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Abstract
Introduction: Pancreatic cancer is a highly lethal malignancy with poor prognosis and limited treatment options. 
Environmental exposures, particularly to heavy metals such as cadmium, may contribute to its etiology. This systematic 
review and meta-analysis evaluated the association between cadmium exposure from different sources and pancreatic 
cancer incidence or mortality. Methods: Following PRISMA guidelines, we searched PubMed, EMBASE, and 
Scopus. Eighteen studies comprising 20 risk estimates were included. Random-effects meta-analyses were conducted 
overall and stratified by exposure source, gender, region, study design, and outcome. Dose-response relationships were 
assessed using meta-regression of cadmium exposure measures. Publication bias was evaluated using funnel plots and 
Egger’s test. Results: Overall, cadmium exposure was associated with an increased risk of pancreatic cancer [rela-
tive risk (RR) = 1.69, 95% confidence interval (CI): 1.28-2.22]. Occupational exposure showed the most consistent 
association (RR = 1.38, 95% CI: 1.19-1.61), followed by urinary and blood/serum biomarkers. Risk was higher in 
men than in women, and in case-control than in cohort studies. Dose-response analysis did not reveal a linear trend. 
There was limited evidence of publication bias overall, though some asymmetry was observed for urinary cadmium 
studies (p = 0.045). Conclusion: Cadmium exposure was associated with pancreatic cancer risk, particularly in 
occupational and biomarker-based studies. While findings support a potential causal link, heterogeneity, residual 
confounding, and limited dose-response data necessitate cautious interpretation.

1. Introduction

Pancreatic cancer is one of the most lethal forms 
of cancer; it ranks globally as the seventh most 
common cause of cancer-related death in both men 
and women. Incidence rates are four to five times 
higher in countries with a high Human Develop-
ment Index (HDI), with the greatest burden ob-
served in Europe, North America, and Australia/

New Zealand [1, 2]. Despite advances in diagnostics 
and therapeutics, its prognosis remains poor, with a 
five-year survival rate lower than 10%, mainly be-
cause this type of cancer is frequently detected at an 
advanced stage [3].

The etiology of pancreatic cancer is multifactorial, 
involving genetic susceptibility and other risk fac-
tors. including tobacco smoking, smokeless tobacco 
use, excess body weight, high alcohol consumption, 
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and exposure to environmental pollutants [4]. 
Among environmental contributors, some research 
supports the role of environmental chemicals and 
heavy metals in the etiology of pancreatic cancer 
[5]. Heavy metal poisoning traditionally occurred in 
industrial settings and manifested with severe and 
overt clinical signs and symptoms; however, such 
cases are now uncommon. The development of more 
sensitive diagnostic techniques and biomarkers of 
toxicity has increased awareness of the health conse-
quences of chronic environmental (non-industrial) 
exposure to heavy metals [6].

Cadmium (Cd) is a naturally occurring metal 
that is present in a variety of products and envi-
ronmental settings [7]. It is a non-essential element 
with well-established toxicity in humans, with lung 
cancer being the only neoplasm causally associated 
with it [8]. Human exposure to cadmium occurs 
through various sources, including industrial pro-
cesses and occupational settings such as battery 
manufacturing, metal plating, coating, pigment 
production, stabilizer use, and welding. Cadmium 
contamination of soil, air, and water is widespread 
due to its use in industrial products, contamination 
from phosphate fertilizers, and emissions from mo-
tor vehicle fuel combustion and tire wear [9, 10]. 
Additionally, cigarette smoking represents a signifi-
cant source of exposure, while contaminated food 
- particularly leafy vegetables, cereals, and shellfish 
- is the primary source of cadmium intake in non-
smokers [11, 12].

Cadmium can accumulate in the body over time, 
primarily in the liver and kidneys, but it may also 
affect the pancreas via systemic circulation and 
oxidative stress. Metal can interfere with cellular 
signaling pathways, induce chronic inflammation, 
promote DNA damage, and inhibit DNA repair 
mechanisms – all of which are hallmarks of cancer 
development [13, 14].

Understanding the potential link between cad-
mium exposure and pancreatic carcinogenesis is 
crucial for public health and may offer insights into 
preventive strategies and regulatory policies. We 
conducted a systematic review and meta-analysis 
of published cohort, nested case-control, and case-
control studies to evaluate the association between 
cadmium exposure and pancreatic cancer risk.

2. Methods

This systematic review and meta-analysis were 
conducted in accordance with the Preferred Re-
porting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (Supplementary 
Tables S1a and S1b) [15]. The protocol was regis-
tered in the International Prospective Register of 
Systematic Reviews (PROSPERO), Registration 
number: CRD420251106774.

2.1. Study Design and Criteria

A comprehensive literature search was conducted 
in MEDLINE (PubMed), EMBASE (Ovid), and 
SCOPUS in July 2025, with no language restric-
tions. The study population included adults from all 
countries on the incidence or mortality of pancreatic 
cancer, as an outcome without restriction by publi-
cation year. For the search strategy, vocabulary terms 
and keywords related to cadmium exposure, cancer, 
and pancreatic neoplasms were combined (see Sup-
plementary Table  2 for detailed search strategies 
used across the various databases). References of 
included articles and relevant reviews were hand-
searched to identify additional eligible studies.

We included observational studies (cohort, nested 
case-control, or case-control) that evaluated the as-
sociation between cadmium exposure and pancreatic 
cancer risk. Eligible studies assessed cadmium expo-
sure from environmental, occupational, or biologi-
cal sources, including measurements in urine, blood, 
serum, plasma, or toenails, and reported effect esti-
mates for pancreatic cancer incidence or mortality.

Studies were excluded if they: (i) Did not evalu-
ate pancreatic cancer as an outcome, (ii) Did not 
assess cadmium exposure or failed to report cad-
mium specific effect estimates, (iii) Were based on 
occupational groups in which cadmium was not 
the primary exposure and cadmium-specific results 
could not be separated such as firefighters, uranium 
miners, textile workers, printing workers, chimney 
sweeps, shipyard or pipe trades workers, and fer-
romanganese plant workers, (iv) Consisted of ab-
stracts, unpublished reports, theses, book chapters, 
non-peer-reviewed publications or study designs 
other than cohort and case control, (v) Duplicated 
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other reports or analyzed overlapping populations 
(in such cases only the most recent and comprehen-
sive publications were included; see Supplementary 
Figure 1).

2.2. Study Selection, Data Extraction, and 
Quality Assessment

All records were uploaded into the online soft-
ware, Rayyan, where duplicates were removed. Two 
reviewers independently screened titles and abstracts 
for potential relevance. The full texts of potentially 
eligible articles were independently assessed. Any 
disagreements at any stage of the review process 
were resolved by discussion. Two reviewers indepen-
dently extracted the data using a standardized Excel 
form. Extracted information included study charac-
teristics (authors, year of publication, country, study 
design), population details, sample size, source and 
method of cadmium exposure assessment, outcome 
definition (mortality, incidence), duration and level 
of exposure, and reported effect estimates [adjusted 
or unadjusted relative risks (RRs) or odds ratios 
(ORs) with 95% confidence intervals (CIs)] and ad-
justment list if available. Stratified results (e.g., by 
gender, age, exposure source, or exposure level) were 
recorded as separate entries.

The methodological quality of included studies 
was independently assessed by two reviewers using 
a modified Newcastle-Ottawa Scale (NOS) [16]. 
NOS evaluates study characteristics across three 
main domains: selection of participants, compara-
bility of study groups, and ascertainment of either 
exposure or outcome. The maximum score was 9 for 
case-control studies and 10 for cohort studies, with 
higher scores indicating better quality. See Supple-
mentary Table 3 for details of items for each study 
type, and the summarized results are presented in 
Supplementary Table 4.

2.3. Statistical Analysis

Random-effects meta-analyses were conducted to 
calculate pooled relative risks (RRs) and 95% confi-
dence intervals (CIs), both overall and stratified by 
source of cadmium exposure (occupational, serum/
blood, urine, and others), using the DerSimonian 

and Laird and the restricted maximum-likelihood 
(REML) methods [17]. Statistical heterogeneity 
was assessed using Cochran’s Q test and quantified 
with the I² statistic [18]. Because pancreatic cancer 
is a rare outcome, ORs, HRs, SMRs, and SIRs were 
considered approximations of RR [19].

Subgroup analyses were performed by gender 
(male, female, both), study design (cohort, case-
control), outcomes (incidence, mortality), region 
(North America, Europe, other countries), years of 
publication (<2011 vs. >2011, based on the median 
publication year of all included studies), adjusted to 
smoking (Yes, No), and quality score (<8.5 vs. >8.5, 
based on the median quality score of all included 
studies ). Eventually, we assessed publication bias 
using contour-enhanced funnel plots and Egger’s 
tests [20, 21].

Nine studies reported dose-response information, 
four of which assessed cadmium from sources not 
directly comparable to internal measures or without 
the necessary numbers for calculation. Therefore, 
five studies [26, 23, 30, 31, 35] reporting internal 
cadmium levels (urine, blood, serum, plasma, or 
toenails) were included in a random-effects meta-
regression using REML estimation with Knapp-
Hartung adjustment to explore the association 
between increasing cadmium exposure and pancre-
atic cancer risk [22]. All analyses were performed 
using Stata software version 18.5 (StataCorp LLC, 
College Station, TX, USA).

3. Results

The literature search identified 2,000 studies 
from PubMed, EMBASE, and Scopus. After re-
moval of duplicates, followed by title and abstract 
screening and full-text review, 18 studies (twenty re-
cords) met the inclusion criteria and were included 
in the qualitative synthesis and meta-analysis (Sup-
plementary Figure  1) [23-40]. They consisted of 
ten cohort studies [24, 27, 31-34, 36-39], six case- 
control studies [23, 25, 26, 28, 30, 40], and two 
nested case-control studies [29, 35]. Six studies were 
conducted in North America [24, 26, 28, 31, 35, 40], 
seven in Europe [23, 29, 30, 32, 34, 38, 39], and five 
in Asia [25, 27, 33, 36, 37]. Cadmium exposure was 
assessed using occupational records in six studies 
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Figure 1 shows the forest plot of the association 
between cadmium exposure and pancreatic can-
cer risk by exposure source using random-effects 
models. Overall, 20 risk estimates from 18 studies 
were included in the meta-analysis, indicating a 
statistically significant increase in the risk of pan-
creatic cancer associated with cadmium exposure 
(RR = 1.69, 95% CI: 1.28-2.22), with substan-
tial heterogeneity (I² = 96.4%, p < 0.001). Oc-
cupational cadmium exposure was evaluated in 6 
studies and was associated with an increased risk 

[26, 32, 34, 38-40], biological markers in 11 studies 
[23-26, 28-31, 35-37], dietary intake in one study 
[27], and environmental indicators in two studies 
[26, 33]. Pancreatic cancer incidence was evaluated 
in 11 studies [23, 25-30, 34, 35, 38, 40], while seven 
studies [24, 31-33, 36, 37, 39] assessed mortality. 
Most studies reported adjusted risk estimates, con-
trolling for age, gender, body mass index (n=6) [24, 
27, 29, 31, 35, 37], tobacco smoking (n=13) [23-29, 
31, 33, 35, 37, 38, 40], and other relevant covariates 
(Table 1).

Table 1. Selected characteristics of studies on cadmium exposure and pancreatic cancer.

Ref. Country Study design Gender Source of Cd Outcome Risks (CI95%)
If adjusted  
(list of variables)

Amaral, 2012 
[23]

Spain Hospital-based case-
control study

Both Toenails I OR:2.09(1.37_3.17) Age, Gender, Region, 
Smoking status, Education, 
Diabetes, Mutual 
adjustment for relevant 
trace elements

Adams, 2012 
[24]

USA Prospective 
population-based 
cohort study 
(NHANES III) 

Both Urinary M HR:1.27(0.88_1.83) Age, smoking history, BMI, 
education, race Male HR:3.95(1.94_8.04)

Female HR:0.84(0.55_1.29)

Kriegel, 2006 
[25]

Egypt Hospital-based  
case-control study

Both Serum I OR:1.12(1.04_1.23) age, gender, province 
(Dakahlia), and smoking

Luckett, 2012 
[26]

USA Population-based 
case-control study

Both Occupational I OR:1.69(0.14_20.39) smoking, education, 
alcohol, family history, age, 
gender, region

Urinary OR:5.14(3.001_8.819)

Well water OR:1.51(0.77_2.97)

Sawada, 2012 
[27]

Japan Prospective 
population-based 
cohort

Both Food intake I HR:1.26(0.95_1.66) Age, area, BMI, smoking 
status, frequency of 
alcohol intake, leisure-time 
physical activity, intake of 
meat, soybean, vegetable, 
fruit, menopausal status, 
use of exogenous female 
hormones.

Male HR:1.36(0.87_1.98)

Female HR:1.13(0.72_1.72)

Carriga, 2007 
[28]

USA Case control study Both Pancreatic 
juice Cd 
(μg/L)

I OR:1.18(0.56_2.5) Age, gender, and smoking 
history

Duell, 2018 
[29]

European 
countries 

Nested case-control 
study within a 
prospective cohort 
(EPIC)

Both Blood I OR:1.13(1.01_1.27) Age, Gender, Study center, 
Smoking, Alcohol intake, 
BMI, Diabetes, Education, 
Other metals (Zn, Se)

Djordjevic, 
2019 [30]

Serbia Hospital-based case-
control study

Both Tissue I OR:13.31(10.75_16.5) age and gender

Male OR:12.25(0.29_17.06)

Female OR:14.11(0.44_18.64)

Garca-
Esquinas, 
2014 [31]

USA Prospective cohort 
study (Strong Heart 
Study)

Both Urinary M HR:2.4(1.39_4.17) Gender, age, smoking 
status, cigarette pack-years, 
BMI 
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Ref. Country Study design Gender Source of Cd Outcome Risks (CI95%)
If adjusted  
(list of variables)

Järup, 1998 
[32]

Sweden Retrospective 
occupational cohort 
study 

Both Occupational 
(Battery 
workers)

M SMR:1.58(0.77_3.22) Age, and gender

Male SMR:1.48(0.54_3.23)

Female SMR:2.2(0.55_12.3)

Nishijo, 2018 
[33]

Japan Population-based 
prospective cohort 
study 

Both The Cd-
polluted areas 
(environmental 
exposure)

M SMR:0.85(0.52_1.39) Age, smoking status, and 
hypertensionMale SMR:1.15(0.6_2.4)

Female SMR:0.67(0.4_1.3)

Nyqvist, 
2017[34]

Sweden Population cohort 
study 

Both Occupational 
(Glassworks 
Sites)

I SIR:1.32(1.1_1.58) Age, and gender 

Male SIR:1.4(1.07_1.79)

Female SIR:1.24(0.93_1.62)

Stolzenberg-
Solomon, 
2025 [35]

USA Nested case-control 
study within a 
prospective cohort 
(PLCO Trial)

Both Blood I OR:1.25(1.09_1.43) Age, gender, race, and 
smoking, BMI, diabetes, 
alcohol use, education, 
physical activity, family 
history, and dietary factors

Sakurai,2021 
[36]

Japan population‑based 
cohort study

Both Urinary M HR:0.94(0.57-1.55) Age

Male HR:0.86(0.39-1.90)

Female HR:1(0.53-1.89)

Sorahan,1995 
[39]

England Retrospective 
occupational cohort 
study

Male Occupational 
(copper 
cadmium alloy 
workers)

M SMR:2.18(0.59_5.58) Age, year of starting work, 
factory, time since starting 
work.

Watanabe, 
2020 [37]

Japan Prospective cohort 
study

Both Urinary M RR:1.13(1.03_1.24) smoking, alcohol 
consumption, age, 
BMI, blood pressure, 
hypertension, living area

Weiderpass, 
2003 [38]

Finland Population-based 
cohort study with 
job-exposure matrix 
( JEM)

Female Occupational I RR:1.35(0.97_1.86) birth cohort, calendar 
period, and socioeconomic 
status; smoking (pancreatic 
cancer)

Zhang, 2005 
[40]

USA Population-based 
case-control study

Male Occupational 
(Chemicals 
and allied 
products)

I OR:3.5(1.3_9.2) Age, Smoking status and 
duration, Physical activity, 
Red meat intake, Fruit 
intake, Family history of 
pancreatic cancer

BMI: body mass index, I: Incidence, M: Mortality,

of pancreatic cancer (RR = 1.38, 95% CI: 1.19-
1.61), with no evidence of heterogeneity (I² = 
0.0%, p = 0.477).

Exposure assessed using serum or blood biomark-
ers was examined in 3 studies, yielding a modest but 
statistically significant association (RR = 1.15, 95% 
CI: 1.08-1.22), with no heterogeneity (I² = 0.0%, p = 
0.384). Urinary cadmium exposure was assessed in 5 
studies and was associated with an increased risk of 
pancreatic cancer (RR = 1.69, 95% CI: 1.04-2.75); 

however, substantial heterogeneity was observed 
within this subgroup (I² = 89.1%, p < 0.001).

A statistically borderline difference between  
exposure-source subgroups was observed (p for het-
erogeneity between groups = 0.047).

Contour-enhanced funnel plots are shown in 
Supplementary Figure 2. Egger’s test provided lim-
ited evidence of publication bias overall, although 
some asymmetry was observed for studies using 
urinary cadmium measurements (P = 0.045). No 
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Figure 1. Forest plot (random-effects model) showing the association between cadmium exposure and 
pancreatic cancer by different exposure sources.

bias was detected for occupational, serum/blood, or 
other exposure sources.

Results of the stratified meta-analyses are pre-
sented in Table 2. By geographic region, a signifi-
cant association was observed in North American 
studies (RR = 1.89, 95% CI: 1.28-2.81), and oth-
ers ( Japan and Egypt) (RR = 1.12, 95% CI: 1.06-
1.19), whereas estimates from Europe were higher 
but imprecise (RR = 2.13, 95% CI: 0.95-4.75),with 

evidence of heterogeneity across regions (p_hetero-
geneity = 0.012). Stratification by gender showed 
an increased risk among men (RR = 1.71, 95% 
CI: 1.23-2.40) but not among women (RR = 1.13, 
95% CI: 0.87-1.46); studies including both genders 
also showed an elevated risk (RR = 1.65, 95% CI: 
1.22-2.22), with no heterogeneity between genders 
(p_heterogeneity = 0.073). Case-control studies re-
ported higher risk estimates (RR = 2.20, 95% CI: 
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Table 2. Results of the meta-analysis of studies on overall association between cadmium exposure and 
pancreatic cancer stratified by Country, Year of publication, Quality score, Gender, Outcome, Study design, 
Smoking adjustment.

