addiction [11],
reduced recovery [15] and workaholism [17]. Being
connected to work through technologies during oft-
work hours seems to represent for the participants
of our study a demanding condition that implies
resource consumption which makes it difficult for
them to meet at the same time their work and fam-
ily needs leading these two roles into conflict with
raising in their stress perceptions as a result. When
testing our model, we decided to control for some
demographic characteristics considered impor-
tant in the literature on work-family balance [14],
namely sex, age, and having children. Our results
showed that sex is related to WFC and stress per-
ceptions: women reported more work-family con-
flict and stress perceptions in response to oft-TASW
than men. Therefore, in our sample, oft-TASW
seems to make it more difficult for women to meet
their family demands and raise their perception of
WEFC, which is related to higher stress perceptions.
This result may be explained by an asymmetry be-
tween men and women in their work and family
roles [47], where women’s roles are stereotypically
home maintenance and family care.
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In contrast, men feel less concerned with family
and caring tasks [48], and social expectations pre-
figure them more present in the work field than in
the family [49]. Furthermore, among our partici-
pants, a really small significant relationship was also
found between age and stress perceptions, suggest-
ing that younger workers in our sample may feel
more stressed in response to WFC and technologi-
cal solicitations. This is in line with previous stud-
ies showing that younger people are more at ease in
using technologies [50], and they tend to develop
more addiction to technologies [51] that may repre-
sent a risk to their mental health.

4.1. Practical Implications

This study has practical implications for occu-
pational physicians, organizations, employers, and
workers. The last report of the European Survey
of Enterprises on New and Emerging Risks, ES-
ENER 2019 [23], has associated digitalization with
psychosocial risks and investigated how establish-
ments manage digitalization risks in the workplace.
Workers were asked whether establishments have
discussed the possible OSH (Occupational Safety
and Health) impact of technologies. Although
in 2019, just a small percentage of respondents,
18% and 16% in France and Italy, respectively, re-
sponded affirmatively, we can consider that after the
COVID-19 pandemic that has brought working
from home as a new normal, this topic has become
more urgent. In line with the previous literature, our
study showed that off-TASW was a techno-stressor
that induces stress perceptions by increasing WFC.
Research evidence converges that it may be consid-
ered a new psychosocial risk factor in the workplace.
Since psychosocial risks are one of the main con-
cerns for organizations and employers, occupational
physicians should include this topic in their inter-
ventions and aim to awaken people to these issues.

In France, primary prevention campaigns about
psychosocial risks and the chances of using tech-
nologies for work-related reasons are more common
among the community of occupational physicians
that intervene in organizations than in Italy. Par-
ticular attention is given to raising awareness among
workers about their right to disconnection and to

suggesting them strategies to disconnect from tech-
nologies, during and outside working hours, for
example, taking breaks, segmenting work into dif-
ferent tasks, alternating sitting positions to stand
up, by doing physical activities during free time,
by reducing exposure to screen and devices before
sleeping and by making healthy lifestyles choices.
This outreach practice is essential and should con-
tinue by relying on research studies that constantly
update the knowledge on the risks of digitalization.
In Italy, the law on prevention and safety in the
workplace (D.Lgs.81/2008) specifies the obligation
for employers to assess risks to the safety and health
of workers, including those connected to work-
related stress. Employers are responsible for edit-
ing the Risks Evaluation Document (Documento
di valutazione dei rischi, DVR), which identifies
the possible risks present in a workplace and is used
to analyze, evaluate and try to prevent dangerous
situations for workers. The employer may appoint a
competent doctor to collaborate in risk assessment
and health surveillance [52]. Considering the ac-
tualization of the regulation on smart working in
Italy, employers and occupational physicians should
include in the DVR the risks connected to this new
way of working and the professional use of technol-
ogies. Campaigns of primary prevention that have
suggestions on good practices, such as those cited
previously, should be encouraged in organizations.
It can be argued that organizations could promote
specific training for their employees to make them
aware of the moderate use of technology, the psy-
chological and physical problems that prolonged
use entails, and the right to disconnect outside
working hours [53]. Appropriate human resources
policies could also be adopted within the company
to decrease or even discourage the use of e-mail
and other forms of communication outside work-
ing hours [27] or by creating a server shutdown for
each worker outside their working hours [54]. An
important role is that of managers who should show
flexibility towards their employees and not contact
them outside working hours because it would make
them feel obliged to respond to their boss’ requests
or expect employees always to be on call, ready, and
able to respond promptly to any request for infor-
mation [55].
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4.2. Limitations

This study has important limitations. Firstly, it is
cross-sectional, and a causal relationship between the
study variables cannot be established. It is, therefore,
possible to imagine alternative patterns that may ex-
plain the link between the variables considered in this
study; for example, people who report high levels of
stress might find it difficult to be efficient both in the
professional and the family domain, and they could
tend to stay connected to work through technologies
during off-work hours to compensate [3]. Future
studies with longitudinal and cross-sectional designs
should deepen the relationship between off-TASW,
WEFC, and stress perceptions to verify further the re-
lationships investigated in our study. Secondly, since
we used a convenience sampling method, our results
are not generalizable because our sample does not
represent a particular population.

