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Zero excess risk from exposure to genotoxic carcinogens:
how long does it take after exposure cessation

We received a letter from Professor Benedetto Terracini commenting on the paper “Mortality from blad-
der cancer in dyestuff workers exposed to aromatic amines: a 73-year follow-up” by Ciocan and co-workers

[1]. The letter and the Authors’ reply have been accepted for publication in the following pages.

Our journal is neither in favor nor against mentioning the workplaces where a particular study has been
conducted. Omitting the location would be an absence of information for a newspaper: a correct chronicle
requires that five “W”, including “where”, be specified. A scientific journal is however interested in the
core message and its external validity, rather than its historical contextualization. The scientific literature,
including La Medicina del Lavoro, would not consider the omission of the name of the industry a cause of
concern requiring a correction. But it wouldn’t even delete it, if mentioned: the names are specified when
the authors wish to do so.

We accepted for publication the paper by Ciocan et al. [1], because of the interest of its message, since it
quantified the very long persistence of the increased risk of bladder cancer related to aromatic amine expo-
sure — a well-known risk factor for bladder cancer. Like other cancers sharing similar underlying genotoxic
mechanisms, the excess risk was still elevated after more than 40 years after the last occupational exposure.
Likewise, the risk of lung cancer among smokers tends to level off towards that of nonsmokers several dec-
ades after cessation [2]. After the publication of the paper “Linear Non-Threshold (LNT) historical discovery
milestones” by E. Calabrese [3], the article by Ciocan et al. seems to be “food for thought” on critical mecha-
nistic aspects of occupational cancer.

Also, mainly thanks to the workers’ fight for their health and a new legal framework in Europe, the
working settings and conditions are today much different from those experienced at the IPCA many
decades ago. Is it realistic to believe that today’s owners and managers would deliberately violate norms
and good practices (a sine qua non to consider them guilty in a trial for crimes), knowing that workers’
health could be endangered up to the extreme consequences? Failure to implement prevention measures
should be regarded as a failure of our discipline and requires continuous action and monitoring by gov-
ernments and social parties.

REFERENCES

1. Ciocan C, Godono A, Franco N, et al. Mortality from bladder cancer in dyestuff workers exposed to aromatic amines: A
73-year follow-up. Med Lav. 2022 Apr 26;113(2):¢2022017. Doi: 10.23749/md1.v113i2.12893. PMID: 35481579; PMCID:
PMC9073764

2. Peto R, Darby S, Deo H, Silcocks P, Whitley E, Doll R. Smoking, smoking cessation, and lung cancer in the UK since
1950: combination of national statistics with two case-control studies. BMJ Vol. 321.

3. Calabrese E. Linear Non-Threshold (LNT) historical discovery milestones. Med Lav. 2022; 113(4): €2022033.



ORIGINAL ARTICLE

Med Lav 2022; 113 (5): €2022040
DOI: 10.23749/mdl.v113i5.13312

“Medicina del Lavoro

Incidence of malignant mesothelioma and asbestos
exposure in the Emilia-Romagna region, Italy
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ABSTRACT

Background: 7he aim of this study is to describe the incidence of malignant mesothelioma (MM) and asbes-
tos exposure in an Italian region in the period 1996-June 2021. Methods: The study included cases with micro-
scopic confirmation and those with instrumental confirmation. For each case, information on sex, age, tumour site,
morphology and date of diagnosis was collected, along with details of exposure to asbestos. Results: 3,097 cases of
MM (2,233 males and 864 females) were registered: 90.8% with microscopic confirmation. A total of 2,840 cases
involved the pleura (92%), 230 cases the peritoneum (7%), and a small number of cases the pericardium and testis
(9 and 18, respectively). Most cases (78.0%) occurred after 65 years of age, while only 1.5% concerned individuals with
age<45 years. The standardized incidence rate for the entire period (adjusted to the 2000 Italian standard population
and calculated per 100,000 persan—years) was equal to 3.9 in males and 1.4 in females, and the trend showed an
increase with age in both sexes. Concerning asbestos exposure, 79.7% of cases were exposed (86.7% males and 60.1%
Jfemales). In 70.3%, exposure was occupational (83.4% males and 33.2% females), while 20.7% of females and 0.8% of
males had familial exposure. Building construction, rolling stock manufacture/repair and metalworking were the most
prevalent economic activities associated with occupational exposure. Conclusions: 75is study offers an overview of
MM in an Italian region characterized by high incidence and high exposure due to its particular production activities.

1. INTRODUCTION

Malignant mesothelioma (MM) is a rare tu-
mour of great scientific interest owing to its
well-documented correlation with occupational
and/or environmental exposure to asbestos and to
its increased incidence in Italy and in many other
industrialized countries [1-7].

Received 06.06.2022 - Accepted 12.09.2022

Although asbestos was definitively banned in Italy
in April 1994 (pursuant to Italian Law No 257/92),
the lengthy latency period between exposure and the
onset of disease, the increase in life expectancy, and im-
provements in diagnostic techniques have led to an in-
crease in the incidence of MM in recent years [8-10].
MM remains a deadly cancer with a very poor progno-
sis, with a median survival period of ten months [5,9].

*Corresponding Author: Lucia Mangone, Emilia-Romagna, Epidemiology Unit, Azienda Unita Sanitaria Locale-IRCCS di Reggio

Emilia, Italy; E-mail: lucia.mangone@ausl.re.it
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Several countries have established specialized
registries to monitor the incidence of MM over
time, identify sources of exposure to asbestos, pro-
vide medical and legal assistance to patients and
their families, evaluate survival, and forecast future
trends in the incidence of MM [4, 11-13].

Italy had been using large quantities of chryso-
tile and amphiboles from 1945 until the 1992 ban
and is currently among the countries with the high-
est frequency of MM worldwide [14]. In Italy, a
National Mesothelioma Registry (ReNaM) has
been implemented and organized as a network of
regional registries [4].

The aim of this study is to describe the results
of the Mesothelioma Registry (ReM) in the
Emilia-Romagna region in the period 1996-2021

and the associated data on exposure to asbestos.
2. METHODS

'The ReM for Emilia-Romagna (Italy) covers a re-
gion of northern Italy characterized by a large popu-
lation (currently about five million inhabitants) and
a high rate of industrialization. A Cancer Registry
specifically dedicated to the study of the incidence
and etiology of MM has been active since 1 January
1996. Its task, along with performing the functions
of the COR (Regional Operational Centre) for the
Emilia-Romagna region, is to register all cases of
MM and to acquire information to formulate the
correct diagnostic definition and standardized attri-
bution of occupational and non-occupational asbes-
tos exposure according to the standardized rules of
the ReNaM [12]. The Emilia-Romagna ReM ac-
tively and systematically collects data on all new di-
agnoses of MM in the region. The collection, coding
and registration of cases follow standardized rules at
national and international level [15-16].

All cases of MM, with morphology 90503,
90513, 90523 and 90533 [16], occurring between 1
January 1996 and 30 June 2021 in patients with the
disease identified in the pleura, pericardium, peri-
toneum or tunica vaginalis of the testis residing in
the Emilia-Romagna region at the time of diagno-
sis have been registered. The data on incidence are
complete until 2019, but a few more months will be

required to gather the data for the years 2020-2021

before a complete picture of incidence can be es-
tablished. For each case, in addition to pathology
reports, the medical records on significant hospi-
talizations in any healthcare institution have been
routinely collected, whether public or private, within
the region or further afield. Information on both
occupational and non-occupational exposure is col-
lected through the ReNaM’s ad hoc questionnaire.

Data are collected in all public and private
healthcare institutions and anatomical pathology
units in the region, the hospital departments where
patients with MM are cared for, and all regional
public health departments. The ReNaM staff usu-
ally acquires reports of newly diagnosed cases in real
time, which makes it possible to collect information
on exposure to asbestos directly from the patient,
when possible, or from a next-of-kin using an ad
hoc questionnaire, often administered in hospital or
at home and generally returned within two months
of diagnosis. To verify the completeness and accu-
racy of incident cases, the data periodically acquired
from the regional computerized archives (mortality
and hospital discharge records) are linked with in-
formation from the regional population cancer reg-
istries and other COR network members.

Cases are reported by sex, age, tumour site and
year of diagnosis. The distribution of exposure is re-
ported by sex and by specific economic activity: the
staft of the Mesothelioma Registry administers the
questionnaires and collects information relating to
the various work activities. Subsequently, the mul-
tidisciplinary team discusses and evaluates the main
activity to which the exposure can be attributed.
'The other activities are nonetheless reported in the
questionnaire.

The standardized incidence rate for the period
1996-2019 was calculated separately for males and
tfemales. Incidence rates were adjusted to the 2000
Italian standard population and calculated per
100,000 person-years. Cases were collected until
mid-2021, when the region was heavily impacted by
the COVID-19 pandemic.

3. RESULTS

In Emilia-Romagna, 3,097 MM cases were reg-
istered between 1996 and 2021. The distribution by
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age, diagnostic definition, sex and site is shown in
Table 1. Most of the cases were diagnosed in the age
groups 75+ (1,401 cases, 45.2%) and 65-74 (1,014
cases, 32.8%), and mainly affected the pleura. Few
cases (47 cases, 1.5%) were recorded at a younger age
(<45 years) and in this subgroup the pleura/peri-
toneum ratio is 2:1. Concerning diagnostic defini-
tion, 2,645 cases (85.4%) were classified as certain,

166 cases (5.4%) as probable and 286 cases (9.2%)
as possible.

'The distribution by year of diagnosis and site is
shown in Table 2. A total of 2,840 cases involved
the pleura (92%), 230 cases the peritoneum (7%), 9
the pericardium and 18 the testis. Over the years the
number of cases has almost doubled, rising from 75
cases in the 1990s to 150 in more recent years, and

Table 1. Case Distribution by age, diagnostic definition, sex and site. Cases from 1996 to 2021 (updated to 30 June 2021).

Males Females Total (%)
Pleura Peritoneum Pericardium Testis Total Pleura Peritoneum Pericardium Total
Age (years)
<45 18 9 - 4 31 11 5 - 16 47 (1.5)
45-54 90 10 . 3 103 36 10 1 47 150 (4.8)
55-64 337 24 - 3 364 97 22 2 121 485 (15.7)
65-74 701 44 4 3 752 232 29 1 262 1,014 (32.8)
75+ 933 44 1 5 983 385 33 - 418 1,401 (45.2)
Total 2,079 131 5 18 2,233 761 99 4 8§64 3,097 (100)
MM diagnostic definition
certain® 1,793 119 3 17 1932 619 91 3 713 2,645 (85.4)
probable™ 110 9 2 1 122 37 6 1 44 166 (5.4)
possible™* 176 3 - - 179 105 2 - 107 286 (9.2)
Total 2,079 131 5 18 2,233 761 99 4 8§64 3,097 (100)
*Histology with well-defined and suggestive morphology of malignant mesothelioma + immunohistochemistry.
“Histology with dubious morphalogy + well-defined cytolagy suggestive of malignant mesothelioma.
*Absent histology + well-defined radiological and instrumental reports suggestive of malignant mesothelioma.
Table 2. Case distribution by year of diagnosis and site.
Site
Year Pleura Peritoneum Pericardium Testis Total
1996 63 8 - 2 73
1997 70 7 3 - 80
1998 77 4 1 1 83
1999 67 6 - - 73
2000 76 9 - 1 86
2001 88 6 - 2 96
2002 98 15 - 1 114
2003 97 6 1 1 105

Table 2 (Continued)
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Site
Year Pleura Peritoneum Pericardium Testis Total
2004 110 8 2 - 120
2005 107 10 - 2 119
2006 100 7 - - 107
2007 101 14 - - 115
2008 122 9 - 1 132
2009 111 11 - - 122
2010 117 12 1 - 130
2011 144 10 - 1 155
2012 142 10 1 2 155
2013 147 5 - 1 153
2014 122 11 - 1 134
2015 141 10 - - 151
2016 150 10 - - 160
2017 146 11 - 1 158
2018 142 14 - - 156
2019 135 - - 143
2020 119 - 1 125
2021* 48 - - 52
Total 2,840 230 9 18 3,097
At 30 June 2021.

the increase has involved almost exclusively cases af-
fecting the pleura. The standardized incidence rate
(adjusted to the 2000 Italian standard population
and calculated per 100,000 person-years) confirms
this trend: this increased in males from 2.4 in 1996
to 4.4 in 2016, and in females from 0.8 in 1996 to
1.4 in 2018 (Figure 1).

As regard asbestos exposure, for 166 cases the
type of exposure was not defined (patients died or
it was not possible to make a classification) and for
further 248 cases the information was not available
since patients or family members could not be con-
tacted or refused to provide information. The distri-
bution by type of exposure for the 2,683 remaining
cases (87% of the total) is reported in Table 3.

Occupational exposure was more frequent
in males (83.4% in males vs 33.2% in females),
whereas familial exposure was more frequent
in females (20.7% in females vs 0.8% in males).

Women also showed a higher proportion of cases
exposed to environmental asbestos and of subjects
for whom the type of exposure was improbable
(the available data suggest that exposure to asbes-
tos is unlikely) or unknown (the available data are
insufficient to reconstruct the exposure history).
By professional exposure, we mean all those sec-
tors of economic activity in which workers have
come into contact with material containing asbes-
tos, which was used for thermo-acoustic insulation
or as a protective device against fire and heat. In
terms of the economic activities involved (Table 4),
in Emilia-Romagna most of the males were em-
ployed in the construction sector (‘construction’
means building constructions and therefore brick-
layers, while ‘construction work completion’ means
sheet metal work and painting) and in the repair
of railway rolling stock (the so-called “Officina

Grandi Riparazioni” in Bologna).
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Figure 1. Standardized incidence rates (Italian population per 100,000), by sex. Years 1996-2019.
Table 3. Distribution of malignant mesothelioma by type of asbestos exposure and sex.
Type of exposure Males Females Total
N. % N. % N. %
Occupational 1,652 83.4 234 33.2 1,886 70.3
Familial 15 0.8 146 20.7 161 6.0
Environmental 29 1.5 28 4.0 57 2.1
Non-occupational 20 1.0 15 2.1 35 1.3
Improbable 63 3.2 87 12.4 150 5.6
Unknown 200 10.1 194 27.6 394 14.7
Total deﬁhed cases 1,979 100.0 704 100.0 2,683 100.0
Table 4. Distribution of occupational exposure to asbestos by economic activity and sex.
Economic activity Male Female Total
N. % N. % N. %
Construction 271 16.4 1 0.4 272 14.4
Manufacture/repair of rolling stock 190 11.5 3 1.3 193 10.2
Engineering industry 155 9.4 12 5.1 167 8.9
Sugar refineries/other food industries 113 6.8 41 17.5 154 8.2
Production of cement/asbestos products 93 5.6 32 13.7 125 6.6
Production of chemical/plastic material 100 6.1 6 2.6 106 5.6
Construction work completion 84 5.1 1 0.4 85 4.5

Table 4 (Continued)
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Economic activity Male Female Total

N. % N. % N. %
Glass/ceramic/rubber manufacturing 58 3.5 20 8.6 78 4.2
Transportation 75 4.6 3 1.3 78 4.2
Production/repair of vehicles (not trains or ships) 68 4.1 4 1.7 72 3.8
Manufacturing/processing of metallic products 61 3.7 3 1.3 64 3.4
Textile industry 37 2.2 15 6.4 52 2.8
Trade 42 2.6 9 3.8 51 2.7
Production of electricity, gas and water 40 2.4 - - 40 2.1
Social services/recreational activities/healthcare 20 1.2 18 7.7 38 2.0
National defence 37 2.2 1 0.4 38 2.0
Agriculture/animal breeding 24 1.5 12 5.1 36 1.9
Metallurgical industry 31 1.9 4 1.7 35 1.9
Other manufacturing industries 27 1.6 3 1.3 30 1.6
Other 126 7.6 46 19.7 172 9.1
Total 1,652  100.0 234 100.0 1,886  100.0

As regard women, most of the workforce was em-
ployed in sugar refineries (17.5%), followed by the
production of asbestos-cement products (13.7%),
which was an activity that required a great deal of
patience and precision. Later, women were em-
ployed in the manufacture of glass and ceramics
and to a more limited degree in the textile industry,
which was not highly developed in this region.

4. DISCUSSION

This study provides an overview across 25 years
of the incidence of mesothelioma cases recorded in
the Emilia-Romagna region and provides detailed
information on asbestos exposure.

The study includes over 3,000 MM cases (10%
of the entire national case series) recorded in a re-
gion that has implemented a widespread network
for reporting new cases and a team dedicated to the
correct assessment of occupational exposure, which
is also valuable for compensation purposes.The in-
cidence rate (adjusted to the 2000 Italian standard
population and calculated per 100,000 person-years)
for the last completed year (2019) was 3.6 in males
and 1.0 in females, a figure slightly higher than the
value registered in Italy in 2017 (pleura: 3.4 in males
and 0.9 in females; peritoneum: 0.1 in males and
0.09 in females) [8, 15]. Given the small numbers of

cases, we are not able to report the rates separately
by sex and by site. The slightly higher incidence in
females in our region may be due to the fact that
in some provinces females were typically hired to
manufacture of small products made of cement/as-
bestos. Since the disease can be associated with even
modest exposure to asbestos, each new case must be
considered a ‘sentinel event’ of previous exposures
and should be carefully evaluated [7, 17-28].

It should be noted that the 125 cases diagnosed
in 2020 could reflect a reduction in diagnoses dur-
ing the COVID-19 pandemic, as has been widely
demonstrated for other cancers [20]. This trend also
seems to be confirmed by the 52 cases recorded in
the first six months of 2021.

In our region, the average age of diagnosis is 70
years, the Male/Female ratio is 2.5, value that over-
lap exactly with national data [15]. The average age
at diagnosis for Italy, as a whole in the period ex-
amined, was 72.0+10.7 years. A total of 78.0% of
the patients in Emilia-Romagna were at least 65
years of age at the time of diagnosis, compared to
the 72.0% recorded nationally [8, 15].

'The primary goal of the ReNaM is to ensure that
the data and information collected are complete and
accurate. In a previous study, we showed that the
completeness and accuracy of the information have

improved [29] and that underreporting has probably
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been very low in recent years. Diagnostic quality can
be considered good: 90.8% of cases are accompa-
nied by cyto-histological confirmation thanks to the
widespread practice in the regional health services
of performing minimally invasive biopsies, which
also make it possible to examine elderly patients
and/or patients with reduced performance status.

A total of 93.2% of cases in Italy are diagnosed in
the pleura, while 6.3% are identified in the perito-
neum. In our series, the number of peritoneal cases
is slightly higher (7.4%) compared to Italian [8, 19]
and international data [20,22], a situation perhaps
linked to a greater involvement of gynaecologists,
andrologists and abdominal surgeons in recruiting
cases of peritoneal relevance.

Information on exposure has been collected in
87% of cases (the Italian average is 79%). Great ef-
forts have been made in recent years to find health-
care personnel who can be assigned to interview
patients at their hospital beds or in their homes in
order to have direct information from the patient
on any exposure related to his/her previous work
activity. A multidisciplinary team comprising an oc-
cupational physician, an industrial hygienist and an
environmental expert has been tasked with assess-
ing exposure and then reporting any occupational
disease where applicable. Occupational exposure
(70.3%) is similar to that reported for Italy (69%).
The familial exposure data (6%) found in our study
are a little higher than the national average (5%).

It is also interesting to note that 14.4% of oc-
cupational exposures in our region are related to
construction, while the second position is held by
‘construction and repair of railway rolling stock,
which caused a large number of MM cases in the
entire period examined. For women, on the other
hand, the production of asbestos cement products
and food industries that employed a lot of female
personnel after II World War caused a large number
of cases among workers in these companies, result-
ing in an exposure level of almost 30%.

In addition to occupational (higher in males) and
familial exposure (higher in females), it is worth
mentioning the occurrence of MM without known
exposure. Both improbable and unknown exposure
are more frequent in women, suggesting an actual
environmental exposure, in line with what is de-
scribed in the literature [30].

'The strengths of this work include the completeness
of the data (the recorded cases are compared each
year with the data from population cancer registries
for the Emilia-Romagna region) and the accuracy
of the diagnoses (over 90% of cases have cyto-
histological confirmation, 9% have instrumental
confirmation, and cases with DCO-Death Certifi-
cate Only-represent only 0.2% of the cases recorded).

Another strength is the timeliness of diagnosis
and the rapid reporting of each case to the registry
and direct patient interviews, when possible (1,123
patients in our series), with a specific questionnaire
returned within two months from diagnosis. The
availability of recent data, updated to the first half of
2021, is also an advantage for our study.

Among the limitations of this study are the lack
of information on disease stage and the absence of
information on treatment.

5. CONCLUSIONS

'This study offers an overview of MM in an Italian
region characterized by high incidence and signifi-
cant exposure due to its particular production activi-
ties. The health emergency caused by the spread of
the SARS-CoV-2 virus has had a considerable im-
pact on the operational capacity of the CORs. The
regional health systems have necessarily been called
on to address the pandemic crisis using every avail-
able resource, and in some cases this has also led to
operational difficulties for the CORs, both in the
detection of incident cases and in their ability to an-
alyze anamnestic methods of exposure to asbestos.
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ABSTRACT

Background: COVID-19 can affect the persistence of symptoms and work ability (WA), hence the fitness to work
of healthcare workers (HCW). We describe the effects of COVID-19 in hospitalized HCWs of a large Hospital
in Lombardy and their implications on WA and fitness to work. Methods: Fifty-six HCWs of Fatebenefratelli-
Sacco Hospital have been hospitalized for COVID-19 since March 2020. Clinical and fitness-to-work data were
acquired from Occupational Health Surveillance Program. A structured questionnaire was administered to 53/56
HCWs 18 montbs after infection to investigate Long-COVID symptoms and WA. Results: Symptoms most reported
at recovery (rhino-pharyngeal swab-INPS-negative) were exertional dyspnea (86.8%), asthenia (86.8%), arthro-
myalgia (71.7%), sleep disorders (64.2%), resting dyspnea (62.3%), cough (56.6%). 69.6% underwent evaluation at
outpatient clinics experienced in long-COVID. Ten months after recovery, symptoms related to physical well-being
decreased while memory and anxiety/depression were more persistent. At recovery, the WA score decreased from 10
to 8, and then an improvement from 8 to 9 was noted during the survey. At the return-to-work examination, fit-
to-work judgements with restrictions increased from 31.4% to 58.7%; then, a slight decrease in the rate of judgements
with restrictions was observed at the survey’s time. Conclusion: Post-COVID-19 symptoms can persist for a long
time and could impact WA and fitness-to-work of HCW. Adequate health surveillance protocols should guarantee the
health protection of HCW with persistent disorders after COVID-19.

1. INTRODUCTION syndrome (SARS) and can also affect the gut [1].
A new strain of coronavirus — SARS-CoV-2 — was

Coronaviruses are a family of viruses associ- first reported in Wuhan, China, in December 2019.
ated with a wide range of symptoms, such as com- It has since spread to every country around the

mon cold, pneumonia, and severe acute respiratory ~ world [2]. The clinical syndrome associated with
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Sars-CoV-2 infection has been called COVID-19
(CoronaVirus Disease-19) [3].