Characteristic N Risk Estimates RR, 95% CI p Heterogeneity
Country
  North America (USA) 8 1.89 (1.28-2.81) 0.012
 � European Countries (Finland, England, 

Serbia, Spain, Sweden)
7 2.13 (0.95-4.75)

  Other Countries ( Japan, Egypt) 5 1.12 (1.06-1.19)
Year Of Publication
  <=2011 6 1.33 (1.05-1.70) 0.179
  >2011 14 1.73 (1.29-2.33)
Quality Score
  Low (< =8.5) 13 2.04 (1.39-3) 0.008
  High (> 8.5) 7 1.19 (1.08-1.31)
Gender
  Male 9 1.71 (1.23-2.40) 0.073
  Female 8 1.13 (0.87-1.46)
  Both 17 1.65 (1.22-2.22)
Outcome
  Incidence 13 1.92 (1.29-2.87) 0.060
  Mortality 7 1.24 (0.99-1.55)
Study Design
  Cohort 10 1.21 (1.07-1.37) 0.029
  Case Control 10 2.20 (1.31-3.72)
Smoking Adjustment
  No 5 2.26 (0.61-8.38) 0.445
  Yes 15 1.36 (1.19-1.54)

1.31-3.72) than cohort studies (RR = 1.21, 95% CI: 
1.07-1.37), with evidence of heterogeneity (p_het-
erogeneity = 0.029). Studies published after 2011 
showed stronger associations (RR = 1.73, 95% CI: 
1.29-2.33) than those reported in earlier studies 
(RR = 1.33, 95% CI: 1.05-1.70). Associations were 
stronger for pancreatic cancer incidence (RR = 1.92, 
95% CI: 1.29-2.87) than for mortality (RR = 1.24, 
95% CI: 0.99-1.55), with no heterogeneity by either 
outcome or year-of-publication groups.

Further stratification by smoking adjustment 
indicated that studies that adjusted for smoking 
showed an RR = 1.36 (95% CI: 1.19-1.54), whereas 
studies that did not report a substantially higher 

RR = 2.26 (95% CI: 0.61-9.38) (p_heterogeneity = 
0.445). Stratification by study quality revealed that 
studies with lower Newcastle-Ottawa Scale scores 
(<8.5) reported higher pooled estimates (RR = 2.04, 
95% CI: 1.39-3.00) compared with high-quality 
studies (>8.5) (RR = 1.19, 95% CI: 1.08-1.31), 
with evidence of heterogeneity (p_heterogeneity = 
0.008).

Table 3 summarizes the results of five studies [26, 
23, 31, 35, 30] that evaluate pancreatic cancer risk 
across categories of cadmium exposure. A random-
effects meta-regression including 14 estimates from 
five studies assessing internal cadmium measures 
was conducted to evaluate a linear dose-response 



 Seyyedsalehi et al8

Table 3. Relative risk of pancreatic cancer by level of exposure to cadmium.

Ref.
Source  
of Cd Dose Categories Mid-Dose Case Control Total Estimates (CI  95%)

Luckett, 2012, 
USA [26]

Urine <0.5 microgram/g creat. 0.25 10 71 81 OR: ref

0.5<1 microgram/g creat. 0.75 16 33 49 OR:3.34(1.38-8.07)

1<1.5 microgram/g creat. 1.25 13 18 31 OR:5.58 (2.03-15.34)

>1.5 microgram/g creat. 1.75 24 19 43 OR:7.7(3.06-19.34)

Amaral, 2012, 
Spain [23]

Toenails ≤ 8.0 ng/g 5.35 17 100 117 OR: ref

8.1-13.4 ng/g 10.75 11 99 110 OR:0.87 (0.37-2.03)

13.5-29.1 ng/g 21.3 27 100 127 OR:2.04 (1-4.17)

> 29.1 ng/g 36.9 59 99 158 OR:3.58 (1.86-6.88)

Garca-Esquinas, 
2014, USA [31]

Urine <0.70 microgram/g creat. 0.45 12 1257 1269 HR: ref

0.71-1.22 microgram/g creat. 0.97 0 0 0 HR:0 (0-0)

>1.23 microgram/g creat. 1.49 12 1245 1257 HR:2.47 (1.01-6.03)

Stolzenberg-
Solomon, 2025, 
USA [35]

Blood male= 0.27, female=0.31 μg/L 0.27 57 128 185 OR: ref

male=0.34, female=0.38 μg/L 0.34 55 127 182 OR:1.06 (0.66-1.69)

male=0.41, female=0.47 μg/L 0.83 49 127 176 OR:0.85 (0.52-1.38)

male=0.52, female=0.59 μg/L 0.52 56 127 183 OR:1.04 (0.64-1.68)

male=2.32, female= 3.13 μg/L 0.25 101 127 228 OR:1.81 (1.12-2.95)

Djordjevic, 2019, 
Serbia [30]

Tissue <0.491 μg/g 0.46 6 10 16 OR: ref

0.491-0.558 μg/g 0.52 1 4 5 OR:2.19 (0.67-7.1)

0.558-0.966 μg/g 0.76 3 5 8 OR:3.2 (1.05-9.47)

>0.966 μg/g 1.17 21 10 31 OR:3.99 (1.136-11.67)

Three studies (Nishijo et al., 2018, Japan; Sawada et al., 2012, Japan; and Weiderpass et al., 2003, Finlandreported dose-response 
relationships. However, they were not included in the dose-response analysis because they assessed different sources of exposure. Also, 
one study (Sakurai et al., 2021, Japan) was not included in the dose-response analysis because it did not report the necessary quantita-
tive data required to perform the analysis.

relationship. The dose variable, expressed per 1 unit 
increase, was not statistically significant (RR = 1.28, 
95% CI: 0.75-2.21; p = 0.334), indicating no evi-
dence of a linear trend.

Substantial residual heterogeneity remained af-
ter adjustment (I² res = 72.2%), and the adjusted R² 
suggested that dose explained little of the between-
study variability (Table 4).

4. Discussion

In this systematic review and meta-analysis of 18 
observational studies, we found that cadmium expo-
sure was associated with an increased risk of pancre-
atic cancer. Overall, individuals exposed to cadmium 
had a 69% higher risk of pancreatic cancer compared 

with those with no exposure. Elevated risks were 
consistently observed across different sources of ex-
posure, with the strongest and most homogeneous 
associations seen in studies of occupational exposure, 
followed by studies using urine and then Blood/se-
rum cadmium biomarkers. Stratified analyses re-
vealed stronger associations in men than in women, 
and these associations were more pronounced in 
case-control studies compared with cohort stud-
ies. We observed evidence of publication bias in the 
studies related to urinary cadmium. Meta-regression 
analyses were based on limited data and did not re-
veal a clear linear dose-response relationship, and the 
substantial residual heterogeneity suggests that varia-
tions in exposure assessment and study characteristics 
may contribute to the observed differences.
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Table  4. Random-effects meta-regression of dose on log odds ratio of cadmium  
exposure and risk of pancreatic cancer.

Variable exp(β) 95% CI p-value
Dose (per 1 unit) 1.28 0.75-2.21 0.334
Intercept 1.69 0.90-3.19 0.095
Model details: REML estimation; Knapp-Hartung modification; τ² = 0.353; I²_res = 
72.2%; adjusted R² = −4.7%; n = 14 studies.

Our findings are consistent with and extend 
previous evidence linking cadmium exposure to 
pancreatic cancer risk. Fanfani et  al. (2024) pro-
vided a broad synthesis of cadmium-related can-
cer outcomes based on biological measures but 
did not conduct a pancreas-specific quantitative 
meta-analysis [41]. In contrast, our study focuses 
explicitly on pancreatic cancer, incorporates more 
recent studies, and provides pooled risk estimates 
with detailed stratification by exposure source and 
study characteristics. Our results align with the re-
cent meta-analysis by Soleimani et al. (2025), which 
also reported a positive association between cad-
mium exposure and pancreatic cancer. Compared 
to that analysis, our study included additional re-
cent evidence, distinguished between incidence and 
mortality outcomes, and explored heterogeneity 
by exposure circumstance, revealing stronger and 
more consistent associations in occupational and  
biomarker-based studies [42]. While Lee et  al. 
(2025) reported evidence of a dose-response rela-
tionship, we did not observe a statistically significant 
linear trend, possibly due to differences in exposure 
harmonization, analytical approach, and the limited 
number of studies with comparable internal dose 
metrics[43]. Finally, our findings expand upon the 
earlier meta-analysis by Chen et  al. (2015) by in-
corporating occupational exposures and more recent 
cohort and nested case-control studies, supporting 
the robustness of the association across diverse pop-
ulations and exposure pathways [44].

Several biological mechanisms support the hy-
pothesis of a causal link between cadmium exposure 
and the development of pancreatic cancer: (i) Cd is 
a strong inducer of oxidative stress, which leads to 
the production of reactive oxygen species. This can 
result in lipid peroxidation, protein oxidation, and 

oxidative damage to DNA [45-46]. (ii) Although 
Cd is not mutagenic, it disrupts multiple DNA re-
pair pathways, including nucleotide excision repair 
and base excision repair. This interference enhances 
genomic instability and increases the risk of malig-
nant transformation [47-48]. (iii) Additionally, Cd 
acts as an endocrine disruptor and tends to accu-
mulate in the pancreas. Experimental studies have 
demonstrated that it causes toxicity to pancreatic β-
cells, impairs insulin secretion, and disrupts glucose 
homeostasis. These mechanisms may link cadmium 
exposure to a higher risk of diabetes and pancreatic 
cancer [49]. (iv) Cd also promotes chronic inflam-
mation by activating pro-inflammatory signaling 
pathways and altering immune responses, which 
creates a microenvironment conducive to tumor 
growth [50-51].

Considerable heterogeneity was observed across 
the available studies, with an overall I² of 96%, 
indicating substantial variability beyond chance. 
Stratified analyses by exposure source, study design, 
gender, and outcome type partially explained this 
heterogeneity. For instance, heterogeneity was re-
duced in studies examining occupational cadmium 
exposure and in blood/serum biomarker-based stud-
ies, suggesting that differences in exposure circum-
stances contributed to variability in effect estimates. 
The long biological half-life and bioaccumulation 
of cadmium may also contribute to between-study 
heterogeneity, as studies relying on occupational 
histories or biomarkers capture cumulative exposure 
more effectively than those based on short-term or 
indirect exposure assessments [52].

The association between cadmium exposure and 
outcomes was stronger in men than in women. 
This may be due to higher levels of occupational 
exposure among men, possible interactions with 
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studies were included in the dose-response analysis. 
Future research should focus on large, prospective 
studies using standardized cadmium biomarkers 
and gender-specific analyses to clarify exposure-risk 
relationships.

5. Conclusion

In conclusion, this study suggests a positive as-
sociation between cadmium exposure and pancre-
atic cancer risk, particularly in occupational and  
biomarker-based studies. However, substantial heter-
ogeneity, potential residual confounding, and limited 
dose response data needed cautious interpretation.

Supplementary Materials: The following are available 
online: Table S1a. PRISMA Checklist, Table S1b. PRISMA 
Abstract Checklist, Table S2. Detailed search strategy used 
on the different databases, Table S3. Modified version of the 
Newcastle-Ottawa Scale (NOS) for case-control and cohort 
studies adopted for quality assessment, Table S4: Qual-
ity Assessment of Included Studies Using the Newcastle- 
Ottawa Scale (NOS) mentioned in supplementary table 3, 
Figure S1. Flowchart describing the study selection process, 
Figure S2. Funnel plot results in the association between 
cadmium exposure and pancreatic cancer by different expo-
sure sources.
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Supplementary Figure 1. Flowchart describing the study selection process. 
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Supplementary Figure 2. Funnel plot results in the association between cadmium exposure 

and pancreatic cancer by different exposure sources. [Occupational [P = 0.087], Serum/blood 

[P = 0.371], Urine [P = 0.045], Others [P = 0.169]]. 

 

 



 

Supplementary Table S1. PRISMA Checklist 

Section and Topic  
Item 
# 

Checklist item  
Location where 
item is reported  

TITLE   

Title  1 Identify the report as a systematic review. P1 

ABSTRACT   

Abstract  2 See the PRISMA 2020 for Abstracts checklist. P2 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of existing knowledge. P3 

Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review addresses. P3 

METHODS   

Eligibility criteria  5 Specify the inclusion and exclusion criteria for the review and how studies were 
grouped for the syntheses. 

P4 

Information sources  6 Specify all databases, registers, websites, organisations, reference lists and other 
sources searched or consulted to identify studies. Specify the date when each source 
was last searched or consulted. 

P4 

Search strategy 7 Present the full search strategies for all databases, registers and websites, including 
any filters and limits used. 

P4, Supplementary 
Table 1 

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the 
review, including how many reviewers screened each record and each report 
retrieved, whether they worked independently, and if applicable, details of 
automation tools used in the process. 

P4 

Data collection process  9 Specify the methods used to collect data from reports, including how many reviewers 
collected data from each report, whether they worked independently, any processes 
for obtaining or confirming data from study investigators, and if applicable, details of 
automation tools used in the process. 

P4 

Data items  10a List and define all outcomes for which data were sought. Specify whether all results 
that were compatible with each outcome domain in each study were sought (e.g. for 
all measures, time points, analyses), and if not, the methods used to decide which 
results to collect. 

P4 

10b List and define all other variables for which data were sought (e.g. participant and 
intervention characteristics, funding sources). Describe any assumptions made about 
any missing or unclear information. 

P4 

Study risk of bias 
assessment 

11 Specify the methods used to assess risk of bias in the included studies, including 
details of the tool(s) used, how many reviewers assessed each study and whether 
they worked independently, and if applicable, details of automation tools used in the 
process. 

P4 

Effect measures  12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used 
in the synthesis or presentation of results. 

P5 

Synthesis methods 13a Describe the processes used to decide which studies were eligible for each synthesis 
(e.g. tabulating the study intervention characteristics and comparing against the 
planned groups for each synthesis (item #5)). 

P5 

13b Describe any methods required to prepare the data for presentation or synthesis, 
such as handling of missing summary statistics, or data conversions. 

P5 

13c Describe any methods used to tabulate or visually display results of individual studies 
and syntheses. 

P5 

13d Describe any methods used to synthesize results and provide a rationale for the 
choice(s). If meta-analysis was performed, describe the model(s), method(s) to 
identify the presence and extent of statistical heterogeneity, and software package(s) 
used. 

P5 

13e Describe any methods used to explore possible causes of heterogeneity among study 
results (e.g. subgroup analysis, meta-regression). 

P5 

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized 
results. 

P5 

Reporting bias 
assessment 

14 Describe any methods used to assess risk of bias due to missing results in a synthesis 
(arising from reporting biases). 

P5 

Certainty assessment 15 Describe any methods used to assess certainty (or confidence) in the body of P5 
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Section and Topic  
Item 
# 

Checklist item  
Location where 
item is reported  

evidence for an outcome. 

RESULTS   

Study selection  16a Describe the results of the search and selection process, from the number of records 
identified in the search to the number of studies included in the review, ideally using 
a flow diagram. 

P6, supplementary 
figure 1 

16b Cite studies that might appear to meet the inclusion criteria, but which were 
excluded, and explain why they were excluded. 

supplementary 
figure 1 

Study characteristics  17 Cite each included study and present its characteristics. P6 

Risk of bias in studies  18 Present assessments of risk of bias for each included study. P6 

Results of individual 
studies  

19 For all outcomes, present, for each study: (a) summary statistics for each group 
(where appropriate) and (b) an effect estimates and its precision (e.g. 
confidence/credible interval), ideally using structured tables or plots. 

P6, Supplementary 
Table 3 

Results of syntheses 20a For each synthesis, briefly summarise the characteristics and risk of bias among 
contributing studies. 

P6, Supplementary 
Table 3 

20b Present results of all statistical syntheses conducted. If meta-analysis was done, 
present for each the summary estimate and its precision (e.g. confidence/credible 
interval) and measures of statistical heterogeneity. If comparing groups, describe the 
direction of the effect. 

P6, Figures 1 

20c Present results of all investigations of possible causes of heterogeneity among study 
results. 

P6, Figure 2 

20d Present results of all sensitivity analyses conducted to assess the robustness of the 
synthesized results. 

P6 

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting 
biases) for each synthesis assessed. 

P7 

Certainty of evidence  22 Present assessments of certainty (or confidence) in the body of evidence for each 
outcome assessed. 

P7 

DISCUSSION   

Discussion  23a Provide a general interpretation of the results in the context of other evidence. P8 

23b Discuss any limitations of the evidence included in the review. P8 

23c Discuss any limitations of the review processes used. P8 

23d Discuss implications of the results for practice, policy, and future research. P8 

OTHER INFORMATION  

Registration and 
protocol 

24a Provide registration information for the review, including register name and 
registration number, or state that the review was not registered. 

P1, 4 

24b Indicate where the review protocol can be accessed, or state that a protocol was not 
prepared. 

NA 

24c Describe and explain any amendments to information provided at registration or in 
the protocol. 

NA 

Support 25 Describe sources of financial or non-financial support for the review, and the role of 
the funders or sponsors in the review. 

P1 

Competing interests 26 Declare any competing interests of review authors. P1 

Availability of data, 
code and other 
materials 

27 Report which of the following are publicly available and where they can be found: 
template data collection forms; data extracted from included studies; data used for all 
analyses; analytic code; any other materials used in the review. 

P1 
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Supplementary Table S1-b. PRISMA Abstract Checklist 

Section and Topic  
Item 
# 

Checklist item  
Reported 
(Yes/No)  

TITLE   

Title  1 Identify the report as a systematic review. P2-line4 

BACKGROUND   

Objectives  2 Provide an explicit statement of the main objective(s) or question(s) the 
review addresses. 