Further studies should test the relationships of
our analysis using a representative sample or se-
lecting a population that shares the same socio-
demographic and professional characteristics, for
example, employees from a specific firm or working
in the same department. Concerning measurements,
we used a conceptualization of TASW that did not
consider the effective use of technologies during
oft-work times in response to the solicitations by
workers’ organizations. Further studies should adopt
other conceptualizations of off-TASW to measure
to what extent technologies are used during off-
work and how this use impacts WFC and stress.
Moreover, following previous studies, to measure
WFC, we used an adaptation of the Netemeyer
and colleagues’ WFC and FWC scales [35], com-
bining four items of WFC with one single item of
FWC [24]. It would be interesting to investigate
the impact of off-TASW on inter-role conflict and
stress, taking WEFC and FWC separately. Further-
more, we considered exclusively the primary ap-
praisal of the stress process. Further research should
extend the secondary appraisal analysis by consider-
ing resources and coping strategies that people may
activate to counteract techno-stressors inducing
WEFC and stress.

Moreover, we considered stress perceptions, a
psychological dimension, as an outcome. Further

studies should also evaluate the impact of oft-TAWS
on physical health results, namely muscle-skeleton
disorders. Finally, our results showed gender difter-
ences, future studies should investigate further the
role of gender in the studied relationships, and it
might be interesting to consider also other situ-
ational aspects that may be important confounders
associated with work-family conflict, for example,
characteristics of a person’s situation, such as the
condition of living (alone, with a partner or with
people to care of), the number and age of children
and also professional characteristics, namely num-
ber of off-work working hours.

5. CONCLUSIONS

In conclusion, the spread of an over-connected
culture in the work context brings some risks. It
contributes to blurring the boundaries between the
work and family domain, increasing work-family
conflict and the stress level of working people. Even
if some regulations already exist concerning smart
working and the right to disconnection, our results
encourage continuing the debate on the health risks
associated with the intrusion of technologies during
oft-work times to make urgent the actualizations of
occupational physicians’ practices in terms of pro-
motion of primary prevention addressed to organi-
zations, employers, and workers.
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ABSTRACT

Background: 75is study aimed to analyze the impact of low doses of ionizing radiation on healthcare workers using
dosimeter data and several biomarkers of effects and to assess the suitability of those tests. Methods: Data from the
last medical examinations, obtained from the medical records of 148 healthcare workers, were analyzed. They were
divided into three groups of workers: nuclear medicine (NM), interventional radiology (IR), and general radiol-
0gy (GR). The examination included hematological parameters and cytogenetic tests: unstable chromosomal aberra-
tions (UCAs) and micronucleus test (MINT). The received cumulative 5-year dose was calibrated into personal dose
equivalents Hp (10)(PDE). Results: There were older employees and more women in NM than in the other two
groups. NM workers had more years of exposition than employees in IR and GR. PDE and years of exposition were
significantly higher in NM. In the multivariate logistic regression model NM group was positively related to UCAs
after adjusting for age, sex, and smoking. According to the results of the multivariate analysis, female healthcare
workers and those employed at IR had higher values of erythrocytes than males and those employed in NM or GR
departments. Conclusions: Nuclear medicine workers are at a higher risk of developing neoplastic due to consist-
ent exposure to low doses of ionizing radiation. The results indicate that the UCAs test might be more suitable for
detecting radiation-induced damage at low doses than MIN'T” Compulsory monitoring of the health status at periodic
examinations is required to prevent occupational diseases of nuclear medicine workers.

1. INTRODUCTION

Ionizing radiation, often used in medicine, can
cause adverse medical conditions when safety pro-
cedures are not followed [1, 2]. Radiation toxicity
depends on the type of radiation emissions and
characteristics of the tissue itself [2, 3-5]. Occupa-
tional diseases, including occupational carcinoma,

Received 15.02.2023 - Accepted 06.07.2023

are higher in more sensitive organs. Levels of ra-
diation emissions are regulated in the Rulebook on
determining occupational diseases [6].

Mature lymphocytes, taken from peripheral
blood, had been used for bio-dosimetry testing, es-
sential in radiological protection and occupational
medicine. These assays include unstable chromo-
somal aberrations (UCAs) and the micronucleus
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test (MNT). UCAs in peripheral blood lympho-
cytes have been recognized as biomarkers of the ef-
fect of ionizing radiation. MNT has been used as
a screening method to demonstrate the cytoplasm’s
aberrant chromosomal material (micronuclei) [7].
Both tests are significant indicators for identifying
an occupational disease, such as cancer, caused by
small doses of ionizing radiation in the workplace
over a few years [1, 2, 8-13].

Unstable chromosomal aberrations include dif-
ferent types, such as acentric, dicentric, and ring
chromosomes, as well as unspecific damages [8, 13].
The frequency of the UCAs and the number of mi-
cronuclei (MN) is higher in people exposed to acute
irradiation, and a significant correlation has been
identified with the dose received. Also, frequencies
depend on the radionuclide metabolism and the pa-
tient's health condition [9, 14, 15].

It has been proven that nuclear workers have an
increased risk of cancer, recognized as an occupa-
tional disease, due to the increased frequency of
unstable chromosomal aberrations and the num-
ber of micronuclei [15]. The hematopoietic system
is the most sensitive, reticulocytes (as descendants
of erythroblast) and leukocytes [1, 16]. In Serbia,
the effects of occupational exposure to ionizing ra-
diation have to be assessed with regular preventive-
periodical medical examinations.