Although many people remain asymptomatic,
the most common symptoms appear approximately
4-10 days after exposure. The main symptoms of
COVID-19 can be very mild to severe and in-
clude fever, cough, and shortness of breath. While
most patients seem to have mild disease, about 15%
progress to a more severe illness requiring hospi-
talization. Approximately 5% become critically ill,
including pneumonia, respiratory failure and, in
some cases, death [4]. Many people continue to de-
scribe ongoing symptoms long after the acute phase
of COVID-19, often referred to as long-COVID.
The World Health Organization (WHO) defines
long-COVID syndrome as the persistence of signs
and symptoms related to COVID-19 infection for
more than twelve weeks and not explained by an al-
ternative diagnosis. Weakness (41%, 95%CI 25.43
to 59.01), general malaise (33%, 95%CI 14.91 to
57.36), fatigue (31%, 95%CI 23.91 to 39.03), con-
centration impairment (26%, 95%CI 20.96 to 31.73)
and dyspnea (25%, 95%CI 17.86 to 33.97) were the
most described symptoms of the long-COVID syn-
drome. Patients also reported a large spectrum of
less prevalent symptoms and signs, such as sweating,
chest pain, sore throat, anxiety and headaches: the
prevalence of these symptoms was usually less than
20% [5].

Some hereditary and acquired factors can affect
both host sensitivity and disease severity. Older
age, male gender, diabetes, cardiovascular diseases,
malignancy and immunodeficiency conditions are
the most critical hosting factors for COVID-19.
Other pathologies recognized as risk factors for
COVID-19 infection and morbidity are pulmonary
disease (such as COPD and asthma), cerebrovas-
cular diseases, chronic renal disease, chronic liver
disease, severe autoimmune diseases and malnutri-
tion [6]. Italian Ministry of Health [7] provided
specific instructions on the management of workers
who qualify at a high risk of COVID-19 and re-
lated adverse events (called “fragile”) due to health
conditions: in particular, these conditions included
immunodeficiency, cancer, severe disability or seri-
ous chronic diseases in poor clinical control. In these
cases, workers were asked to stay at home carrying

out their job remote (so-called “smart working” or
“work from home”), also via assignment to differ-
ent tasks belonging to the same employment level.
If it was impossible to activate “work from home”,
the period of absence from work was treated as
hospitalization from an insurance point of view.
Workers with chronic diseases in poor control are
not included in the list provided by the Ministry
of Health. However, they could require appropriate
evaluation by the Occupational Physician (as part
of the so-called “exceptional” health surveillance
program) because of their job [7]. Indeed, some en-
vironmental and occupational factors can play a role
in Sars-CoV-2 transmission and COVID-19 devel-
opment, and HCW can be considered at high risk
of infection [8]. COVID-19 can have significant
repercussions in terms of both persistence of clinical
symptoms for a long time and work ability (WA)
[9], which could affect the HCW’s fitness at return-
to-work time.

'This study aimed to describe the main long-term
effects of COVID-19 infection among HCWs of
a large University Hospital in Lombardy requiring
hospitalization and the subsequent implications re-

garding perceived WA and fitness to work.
2. METHODS

Fatebenefratelli-Sacco University Hospital is
part of the Italian public healthcare system. It
comprises four Hospital Centers (Sacco, Fateben-
efratelli, Macedonio Melloni, Buzzi) and several
Territorial Outpatient Units in Milan and employs
5,605 workers.

Our study included all workers of Fatebenefra-
telli-Sacco University Hospital who required hos-
pitalization for COVID-19 disease. As required
by the regulations issued by the Italian Ministry
of Health [9], all hospitalized workers affected by
COVID-19 underwent a clinical evaluation at the
Occupational Health Unit at the time of return to
work with the expression of a fitness to work judg-
ment. Four Occupational Physicians were involved
in the medical surveillance of hospitalized HCWs.
Periodic meetings to discuss the most complex
cases and the presence of an Occupational Medical
Coordinator allowed a homogeneity in the criteria
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used for cases’ managing and issuing the fitness to
work judgements. Each HCW was visited at the
time of return to work and underwent further med-
ical examinations by the same Occupational Physi-
cian from his return to work until today. Data were
collected from the beginning of the pandemic un-
til 15th March 2022. Data related to demographic
characteristics, remote pathological diagnosis and
fitness to work were acquired from the occupational
health unit’s caring for the health surveillance pro-
gram. A structured questionnaire was developed
and administered to all participants to investigate
the presence of symptoms related to long-COVID
syndrome and their impact on perceived WA. The
questionnaire was divided into three main sec-
tions (as shown in the Supplementary file): (i) The
first one was composed of 30 items related to the
presence of symptoms at the time of the recovery
from the infection and their duration if eventu-
ally resolved. (ii) In the second section, 30 ques-
tions investigated the persistence of symptoms at
the time of the questionnaire administration and
their clinical course. (iii) The third section included
three items related to perceived WA. All partici-
pants were asked to score their WA from 0 to 10,
considering that before infection as 10, both at the
time of recovery and at the time of questionnaire
administration; the third item investigated (c) the
time required to reach the current level of per-
ceived WA. A trained physician administered the
questionnaire in February and March 2022, about
18 months (95%CI 17.3-19.3) after the diagnosis
of infection. All participants were informed about
the purpose of the questionnaire and declared their
consent to participate in the study. All data have
been collected and analyzed anonymously in com-
pliance with current privacy regulations.
Descriptive analysis was performed in terms of
age, sex, type of job, fitness to work and clinical his-
tory of the subjects. Frequencies and percentages are
provided for nominal data. Due to the small sample
size and the normality check, the median (25th-
75th percentiles) for continuous data and non-
parametric tests were preferred. Due to the different
temporal lag between the infection and the time of
administration of the questionnaire among cases,
we scheduled a follow-up cut-oft at ten months

from the infection onset to study the persistence of
symptoms related to the long-COVID syndrome
by using a mid-p McNemar test. The threshold of
a significant p-value was set to 0.003 after Bon-
ferroni’s correction for multiple comparisons. The
Kaplan-Meier method was then used for survival
analyses of patients still having specific mild symp-
toms during recovery. The log-rank test was used to
detect significant differences between age groups,
sexes, presence of chronic diseases, and hospitaliza-
tion days.

Statistical analysis was performed with R-Studio
(R Core Team-2019.R: A language and environment
for statistical computing. R Foundation for Statis-
tical Computing, Vienna, Austria. URL: https://

www.R-project.org/).
3. RESULTS

3.1 Characteristics of study’s population and
prevalence of post-COVID symptoms

Since the beginning of the COVID-19 pandemic,
among the Fatebenefratelli-Sacco University Hos-
pital workers, 56 HCWs affected by COVID-19
required hospitalization care. As shown in Table 1,
hospitalized cases were equally divided into males
and females with a median age of 55. 33.9% were
physicians, 41.1% were nurses, 17.9% were nursing
assistants, and 3.6% were other HCWs (radiology
technicians, laboratory technicians, biologists, and
other health professionals not included in the main
groups reported).

At the time of the positive rhino-pharyngeal swab
(NPS), 40% of the hospitalized HCWs worked in
a COVID-19 area. Clinical history of hospitalized
HCWs most showed overweight/obesity (57.1%
of cases), hypertension (25% of cases) and respira-
tory disorders (particularly asthma, 16.1% of cases).
7.5% of hospitalized HCWs were active smokers. All
hospitalized HCWs involved in our study were not
yet vaccinated against Sars-CoV-2 at the time of in-
fection, and 23.5% of conditions that required hos-
pital care occurred in unvaccinated HCWs between
December 2020 and April 2021, after the beginning
of the vaccination campaign. Hospitalization lasted
more than 21 days in 32.1% of cases, between 10 and
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Table 1. Socio-demographic and clinical characteristics of
the studied population.

n. %
Total hospitalized HCWs 56 100
Age, median (25th-75th 55 -
Percentiles) (50-61.2)
Females 28 50
Job category
Physicians 19 339
Nurses 23 41.1
Nursing assistant 10 17.9
Other sanitary workers 2 3.6
Non-sanitary workers 2 3.6
Working area
COVID-19 hospital area 23 411
Non-COVID-19 hospital area 31 55.4
Non-sanitary area 2 3.6
Duration of hospitalization (days)
4-9 16 28.6
10-21 22 39.3
22-118 18 32.1
Clinical history
Overweight/obesity 32 57.1
Hypertension 14 25
Respiratory disorders 9 16.1
Neurological disorders 3 5.4
Endocrinological disorders 4 7.1
Hematological disorders 4 7.1
Psychiatric disorders 2 3.8
Cardiovascular disorders 2 3.8
Diabetes 1 1.8
Sars-CoV-2 vaccination status at
the time of infection
Not vaccinated 56 100
Fully vaccinated 0 0.0
Partially vaccinated 0 0.0

21 days in 39.3% and less than ten days in 28.6% of
hospitalized HCWs.
Fifty-three HCWs (94.6%) agreed to partici-

pate in the survey by answering the questionnaire

administered at a mean time of 18 months after
the diagnosis of infection. As shown in Table 2, the
most reported symptoms after COVID-19 recovery
(negative NPS) were resting and exertional dyspnea.
Generalized asthenia (86.8% of hospitalized HCWs)
followed, in order, by arthromyalgia (71.7%), sleep
disorders (64.2%), resting dyspnea (62.3%) and cough
(56.6%). Anosmia and ageusia were reported respec-
tively from 47.2% and 43.4% of interviewed HCWs.

No differences were found in symptoms preva-
lence at the time of COVID-19 recovery comparing
HCWs subgroups sorted by age (under 55 y.o vs over
55 y.0.), gender (male/female) and clinical history
(cases with no chronic illness vs those with known
chronic diseases). Due to these symptoms, 69.6%
of hospitalized HCWs underwent examination and
clinical management at outpatient clinics with ex-
pertise in long-COVID syndrome. Ten months after
COVID-19, a sharp decrease in many long-COVID
symptoms’ prevalence was found. A significant reduc-
tion in physical symptoms was found as compared
to the time of recovery: in particular, cough, rest-
ing dyspnea, asthenia, ageusia, exertional dyspnea,
anosmia, chest pain and arthromyalgia. Conversely,
symptoms related to mental and psychological well-
being, such as loss of memory, anxiety and depression,
resulted in prolonged persistence at the time of the
questionnaire administration with a non-significant
decrease compared with data at the time of negative
NPS. Anosmia, cough and cephalgia, when resolved at
the questionnaire administration, were the symptoms
with the referred most rapid resolution time (approxi-
mately 15 days). At the same time, loss of memory,
sleep disorders, anxiety/depression and asthenia re-
quired a longer resolution time (about 135 days, 120
days, 75 days, and 90 days). We compared HCWs
subgroups sorted by age (under 55 y.o vs over 55 y.0.),
gender (male/female) and clinical history (cases with
no chronic illness vs those with known chronic dis-
eases) at the time of ten months after COVID-19
resolution. A higher prevalence of anosmia was found
in cases without chronic illness versus those with
one or more chronic diseases (p=0.02) (Figure 1A),
and a higher prevalence of arthro-myalgia was found
in subjects over 55 as compared to younger people

(p=0.03).
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Table 2. Post-COVID-19 symptoms among Hospitalized HCWs (n=53).

N. of patients with

N. of patients recovering

Duration of symptoms (d)
Symptom syn.lptoms at from sympt(.)ms te.n Median
negative NPS test months after infection (25th-75th percentiles)
n. (%) n. (%)

Cough 30 (57) 23 (77)* 15 (15-30)
Resting dyspnea 33 (62) 28 (84)* 15 (15-38)
Exertional dyspnea 46 (87) 19 (41)* 30 (15-90)
Arthromyalgia 38 (72) 16 (42)* 30 (15-68)
Chest pain 17 (32) 14 (82)* 38 (15-90)
Tachycardia or palpitations 19 (36) 8 (42) 15 (15-45)
Ageusia 23 (43) 20 (87)* 15 (15-38)
Anosmia 25 (47) 18 (72)* 15 (15-30)
Asthenia 46 (87) 25 (54)* 90 (15-180)
Cephalgia 25 (47) 14 (56) 15 (15-15)

Loss of memory 25 (47) 6 (24) 135 (98-172)
Hair loss 22 (41) 9 (41)* 60 (60-150)
Sleep disorders 34 (64) 9 (27)* 120 (60-150)
Anxiety/depression 25 (47) 8 (32) 75 (26-158)

*Mid-p McNemar test p<0.003.

3.2 Perceived work ability after COVID-19

infection and at the survey’s time

Fifty hospitalized HCWs were asked to give a
score from 0 to 10 to their perceived WA at the
time of COVID-19 recovery (negative NPS) and
at the time of questionnaire administration, consid-
ering 10 of their WA before COVID-19 infection.
Out of the remaining part of interviewed hospital-
ized HCWs, two cases quit their job at Fatebenefr-
atelli-Sacco University Hospital due to retirement,
and one patient has not yet returned to work due to
complications of the COVID-19 infection.

As shown in Table 3, at the time of negative NPS,
interviewed HCWs referred to a median WA score
of 8, with no differences between males and females
and between under and over 55, respectively. Al-
though nursing assistants had the worst score, there
were no significant differences compared to other
job categories.

At the time of questionnaire administration,
referred WA score improved in all hospitalized
HCWs — from a median (25th-75th percentiles)

of 8 (5.25-10) to 9 (8-10), p<0.05. The stratifica-
tion by age, gender, chronic disease and job cate-
gory shows that over 55 y.o., females and subjects
with the known chronic disease showed the most
WA improvement. On the other hand, in under 55
cases and HCWs without chronic illness, the WA
increase was lower but still significant. Overall, all
HCWs reach high scores at the time of the ques-
tionnaire except for nursing assistants resulting in a
median (25th-75th percentiles) of 8 (6.25-9.75). In-
terviewed HCWs referred to a mean time to reach
the current level of perceived WA of about 223 days.
No significant differences were found in WA scores
comparing groups divided according to the aver-
age distance between COVID-19 infection and the
time of questionnaire administration.

3.3 Comparison of fitness to work before and
after COVID-19 infection and at the survey’s
time

As shown in Table 4, out of all hospitalized
HCWs (n. 56), before COVID-19 infection, the
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Figure 1: Significant results related to long-COVID symptoms prevalence among subgroups of the
studied population at ten months after COVID-19 recovery. A: different prevalence of anosmia between

“healthy” cases and cases with one or more chronical disease (p=0.02); B: different prevalence of arthro-
myalgia between cases under and over 55 years old (p=0.03).

occupational physicians issued a fitness-to-work
judgement without restrictions for 69.6% of them.
Of the HCWs with a fit-to-work judgement with
restriction (n. 17), 39.1% were nurses, 30% were
nursing assistants, and 21.1% were physicians. A
fit-to-work judgement with restriction was more
common among female vs male HCWs (39.3% vs
21.4%) and HCWs with a chronic disease vs those
without a chronic illness (38.1% vs 7.1%). Before
COVID-19 infection, among our study’s popula-
tion, the occupational physician’s most common
types of restrictions were jobs leading to physical
exertion (19.6%) and night shift work (10.7%).

The occupational physician examined forty-six
hospitalized HCWs at the return to work after
hospitalization for COVID-19; of the remaining
HCWs, nine quit their job at Fatebenefratelli-
Sacco University Hospital before the “return to
work” medical examination due to retirement or
change of workplace. In contrast, one case has not
yet returned to work due to complications of the
COVID-19 infection. Clinical assessment at the
return to work was carried out at 172.3£149.3
(mean*sd) days from the diagnosis: 63% of
HCWs returned to work within six months since
the infection, while four HCWs continued their
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Table 3. Perceived work ability after COVID-19 infection and at the time of the survey stratified by age, gender, chronic

disease and job category.

WA at COVID-19 recovery

WA at the time of the survey

Perceived work ability Median (25th-75th Median (25th-75th
(min 0 - max 10) * n. percentiles) percentiles)
All interviewed HCWs? 50 8 (5.25-10) 9 (8-10)
Gender

Male 25 8 (6-10) 9 (8-10)
Female 25 7 (5-9) 9 (8-10)
Age group

<55 y.o. 24 8 (6-10) 9.5 (8-10)
>55 y.o. 26 6 (5-8.75) 9 (8-10)
Chronic diseases

No 13 8 (6-9) 10 (9-10)
Yes 37 7 (5-10) 9 (8-10)
Job category

Physicians 17 8 (5-10) 9 (8-10)
Nurses 21 8 (6-10) 9 (8-10)
Nursing assistants 10 6 (3.5-7.5) 8 (6.25-9.75)
Other sanitary workers 1 10 10
Non-sanitary workers 1 9 9

*Scores expressed considering the WA as 10 before COVID-19 infection.
SExact Wilcoxon-Pratt Signed-Rantk Test, p<0.05 (performed only for all interviewed HCWs).

absence for more than a year after the illness. At
the time of return to work after COVID-19 in-
fection, a reduction of full fit-to-work judgements
(from 69.6% to 39.1%) was observed, resulting in
increased fit-to-work judgement with restrictions
(from 31.4% to 58.7%). One HCW was tempo-
rarily unfit to work during the first occupational
health examination due to persisting neurologi-
cal and muscular impairment developed after
COVID-19. Such clinical complications required
prolonged absence from work, justified by the need
for cognitive and motor rehabilitation to achieve
acceptable conditions.

In Table 4, we highlighted an increase in all kinds
of restrictions at the “return to work” compared
with baseline with a rise of the limitations related
to night shift work (from 10.7% to 39.1%). No sig-
nificant differences were found in the rate of judg-
ments with restrictions among HCWs subgroups

stratified by age (under 55 vs over 55), gender (male
vs female), clinical history (HCWs with no chronic
diseases vs cases with known chronic diseases) and
job category.

Occupational physicians furtherly examined all
cases under examination at the time of return to
work. Comparing the fit to work judgement at the
time to return to work and the last formulated fit
to work judgment (expressed at an average time of
nine months from the first one), we observed a de-
crease in the restrictions’rate (from 58.7% to 45.7%)
with a consequent increase of the rate of fully fit to
work judgement (from 39.1% to 54.3%). No sig-
nificant differences were found in the rate of judg-
ment with restrictions among HCWs subgroups
sorted by age (under 55 vs over 55), gender (male
vs female), clinical history (HCWs with no chronic
diseases vs cases with known chronic diseases) and
job category.
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Table 4. Fitness to work among the study’s population before COVID-19 infection, at the time of return to work and at the

time of the survey.

Before COVID-19 At the time of return to Last fitness to work
infection (n. 56) work (n. 46) judgement (n. 46)
n. % n. % n. %
Type of judgement
Full fit to work 39 69.6 18 39.1 25 54.3
Temporary not fit 0 0.0 1 2.2 0 0.0
Fit with restrictions 17 31.4 27 58.7 21 45.7
Type of restriction
Physical exertion 11 19.6 16 34.8 11 23.9
Night shift work 6 10.7 18 39.1 14 30.4
Stress/Mental load 0 0.0 2 43 2 43
Upper limbs overload 1 1.8 1 2.2 1 2.2
Lower limbs overload 2 3.6 3 6.5 1 2.2
Biological risk 2 3.6 4 8.7 2 4.3
exposure
Work rhythms 0 0.0 5 10.9 1 2.2
Other 1 1.8 1 2.2 1 2.2
Gender
Male 6/28 21.4 13/23 56.5 13/23 56.5
Female 11/28 39.3 14/23 60.9 8/23 34.8
Age group
<55 y.o. 8/25 32 12/20 60 10/20 50
255 y.o. 9/31 29 15/26 57.7 11/26 42.3
Chronic diseases
No 1/14 7.1 4/10 40 3/10 30
Yes 16/42 38.1 23/36 63.9 18/36 50
Job category
Physicians 4/19 21.1 8/17 471 5/17 29.4
Nurses 9/23 39.1 11/17 64.7 9/17 52.9
Nursing assistants 3/10 30 7/9 77.8 6/9 66.7
Other sanitary workers 0/2 0.0 0/1 0.0 0/1 0.0
Non-sanitary workers 1/2 50.0 1/2 50.0 1/2 50.0
4. DISCUSSION All hospitalized HCWs involved in our study

Our study among HCWs hospitalized due to
acute COVID-19 provided relevant data to de-
scribe the evolution of symptoms, the perceived
work ability and their impact on fitness to work up
a mean time of eighteen months after COVID-19.

were not yet vaccinated against Sars-CoV-2 at
the time of infection. While the vaccination cam-
paign against Sars-CoV-2 started on 27th Decem-
ber 2020, in our study population, hospitalizations
due to COVID-19 occurred between March 2020
and April 2021. Among 86.5% of these cases, the
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infection occurred before the start of the Sars-Cov-2
vaccination campaign. In 23.5% of the cases, the in-
tection occurred during the vaccination campaign,
but it was always among unvaccinated HCWs.
These data confirm the effectiveness of the vacci-
nation campaign against Sars-CoV-2 in preventing
severe forms of infection, as demonstrated by our
previous study [8].

Concerning the persistence of symptoms at
the time of COVID-19 recovery (NPS negative),
we found a high prevalence of exertional dyspnea
and generalized asthenia, followed, in order, by
arthro-myalgia, sleep disorders, resting dyspnea
and cough. A recent study [11] evaluated the per-
sistence of physical and psychological symptoms
after COVID-19 in patients examined at an out-
patient clinic specialized in long-COVID syn-
drome to assess their duration and the predictive
factors associated with their resolution. Our re-
sults showed a high prevalence of dyspnea, fatigue
and myalgia/arthralgia among the HCWs evalu-
ated after hospitalization due to a severe form of
COVID-19. In a recent study, Huang L et al. [12]
characterized the evolution of health outcomes in
hospital survivors after acute COVID-19. Two
years after COVID-19 infection, they found a sig-
nificant decrease in the proportion of COVID-19
survivors with at least one sequelae symptom, with
fatigue, muscle weakness and sleep difficulties al-
ways being the most frequent. In their population,
anxiety and depression symptoms significantly
decreased two years after infection. At the time
of the last follow-up, 8% had anxiety symptoms,
while 6% had depression symptoms. In our study,
we also found a substantial decrease in many long-
COVID symptoms’ prevalence at the time ten
months after COVID-19 recovery: in particular,
a significant reduction of symptoms related to
physical well-being (such as cough, resting and
exertional dyspnea, asthenia and arthromyalgia)
was shown in our population.

Conversely, symptoms related to mental and psy-
chological well-being, such as loss of memory, anxi-
ety and depression, resulted in more persistence in
our population at the time of the questionnaire ad-
ministration with a non-significant decrease com-

pared with data at the time of negative NPS. The

prevalence of mental health disorders after acute
COVID-19 varies widely among studies [13, 14],
and they might be attributed to many causes, such
as the direct effects of SARS-CoV-2 infection, iso-
lation, physical distancing, or incomplete recovery of
physical health [15]. In our population, the incom-
plete recovery of physical health after COVID-19
and the noted psychological impact of the Sars-
CoV-2 pandemic on HCWs [16] can explain the
persistence of these symptoms. However, the poten-
tial role of worsening known chronic diseases in re-
ducing psychological well-being cannot be excluded
in some cases.

Concerning the other persistent symptoms of
long-COVID syndrome, we found a higher preva-
lence of anosmia in “healthy” HCW:s versus subjects
with known chronic diseases. A possible explanation
for these findings is that HCWs with no chronic
diseases have a higher perception of an altered smell
than patients with chronic illness who have a dif-
ferent sensitivity to a “non-debilitating” symptom.
In elder HCWs, a more increased muscle or joint
pain persistence at ten months after COVID-19
infection was found compared to younger ones. Pre-
existing musculoskeletal problems in subjects over
55 or the progressive reduction in muscle strength
and less resilience after physical exertion associated
with ageing could account for this finding [17].

Perceived work ability among our study’s popu-
lation decreased from the established score of 10
before COVID-19 infection to a median score of
8 at the time of infection recovery, with lower WA
scores in cases with known chronic disease and
nursing assistants. At the time of the questionnaire
administration, with the previously described sub-
stantial decrease in many long-COVID symptoms’
prevalence, we found a significant improvement in
the WA score in all hospitalized HCWs. In the lit-
erature, we have not found other studies that spe-
cifically investigated WA perception in patients/
workers hospitalized for COVID-19 infection. A
survey by Andrade M. et al. [18] aimed to explore
the implications of the COVID-19 pandemic on
psychosocial aspects and work ability among Bra-
zilian workers: they studied a cohort of workers at
baseline and twelve months follow-up, categorizing

data also depending on the previous COVID-19.