Page3-line5 

METHODS   

Eligibility criteria  3 Specify the inclusion and exclusion criteria for the review. - 

Information sources  4 Specify the information sources (e.g. databases, registers) used to identify 
studies and the date when each was last searched. 

p3-line7 

Risk of bias 5 Specify the methods used to assess risk of bias in the included studies. Page3-line12 

Synthesis of results  6 Specify the methods used to present and synthesise results. page3-line10 

RESULTS   

Included studies  7 Give the total number of included studies and participants and summarise 
relevant characteristics of studies. 

page3-line9, 
line  

Synthesis of results  8 Present results for main outcomes, preferably indicating the number of 
included studies and participants for each. If meta-analysis was done, report 
the summary estimate and confidence/credible interval. If comparing 
groups, indicate the direction of the effect (i.e. which group is favoured). 

Page3-line 14 
to 20  

 
 

Supplementary Table S2. Detailed search strategy used on the different databases. 

Database Search string 

PubMed ((Cadmium[MeSH Terms] OR cadmium[Text Word] OR cadmium exposure[Text Word] OR 
environmental cadmium[Text Word] OR cadmium toxicity[Text Word] OR Cd[Text Word]) 
AND 
("Neoplasms"[MeSH Terms] OR cancer[Text Word] OR neoplasm[Text Word] OR 
malignant[Text Word] OR tumor[Text Word] OR tumour[Text Word] OR malignan[Text Word] 
OR carcinoma[Text Word])) 
AND 
("pancreas"[MeSH Terms] OR pancreatic [Text Word] OR pancreas [Text Word]))   

Scopus (TITLE-ABS-KEY ("Cadmium")) AND (ALL("Neoplasms") OR ALL("cancer") OR 
ALL("neoplasm") OR ALL("malignant") OR ALL("tumor")  OR ALL("tumour") OR 
ALL("malignan") OR ALL("carcinoma ")) AND (ALL ("pancreas") OR ALL ("pancreatic")) AND ( 
LIMIT-TO ( SRCTYPE,"j" ) ) AND ( LIMIT-TO ( DOCTYPE,"ar" ) ) AND ( LIMIT-TO ( 
LANGUAGE,"English" ) ) AND ( LIMIT-TO ( EXACTKEYWORD,"Human" ) OR LIMIT-TO ( 
EXACTKEYWORD,"Humans" ) OR LIMIT-TO ( EXACTKEYWORD,"Male" ) OR LIMIT-TO ( 
EXACTKEYWORD,"Female" ) ) AND ( EXCLUDE ( SUBJAREA,"ARTS" ) OR EXCLUDE ( 
SUBJAREA,"EART" ) OR EXCLUDE ( SUBJAREA,"SOCI" ) OR EXCLUDE ( SUBJAREA,"VETE" ) OR 
EXCLUDE ( SUBJAREA,"MATE" ) OR EXCLUDE ( SUBJAREA,"ENGI" ) OR EXCLUDE ( 
SUBJAREA,"COMP" ) OR EXCLUDE ( SUBJAREA,"CENG" ) OR EXCLUDE ( SUBJAREA,"MULT" ) 
OR EXCLUDE ( SUBJAREA,"BIOC" ) OR EXCLUDE ( SUBJAREA,"PHAR" ) OR EXCLUDE ( 
SUBJAREA,"NURS" ) OR EXCLUDE ( SUBJAREA,"AGRI" ) OR EXCLUDE ( SUBJAREA,"IMMU" ) OR 
EXCLUDE ( SUBJAREA,"CHEM" ) OR EXCLUDE ( SUBJAREA,"NEUR" ) OR EXCLUDE ( 
SUBJAREA,"PSYC" ) OR EXCLUDE ( SUBJAREA,"DENT" ) OR EXCLUDE ( SUBJAREA,"PHYS" ) ) 

Embase  (Cadmium).tx. and (Neoplasms or cancer or neoplasm or malignant or tumor or tumour or 
malignan or carcinoma). tx. and (pancreas or pancreatic). tx. 

 

limit to original articles 
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limit to (alternative & complementary medicine or clinical medicine or health professions or 
life & biomedical sciences or life sciences or medical humanities or nursing or patient 

education or pharmacology or public health or science or traditional Chinese medicine) 

 

Supplementary Table S3: Newcastle - Ottawa quality assessment scale  

CASE CONTROL STUDIES (maximum score: 9) 

Selection 
1) Is the case definition adequate? 
a) yes, with independent validation (1) 
b) yes, eg record linkage (1) or based on self-reports (0.5) 
c) no description (0) 
2) Representativeness of the cases 
a) consecutive or obviously representative series of cases (1) 
b) potential for selection biases or not stated (0) 
3) Selection of Controls 

a) community controls (1) 
b) hospital controls (0.5) 
c) no description (0) 

4) Definition of Controls 
a) no history of disease (endpoint) (1) 
b) no description of source (0) 

Comparability  

1) Comparability of cases and controls on the basis of the design or analysis  
a) study controls for age, gender, province (0) 
b) study controls for age, gender, province +smoking (1) 
c) study controls for age, gender, province +smoking + other additional factors (2) 

Exposure 
1) Ascertainment of exposure 

a) secure record (eg surgical records) (1) 
b) structured interview where blind to case/control status (1) 
c) interview not blinded to case/control status (0.5) 
d) written self-report or medical record only (0.5) 
e) no description (0) 
2) Same method of ascertainment for cases and controls 
a) yes (1) 
b) no (0) 
3) Non-Response rate 
a) one or both groups over 90% (1) 

b) one or both groups between 60- 90% (0.5) 
c) one or both groups under 60% (0) 

d) no statemen (0) 
 
 
COHORT STUDIES (maximum score: 10) 

Selection 
1) Representativeness of the exposed cohort 
a) truly representative of the average _______________ (describe) in the community (2) 
b) somewhat representative of the average ______________ in the community (1) 
c) selected group of users eg nurses, volunteers (0.5) 
d) no description of the derivation of the cohort (0) 
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2) Selection of the non-exposed cohort 
a) drawn from the same community as the exposed cohort (1) 
b) drawn from a different source (0.5) 
c) no description of the derivation of the non-exposed cohort (0) 
3) Ascertainment of exposure 

a) secure record (eg surgical records) (1) 
b) structured interview (1) 
c) written self-report (0.5) 
d) no description (0) 
4) Demonstration that outcome of interest was not present at start of study 
a) yes (1) 
b) no (0) 

Comparability 
1) Comparability of cohorts on the basis of the design or analysis 
a) study controls for age, gender, province (0) 

b) study controls for age, gender, province +smoking (1) 
c) study controls for age, gender, province +smoking + other additional factors (2) 

Outcome 
1) Assessment of outcome 
a) independent blind assessment (1) 

b) record linkage (1) 
c) self-report (0.5) 
d) no description (0) 
2) Was follow-up long enough for outcomes to occur 
a) yes (select an adequate follow up period for outcome of interest) (1) (average 15 years) 
b) no (0) 
3) Adequacy of follow up of cohorts 
a) complete follow up - all subjects accounted for over 90% (1) 
b) subjects lost to follow up unlikely to introduce bias - small number lost - > ____ % (select an  
 adequate %) follow up, or description provided of those lost) between 60- 90% (0.5) 

c) follow up rate < ____% (select an adequate %) and no description of those lost under 60% (0) 
d) no statemen (0) 
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Supplementary Table S4: Quality Assessment of Included Studies Using the Newcastle–Ottawa Scale (NOS) 
mentioned in supplementary table 3 

Ref. Study design 
Selection Comparability Exposure  

Item1 Item2 Item3 Item4 Item1 Item1 Item2 Item3 Total  

Kriegel,2006 Case control 1 1 0.5 1 1 1 1 0 6.5/9 

Luckett,2012 Case control 1 0.5 1 1 1 1 1 0 6.5/9 

Sawada,2012 Cohort 2 1 1 1 2 1 1 1 10/10 

Amaral,2012 Case control 1 0 0.5 0.5 2 1 1 0.5 6.5/9 

Adams,2012 Cohort 2 1 1 1 2 1 1 1 10/10 

Garca-
Esquinas,2014 

Cohort 2 1 1 1 2 1 1 1 10/10 

Watanabe,2020 Cohort 2 1 1 1 2 1 1 1 10/10 

Stolzenberg-
Solomon,2025 

Nested case 
control 

1 1 1 1 2 1 1 1 9/9 

Weiderpass,2003 Cohort 1 1 1 1 1 1 1 1 8/10 

Djordjevic,2019 Case control 1 1 0.5 1 0 1 1 0 5.5/9 

Zhang,2005 Case control 1 1 1 1 2 0.5 1 0.5 8/9 

Duell,2018 
Nested case 
control 

1 1 1 1 2 1 1 1 9/9 

Järup,1998 Cohort 2 0.5 1 1 1 1 1 1 8.5/10 

Nishijo,2018 Cohort 2 1 1 1 1 1 1 1 9/10 

Nyqvist,2017 Cohort 2 1 1 1 0 1 1 1 8/10 

Sakurai,2021 Cohort 2 0 1 1 1 1 1 1 8/10 

Sorahan ,1995 Cohort 1 1 1 1 0 1 1 1 7/10 

Carrigan,2007 Case control 1 1 0.5 1 1 1 1 1 7.5/9 

 

 



Objective Assessment of Visual Workload in Video 
Display Terminal Workers Using a Non-Invasive 
Monitoring System
Edoardo Marelli1,*, Davide Ruongo1,*, Giacomo Beschi2,3, Nicolò Valsecchi2,3, Vito 
Romano2,3, Francesco Semeraro2,3, Simone Dalola4, Emma Sala1, Cesare Tomasi1, 
Vittorio Ferrari4, Marco Ferrari4, Giuseppe De Palma1, †

1Unit of Occupational Health and Industrial Hygiene, Department of Medical and Surgical Specialties, Radiological Sciences,  
and Public Health, University of Brescia, Brescia, Italy
2Eye Unit, ASST Spedali Civili di Brescia, Brescia, Italy
3Eye Unit, Department of Medical and Surgical Specialties, Radiological Sciences, and Public Health, University of Brescia, Italy
4Department of Information Engineering, University of Brescia, Brescia, Italy

Keywords: VDT; Objective Assessment; Dry Eye; Workers; Ophthalmological Evaluation; Display;  
Ocular Surface; Occupational Health; Screen Fixation; Monitoring System

Abstract
Background: The risk assessment for video display terminal (VDT) operators in occupational settings often relies 
on indirect estimates, such as self-reported screen time, which may not accurately reflect the true visual workload. The 
objective is to assess visual workload in VDT workers by measuring active screen fixation time with a non-inva-
sive monitoring system and to explore its relationship with ocular surface alterations and fatigue-related indicators. 
Methods: An observational cross-sectional study was conducted on 38 administrative workers employed at a hospital 
booking center. Active VDT screen fixation, as well as shift duration and time spent in front of the VDT screen, were 
objectively measured using a patented video-based monitoring system. Ophthalmological evaluation included the 
Ocular Surface Disease Index (OSDI®), tear break-up time (BUT), and slit-lamp examination. Other investigated 
markers included blink rate, the Percentage of Eyelid Closure over the Pupil over Time (PERCLOS), and the Fa-
tigue Assessment Scale (FAS). Results: Active screen fixation accounted for approximately 60% of the total recorded 
working time. Ophthalmological assessment identified alterations of the ocular surface in a substantial proportion of 
workers, with pathological BUT values observed in nearly half (47%) of the study population. No statistically sig-
nificant associations were found between objectively measured fixation time and ocular or fatigue-related outcomes. 
PERCLOS80 and blink rate values remained within physiological ranges across the work shift. Conclusions:  
Objective measurement of screen fixation provides a more accurate characterization of visual workload among VDT 
workers than indirect exposure estimates and may support occupational health surveillance and risk assessment in 
VDT-exposed workers.
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1. Introduction

In the contemporary digital era, video display ter-
minals (VDTs) are widely used across occupational 
settings. Digitalization has profoundly transformed 
work organization, particularly in administrative 
and service sectors, where screen-based activities are 
a major component of daily tasks [1]. While digi-
tal technologies improve efficiency and productiv-
ity, they also introduce potential visual and systemic 
health risks that require systematic evaluations by 
occupational health professionals, including ergono-
mists, prevention technicians, and physicians [1, 2]. 
Italian occupational safety and health legislation [2] 
classifies workers as VDT-exposed and at risk when 
VDT use is at least 20 hours per week, including 
physiological recovery breaks. This threshold, absent 
in Council Directive 90/270/EEC, which limits it-
self to “daily work on display screen equipment for 
an hour or more at a time”, represents a more opera-
tional national implementation of the EU minimum 
framework, incorporating requirements for work-
station analysis (Annex XXXIV), breaks (15 min-
utes every 2 hours), biennial health surveillance, and 
specific training. Council Directive 90/270/EEC, 
the fifth individual directive under Framework Di-
rective 89/391/EEC, emphasizes general ergonomic 
standards for equipment (adjustable display, separate 
keyboard), environment (noise <55 dB, adequate 
lighting), and human-machine interface (eye level 15° 
below screen horizon), and mandates risk assessments 
for visual, musculoskeletal, and psychosocial hazards, 
with “appropriate” breaks and free eye tests. This Eu-
ropean legislation, from which the Italian approach 
derives, underscores the need to replace self-reported 
estimates with objective methods to accurately assess 
effective exposure, as proposed in the present study, 
because in real-world conditions, workers frequently 
alternate screen use with other activities, making self-
reported exposure prone to misclassification.

Prolonged VDT use has been linked to visual 
and ocular disorders, including computer vision 
syndrome and dry eye disease, as well as musculo-
skeletal complaints and mental fatigue [3-12]. These 
outcomes are influenced by actual visual engage-
ment with the screen [13], which is rarely quantified 
objectively in occupational settings.

Computer vision syndrome (CVS) is a possible 
health consequence characterized by a wide range 
of visual and ocular symptoms, frequently associated 
with prolonged computer use. CVS affects 75% to 
90% of computer users, with an estimated global prev-
alence of approximately 60 million people [14-20].  
Common symptoms (visual fatigue, blurred vision, 
dry eyes, red eyes, and headaches) are often linked 
to ocular surface discomfort and are commonly 
reported in patients with dry eye disease. During 
prolonged screen fixation, VDT operators tend to 
reduce their blink rate and exhibit a higher propor-
tion of incomplete blinks. This leads to increased 
tear film evaporation, tear film instability, and con-
sequent ocular surface symptoms. This process can 
be self-perpetuating and worsen over the years, se-
verely affecting quality of life and, as suggested by 
some studies, correlating with mental disorders such 
as depression, depending on the severity of symp-
toms [21-28].

The Percentage of Eyelid Closure Over the Pupil 
Time (PERCLOS) is one of the most promising 
and widely validated markers of fatigue, drowsiness, 
and reduced alertness without interrupting ongoing 
activities [29-31]. Studies have demonstrated its ef-
fectiveness in detecting fatigue among vehicle driv-
ers [32], nuclear power plant operators [33], and air 
traffic controllers [34]. In addition, PERCLOS has 
been integrated into real-time monitoring technol-
ogies, often combined with other physiological and 
behavioral parameters to improve detection sensi-
tivity and accuracy [31]. However, PERCLOS can 
be influenced by moderate sleepiness, environmen-
tal factors, or individual variations, as highlighted by 
some recent research [29, 31]. Researchers suggest 
combining PERCLOS with other metrics, such as 
blink rate or eye movements, and conducting more 
in-depth studies in real-world settings [32-33].

In earlier research [13], we validated a novel sys-
tem that objectively measures active VDT inter-
action. It does so by collecting electrical impulses 
produced by mouse and keyboard use, along with 
visual fixation on the screen detected via a camera. 
This system enables analysis of various job tasks and 
outlines unique interaction profiles for different us-
ers and VDTs. Building on this approach, the present 
study aimed to objectively assess visual workload in 
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Figure 1. Setting of the monitoring system.

VDT workers by measuring active screen fixation 
time with a non-invasive monitoring system and to 
explore potential relationships with ocular effects 
and fatigue markers.

2. Methods

2.1. Instruments

VDT Visual Monitoring System (VMS). VDT 
Visual Monitoring System (VMS) prototype was 
developed by the Department of Information En-
gineering in collaboration with the Unit of Occu-
pational Medicine and Industrial Hygiene of the 
University of Brescia. The system has been previ-
ously described and validated [35]. Briefly, it con-
sists of a webcam positioned on the PC monitor in 
front of the operator and a laptop running dedicated 
software that processes camera signals and gener-
ates a report of specific events, including true screen 
fixation and face detection without active interac-
tion, along with their respective durations. Below is 
a scheme (Figure 1) representing the workstation 
equipped with the VDT VMS, which has been de-
scribed elsewhere [35].

Compared with previous versions, the updated 
prototype can detect true eye–screen fixation by 
improving identification of the worker’s pupils and 
their relative spatial positions. The system requires 
an initial calibration phase during which the indi-
vidual pupil position is recorded while the worker 
fixates the screen. When pupil centers align with 
calibration coordinates, a screen fixation event is 
recorded and the corresponding time counter is 

updated. Deviations along the vertical or horizon-
tal axis are recorded as face detection (worker at the 
workstation, in front of the screen) without fixation. 
Worker privacy is ensured because no facial images 
or screen content is stored.

PupilCore® by Pupil Labs®. The Pupil Core® sys-
tem (Pupil Labs®, Berlin, Germany) consists of a 
lightweight, glasses-like frame without corrective 
lenses, housing three cameras: one outward-facing 
camera and two inward-facing infrared cameras ori-
ented toward the eyes. In this study, the outward-
facing camera was occluded to ensure privacy. The 
manufacturer’s software was used to collect raw data 
on eyelid opening and blinking behavior. Data anal-
ysis focused on blink rate and PERCLOS. Specifi-
cally, eyelid closure of at least 80% (PERCLOS80) 
was considered a marker of drowsiness [36]. Raw 
data were exported and processed using Microsoft  
Excel® (Office 365).

2.2. Study Design

This observational cross-sectional study in-
cluded 38 administrative workers (6 males, 32 fe-
males; mean age 36.7 ± SD 11.2 years) employed 
at the booking center of the University Hospital 
ASST Spedali Civili of Brescia, Italy. Table 1 sum-
marizes the main demographic and clinical char-
acteristics of the study population. The sample 
consisted predominantly of female workers (84%). 
Relevant clinical conditions that may affect ocu-
lar surface status were recorded, including allergies 
(37%), thyroid disorders (16%), and hypertension 
(13%). Contact lens use was reported by 24% of 
participants.