Certain areas of medicine, such as nuclear medi-
cine, interventional radiology, and general radiology,
use ionizing radiation for diagnostic and therapeu-
tic purposes, and the employees are occupation-
ally exposed to relatively low doses. According to
the Rulebook on Limits of Exposure to lonizing
Radiation and Measurements for Assessment of the
Exposure Levels [17] for occupationally exposed
persons, permissible yearly effective doses range
from 6 mSv to 20 mSv [1]. Previous or initial ex-
amination and periodical check-ups are compulsory
in Serbia, and this is regulated in the Rulebook on
the Preliminary and Periodical Medical Examina-
tions of Workers with Elevated Health Risk at their
workplaces [18]. The check-ups include the hema-
tological parameters and specific cytogenetic tests
(UCAs and MNT) following the law [19].

'The purpose of this study was to compare the in-
fluence of low doses of ionizing radiation on exposed

medical workers in nuclear medicine, interventional
radiology, and general radiology. Also, different set-
tings were applied through analysis of UCAs, MINT,
hematological parameters, and the cumulative
5-year dose. These groups were chosen according to
the source and type of ionizing radiation: nuclear
medicine employees have been exposed to alpha,
beta, and gamma radiation from open sources, while
interventional and general radiologists have been
exposed to X-rays only (closed sources, only emit-
ting while the devices were energized).

2. METHODS

'The data for this study had been collected during
the last preventive periodical medical examinations
in the Serbian Institute of Occupational Health fol-
lowing the Law on Radiation Protection and Nuclear
Safety and Security [19]. Analyzes have been done
following the ethical principles of the Declaration of
Helsinki and the principles of the Ethics Committee
of the Faculty of Medicine, University of Belgrade.
Information was obtained from the medical records
of 148 healthcare workers exposed to ionizing radia-
tion at the University Clinical Centre of Serbia.

The UCAs were obtained by the modified Moor-
head's micro method [20]. For this analysis, 0.1 ml
of heparinized peripheral vein blood lymphocytes
were treated with 0.1 % phytohemagglutinin (PHA)
and left aside at 37 °C for mitosis stimulation. After
45 hours, this culture was treated with colchicine to
stop mitosis when the chromosomes were most vis-
ible in the metaphase. Then, after 2 hours of sample
preparation, UCAs were measured. The positive re-
sults for workability are if more than one dicentric
per 200 metaphases lymphocytes, one or more ring
chromosomes per 200 metaphases lymphocytes, and
more than two entries per 200 metaphases lympho-
cytes [21,22].

The micronucleus test was performed using the
Fenech and Morley method [23,24]. Peripheral blood
lymphocytes were used to observe the micronuclei.
After 45 hours of cell cultivation, cytochalasin-B, an
actin inhibitor, was added to block the cytokinesis
and facilitate the karyokinesis (a division of the nu-
cleus only). After 72 hours from the beginning of the

test, a binuclear lymphocyte with a certain number of
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micronuclei in the cytoplasm was obtained. The test
result was positive if it included 25 or more micronu-
clei, according to the reference values adopted by the
Laboratory for Cytogenetics at the Serbian Institute
of Occupational Health.

The  hematological ~samples  (erythrocytes,
reticulocytes, total leukocytes, lymphocytes, mono-
cytes, neutrophils, eosinophils, and platelets) were
collected by processing the peripheral vein blood us-
ing a Beckman Coulter HMX system. The absolute
values of cell counts (reticulocytes, monocytes, neu-
trophils, and eosinophils) were considered. To reduce
the confounding effects, the subjects also had to fill
out a compulsory questionnaire containing informa-
tion on smoking habits, anti-neoplastic drugs, recent
viral diseases, and possible exposure to chemical sol-
vents, pesticides, and ionizing radiation for diagnostic
purposes in the last six months. All these factors were
used as the exclusion criteria in this study, except for
the smoking habits, especially having difficulties col-
lecting adequate information in mind.

Data on the received cumulative 5-year doses have
been obtained using personal dosimeters (TLDs),
calibrated in terms of the personal dose equivalent
Hp(10) using the Harshaw TLD 6600 Reader. The
comparisons were made between healthcare workers
in three work areas (nuclear medicine, interventional
radiology, and general radiology) in the frequency
of UCAs, MNT results, hematological parameters,
and cumulative 5-year received dose (5-year PDE)
measured during the work shift.

Table 1. Different predictors and work area.

Data were processed using the IBM SPSS 20
package for Windows. The analyses included the
Chi-square test, Fisher test, One-Factor Analyses of
Variance (ANOVA), Sidak Multiple Comparisons
test, Kruskal-Wallis test, and Mann-Whitney test.

'The univariate and multivariate linear regression
analysis was used to determine factors related to
hematological parameters adjusted on age, sex, and
smoking status. The univariate and multivariate lo-
gistic regressions were used to determine the inde-
pendent predictors for UCA and MNT adjusted on
age, sex, and smoking status. Results are expressed
as linear regression coeflicients (B) or the odd ratios
(OR) where appropriate and their 95% confidence
intervals (CI). All tests were two-tailed. Statistically
significant was considered as of p< 0.05.

3. RESULTS

The study comprised 148 subjects, including
104 females (55 in nuclear medicine, 25 in inter-
ventional radiology, 26 in general radiology) and
44 males (8 in nuclear medicine, 22 in interven-
tional radiology, 11 in general radiology) of average
age 45.73+11.59 yrs, with the average total work
experience 19.43+10.9 yrs (39 at most) and average
15.37+9.36 yrs (35 at most) of exposure.