10 MENDOLA ET AL

The Authors unexpectedly found that WA was
unaffected by the pandemic in 75% of the work-
ers and, at a 12-month follow-up, no difference in
WA scores was found between infected and unin-
fected workers. The Authors explained these results
based on a large proportion of involved workers
composed of public servants with job stability and
a high “smart working” rate: these protective factors
may have contributed to these results on perceived
WA. HCWs involved in our study, conversely, carry
out an activity characterized by greater job demand:
this assumption can explain our results, which, in
contrast with the finding of Andrade M. et al., high-
lighted a reduction in WA after hospitalization for
COVID-19 in the overall population and particu-
larly in nursing assistants.

There is a lack of published research on the im-
pact of long-COVID on fitness at the return to
work. Among the limited current literature con-
cerning this point, Pauwels et al. [19] reviewed the
relevant published studies on the impact of long
COVID syndrome on patients’ return to work. Af-
ter screening 2,545 publications, the Authors iden-
tified only seven relevant studies on this topic. They
concluded that the return to work for individuals
with long-COVID is complex and diverges for each
individual concerning the specific persistent symp-
toms. On the other hand, the Authors highlighted
that working is generally good for health and should
be considered a practical part of the rehabilitation
program for workers suffering from long-COVID.
In this way, they suggested that occupational physi-
cians develop a close and trustful relationship with
all stakeholders to facilitate a safe return to work
for subjects with long-COVID syndrome. Accord-
ing to the guidance published by the Faculty of Oc-
cupational Medicine, a gradual return to work for
patients with long-COVID symptoms is recom-
mended, adjusting workloads and work rhythms to
the health conditions of the involved workers. [20]

In our studied population, HCWs returned to
work after an average time of 172.3+149.3 SD days
from the infection onset. As required by the regula-
tions issued by the Italian Ministry of Health [10],
all hospitalized workers affected by COVID-19
underwent a clinical evaluation by the Occupa-
tional Physician at the time of return to work with
the expression of fitness to work judgment: at this

time our study highlighted, with the persistence
of symptoms related to long-COVID-19 and the
reduction in the average WA score, a decrease in
tully fit to work judgements and an increase in the
fit to work decisions with restrictions, with a rise of
limitations related to night shift work and physi-
cal exertion. Due to the clinical conditions, about
two-thirds of hospitalized HCWs also underwent
examination and clinical management in an outpa-
tient clinic specializing in long-COVID syndrome.
In four cases (two more than baseline), a worsening
of chronic diseases conditioning a possible greater
susceptibility to infections required the issuance
by the occupational physician of a fitness to work
judgment with temporary restriction on exposure to
significant biological risk, according to the instruc-
tions of the Italian Ministry of Health related to the
protection of “fragile” workers [7].

At the subsequent health occupational examina-
tions, until today, a decrease in the restrictions’ rate
was observed: in particular, we observed a reduction,
but still non-significant, of restrictions’ rate related
to both night shift work and physical exertions. It’s
to note that out of the four cases with fitness to
work judgement with limitation on biological risk
exposure at the time of return to work, the evidence
of improved control of the known chronic patholo-
gies allowed the Occupational Physician to remove
this restriction at subsequent medical examinations
in two of them. The increase in the rate of judge-
ments with restrictions was expected to encourage
workers’ gradual return to work with long-COVID
by modulating the workloads and rhythms of work,
as indicated by international guidelines [20]. In this
context, the rise of limitations related to night-shift
work can be explained by the known effect that
the alteration of the circadian rhythm could have
on subjects’ well-being, particularly in HCWs with
psychological and sleep problems [21].

Finally, the slow reduction in the rate of HCWs
with limited fitness to work may be linked to both
the characteristics of the work (e.g. workload,
rhythms of work and the known psychological
impact of working in the healthcare system) and
the persistence of psychological symptoms (e.g.,
anxiety and depression) affecting perceived physi-
cal fitness, physical pain and even general health

perception [22].
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Some limitations could affect obtained results
and require further confirmatory studies. Primarily,
this study focused on a relatively small number of
cases with a high prevalence of individuals with one
or more chronic diseases. As a result, we potentially
oversampled HCWs at a very high risk of compli-
cations (not only related to COVID-19 and hospi-
talization). The absence of a control group did not
allow for the identification of predisposing factors
tor the development of long-COVID syndrome in
hospitalized HCWs. Finally, the time elapsed be-
tween infection and questionnaire administration
may have partially affected the accuracy of data re-

lated to symptoms’ duration and WA score at the
time of COVID-19 recovery.

5. CONCLUSIONS

Our study highlighted a high prevalence of
post-COVID symptoms in HCWs hospitalized
tor Sars-CoV-2 infection with a longer persistence
over time of symptoms related to mental and psy-
chological well-being. Along with the persistence
of long-COVID symptoms, we found a decrease
in perceived WA at the time of COVID-19 re-
covery and an increase in fit-to-work judgements
with restrictions at the time of return to work.
Due to these clinical conditions, about two-thirds
of hospitalized HCWs also underwent examina-
tion and clinical management in outpatient clinics
specialized in long-COVID syndrome. Empow-
erment of perceived WA and a slight reduction
of fit-to-work judgements with restrictions were
found at an average of 18 months after infection,
indicating how the gradual improvement of both
the physical and psychological conditions of hos-
pitalized HCWs leads to a progressive recovery
of their WA and fit-ness to work. Further studies
are necessary to evaluate the long-term effects of
COVID-19 in larger populations of HCWs hos-
pitalized due to acute COVID-19 and in HCWs
with a mild-moderate course of the disease to
guarantee the best health protection of HCWs
with per-sistent physical and psychological disor-
ders after COVID-19.
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Long-term COVID symptoms, work ability and
fitness to work in healthcare workers hospitalized
for Sars-Cov-2 infection

SUPPLEMENTARY FILE

QUESTIONNAIRE
Post COVID symptoms and work ability in Healthcare Workers
hospitalized for COVID-19 infection

Date:

o Personal data

Surname and Name
Date of birth (dd/mm/yy)
Job category

Department
(at the time of COVID-19 infection)

o Section 1 - Post-COVID symptoms at recovery from COVID-19 infection
Positive NPS date: Negative NPS date:
Length of hospitalization for COVID-19  days:

Symptom Present at COVID-19 Time for resolution
recovery (days; if it is not resolved
(YES/NOT) sign “PRESENT”)

Cough
Dyspnea at rest
Exertional dyspnea
Arthralgia/myalgia
Palpitation/tachycardia
Chest pain
Anosmia
Ageusia
Asthenia
Headache
Loss of memory
Telogen effluvium

Sleep disorders
Anxiety/depression
Other

Data specification YES = symptom present NOT= absence of the symptom
PRESENT: symptom already present

After hospitalization, did you go to medical evaluation at outpatient clinics experienced in
Long-COVID, due to the persistence of symptoms related to COVID-19 infection?

D YES D NOT

o Section 2 - Post-COVID symptoms at the time of questionnaire
administration

Symptoms Present at the time of Clinical course
questionnaire administration (B-5-W)
Cough
Dyspnea at rest
Exertional dyspnea

Arthralgia/myalgia
Palpitation/tachycardia
Chest pain

Anosmia

Ageusia

Asthenia

Headache

Loss of memory
Telogen effluvium
Sleep disorders
Anxiety/depression
Other

Data specification YES = present NOT= absent
B= it getting better S = clinically stable W = it getting worse

o Section 3 - Screening on perceived work ability (WA



1. Considering your WA before infection as 10, please give a score from 0 to 10 to your WA at
the time of recovery from COVID-19 infection (negative NPS):

0 1 2 3 8 9 10

2. Considering your WA before infection as 10, please give a score from 0 to 10 to your WA at
this moment (time of questionnaire administration):

3. (If WA score right now improved compared with the score at the time of COVID-19
recovery) How long did it take to get this improvement?

O <3 months O 9-12 months
O 3-6 months O >12 months
O 6-9 months
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Ocular health among industrial workers: a prevalence
study of foreign body injury, refractive error, dry eye,
pterygium and pingueculae
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ABSTRACT

Background: Workplaces play a critical role in developing ocular diseases, owing to the risk of accidents. This study
aimed to evaluate the ocular health of industrial workers by determining the prevalence of foreign body injury,
refractive error, dry eye, and pterygium/pingueculae, as well as the factors influencing these diseases. Methods: 75is
study involved on-site examinations of workers from an industrial area hosting marble processing factories and
metal sectors. Data such as refractive error, foreign body injury-related corneal nephelium, pterygium/pingueculae
presence, and Schirmer test-assisted dry eye evaluation were all collected. Results: 7he average age of workers was
35.78+10.05 years, with a female-to-male ratio of 20:220. The majority of workers had completed primary school
(56.3%), smoked >1 cigarette/day (57.6%), and did not use any assistive devices for bodily functions (88.3%). On av-
erage, working hours/week were 55.07+8.79, and working years were 5.99+7.00. Dry eyes were found in 31(22%),
and 35(34%) marble and metal workers, respectively (p=0.042). 11(7.9%) marble workers and 29(28%) metal
workers had foreign body ocular injury-related corneal nephelium (p=0.0001). Furthermore, pterygium/pingueculae
were revealed in 17 marble workers (12.3%) and three metal workers (3%) (p=0.009). Conclusions: Ocular health
is essential, and routine ocular health screening in industrial workers, as well as workplace safety measures, should be
implemented to prevent potential occupational accidents.

1. INTRODUCTION

Uncorrected refractive errors, cataract, age-related
macular degeneration, glaucoma, and diabetic retin-
opathy are among the top five causes of visual
impairment worldwide, according to the World
Health Organization (WHO). Whatever the cause,
the fact that nearly one billion people worldwide
have a treatable but incurable visual impairment is

Received 17.06.22 - Accepted 23.09.22

astounding [1].The prevalence of these diseases var-
ies from country to country. While cataract causes
more visual impairment in low- and middle-income
countries, conditions such as diabetic retinopathy,
glaucoma, and age-related macular degeneration are
more prevalent in high-income countries [2].
Focusing on both the individual and social im-
plications of disease outbreaks is critical. According

to the WHO, visual impairments double the risk of

*Corresponding Author: Ibrahim Ethem Ay, Afyonkarahisar Health Sciences University, Faculty of Medicine, Department of
Ophthalmology, Afyonkarahisar, Tiirkiye; E-mail: ibrahimethemay@windowslive.com
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falling, whereas depression, anxiety, and motor func-
tion loss triple the risk [1]. Visual impairments have
an impact on employment and accidents [3]. Work-
places play a critical role in this context due to the
possibility of developing accidents and potentially
associated ocular diseases. It has been reported that
ocular injuries account for 3-10% of all occupational
injuries [4-8].

Aside from accidents, working conditions have
been linked to an increase in the prevalence of
diseases such as dry eye [9], pterygium [10], and
cataract [11], emphasizing the importance of work-
ers’ ocular health protection and improvement. The
value of occupational risk assessments in determin-
ing the necessary precautions cannot be overstated
in this regard.

As a result, the current study was designed to
assess the ocular health of industrial workers by
determining the prevalence of foreign body injury,
refractive error, dry eye, pterygia/pingueculae, and
the associated influencing factors.

2. METHODS
2.1. Study design and participants

'This cross-sectional study enrolled 9,000 industrial
workers from the Aegean region of Afyonkarahisar
province in Turkey between April and May 2021.
'This province’s industrial area has long been known
for its internationally valuable marble and metal in-
dustries. While those in the marble sector worked
on quarry marble, those in the metal sector worked
on marble cutting machines. The sample size was
calculated to be 215 based on the expected value of
40.4% for refractive errors [12], which is the highest
expected value for ocular disease prevalence, using the
Epi Info Program, with an 8% margin of error, 1.5
design effects, and five clusters planned to be selected.
Five factories were randomly chosen from the indus-
trial area to arrive at this figure, and two hundred and
forty factory volunteers participated in the study.

2.2. Ocular assessment

A senior ophthalmologist (IEA) performed a

comprehensive ocular examination on all participants

between 09:00 AM and 12:00 AM to minimize any
potential diurnal and climatic condition-related
ocular physiological changes, particularly in the as-
pect of a possible dry eye condition. Also, personal
protective equipment such as an N95 mask, visor,
apron, gloves, and so on was used during the exami-
nation to prevent SARS-CoV-2 transmission. The
other study authors gathered demographic informa-
tion and distributed a workplace health question-
naire (MD, YS, AT).

A complete anamnesis was performed, including
noting any other diseases or medications and visual
acuity using the Snellen chart (6m) before measur-
ing refractive error in glasses and contact lens users.
An anterior segment examination was performed
using a hand slit lamp (Reichert, NY, USA) to detect
cataracts, pterygium, pingueculae, and dry eye. The
Schirmer test was performed after instilling local
anesthesia into the cornea. Participants with values
less than 5 mm and a tear break-up time (TBUT)
test of greater than 10 seconds were classified as
having dry eyes. Dilated fundoscopy was performed
using a 90D Volk in cases with visual acuity below

20/20, and any ocular pathology was recorded.
2.3. Statistical analysis

the statistical analysis was conducted using the
Statistical Program in Social Sciences (SPSS) 23.0
package. Continuous variables were reported as
mean and standard deviation, while categorical vari-
ables were reported as numbers and percentages. The
%* test was used to compare categorical variables and
the possible relationship between workplace risk
factors and ocular diseases such as dry eye, refractive
error, foreign body injury status, pterygium, and
pingueculae. Yates’ correction or Fisher’s exact test
was used when necessary.

3. RESULTS

The average age of workers was 35.78+10.05
years, with a female-to-male ratio of 20:220. Work-
ing hours per week averaged 55.07+8.79, and
working years averaged 5.99+7.00. The majority
of workers had finished primary school (56.3%),
smoked more than one cigarette per day (57.6%),
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Table 1. The socio-demographic characteristics of industrial workers.

Marble sector, Metal sector Total
Parameters n. (%) n. (%) n. (%) 1 P value
Gender
Female 9(6.5) 11(10.8) 20(8.3) 1.395 0.238
Male 129(93.5) 91(89.2) 220(91.7)
Education level
Illiterate and Literate 2(1.4) 6(5.9) 8(3.3) 16.616 <0.001*
Primary school graduates 35(25.4) 24(23.5) 59(24.6)
High school graduates 56(40.6) 20(19.6) 76(31.7)
University graduates 45(32.6) 52(51.0) 97(40.4)
Smoking Status
None 35(25.4) 36(35.3) 71(29.6) 2.975 0.226
More than one cigarette/day 83(60.1) 55(53.9) 138(57.5)
Quit smoking 20(14.5) 11(10.8) 31(12.9)
Chronic disease status
Absent 122(88.4) 89(87.3) 211(87.9) 0.073 0.787
Present 16(11.6) 13(12.7) 29(12.1)
Assistive devices for body functions
None 119(86.2) 93(91.2) 212(88.3) 3.011 0.223
Glasses 15(10.9) 9(8.8) 24(10.0)
Others 4(2.9) 0(0.0) 4(1.7)
Total 138(100.0) 102(100.0) 240(100.0)

*p<0.05, n=Number of participants, %=Percentage.

and did not use any assistive devices for bodily
functions (88.3%). Table 1 summarizes the socio-
demographic characteristics of industrial workers.
Most industrial workers were employed in pro-
duction (marble and metal sectors) units (68.3%).
24.6% of the employees were not directly involved
in production but were working in management,
marketing and technical units. Only 22.5% worked
the night shift. 36.3% reported workplace exposure
to flying, moving or falling objects. 14.6% had been
exposed to corrosive-corrosive chemicals (e.g., silica,
fluorine) at work. The remaining workplace units
and associated risk factors are shown in Table 2.
Most factories in the industrial area had an
occupational physician — 195(81.3%). Despite this,
the vast majority of industrial workers, 231(96.2%),
were not subjected to regular ocular examinations.
Despite having an eye problem, 25(10.4%) workers

could not be visited by an ophthalmologist for vari-
ous reasons, including difficulties obtaining hospital
rendezvous and permission to leave the workplace
for outpatient clinics. Participants had an 18.3%
refractive error, a 27.5% dry eye, a 16.7% pteryg-
ium/pingueculae, and a 8.3% corneal foreign body
injury (Figure 1).

Most participants were emmetropes (81.7%),
with no dry eye (72.5%), pterygium/pingueculae
(83.3%), or history of corneal foreign body injury
(91.7%) (Table 3 and Figure 1).

There were no statistically significant differences
between refractive error and occupational sec-
tor (p=0.147). Dry eye was detected in 22% of the
marble sector and 34% of the metal sector workers
(p=0.042). Metal workers had a higher rate of for-
eign body injury-related corneal nephelium (28.4%)
than marble workers (7.9%) (p=0.0001). However,



4 Ay ET AL

Table 2. Industrial workers’ workplace units and risk factors.

Marble sector Metal sector Total
Parameters n. (%) n. (%) n. (%) v P value
Units
Administration, marketing and technical 40(29.0) 19(18.6) 59(24.6)  3.405 0.182
Welding 9(6.5) 8(7.8) 17(7.1)
Production in marble and metal sectors 89(64.5) 75(73.5) 164(68.3)
Nigh shift status
Yes 96(69.6) 90(88.2) 186(77.5) 11.724  0.001*
No 42(30.4) 12(11.8) 54(22.5)
Workplace exposure to flying, moving, or falling objects
No 89(64.5) 64(62.7) 153(63.8)  0.078  0.781
Yes 49(35.5) 38(37.3) 87(36.3)
Exposure to corrosive-corrosive chemicals in the workplace (e.g., silica, fluorine)
No 125(90.6) 80(78.4)  205(85.4) 6.949  0.008*
Yes 13(9.4) 22(21.6) 35(14.6)
Construction machinery use with a colored signal or warning lamp
No 101(73.2) 69(67.6) 170(70.8)  0.872  0.35
Yes 37(26.8) 33(32.4) 70(29.2)
Welding Machine Usage
No 116(84.1) 71(69.6) 187(77.9)  7.117  0.008*
Yes 22(15.9) 31(30.4) 53(22.1)
Wearing glasses with visors (Personal Protective Equipment)
No 75(54.3) 49(48.0) 124(51.7)  0.935 0.334
Yes 63(45.7) 53(52.0) 116(48.3)
Total 138(100.0) 102(100.0)  240(100.0)

*p<0.05, n=Number of participants, %=Percentage.

marble workers (12.3%) were more likely to have
pterygium/pingueculae than metal workers (3%)

(Table 3).
4. DISCUSSION

'The present study was conducted in occupational
settings, and therefore it may be more effective than
hospital-based studies in revealing eye accidents, in-
juries, and diseases. Indeed, occupational accidents
are under-reported in developing countries, includ-
ing Turkey. As a result, the current study findings
take on greater significance. The presence of foreign
body injury-related corneal nephelium could indi-
cate unreported accidents.

Heinrich accident pyramid reported 29 accidents
with minor injuries and 300 near-misses per ac-
cident, with one serious injury and death [13]. By
accepting 40 foreign body injuries as minor acci-
dents, this situation can be interpreted as indicat-
ing 1-2 serious injuries or fatal accidents and 413
near misses. Therefore, existing preventive measures
are either insufficient or not correctly implemented.
Indeed, primary eye protection reduces the risk of
eye-related accidents by 90% [14]. Despite this
precautionary measure, the main issue here is that
employers and employees generally disregard this
risk. It is worth noting that, of the sectors studied,
those working in the metal sector had a higher rate
of eye injuries caused by foreign objects than those
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working in the marble sector. Based on the litera-
ture, the metal industrial sector appears to be the
most hazardous for eye injuries, consistent with the

current study findings [15].

Figure 1. Corneal nephelium caused by multi-

ple foreign body trauma in a 45-year-old male
worker at a marble cutting machine factory.

Another significant finding in the current study
was that 16.2% of the industrial workers did not
know whether their workplace had an on-site phy-
sician: 2.5% of workers stated that they don't have
an occupational physician. However, the workplaces
where the study was conducted were classified as
high-risk and served by a responsible physician. As
a result, the occupational medical unit is underuti-
lized in a sector with severe ocular problems. The
workplace physician’s list of ocular diseases should
be screened, and it should be determined whether
workers take necessary precautions. The current
study, on the other hand, revealed that the occupa-
tional physician did not perform ocular screening
procedures regularly and that an ophthalmologist
had not examined 62% of workers in more than a
year. The employer and the employees appeared to
place too little emphasis on ocular health, and the
occupational physician did not plan periodic exami-
nations based on job requirements. Given the nature
of the job, it is presumed that ocular diseases should
be included in workplace screening, and training in-
terventions should be planned to raise the awareness
of workers in hazardous jobs.

Pterygium and pingueculae are two other dis-
eases that the workplace may influence. Their de-

velopment has been linked to UV rays, age, high

Table 3. The relationship between industrial workers’ occupational sector and ocular health conditions.

Occupational sector

Parameters Marble Sector n. (%)  Metal Sector n. (%) Total n. (%) v P value
Refractive error

Present 21(47.7) 23(52.3) 44(100.0) 2.106 0.147
Absent 117(59.7) 79(40.3) 196(100.0)

Dry eye

Present 31(47.0) 35(53.0) 66(100.0) 4131 0.042*
Absent 107(61.5) 67(38.5) 174(100.0)

Corneal foreign body injury

Absent 127(63.5) 73(36.5) 200(100.0) 17.678 <0.001*
Present 11(27.5) 29(72.5) 40(100.0)
Pterygium/Pingueculae

Absent 121(55.0) 99(45.0) 220(100.0) 6.752 0.009*
Present 17(85.0) 3(15.0) 20(100.0)

*p<0,05, n=Number of participants, %=Percentage.
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cholesterol metabolism, dust exposure, elastotic
degeneration, alcohol, and dry eyes [16]. A 52%
prevalence of pingueculae has been reported [16],
much higher than the rate of 8.3% found in the
current study. However, the population was also
older, with a mean age of 63.4+14.5 years, com-
pared to 35.78+10.05 of our study subjects, which
could account for a low rate of pterygium and
pingueculae detection.

The prevalence of pterygium/pingueculae was
around 25% in a study of quarry workers in
Ghana [17]. One of the most important risk factors
for the pterygium/pingueculae is UV radiation [18].
Our study was carried out in factories in the indus-
trial zone. Both marble workers and metal workers
were working indoor. Therefore, UV radiation was
not considered the main risk for either group. The
lower frequency found in our study might be due
to younger age and low UV exposure. The marble
sector workers had a higher frequency of pterygium
and pingueculae than those from the metal sector.
This increase could be attributed to dust generated
during the manufacturing process of the marble in-
dustry, which influences the formation of pterygium
and pingueculae. Given this disparity, interventions
to reduce ambient dust are only partially effective.
Environmental measures, for example, could eftec-
tively reduce the dust effect and the formation of
pterygium and pingueculae.

Refractive errors, including astigmatism, myopia,
and hyperopia, are the most common vision problem
worldwide [1]. In the refractive error meta-analysis
[12], the estimated pool prevalence for myopia was
26.5%, 30.9% for hyperopia, and 40.4% for astig-
matism, with significant differences across coun-
tries. Genetic and environmental factors may have
contributed to the development of this difference.
A substantial proportion of working-age adults
have an undiagnosed refractive error, according to
a cohort study conducted in England [3]. Consist-
ently, we found that 18.3% of workers had refractive
errors. While 10% of those with refractive errors
wore glasses, 8.3% did not seek corrective measures
for their visual defect. Age and educational level
could be critical variables in refractive errors [19].
'The younger age group, as well as the concentration
of education at the primary and secondary levels,

are thought to contribute to the lower incidence of
refractive errors.