The duration of service in the current job posi-
tion was 5.7 ± 3.8 years, with a range of 0.5 to 10.5 
years. Tasks included interacting with service users, 
computerized data entry, and printing reservation 
documents, with alternating periods of screen fixa-
tion and face-to-face interaction.

All the evaluations performed in the study were 
included in occupational risk assessment and health 
surveillance that are mandatory by law; therefore, 
approval by the local Ethics Committee was not 
required, consistent with the criteria established 
by the Italian Ministry of Health Decree of 30 
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Table 1. Demographic and clinical characteristics of the 
study population.

Parameters
Mean+SD 

(range) No. %
Gender, M/F 6/32 16/84

Age 36.7+11.2 (20-60)

Work Seniority 6, 4 (1-11)

BUT Values, 
Right; Left

8.7+2.5 (0.5-10); 
8.1+2.9 (0.5-10)

BUT Bilateral, 
Altered/Normal

18/20 47/53

Contact Lenses 
Use

9 24

Thyroid 
Disorders

6 16

Hypertension 5 13

Autoimmune 
Diseases

2 5

Allergies 14 37

Use of 
Antihistamines

7 18

Use of 
Antidepressants

2 5

Glaucoma 1 3

Eye Surgery 1 2.6

January 2023 for observational studies conducted 
in the context of occupational health monitoring. 
The study was conducted in accordance with the 
WMA Declaration of Helsinki and the General 
Data Protection Regulation (GDPR, Regulation 
EU 679/2016).

Participants followed a standardized protocol: 
(a) administration of the Fatigue Assessment Scale 
(FAS) [37-38]; (b) reading a standardized text 
(introductory chapter of The Leopard by Giuseppe  
Tomasi di Lampedusa) on a laptop for approxi-
mately 10 minutes while wearing the Pupil Core® 
device; (c) performance of routine work activities at 
a workstation equipped with the VDT VMS for the 
entire work shift, including breaks; (d) removal of 
the VDT VMS at the end of the shift; and (e) rep-
etition of the reading task.

For interpreting the FAS questionnaire, the fol-
lowing criteria were used: scores below 22: absence 
of fatigue; scores between 22 and 34: mild to mod-
erate fatigue; scores above 34: severe fatigue [37].

The shifts varied in length, depending on the 
internal organization, that guarantees the service 
from 6 a.m. to 9 p.m., with shifts lasting from 4 to 8 
hours, including breaks.

All participants underwent comprehensive oph-
thalmological evaluation including medical history, 
Ocular Surface Disease Index (OSDI®) question-
naire, tear Non-Invasive Break-up Time (NI-BUT) 
measurement evaluated with HD Analyzer aber-
rometer (Visiometrics S.L., Terrassa, Spain), and 
slit-lamp examination. OSDI® scores were classified 
as normal (0–12), mild (13–22), moderate (23–32), 
or severe (33–100) dry eye disease. BUT values be-
low 10 seconds were considered altered.

2.3. Statistical Analysis

VDT VMS data were processed using dedicated 
software and stored in a Microsoft Excel® database. 
Pupil Core® recordings were analyzed to extract 
blink rate and PERCLOS80 values. PERCLOS80 
has been calculated in Microsoft Excel® from single-
frame data processed by the PupilCore® software, 
which provided precise eyelid aperture percentages 
based on infrared camera captures.

Ophthalmological and occupational data were 
merged into a single dataset. Data were analyzed us-
ing IBM SPSS® Statistics (version 30.01; IBM SPSS 
Inc., Chicago, Illinois) and Stata® (version 19.1; 
Stata Corporation, College Station, Texas). Nor-
mality was assessed with the Kolmogorov-Smirnov 
test. Continuous variables were summarized as 
mean ± standard deviation or as median (range), de-
pending on their distribution. Group comparisons 
were performed using parametric or non‑parametric 
tests, based on the assessment of normality. Corre-
lation analyses were conducted using Pearson’s or 
Spearman’s coefficients, as appropriate. When the 
assumptions for parametric analysis were met, Pear-
son’s correlation was complemented by univariable 
linear regression models to further characterize the 
magnitude and direction of the association between 
exposure and outcome variables.
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Table 2. Distribution of measures recorded by the VDT VMS in workers stratified by gender.

Parameters Min.
Percentiles

Max.25 50 75
Males, N = 6

Shift Duration, sec. 22911 26366.50 29486*** 31491 31708
Face Detection Time, sec. 12448 14422.75 14817** 18964.25 23000
Screen Fixation Time, sec. 2387 9245 11201* 12350 16743

Females, N = 32

Shift Duration, sec. 11899 13617.50 18681 24483 31516
Face Detection Time, sec. 2620 7726.50 10482.50 15001 19032
Screen Fixation Time, sec. 1589 4325.25 6306.50 8179.50 15882

*p=0.0368; **p=0.0208; ***p=0.0023

3. Results

Table 2 resumes the descriptive statistics of the 
times recorded by the VDT VMS in workers strati-
fied by gender. Males showed significantly higher 
exposure indices than females (p values ranging 
from p=0.0368 to p=0.0023).

Such job-related gender differences were not as-
sociated with any significant differences in the in-
vestigated markers of ocular effects, drowsiness, or 
fatigue.

Based on OSDI® questionnaire scores, 21 work-
ers (55%) reported no symptoms consistent with dry 
eye disease. Mild dry eye disease (DED) was identi-
fied in 7 workers (18%), moderate DED in 3 work-
ers (8%), and severe DED in 7 workers (18%). Tear 
break-up time (BUT) assessment showed normal 
values in 20 workers (53%), whereas altered BUT 
values (<10 sec. in at least one eye) were observed in 
18 workers (47%).

The OSDI® questionnaire scores were signifi-
cantly correlated with screen fixation time (Spear-
man’s rho = 0.34, p = 0.0349) but not with shift 
duration or workers’ time at the workstation.

Figure 2 illustrates the significant positive rela-
tionship between shift duration and employees’ time 
at the workstation (Linear regression analysis: Y = 
0.562X; R2 = 0.92, p < 0.001).

Figure 3 illustrates the significant relationship 
between employees’ time at the workstation and the 

duration of active VDT screen fixation (Linear re-
gression analysis: Y = 0.342X; R2 = 0.86, p < 0.001).

Figure 4 shows the relationship between the time 
workers spent in front of the VDT screen and active 
screen fixation, with an even stronger correlation 
observed (Linear regression analysis: Y=0.611X; 
R2=0.94, p < 0.001).

The blink rate at the end of the shift showed an 
increase of about 34% (mean of 17 ± 12.3 blinks/
min), as compared to the values recorded at the 
beginning of the work shift (mean of 13.1 ± 8.3 
blinks/min), approaching statistical significance  
(p = 0.051). PERCLOS80 values did not show sig-
nificant variations throughout the shift (mean val-
ues of 10.7 ± 16.3% vs 10.8 ± 15.0% before and at 
the end of the shift, respectively), indicating mild 
drowsiness without significant variation over the 
shift. Such results were in agreement with the FAS 
questionnaire, whose results indicated absence of 
fatigue in most of the workers (n=23, 60%), mild to 
moderate fatigue in 14 workers (37%), and severe 
fatigue in 1 worker (3%) only.

In correlation analysis, the PERCLOS80 values 
before and at the end of the shift showed signifi-
cant relationships with the blink values at the cor-
responding times (Spearman’s rho of 0.67 and 0.72 
before and after the shift, respectively, p <0.001).

In the analysis of workers grouped by comorbidi-
ties, subjects with thyroid dysfunction did not show 
significant differences in eye blinking, PERCLOS80 
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Figure 3. Relationship between shift duration and screen fixation time, as recorded by the VDT Visual 
Monitoring System.

Figure 2. Relationship between shift duration and the time employees spend in front of the VDT 
screen, as recorded by the VDT Visual Monitoring System.

or FAS results. On the other hand, hypertensive 
subjects showed significantly (p=0.01) higher end-
of-shift values of blinks/min (median values of 23.9 
vs. 15.1), PERCLOS80 (median values of 19.6 vs. 
3.9) and FAS questionnaire score, limited to physical  
fatigue (median values of 14 vs. 11).

4. Discussion

The present study explored the feasibility of objec-
tively assessing visual workload among video display 
terminal (VDT) workers by measuring true screen 
fixation time with a novel, non-invasive monitoring 
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Figure 4. Relationship between face detection time and screen fixation time, as recorded by the VDT 
Visual Monitoring System.

system. By integrating objective exposure metrics 
with ophthalmological evaluation and fatigue- 
related indicators, this study provides an interdisci-
plinary contribution to occupational health research.

The primary finding of this study is the confirma-
tion of the VDT Visual Monitoring System (VMS) 
as a reliable and well-tolerated tool for quantifying 
active screen fixation during routine administrative 
work. The job characteristics of our worker sample, 
a mix of VDT work and front-office tasks, make it 
challenging to evaluate the system’s ability to dis-
criminate between simply staying in front of the 
VDT screen and actual screen fixation. The results 
demonstrate that these metrics differed significantly, 
with total recording times (i.e., the whole work shift, 
about 8 h and 19 min, on average) higher than the 
time spent simply at the workstation in front of the 
screen (about 4 h and 11 min, on average), which 
in turn was higher than the time of active screen 
fixation (about 3 h and 11 min, on average). These 
differences are particularly relevant in real-world oc-
cupational settings, where VDT use is often discon-
tinuous and difficult to quantify accurately through 
self-reported estimates. In terms of worker ocular 
and mental strain, the true VDT screen fixation 

time is the most relevant parameter to consider. Ac-
cording to Italian law, the investigated worker group 
would be classified as at risk considering both the 
shift duration and the time spent at the VDT work-
station. However, our results indicate that the true 
dangerous fixation time is lower than 4 hours, which 
is the cut-off for VDT risk. The instrument’s accu-
racy in discriminating between mere presence at 
the VDT workstation and actual visual engagement 
with the display through fixation is demonstrated 
by the lower regression coefficient of screen fixation 
time vs. face detection when both are considered vs. 
total recording time, and by the highest R2 obtained 
in the relationship between screen fixation and face 
detection times. These results confirm our previ-
ously obtained ones [35].

From an ophthalmological perspective, a substan-
tial proportion of workers exhibited signs of ocular 
surface alteration. Approximately half of the study 
population had pathological tear break-up time val-
ues, and OSDI® scores indicated varying degrees of 
dry eye disease. These findings are consistent with 
previous reports documenting an increased preva-
lence of dry eye symptoms among VDT-exposed 
workers [39].
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a single work shift. Alternatively, PERCLOS80 
may be less sensitive to low-to-moderate levels of 
visual strain in office-based occupations.

The results of the FAS questionnaire further sup-
port this interpretation, with most participants re-
porting no or only mild fatigue. The concordance 
between subjective questionnaire data and objective 
PERCLOS80 measurements strengthens the inter-
nal consistency of the findings, although both ap-
proaches may lack sensitivity in detecting subtle or 
early fatigue-related effects.

A key strength of this study is the integration of 
occupational medicine, ophthalmology, and digital 
monitoring technologies. The objective quantifica-
tion of visual exposure marks a significant advance 
over traditional assessment methods that rely on 
indirect estimates. The non-invasive nature of the 
VMS prototype and its minimal interference with 
routine work activities further enhance its potential 
applicability in occupational risk assessment and 
preventive strategies.

Several limitations must be acknowledged. The 
variability in shift duration and timing may have 
introduced heterogeneity in exposure conditions. In 
addition, the public-facing nature of the work tasks 
inherently involves unpredictable interruptions, 
which may affect both fixation patterns and fatigue 
measures. While this variability reflects real-world 
working conditions, it complicates exposure stand-
ardization. The relatively small sample size limits 
statistical power and precludes definitive conclu-
sions regarding exposure–response relationships.

From a practical standpoint, the VDT Visual 
Monitoring System (VMS) offers actionable im-
plications for occupational physicians under Italian 
Legislative Decree 81/2008. Integration of VMS 
data into the risk assessment document (DVR) ena-
bles precise quantification of active screen fixation, 
surpassing self-reported estimates and supporting 
tailored health surveillance protocols. Physicians 
could leverage real-time VMS reports to identify 
workers exceeding fixation thresholds (e.g., >60% 
shift time), prioritizing biennial ophthalmological 
exams (art. 176) and ergonomic interventions, such 
as mandatory 15-min breaks every 2 hours or work-
station adjustments. In fitness-for-work judgments, 
VMS profiles may inform suitability restrictions, 

Interestingly, a significant correlation was found 
between the OSDI® scores and the extent of screen 
VDT fixation, but not with shift duration or the 
time the employee was in front of the VDT screen 
while performing other tasks at the workstation. 
This confirms the specificity of the fixation time col-
lected by the VDT VSM. Although no statistically 
significant associations were identified between fix-
ation time and BUT, this could be attributable to 
the limited sample size and the cross-sectional na-
ture of the study. The lack of a significant association 
between objectively measured screen fixation time 
and BUT needs further consideration. While acute 
VDT exposure during a single shift reduces blink 
rates and leads to incomplete blinks, resulting in 
evaporative stress and transient tear film instability, 
the observed ocular surface alterations may primar-
ily reflect chronic/cumulative effects of prolonged 
VDT use. Chronic exposure has been linked to per-
sistent meibomian gland dysfunction (MGD) and 
compositional changes in the tear film lipid layer, 
promoting ongoing instability independent of daily 
fixation duration. Indeed, previous studies among 
VDT workers report discrepancies between OSDI 
(subjective symptoms) and objective signs such as 
BUT, attributable to a multifactorial etiology, in-
cluding individual susceptibility, environmental fac-
tors (e.g., low humidity), and comorbidities. OSDI 
scores, which correlated with fixation time (Spear-
man’s ρ=0.34, p=0.05), may capture symptomatic 
burden from both acute visual strain and chronic 
tear film alterations, whereas single measure BUT 
primarily reflects instantaneous stability. Longitu-
dinal studies with repeated ophthalmological as-
sessments could elucidate whether acute workloads 
exacerbate pre-existing chronic tear-film derange-
ments, thereby informing targeted interventions in 
occupational settings.

Fatigue assessment using the Pupil Core® sys-
tem did not reveal significant differences in PER-
CLOS80 values between the start and end of the 
work shift. Blink rate remained within physiological 
ranges and showed only a modest, significant in-
crease over the shift. These findings suggest that the 
administrative tasks performed by the study popu-
lation may not have been sufficiently demanding to 
induce measurable visual or cognitive fatigue within 
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Abstract
Background: Aggression in healthcare settings is a persistent occupational hazard that affects staff well-being, the 
quality of patient care, and organizational dynamics. Understanding healthcare professionals’ perceptions of aggres-
sion is crucial for designing effective interventions and improving workplace safety. This study aimed to validate the 
Italian version of the short-form Perception of Aggression Scale (POAS) and to examine how demographic and pro-
fessional variables influence staff attitudes toward aggression in clinical settings. Methods: The POAS was admin-
istered to a heterogeneous sample of 475 healthcare professionals across multiple hospital departments and educational 
settings. Psychometric properties, including internal consistency and test-retest reliability, were evaluated. Bivariate 
and multivariate analyses assessed associations between perceptions of aggression and sociodemographic variables. 
Results: The Italian POAS demonstrated strong psychometric performance, with high internal consistency (α = 0.82 
for dysfunctional; α = 0.76 for functional aggression) and temporal stability. While dysfunctional interpretations of 
aggression were prevalent across the sample, functional perceptions, viewing aggression as contextually meaningful 
or communicative, were more common among male participants and physicians. Multivariate analysis revealed a 
strong inverse relationship between functional and dysfunctional perceptions, suggesting a polarized interpretive 
schema. Conclusions: The validated Italian POAS is a reliable tool for assessing healthcare workers’ attitudes to-
ward aggression. Its integration into clinical training, audits, and risk management systems could facilitate early 
identification of negative attitudes and support the development of targeted de-escalation strategies. Future research 
should investigate longitudinal shifts in perception and the tool ’s adaptability across diverse healthcare settings.

1. Introduction

Patients’ aggressive behaviors within hospital 
settings represent a critical concern, both clini-
cally and organizationally. These behaviors, ranging 
from verbal threats and non-verbal intimidation to 
physical assaults, are particularly prevalent in high-
stress departments such as psychiatric units and 
emergency care settings [1, 2]. Aggression not only 

compromises the physical and psychological well-
being of healthcare workers but also undermines the 
therapeutic alliance, potentially impairing care qual-
ity and patient outcomes [3, 4]. The assessment of 
aggression in clinical contexts is essential for devel-
oping appropriate management strategies. Several 
studies have investigated the environmental and 
organizational variables contributing to violent in-
cidents, including staffing ratios, ward architecture, 
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staff training and experience, and workload intensity 
[5, 6]. In psychiatric and emergency departments in 
particular, healthcare professionals report increased 
exposure to aggression due to the complexity and 
acuity of patient conditions [1, 7].

Importantly, research has also highlighted the 
role of healthcare workers’ perceptions and attitudes 
in shaping their responses to aggression. Studies by 
Whittington and Higgins [4] and Trenoweth [7] 
emphasized that individual attitudes, shaped by 
prior experience, training, and team culture, play a 
pivotal role in shaping risk perception and interven-
tion style. In a seminal study, Finnema et al. [2] ex-
amined how psychiatric nurses construed aggression 
and identified a range of functional and dysfunc-
tional beliefs that appeared to influence staff-patient 
dynamics. These insights led to the development 
of the Perception of Aggression Scale (POAS), 
originally composed of 60 items and later refined 
to a more practical 12-item format [3]. The POAS 
has since been used in various settings to evaluate 
healthcare workers’ cognitive framing of aggres-
sion and to inform training, supervision, and policy 
decisions [1]. However, Italy still lacks a validated 
version of this scale. The absence of such an instru-
ment significantly hampers research on aggression 
in Italian-speaking populations and limits the im-
plementation of effective prevention programs.

Given the growing number of reports of violence 
against healthcare professionals in Italy and the 
increasing recognition of workplace aggression as 
a public health issue [8, 9], developing a culturally 
and linguistically validated version of the POAS is 
imperative. This study aims to address that gap by 
validating the short version of the POAS in Italian 
through forward and backward translation, expert 
panel review, and psychometric analysis.