'The subjects were divided into three groups based
on their area of work. There were 65 (43.9 %) work-
ers in nuclear medicine, 47 (31.8 %) in interventional

radiology, and 36 (24.3 %) in general medicine. The

Variables Interventional radiology Nuclear medicine General radiology P
Age 38.7+9.8 51.9+11.2 43.6+8.4 £<0,001
Sex 22/47 male 8/64 male 11/37 male £<0,001
25/47 female 56/64 female 26/37 female
Smoking 20/47 no 27/64 no 18/37 no 2>0,05
27/47 yes 37/64 yes 19/37 yes
EWP (yrs) 9 (0-32) 18.5 (0-35) 15 (3-31) £=0.002

5-year PDE (mSv)* 5.6 (3.1-25.11)

8.9 (2.33-44.35) 4.3 (3.62-41.26) £<0.001

“The effective dose of occupationally exposed persons is: very high if it is greater than 50 mSv in a year; high if it is greater than 20
mSv in a year; increased if it is more significant than six mSv in a year; low if it is less than or equal to 6 mSv for a year; very low
if it is less than or equal to 2 mSv in a year; negligible if it is less than or equal to 1 mSwv for a year.
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difference between these three groups according to
the different predictors is presented in Table 1.

According to the predictors such as age, sex, smok-
ing, exposure work period (EWP), and received cu-
mulative dose for 5 years (personal dose equivalent/
PDE), examined predictors differed significantly
between groups. A statistical significance was found
in the age, sex, exposure work period, and the re-
ceived 5 years dose.

One-Factor Analysis of Variance (ANOVA)
was conducted to analyze the effect of the group
according to age. The significance was detected
(F(2,143=9.220, p<0.001, Partial Eta Squared=0.050).
There were much older employees in nuclear medi-
cine than in other two groups. More women were
employed in nuclear medicine (Chi-squared test,
x’=16,027; p<0.001).

Nuclear medicine workers had more years of
exposition than employees in interventional and
general radiology (Kruskal-Wallis test (y°=12,276;
£$=0.002).).

The five-year cumulative doses, calibrated in
personal dose equivalents Hp (10) (5-year PDE),
presented in the Table 1, exhibited a statistically
significant difference among the three groups us-

ing the Kruskal-Wallis test (°=22,191; p< 0.001). A

statistically significant difference was found between
the nuclear medicine group and the interventional
radiology group (Mann-Whitney U=458, p<0.001).
The difference between the nuclear medicine and
general radiology was also highly statistically sig-
nificant (Mann-Whitney U=510.5, p<0.001), while
there was no statistically significant difference be-
tween interventional radiology and general radiol-
ogy (Mann-Whitney U=604, p=0.294). The results
of the UCAs test, from the last periodic examina-
tion, are presented in the Table 2.

The MNT results, from the same examination are
presented in the Table 3.

One-Factor Analysis of Variance (ANOVA) was
conducted to analyze the effect of group and gen-
der on the erythrocyte count. The results showed
a statistically significant difference in the values of
erythrocytes between employees in the three groups
(F(2,140=3.715, p=0.027, Partial Eta Squared=0.050).

Multiple comparisons were performed using the
Sidak test. A significantly higher erythrocyte count
was detected in the interventional radiology group
compared to general radiology (»=0.009) and com-
pared to nuclear medicine (p<0.001). Other he-
matological parameters (reticulocytes, leukocytes,
neutrophils, monocytes, eosinophils, lymphocytes,

Table 2. Frequency of the unstable chromosomal aberrations (UCAs) in the occupationally exposed employees in different

areas of work.

Normal frequency Higher frequency Total
Work area N [%] N [%] N [%]
Nuclear medicine 49 (84.5) 9 (15.5) 58 (100.0)
Interventional radiology 27 (96.4) 1(3.6) 28 (100.0)
General radiology 26 (100.0) 0(0.0) 26 (100.0)
Total 102 (91.1) 10(8.9) 112 (100.0)

Table 3. The outcome of the micronucleus test at the last periodical examination in occupationally exposed employees in

different areas of work.

Normal number Elevated number
of micronuclei of micronuclei Total
Work area N [%] N [%] N [%]
Nuclear medicine 46 (83.6) 9 (16.4) 55 (100.0)
Interventional radiology 19 (76.0) 6 (24.0) 25 (100.0)
General radiology 27 (87.1) 4(12.9) 31 (100.0)
Total 92 (82.9) 19 (17.1) 111 (100.0)
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Table 4. Multivariate regression model of variables associ-

ated with UCAs.

Table 5. Multivariate regression model of variables associ-

ated with RBC.

Variables OR (95 % CI) pvalue Variables B (95% CI) pvalue

Age 0.97 (0.88-1.06)  0.459 Age 0.002 (-0.005-0.009)  0.533

Sex 0.28 (0.04-1.74) 0.897 Sex -0.53 (-0.69 to -0.38)  <0.001

Smoking 0.29 (0.06-1.48)  0.295 Smoking 0.08 (0.64-1.08)  0.232

Cumulative doses 1.03 (0.93-1.15) 0.545 Cumulative doses 0.59 (-0.05-0.21) 0.793

Nuclear Medicine 21.02 (1.65-268.07) 0.019 Interventional 0.19 (0.02-0.35) 0.024
radiology

platelets) did not show significant differences be-
tween the groups (p>0.1).

In the multivariate logistic regression model
nuclear medicine group (p=0.019) was positively
related to UCAs after adjusting for age, sex and
smoking (Table 4).