Dry eye is linked to decreased eye comfort, poor
quality of life [20], and poor work performance [21].
Dry eyes aftect between 5% and 35% of the popu-
lation [22]. A meta-analysis of studies on workers
who used screens found that the prevalence was
39.1% in studies investigating symptom-based dry
eye and 25.4% in studies investigating tear film
anomalies [23]. The method used in these studies
could have played a significant role in the prevalence
discovered [24, 25]. The current study employed the
Schirmer and TBUT tests, and the prevalence of
dry eye in employees was 27.5%. It backs up previ-
ous research on the tear film. Dry eye can be caused
by various factors, including age, gender, particle
exposure, environmental conditions such as climatic
conditions, work conditions [visual-demanding
work], and medications such as antihistamines
and steroids [21]. Khorshed et al. [24] study with
250 workers in the marble quarry found that 51.2%
had dry eyes. Compared to Khorshed et al., the cur-
rent study found a lower rate of dry eye. The present
study evaluated the occupational sectors associated
with marble processing in the industry may have re-
vealed this difference. Khorshed et al. evaluated the
workers directly involved in marble extraction in a
marble quarry.

Overall, dry eye was more prevalent in metal
than in marble workers. A study in the Nether-
lands [9] to investigate the relationship between
population-based dry eye and occupation types dis-
covered that the metal sector was the most danger-
ous business group for dry eye. It is worth noting
that exposure to dust, chemicals, toxins, and the
overall hazardous working environment are preva-
lent in these industries.

The current study has a significant limitation: it
only included workers from the marble and metal
industries. Specific ocular health concerns may ex-
ist for automotive, biomedical, and other automo-
tive workers. In this context, multi-centred field
studies with a larger workforce and other busi-
ness lines related to this issue would be clinically
and occupationally valuable. Furthermore, workers
were presumed to have always worked the same job
throughout their professional lives. Workers with
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extensive work experience may have previously
worked in different business lines and suffered eye
injuries. However, the risk of eye injury based on
the workers’ working years was not considered. It is
unknown whether new workers value safety precau-
tions more than experienced workers. Inexperienced
workers may sustain more eye injuries. Nonethe-
less, because it is a direct field study conducted by
an ophthalmologist under the supervision of public
health experts, our study adds to the literature in
an unprecedented way. More research on this topic,
however, is needed.

5. CONCLUSIONS

'The majority of workers had completed primary
school, smoked more than one cigarette per day, and
did not use any bodily function assistive devices. The
metal sector had a higher rate of eye injuries caused
by foreign objects than the marble sector, indicat-
ing its high potential for visual injuries. The same
industry had a higher prevalence of dry eye. The
fact that occupational physicians did not regularly
perform ocular screening procedures and that an
ophthalmologist had not examined more than 60%
of workers in more than a year demonstrates how
little attention was paid to ocular health conditions.
Further large-scale multi-center research involving
different industrial sectors, in addition to marble
and metal, could provide clinically and occupation-
ally relevant outcomes in the long term, providing a
complete picture of ocular health status.
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ABSTRACT
Background: Work-related muscle-skeletal symptoms (WRMS) represent a substantial social and economic impact
on the way of work and have a high incidence in surgeons. In the literature, several studies address the impact of
WRMS in surgeons performing gynecological, laparoscopic, and robotic surgery, but there are no studies in the
Jfreld of orthopedic surgery. This pilot study aims fo assess the effectiveness of a preventive program fto reduce pain.
Methods: A/ workers Jfilled in a standardized questionnaire, and postoperative pain in the operating room was
quantified using a numeric scale (NAS). The intervention group followed ergonomic principles in the operating
room supervised by a physiotherapist and specific physical exercises before and after surgery. Data were analyzed
using the statistical program STATA rel. 14.0. Results: Twenty-one surgeons were assigned to intervention groups
and thirty-three to controls. At baseline, the two groups were homogeneous for anthropometric factors, and controls
were older and with higher work seniority. Pain perception resulted in high in both groups in many body districts.
At follow-up, after three months, the intervention group significantly reduced pain perception in all body districts
for the lumbar back, knees, ankles and feet (p<0.05 ). In the control group, pain perception increased in all body
districts investigated. Conclusions: Wz found a high prevalence of WRMS in young orthopedic surgeons, and we
demonstrated the effectiveness of a preventive program through targeted ergonomic education and exercises for the

most affected body districts.

1. INTRODUCTION

Nowadays, work-related muscle-skeletal symp-
toms (WRMS) represent a growing problem as a
cause of absenteeism from work, reduction of activ-
ity, transfer to another job and disability [1]. In the
Netherlands, Germany and the United Kingdom,
WRMS account for 28% of lost days worked by
health workers [2]. In Italy, the National Institute

Received 11.05.2022 - Accepted 16.09.2022

for Occupational Accident Insurance [3] reports
that in 2017 there were about 58,000 complaints of
occupational diseases, 65% aftect the muscle-skeletal
system [3].

Healthcare professionals are exposed to the risk
of developing WRMS up to three times higher
than the general population [4], depending on the
type of activity carried out by the professional, the
workload and the position taken during work. For
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E-mail: barbara.cacciatori@asugi.sanita.fvg.it
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example, a Portuguese study has shown a correla-
tion between the symptoms perceived by nurses in
prolonged standing activities and the maintenance
of incongruous positions [5]. Ergonomists have as-
sessed surgeons’ environments and working condi-
tions as equal to or even worse than some industrial
workers [6].

'The presence of WMSDs in surgeons seems to be
underestimated [7]. Several studies and literature re-
views emerge [8] that deal with the detection of the
existence and prevalence of WRMS symptoms in
surgeons performing gynecological surgery [9, 10],
microsurgery [11], general surgery [12], plastic sur-
gery [8], neurosurgery [13] and assisted robots [14].
These studies recommend special attention to the
ergonomic education of surgeons [15] by including
this education already during the training course.
Few clinical studies propose symptom reduction
interventions with exercises during surgery [16] or
before and after surgery [17], but orthopedic sur-
geons are not considered.

'The purpose of this intervention study is to pro-
pose an ergonomic educational intervention com-
bined with stretching exercises to prevent WRIMS
in orthopedic surgeons.

2. MATERIALS AND METHODS

'The study had a prospective design comparing re-
sults obtained before and after an intervention to eval-
uate its effectiveness. The same design was applied in
a control group continuing the activity requested by
the job as usual. Fifty-four orthopedic surgeons from
two different Italian hospitals in the Friuli Venezia
Giulia region were recruited and agreed to participate
in the study. Twenty-one orthopedic surgeons from
Cattinara Hospital were recruited into the interven-
tion group. In contrast, thirty-three orthopedic sur-
geons from Santa Maria della Misericordia Hospital
in Udine were selected as a control group.

In July 2019, during the first assessment, the Ital-
ian version of the Nordic questionnaire [18], SF 12
[19] and numeric analogic score (NAS) [20] were
administered twice: before and after the surgery in
the operating theatre; detecting the present pain
in the different body districts. A further question-
naire based on previous studies [21] was proposed

to investigate the postural structure and the knowl-
edge and application of ergonomic measures in the
operating theatre. The questionnaire on joint pain
investigated anthropometric information, job, pres-
ence of pathologies, use of drugs for musculoskel-
etal pathologies, physical activity, and the presence
of joint pain in the various body districts (cervical
spine, upper limbs, dorsal spine, lumbar spine, lower
limbs) in the last month according to the Numerical
Rating Scale (1 no pain, 10 unbearable pain) [20].
'The SF 12 questionnaire (Short Form) investigated
the health status perceived by the subjects in the last
four weeks. [19]. The SF 12 is the reduced version
of SF 36 covering physical activity, role and physical
health, role and emotional state, and mental health.
'The remaining scales, covering physical pain, general
health, vitality and social activities, are presented
here in a reduced form with only one question each.
Some studies on European populations show that
the synthetic indices of SF 12 correlate with the
corresponding SF 36 with a range of values between
0.93 and 0.97 [22]. The calculation of the scores was
performed by referring to the cited manual.

In addition, an ad-hoc questionnaire based on
previous studies [21] was prepared, including ques-
tions on postural set-up in the operating theatre and
awareness and application of ergonomic preven-
tion measures. All participants filled the four ques-
tionnaires at the baseline and after a three-month
follow-up. At the three-month follow-up, the ques-
tionnaire was supplemented with questions regard-
ing compliance with the program of self-treatment
exercises.

During the three months, a physiotherapist went
to the operating theatre of the study group to record
video and photos of surgeons’ positions during the
interventions; both first and second operators (if pre-
sent) were followed. These data were included in a ta-
ble to detect incongruous postures taken during a shift.

'The intervention group underwent an educational
program based on ergonomic guidelines in the op-
erating room and simple self-treatment exercises;
these exercises should be performed before and after
surgical sessions or twice a day if not in the operat-
ing room. Inclusion criteria were an agreement to
participate, be an orthopedic surgeon, and work in
Trieste and Udine’s orthopedic facilities. Exclusion
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criteria: previous surgery at osteoarticular level, his-
tory of trauma, orthopedic or rheumatological diag-
noses, and neurological pathologies.

The statistical package STATA 14.0 (Stata Cor-
poration, Texas, TX) was used to analyze the data.
Continuous data were summarized as median
(25-75° percentiles) due to non-normal distribution
assessed using the Shapiro-Wilk test and compared
with the Mann-Whitney test. Symptom scores be-
fore and after treatment were investigated with the
Wilcoxon test. Categorical data were compared us-
ing the Chi-square test. Factors associated with pain
in different body districts were examined during the
tollow-up using the Generalized Equations Estima-
tion (GEE) and reported as OR (Odds Ratios) and
95% Confidence Intervals. Statistical significance

was placed at p<0.05.
3. RESULTS
Twenty-one surgeons participated in the inter-

vention group (IG) and thirty-three in the control
group (CG), and the majority were men in both

Table 1. Characteristics of the population studied.

groups (66.7% and 84.9%, respectively), as shown
in Table 1.

There were no differences between the two
groups considering the anthropometric features,
but IG resulted in older and higher work seniority.
Almost all surgeons performed open surgery, while
arthroscopic interventions were more common in
CG (p=0.01). Surgeries performed daily, and weekly
were similar. Drug intake for MS was reported by
23.8% and 31.2% in IG and CG, respectively; no
one said to use opioids. A surgeon reported work
absence due to MS. Musculoskeletal symptoms in
the previous twelve months were declared by the
majority of subjects with a higher prevalence of low
back pain (66.7% in IG and 42.4% in CG), neck
pain (57% in IG and 24.2% in CG, p<0.01) and
dorsal pain (42.9% in IG and 15.1% in CG, p=0.02).

Table 2 reported MS symptoms in IG and CG
after surgery before and after the intervention:
47.6% and 24.2% in IG and CG, respectively, re-
ported dorsal pain, 42.9% and 45.1% in IG and CG,
respectively, reported low back pain and 39.1% and
27.3% in IG and CG, respectively, reported neck
pain. After the three months of follow-up, we have

Variable

Intervention Group (IG) n=21

Control Group (CG) n=33 p

Age, years median
(25°-75° percentiles)
Women n. (%)
Weight kg median
(25°-75° percentiles)
Height cm median
(25°-75° percentiles)
BMI median
(25°-75° percentiles)
Residents n. (%)
Work seniority years Median
(25°-75° percentiles)
Surgery performed n. (%)
Open
Arthroscopic
Robotic
Endovascular

30 (29-33) 33 (30-37) 0.020
7(33.3) 5(15.1) 0.117
73 (68-82) 72 (65-84) 0.703
178 (169-182) 177 (171-183) 0.696
23.7 (21.8-25.3) 21.9 (22-25.8) 0.894
20 (95.2) 26 (78.8) 0.040
3(2-4) 7 (5-12) 0.020

21 (100) 32(97)
9 (42.9) 25 (78.8) 0.421
0 3(9.4) 0.010
0 0 0.149

Table 1 (Continued)
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Variable Intervention Group IG)n=21  Control Group (CG) n=33 p
Surgery per day median 2(2-3) 3(2-3) 0.09
(25°-75° percentiles)

Surgery per week median 9 (6-10) 10 (6-15) 0.353

(25°-75° percentiles)

Surgery duration minutes 60 (60-90) 70 (102-120) 0.003

median (25°-75° percentiles)

Drugs intake n. (%) 5(23.8) 10 (31.2) 0.604
NSAID 5(23.8) 10 (31.2) 0.604
Opioids 0 0 0.206
Muscle relaxant 1(4.8) 0

For days 2.5 (1.5-4.5) 5 (4-7) 0.060

median (25°-75° percentiles)

Leaded gown 21 (100%) 29 (97.9%) 0.097

Absence from work due to WRMSD 1 (4.8%) 0 0.206

Sport hours weekly 3(1-4) 4(2-6) 0.098

median (25°-75° percentiles)

Orthopedic diseases n. (%) 0 1(3.1) 0.421

Pain n. (%)

Neck 12 (57.1) 8(24.2) 0.010
Shoulders 7 (33.3) 7(21.2) 0.321
Elbow 2(9.5) 1(3.0) 0.312
Wrists-Hands 6 (28.6) 5(15.5) 0.230
Dorsal back 9 (42.9) 5(15.5) 0.020
Lumbar back 14 (66.7) 14 (42.4) 0.083
Leg 1(5.9) 3(9.7) 0.642
Knees 3(14.3) 7(1.2) 0.524
Ankles-Feet 2(11.8) 4(12.9) 0.902

Table 2. Musculoskeletal symptoms in the previous seven days reported after the surgery at the baseline and follow-up.

Pain Groups Baseline Three-month follow up
Neck Intervention 8 (39.1%) 7 (33.3%)
Controls 9 (27.3%) 15 (45.4%)
P-value 0.404 0.377
Shoulders Intervention 8 (38.1%) 6 (28.6%)
Controls 11 (33.3%) 15 (45.4%)
P-value 0.120 0.132
Elbows Intervention 2 (9.52%) 1 (5.88%)
Controls 1 (3.03%) 4 (12.90%)
P-value 0.311 0.440
Wrist Intervention 4 (19%) 5(23.1)
Controls 3(9.1%) 14 (42.4)
P-value 0.298 0.163
Hands Intervention 6 (28.57%) 4 (19.5%)
Controls 5(15.15%) 11 (33.3%)
P-value 0.232 0.232

Table 2 (Continued)
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Pain Groups Baseline Three-month follow up
Dorsal back Intervention 10 (47.62%) 8 (38.1%)
Controls 8 (24.2%) 15 (45.4%)
P-value 0.083 0.5%4
Lumbar back Intervention 9 (42.9%) 8 (38.1%)
Controls 15 (45.4%) 17 (51.5%)
P-value 0.052 0.270
Knees Intervention 4(19.5%) 2 (9.5%)
Controls 11 (33.3%) 19 (57.6%)
P-value 0.254 0.010
Ankle Intervention 4(12.1%) 2(9.5%)
Controls 1 (4.6%) 10 (30.9%)
P-value 0.072 0.072
Feet Intervention 2(9.5%) 5 (23.8%)
Controls 5(15.5%) 10 (30.3%)
P-value 0.548 0.269
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Figure 1. Postoperative NAS values of the two groups at T'1 (baseline) and T2 (after three months) in the interven-
tion group (IG) and control group (CG). Wilcoxon signed rank test between lumbar back and feet pain before and
after intervention in IG (P=0.02 and <0.001, respectively). Mann-Whitney test between knees and ankles pain after
intervention between IG and CG P=0.01 and P=0.07, respectively.

a reduction in the number of workers that reported Figure 1 shows symptoms score (NAS) af-
symptoms in all body districts except in wrist in IG,  ter surgery in the two groups before and after the
while in CG, we found an increase in subjects that ~ follow-up in body districts. At follow-up, after
reported symptoms. three months, the intervention group significantly
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Table 3. Factors associated with musculoskeletal symp-
toms investigated using the GEE (Generalized Equations
Estimation) during the follow-up. Data are reported as OR
(Odds ratio) and CI (confidence intervals) at 95%.

OR  95%CI P

Intervention vs Controls 0.37 0.1-1.6 0.190
Age 1.04  0.99-12 0577
Women 3.2 0.9-33.0 0.328
Surgeries/week 1.03  0.9-1.2 0.671

reduced pain perception in all body districts for the
lumbar back, knees, and ankles (p<0.05). In the con-
trol group, pain perception increased in all body dis-
tricts investigated.

We evaluated factors associated with WRMD
during the follow-up using the Generalized Equa-
tions Estimation (GEE) statistics (Table 3), finding
a non-significant reduction of symptoms in IG and
higher symptoms in women, probably due to the
small number of subjects involved in the study.

4. DISCUSSION

WRMS are significant health problems in vari-
ous areas of work, including surgery. The first aim
of this study was to quantify the extent of musculo-
skeletal disorders afflicts young orthopedic surgeons
during their work performance. The surgical activ-
ity involves postural habits known to be risk factors
tor WRMS, including the maintenance of incorrect
postures, frequently repeated movements of the up-
per limbs and prolonged static postures (postures
maintained for more than 4 seconds).

Despite the limited numbers of our popula-
tion, our study confirmed the higher prevalence
of WRMS in orthopedic surgeons, mainly in
younger subjects, in accord with other studies
that correlate more WRMS to fewer years of ex-
perience [23]. The lumbar spine (66.7%), neck
(57.1%), dorsal spine (42.9%) and shoulders
(33.3%) are the most affected areas, as found by
other studies [16, 24].

At the baseline, IG reported a higher prevalence
of neck and dorsal back pain compared to CG and
a NAS higher in all body sites. However, the CG

was older than IG. Moreover, our study reported

a prevalence of WRMS lower than that of a rand-
omized controlled trial in Italy involving surgeons
[17].

At three months follow-ups, we noted symptom
scores in all body sites except wrists in IG and in-
creased CG significantly for lumbar back and feet
(pre-post 1G), knees and ankles (post-intervention
between IG and CG), and feet.

'The importance of knowledge of ergonomics and
how this can affect the onset of WRIMS is also high-
lighted in studies, in which it is noted that already
during the training as residents, it is necessary to
implement ergonomic knowledge to prevent mus-
culoskeletal disorders [25]. In the analysis of inap-
propriate positions taken during surgery, the most
involved operators are the second and third, as the
role of the first surgeon is played by the most expe-
rienced doctor, who adjusts the surgical field accord-
ing to his needs. Instead, available guidelines suggest
adjusting the operating table according to the height
of the tallest operator and not the oldest [10, 26].

This study presents some limitations: the limited
number of the sample, the variability in the execution
of the operations (often unforeseeable, for example, in
the traumatic field), and the time frame of only three
months that has allowed for short-term improvements.
It is necessary to continue the follow-up the verify the
effectiveness of mid- and long-term prevention and
adherence to the suggested preventive protocol.

Another limitation could be the older age of CG.
However, the prevalence of symptoms and NAS was
higher in IG than in CG despite the young but dif-
ferent ages (median age of 30 ws 33, respectively).
'The high prevalence of symptoms was not expected
in young subjects.

5. CONCLUSION

This study has highlighted the high prevalence
of WRMS in young orthopedic surgeons and that
a preventive intervention, in collaboration with
the physiotherapist, can reduce postoperative pain
symptoms, especially in the lumbar spine and lower
limbs. These results indicate the importance of in-
creasing the knowledge and the application of ergo-
nomics among orthopedic surgeons.
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vibration on some motor skill functions of city taxi
drivers

ZAHRA SADAT AcHAMIRI', MoHSEN ALIABADI’ , MARYAM FARHADIAN?,

Rostam GoLmonAaMMADI*, MAsouD SHAFIEE MoTLAGH?
"Department of Occupational Health Engineering, School of Public Health and Occupational Health & Safety Research Center,

Hamadan University of Medical Sciences, Hamadan, Iran;

2Center of Excellence for Occupational Health, School of Public Health and Occupational Health & Safety Research Center,
Hamadan University of Medical Sciences, Hamadan, Iran;

’Department of Biostatistics, School of Public Health and Research Center for Health Sciences, Hamadan University of Medical
Sciences, Hamadan, Iran;

*Center of Excellence for Occupational Health, School of Public Health and Research Center for Health Sciences, Hamadan

University of Medical Sciences, Hamadan, Iran

KEY WORDS: Combined exposure; heat; whole-body vibration; body balance; grip strength,; city drivers

ABSTRACT

Background: Driving requires sensory-motor abilities in unpredictable and complex driving scenarios. This experi-
mental study aimed to investigate the combined effects of exposure to whole-body vibration and heat on motor skill
Jfunctions of city taxi drivers. Methods: This study was conducted using a driving simulator on 30 male taxi driv-
ers. The drivers were exposed to five exposure conditions set by a single or combined exposure of two air temperatures
(24 and 30 °C) and two vibration levels (0.5, 1 m/s). Motor skill functions, including body balance, hand grip
strength, and perceived fatigue, were measured using a force plate, dynamometer, and Borg CR-10 questionnaire.
Results: 75e separate exposure to heat did not modify balance and hand grip strength, but its combined exposure to
vibration affected balance and grip strength. The effect sizes of heat, vibration, and heat + vibration on balance were
respectively 0.003, 0.23, and 0.441. Vibration exposure made the most significant mean differences in hand grip
strength compared with the other scenarios. The separate effect of heat on drivers’ perceived fatigue was comparable
to vibration. Ihe combined exposure to heat and vibration aggravated the perceived fatigue associated with expo-
sure to heat and vibration alone. Conclusion: Vibration mainly affects the driver’s postural equilibrium, handgrip
strength, and fatigue. The heat exposure alone did not have any remarkable effects on the balance responses and hand-
grip strength; however, it significantly increased the drivers’ perceived fatigue. Exposure to heat can aggravate the
effects of vibration on motor skills with a synergistic interaction.

1. INTRODUCTION vibration (WBV) [1]. The vibrations transmitted
from the road surface to the vehicle get in touch

Using vehicles as taxis in urban life is integral ~ with the driver through the foot, seat, and backrest
to the lifestyle and a source of drivers’ whole-body ~ [2]. Exposure to WBV can cause health problems in

Received xoooe - Accepted xsoox

‘Corresponding Author: Mohsen Aliabadi; Center of Excellence for Occupational Health, Occupational Health & Safety R search
Center, Hamadan University of Medical Sciences, Hamadan, Iran, https://orcid.org/0000-0001-7896-1379; Tel: +98(81)38380090;
Fax: +98(81)38380509; P.O. Box 4171-65175 E-mail: mohsen.aliabadi@umsha.ac.ir, mohsen_ohse@yahoo.com



2 AGHAMIRI ET AL

the cardiovascular, respiratory, gastrointestinal, spi-
nal, and peripheral nervous systems, and it may also
cause a disturbance to the vision and hearing systems
[3,4]. Hence, long-term exposure to whole-body vi-
bration in taxi drivers can cause adverse effects such
as reduced perception, annoyance, disturbance of vi-
sion and delicate motor tasks, spinal cord injury, and
damage to the digestive and reproductive systems. It
can reduce blood flow to the lower back and causes
cell damage and local fatigue [5], which may cause
low back pain [ 6] and postural imbalance [7].

It should be noted that motor skills are defined
as the fundamental movement characteristics of hu-
mans and are very important in job performance.
Strength, endurance, and speed are primary skills,
while mobility and coordination are complemen-
tary. In this regard, Savage et al. mentioned that
human balance disturbance is one of the most
common complications of WBV' exposure, which
sometimes leads to falls [7]. A fall accident is a
non-traffic-related occupational injury, especially at
high vibration frequencies, due to body imbalance of
drivers [4]. Human postural equilibrium or balance
is essential for human motor skills and is very im-
portant for daily activities [8] so standing and walk-
ing depend on it [4]. Balance is a complex process
achieved from the integrated information of visual,
vestibular, and somatosensory systems [9]. When
these sensory systems are disturbed, the body’s bal-
ance control mechanisms change and the balance
decreases [10]. Studies have shown that vibration
can reduce the balance by interfering with the pro-
prioceptive system [4, 11, 12]. It should be noted
that the force plate used to measure balance will be
able to record the horizontal and vertical reaction
forces. The center of pressure (COP) coordinates are
determined, and sway from the pressure center is re-
corded as COP displacement [13].