In the Italian healthcare system, aggression to-
ward healthcare workers is increasingly recognized 
not only as an occupational safety issue but also as 
a cultural and organizational challenge. National 
surveillance data and ministerial recommendations 
indicate that aggressive incidents are often under-
reported and inconsistently normalized across clini-
cal settings, and that healthcare workers differ in 
how they cognitively frame and tolerate such be-
haviors. Understanding how aggression is perceived, 

whether as an unacceptable violation or as a contex-
tualized expression of patient distress, is therefore 
particularly relevant in the Italian context, where 
preventive strategies are still unevenly implemented.

The present study aims to (a) cross-culturally 
adapt and validate the Italian version of the short 
form of the Perception of Aggression Scale (POAS) 
and (b) examine associations between POAS sub-
scale scores and sociodemographic and professional 
variables in a heterogeneous sample of healthcare 
workers and students.

2. Methods

2.1. POAS Instrument

The short-form Perception of Aggression Scale 
(POAS) comprises 12 items grouped into two 
conceptually distinct subscales: Dysfunctional Per-
ception (aggression as unjustified, harmful, and 
unacceptable) and Functional Perception (aggres-
sion as communicative or contextually meaning-
ful). Items are rated on a 5-point Likert scale (1 = 
strongly disagree to 5 = strongly agree). Subscale 
scores were computed as the mean of items within 
each subscale, with higher scores indicating greater 
endorsement of the corresponding conceptualiza-
tion. No established clinical cutoffs are available for 
the POAS short form; therefore, scores were treated 
as continuous variables. Example items include: 
‘Aggression is a sign of failure’ (Dysfunctional) 
and ‘Aggression can be a form of communication’ 
(Functional).

2.2. Translation and Cross-Cultural Adaptation

The Italian version was developed using a stand-
ardized forward–backward translation process 
adapted from the guidelines proposed by Beaton et al.  
Two independent bilingual translators performed 
forward translations, which were reconciled into 
a single Italian version. A native English speaker, 
blinded to the original questionnaire, conducted 
the backward translation. An expert panel of clini-
cians and occupational health researchers reviewed 
semantic, idiomatic, experiential, and conceptual 
equivalence. Cognitive pretesting was conducted 
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with a convenience sample of 20 participants (stu-
dents and staff ) to assess clarity and cultural rele-
vance; minor wording adjustments were made based 
on feedback.

2.3. Sample and Recruitment

Participants were recruited from October 2022 
to May 2025 from a large public hospital net-
work in Rome, Italy, including Medical, Surgical, 
Emergency/ICU, Ambulatory care, and Didactic 
structures. The Didactic structures subgroup com-
prised undergraduate healthcare students in clinical 
placements within the hospital network. All health-
care workers and students aged ≥18 years assigned 
to the selected units were invited via internal com-
munications and in-person announcements. Par-
ticipation was voluntary and anonymous. Exclusion 
criteria included refusal to participate or incomplete 
responses to core POAS items. Written informed 
consent was obtained at the start of the question-
naire. The sample size (n = 475) exceeded common 
psychometric recommendations for 12-item instru-
ments (e.g., ≥10–20 participants per item) and was 
consistent with prior validation studies.

2.4. Ethical Considerations

According to institutional policy, the study was 
considered exempt from formal Institutional Review 
Board review because it consisted of an anonymized, 
non-interventional survey with no identifiable per-
sonal data. Written informed consent was obtained 
from all participants prior to participation.

2.5. Statistical Analysis

All statistical analyses were conducted in SPSS 
(version 27). Descriptive statistics (means, standard 
deviations, and frequencies) were computed for de-
mographic and professional variables. Internal con-
sistency of the two POAS subscales (‘Aggression as 
dysfunctional and undesirable’ and ‘Aggression as 
functional and understandable’) was assessed using 
Cronbach’s alpha.

Bivariate analyses were conducted to assess as-
sociations between POAS scores and categorical 

variables (e.g., gender, education, marital status, job 
role) using independent-samples t-tests and one-
way ANOVA, and Pearson’s correlation was used 
for continuous variables such as age.

To further investigate predictors of perceived 
aggression, we conducted multivariate linear re-
gression analyses for both POAS subscales (dys-
functional and functional). For each outcome, we 
tested two models: a full model including all in-
dependent variables (age, gender, marital status, 
education, job category, and the opposing subscale 
score), and a stepwise model in which variables were 
retained based on statistical significance to optimize 
explanatory power. We evaluated the goodness of fit 
for each model using the coefficient of determina-
tion (R²), which indicates the proportion of variance 
explained by the predictors.

3. Results

The final sample comprised 475 participants re-
cruited from various departments of a large public 
hospital network in Italy. Participants were distrib-
uted across five main areas: Medical (n = 65), Surgi-
cal (n = 42), Emergency/Intensive Care Units (n = 60),  
Didactic Structures (n = 282), and Ambulatory Care 
(n = 26). This heterogeneous composition was in-
tended to enhance the generalizability of the find-
ings and to reflect diverse professional experiences 
with patient aggression (Table 1).

Participants completed the POAS questionnaire 
twice, over two sessions held 24 hours apart. Cases 
with missing values on outcome variables were ex-
cluded pairwise from relevant analyses. missing data 
were below 5% for all variables. The inclusion of 
multiple sessions allowed the researchers to evaluate 
the temporal stability of the instrument.

Cronbach’s alpha coefficients indicated strong 
internal consistency for both the Dysfunctional 
Perception subscale (α = 0.82) and the Functional 
Perception subscale (α = 0.76). No significant dif-
ferences were observed between the two administra-
tions, supporting short-term test-retest reliability.

Descriptive trends suggested that women tended 
to perceive aggression as more dysfunctional, while 
men more frequently interpreted it as functional. 
Similarly, participants with higher educational 
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more inclined to attribute a functional or construc-
tive value to aggressive behaviors. In contrast, no 
significant differences were found in dysfunctional 
aggression by gender (p = 0.940), indicating similar 
perceptions of negativity across sexes. Age, on the 
other hand, did not show significant correlations 
with either dysfunctional (r = –0.081; p = 0.079) or 
functional aggression (r = 0.010; p = 0.834). While 
the negative correlation with dysfunctional aggres-
sion was marginally non-significant, it reflects a 
trend in line with the multivariate analysis, suggest-
ing a possible age-related attenuation in perceiving 
aggression as harmful.

There were no statistically significant differences 
in either dimension of aggression based on whether 
participants had children. Mean scores were very 
close across both groups, and p values remained well 
above the threshold of significance (dysfunctional  
p = 0.584; functional p = 0.268).

Perceptions of both dysfunctional and functional 
aggression did not differ significantly across marital 
status groups (p = 0.907 and p = 0.497, respectively). 
Although widowed participants reported higher 
levels of functional aggression (M = 2.50), this result 
should be interpreted with caution due to the very 
small subgroup size (likely n = 1).

No significant differences emerged across edu-
cational levels for either aggression type (dysfunc-
tional p = 0.290; functional p = 0.714). However, 
individuals with a university degree reported 
slightly lower dysfunctional aggression (M = 4.69; 
SD = 0.41) and slightly higher functional aggression  
(M = 1.45; SD = 0.69) than other educational groups, 
suggesting a trend warranting further investigation. 
Job category, instead, did not yield significant dif-
ferences in perceptions of aggression (dysfunctional 
p = 0.317; functional p = 0.142). Nonetheless, phy-
sicians had the highest mean functional aggression 
score (M = 1.64; SD = 0.99), consistent with the 
results observed in the multivariate model. Other 
healthcare professionals had the lowest perception 
of functional aggression (M = 1.26; SD = 0.39), sug-
gesting a narrower attribution of constructive value 
to aggressive behavior [7, 8, 9].

Multivariate regression results are summarized in 
Table 3. In the full model, being a physician was 
positively and significantly associated with higher 

attainment and those working as physicians ap-
peared more inclined to endorse functional percep-
tions of aggression. However, these trends were not 
consistently supported by inferential statistics and 
should be interpreted cautiously. A detailed over-
view of the univariate and bivariate results is pre-
sented in Table 2.

Results show that gender was significantly asso-
ciated with the perception of functional aggression  
(p = 0.026), with males reporting higher mean scores 
(M = 1.54; SD = 0.88) compared to females (M = 
1.38; SD = 0.63). This suggests that men may be 

Table 1. Characteristics of the Sample.
Variable n (%) or mean (SD)
Gender
Female 331 (69.7)
Male 144 (30.3)
Age (years) 33.24 (13.46)
Sons
Yes 103 (21.7)
No 372 (78.3)
Marital Status
Single 339 (71.4)
Married or Cohabiting 117 (24.6)
Separated or Divorced 18 (3.8)
Widowed 1 (0.2)
Educational Level
University Degree 178 (37.5)
Middle School 3 (0.6)
High School 294 (61.9)
Job
Physicians 36 (7.6)
Nurses 163 (34.3)
Other Healthcare Professionals 34 (7.2)
Students 242 (50.9)
Type of Ward/Department
Medical 65
Surgical 42
Emergency/ICU 60
Didactic Structure 282
Outpatient Care 26



Validation of the Perception of Aggression Scale in Italy 5

Table 2. Univariate and Bivariate Analysis.

Variable
Dysfunctional Relation

Mean (SD) or r
Functional Relation

Mean (SD) or r
Gender
Female 4.72 (0.41) 1.38 (0.63)
Male
p

4.72 (0.40)
0.94

1.54 (0.88)
0.026

Age
P

-0.081
0.079

0.010
0.834

Sons
Yes 4.70 (0.40) 1.50 (0.79)
No
p

4.72 (0.41)
0.584

1.41 (0.69)
0.268

Marital Status
Single 4.73 (0.41) 1.44 (0.74)
Married or Cohabiting 4.71 (0.37) 1.43 (0.64)
Separated or Divorced 4.58 (0.67) 1.37 (0.66)
Widowed
p

4.83 2.50
0.497

Educational Level
University Degree 4.69 (0.41) 1.45 (0.69)
Middle School 5.00 (0.00) 1.11 (0.19)
High School
p

4.73 (0.41)
0.290

1.43 (0.74)
0.714

Job
Physicians 4.75 (0.42) 1.64 (0.99)
Nurses 4.67 (0.42) 1.46 (0.64)
Other Healthcare Professionals 4.76 (0.29) 1.26 (0.39)
Students
p

4.74 (0.42)
0.317

1.41 (0.75)
0.142

levels of perceived dysfunctional aggression (β = 
0.082; p = 0.041), suggesting that physicians tend 
to attribute more negative and disruptive meanings 
to aggression compared to nurses (reference group). 
However, this association lost significance in the 
stepwise model (β = 0.121; p = 0.083), although 
the direction of the effect remained consistent. Age 
was negatively associated with dysfunctional ag-
gression; although the association was only margin-
ally significant in the stepwise model (β = –0.003; 
p = 0.052), it suggests that older individuals tend 
to perceive aggression as less dysfunctional, possi-
bly reflecting increased professional experience or 

improved emotion regulation over time. The most 
robust predictor was functional aggression, which 
showed a significant and negative association with 
dysfunctional aggression (β = –0.178; p < 0.001). 
This finding supports the notion that a greater abil-
ity to recognize constructive or communicative as-
pects of aggression is linked to a reduced tendency 
to interpret it as inherently harmful or inappropri-
ate. All multivariate regression models included job 
category (physicians, nurses, other healthcare pro-
fessionals, and students) as an independent variable 
to account for potential confounding due to pro-
fessional role and experience. Given that students 
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Table 3. Multivariate Analysis.

Variables

Dysfunctional Functional
Full model
β (p)

Stepwise
β (p)

Full model
β (p)

Stepwise
β (p)

Age -0.004 (0.060) -0.003 (0.052) -0.002 (0.621)
Female gender -0.004 (0.917) -0.170 (0.016) -0.159 (0.019)
Married 0.039 (0.456) 0.010 (0.914)
University Degree -0.071 (0.280) -0.156 (0.169)
Nurse (Ref ) ----------- -----------
Physicians 0.082 (0.041) 0.121 (0.083) 0.240 (0.073) 0.248 (0.040)
Other Healthcare 
Professionals

-0.177 (0.283) -0.190 (0.155)

Students -0.004 (0.584) -0.199 (0.187)
Functional Aggression -0.177 (<0.001) -0.178 (<0.001) -----------
Dysfunctional Aggression ----------- -0.537 (<0.001) -0.541 (<0.001)

R² = 0.111 R² = 0.105 R² = 0.119 R² = 0.112

represented a substantial proportion of the sample, 
results should be interpreted as reflecting a mixed 
population of practicing healthcare workers and 
trainees rather than experienced professionals alone.

Regarding functional aggression, gender emerged 
as a significant predictor: women (compared to 
men, the reference group) were more likely to at-
tribute functional meaning to aggressive behaviors 
(β = –0.170; p = 0.016 in the full model; β = –0.159; 
p = 0.019 in the stepwise model). This may reflect 
gender-related differences in emotional framing or 
social cognition. Again, being a physician was a sig-
nificant positive predictor of functional aggression 
(β = 0.248; p = 0.040 in the stepwise model), indi-
cating that physicians, while perceiving higher levels 
of dysfunctional aggression, are also more likely to 
acknowledge its functional aspects—perhaps due 
to the complex and high-pressure nature of their 
clinical environments. Finally, dysfunctional ag-
gression was negatively and significantly associated 
with the perception of functional aggression (β = 
–0.541; p < 0.001), confirming a strong inverse rela-
tionship between the two constructs. This supports 
the theoretical assumption that cognitive appraisals 
of aggression are multidimensional, influenced by 
whether the behavior is framed as harmful or po-
tentially constructive.

4. Discussion

Aggression in healthcare settings is widely rec-
ognized as a critical occupational hazard with sig-
nificant implications for workers’ physical safety, 
psychological well-being, and organizational func-
tioning [10, 11]. Although traditionally viewed as 
purely disruptive or pathological, contemporary 
trauma-informed and relational care models suggest 
that aggression may, in certain clinical contexts, be a 
communicative act reflecting distress, unmet needs, 
or acute psychological dysregulation [2, 3]. Within 
this framework, healthcare workers’ cognitive ap-
praisals of aggression play a pivotal role in shaping 
both individual responses and institutional manage-
ment strategies [12].

Repeated exposure to patient violence may lead 
to emotional desensitization, heightened moral 
distress, and ultimately burnout, a constellation of 
symptoms including emotional exhaustion, deper-
sonalization, and reduced professional efficacy [13, 
14]. These psychological sequelae may shape how 
aggressive behaviors are interpreted, whether as 
threats requiring containment or as signals warrant-
ing empathetic understanding [15, 16]. In the pre-
sent study, the Dysfunctional Perception subscale of 
the Italian POAS yielded consistently high scores 
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From an occupational medicine perspective, these 
findings have direct practical implications. The avail-
ability of a validated Italian version of the POAS 
provides occupational physicians with a structured, 
reliable tool for assessing healthcare workers’ cog-
nitive and emotional framing of patient aggression. 
Integrating the POAS into occupational health 
surveillance programs may facilitate early identifi-
cation of professionals who predominantly endorse 
dysfunctional perceptions of aggression and who 
may therefore be at higher risk for stress-related  
outcomes, reduced coping capacity, or burnout. Fur-
thermore, repeated POAS administration before 
and after preventive interventions could support the 
evaluation of organizational strategies to mitigate 
the psychological impact of workplace violence.

Importantly, perceptions of aggression are shaped 
not solely by individual characteristics but also by 
broader organizational and contextual dynamics [1]. 
While exposure to repeated aggressive incidents has 
been linked to emotional exhaustion, depersonaliza-
tion, and burnout [13, 14], educational and organi-
zational interventions have been shown to improve 
staff attitudes, perceived self-efficacy, and prepared-
ness in managing aggressive situations [2]. In this 
context, the POAS may function not only as an as-
sessment instrument but also as a monitoring tool 
within risk management frameworks, complement-
ing incident reporting systems and supporting tar-
geted training initiatives.

Several limitations should be acknowledged. A ma-
jor limitation concerns the composition of the sample, 
in which healthcare students represented more than 
half of the participants. Although students were in-
cluded because they are exposed to patient aggression 
during clinical training, their perceptions may differ 
substantially from those of experienced profession-
als due to limited clinical responsibility, shorter ex-
posure, and different coping strategies. Consequently, 
the findings should not be generalized exclusively to 
practicing healthcare workers. Future validation stud-
ies should prioritize stratified sampling by profes-
sional role and clinical unit, particularly in high-risk 
settings such as emergency departments, psychiatric 
units, and intensive care.

A further limitation concerns the 24-hour interval 
used for test–retest assessment. While appropriate 

(M = 4.72, SD = 0.41), indicating that aggression 
is widely perceived as undesirable, harmful, and un-
justifiable among healthcare professionals. Notably, 
no sociodemographic or professional variables, in-
cluding age, gender, educational level, marital status, 
parenthood, or job category, were significantly as-
sociated with dysfunctional perception. This finding 
suggests that viewing aggression as inherently nega-
tive may reflect a pervasive, culturally reinforced be-
lief within Italian healthcare settings, rather than an 
attitude shaped solely by individual characteristics.

Conversely, Functional Perception scores were 
markedly lower (M = 1.45, SD = 0.73), indicating 
limited endorsement of aggression as meaningful, 
communicative, or contextually understandable. 
However, important differences emerged. Male 
participants reported significantly higher func-
tional perception scores than females, consistent 
with previous findings in psychiatric and emergency 
care contexts, where male staff tend to frame ag-
gression more often within procedural or clinical 
models rather than affective ones [7, 17]. When 
stratified by professional role, physicians had the 
highest functional perception scores, followed by 
nurses, students, and other healthcare professionals. 
Although these differences did not always reach sta-
tistical significance, the observed gradient suggests a 
role-related cognitive framing influenced by clinical 
responsibility, training, and repeated exposure to ag-
gressive incidents [4, 14].