Workers employed at nuclear medicine depart-
ment had higher risk for elevated UCAs compared
to workers employed at interventional radiology or
general radiology. According to the results of the
multivariate analysis, factors associated with values
of erythrocytes were sex and interventional radi-
ology group after adjusting for age and smoking
(Table 5).

Female healthcare workers and those employed at
interventional radiology had higher values of eryth-
rocytes than males and those employed at nuclear
medicine or general radiology departments.

4. DISCUSSION

Based on the available literature, it is generally
agreed that ionizing radiation can affect various
health parameters and cause carcinogenesis. The
biological eftects of small doses on human health
have been debated for many years. Still, the litera-
ture on their impacts on workers” health in differ-
ent work settings, especially in healthcare, is scarce
[11,12, 14,25, 26]. It was noted that prolonged ex-
posure to radiation in the workplace increases the
risk of developing cancer in cardiac catheterization
laboratory staff with the highest exposure levels [27].

Differences in response to radiation (chromo-
some aberrations) between radiation-sensitive and
radiation-resistant individuals should be considered
in the risk assessment from radiation exposure [28].
A study on nuclear power plant workers in South

Korea demonstrated that chromosomal damage
could be induced in individuals exposed to doses
below the occupationally permissible limits [29].

To observe the effects of low doses of ionizing ra-
diation, UCAs and MN as biomarkers of the effect
are important not only for the assessment of work
ability but also for the assessment of radiation risks
due to stochastic-cumulative effects that do not di-
rectly depend on the dose [3, 14, 25]. A review of
the effects on healthcare workers exposed to low
doses of ionizing radiation confirms the relevance
of UCAs and MN, which are consistently increased
in radiation-exposed workers compared to unex-
posed [30]. In one study, nuclear medicine workers
were associated with higher received doses and an
increased frequency of UCAs [14]. The frequency
of UCAs cumulates with the received dose (X-ray
and Gamma radiation) [3, 14], and in one study, a
six-year cumulative effect of the received dose was
observed [31].

Our study found a significant difference between
the UCAs among the three groups, where the nuclear
medicine group had a much larger proportion of posi-
tive UCA tests after adjusting for age, sex, and smok-
ing. This implies a higher risk of cancer among nuclear
medicine workers, requiring strict exposure, health
monitoring, and adherence to all the safety protocols.

The MNT is considered important in the
bio-dosimetry of employees in nuclear medicine be-
cause of an elevated risk of internal radiation con-
tamination [7]. It represents chromosomal instability
and can also indicate chromosomal damage induced
by radiation [32]. This test is also suitable for rapid

automated detection of chromosomal damage [33].
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One study found that the MINT is generally com-
parable in sensitivity to the chromosomal aberrations
test [34]. Another study suggests the usefulness of
the MN test for detecting the effects of low cumu-
lative ionizing radiation doses in medical screening
programs [35]. A recent study concluded that chro-
mosomal aberrations (dicentrics) are more typical
for exposure to radiation than micronuclei [36].

In our study, no statistically significant difference
was found in the outcome of the MNT between the
three groups. Since we found a significantly higher
received dose Hp (10) in the nuclear medicine
group, compared to the other two groups, the MNT
may not be suitable as the UCA test for detecting
genetic damage due to small received doses of ion-
izing radiation. In assessing this damage, it would be
advisable to perform both tests wherever possible.

'The specific positive findings, such as UCAs, can
be explained by the specific risk of workplace ex-
posure to radio-nuclides with higher radiobiological
effects (a, b and y emitters).

Hematological parameters react to the received
dose, especially the number of leukocytes and lym-
phocytes. Studies on experimental animals and the
exposed human population show that the hemat-
opoietic system responds to acute high-dose irradia-
tion and to repeated lower irradiation doses of the
whole body [37]. However, monitoring the effect of
exposure to small doses is very difficult.

In a study of hematological parameters in the
hospital staft chronically exposed to low doses of
ionizing radiation, a decrease in the value of most
hematological parameters was observed, with a
statistically significant difference in comparison to
unexposed workers found in the mean corpuscular
hemoglobin and lymphocyte count [37]. The au-
thors conclude that exposure to doses lower than
20 mSv could affect the immune system’s quality
and contribute to anemia.

In our study, female healthcare workers and
those employed in interventional radiology had
higher values of erythrocytes than males and those
employed in nuclear medicine or general radiol-
ogy departments. This finding is unspecific and
cannot be explained by the influence of ioniz-
ing radiation. In interpreting hematological find-
ings, attention had been required because of many

non-radiation-related factors that can impact the
results. An exact dose-response relationship in the
hematological parameters at low exposed radiation
doses on analyzed subjects had not been detected.
In contrast, the cytogenetic tests did follow an in-
creasing dose-response trend, which barely reached
statistical significance in the UCA test. The cytoge-
netic tests are more specific for radiation-induced
damage than hematological parameters and there-
fore ofter a more reliable insight in cases of exposure
to low radiation doses.

5. CONCLUSIONS

'The most radiation-exposed group consisted of
employees in the area of nuclear medicine. In the
presented study, this exposure was associated with
slightly higher UCA frequency which is still good
for assessment of work ability. This, in turn, causes
a higher risk of cancer occurrence in the future. Re-
sults of this study suggest that the UCA test might
be more suitable than MNT for detecting low ion-
izing radiation impacts on employees' health.