Handgrip strength is an essential characteristic
of the hand in different activities, especially driving,
and reduced strength can indicate muscle fatigue
due to exposure to vibration. Widia and Dawal
showed strong relationships between muscle activ-
ity, grip strength, interval time and vibration level.
Muscle activity and ratio decrease of grip strength
increase as the vibration level and exposure duration
increase [14]. Drivers require high motor-sensory

skills. Hence, proper handgrip strength and suitable
postural stability are essential for safe driving [4].

'The dissatisfaction levels of extreme air tempera-
ture have even some veto power over the existing
outdoor noise levels from traffic loads during driving.
Due to the nature of taxi driving in outdoor areas,
drivers are exposed to heat stress in the warm sea-
sons, aggravated by global warming [15]. Spaul et al.
have shown combined exposure to heat and WBV
can even reduce the effectiveness of body cooling
mechanisms [16, 17]. Exposure to heat and whole-
body vibration (WBV') may be the risk factors for
drivers’ physical and mental fatigue, which can result
in poor performance or postural instability [18, 19].
Son et al. showed that workers’ balance ability is af-
fected by physical workload and heat exposure [20].

'The related literature emphasized the interactions
among environmental factors and recommended
more detailed research. It can be seen that exposure
to any of the physical factors alone can affect the
physical and mental performance of drivers [21].
There are limited studies on the combined effects
of vibration and heat exposure during driving ac-
tivities, especially among taxi drivers. This study
empirically investigated the effects of separate and
combined exposure to vibration and heat on some
motor skills among taxi drivers under simulated
driving conditions.

2. METHODS
2.1 Subjects

In this experimental study, 30 healthy male taxi
drivers participated voluntarily, and a clear expla-
nation of the testing process was given to them.
Eligible drivers filled out a demographic question-
naire which included age, height, weight, history of
the disease, and the Pittsburgh Sleep Quality Index
(PSQI) questionnaire assessing sleep quality over a
1-month time interval. The mean + SD of age and
BMI of the participants were 34.56+5.93 years and
22.57+2.06 kg/m?, respectively.

'The drivers had not engaged in any possible med-
ications related to motor skills. The drivers had to
get at least 7 hours of sleep the night before each
session and not use caffeine or other stimulants.
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All participants were paid to ensure their motiva-
tion. The Hamadan University of Medical Sciences
Ethics Committee approved this study (Code:
IR.UMSHA.REC.1400.036.). All drivers were in-
formed of the research, and consent forms were ob-
tained. The inclusion criteria for volunteers to make
the study as accurate as possible are as follows:

*  Drivers should not be older than 45 years;

*  Weight was kept in the range of 75 to 85 as it
can interfere with the received vibration levels;

* 'The Pittsburgh Sleep Quality Index ques-
tionnaire score should be below 6;

* Drivers should be healthy and be in the
standard BMI range (18-23);

* Drivers should not use specific drugs or
caffeine, or any other stimulants;

* Dirivers should not have sleep problems and
have at least 7 hours a day;

* Drivers should not suffer from daltonism
(Ishihara test) and have correct visual acuity
(visual acuity score=20/20) using the visual

screening device (Optec 5000/5000P Series).
2.2 Experimental design

The research was performed using a within-
subjects design, where all drivers were considered
their controls. A repeated-measures design was
conducted to investigate the effect of exposure of
30 minutes to heat or WBV in different scenar-
ios. As shown in Figure 1, the drivers exposed for
30 minutes to five different scenarios on separate
days under simulated driving conditions: (i) heat
exposure (air temperature: 30° ¢, WBV acceleration:
0 m/s?), (ii) WBV, exposure (air temperature: 24 c,
WBV acceleration: 0.5 m/s?), (iii) WBV, exposure
(air temperature: 24’ ¢, WBV acceleration: 1 m/s?),
(iv) combined heat and WBV; (air temperature:
30 ¢, WBV acceleration: 0.5 m/s?), and (v) com-
bined heat and WBV, (air temperature: 30°c, WBV
acceleration: 1 m/s?). The WBYV intensities of 0.5
and 1 m/s* were selected based on ISO 2631expo-
sure limit recommendation. They were also chosen
according to the real data obtained from taxi driv-
ers exposed to WBV in fields. The grip strength

and balance test and Borg scale fatigue were tested

before and after each scenario. Different scenarios
were performed randomly for each driver to elimi-
nate the sequence effect. Moreover, the interval be-
tween each experiment was two days to eliminate
the effects of previous exposure.

2.3 Driving simulation condition

The simulated driving system was derived from
city car driving software (v1.5.9.2) that simulates
visual driving. It was linked to a vibration simulator
(Car racing VR-Sarisa model) with Xbox 360 con-
troller. This car simulator works with a pneumatic
system mechanism, and it can produce vibration in
different adjustable acceleration and frequency spec-
trums. It is powered by two air compressors that can
generate vibrations in different regulated frequencies
and accelerations. The vibration was set at two levels
of 0.5 m/s* and 1 m/s* and monitored continuously
by a vibration meter (SVANTEK, SV106A). Table 1
shows the vibration acceleration values of the driving
simulator system. The vibration of vehicles such as
the studied taxi car frequently varies from 1 to 50 Hz,
and the most noticeable vibrations occur on the
Z-axis [22, 23]. It should be noted that the output
frequency of the driving simulator was 5 to 20 Hz.

The driving simulator was located in the
air-conditions simulator chamber shown in Figure 2.
Air-conditions simulator chamber can able to pro-
vide different air temperature conditions. The cham-
ber’s dimensions are 4 x 3.5 x 2.7 m (LxWxH), and
is made of pre-made injected polyurethane panels
with a density of 40 kg / m3, and is covered with
alloy sheets that produce -25 to 50c air tempera-
ture condition in the chamber. The WBGT-meter
(CASELLA -HB3279-03) was used to monitor air
temperature, and it got constant at 30c and 24 ¢. The
digital light meter (INS-DX-200) and Sound-level
meter (LUTRON SL-4011 (Were used to keep
brightness and background noise at the optimal
limit of 300 Lux and 50 to 55 dB, respectively.

2.4 Motor skill functions measurement
For measuring body balance, Subjects’ COP was

measured in ML and AP axes in two different vi-
sion conditions, including Eyes-Open (EO) and



SCENARIO 1

30 MINUTES
DRIVING
AT 30°C

MEASURE BALANCE, GRIP STRENGTH AND
PERCEIVED FATIGUE

30 MINUTES
DRIVING
AT 24°C &

ACCELERATION

0.5 m/s2

AGHAMIRI ET AL

VOLUNTEER TAXI DRIVERS

INCLUSION CRITERIA

30 HEALTHY MALE
TAXI DRIVERS

SCENARIO 5

30 MINUTES
DRIVING
AT 24°C &
ACCELERATION
0.1 m/s2

SCENARIO 5

30 MINUTES
DRIVING
AT 30°C &
ACCELERATION

0.5 m/s2

N—

SCENARIO 5

30 MINUTES
DRIVING
AT 30°C &
ACCELERATION
0.1 m/s2

MEASURE BALANCE, GRIP STRENGTH AND PERCEIVED FATIGUE IMMEDIATELY AFTER DRIVING

Figure 1. Diagram of the study experiment setup.

Table 1. Characteristics of vibration accelerations induced by the driving simulator.

Condition (1) x y z sum Condition (2) X y z sum
a 0.01 0.09 0.49 0.50 0.08 0.11 0.98 1.00
rms (m/SZ) rms (m/s2)
MTVVa 011 028 217 MTVVa 030 057 221
a 0.23 0.47 2.71 a 0.82 1.35 4.81
peak peak
VDV" (/s7) 0.24 0.85 4.88 VDV (/s17) 3.66 12.82  73.20

a= the maximum transient vibration value, calculated at a one-second interval.

b= the fourth power vibration dose value.
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Figure 2. The air-condition simulator chamber (a) and the driving simulator (b).

Eyes-Closed (EC), before and after exposure in each
session. The force plate is placed on a rigid surface
to prevent unwanted movements. The subjects stood
barefoot in a Romberg position (stand straight and
motionless with hands to the sides of the body and
in a neutral position) on the Kistler 9286BA force
platform (Winterthur, Switzerland) for 30 seconds
while they were looking at a specific target at a dis-
tance of one meter from their eyes height [24]. Body
balance was measured three times with eyes open and
three times with closed eyes, and an average of these
was reported. The stand location on the force plate
must be the same for everyone, so a T-shaped sheet
was installed on the force plate, and people stood on
the marked area. The force plate was connected to
Kistler 9865 amplifier, and recorded data were trans-
formed to BioWare software (Software for Data Ac-
quisition of Force Plates) by an analogue to digital
converter Kistler 5691A Data Logger. The sampling
frequency was 100 Hz, and to increase the measure-
ment accuracy, 10s first data were deleted, and the
20s final data were extracted. Finally, 4,000 coordi-
nate points of COP (2,000 point x, 2,000 point y)
were used to calculate the root-mean-square of COP
anterior-posterior (y)/ medial-lateral (x) displace-
ment by using formulas in excel [12]{Cornelius,

1994 #12;Pollard, 2017 #28}. Many parameters can

be calculated from formulas to describe the balance,
all of which are suggestive [11]. A graph of the COP
displacement recorded by the BioWare software in
different directions is shown in Figure 4.

Jamar hydraulic hand dynamometer was used to
measure hand grip strength before and after each
scenario. The mean score of handgrip strength was
obtained by three times measured. Each time, a dy-
namometer fitting the anatomy of the individual’s
hand was calibrated to zero. The volunteers had to
keep the upper arm close to the body, at a 90-degree
angle, grabbing the dynamometer for a few seconds
with maximum force. The kilogram number on the
dynamometer indicates gripe strength [25, 26].

Finally, the Borg scale (CR-10) was used to de-
termine the perceived fatigue of the drivers [27, 28].
Each of the numbers on this scale expresses a degree
of perceived fatigue such that a value of zero means
nothing at all, a matter of five means moderate fa-
tigue, and a value of 10 means unbearable fatigue.
Fatigue perceived by the individual was used to as-
sess fatigue before and after each scenario.

2.5 Statistical analysis

After confirming the normality of the data by us-
ing the Kolmogorov-Smirnov test, paired sample
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T-test was used to determine the effects of exposure
in different scenarios. When Mauchly’s test rejected
the Sphericity Assumed, a Greenhouse-Geisser
correction was used to obtain p-values. The repeated
measure ANOVA was employed to compare the
scenarios in pairs and to report effect size (ES). LSD
post hoc test was used to compare the means be-
tween groups in pair scenarios. All statistical analy-

ses were performed using the SPSS 22 package.
3. RESULTS

The comparison between the root-mean-square

(RMS) of COP in anterior-posterior (AP) and
Medial-Lateral (ML) displacement before and after
different exposure and vision conditions by paired
t-test is shown in 7uble 2. In the open eyes con-
dition, there were significant mean differences in
COP-AP and COP-ML in all exposure conditions
except for heat and WBV scenarios. In the closed
eyes condition, the significant displacement incre-
ment of COP-AP and COP-ML were observed in
all scenarios, except for the heating scenario (p=0.24
and p= 0.64). Generally, it was observed that WBV,
and heat +WBV), had more significant effects on
drivers’ body balance compared with the other
conditions.

Table 2 also shows the effect sizes of COP-AP
and COP-ML RMS data in all exposure condi-
tions. The heat exposure scenario cannot affect bal-
ance lonely. Still, the combined exposure to heat
with WBV1 and WBV2 can affect the displacement
increment of COP more effectively than the single
WBYV exposure scenario.

In open eyes condition, the effect sizes of heat,
WBYV,, and heat+WBV, on COP-AP were 0.003,
0.23,and 0.441, respectively. The effect sizes of heat,
WBYV,, and heat+WBV, on COP-ML were 0.01,
0.04, and 0.54, respectively. These responses are the
same about closed eye conditions.

The combined effects of heat and vibration were
more than the sum of these separated effects. 7uble 3
shows the significant differences for RMS data of
COP in all directions and all exposure scenarios and
open and closed eyes vision conditions.

Table 4 also shows the pairwise comparison of

RMS data of COP in EO (AP and ML directions)

and EC (AP and ML direction) in different expo-
sure conditions.

'The mean differences in hand grip strength in all
scenarios are shown in Table 5.

A significant reduction in grip strength after ex-
posure in all scenarios except in heat and WBV;
scenarios (p=0.08 and p=0.13, respectively). Based
on the acquired effect size, WBV, scenario makes
the greatest mean differences in hand grip strength
compared with the other scenarios. It is also ob-
served that the effect sizes of heat, WBV,, and
heat+WBYV, on hand grip strength are 0.004,0.012,
and 0.019, respectively. It can be stated that expo-
sure to heat has increased the effect of vibration on
hand grip strength. As shown in Tables 4 and 5, it
can also be seen the separate effect sizes of exposure
whole-body vibration on drivers’ postural equilib-
rium and grip strength were considerable compared
with the heat exposure in the domain of the studied
scenarios.

'The effects of different scenarios on the perceived
fatigue scores were presented in Zable 6. The results
showed that all drivers experienced fatigue in all sce-
narios (p<0.001). According to the acquired effect
size, the combined scenarios (Heat+WBV;=0.73,
Heat+WBV,=0.98) have more effect on per-
ceived fatigue than the single exposure scenarios
(Heat=0.31, WBV,=0.21, WBV,= 0.55).

As shown in Table 6, the separate effect sizes of
exposure to heat on drivers’ perceived fatigue was
comparable to vibration at the domain of the stud-
ied scenarios. Moreover, the effect of exposure to
heat on the perceived fatigue was considerable com-
pared the hand grip strength at the domain of the

studied scenarios.
4, DISCUSSION

Occupational exposure to environmental factors
can act in quite complex ways to produce their com-
bined effects on body responses. It is observed that
the studies about the separate and combined effects
of occupational exposure to environmental factors
have become very important.

This study confirmed that separate exposure of
drivers to vibration caused a significantly increased
COP displacement in the different directions. Some
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Table 3. The significant differences for RMS data of COP

in all directions and in all exposure scenarios.

Mean
Directions Difference  SD F P
COP-AP -0.378 0.38 -13.23 < 0.001*
COP-ML -0.447 0.77 -7.72  <0.001*

research revealed that whole-body vibration expo-
sure can impair human body balance [4, 29, 30].
This impairment actually can reduce the function
of central postural control mechanisms, especially
at the high vibration acceleration [31]. Yung et al.
demonstrated that the single exposure to low to
high levels of vibration may increment to some ex-
tent in human postural sway [32].

'The separate exposure to heat has no significant
reduction effect on body balance in any direction
and vision condition, however, the combined ex-
posure to heat and vibration can affect on body
postural stability more effectively than the single
WBYV exposure scenario. The acquired effect sizes
data showed that the combined effects of heat
and vibration on body balances were more than
the sum of these separated effects. It can be said
that the synergist effects can be seen in the in-
teraction of heat and vibration on the body bal-
ance. Previous studies on the combined effects
of vibration and heat on body balance were not
found. However, Golhosseini et al. determined si-
multaneous exposure to WBV and noise can in-
crease the equilibrium effects more than a single
exposure to WBV [33]. Raffler et al. also showed
WBYV and awkward posture have more effect than
single factor exposure on low back pain [5]. It is
also observed that combined exposure to vibration
and noise can make disturbance on visual cogni-
tive process [34].

A significant difference of the body balance in
open and closed eyes vision conditions so that it
can be indicated the role of sight in body balance. It
should be noted that, the acceleration of 1 m/s? can
upset a person’s proper balance, but acceleration of
0.5 m/s% has no direct significant effect on balance,
but when vision as sensory ability is eliminated, the
same low vibration level (acceleration 0.5 m/s?) can
also upset the balance. Black et al. also indicated

that visual sensory impairment is associated with
body imbalance and falls [35].

The mean differences in perceived fatigue among
drivers in all scenarios were statistically significant
(p<0.001). In accordance with the current find-
ing, Fujii et al. demonstrated that activity at high
air temperatures can increase fatigue [19]. Moreo-
ver, Ferreira-Souza et al. mentioned that exposure
to vibration can induce fatigue among drivers [36].
'The results confirmed that the synergism interaction
also occurs in the driver’s perceived fatigue at simul-
taneous exposure to heat and vibration so that the
size effect of heat and WBV on the fatigue is greater
than the sum of each factor. The finding represented
that the separate effect size of exposure to heat on
drivers’ perceived fatigue was very considerable in
the domain of the studied scenarios. Heat stress, as
a physical stressor, can affect the body’s physiologi-
cal responses, and the resulting consequences appear
as fatigue over time.

The separate effect of exposure to heat is not
significant on grip strength. However, in the com-
bined exposure condition, the effect of vibration on
grip strength was aggravated. The low acceleration
level of vibration could not also statistically affect
the handgrip strength, but the combined expo-
sure to heat were significant (p<0.001). It should
be noted that the low grip strength can indicate
muscle fatigue [37] resulting a decline in physi-
cal function [21]. Albert et al. reported that the
physical function is an important task in a driving
vehicle and lack of this is associated with unsafe
driving [38].

The main limitation of this study is the short-
term exposure as compared with actual working
hours of driving activities. More studies in the field
seem necessary to fully validate this finding in the
long-term exposure of drivers. Moreover, the in-
teraction of this physical factors on some psycho-
physiological responses of the city taxi drivers can
be studied using the advanced clinical methods in
tuture. It should be noted that the findings are lim-
ited to the experiment configurations of air temper-
atures and vibration levels as the most common real
exposure levels of drivers.

Occupational health program should be carried
out to help prevent adverse health effects among taxi



(50 T-TALM PUP S/ §°0 STAGM 5]209] uorpvia]200v 0avy jv) uorpvigua &poq 2104 -4 g
Soouaffip Juvsrfiusss (1ngsizvis soqpotpuL » UOLIPU0I 2UNSOGKI Yv2 LaRfv puv 240[39 SU017I.41p JUILITP UL JOF) UIIMIq UL 2G] UVIP Y

HEAT AND WHOLE-BODY VIBRATION EFFECTS ON MOTOR FUNCTIONS OF DRIVERS

- - I1°0 90 260 120 120 95°0 .100°0> 88°0 TAIM +HvH
I1°0 90~ - - LIT0 V0~ 13 0 790 690 TAIM +8H
760 L1T0- 40 ¥T°0 - - 80 ¥€0 900°0 919°0- TAIM
120 950~ 91 9¢°0- 81°0 vE0- - - T 920 TAIM
10°0 €80~ 40 L¥T0 90°0 919°0- T 970~ - - yedH (TN
- - «100°0> €L0 +100°0> €50 +100°0> 69°0 «100°0> VT TAGM +e3Y
000>  €40- - - SST0 S61°0- 10 €00~ T10°0 91S'0  TAUM +¥%H
L1000>  €5°0- ST0 S61°0 - - ¥1°0 8ST°0 1000 1.0 TAIM
000> 69°0- 120 L£°0 ¥1°0 8ST°0 - - 10°0 S50 TAIM
000> +CI- «10°0 15°0- «10°0 L0 «10°0 S50 - - yeoH (dV) Paso[)-saky
- - S¥°0 8C°0 I SP1°0 €10 S0 100°0> $9°0 CTAIM +HeH
St°0 870~ - - T v1°0- T 120 ¥S°0 L£°0 TATM +¥89H]
T v1°0- I ¥1°0 - - 6L0 SE0 120 150 TAIM
€10 S0- T 120 6.0 Se0 - - zro SST°0 TAIM
8T°0 $9°0- 4] LE0- 4] 15°0- T SST°0- - - yeoH (TIN)
- - ¥0°0 LS50 €00 St0 +100°0> T ¥0°0 8L°0 CTAIM +HPH
¥0°0 LS°0- - - T Tero- €0 €50 T T0 TAIM +7e9H
€0°0 S0~ T o - - S91°0 S9°0 T ze0 TAIM
000>  IT'T- €0 S50~ 9T°0 $9°0- - - T €€0- TAIM
I¥0°0 8170 I T0- T Te0- T €e0 - - ¥eoH (dv) uadQ-sahy
*51g UBIIA] V 531G UBIJAT V -Sig UBIAT V “5ig UBIIA] V *51g UBIJAT V SOLILUADG UONIAII(] UOISIA
TAIM HeH TAIM +3eH AIM TAIM 1235 |

*SUOTIPU0D 21ns0dxa [[e Ut SUONIAIp ("TIA) PUe (JV) Ul JOD Jo suostreduwod astmIre] *f d[qe],



10 AGHAMIRI ET AL

Table 5. The significant mean differences of handgrip strength in all exposure conditions.

Exposure conditions MeanzStd. Sig. Effect size
Heat 1.83+2.42 0.08 0.004
WBV; 0.76+2.23 0.137 0.00
WBYV, 2.73+2.09 <0.001* 0.012
Heat+ WBV, 2.13+1.75 <0.001* 0.008
Heat+ WBV, 3.3+2.11 <0.001* 0.019

Mean: The difference between COP in different directions before and after each exposure condition; « indicates statistically significant
WBV: whole body vibration (at two acceleration levels; WBV1: 0.5 m/s’ and WBV2:1 m/s*).

Table 6. The significant mean differences of perceived fatigue in all exposure conditions.

Exposure conditions Meant Std. Sig. Effect Size
Heat 2.97+.77 <0.001* 0.31
WBV, 1.421.38 <0.001* 0.21
WBV, 4.4+.99 <0.001* 0.55
Heat+ WBV, 4.16+.80 <0.001* 0.73
Heat+ WBV, 6.17+£1.27 <0.001* 0.98

Mean: The difference between COP in different directions before and after each exposure condition; « indicates statistically significant
WBV: whole body vibration (at two acceleration levels; WBV1: 0.5 m/s’ and WBV2:1 m/5).

drivers. The mechanical vibration transmitted from
car seat to drivers must be reduced using preventive
maintenance as much as possible. Instructing driv-
ers regarding adverse health effects of environmen-
tal factors while driving is also necessary.

5. CONCLUSION

It is confirmed that the separate exposure of
drivers to vibration have main effect and the sepa-
rate exposure to heat have crossed effect on driv-
er’s postural equilibrium. The heat exposure alone
cannot lead to remarkable effects on the balance
responses; however, it can increase the effect of vi-
bration on the balance. The combined effects of ex-
posure to heat and vibration represented synergist
interactions on balance or equilibrium, as an essen-
tial functional skill of drivers. The separate effect of
exposure to heat is not significant on grip strength,
however, the effect of vibration on grip strength
was aggravated during simultaneous exposure to
heat. The findings also represented that the separate

effect size of exposure to heat on drivers’ ‘erceived
fatigue was very considerable at the domain of the
studied scenarios. It is recommended that future
studies focus on the validation of this experimental
design in field.
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ABSTRACT

Background: A4 significant error that may occur during ergonomic risk assessment and invalidate assessment
reliability corresponds to technique selection. This study aimed to develop a new tool called the Decision Aid Tool
(DAT) to reduce pen-paper observational technique selection errors. Methods: This quasi-experiment before-after
study was performed in three phases. In the first phase, the participants’ skills in technique selection were examined
by showing them twenty videos of different single-task jobs. In the second phase, the DAT was designed using pen-
paper observational techniques. Finally, in the third phase, 115 occupational health specialists included in the study
through purposive sampling of experts evaluated the tools efficacy. Results: 7he results of the first phase showed that
62% of participants made an error in selecting the proper technique. The mean and standard deviation scores from
the first and third phases were 11.4+6.59 and 39.01+1.89, respectively. The mean scores increased significantly after
using DA, and 97.5% of participants could correctly select task techniques. Conclusions: 7h¢ efficacy of DAT was
confirmed in a quasi-experimental before-and-after study. Using DAT increases the participants’ ability fo choose
the correct technique. The DAT can be functional for practitioners to select the pen-paper observational techniques
correctly under the purpose of assessment, the body areas, and the characteristics of the task to be assessed.