Multivariate regression analyses further clarified 
these relationships. Functional perception emerged 
as the strongest negative predictor of dysfunctional 
perception, supporting the hypothesis that recog-
nizing aggression as situationally driven or com-
municative may buffer against interpreting it as 
purely threatening or illegitimate. This bidirectional, 
inverse relationship confirms the multidimensional 
nature of aggression appraisal and aligns with theo-
retical models that emphasize cognitive framing as 
a key determinant of behavioral response [12]. Age 
showed a marginal inverse association with dys-
functional perception, suggesting that professional 
experience or emotional regulation may slightly 
attenuate negative appraisals over time, although 
this effect did not reach conventional statistical 
significance.
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study was considered exempt from formal Institutional 
Review Board approval, as it involved an anonymous, non-
interventional survey.
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ability in varied healthcare settings.
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Abstract
Background: Workplace accidents represent a significant health problem for workers. In 2022, the EU recorded over 
3,000 workplace deaths and nearly 3 million non-fatal accidents. The aim of this paper is to provide an in-depth 
analysis of multiple fatal accidents in Italy in recent years, analyzing their occurrence patterns and causal factors to 
increase useful information for risk management. Methods: The statistics come from the INAIL Database and the 
Infor.MO National Surveillance System, which collects detailed information on accident dynamics and uses a multi-
factorial model to analyze the causes of injuries. In this system, the in-depth analysis of multiple fatal accidents was 
conducted on a cluster of 181 events that occurred between 2008 and 2022. Results: Data sources show that road 
accidents are a significant cause of multiple injuries. Other recurring accidents include collapses, fires, explosions, and 
asphyxiation in confined spaces. The construction and manufacturing sectors are the most affected. The main causes, 
highlighted particularly in the Infor.MO system, include poor worker training, inadequate workplace organization, 
and a lack of safety devices. Conclusions: To reduce workplace accidents, especially those with dramatic consequences 
such as multiple accidents, the importance of a stronger organizational safety culture is reiterated, in which training 
enables workers to understand risk analysis and gain greater awareness of hazards.

1. Introduction

Workplace accidents continue to represent a sig-
nificant issue for the health conditions of working 
populations [1, 2]. According to Eurostat, which 
bases European statistics on work-related accidents 
on the ESAW classification system [3], in 2022 in 
the EU there were over 3 thousand work-related 
deaths and almost 3 million non-fatal accidents, 
with a ratio of approximately 905 non-fatal acci-
dents for every fatal accident.

For Italy, more recent data are provided by 
the National Institute for Insurance against 

Accidents at Work (INAIL) through reports and 
public online databases. In 2023, 550 fatal acci-
dents were recognized at work [4]. INAIL data 
report each year the share of multiple fatal acci-
dents, which occurred both at work and in itinere, 
i.e. on the way to and from work. The balance of 
recent years shows that in the decade 2015-2024, 
160 multiple fatal accidents occurred, for a total 
of 429 victims with an average of almost 3 deaths 
per event. Furthermore, over the ten‑year period, 
fatalities associated with multiple‑casualty events 
constituted more than 3% of all occupational 
deaths [5].
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Nine out of ten workers who sustain fatal inju-
ries die in an accident in which they are the only 
fatality. For the remaining 10% of worker deaths, 
the fatal accident resulted in the death of more than 
one worker. These accidents are of particular interest 
to safety professionals and risk researchers because 
preventing each of these accidents results in the sav-
ing of more lives [6].

Multiple fatal accidents are often associated with 
activities and processes that by their very nature are 
high risk and can put several workers at risk at the same 
time. Examples of this include establishments that use 
hazardous substances, for which there are regulations 
on aspects related to the prevention of major accident 
risks [7, 8], and the operational procedures carried out 
in confined-space working environments [9].

The most common types or situations associated 
with multiple fatal workplace accidents were road 
traffic accidents, coal mine explosions, and accidents 
involving maritime transport (3,978 fatalities) [10]. 
In relation to the construction sector, a case study 
of the sector in England highlighted that the situa-
tion is such that a catastrophic event can represent 
a plausible scenario, with the potential for multiple 
casualties and serious consequences [11].

Despite their significance, the prevalence of ac-
cidents resulting in multiple work-related fatalities 
is not well documented. Multi-fatal accidents occur 
mainly in few circumstances. The main situations 
involve transportation accidents, fires and explo-
sions, and violence [12].

The aim of this paper is to present an analysis of 
multiple fatal accidents that have occurred in Italy 
in recent years, examining their occurrence patterns 
and causal factors in order to increase the informa-
tion useful for risk management.

2. Methods

The data illustrated refer first of all to the statis-
tics published by INAIL in its Annual Reports and 
in its periodic publication “Dati Inail”. For these 
sources, multiple fatal accidents are defined as tragic 
events where two or more workers lose their lives at 
the same time [13].

Based on this information, the most striking 
events that have occurred from January 2007 to 

December 2024 have been identified and the ways 
in which they occurred have been highlighted.

Within the INAIL database, statistical data 
originates primarily from local offices. These col-
lect administrative data on accident reports, which 
are then validated and entered into the Institute’s 
central archive. From this data, statistics are com-
piled on reported, defined (for which the investi-
gation into the report has been concluded with a 
positive or negative recognition), and compensated 
(accidents positively recognized and for which the 
worker is entitled to compensation).

In order to highlight the causal factors that de-
termined the modalities of multiple accidents, we 
used the archive of the national surveillance system 
for fatal and serious accidents Infor.MO [14]. This 
information source provides detailed data on the 
dynamics of accident events, allowing for the expan-
sion and integration of available data on reports and 
compensation of the INAIL insurance databases.

For the analysis of multiple fatal accidents, a clus-
ter of 181 events was considered within the Infor.
MO system, with multiple workers injured simul-
taneously and at least one death recorded, occurring 
between the beginning of 2008 and the end of 2022 
(the latest year with available data). These events 
were selected using a specific “collective event” 
variable present within the information system’s  
record trace.

The Infor.MO system records information from 
accident investigations conducted by the Italian 
Workplace Prevention Services of Local Health 
and Safety Departments (LHSDs) on the most se-
rious incidents. A multifactorial model, developed 
and validated by INAIL and the Italian Regions, is 
used to enter the data into the archive to identify the 
causes of the accident [15].

The system has gradually consolidated, moving 
from an original experimental phase (2002-2004) 
to a phase in which it was permanently adopted by 
the project promoters, who confirmed its organiza-
tional structure, objectives, and methodologies. It 
is listed in the Ministry of Health’s National Pre-
vention Plan (2020-2025) as one of the active sur-
veillance systems useful for planning prevention, 
promotion, assistance, and monitoring interven-
tions [16].
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The multifactorial model is one of the causal tree 
models [17, 18, 19, 20] and allows for a structured 
evaluation of the event dynamics, starting from the 
elements that describe the injury event:

	- The accident, or the unexpected event that 
‘supplies’ dangerous and uncontrolled energy 
in the workplace (e.g., overturning of a work 
vehicle, explosion of materials being pro-
cessed, etc.);

	- Contact, determined between the injured 
body part and the environmental element 
involved (e.g., the leg trapped under an over-
turned tractor);

	- Biological damage, defined by the nature and 
location of the injury (e.g., fracture of the 
tibia and fibula).

Furthermore, the model allows us to identify all 
the possible factors that contributed to the accident, 
classifying them as determinants or modulators and 
describing them in detail. The determinant is the 
factor that increases the probability of an accident 
occurring (for example, working on a roof without 
adequate protection increases the probability of 
a worker falling from a height). The modulator is 
the factor that, while not affecting the probability, 
contributes to increasing the severity of the injury 
(for example, failure to wear a safety helmet leads to 
greater consequences in the event of objects falling 
on the worker).

The factors identified as determinants or modu-
lators can be divided into one of the following six 
categories:

	- Activity developed by an injured person, in-
appropriate actions, movements, etc., carried 
out by an injured worker during the event;

	- Activity developed by a third subject Incor-
rect actions developed by other workers or 
people (different from the injured one) dur-
ing the event;

	- Equipment, machine, plant, working tool 
Equipment of any type (or part of it) that pre-
sented criticalities in the dynamics of the event;

	- Materials Issues on the processed materials 
that influenced the dynamics of the event 

Working environment conditions Critical 
aspects related to workplace conditions;

	- Working environment conditions: critical as-
pects related to workplace conditions;

	- Personal Protective Equipment and clothing 
issues that influenced the injury occurrence.

For each category, safety issues are identified, i.e., 
the critical issues that characterize the determinant 
and modulator within the accident dynamics. For 
example, with regard to Activities, the lack of train-
ing; and with regard to Equipment, the absence of 
machine protection systems.

3. Results

Among the multiple accidents, the most sensa-
tional cases, also from a media perspective, are re-
ported below:

	- 2007: 7 workers killed in fire at a Turin 
steelworks;

	- 2008: 6 workers died while cleaning a sew-
age treatment plant tank in the province of 
Catania;

	- 2009: 3 workers asphyxiated by toxic gases in 
Sardinia;

	- 2013: 7 victims in fire at a textile factory in Prato;
	- 2015: Two accidents in fireworks factories 

killed 4 workers in the Campania region and 
10 workers near Bari;

	- 2017: A landslide killed 29 people, includ-
ing 11 hotel employees in a mountain resort;  
6 deaths (including 5 crew members) in crash 
of an emergency helicopter;

	- 2018: Over 30 deaths have resulted from two 
road accidents: the collapse of a major bridge 
in Genoa; a head-on collision between a 
truck and a farm workers’ van In the Italian 
region of Puglia;

	- 2022: 19 multiple deaths, 46 deaths total, 44 
of which were due to road accidents;

	- 2023: 5 workers hit by a train while perform-
ing railway track maintenance in Brandizzo, 
near Turin;

	- 2024: 5 workers killed during sewer mainte-
nance in Italian region of Sicily.
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sectors (Istat, Ateco1 classification of economic activ-
ities). Focusing only on events that resulted in fatality, 
the percentage of cases for these two sectors drops 
to approximately 50%. Two other sectors where the 
incidence of multiple fatal accidents is significantly 
higher than that of fatal cases are Water Supply and 
Waste Management, and Electricity Distribution.

In the Infor.MO system, in the sectors with the 
highest incidence of multiple accidents, the most com-
mon types of accidents are collapses, landslides, explo-
sions, and contact with gas in confined spaces. With 
the exception of road accidents, which are almost never 
directly investigated by the Local Health and Safety 
Departments (LHSDs) and therefore not recorded in 
Infor.MO, the same patterns of occurrence previously 
highlighted in the INAIL database are confirmed.

The causal factors of fatal accidents can be explored 
further using the Infor.MO database (Table 3).  
Comparing the cluster of multiple accidents with 
other accidents, a greater weight is observed for risk 
factors related to workplace layout, the activities of 
third parties in teamwork, the management of per-
sonal protective equipment, and the materials han-
dled in production processes.

Going into greater detail about the safety issues 
that characterize multiple accidents compared to 
other accidents, the most common factors are, in 
decreasing order, a lack of worker training, infor-
mation, and instruction, which is recurrent in the 
“teamwork” factor (14.4% for multiple accidents vs. 
10.7% for other accidents). This is followed by inad-
equate signage, lack of ventilation, and unexpected 
presence of electricity or gas (12.3% vs. 5.6%), which 
characterize the “work environment” factor. The 
storage of gaseous and liquid materials and their 
characteristics constitute a more recurring safety is-
sue among multiple fatal accidents (8.7% vs. 3.2%). 
The problem of a lack of training, information, and 
instruction also recurs in the use and management 
of PPE (2.4% vs. 0.8%). Finally, regarding work 
equipment, problems with multiple accidents are 
often related to poor maintenance (15.2% vs. 8.8%).

1Italian version of the European NACE classification, used to 
classify businesses by their economic activity for official stati-
stics, fiscal, and administrative purposes.

From this preliminary examination of the most 
significant events, several recurring patterns of 
multiple-fatality incidents can be identified, par-
ticularly those associated with fires and explosions, 
transport‑related accidents, confined‑space envi-
ronments, and environmental catastrophes.

In more recent years, based on the available Inail 
data, a first observation regarding multiple accident 
data is that trends over time are strongly influenced 
by road accidents, often during commuting, which 
are covered by INAIL under workers’ insurance 
regulations. For example, the peak of 82 fatalities 
observed in 2018 (Table 1), compared to an average 
of 35-40 multiple deaths annually, is due to two se-
rious road accidents that year, which alone resulted 
in over 30 worker deaths.

Focusing on the most common causes of multiple 
fatal accidents, in INAIL data we observe:

	- Accidents involving means of transport both 
at work and while commuting;

	- Crushing injuries;
	- Falls from heights;
	- Fires, explosions;
	- Suffocation, asphyxiation (often in confined 

spaces).

Further characteristics of multiple fatal accidents 
derive from the analysis of the cluster of events ex-
tracted from the Infor.MO surveillance system.

Of the 181 cases extracted from the Infor.MO ar-
chive for the years 2008-2022 (Table 2), two-thirds 
occurred in the Construction and Manufacturing 

Table 1. Extract of the most recent multiple fatal accidents 
in Italy by INAIL databases in the period 2018-2024.

Year N
2024 39
2023 36
2022 46
2021 40
2020 27
2019 44
2018 82
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Table 2. Distribution of multiple accidents by sector of activity.
Ateco Business Sector % Multiple Accidents % Other Injuries
Constructions 38.4 32.2
Manufacturing Activities 25.4 18.4
Agriculture, Forestry and Fishing 10.2 30.9
Transport and Warehousing   7.9   7.8
Water Supply; Sewerage, Waste Management and Remediation 
Activities

  4.4   2.1 

Supply of Electricity, Gas, Steam and Air Conditioning   3.5   0.8
Wholesale and Retail Trade; Repair of Motor Vehicles and Motorcycles   3.5   3.3
Other sectors   6.7   4.5

Table 3. Distribution of causal factors of multiple accidents by category.
Risk Factor Categories % Multiple Accidents % Other Injuries
Activity Developed by an Injured Person 25.5 47.4
Working Environment Conditions 21.6 13.9
Activity Developed by a Third Subject During the Event 17.6 8.8
Equipment, Machine, Plant, Working Tool 17.0 19.6
Personal Protective Equipment (PPE) and Clothing 10.7 7.5
Materials 7.6 2.8
Total 100.0 100.0

Workplaces characterized by confined spaces are 
recurrent for multiple accidents, both in INAIL 
data on reports and in data extracted from the 
Infor.MO system. The latter shows that the location 
where multiple fatal accidents occur in two-thirds 
of cases is represented by tanks, reservoirs, basins, 
and wells.

The main risk factors are once again improperly 
executed teamwork procedures, especially in emer-
gency situations where workers die not because 
they were directly involved in the operational pro-
cedures but instinctively assisting the first injured 
person, and the environmental factor, due to the 
presence of gases and vapors not assessed prior to 
access and the lack of suitable worker recovery sys-
tems. Both the procedures and the rescue interven-
tion, in multiple accidents, appear to have occurred 
without the use of adequate protective equipment 
(e.g., self-contained breathing apparatus, environ-
mental monitoring).

4. Discussion

Analysis of data provided by INAIL (National 
Institute for Insurance against Accidents and Work-
ers’ Compensation) and the national surveillance 
system Infor.MO highlights several critical areas of 
occupational risk. A significant share of workplace 
accidents and multiple fatalities involve the use 
of transportation, both during work activities and 
during commuting, underscoring the importance 
of road-related risks in the overall burden of fatal 
workplace accidents.

Surveillance data reveals that multiple accidents 
frequently occur in operational settings character-
ized by moving equipment, inadequate safety meas-
ures, or insufficient organizational controls. Falls 
from heights are another significant risk factor, of-
ten associated with the absence or improper use of 
protective equipment and deficiencies in workplace 
safety management.
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Among the points highlighted by the Commis-
sion, as fundamental recommendations to ensure 
adequate health and safety conditions for workers, 
the following passages from the report are reported:

	- Periodic assessment of personnel skills to 
detect any deviations through actual obser-
vation of worker behavior (supervision by 
company supervisors);

	- Training activities aimed at enabling workers 
to conduct their own risk assessments to be-
come aware of the inherent dangers of their 
activities;

	- Verification of processes in the field through 
structured audits and effective management of 
identified non-conformities to monitor risks, 
including organizational and interference- 
related risks;

	- Contracts/subcontracting: Improvement of 
contract awarding processes that give ad-
equate importance to worker health and 
safety by amending the rules governing 
procurement;

	- Promotion of participation and whistleblow-
ing processes, such as reporting near misses 
and OSH issues.

Regarding the last point, it should be noted that 
the accident resulted, in addition to the multiple 
fatal injuries of five workers, in two near misses. 
Indeed, the worksite consisted of seven people, all 
exposed, albeit in different ways, to the risk of being 
hit by the passing train due to the railway line not 
being interrupted.

From a prevention perspective, it is essential to 
increase knowledge not only about the occurrence 
and causes of accidents, but also about near misses 
that occur in the workplace without causing harm to 
workers. Near misses effectively represent sentinel 
events that must be addressed during the risk assess-
ment review phase before workers suffer the conse-
quences. A key element in detecting and monitoring 
such events is the communication process between 
all parties in the company supply chain.

Worker characteristics, particularly age, can inter-
act with the type of contract and the organizational 
fragmentation typical of contract work, influencing 

Although the studies available in the literature are 
not directly comparable due to differences in data 
extraction methods and the nature of the informa-
tion collected, the evidence is consistent in focusing 
on the critical areas identified in this review.

One study [9] examined operational procedures 
implemented in confined work environments, con-
tributory factors that have been frequently identi-
fied following enclosed space accident investigations 
are non-compliance with procedures, inappropriate 
equipment, poor supervision, complacency and over 
familiarity leading to short cuts being taken, detection 
and monitoring equipment not used or not working 
properly and improper action in an emergency.

The literature indicates that the most common 
circumstances associated with multiple fatal work-
place accidents include road traffic accidents, coal 
mine explosions, and accidents involving shipping, 
which together resulted in 3,978 fatalities [10].

In the construction sector, a case study conducted 
in England highlighted that the occurrence of a cat-
astrophic event represents a plausible scenario, given 
the nature of the work processes and the potential 
for multiple fatalities and serious consequences [11].

Despite their relevance, the prevalence of multi-
ple fatal workplace accidents remains insufficiently 
documented, with such events typically occurring 
under a limited set of conditions, most often involv-
ing transport accidents, fires and explosions, and 
acts of violence [12].

The safety issues most frequently identified in the 
Infor.MO system for multiple fatal accidents draw 
attention to organizational factors, particularly the 
need for adequate training for workers and for the 
organization of work areas, not to mention appro-
priate training for complex work activities and the 
correct use of protective equipment.