Employees exposed to low doses of ionizing ra-
diation are at a higher risk of developing neoplastic
and blood-related diseases. Out of all three groups
of subjects (nuclear medicine, interventional radiol-
ogy, and general radiology), employees in nuclear
medicine are at special risk due to different types of
exposure (work with radio-nuclides).

Mandatory health status monitoring at peri-
odic examinations and adequate safety at work is
required to prevent occupational diseases.
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ABSTRACT

Background: Zhere is a paucity of data on occupational disease incidence in Italy, and we analyzed the trend on
time as an incidence rate ratio (IRR). Methods: Occupational diseases reported to the Italian National Insurance for
Occupational Diseases (INAIL) in industrial and services sectors from 2006 to 2019 were considered and analyzed.
Annual case counts were analyzed using a Poisson regression model to estimate incidence trends. Results: 75e
incidence of occupational diseases in the industrial and services sectors in 2019 was 261 cases for 100,000 workers,
with musculoskeletal disorders (MSDs) representing 65% of the total cases, their incidence being 169.5 cases per
100,000 workers. The incidence of ear diseases (ED) decreased to 20.8 cases for 100,000 workers. The annual change
in incidence (IRR) was 1.08 (CI 95% 1.07-1.11) for MSDs, 1.08 (CI 95% 1.06-1.10) for cancers, and 1.04
(CI 95% 1.03-1.06) for respiratory diseases. The trend was significantly negative for ear diseases, 0.96 (CI 95%
0.96-0.97), and skin diseases 0.93 (CI 95% 0.92-0.93). No changes were found for asbestos and mental disorders.
Conclusions: During the study period, occupational diseases increased in Italy, mainly for MISDs, due fo a changeo-
ver in eligibility criteria from 2008. Howewver, the overall incidence was lower than in other EU Countries. More
efforts are needed to harmonize the legislation for joint action in preventing and recognizing occupational diseases.

1. INTRODUCTION 2000 to 2012. They demonstrated a general de-
crease in ODs with few exceptions. Noise-induced

Studying incidence trends in occupational dis-  hearing loss was reported to increase only in some

eases (ODs) is important to prioritize and evalu-
ate preventive measures to reduce their occurrence.
Despite the importance of such an analysis, only
some data are available in the literature. [1] Stocks
et al. [1] reported trend analyses in contact derma-
titis, occupational asthma, noise-induced hearing
loss, carpal tunnel syndrome (CTS), and upper limb
musculoskeletal disorders in ten EU countries from

EU Countries (Belgium, Spain, Switzerland, and
the Netherlands). CTS and upper limb musculo-
skeletal disorder trends are completely different in
different EU Countries, mainly due to different re-
porting systems [1]. EUROSTAT [2] collects data
from EU Countries on ODs. Still, differences are
wide due to different reporting classification sys-
tems’aims, namely compensation or prevention, and
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comprehensive data on ODs is available for a lim-
ited list of ODs in Europe.

More recently, van der Molen et al. [3] re-
ported the trend in the incidence of ODs in Italian
agricultural sectors, finding a significant increase in
musculoskeletal disorders (MSDs) from 2008 due
to a changeover of recognizing system applied by
the Italian Insurance against occupational diseases
(INAIL - Istituto Nazionale per I'Assicurazione
contro gli Infortuni sul Lavoro). [4] To enhance
this study, we now report the incidence of ODs in
another major economic sector, i.e., the industrial
sector, in Italy from 2004 to 2019.

The present study aimed to determine the inci-
dence and trend of reported ODs incidence rate
(IRR) in Italy’s industrial and services sectors from

2006 to 2019.
2. METHODS

2.1. Study Design and Procedures

ODs notified to INAIL in the national industrial
and services sectors from 2006 to 2019 were consid-
ered. ODs in Italy are compulsorily reported by a phy-
sician in case of “suspected occupational origin”. The
disease has to be acknowledged, i.e., a cause-eftect
link has to be ascertained, for the worker to be com-
pensated. OD is defined when a disease is caused by
work-related factors and is listed in the Italian List
of Occupational Diseases, updated in 2008. [4] In-
cidence of ODs was determined for six groups of
diseases present in the Italian list: Cancers: C00-
D48; ear diseases: H60-H95, mainly noise-induced
hearing loss: H83.3; musculoskeletal and connective
tissue diseases: M00-M99 (mostly added in 2008);
respiratory diseases: J00-J99; skin diseases: LO0-L99;
psychiatric disorders FOO-F99 (not included in the
official list of occupational diseases in Italy).

'The data for this study were taken from two data-
bases: i) the number of reported ODs for industrial
and services sectors was taken from the INAIL web-
site [5] for the last five years and from INAIL reports
available online for the previous years; ii) the number
of total workers in the Industrial and services sectors

was taken from a database provided by the Italian
National Institute of Statistics (ISTAT) [6].

2.2. Statistics

'The annual incidence of occupational diseases was
calculated by dividing the number of reported ODs
per year (provided by INAIL) [5] by the total num-
ber of workers occupied in industrial and services
sectors that year (supplied by ISTAT). [6] To esti-
mate incidence trends, the annual case numbers were
analyzed using a Poisson regression model using the
time (year) as a continuous variable and the estimate
of the yearly population of occupied workers in in-
dustry and services sectors. Statistical analyses were

performed with StataCorp V.15. Texas, USA.
3. RESULTS

In total, 544,924 ODs among Italian industrial
workers over 14 years were notified (Figure 1), and
occupied workers in industry and services sectors var-
ied from 18,073,000 in 2006 and 18,863,438 in 2019.