1. INTRODUCTION with the increased risk of WMSDs. These tools
include direct, observational-based, and worker
Ergonomic workplace assessment plays a cru-  self-report methods, each with certain advantages

cial role in preventing and reducing the risk of  and disadvantages [1-4]. Direct methods refer to
work-related musculoskeletal disorders (WMSDs). those using sensors attached directly to the sub-
Many tools identify and assess factors associated  ject to measure certain variables. Electromyography
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(EMG) recording of muscle action, goniometers,
optical scanning, sonic system, electromagnetic sys-
tem, and accelerometer-based systems are the most
used direct measurement methods. These methods
are more accurate than observational and worker
self-report methods. However, the problem lies in
the high cost of these methods and the need for
special equipment and skilled technical staft, which
limit their use in the workplace. Worker self-report
methods have low validity and reliability when er-
gonomic interventions are aimed in real work envi-
ronments [3, 5, 6].

Observation-based methods are usually more
straightforward for practitioners to implement and
apply to a wide range of tasks at a relatively lower
cost. These methods are better suited to the needs
of practitioners, so they are currently considered the
first and most common methods used by occupa-
tional safety and health (OSH) practitioners [1, 3,
5-7]. Many techniques used to assess the risk of
WMSDs are based on direct observation of work-
ers while performing their tasks. Each method has
been developed for a specific purpose. The tech-
niques differ depending on the characteristics of the
task, body areas, and the risk factors that should be
assessed. These differences make selecting and ap-
plying the methods challenging for practitioners
[5, 6,8]. Takala et al. reviewed thirty-two pen-paper
observational techniques and concluded that, de-
spite the large number available, none is perfect, nor
could any of them cover all purposes [6].

The selection of a technique should be based on
the purpose of risk assessment, characteristics of the
task, body areas, and risk factors to be assessed. There-
tore, despite the simplicity of pen-paper observational
techniques, a certain level of knowledge and skill is
required for their proper use. Otherwise, errors may
occur in using these techniques, which can distort the
risk assessment results [5-8]. A study that identified
common mistakes in pen-paper observational tech-
niques in twenty Spanish-speaking countries reported
that practitioners made errors in 30.3% of their assess-
ments [5]. Some studies have stated that practitioners
rarely know about more than a minimal selection of
ergonomics techniques. There are geographical differ-
ences between countries and continents using various
ergonomic risk assessment methods [4, 6, 7, 9].

Two types of errors that may occur during ergo-
nomic risk assessment and invalidate the reliability
of the appraisal are technique selection errors and
application errors. Errors in selecting the tech-
nique invalidate assessment reliability and indicate
that the practitioner does not know how to choose
the correct approach. The mistakes in ergonomic
risk assessment arise from improper application of
methods and lead to over- or under-estimate the
risk. The method selection may be appropriate, but a
lack of skill and knowledge of its rationale can lead
to an improper risk assessment [5, 7].

When selecting a technique, the practitioner
should consider its validity, reliability, applicabil-
ity, strengths, and weaknesses [6]. Each pen-paper
observational process has drawbacks, and no tech-
nique includes all the tasks. However, if the method
is used correctly, it can play an essential role in a
comprehensive ergonomics program [8]. Therefore,
selecting the proper technique is a significant step in
the risk management of musculoskeletal disorders
in the workplace [5, 7, 10].

One of the factors that increase the error in tech-
nique selection is the frequent use of one or several
limited techniques to assess all types of tasks [2, 3, 6].
Studies on the frequency of pen-paper observational
methods in the United States, Canada, Iran, and
twenty Spanish-speaking countries have shown that
practitioners often use limited techniques to evalu-
ate various tasks [1, 2, 7]. In a study by Tajvar et al.,
Iranian practitioners used only four methods in
68.4% of their assessments. Moreover, 53.3% of the
practitioners’ risk assessments were erroneous in the
technique selection process [7]. Inadequate knowl-
edge of practitioners about the types of ergonomic
risk assessment techniques, the lack of a decision aid
tool to choose the correct method, and the lack of
serious supervision over the technique selection pro-
cess have led practitioners to use a limited number of
techniques to assess different tasks [1-3, 5].

'This study aimed to develop a new tool called the
Decision Aid Tool (DAT) to assist in the choice
of the proper technique in the risk management of
WMSDs, thereby reducing method selection errors
and geographic differences between countries/con-
tinents. This new tool allows practitioners to select
the proper pen-paper observational techniques
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based on the task type, the purpose of assessment,
and the body areas to be assessed.

2. METHODS

This study was conducted in three phases. (i) The
participants’skills in selecting the correct pen-paper
observational technique were examined in the first
phase. (ii) In the second phase, DAT was designed,
and in the third phase (iii), the efficacy of this new
tool was evaluated. All participants participated
voluntarily and signed a written informed consent
form. This study received the approval code #IR.
SUMS.REC.1399.858 from the ethics committee
of Shiraz University of Medical Sciences.

2.1 First phase

The study’s first phase aimed to assess participants’
skills in selecting the correct pen-paper observa-
tional techniques. Initially, twenty videos of differ-
ent single-task jobs were prepared purposefully in
real work environments with the worker involved
in work. In selecting these twenty videos, it was
tried to cover all types of tasks, including agricul-
tural, service-providing, industrial, and office tasks.
For each video, a scenario was written highlighting
the job, the purpose of the assessment, and the as-
sessed body areas. Next, the participants were asked
to watch each video, consider the scenario written
for that video based on their knowledge and expe-
rience, and select the technique(s) that they found
appropriate for assessing the risk of each task shown
in each video. Each participant could choose one or
more methods for each job displayed in the videos.

The research team, with three experienced er-
gonomists (more than ten years of experience in
applying ergonomic risk assessment techniques),
carefully reviewed the authentic scientific sources
related to pen-paper observational methods.
'They finally considered these techniques’ features,
strengths, and weaknesses and then selected those
that felt appropriate for each of the twenty videos.
'The choices made by the research team were used to
assess the participants’ skills in choosing the proper
method. The participants were Iranian specialists
in the field of occupational health with bachelor’s

degrees, selected through purposive sampling. Af-
ter conducting the pilot study and considering 1.96
for Z (1.4/2), 0.84 for Z (1.5, 3.7 for 8,2, and d?=0.26,
the sample size was determined to be 112. Inclusion
criteria were as follows: (i) having at least one year
of work experience, (ii) assessing ergonomic risk in
the last six months, and (iii) participating in the first
and third phases of the study. Those who did not
participate in the two phases were excluded.

After preparing a list of eligible participants and
providing them with the necessary information
about the study’s objectives, 152 participants agreed
to participate. Among them, 16 participants were
excluded due to failure to complete the checklist in
the first phase, and 21 were later excluded because
they did not meet the checklist requirements in the
third phase. The remaining 115 occupational health
specialists participated in the study. In the first
phase, they were asked to select the technique(s)
that they found appropriate for assessing the risk
of each task shown in the videos and enter their
selections into a checklist. The checklist was then
compared with that completed by the research team.
According to Table 1, each participant was given
a score to indicate their skill in selecting the cor-
rect technique. Participants were given a score be-
tween 0 and 2, depending on how they chose the
method to assess each task shown in the twenty
videos. A wrong choice of the technique(s) is due
to a conceptual error invalidating the assessment’s
reliability. These errors occurred when practitioners
selected method(s) to assess the ergonomic risk of

Table 1. Classification of participants’ scores in selecting
pen-paper observational techniques.

Skill level

classification Score  Technique selection level

Good 2 'The practitioner selected all
the techniques correctly
(absolutely correct).

Intermediate 1 'The participant selected
only some of the techniques
correctly (relatively correct).

Weak 0 The participant selected

the technique incorrectly
(incorrect).
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a task without considering its limitations and ap-
plicability, i.e. when the chosen method is designed
for evaluating another risk factor or body area. For
example, using the NIOSH lifting equation to as-
sess pushing/pulling tasks or using the strain index
technique to assess the whole body is wrong [2, 3].
Each participant’s score ranged between 0 and 40
for 20 tasks. Finally, the scores were converted into
percentages, and the ability of each participant to
select the proper technique was classified into four
levels: very weak (0-24%), weak (25-49.9%), good
(50-74.9%), and very good (75-100%).

2.2 Second phase

'The purpose of the second phase was to develop
a new tool to help practitioners to select pen-paper
observational techniques. Accordingly, the research
team examined the features, strengths, and limita-
tions of various pen-paper observational methods
from authoritative scientific sources. It then devel-
oped DAT according to the characteristics of each
technique [5-8, 11-17]. This tool was designed so
a practitioner can find a suitable method(s) by an-
swering a few questions. The practitioners are first
asked to determine the type of job to be assessed.
'They should perform a job analysis before the tech-
nique selection process. When the task is set, specific
questions should be answered about the purpose of
assessment, the body areas, and how the task is to
be performed.

The classification of tasks includes MMH,
non-MMH, and special-purpose tasks. Depending
on how they are performed, MMH tasks are divided
into three categories, including lifting/lowering,
carrying, and pushing/pulling loads. The variability
of lift task characteristics during manual lifting jobs
makes it hard to assess the risk of WMSDs. There-
fore, for lifting tasks, four types of sub-tasks are
defined: single, composite, variable, and sequential
tasks. Once the sub-task type is specified, the practi-
tioner can select the appropriate technique. Single-
task manual lifting corresponds to lifting only once
or when there is no significant variance from lift
to lift. In composite tasks, the type and weight of
loads are the same, but the load is lifted in different
dimensions. In variable tasks, lifting and lowering

the load are associated with a change in the load
weight and horizontal distance and vertical height.
Sequential manual lifting involves tasks in which
a worker rotates between a set of single, compos-
ite, and variable lifting tasks. Moreover, the worker
rotates between different workstations during shifts
(5, 6,8-10,18-20].

For non-MMH tasks, depending on the purpose
of assessment and the assessed body areas, practition-
ers can select the appropriate technique(s). Recently,
certain techniques have been developed to evaluate
the ergonomics of some jobs or tasks, such as com-
puter work, assembly, patient transportation, and
agriculture, defined in this study as special-purpose
techniques; we tried to use these techniques in the

development of DAT. [21-24].
2.3 Third phase

'The purpose of the third phase was to evaluate
the efficacy of DAT. This study phase was performed
three months after the completion of the first phase
with the same participants. In this phase, participants
were first instructed on selecting a technique using
DAT. They were then asked to re-perform the tech-
nique selection for the same twenty tasks in the first
phase using DAT. Finally, the checklist completed in
this phase was scored according to Table 1. For the
twenty studied tasks, the score ranged between 0 and
40.'Then, the scores were converted into percentages,
and the ability of participants to select appropriate
techniques was expressed in the following four lev-
els: very weak (0-24.99%), weak (25-49.99%), good
(50-74.99%), and very good (75-100%). Finally, to
evaluate the efficacy of the new tool, the average
technique selection scores in the first phase (before
using DAT) and the third phase of the study (after
applying DAT) were compared. Figure 1 summarizes
the steps involved in each phase of the study.

2.4 Statistical analysis

To evaluate the efficacy of DAT, a paired-samples
T-test was used. For this purpose, the data’s normal-
ity was first tested using the quantile-quantile (QQ)
plot diagram and Kolmogorov-Smirnov statisti-
cal test. Then, the mean scores obtained from the
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*Preparing 20 videos of different tasks and writing additional information

«Determining the technique(s) selected for each task by the research team

«Sending the 20 videos and additional information to 115 occupational physicians

First phase

«Selecting the technique(s) by participants based on their current experience

«Determining the skill level of participants in selecting the correct technique

«Determining a panel of experts

ldentifying techniques' strengths and limitations in authoritative scientific sources

Second phase

«Developing decision aid tool (DAT)

Third phase

«Preparing an educational video on how to select a technique

«Selecting the techniques (by participants) for each of the 20 tasks using the DAT
(three months after the completion of the first phase)

«Evaluating the DAT's efficiency by the research team

Figure 1. Summary of the steps in each phase of the study.

Table 2. Demographic details of participants (N=115).

Demographic characteristic Category Frequency Percent
Gender Male 48 41.7
Female 67 58.3
Age (year) 30> 51 443
31< 64 55.7
Work experience (year) 1-5 54 47
6-10 32 27.8
11< 29 25.2

technique selection process were compared before
and after applying DAT. All statistical analyses were
performed using SPSS version 20.

3. RESULTS

3.1 First phase

A total of 115 OSH specialists with an average
age of 33.1+4.83 years participated in this study.

Demographic details of the participants are sum-
marized in Table 2.

Comparing the techniques selected by participants
in the first phase and those chosen by the research
team showed that only 19% of the participants could
select the correct methods for all tasks demonstrated
in the videos. Moreover, 62% of the participants
chose the techniques incorrectly, and 19% identified
only some of them correctly (considered relatively
correct). The mean and standard deviation scores
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obtained from the first phase were 11.4+6.59. The
maximum score that a participant could earn was 40.

After assessing the participants’ skills in select-
ing the technique, it was found that 48.7% of the
participants had a very weak level of skill; 33.9%
had a weak level of skill; 12.2% had a good level,
and only 5.2% had a very good level of skill. Table 3
shows the selection status of pen-paper observa-
tional techniques for twenty tasks presented in vid-

eos before applying DAT.
3.2 Second phase

Pen-paper observational techniques’ charac-
teristics, strengths, and limitations were carefully

studied, twenty-eight techniques were chosen, and
DAT was developed (see Figure S1). This tool was
designed to help practitioners select the correct
methods by specifying the type of task, the purpose
of assessment, and the body areas to be assessed.
Table S2 summarizes the selection criteria and limi-
tations of the pen-paper observational techniques
used in this study. In developing DAT, attempts
were made to cover all types of tasks. First, tasks
were divided into three general categories: MMH
tasks, jobs with specific techniques (special purpose
tasks), and non-MMH tasks. This tool assessed the
body areas of the upper limbs (fingers, wrists, fore-
arms, elbows, shoulders, arms, and neck), waist, and
lower limbs.

Table 3. Pen-paper observational techniques for twenty tasks presented in videos before and after applying DAT: MAW =

Maximum Acceptable Weight.

Selection status of techniques

$+ Before (%) After (%)

g Relatively Relatively

» Purpose of assessment Incorrect  correct Correct Incorrect  correct  Correct
#1  MAW for MMH-single task 73.9% 24.3% 1.7% 21.7 - 78.3
#2  MAW for pushing/pulling 80% 18.3% 1.7% - - 100
#3  MAW for handling with both hands 79.1 20 0.9 - - 100
#4  MAW), for handling with on one hand 89.6 9.6 0.9 - - 100
#5  MAW for lifting with 2 or more people 93 6.1 0.9 - - 100
#6  Carrying patient 60 - 40 - - 100
#7 MWA for MMH-composite tasks 73 20 7 13.9 - 86.1
#8  MAW for MMH-variable tasks 77.4 17.4 5.2 14.8 - 85.2
#9  Assessment of whole body for MMH 46.1 53 0.9 - - 100
#10 Screening lifting tasks by 2 or more 79.1 - 20.9 - - 100
#11 Assessment of wrist in repetitive tasks 52.2 26.1 21.7 - - 100
#12  Assessment of hand activity and peak force 67 - 33 - - 100
#13  Assessment of repetitive movements of 50.4 - 49.6 - - 100

upper extremities

#14  Assessment of upper limb repetitive actions 53.9 27 19.1 - - 100
#15 Screening pushing/pulling tasks 83.5 - 16.5 - - 100
#16  Assessment of a single body side 5.2 17.4 77.4 - - 100
#17  Assessment of lower limb 27 73 - - - 100
#18 Assessment of Computer work 16.5 - 83.5 - - 100
#19  Assessment of Agricultural work 100 - - - - 100
#20  General assessment of whole body 33 67 - - - 100
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Table 4. Comparison between the mean scores of technique selection obtained before and after using DAT.

95% CI of Mean
Phase of study Mean  Std.Deviation =~ Mean Difference Lower  Upper tstatistics p-value
Before 11.40 6.59 27.60 26.49 28.72 48.98 <0.001
After 39.01 1.89
Note: Paired samples T-test was used to evaluate the efficacy of DAT
After determining the type of task, the practi- 3.3 Third phase

tioner should specify the purpose of the assessment;
e.g., for jobs involving MMH, the practitioner
should specify whether the purpose of the evaluation
is to determine the maximum acceptable weight,
screen MMMH tasks, or assess the whole body. If the
objective was to determine the maximum allowable
weight or to screen MMH tasks, then it was nec-
essary to specify how to handle the load manually
by lifting/lowering, carrying, and pushing/pulling
the load. Concerning non-MMH tasks, the prac-
titioner could select the appropriate technique after
determining the purpose and the body areas to be
evaluated. If the job to be considered was defined
as non-MMH, and the objective was to assess the
upper limb, then the practitioner must specify the
upper limb segment.

In assessing the whole body, the practitioner
should select the type of technique according to the
purpose of the assessment. If the aim is to evalu-
ate the left and right sides of the body separately,
the methods developed for this purpose should be
used (e.g., RULA and REBA). RULA/REBA as-
sess the upper/entire body providing a final RULA/
REBA score (an overall risk level). However, if there
is a significant difference between the two sides, two
separate assessments could be appropriate [25, 26].
Accordingly, other techniques (e.g., OWAS or
WERA) should be used instead [25-28]. There are
particular techniques for assessing ergonomic risk
in some tasks or jobs, such as agriculture, patient
transportation, and work with computers, which are
defined in this study as special-purpose techniques.
There are many such techniques, and we have men-
tioned only three of them in the design of DAT.
(Figure S1).

The mean and standard deviation of the scores
obtained after the third phase were 39.01+1.89. A
comparison of methods by participants in the third
phase with those selected by the research team
showed that 97.5% of the participants who used
DAT correctly identified the technique(s) for the
twenty studied tasks. Only 2.5% of participants in
the third phase made an error selecting the method
for lifting jobs. Table 3 shows the selection status of
pen-paper observational techniques for twenty tasks
presented in videos after applying DAT.

The results showed a statistically significant dif-
ference between the technique selection scores ob-
tained before and after applying DAT. The mean
score increased by 27.6 after the participants used
DAT in selecting the technique (Table 4).

4. DISCUSSION

'This study was designed to develop a new DAT
tool to reduce errors in selecting pen-paper obser-
vational techniques. This study was conducted in
three phases. The purpose of the first phase was to
assess the participants’ skills in selecting pen-paper
observational methods. The second phase aimed to
develop DAT, and the purpose of the third phase
was to evaluate the efficacy of DAT.

'The results of the first phase showed that 62% of
participants made an error in selecting the correct
technique for twenty tasks presented in the studied
videos. These results are consistent with a previous
study by Tajvar et al., who showed that a high per-
centage of Iranian practitioners (53.3%) made an
error in selecting the correct technique [7]. Moreo-
ver, it was found that the skill level of 48.7% of par-
ticipants was very weak, and that of 33.9% of them
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was weak. Although all participants had a bachelor’s
degree in occupational health and more than one
year of experience in applying ergonomic risk as-
sessment techniques, most did not have sufficient
knowledge and skill to select the correct method.

Most practitioners are familiar with a few tech-
niques but dont know the new ones [6]. The
frequency of applying pen-paper observational
methods in the United States, Canada, Iran, and
twenty Spanish-speaking countries has also shown
that practitioners often use a limited number of
techniques to assess various tasks [1, 2, 7].

There are several reasons for this information gap,
e.g. language limitations [5-7]. Ergonomic risk as-
sessment techniques are usually presented in English
in scientific journals and media. Most non-English
practitioners with low English proficiency have dif-
ficulty accurately translating or understanding these
techniques [6, 7]. Therefore, if the practitioners’ per-
formance is not closely monitored, they may prefer
to use the same limited number of methods they
have already learned to assess various tasks [7].

Each technique has its limitations and is de-
signed for specific purposes, and its use for assessing
all types of tasks is inappropriate and can lead to
selection error [6]. Tajvar et al. reported that 53.3%
of risk assessments performed by Iranian practition-
ers were based on wrong techniques because critical
factors, such as the assessment’s purpose, the task
type, and the body parts to be assessed, had been
overlooked. These practitioners used only four tech-
niques in 68.4% of their assessments [7]. It is sug-
gested to plan the translation, dissemination, and
training for non-English speaking countries to up-
date practitioners’ information.

There is a need to ensure practitioners have
enough knowledge and skill in pen-paper obser-
vational techniques. Updating scientific resources,
modifying the educational curriculum, creating
stricter regulations regarding the qualification of
practitioners and monitoring their performance,
and purposefully holding retraining workshops are
some of the measures that can increase the knowl-
edge and skills of the practitioners. As suggested by
David, practitioners would benefit from developing
a decision aid tool that would allow them to make
an informed selection [1]. Therefore, the research

team concluded that perhaps a Decision Aid Tool
could help the practitioners to select appropriate
technique(s) according to the objectives of the as-
sessment, body areas, and the type of task to be as-
sessed. With such a tool, it can be expected that the
possibility of error in the choice of technique will be
significantly reduced, and occupational health and
safety inspectors can monitor the performance of
the practitioners better and more accurately.

The second phase aimed to develop a new
Decision Aid Tool to reduce practitioners’ errors
in selecting pen-paper observational techniques. In
this regard, the research team carefully examined
the features, strengths, and limitations of various
pen-paper observational methods in authoritative
scientific sources. This tool is designed so that prac-
titioners can select appropriate techniques by an-
swering a few specific questions.

Evaluating the tool’s efficacy showed a significant
difference between the technique selection mean
scores before and after applying DAT; the mean
scores increased significantly after using DAT. It can
be concluded that using DAT increases the partici-
pants’ ability to select the correct technique(s). Be-
cause the technique selection in DAT was based on
specific instructions, the error probability of tech-
nique selection was significantly reduced, and the
risk assessment results were more reliable.

'The results of the third phase showed that 97.5%
of participants were able to correctly select the tech-
niques for the tasks shown in the videos after using
DAT. However, in the first phase, only 19% of par-
ticipants could choose the correct methods. Among
participants in the third phase, only 2.5% made er-
rors in technique selection, corresponding to the
choice of the proper technique for lifting tasks. To
assess the maximum acceptable weight in load lift-
ing, the practitioner must first identify the type of
lifting task, which includes simple, complex, vari-
able, and sequential tasks. If the practitioner fails to
correctly recognize the lifting task type, a technique
selection error may occur. Therefore, the main rea-
son for making errors can be the participants’ in-

ability to distinguish tasks.
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4.1 Limitations of the study

According to the study’s objectives in the devel-
opment of DAT, twenty-eight pen-paper observa-
tional techniques that existed in Persian sources or
have been used by Iranian researchers were used.
Many other methods may be used in different coun-
tries and can be included in this tool. They can be
added to this tool, but due to the unfamiliarity of
Iranian practitioners with them, we could not use
them in this study. In addition, newer and more up-
to-date techniques may emerge over time. There-
fore, this tool presents only a few of many pen-paper
observational methods and will need to be updated.

5. CONCLUSION

The high error rate of practitioners in selecting
ergonomic risk assessment techniques is a matter of
concern. The present study aimed to design a new
Decision Aid Tool (DAT) to reduce the error rate
in technique selection. In this tool, twenty-eight
pen-paper observational techniques that have been
published in authentic scientific sources were used.
The efficacy of DAT was confirmed in a quasi-
experimental before-and-after study. Therefore,
DAT can be instrumental in choosing the pen-paper
observational techniques per the purpose of assess-
ment, body areas, and characteristics of the task to
be assessed. Furthermore, this new tool can also
reduce geographic differences between countries/
continents in pen-paper observational techniques.