These aspects were also highlighted in the recent 
report produced by the Parliamentary Commission 
of Inquiry into working conditions in Italy, exploita-
tion and the protection of health and safety in pub-
lic and private workplaces [21] established in 2023. 
The report, approved in September 2024, concerned 
the work carried out by the Commission in relation 
to the railway accident which occurred in Brandizzo 
in the province of Turin in 2023, where 5 workers 
died during maintenance of the railway tracks.
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Ultimately, reducing workplace accidents re-
quires strengthening the organizational safety cul-
ture and a more participatory relationship between 
workers and the company, starting with the involve-
ment and constant dialogue between all legally re-
quired stakeholders of the company’s prevention  
system.

Identifying workplace prevention measures is 
also facilitated by greater cooperation between the 
relevant institutional bodies and social partners. 
Specifically, this involves implementing a nation-
wide monitoring system for in-depth causal analysis 
of accidents and near misses, timely and coordinated 
emergency response management, and verifying the 
effectiveness of preventive measures.
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Abstract
Background: Coal workers’ pneumoconiosis (CWP) is a parenchymal lung disease resulting from the prolonged in-
halation of coal dust. Coal dust exposure may also lead to a spectrum of airway and parenchymal disorders. This study 
aimed to investigate the clinical characteristics, radiological and functional findings of CWP, as well as the presence 
of interstitial changes and associated risk factors. Methods: Patients with CWP who were admitted to the occupa-
tional diseases clinic of a tertiary hospital between 2017 and 2023 were included. Demographic, radiological, and 
pulmonary functional data were analyzed. High-resolution computed tomography (HRCT) scans were reviewed for 
interstitial lung abnormalities (ILA) and interstitial lung disease (ILD). Factors associated with ILD were assessed 
using logistic regression analysis. Statistical significance was defined as p<0.05. Results: One hundred male patients 
with CWP (mean age, 61.7 ± 11.7 years) were evaluated. Large opacities were present in 37% of cases. Pulmonary 
function testing revealed restrictive impairment in 35% and obstructive impairment in 38% of patients. Compared 
with those working lignite mines, bituminous coal miners exhibited a significantly higher prevalence of large opaci-
ties and lower lung function values. ILAs were identified in 63% of patients, and ILD in 42%. ILD prevalence was 
significantly higher among those with exposure durations exceeding 10 years, working in bituminous coal mines, and 
with predominant small opacities larger than 3 mm. Conclusions: Coal dust exposure is a risk factor not only for 
CWP but also for impaired lung function, ILA, and ILD. Comprehensive surveillance of coal workers is essential for 
early detection and timely management of these conditions.

1. Introduction

Coal workers’ pneumoconiosis (CWP) is a chronic 
parenchymal lung disease caused by prolonged in-
halation of coal dust [1]. The prevalence and severity 
of CWP depend on coal type, dust concentration, 

exposure duration, and the composition of carbon, 
silica, and other minerals [2]. Based on coal rank, 
sub-bituminous coal and lignite are classified as 
“soft coal,” whereas bituminous coal and anthracite 
are considered “hard coal.” Differences in mining 
methods also affect the particle surface area, free 
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radical potential, and silica content of the inhaled 
dust. The characteristic lesion of CWP is the coal 
macule, composed of dust-laden macrophages sur-
rounding respiratory bronchioles, often associated 
with focal emphysema. Fibrotic nodules and pro-
gressive massive fibrosis (PMF) may also develop, 
reflecting more advanced disease [3, 4]. Because 
miners are typically exposed to mixed dusts con-
taining coal, kaolin, mica, and silica, most patients 
also present with mixed-dust fibrosis and silicotic 
nodules. Together with CWP, silicosis, mixed-dust 
pneumoconiosis, coal dust-related diffuse fibrosis 
(DDF), emphysema, and chronic bronchitis, these 
entities constitute the clinical spectrum of coal mine 
dust lung disease (CMDLD) [5].

Diffuse interstitial pulmonary fibrosis may also 
be present in coal miners. Autopsy studies have 
demonstrated DDF in 15-20% of miners [6]. DDF 
is characterized by bridging fibrosis related to mac-
ular, nodular, or PMF lesions of CWP or silicosis, 
typically exhibiting pigmented interstitial septal 
thickening [5, 6]. Moreover, coal dust exposure has 
been associated with chronic interstitial pneumo-
nias, desquamative interstitial pneumonia (DIP), 
and combined pulmonary fibrosis and emphysema 
(CPFE) [7-9]. Despite these observations, data re-
garding the prevalence and determinants of inter-
stitial abnormalities on high-resolution computed 
tomography (HRCT) in CWP remain limited.

This study aimed to evaluate the clinical and ra-
diological characteristics of patients with CWP in a 
tertiary occupational diseases clinic, to analyze pul-
monary function findings, and to investigate inter-
stitial abnormalities on HRCT and their associated 
risk factors.

2. Methods

2.1. Study Population

This retrospective, cross-sectional study was ap-
proved by the Ethics Committee of Ankara Atatürk 
Sanatorium Training and Research Hospital (Dated 
12 July 2023 and numbered 2012-KAEK-15/2749). 
Patients diagnosed with CWP in the occupational 
diseases outpatient and inpatient clinics between 
January 2017 and January 2023 were screened. Those 

with available HRCT scans in the hospital informa-
tion system were included. Patients with suspected 
interstitial lung diseases (ILDs) due to other causes 
(e.g., DIP, RB-ILD, hypersensitivity pneumonitis) 
were evaluated using laboratory and pathological 
findings; those with alternative ILD diagnoses were 
excluded. Demographic data, smoking status, oc-
cupational history, pulmonary function test (PFT) 
results, chest radiographs, and HRCT scans were 
obtained from patient files and hospital records.

2.2. Chest Radiography Assessment

Chest radiographs were evaluated according to 
the International Labour Organization (ILO) clas-
sification system for pneumoconiosis [10]. Small 
opacities <1 cm were classified as irregular (s, t, u) 
or rounded (p, q, r) based on shape, and graded into 
categories 1, 2, or 3 according to profusion. Large 
opacities ≥1 cm were considered PMF and clas-
sified as A, B, or C. Patients with PMF were cat-
egorized as having complicated pneumoconiosis, 
whereas those without PMF were categorized as 
having simple pneumoconiosis. Radiographs were 
independently assessed by three certified ILO read-
ers (all pulmonologist and occupational medicine 
specialists). In cases of disagreement, consensus was 
reached through joint review.

2.3. Pulmonary Function Testing

Pulmonary function testing was performed by 
experienced technicians in accordance with the 
American Thoracic Society / European Respiratory 
Society (ATS/ERS) standards. Spirometry results 
were expressed as percentages of predicted values. 
An FEV1/FVC ratio <0.7 was defined as obstruc-
tive impairment [11], while an FEV1/FVC ratio 
≥0.7 with FVC <80% predicted was defined as re-
strictive impairment [12]. Patients with both ob-
struction and reduced FVC were classified as having 
mixed impairment.

2.4. HRCT Imaging and Evaluation

Thin-section CT images with a slice thickness 
of 1 mm, obtained using a 128-slice multidetector 
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Philips Ingenuity CT scanner, were evaluated with 
a bone reconstruction algorithm in the lung win-
dow settings (window width: 1500, window level: 
–600) by a radiologist with 30 years of experience 
in thoracic radiology. HRCT patterns were inter-
preted using standardized descriptors for occupa-
tional and environmental lung diseases, consistent 
with the International Classification of HRCT 
for Occupational and Environmental Respiratory  
Diseases [13].

2.5. Assessment of Interstitial Abnormalities

In addition to CWP-specific findings, interstitial 
lung abnormalities (ILA) and ILD were assessed 
according to the 2025 ATS Clinical Statement (14). 
Bilateral, nondependent ground-glass opacities, re-
ticular abnormalities, architectural distortion, trac-
tion bronchiectasis, and/or honeycombing involving 
>5% of a lung zone were considered ILA. Consist-
ent with the ATS definition of ILD in individuals 
with ILA, a diagnosis of ILD required the presence 
of at least one additional criterion beyond HRCT 
abnormalities. These criteria included: respiratory 
symptoms attributable to ILD (dyspnea and/or 
cough); objective physiological impairment on pul-
monary function testing, defined as reduced FVC 
and/or DLCO (<80% of predicted); radiological 
progression on serial chest CT; or pathological evi-
dence of fibrotic ILD. Nodular and macular CWP-
related lesions were not classified as ILA/ILD.

2.6. Statistical Analysis

All statistical analyses were performed using IBM 
SPSS Statistics for Windows, version 22.0 (IBM 
Corp., Armonk, NY, USA). Categorical variables 
were presented as counts and percentages, whereas 
continuous variables were expressed as medians 
with interquartile ranges (IQR). The chi-square or 
Fisher’s exact tests were used for comparisons of 
categorical variables, and the Mann–Whitney U or 
Kruskal–Wallis tests were used for continuous vari-
ables, as appropriate. Univariate logistic regression 
analyses were conducted to assess the associations 
between independent variables and ILD. Variables 
with a p-value <0.20 in the univariate analysis were 

considered potential candidates and subsequently 
included in the multivariate logistic regression 
model. Before multivariate analysis, correlations 
among independent variables were examined us-
ing a correlation matrix. To avoid multicollinearity 
and ensure model stability, variables with a pairwise 
correlation coefficient (r) greater than 0.6 were con-
sidered highly correlated. In such cases, the vari-
able deemed less clinically relevant or statistically 
significant was excluded from the final model. The 
results of logistic regression analyses were expressed 
as odds ratios (ORs) with 95% confidence intervals 
(CIs). A p-value <0.05 was considered statistically 
significant.

3. Results

Between January 2017 and January 2023, 130 pa-
tients were diagnosed with CWP, of whom 100 with 
available HRCT scans were included in the analy-
ses. All patients were male, with a mean age of 61.7 
± 11.7 years. Sixty-seven had worked in bituminous 
coal mines and 33 in lignite coal mines. Comorbidi-
ties other than pneumoconiosis were present in 67 
patients. COPD was the most common comorbid-
ity (n=46), followed by hypertension (n=11) and 
malignancy (n=10). Of those with malignancy, five 
had lung cancer. Other descriptive findings are sum-
marized in Table 1.

The presence of PMF was about three times more 
common in bituminous miners than in lignite min-
ers (p=0.025; OR=3.012; 95% CI: 1.149–7.893). 
Mean exposure duration was 20.5 ± 6.6 years in pa-
tients with complicated pneumoconiosis and 19.4 
± 6.5 years in those with simple pneumoconiosis. 
Among PMF patients, 3 (8.1%) had ≤10 years of 
exposure, 10 (27%) had 11–20 years, and 24 (64.9%) 
had >20 years. Exposure duration was significantly 
linked to PMF development (p=0.031; OR=1.077; 
95% CI: 1.007–1.152). Age and smoking were not 
significantly associated.

Pulmonary tests showed obstruction in 38 (38%) 
patients and restriction in 35 (35%). Of those with 
obstruction, 12 (31.6%) had pure obstruction, and 
26 (68.4%) had mixed impairment. No significant 
difference in obstruction or restriction prevalence 
between smokers and non-smokers (p=0.394 and 
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were significantly lower in bituminous coal miners 
compared with lignite miners (Table 2). No significant 
differences in pulmonary function parameters were 
observed between patients with and without a history 
of smoking (Table 2). Pulmonary function parameters 
and other related factors are presented in Table 2.

p=0.980). Obstruction was more common in com-
plicated pneumoconiosis (p=0.035), but restriction 
prevalence was similar (p=0.680). The distribution 
of respiratory abnormalities is shown in Figure 1.

When factors associated with pulmonary function 
were analyzed, FEV1, FVC, and FEV1/FVC values 

Table 1. Descriptive Findings.
n %

Age (mean ± SD) 61.66±11.66
Smoking (Pack-Years) (mean ± SD) 26.72±17.76
Smoking Status Non-Smoker 23 23

Current or Former Smoker 77 77
Exposure Duration (Years) (mean ± SD) 20.50±6.63
Coal Type Bituminous 67 67

Lignite 33 33
Predominant Small Opacity p 20 20

q 39 39
r 16 16
s 12 12
t 13 13
u 0 0

Predominant Opacity Shape Irregular 25 25
Rounded 75 75

Small Opacity Profusion Category 1 31 31
Category 2 60 60
Category 3 9 9

Large Opacities Absent 63 63
Present 37 37

Size of Large Opacities A 22 59
B 12 32
C 3 8.1

FEV1 (mean ± SD) 72.47±20.13
FVC (mean ± SD) 75.11±20.01
FEV1/FVC (mean ± SD) 73.80±12.42
Comorbidity Absent 33 33

Present 67 67
Respiratory Symptoms Absent 39 39

Present 61 61

FEV1: Forced Expiratory Volume in 1 second, FVC: Forced Vital Capacity.
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Total

n=100  

Simple 
Pneumoconisis

n=63 (63%)

Obstruction

n=19 (30.2%) 

Pure 
obstruction

n=6 (31.6%)

Mixed airway 
limitation

n=13 (68.4%)

Restriction

n=23 (36.5%) 

Normal

n=21 (33.3%) 

Complicated

Pneumoconiosis

n=37 (37%)

Obstruction

n=19 (51.4%) 

Pure 
obstruction

n=6 (31.6%)

Mixed airway 
limitation

n=13 (68.4%) 

Restriction

n=12 (32.4%) 

Normal

n=6 (16.2%) 

Figure 1. Distribution of respiratory dysfunction in simple and complicated pneumoconiosis.

When HRCT findings of patients diagnosed 
with CWP were evaluated, the most common find-
ings were nodules, lymph node enlargement, and 
interlobular septal thickening. All HRCT findings 
observed in the cases are presented in Table 3.

Among patients with nodules, 66 had a peri-
bronchovascular distribution, 8 had a centrilobular 
distribution, and 24 had a nonspecific distribution. 
Among patients with emphysema, 37 had parasep-
tal, 7 had bullous, 10 had centrilobular, and 3 had 
panacinar emphysema. The prevalence of emphy-
sema was 47.8% in never-smokers and 59.7% in 
smokers; however, the difference between the groups 
was not statistically significant (p=0.311).

ILA were identified in 63 (63%) cases. Of these, 
42 patients (66.7%) also exhibited features consist-
ent with ILD. Patients with ILD were significantly 
older than those without ILD (p=0.034), whereas 
there was no statistically significant difference in ex-
posure duration between the two groups (p=0.341). 
Figure 2 shows HRCT images of a patient with 
ILD.

Univariate logistic regression analyses revealed 
that the risk of ILD was approximately 3.2-fold 
higher in workers employed in bituminous coal 
mines, 5.2-fold higher in those with more than 
10 years of exposure, and 4.8-fold higher in those 

with small opacities >3 mm in diameter (Table 4). 
Factors associated with ILD and the results of the 
univariate logistic regression analysis are presented 
in Table 4. In the multivariate logistic regression 
analysis including exposure duration, coal type, and 
small opacity size, only the presence of small opaci-
ties >3 mm remained independently associated with 
ILD. Patients with predominant small opacities  
>3 mm had a 4.66-fold increased risk of ILD 
(p=0.026; OR=4.661; 95%CI: 1.202–18.078).

The presence of ILA or ILD was significantly 
associated with a higher prevalence of respiratory 
symptoms (ILA: p=0.001; OR=6.943; 95%CI: 
2.099–22.964; ILD: p=0.001; OR=34.286; 95%CI: 
4.276–274.930). While no significant differences in 
pulmonary function parameters were observed be-
tween patients with and without ILA, those with 
ILD had significantly lower FEV1 and FVC values 
(both p<0.001).

4. Discussion

Coal dust exposure, due to its complex compo-
sition, is a major cause of respiratory disease. All 
respiratory disorders potentially associated with 
coal dust are collectively termed Coal Mine Dust 
Lung Disease (CMDLD) [5]. In CWP, a principal 
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Table 3. HRCT findings in patients with coal workers’ pneumoconiosis.
HRCT findings n (%) HRCT Findings n (%)
Nodule 98 (98) Consolidation 64 (64)
Lymph Node Enlargement 98 (98) Emphysema 57 (57)
Interlobar Septal Thickening 98 (98) Distortion 49 (49)
Pleural Retraction 96 (96) Mosaic Attenuation 40 (40)
Pleural Thickening 95 (95) Mass Lesion 37 (37)
Reticulation 87 (87) Lymph Node Calcification 35 (35)
Atelectasis 77 (77) Cyst 20 (20)
Ground-Glass Opacities 73 (73) Subpleural Lines 11 (11)
Interlobular Septal Thickening 72 (72) Air Bronchogram 8 (8)
Bronchiectasis 69 (69) Honeycombing 3 (3)

Table 2. Factors associated with pulmonary function parameters.
FEV1

Median (IQR) p*
FVC

Median (IQR) p*
FEV1/FVC

Median (IQR) p*
Coal Type Bituminous 73 (55-83) 0.020 73 (63-86) 0.049 74 (61-79) 0.043

Lignite 82 (68-94) 81 (72-93) 79 (70-85)
Smoking  
Status

Never-smoker 77 (62-87) 0.734 78 (57-86) 0.756 77 (69-87) 0.231
Current/ 
ex smoker

73 (59-87) 74 (64-90) 74 (67-80)

Size of Small 
Opacity

<1.5 mm 79.5 (69.5-93.5) 0.001 79.5 (72.5-87.5) 0.024 79 (71.5-84.5) 0.027
1.5-3 mm 75 (58-87.5) 77.5 (62.5-92) 74 (67-81)
>3 mm 58 (43.5-69.5) 64 (56.5-71.5) 69 (59-76)

Predominant 
Small 
Opacities

 Irregular 73 (55-83) 0.360 74 (61-80) 0.093 78 (64-84) 0.561
Rounded 75 (60-88) 78 (65-90) 74 (67-81)

Small Opacity 
Profusion

Category 1 80 (64-91) 0.391 77 (66-90) 0.842 79 (70-87) 0.008
Category 2 75 (58.5-86.5) 74.5 (62-87.5) 74.5 (69-80)
Category 3 72 (58-72) 75 (67-100) 64 (60-69)

Large 
Opacities

Absent 78 (66-94) 0.001 78 (67-94) 0.064 78 (70-84) 0.016
Present 66 (53-79) 70 (59-84) 70 (60-77)

Size of Large 
Opacities

A 71.5 (58-80) 0.019 76.5 (63-87) 0.026 73.5 (64-80) 0.429
B 59 (51.5-73.5) 69 (60.5-79.5) 70.5 (59-76)
C 36 (28-40) 44 (31-50) 61 (60-69)

Pulmonary 
Disease

Absent 83.5 (73-93) <0.001 80.5 (74-93) 0.001 80 (74-86) <0.001
Present 62.5 (47-75) 66.5 (54-84) 68.5 (59-76)

Respiratory 
Symptoms

Absent 87 (80-94) <0.001 86 (74-97) 0.002 80 (74-84) 0.050
Present 71 (55-79) 72 (57-84) 73 (64-79)

FEV1: Forced Expiratory Volume in 1 second, FVC: Forced Vital Capacity *Mann-Whitney U test.
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Figure 2. HRCT in a 70-year-old male who worked in a bituminous coal mine for 20 years and had a 
20 pack-year smoking history (ex-smoker), showing predominant upper-lobe emphysematous changes 
and peripheral/subpleural reticular and reticulonodular interstitial opacities in the lower lobes, with 
interlobular septal and peribronchial thickening, mild bronchiectasis, focal honeycombing, and associated 
ground-glass opacities and millimetric nodules.