Figure 1 shows the incidence trend for total and
musculoskeletal occupational diseases in the period
considered. In 2006, the number of all the diseases
considered was 24,984, and the incidence was 138.2
cases per 100,000 workers. Musculoskeletal disor-
ders were the most frequent ODs, with 51.0 cases
per 100,000 workers, followed by ear diseases, with
34 cases per 100,000 workers. In 2008-2009, the
rise of ODs started, mainly corresponding with the
increase in musculoskeletal diseases, with an inci-
dence of 64.0 and 85.4 cases per 100,000 workers in
2008 and 2009, respectively.

In 2010, the total number of diseases considered
raised to 35,587, with an incidence of 198.2 cases per
100,000 workers mainly due to musculoskeletal disor-
ders (n= 20,766 cases representing 58.3% of all ODs).

In 2019,49,271 cases of ODs were reported, with
an incidence of 261.2 cases for 100,000 workers;
musculoskeletal disorders represented 65% of the
total cases (n=31,973) with 169.5 cases per 100,000
workers. The incidence of ear diseases decreased
to 20.8 cases for 100,000 workers. Similarly, a de-
crease in incidence during the timeframe considered
was observed for skin diseases (from 5.14 to 1.82
cases per 100,000 in 2006 and 2019, respectively),
while cancers increased from 5.8 to 13.1 cases per
100,000 workers and respiratory diseases increased
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Figure 1. Absolute number (N) and Incidence cases per 100,000 workers of total and specific OD in the industrial

and services sectors from 2004 to 2019. Ear diseases (mainly noise-induced hearing loss).

from 10.1 to 14.5 cases per 100,000 workers in 2006
and 2019, respectively. To better visualize the trend
in ODs over time figure 2 reported occupational
diseases (ODs) in the Italian industrial and services
sectors from 2004 to 2019, considering 2004 as the
reference year. Ear diseases (mainly noise-induced
hearing loss) also include other ears’ diseases. De-
creasing in ear and skin diseases are clearly shown as
well as the increasing in MSDs, cancers and respira-
tory diseases

Table 1 shows the absolute number of ODs in
2019 and the trend over the 14 years evaluated us-
ing the Poisson regression. Over this period, the an-
nual change in incidence (IRR) was 1.08 (CI 95%
1.07-1.11) for MSDs, 1.08 (CI 95% 1.06-1.10) for
cancers, and 1.04 (CI 95% 1.03-1.06) for respira-
tory diseases. The trend was significantly negative
for ear diseases [0.96 (CI 95% 0.96-0.97)] and skin
diseases [0.93 (CI 95% 0.92-0.93)]. No changes

were found for asbestos and mental diseases.

4. DISCUSSION

Our study investigated the trends in the incidence
of ODs in the large Italian industrial sectors and
services from 2006 to 2019 and found a significant
increase in MSDs, cancers, and respiratory diseases
and a decrease in ear and skin diseases (Figure 2).

The large increase in MSDs is due to the change
in Italian legislation in 2008 and the reduction of
underreporting for diseases that were not consid-
ered work-related in the past. This effect was already
shown in the investigation done by van Der Molen
et al. in 2020 [3], analyzing ODs in the Italian agri-
culture sector. However, we did not observe a sharp
increase in MSDs after 2008 shown in agriculture.
In agriculture and industry/services, MSDs were
the most common ODs (74% and 53% of overall
diagnoses, respectively). While the industrial and
services sectors have seen a significant decrease in
noise-induced hearing loss throughout the years, the
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Table 1. Incidence of occupational diseases in the Italian industrial and services sectors. IRR is the annual change in incidence
from 2006 to 2019, assuming a linear trend. ICD-10, International Classification of Diseases; OD, Occupational Disease;

IRR, incidence rate ratio. In bold are reported significant values.

Trends over time, 2006-2019

Diagnosis (ICD-10) Absolute N in 2019 ODs IRR 95% CI

Total 49 271 544 924 1.05 1.04 to 1.06
MSDs 31973 306 547 1.08 1.07to 1.11
Ear diseases 3930 70 404 0.96 0.96 to 0.97
Respiratory diseases 2743 32995 1.04 1.05 to 1.06
Cancers 2466 26 471 1.08 1.06 to 1.10
Asbestos diseases 2234 30558 1.00 0.99 to 1.01
Mental diseases 477 6 474 1.00 0.99 to 1.02
Skin diseases 345 8089 0.93 0.92 t0 0.93

incidence in agriculture has risen after 2008. This is
probably due to the increased awareness of the pos-
sibility of receiving compensation for noise-induced
hearing loss in agriculture.

In contrast, noise-induced hearing loss in the
industrial sector was the principal OD, and the
decrease could be explained by better prevention
linked to Italian Laws 626/99 and 81/2008. The
differences between the agriculture, industry, and
services sectors are linked to the workforce char-
acteristics in the two sectors. The former comprises
familiar small enterprises, while bigger enterprises
with higher union presence characterize the second.
The overall incidence of occupational diseases was
higher in agriculture [3], with 1,285 ws 248.3 cases
per 100,000 workers in 2017 in agriculture and in-
dustry, respectively. Similar differences were found
for musculoskeletal disorders (961 vs. 155.9 cases
per 100,000 workers), while cancer incidence was
higher in the industry and services sectors (11 wvs
13.8 cases per 100,000 workers, respectively).