SUPPLEMENTARY MATERIALS: Figure S1: Decision aid
tool, Table S1: Abbreviation for pen-paper observation
techniques with their expanded names and Table S2: the
selection criteria and limitations of the pen-paper observa-
tional methods.

FUNDING: This work was supported by Shiraz University of
Medical Sciences [grant number 98-01-04-21548].

INSTITUTIONAL REVIEW BOARD STATEMENT: This study
received the approval code #IR.SUMS.REC.1399.858
from the ethics committee of Shiraz University of Medical
Sciences.

INFORMED CONSENT STATEMENT: All participants partici-
pate voluntarily and sign a written informed consent form.

ACKNOWLEDGEMENTS: This study was a part of a PhD
thesis written by Mr Abdolhamid Tajvar, PhD candidate of
Occupational Health Engineering at Shiraz University of
Medical Sciences (SUMS), and was financially supported
by SUMS via grant No. 98-01-04-21548. Many thanks are
given to all participants in this study.

DECLARATION OF INTEREST: No potential conflict of
interest was reported by the authors.

REFERENCES

1. David GC. Ergonomic methods for assessing expo-
sure to risk factors for work-related musculoskeletal
disorders. Occup Med. 2005;55(3):190-9. Doi: https://
d0i:10.1093/0ccmed/kqi082

2. Diego-Mas JA, Poveda-Bautista R, Garzon-Leal DC.
Influences on the use of observational methods by prac-
titioners when identifying risk factors in physical work.
Ergonomics. 2015;58(10):1660-70. Doi: https://doi.org/
10.1080/00140139.2015.1023851

3. Lowe BD, Weir PL, Andrews DM. NIOSH, National
Institute Occupational Safety and Health. (2014).
Observation-based posture assessment: review of cur-
rent practice and recommendations for improvement.
Publication No. 2014-131. Available on line at: https://
stacks.cdc.gov/view/cdc/24085

4. Lowe BD, Dempsey PG, Jones EM. Ergonomics assess-
ment methods used by ergonomics professionals. App/
Ergon. 2019;81(102882. Doi: https://doi.org/10.1016/].
apergo.2019.102882

5. Diego-Mas JA, Alcaide-Marzal J, Poveda-Bautista R.
Errors using observational methods for ergonomics
assessment in real practice. Hum Factors. 2017;59(8):
1173-87. Doi: https://doi.org/10.1177%2F00187208
17723496

6. Takala EP, Pehkonen I, Forsman M, et al. Systematic
evaluation of observational methods assessing bio-
mechanical exposures at work. Scand J Work Environ
Health.2010;3-24.

7. Tajvar A, Daneshmandi H, Dortaj E, et al. Common
errors in selecting and implementing pen-paper
observational methods by Iranian practitioners for as-
sessing work-related musculoskeletal disorders risk: a
systematic review. Inz J Occup Saf Ergon . 2021;1-7. Doi:
https://doi.org/10.1080/10803548.2021.1905993

8. Roman-Liu D. Comparison of concepts in easy-to-use
methods for MSD risk assessment. App/ Ergon
.2014;45(3):420-7. Doi: https://doi.org/10.1016/j.apergo.
2013.05.010

9. Pascual SA, Naqvi S. An investigation of ergonomics
analysis tools used in industry in the identification of



10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

TAJVAR ET AL

work-related musculoskeletal disorders. Inz J Occup Saf
Ergon. 2008;14(2):237-45. Doi: https://doi.org/10.108
0/10803548.2008.11076755

Choobineh A, Rahimifard H, Jahangiri M, Mahmood-
khani S. Musculoskeletal injuries and their associated
risk factors in office workplaces. Iran Occup Health.
2012; 8(4):70-81

Andreas G-WJ, Johanssons E. Observational methods
for assessing ergonomic risks for work-related muscu-
loskeletal disorders. A scoping review. Rev Cienc Salud.
2018;16(SPE):8-38.

Colombini D, Occhipinti E, Alvarez-Casado E, Waters
TR. Manual lifting: A guide to the study of simple and
complex lifting tasks, CRC Press, 2012.

Kadikon Y, Rahman MNA. Manual material handling
risk assessment tool for assessing exposure to. J Eng
Appl Sci. 2016;100(10):2226-32.

Karwowski W: International Encyclopedia of Ergonom-
ics and Human Factors, -3 Volume Set, CRC Press, 2006.
Karwowski W, Szopa A, Soares MM. Handbook of
standards and guidelines in human factors and ergo-
nomics, CRC Press, 2021.

Stanton NA, Hedge A, Brookhuis K, Salas E, Hendrick
HW. Handbook of human factors and ergonomics
methods, CRC Press, 2004.

Chiasson ME, Imbeau D, Aubry K, Delisle A. Compar-
ing the results of eight methods used to evaluate risk
factors associated with musculoskeletal disorders. Inz J
Ind Ergon. 2012;42(5):478-88.

Dempsey PG, McGorry RW, Maynard WS. A survey of
tools and methods used by certified professional ergon-
omists. Appl Ergon. 2005;36(4):489-503. Doi: https://
doi.org/10.1016/j.apergo.2005.01.007

Marras WS. Fundamentals and assessment tools for
occupational ergonomics, CRC Press, 2006.

Waters T, Lu ML, Occhipinti E. New procedure for
assessing sequential manual lifting jobs using the re-
vised NIOSH lifting equation. Ergonomics.2007;50(11):

21.

22.

23.

24.

25.

26.

27.

28.

1761-70. Doi: https://doi.org/10.1080/00140130701
674364

Battevi N, Menoni O, Ricci MG, Cairoli S. MAPO
index for risk assessment of patient manual handling
in hospital wards: a validation study. Ergonomics. 2006;
49(7):671-87. Doi: https://doi.org/10.1080/001401306
00581041

Kong YK, Lee SJ, Lee KS, Kim GR, Kim DM. Devel-
opment of an ergonomics checklist for investigation of
work-related whole-body disorders in farming—AWBA:
Agricultural whole-body assessment. J Agric Saf
Health. 2015;21(4):207-15. Doi: https://doi:10.13031/
jash.21.10647

Schaub K, Caragnano G, Britzke B, Bruder R. The
European assembly worksheet. Theor Issues Ergon Sci.
2013;14(6):616-39. Doi: https://doi.org/10.1080/1463
922X.2012.678283

Sonne M, Villalta DL, Andrews DM. Development
and evaluation of an office ergonomic risk checklist:
ROSA-Rapid office strain assessment. App/ Ergon. 2012;
43(1):98-108. Doi: https://doi.org/10.1016/j.apergo.2011
.03.008

Hignett S, McAtamney L. Rapid entire body assess-
ment (REBA). Appl Ergon.2000;31(2):201-5. Doi:
https://doi.org/10.1016/50003-6870(99)00039-3
McAtamney L, Corlett EN. RULA: a survey method
for the investigation of work-related upper limb dis-
orders. Appl Ergon.1993;24(2):91-9. Doi: https://doi.
0rg/10.1016/0003-6870(93)90080-S

Karhu O, Hirkénen R, Sorvali P, Vepsiliinen P.
Observing working postures in industry: Examples of
OWAS application. App/ Ergon.1981;12(1):13-7. Doi:
https://doi.org/10.1016/0003-6870(81)90088-0

Abd Rahman MN, RANI MRA, Rohani JM. WERA:
an observational tool develop to investigate the physi-
cal risk factor associated with WMSDs. | Hum Ergol.
2011;40(1_2):19-36. Doi: https://doi.org/10.11183/
ihe.40.19



DEVELOPING A DECISION AID TOOL FOR SELECTING PEN-PAPER OBSERVATIONAL TECHNIQUES 11
ORIGINAL ARTICLE
Med Lav 2022; 113(5): €2022042

DOI: 10.23749/mdl.v113i5.13361
APPENDIX A-FIGUREST:

i =5 i e o
T 7 S S | e

MMFM
i I B @ o O O el )i i
f 1 ‘_1_’ oo
"”" (Ibuw Do : = =
(s Lo Shoulder | it | OF
4 [Foreaent * Ebow- | A 7Y = o e
- wz‘:\ 4
L—H the nd
Assessedtbodv areas p .}En P o
Upper ] A4 4 3
Lower
timbs .,l’;l‘,',. |
T The purpose of the assessment
k as:;;mem 4
Non Manual Material Handling Manual Material Handling (MMH) ‘ Special-purpose
[Non nenaH)
* 1 4
L =

Figure S1: Decision Aid Tool.

ACGIH-HAL: American conference of governmental industrial hygienists-Hand activity level, ART:
Assessment of repetitive tasks of the upper limbs, QEC: Quick exposure check, OWAS: Ovake working
posture analyzing system, KIM-PP: Key indicator method for pulling and pushing, KIM-LHC: Key indi-
cator method for lifting, holding and carrying, MAC: Manual handling assessment charts, DINO: Direct
nurse observation, MAPO: Movement and assistance of hospital patient, Revised NIOSH Equation(CLI):
Revised National institute for occupational safety and health lifting equation(Composite Lifting Index),
Revised NIOSH Equation(VLI): Revised National institute for occupational safety and health lifting, equa-
tion (Variable Lifting Index), Revised NIOSH Equation(SLI): Revised National institute for occupational
safety and health lifting equation(Sequential Lifting Index), CTD: Cumulative trauma disorder risk assess-
ment model for the upper extremities, OCRA: Occupational repetitive action index, PTAI: Patient transfer
assessment instrument, REBA: Rapid entire body assessment, ROSA: Rapid office strain assessment, RULA:
Rapid upper limb assessment, WERA: Workplace ergonomic risk assessment, WISHA: Washington indus-
trial safety and health act lifting analysis, ALLA: Agricultural lower limb assessment, AWBA: Agricultural
Whole-Body Assessment, ACGIH-Lifting TLV: American conference of governmental industrial hygien-
ists lifting threshold limit values, EAWS: Ergonomic assessment worksheet, EN 1005-2: European Standard
1005-2,1SO 11228-1: International Organization for Standardization 11228-1,1SO 11228-2: International
Organization for Standardization 11228-2, RSI: Revised Strain Index.
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Table S1: Abbreviation for pen-paper observation techniques with their expanded names.

#  Abbreviation Expanded name Reference

1 ACGIH-HAL American conference of American Conference of Governmental Industrial
governmental industrial Hygienists (ACGIH). TLVs and BEIs. Cincinnati:
hygienists-Hand activity level American Conference of Governmental Industrial

Hygienists; 2000.
2 ART Assessment of repetitive tasks Ferreira J, Grey M, Hunter L, Birtles M, Riley D.
of the upper limbs (2009). Development of an assessment tool for

repetitive tasks of the upper limbs (ART). UK: Health
& Safety Executive.

3  QEC Quick exposure check David G, Woods V, Li G, Buckle P. The development
of the Quick Exposure Check (QEC) for
assessing exposure to risk factors for work-related
musculoskeletal disorders. App/ Ergon. 2008;39 (1),
57-69.

4  OWAS Ovake working posture analyzing  Karhu O, Kansi P, Kuorinka I. Correcting working
system postures in industry: a practical method for analysis.

Appl Ergon. 1977;8 (4),199-201.

5 KIM-PP/KIM-LHC  Key indicator method for pulling  Steinberg U. New tools in Germany: development
and pushing/Key indicator and appliance of the first two KIM (lifting, holding
method for lifting, holding and and carrying, pulling and pushing) and practical
carrying use of these methods. Work. 2012; 41(Supplement

1),3990-3996.

6 SNOOK Liberty Mutual Manual Materials Snook SH, Ciriello VM. The design of manual

Handling Tables handling tasks: revised tables of maximum acceptable
weights and forces. Ergonomics. 1991;34(9),
1197-1213.

7 MAC Manual handling assessment Tapley SE. Reliability of manual handling assessment
charts charts (MAC) developed for health and safety

inspectors in the UK: A field study. HSE. 2002;UK.

8 DINO Direct nurse observation Johnsson C, Kjellberg K, Kjellberg A, Lagerstrom

M. A direct observation instrument for assessing
patient transfer technique (DINO). App/ Ergon.
2004;35(6),591-601.

9 MAPO Movement and assistance of Battevi N, Menoni O, Ricci MG, Cairoli S. MAPO
hospital patient index for risk assessment of patient manual handling

in hospital wards: a validation study. Ergonomics.
2006;49(7),671-687.

10 Revised NIOSH Revised national institute for Waters TR, Putz-Anderson V, Garg A, Fine L].

Equation(CLI) occupational safety and health Revised NIOSH equation for the design and
lifting equation (Composite evaluation of manual lifting tasks. Ergonomics.
Lifting Index) (1993);36(7):749-776.
11 Revised NIOSH Revised national institute for Waters T, Occhipinti E, Colombini D, Alvarez-
Equation(VLI) occupational safety and health Casado E, Fox R. Variable Lifting Index (VLI) A

lifting equation (Variable Lifting

Index)

New Method for Evaluating Variable Lifting Tasks.
Hum Factors. 2016;58(5),695-711.

Table S1 (Continued)
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#  Abbreviation Expanded name Reference
12 Revised NIOSH Revised national institute for Waters T, Lu ML, Occhipinti E. New procedure
Equation(SLI) occupational safety and health for assessing sequential manual lifting jobs using
lifting equation (Sequential the revised NIOSH lifting equation. Ergonomics.
Lifting Index) 2007;50(11), 1761-1770.

13 CTD Cumulative trauma disorder risk ~ Seth V, Weston RL, Freivalds A. Development of a
assessment model for the upper cumulative trauma disorder risk assessment model
extremities for the upper extremities. Inz ] Ind Ergon. 1999;23(4),

281-291.

14 OCRA Occupational repetitive action Occhipinti E. OCRA: a concise index for the
index assessment of exposure to repetitive movements of the

upper limbs. Ergonomics. 1998;41(9),1290-1311.

15 PTAI Patient transfer assessment Karhula K, Rénnholm T, Sjogren T. A method for
instrument evaluating the load of patient transfers. Occupational

Safety and Health Administration. Occupational
safety and health publications, 2009;83.

16 REBA Rapid entire body assessment Hignett S, McAtamney L. Rapid entire body
assessment (REBA). App/ Ergon. 2000;31(2),201-205.

17 ROSA Rapid office strain assessment Sonne M, Villalta DL, Andrews DM. Development
and evaluation of an office ergonomic risk checklist:
ROSA-Rapid office strain assessment. App/ Ergon,
2012;43(1),98-108.

18 RULA Rapid upper limb assessment McAtamney L, Corlett EN. RULA: a survey method
for the investigation of workrelated upper limb
disorders. Appl Ergon. 1993;24(2),91-99.

19 WERA Workplace ergonomic risk Rahman MNA, Rani MRA, Rohani JM. WERA: an

assessment observational tool develop to investigate the physical
risk factor associated with WMSDs. J Hum Ergol.
2011;40(1_2),19-36.

20  Arbouw The Arbouw guidelines Karwowski W. International Encyclopedia of
Ergonomics and Human Factors, 3 Volume Set, CRC,
Press, 2006,1471-1484.

21 ALLA Agricultural lower limb Kong YK, Lee SY, Lee KS, Kim DM. Comparisons

assessment of ergonomic evaluation tools (ALLA, RULA, REBA
and OWAS) for farm work. Int | Occup Saf Ergon
2018;24(2), 218-223.

22 AWBA Agricultural whole-body Kong YK, Lee SJ, Lee KS, Kim GR, Kim DM.

assessment Development of an ergonomics checklist for
investigation of work-related whole-body disorders in
farming-AWBA: Agricultural whole-body assessment.
J Agric Saf Health. 2015;21(4),207-215.

23 ACGIH-Lifting TLV  American conference of American Conference of Governmental Industrial
governmental industrial hygienists Hygienists (ACGIH) (2004), Threshold Limit Values
lifting threshold limit values for Chemical Substances and Physical Agents &

Bioloigical Exposure Indices, Cincinnati, OH.
24 EAWS Ergonomic assessment worksheet ~ Schaub K, Caragnano G, Britzke B, Bruder R. The

European assembly worksheet. Theor Issues Ergon Sci.

2013;14(6),616-639.

Table S1 (Continued)
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#  Abbreviation Expanded name Reference
25 EN1005-2 European Standard 1005-2 Colombini D, Occhipinti E, Alvarez-Casado E,
Waters TR. Manual lifting: A guide to the study of
simple and complex lifting tasks, CRC Press, 2012.
26 1SO 11228-1 International Organization for ISO. 2003.ISO 11228-1. Ergonomics-Manual
Standardization 11228-1 handling-Lifting and carrying.
27 1SO 11228-2 International Organization for ISO. 2007a.1SO 11228-2. Ergonomics-Manual
Standardization 11228-2 handling-Pushing and pulling.
28 RSI Revised Strain Index Arun Garg J, Moore S, Kapellusch JM. The Revised

Strain Index: an improved upper extremity exposure
assessment model. Ergonomics. 2017;60 (7), 912-922.
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APPENDIX C-TABLE S2:

Table S2: The selection criteria and limitations of the pen-paper observational techniques.

Selection criteria

The purpose of the  Body parts
Technique Types of job/task assessment assessed Limitations of the technique
ACGIH-HAL  Tasks that involve the to determine Wirist- Only consider repetition and force
same, or very similar  unacceptable levels ~ forearm applied to monotonous handwork
repetitive hand, wrist, of hand activity performed for four or more hours
or forearm exertions  and force per day.
ART Repetitive tasks To assess tasks that ~ Neck, lower Does not consider the lower limb.

QEC

OWAS

KIM-PP

KIM-LHC

MAC

DINO

A wide range of tasks

A wide range of tasks

Pushing or pulling
load

Lifting, holding or

carrying a load

Lifting (and
lowering), carrying,
and team handling

a load

Patient transfer tasks

require repetitive
moving of the upper
limbs

to quickly assess
exposure to WMSD
risks for a wide
range of tasks

To assess stressful
work postures

Risk assessment of
physical workload in
pushing or pulling a
load on the screening
level

Risk assessment of
physical workload
in lifting, holding or
carrying a load on
the screening level

To aid occupational
health and safety
inspectors assess the
most common risk
factors in lifting (and
lowering), carrying,
and team handling
operations.

To assess the work
technique of nursing
personnel during
patient transfers

back, and
upper limb

Wrist-
elbow-
shoulder-
arm-neck-
waist

‘The whole
body and

lower limb

Trunk

Trunk

Back

Back and

shoulders

it is not intended for display screen
equipment (DSE) assessments.

Not suitable when tasks are highly varied.
The method only allows for looking at
the worst possible work positions for
each body part involved in a task. Does
not consider the lower limb.

Does not separate right and lift upper
extremities.posture coding crude for
shoulders. does not consider repetition
or duration of the sequential postures.
assessments of neck and elbows/wrist are
missing.

Only suitable for screening pushing/
pulling tasks. it provides a general risk
level but cannot predict workers’ injuries.

Only suitable for screening lifting,
holding, or carrying tasks and provides a
general level of risk, but it cannot predict
injuries to workers.

Is not appropriate for tasks that involve
pushing/pulling and is not designed to
assess risks associated with workplace
upper limb disorders.

Only applicable for the risk assessment
of patient manual handling in hospital
yards. Non-applicability in some hospital
wards e.g. resuscitation and psychiatry.

It neglects all the other risk determinants
(frequency, environment, work
organization, etc.)

Table S2 (Continued)
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Selection criteria
The purpose of the  Body parts
Technique Types of job/task assessment assessed Limitations of the technique
MAPO Patient manual To assess the risk Low back Only applicable for the risk assessment
handling exposure level of of patient manual handling in hospital
patient manual yards. variables such as psychosocial
handling in hospital factors and overtime hours are not
wards included in the risk assessment of patient
manual handling.
Revised Lifting/ lowering To determine the Low back This technique cannot be used for:
NIOSH load(single-task) recommended one-handed lifting/lowering, lifting/
Equation(CLI) weight limit of lowering tasks that are done for more
Revised Lifting/ lowering a load base on than eight hours, lifting/lowering while
NIOSH load(variable-tasks) ~ lifting/ lowering seated or kneeling, lifting/lowering in
Equation(VLI) characteristics and restricted workspaces, lifting/lowering
. . . to estimate the of unstable objects, people, or animals,
Revised Lifting/ lowering lati itude of ing/pushing/pulling tasks (includin
NIOSH load(sequential-tasks) re}lat{velmagnlt; €0 Carry}ng p}lll llb &P gh D). liftine/ )
Equation(SLI) physica s.tress ora use of a wheelbarrow or shove ?, i ting
task or a job lowering on slippery surfaces, lifting/
lowering in unfavorable environments
and Lifting/lowering with high speed
motion (faster than about 30 inches/
second).
CTD Industrial jobs based ~ To predict CTD Wirist- Is not applicable for jobs with cycle times
on task and hand incidence ratesora  elbow- under four seconds.
motion parameters relative risk potential ~shoulder-
for the upper arm-neck-
extremities. waist
OCRA Tasks that involve To identify a Fingers, 'The use is time-consuming. Well-trained
repetitive movements procedure for wrist- observers needed.
of the upper limbs calculating a concise  elbow-
index of exposure shoulder
to the risks of
WMSDs associated
with repetitive
movements of the
upper limbs.
PTAI Patient transfers To evaluate the load  Upper limb, ~ Only applicable for evaluating the load of
of patient transfers ~ trunk, lower patient transfers in the healthcare sector.
back, and
lower limb
REBA Tasks that involve To quick postural The whole  'The right and left hands have to be
the types of analysis for whole-  body assessed separately and there is no
unpredictable body activities, both method to combine this data, duration,

working postures
found in health care
and other service
industries.

static and dynamic.

and frequency of items not included.

This method is not recommended for
assessing tasks that are primarily manual
material handling tasks. The method is
not suitable for assessing jobs that involve
a number of different and varying tasks.

Table S2 (Continued)
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Selection criteria

The purpose of the  Body parts
Technique Types of job/task assessment assessed Limitations of the technique
ROSA Computer work To quickly quantify ~ The whole Only applicable for computer work in
risks associated with  body the office environment.
computer work and
to establish an action
level for change
based on reports
of worker
discomfort.
Arbouw Lifting and carrying, To develop guideline Lower back Relative time-consuming but does not
pushing /pulling, instrument for give very detailed information.
static postures, and assessing physical
repetitive work workload
RULA Tasks where the To provide a method Upper limb  The right and left hands have to be
worker uses primarily of screening a /the whole  assessed separately and there is no
the upper limbs to working population  body method to combine this data. Does not
complete the task. quickly, for exposure consider the duration of exposure. It is
to a likely risk of appropriate for tasks that typically, the
work-related upper worker is seated or standing without
limb disorders. much movement when performing
the task.
WERA The wide range To assess the The whole ~ As with most techniques, do not consider
of job/task physical risk body psychosocial factors and the interaction
factors associated of the risk factors.
with work-related
musculoskeletal
disorders
SNOOK Lifting, Lowering, To provide Low back Does not consider any trunk rotation/
Pushing, Pulling, guidelines for twisting that may take place while
Carrying tasks predicting the performing the task.
maximum weights This method is not suitable for use when
and workloads that the task involves one-handed lifting,
are acceptable to lowering, carrying, pushing, or pulling.
different percentages The method is also not useful for tasks
of the male and that involve throwing or catching objects.
female industrial
population.
ALLA Tasks that involve the To assess lower limb ~ Lower limb ~ Only applicable for the risk assessment
types of postures for  postures for farm of the lower limb. As with most
farm work work techniques do not consider psychosocial
factors and the interaction of the risk
factors.
AWBA Agriculture To assess various The whole Only applicable for the risk assessment
postures in body of agricultural work. Does not consider

agricultural work

psychosocial factors and the interaction
of the risk factors.