During the analyzed period, we found a signifi-
cant increase in cancers and respiratory diseases
reported, possibly due to the increased knowledge
of their potential occupational causation and the
improvement of medical surveillance for workers
linked to the Italian Low 81/2008.

The incidence of skin diseases decreased in the
considered period with lower incidences than in-
ternational data [7, 8]. Indeed, skin diseases in Italy
are less reported, and incidence data are probably

underestimated. [9] Moreover, Mediterranean skin,
frequently exposed to the sun, presented a lower
prevalence of atopic eczema, one of the most impor-
tant risk factors for contact dermatitis. [9] The de-
creasing trend for occupational skin diseases aligns
with a European registry study[1] and EUROSTAT
data. [2] No differences were found for asbestos-
related illnesses, for which Italian law makes the re-
lationship with exposure clear and stable over time.

In the Netherlands [10] and Scotland [11], the
most reported ODs were mental diseases followed
by MSDs, while in Italy in 2009, mental diseases ac-
counted only for 1.9% of all ODs. Mental disorders
are not included in the list of occupational diseases
for which the Italian insurance system recognizes
the relationship with some exposures. This example
further demonstrates how the incidence of occu-
pational diseases is biased by criteria used in com-
pensation, largely affected by the context, i.e., by the
societal acceptability of detrimental effects of work
on workers’ health.

The creation of the EU COST ACTION MOD-
ERNET (Monitoring trends in Occupational Dis-
eases and tracing new and Emerging Risks in a
NETwork) tried to analyze data to compare them
between countries [12]. However, the comparisons
of incidence are problematic, considering the dif-
terences between OD surveillance systems in each
EU country. [1, 13-15] Our study demonstrated
increased occupational diseases reported in Italy
due to the changeover in legislation. To better act
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in the prevention of occupational diseases EU needs
common legislation: differences in the incidence
of occupational diseases trend in Italy seems to be
mainly due to legislation and criteria applied by the
insurance institution than to an actual increase in
disease incidence. More efforts are needed for com-
mon legislation in the EU to recognize occupational
diseases and for a common frame to promote pre-
vention and fair compensation if justified.

5. CONCLUSION

Our study reported the incidence of ODs in
Italian industrial and services sectors from 2004 to
2019, showing an increasing trend due mainly to
MSDs and, to less extent, to cancers and respira-
tory diseases. Incidence data on occupational skin
diseases and ear diseases showed declining trends.
No differences were found for asbestos and mental-
related illnesses. More efforts are needed to harmo-
nize ODs legislation in the EU for better prevention
and fair compensation.
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Shift Office Work

The article by Gungordi et al. [1] notes that in
employees of a Turkish hospital, there is an associa-
tion between occupational stress and sleep problems.
The result is not new since longitudinal occupa-
tional studies have shown that stress and sleep are
in a reciprocal relationship: excessive stress causes
sleep problems, and workers with poor-quality sleep
suffer more from stress [2]. The originality of the
article lies in the occupational category studied be-
cause studies on office hospital workers are lacking.
Therefore, it would have been essential to explain
what risk the sample under investigation is exposed
to and whether it includes night work.

The authors deal extensively in the Introduc-
tion with night work and the disruption of circa-
dian rhythms caused by night work that interferes
with the quality and quantity of sleep. Also, in the
Discussion, they refer to the problems of night shift
workers and the disruption of the sleep-wake cycle
induced by night work. This would suggest that the
offices of Turkish hospitals are open at night.

We do not know Turkish hospitals, but we
know that offices do not work night hours in
Europe. European hospital clerks perform two
types of activities: desk clerks, who operate a sin-
gle day shift, and counter clerks, who start early
in the morning and work two shifts. The latter is
more stressful due to a more significant work-
load and user pressure, which can not infrequently
result in uncivil behavior and verbal violence.
Work-related violence in healthcare workers

LeTTER TO THE EDITOR

Med. Lav. 2023; 114 (4): e2023037

may be associated with sleep disturbances [3, 4].
If we were to interpret the causes of stress in counter
workers, we would think primarily of the customers,
not the double shift.

The association between stress and sleep that
the authors observed in Turkey should have been
interpreted considering the working conditions of
employees.
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In Turkey, medical secretaries and data entry
personnel participate in procedures such as data
entry and experience little exposure to patients and
their relatives. Shift work is mandatory for 24-hour
health care service in the health sector. When we say
shift work in the health sector, the first groups that
come to mind are healthcare workers, such as nurses
and physicians, and office workers in our country
also work in shifts. The hospital office workers in
our study are the medical secretary, data entry per-
sonnel, and administrative personnel. While the
medical secretary and data entry personnel among
the hospital office workers can work in shifts, the
administrative personnel work during the daytime.

Employees are exposed to stress due to many fac-
tors in the workplace environment. Organizational
factors such as working hours and shift systems are
among the causes of stress in the workplace. Job
stress can cause sleep problems. At the same time,
sleep disturbance is a common problem faced by
night shift workers. As a result of the disruption of
the circadian rhythm due to shift work, a decrease in
sleep quality and quantity occurs.

Considering the risks that hospital office workers
are exposed to, we planned our study considering
that shift work and job stress may cause more sleep
disorders. In our study, sleep quality, work-related
stress, and related factors were evaluated in hospital
office workers. We found that shift work and in-
creased job stress scores in hospital office workers
increased the risk of poor sleep quality.
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