Table S2 (Continued)
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Technique

Selection criteria

Types of job/task

The purpose of the
assessment

Body parts
assessed

Limitations of the technique

ACGIH-
Lifting TLV

EAWS

EN 1005-2

I1SO 11228-1

Tasks that involve
Lifting /lowering a
load

Assembly tasks

Tasks that involve
the manual handling
of machinery,
component parts

of machinery, and
objects processed by
the machine (input/
output) of 3 kg or
more, for carrying
less than 2 m.

Tasks that involve
Lifting and Carrying
a load

To provide guidance  Low back
on acceptable weight
limits for lifting

tasks.

The whole
body

To assess physical
workload in cyclic
work

To assess manual Lower back
handling of

machinery and

component parts of

machinery.

To set recommended Lower back
limits for the mass

of objects being

manually handled.

This technique is not applicable for use
with other material handling tasks such
as carrying, pushing, and/or pulling
and should not be used if any of the
following is true:

- the trunk/twists rotate more than
30 degrees to either side;

- more than 360 lifts per hour are
required;

- lifting is done for more than
eight hours a day;

- a constrained body posture is used
when lifting (kneeling, restricted head
room, seated, crouching);

- one-handed lifting is required;

- lifting is done in high heat and/or
humidity;

- the objects being lifted are unstable
(containers with shifting center of
mass, people, animals);

- the object being lifted has poor hand
holds or grasping points;

- theworkers” footing is unstable
(slippery floor, unstable ground/or
surface).

Cannot be used for ergonomic job
rotation planning as the sequence

and the load characteristic of the

tasks (e.g. aggravation of fatigue or
recovery aspects) are not considered.
The application is complex and requires
intensive training.

Does not cover the holding of objects
(without walking), pushing or pulling of
objects, hand-held machines, or handling
while seated.

Does not include holding objects,
pushing or pulling objects, lifting with
one hand, or manual handling while
seated.

Table S2 (Continued)
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Selection criteria

The purpose of the  Body parts
Technique Types of job/task assessment assessed Limitations of the technique
ISO 11228-2 Tasks that involve To determine whole- The whole Only applicable for tasks that involve
Pushing and Pulling  body pushing and body Pushing and Pulling a load.
a load pulling force limits,
according to specific
characteristics of the
population and the
task.
RSI Repetitive “hand To assessa distal The wrist, Only applicable for simple,mono-task
intensiv” tasks upper extremity forearm jobs where the constituent variables

physical exposure

do not change substantially between
different exertions during a task cycle
and the worker does not rotate between
different tasks during a work shift.




“Medicina del Lavoro

ORIGINAL ARTICLE
Med Lav 2022; 113 (6): €2022046
DOI: 10.23749/mdl.v113i5.13825

Updated estimates of excess total mortality in Italy
during the circulation of the BA.2 and BA.4-5 Omicron

variants: April-July 2022

GianFraNco ALicaANDRO™ , ALBERTO G10VANNI GERLI?, GIUSEPPE REMUZZI?,

SteFANO CENTANNI®, CARLO LA VECCHIAS

"Department of Pathophysiology and Transplantation, Universita degli Studi di Milano, Milan, Italy

2Cystic Fibrosis Centre, Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan, Italy

3Depar'cment of Clinical Sciences and Community Health, Universita degli Studi di Milano, Milan, Italy

“Istituto di Ricerche Farmacologiche Mario Negri IRCCS, Bergamo, Italy

*Respiratory Unit, Department of Health Sciences, ASST Santi Paolo e Carlo, Universita degli Studi di Milano, Milan, Italy

KEYWORDS: COVID-19; Omicron; excess deaths; mortality

ABSTRACT

Background: 7he impact of new lineages and sub-lineages of Omicron on total and excess mortality is largely
unknown. This study aims to provide estimates of excess mortality during the circulation of the Omicron variant
in Italy updated to July 2022. Methods: Over-dispersed Poisson regression models, fitted separately for men and
women, on 2011-2019 mortality data were used to estimate the expected number of deaths during the COVID-19
pandemic. The excess deaths were then obtained by the difference between observed and expected deaths and com-
puted at all ages and at working ages (25-64 years). Results: Between April and June 2022, we estimated

9,631 excess deaths (+6.3%) at all ages (4,400 in April, 3,369 in May, 1,862 in June) and 12,090 in July 2022
(+23.4%). At working ages, the excess was 763 (+4.9%) in April-June 2022 and 679 (+13.0%) in July 2022.
Conclusions: Excess total mortality persisted during the circulation of different lineages and sub-lineages of the
Omicron variant in Italy. This excess was not limited to the elderly population but involved also working age in-
dividuals, though the absolute number of deaths was small. The substantial excess found in July 2022 is, however,
largely attributable to high temperatures. At the end of the year, this may translate into 30 to 35,000 excess deaths,
i.e. over 5% excess mortality. COVID-19 related deaths reversed the long-term trend toward increasing life expec-
tancy, with the relative implications in social security and retirement schemes.

1. INTRODUCTION

Italy was among the countries most severely hit
by the Coronavirus disease 2019 (COVID-19) pan-
demic with more than 45,000 excess deaths esti-
mated during the first wave in February-May 2020
[1] and more than 177,000 officially-registered
COVID-19 deaths since the beginning of the pan-
demic to the end of September 2022 [2].

Received 17.10.2022 - Accepted 17.10.2022

Most deaths occurred in 2020, when vaccines were
not available, and in 2021 during the circulation of
the Delta variant with suboptimal vaccine coverage.
In December 2021, a new variant of SARS-CoV-2,
B.1.1.529 (Omicron), started to circulate in the
country, and in early January 2022 it became the
dominant variant [3]. The circulation of Omicron
has been accompanied by a surge in the number
of cases (5 million cases registered in January and

“Corresponding Author: Gianfranco Alicandro, Department of Pathophysiology and Transplantation, Universita degli Studi di
Milano, Via Commenda 9, 20122 Milan, Italy; E-mail: gianfranco.alicandro@unimi.it
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over 17 million to the end of September 2022). This,
however, was followed by a smaller increase in hos-
pitalizations and COVID-19 deaths as compared to
previous waves [2]. In the following months, differ-
ent lineages and sub-lineages of Omicron circulated
in Italy (from the original lineage BA.1 to the latest
ones BA.4-5) [4], whose impact on total mortality
remain to be quantified.

In this study, we update previous estimates on excess
total mortality in Italy covering the months of April-
July 2022, with a focus on mortality at working ages.

2. METHODS

The study is based on national daily mortality
data from January 1,2011 to July 31,2022 and pop-
ulation data for the calendar years 2011-2022 [5,6].

We estimated the number of excess deaths by
the difference between the observed deaths and the
number of deaths that would have been expected
had the pandemic not occurred. The expected num-
ber of deaths were estimated separately for men
and women using two over-dispersed Poisson re-
gression models. The models included a linear term
for calendar year (to account for temporal trends in
mortality), age groups (to capture the demographic
changes over the period), a smooth function of week
of the year (to capture seasonal variations) as predic-
tors, and the natural logarithm of the population as
offset term. A natural spline was used as a smooth
function, with number of knots chosen on the basis
of the quasi-Akaike Information Criterion (QAIC).
Up to 10 equally spaced knots were tested.

Excess deaths were reported at all ages and at
working ages (25-64 years) and presented both in
absolute terms (i.e. difference between observed
and expected deaths) and relative terms (i.e. percent
relative differences). To avoid the inclusion of indi-
viduals who may still be in education and those who
are retired, we defined the working-age population
as individuals aged 25-64 years. Excess deaths were
provided with 95% Confidence Intervals (CI) ob-
tained through a Monte Carlo simulation. We sam-
pled 10,000 iterations from a multivariate normal
distribution for each set of the model’s coefficients
using the parameter estimates and the variance-
covariance matrix. For each iteration, we computed

the difference between the observed and the ex-
pected deaths and 95%CI were obtained using nor-
mal approximation.

To evaluate the excess mortality due to high tem-
perature in July 2022, we related mean temperatures
for the months of July of the period 2015-2022 in six
urban areas from northern and central Italy (Turin,
Milan, Florence, Bologna, Rome and Naples) to the
number of deaths registered in the same areas and in
the corresponding periods.

3. RESULTS

Between April and June 2022, 226,232 deaths
were registered in Italy; 22,166 (9.8%) of them
among individuals of working ages. We estimated
an excess mortality over the whole period of 21,721
(+10.6%) deaths at all ages and 1,442 (+7.0%) at
working ages (Table 1). Observed deaths were higher
than expected in all the four months, although most
of the excess was observed in the month of July 2022.
Between April and June 2022, we estimated 9,631
excess deaths (+6.3%) at all ages (4,400 in April,
3,369 in May, 1,862 in June) and 12,090 in July
2022 (+23.4%). At working ages, the excess was 763
(+4.9%) in April-June 2022 (123 in April, 338 in
May, 302 in June) and 679 (+13.0%) in July 2022.

Figure 1 shows the excess deaths in relative terms,
i.e. as percent of the expected number of deaths, es-
timated at all ages and at working ages. In April, the
estimate was lower for individuals of working ages
as compared to that obtained for the whole popula-
tion (+2.3% wvs +8.4%). In May, the estimates were
close to +6.5%, while in June the value was higher
at working ages than at all ages (+6% vs +3.8%). In
July, excess mortality substantially increased, up to
+13.0% at working ages and +23.4% at all ages.

Our estimates of total excess deaths were close
to the officially-registered COVID-19 deaths in the
months of April (4,124 deaths), May (3,190 deaths)
and June (1,656 deaths), whereas COVID-19
deaths accounted for only 31% of the total excess
we estimated in the month of July 2022 (3,733
COVID-19 deaths s 12,090 excess deaths).

Figure 2 shows the relationship between the aver-
age temperatures and the number of deaths regis-
tered in the municipalities of Turin, Milan, Bologna,



EXCESS MORTALITY DURING OMICRON CIRCULATION IN ITALY BETWEEN APRIL AND JULY 2022 3

Table 1. Observed, expected deaths and excess total mortality in Italy between April and July 2022 at working ages (25-64
years) and at all ages by month.

Age group 2022 Observed deaths Expected deaths’ Difference 95%CI
Working ages April 5,400 5,277 123 99 to 146
May 5,529 5,191 338 314 to 361
June 5,332 5,030 302 279 to 324
July 5,905 5,226 679 655 to 702
April-July 22,166 20,724 1,442 1,359 to 1,522
All ages April 56,512 52,112 4,400 4,221 to 4,578
May 54,520 51,151 3,369 3,191 to 3,546
June 51,471 49,609 1,862 1,683 to 2,040
July 63,729 51,639 12,090 11,912 to 12,267
April-July 226,232 204,511 21,721 21,140 to 22,299

CI: Confidence Interval.

1Estimated from 2011-2019 mortality and population data, separately by sex, through an over-dispersed Poisson regression model
including a linear term for calendar year (to account for the temporal improvement in mortality), age groups as categorical variable (to
capture the demographic changes over the period), a smooth function of week of the year with 7 equally spaced knots (to capture seasonal
variations), and the natural logarithm of the population as oﬁfret term. Values were rounded up to the smallest integer.
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4. DI1SCUSSION

Between April and July 2022, we estimated an
average 6% higher total mortality, whereas in July
2022 the excess was +23%. In the working age pop-
ulation, we observed a similar pattern with excesses
in the range of 2 to 6% in April-June 2022, which
increased to 13% in July 2022.

We reported only a modest excess mortality (+2.5%)
at all ages during the initial period of Omicron pre-
dominance in Italy (February-March 2022), and no
excess at working ages [7]. That finding likely resulted
from the combination of a less severe disease induced
by Omicron [8,9] and a high level of natural and vac-
cine-induced protection of the Italian population [10].
However, in spring and summer 2022, when new vari-
ants appeared and quickly became predominant, the
number of deaths returned higher than expected. This
may reflect the waning of vaccine efficacy, since the
(booster) vaccination campaign levelled off at the end
of the previous winter. However, the reasons behind
that remain largely undefined, and in the absence of
cause-of-death data in Italy, can be only hypothesized.

'The numbers of hospitalization in intensive care
units due to COVID-19 did not increase between
February and July 2022 [2], indicating that those
deaths did not occur in the acute phase of the disease,
but may be related to possible sequalac of COVID-19
[11,12]. In fact, a remarkable increased risk of cardio-
vascular events has been observed among individuals
infected by SARS-CoV-2, including young and mid-
dle-aged adults [13,14]. Long-term (i.e. over 300 days)
cardiac pathology, mainly inflammatory (moderate
myocarditis) has been reported in subjects with mild
initial COVID-19 illness and no previous cardiac dis-
ease. [15]. Moreover, an indirect effect of COVID-19
on other diseases as a consequence of delayed diag-
nosis and suboptimal care has to be considered [16].
In support of these hypotheses, there are emerging
data on increasing mortality from causes other than
COVID-19, including heart disease, diabetes and Alz-
heimer disease/dementia [17,18].

The remarkable excess observed in the month of
July 2022 can be largely attributed to the high am-
bient temperatures registered in that month in Italy.
This is evident from the substantial gap between the
estimated excess deaths and the deaths attributed to

COVID-19 in July, which was not observed in the
previous months. In July 2015, there was a similar in-
crease in ambient temperature in several main Italian
cities, and in that year around 12,000 excess deaths
were registered compared to the previous year.

Other countries are still observing excess total mor-
tality during the circulation of Omicron. The Office
for National Statistics reported no excess in the UK
between January and mid-March 2022, but from the
second half of March to the end of July 2022, 20,600
(6,000 in July) more deaths than expected were ob-
served, based on the average number of deaths regis-
tered in the 5-year before the pandemic (2015-2019)
[19]. The number of deaths attributed to COVID-19
in that period was 14,000 (68% of the total excess) and
in July 2022 only 3,000 (50% of the total excess).

Between February and June 2022, the average ex-
cess mortality was close to 5%. In January and July,
the excess was over 10%, but was influenced by the
residual of the Delta wave in January and by the
high temperatures in July. Assuming a 5% COVID-
19-related excess mortality for the remaining
months, at the end of the year this may translate
into 30 to 35,000 excess deaths.

Our estimates are based on provisional data which
may be incomplete for some municipalities due to
delay in death registration. This may have underes-
timated the true excess mortality, especially in the
most recent months. Consequently, we need timely
mortality data in order to implement an effective
monitoring of the pandemic. Considering the high
social and economic impact of a premature death at
working age, estimates of excess death should be also
provided for this population, despite the low risk and
the comparatively small total number of deaths.

5. CONCLUSIONS

Our data indicate a persistent excess in total mor-
tality during the circulation of different lineages and
sub-lineages of the Omicron variant in Italy. With
few exceptions (i.e. the serious flu epidemic in 2015)
until 2019 total mortality had been decreasing and
hence life expectancy had been increasing in Italy,
with implications on social security and retirement
schemes, i.e. planned periodic increases of age at re-
tirement. After decades, of increased life expectancy,
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the trend has reversed in Italy as in other countries
[20], indicating that COVID-19 pandemic contin-
ues to have implications on total mortality in high-
income countries. The impact was concentrated in
the elderly, but an excess mortality is evident at
working age too, even if the absolute number of ex-
cess deaths is small below age 65.
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Commentary to “Mortality from Bladder Cancer in
Dyestuft Workers Exposed to Aromatic Amines:
A 73-Year Follow-Up” by C. Ciocan et al.

Ciocan et al. [1] describe an outbreak of blad-
der cancer among workers exposed to high levels of
carcinogenic aromatic amines in a dyestuft factory
in the province of Turin (Northern Italy). Findings
are striking: during a 70-year follow up, 60 deaths
from bladder cancer occurred in the cohort vs.
4.0 expected.

Not unusually for papers published in La Medicina
del Lawvoro, the name of the factory is not mentioned,
which precludes an overall contextualization of the
shameful episode in its geographical, historical, and
social circumstances. However, my guess is that it
was the IPCA (Industria Piemontese Coloranti
Anilina) factory in Cirié, a town on the outskirts of
Turin. In 1978, IPCA made history, when its man-
agers were sentenced to jail for manslaughter in the
first criminal court trial for occupational cancer ever
taking place in Italy.

'The working environment and conditions could
hardly have been worse at IPCA that was a ma-
jor player in the economy of the area. As reported
by Ciocan et al., between 1946 and 1970 almost
600 men worked for at least one year at IPCA,
while Cirié then had a population slightly above
10,000 inhabitants. Events and the trial had a great
emotional impact on the population. Nowadays,
one of Cirié’s squares is dedicated to the IPCA
victims and a street is named after Gino Franza
and Albino Stella, the two IPCA workers who
brought the bladder cancer deaths to the atten-
tion of the workers’ union and subsequently of the
judicial authority. Documents regarding the fac-
tory and the trial have been collected in a huge re-
pository located in what is left of IPCA premises.

I recommend Ciocan et al. to forward a reprint of
their paper to the Mayor of Cirié for inclusion in
the IPCA archive.

Given the relevance of the episode in the history
of the area, a more precise measure of the impact
IPCA had on the workers” health would be desir-
able. In Ciocan et al.” study, causes of death were
not validated and bladder cancer morbidity was
ignored. According to local witnesses, the actual
number of victims exceeded the figure reported
by Ciocan et al. An a priori count of bladder can-
cer prevalence in those days would be unfeasible.
Ciocan et al. do not clarify whether the figure of
60 victims includes those identified through (death)
certificates attributing death to conditions other
than bladder cancer and mentioning bladder cancer
among “other significant conditions contributing
to the death”. The article appears not to consider
those certificates: would it be possible for the au-
thors to count them and add the number of IPCA
workers dying with bladder cancer? This would be

an improved approximation to the actual number of
TPCA victims.

Benedetto Terracini,
University of Turin (retired)
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Reply to The Commentary to “Mortality from Bladder

Cancer in Dyestuft Workers Exposed to Aromatic
Amines: A 73-Year Follow-Up” by C. Ciocan et al” by B.

Terracini

The comments by B. Terracini to our paper
“Mortality from bladder cancer in dyestuff workers
exposed to aromatic amines: a 73-year follow-up” by
Ciocan et al. [1] give us the opportunity to clarify
some methodological aspects of our study.

We have not disclosed the identity of the indus-
tries that we have investigated in current or past
cohort studies. The data, methodology, and findings
from our investigations are being presented for the
goal of demonstrating to the scientific community
the impacts of one or more exposures on human
health. We therefore took the same approach with
this particular industry that had previously been
the focus of multiple prior publications [2-4], all
of which were follow-ups of the same cohort after
various latencies and documented the effects of aro-
matic amine exposure on health.

We agree that the severe effects of that specific
exposure provide proof of unacceptable working
conditions. Our updated results add further scien-
tific evidence to this conclusion. Finding additional
bladder cancer deaths after 73 year of follow up
confirms the results from previous analyses with ex-
cess risk of bladder cancer persisting several decades
after stopping exposure, thus providing additional
information on the carcinogenesis process following
occupational exposure to aromatic amines.

'The expected number of events, specifically deaths
from bladder cancer, was calculated relying on death
certificates. The observed number of deaths must re-
sult from the same source in order to be comparable
and to estimate risk. The Italian death certification
validity is recognized as robust even for a cause like
COVID-19, for which death for and with the dis-
ease is a key issue [5]. Still, some mis-certification
is possible in observed and expected figures, whose
impact on risk estimates and their pattern over time
is however likely to be limited.

Furthermore, the main goal of our research was
not to determine the total number of incident cases
within the cohort but rather to compare the new
results to those of earlier analyses of the same co-
hort (also based only on mortality data) in order to
understand the trend of the bladder cancer risk dec-
ades after the cessation of exposure.

About incident cases of bladder cancer, screening
programs applied to workers that undergo health
surveillance for preventive purposes do not apply to
the general population. Initial cases that do not lead
to overt disease or death from bladder cancer would
be identified more frequently in the working popu-
lation than in the general population. Members of
this cohort did not have their urine cytology and
health monitored while they were employed; rather,
they entered our Institute’s follow-up program after
retirement.

We will be pleased to provide a copy of all of our
publications on the matter to the mayor of the con-
cerned municipality.

Catalina Ciocan, Alessandro Godono,

Enrico Pira, Nicolo Franco

Department of Public Health and Pediatric Sciences,
University of Turin, Turin, Italy

Carlo La Vecchia

Department of Clinical Sciences
and Community Health,
University of Milan, Milan, Italy

Eva Negri
Department of Medical and Surgical Sciences,
University of Bologna, Bologna, Italy

Paolo Boffetta

Department of Medical and Surgical Sciences,
University of Bologna, Bologna, Italy

Stony Brook Cancer Center, Stony Brook University,
Stony Brook, NY USA



LETTERS TO THE EDITOR 3

REFERENCES

1. Ciocan C, Godono A, Franco N, et al. Mortality from

bladder cancer in dyestuft workers exposed to aromatic
amines: A 73-year follow-up. Med Lav. 2022 Apr 26;
113(2):e2022017. Doi: 10.23749/mdl.v113i2.12893.
PMID: 35481579; PMCID: PMC9073764

. Pira E, Piolatto G, Negri E, et al. Bladder cancer mor-
tality of workers exposed to aromatic amines: a 58-year
follow-up.J NatlCancerInst.2010Jul21;102(14):1096-9.
Doi: 10.1093/jnci/djq214. Epub 2010 Jun 14. PMID:
20548022

. Piolatto G, Negri E, La Vecchia C, Pira E, Decarli A,

Peto J. Bladder cancer mortality of workers exposed to

aromatic amines: an updated analysis. Br J Cancer. 1991
Mar;63(3):457-9. Doi: 10.1038/bjc.1991.106. PMID:
2003988 4

. Rubino GF, Scansetti G, Piolatto G, Pira E. The carci-

nogenic effect of aromatic amines: an epidemiological
study on the role of o-toluidine and 4,4’-methylene bis
(2-methylaniline) in inducing bladder cancer in man.
Environ Res.1982 Apr;27(2):241-54.Doi: 10.1016/0013
-9351(82)90079-2. PMID: 7084156

5. Jha P, Brown PE, Ansumana R. Lancet. 2022 May 21,

399(10339):1937-1938. Doi: 10.1016/50140-6736(22)
00845-5. Epub 2022 May 6.PMID: 35533709



Ceramol

CREMA MANI

Coadiuvante al trattamento delle

DERMATITI PROFESSIONALI

RIPARA E PROTEGGE Ge.

LA BARRIERA CUTANEA
LENISCE IRRITAZIONI E PRURITO CREMA C
Ce

Ripara e pr
la barriera ¢

ramol
3N

Senza pro

Pelle molto :
ipereattiva, al

— 54% mILSS* HANDCE  CREMAMAN

Re‘:::ss:i?‘db':l la barriera cutanea
Senza profumo
. Free from fragre le molto secc:
460 * * StUd|O effettuato SU 40 Forveryddrgljl, hgper i::rltlaattlv:oallscm'%a
- . . and allergic s|
% PGA volontari affetti da eczema -
cronico delle mani, che hanno Repair ndprotcts
applicato il prodotto 2 volte e omfegonces
60 N * al giorno e dopo ogni lavaggio “diesn
- 56% vAS prurito . _
delle mani per 4 settimane. ,

o

- 50% TEWL*

b) Yniferey
Con BREVETTO TECNOLOGIA 311® ——
(lipidi epidermici riparatori di barriera)
e PALMITAMIDE MEA (endocannabinoide lenitivo). Assggg?:,lUELNAT’gR,fgLDSNGE
Ceramol ¢;

Riparatore della barriera cutanea: con Ceramidi, Colesterolo e Acidi grassi.
Formule sicure: sviluppate con dermatologi, testate con patch test su pelle sensibile.
Senza profumo, alcol e conservanti a rischio di allergia.

Disponibile in farmacia | www.ceramol.it Materiale riservato alla classe medica
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