Table 4. Factors associated with interstitial lung disease (ILD) in patients with coal workers’ pneumoconiosis:  
univariate logistic regression analysis.

ILD

P OR (95%CI)
Absent n=58 Present n=42

n (%) n (%)
Age (mean ± SD) 59.2±13.0 65.1±8.5 0.014 1.049 (1.010-1.090)
Coal Type Lignite 25 (43.1) 8 (19.0) 0.014 1 (Ref )

Bituminous 33 (56.9) 34 (81.0) 3.220 (1.271-8.153)
Exposure Duration <10 years 12 (20.7) 2(4.8) 0.037 1 (Ref )

≥10 years 46 (79.3) 40 (95.2) 5.217 (1.101-24.724)
Smoking Never-smoker 17 (29.3) 6 (14.3) 0.084 1 (Ref )

Current/former 
Smoker

41 (70.7) 36 (85.7) 2.488 (0.886-6.988)

Size of Small Opacity <1,5 mm 22 (37.9) 10 (23.8) - 1 (Ref )
1,5-3 mm 31 (53.4) 21 (50) 0.401 1.490 (0.588-3.779)
>3 mm 5 (8.6) 11 (26.2) 0.017 4.840 (1.326-17.666)

Predominant Small 
Opacities

Rounded 46 (79.3) 29 (69.0) 0.245 1 (Ref )
Irregular 12 (20.7) 13 (31.0) 1.718 (0.690-4.277)

Table 4 (Continued)
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In the current study, radiological assessment re-
vealed ILA in 63% and ILD in 42% of cases, rates 
higher than those previously reported. This likely 
reflects the inclusion of only patients already diag-
nosed with CWP, who by definition have had suf-
ficiently intense and prolonged exposure to develop 
pneumoconiosis and, consequently, pulmonary fi-
brosis at higher-than-expected frequencies. The 
observation that ILD was approximately 5.2-fold 
more frequent in patients with ≥10 years of exposure 
supports this hypothesis. However, the retrospective 
design, lack of key physiological parameters (such as 
DLCO), and absence of histopathological data may 
have contributed to overestimation of ILD.

Recent studies have demonstrated a strong asso-
ciation between cumulative coal dust exposure and 
radiological ILD patterns [19], and an association 
between radiological ILD and mortality [19]. An-
other study of 45 coal miners with interstitial fibrosis 
showed that mean survival was significantly longer 
than in patients with non-occupational interstitial 
fibrosis [20]. Overall, interstitial fibrosis is not rare 
among coal miners and may follow a distinct clini-
cal course compared with non-occupational forms. 
Thus, recognizing ILA and ILD in this population 
is critical: failure to obtain a detailed occupational 
history can lead to misdiagnosis and inappropriate 
management. Comprehensive occupational expo-
sure assessment in patients with ILA or ILD may 
prevent unnecessary interventions and facilitate 
timely exposure cessation, potentially reducing dis-
ease progression.

In this study, 73% of patients had pulmonary 
function test abnormalities, classified as obstructive, 

component of CMDLD, assessing coal type, co-
existing pulmonary disease, and HRCT findings 
is key to clarifying its clinical, functional, and ra-
diological features. In the present study, patients 
working in bituminous coal mines had more severe 
radiological and functional impairment than those 
in lignite mines. HRCT showed that most patients 
had concomitant ILA and ILD. ILD was signifi-
cantly associated with age, exposure duration, coal 
type, and small opacity size. Pulmonary function 
impairment occurred independently of smoking 
status and appeared with obstructive, restrictive, or 
mixed patterns.

CWP is an occupational lung disease in which 
radiological findings are usually dominated by small 
nodular opacities resembling silicosis. However, sev-
eral studies have reported that coal dust exposure 
may also be associated with bilateral reticular ab-
normalities and, occasionally, honeycombing, a pat-
tern defined as DDF and frequently seen in these 
patients [6]. Although DDF is a well-established 
pathological entity, its radiological features can 
overlap with those of other interstitial lung diseases. 
Bilateral reticular abnormalities, honeycombing, 
and traction bronchiectasis may be present and can 
mimic the usual interstitial pneumonia (UIP) pat-
tern and idiopathic pulmonary fibrosis (IPF) [5]. 
Prior work has also shown that other interstitial lung 
diseases, including DIP, chronic interstitial pneu-
monia, and CPFA, may be associated with coal dust 
exposure [7-9]. Earlier series reported diffuse pul-
monary fibrosis in 10-40% of coal miners [15-18],  
generally confirmed histopathologically and includ-
ing all miners with coal dust exposure.

ILD

P OR (95%CI)
Absent n=58 Present n=42

n (%) n (%)
Small Opacity 
Profusion

Category 1 19 (32.8) 12 (28.6) - 1 (Ref )
Category 2 35 (60.3) 25 (59.5) 0.786 1.131 (0.466-2.744)
Category 3 4 (6.9) 5 (11.9) 0.372 1.979 (0.441-8.873)

PMF Absent 41 (70.7) 22 (52.4) 0.063 1 (Ref )
Present 17 (29.3) 20 (47.6) 2.193 (0.958-5.020)

OR: Odds Ratio; CI: Confidence Interval; ILD: Interstitial lung disease; PMF: progressive massive fibrosis.
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and higher pneumoconiosis prevalence in mines ex-
tracting higher-rank coal [31]. Other studies simi-
larly reported that exposure to higher-rank coal is 
associated with increased CWP incidence [32, 33]. 
In a 37-year follow-up study by Graber et al., the 
exposure-response relationship between cumula-
tive coal dust exposure and pneumoconiosis-related 
mortality varied by region, with the strongest asso-
ciations where coal rank was highest [34].

Consistent with this, in the present study PMF 
was approximately threefold more frequent among 
CWP cases working in bituminous than in lignite 
mines, and FEV₁, FVC, and FEV₁/FVC values were 
significantly lower, independent of smoking status. 
ILD was also about 3.2-fold more common in bi-
tuminous coal miners. These differences in func-
tional impairment and disease severity cannot be 
attributed solely to geological factors: exposure in-
tensity, particle characteristics, production methods, 
and concomitant crystalline silica exposure are also 
important. Bituminous coal is predominantly ex-
tracted through underground mining, where gallery 
excavation and blasting generate large quantities of 
fine particulate matter and effective dilution is dif-
ficult. This results in prolonged exposure to high 
concentrations of respirable dust. In contrast, lignite 
is often produced in open-pit mines, where natu-
ral ventilation and lower mechanical fragmentation 
energy generally yield lower alveolar dust concen-
trations [35]. Thus, cumulative dust exposure tends 
to be higher in bituminous mines.

Workers exposed to higher-rank coal dust, es-
pecially in underground mines, should therefore be 
regarded as at increased risk not only for the devel-
opment and severity of pneumoconiosis but also for 
pneumoconiosis-related morbidity and mortality. 
Occupational health and safety strategies and health 
surveillance programs should prioritize these high-
risk groups.

4.1. Strengths of the Study

This study was conducted at one of the leading 
national reference centers for pneumoconiosis, al-
lowing evaluation of patients from multiple regions 
and different coal mine types. Interstitial findings 

restrictive, or mixed patterns. Obstruction or re-
striction was not significantly related to smoking 
status, but obstruction was significantly more fre-
quent among patients with PMF. Cumulative dust 
exposure leads to reductions in FEV₁, FVC, and the 
FEV₁/FVC ratio and to emphysema, even in never-
smokers. Consequently, differences in pulmonary 
function between smokers and non-smokers tend 
to diminish or disappear. In PMF, pulmonary func-
tion impairment is more pronounced, as exposure 
is usually longer and more intense. Paracicatricial 
emphysema in PMF further accentuates obstruc-
tive changes. Previous studies have consistently 
shown a dose-response relationship between res-
pirable coal dust exposure and pulmonary func-
tion parameters [4, 21, 22]. In a study of 7,139 coal 
miners, cumulative coal dust exposure was inversely 
correlated with FEV₁, FVC, and FEV₁/FVC [23]. 
Similarly, in former miners, abnormal spirometric 
findings were found in 56.6% of workers, regardless 
of pneumoconiosis status, and both the frequency 
and severity of abnormalities increased with disease 
category [24].

Multiple studies indicate that coal dust expo-
sure is an independent risk factor for obstructive 
lung disease, chronic bronchitis, and emphysema 
[23, 25-27]. In an autopsy study of 722 individuals, 
the emphysema severity index was sixfold higher in 
never-smoking coal miners than in never-smokers 
without mining exposure [28]. Smoking and coal 
dust exposure had similar effects in predicting em-
physema severity, and emphysema was reported in 
one-third of never-smoking coal miners [19]. In 
the current study, emphysema was radiologically 
detected in 57% of all cases and in 47.8% of never-
smokers. The absence of a significant difference in 
emphysema prevalence between smokers and non-
smokers further supports coal dust exposure as an 
independent risk factor for emphysema.

Coal types differ markedly in rank, moisture 
content, mineral composition, and physicochemical 
properties [2, 29]. Owing to its higher carbon con-
tent, bituminous coal is considered more cytotoxic 
and pathogenic than lignite [30]. In the study by 
Reisner and Robock, workers exposed to dust of sim-
ilar mass concentrations showed greater cytotoxicity 
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function decline. To better protect workers and pre-
vent harmful exposure, large-scale prospective stud-
ies exploring the relationship between coal rank and 
disease severity are needed.

Given the high prevalence of ILA and ILD in 
CWP, obtaining a detailed occupational history in 
all patients presenting with interstitial lung disease 
is essential. Such comprehensive assessment, to-
gether with timely exposure cessation when indi-
cated, may help reduce the morbidity and mortality 
associated with these conditions.
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Abstract
Background: Fatigue and stress are common challenges for intensive care nurses. Reducing stress and fatigue among 
nurses is important for improving nurse and patient safety. Breathing exercises are a nonpharmacological approach 
that effectively reduces fatigue and stress. This study aimed to evaluate the effects of breathing exercises on fatigue and 
stress among intensive care nurses. Methods: The research was conducted as a randomized controlled trial between 
October and December 2024. The study included 66 nurses, 33 in the control group and 33 in the intervention group. 
Nurses in the intervention group performed breathing exercises lasting approximately 20 minutes for 30 days. No 
intervention was performed in the control group. Data were collected using the Piper Fatigue Scale and Perceived 
Stress Scale at the beginning of the study, on the 15th day, and on the 30th day. Results: A statistically significant 
difference was identified in the group effect, time effect, and group-time interaction for the mean scores on the Piper 
Fatigue Scale and the Perceived Stress Scale (p<0.01). The fatigue and stress scores of nurses in the intervention group 
decreased on the 15th and 30th days. Conclusions: This study shows that breathing exercises positively affect fatigue 
and stress among intensive care nurses. The breathing exercise protocol can be applied to intensive care nurses, and 
these exercises can be taught to nurses through in-service training.

1. Introduction

Intensive care units (ICUs) are specialized units 
where patients with organ dysfunction or at risk 
of developing organ dysfunction are hospitalized, 
where complex technologies are used, and where pa-
tients are continuously monitored and followed up 
[1]. A multidisciplinary team approach is required 
to monitor and follow up patients in ICUs. Nurses, 
an indispensable part of this team, have essential 
roles and responsibilities [1, 2], such as diagnosing 

patients, providing advanced, high-quality care, 
continuously monitoring vital functions, adminis-
tering treatments, and establishing therapeutic rela-
tionships with patients and their relatives [3].

ICU nurses may experience fatigue due to an in-
tense workload, shift work, insomnia, environmental 
factors, prolonged standing, and physically demand-
ing tasks (such as patient transfers and positioning) 
[4, 5]. Fatigue has adverse effects on cognition, psy-
chology, and biology. Individuals may experience ir-
ritability, difficulty concentrating, reduced physical 
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capacity, communication difficulties, and decreased 
perception and reaction time due to fatigue, a health 
problem [6]. Fatigue adversely impacts nurses’ well-
being, patient safety, and care. It creates serious 
problems for patient and employee safety, including 
an increased likelihood of errors and an increased 
risk of injury [7].

Fatigue and its adverse effects constitute a major 
source of stress for nurses. The literature reports a 
positive relationship between stress and fatigue [8]. 
Because of the nature of intensive care, ICU nurses 
follow critically ill patients and witness longer 
hospitalizations and higher mortality rates more 
frequently than nurses in other units. Numerous 
factors, such as sudden deterioration of patient con-
dition, rapid decision-making, an intense workload, 
and the use of complex technological equipment, are 
also sources of stress for nurses [2]. Increased fatigue 
and stress lead to adverse effects such as joint and 
muscle pain, insomnia, anxiety, depression, burnout, 
and communication problems among nurses [8-12].

Non-pharmacological interventions have re-
cently gained importance for reducing stress and 
fatigue among nurses. Many alternative medical 
treatments, such as massage, progressive relaxa-
tion exercises, acupressure, and music therapy, have 
been reported to reduce stress and fatigue in nurses  
[2, 13-15]. Breathing exercises are also among the 
non-pharmacological methods that effectively reduce  
fatigue and stress [16, 17]. Deep, controlled breath-
ing exercises activate the parasympathetic nervous 
system, thereby lowering stress hormone levels, such 
as cortisol [18]. Breathing exercises are easy to ap-
ply, cost-free, and effective methods that promote 
relaxation of the mind and body [19]. In this re-
spect, three-step breathing and 4-7-8 breathing 
techniques are among those that effectively reduce 
fatigue and stress [17, 20]. The three-step breath-
ing exercise is also known as full yogic breathing 
(Dirgha). The aim of this breathing technique is to 
take deep breaths. The steps of deep breathing are 
performed to the abdomen, chest, and collarbone, 
respectively [21, 22]. In the 4-7-8 breathing tech-
nique, an individual inhales through the nose by 
counting to 4, holds breath by counting to 7, and 
exhales through the mouth by counting to 8. It is an 
easy-to-apply and simple breathing technique that 

quite effectively reduces stress, fatigue, and restless-
ness [17].

No study in the literature has examined the ef-
fects of breathing exercises on fatigue and stress 
among ICU nurses. Research indicates that breath-
ing exercises are most often used in conjunction 
with other nonpharmacological interventions, sug-
gesting that they reduce stress and fatigue among 
ICU nurses [13, 15]. The literature reports that the 
breathing techniques used in this study have been 
applied to adults and patients [16, 20-21, 23]; how-
ever, no studies have investigated their application 
to nurses or the working population. ICU nurses 
experience high levels of stress and fatigue, which 
have significant effects on both patients and nurses. 
In light of this information, the current study was 
conducted to assess the effects of breathing exercises 
on fatigue and stress among ICU nurses.

The research hypotheses propose that imple-
menting breathing exercises for nurses will lead to 
measurable improvements in well‑being: specifi-
cally, it is expected that nurses who participate in the 
breathing‑exercise protocol will report lower levels 
of fatigue compared with those in the control group, 
and, concurrently, will exhibit reduced perceived 
stress relative to their untreated colleagues.

2. Methods

2.1. Design

The current research was conducted as a rand-
omized controlled experimental trial in the intensive 
care units of a state hospital in the Mediterranean 
region of Türkiye between October and December 
2024. The CONSORT checklist [24] was followed 
when reporting the study. The study was registered 
on Clinicaltrials.gov (NCT06642376).

2.2. Inclusion and Exclusion Criteria

The study included nurses with at least 6 months 
of experience in intensive care units who volun-
teered to participate in the research and did not use 
complementary therapies, such as breathing exer-
cises, acupuncture, massage therapy, relaxation tech-
niques, and yoga, that could affect perceived stress 
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and fatigue during the study. Nurses who had a con-
dition that prevented nasal breathing and the use 
of breathing exercises, were receiving psychotherapy, 
had a mean PFS total score of 3 or lower, were preg-
nant, or had physical or mental health problems that 
impaired communication were not included in the 
study. Figure 1 displays the CONSORT flow chart 
for the nurses included in the study.

2.3. Setting and Sample

The hospital where the research was conducted 
has 6 ICUs (internal medicine, neurology, coronary, 
anesthesia and reanimation, surgery, and cardiovas-
cular surgery) that provide care and treatment to 
adult patients. One hundred and fifty nurses work 
in the intensive care units. Similar studies have 
shown that the effect size of breathing exercises 
across different groups is large [16, 25]. The program 
G*Power 3.1.9.7 was used to calculate the sample 
size. With an effect size of 0.80, the sample size was 

26 per group, with 80% power and a 5% margin of 
error. No sample selection was performed in our 
study, and we attempted to reach the entire popu-
lation. The research was completed with 66 nurses 
who met the inclusion criteria (control group: 33; 
intervention group: 33) (Figure 1).

2.4. Randomization and Blinding

A simple randomization method was used to ensure 
an equal and random distribution of nurses between 
the two groups. Nurses who met the inclusion criteria 
were listed in numerical order and numbered from 1 
to 66. The numbers to be selected before randomiza-
tion were determined by a lottery method to form the 
intervention group. Subsequently, 33 numbers were 
selected from the 66 using the website https://www.
randomizer.org/. The remaining 33 nurses formed the 
control group. An independent statistician analyzed 
the research data, and the groups were anonymized 
by referring to them only by numbers.

Figure 1. CONSORT flow diagram of the study.
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reliability study in Türkiye. The scale comprises 14 
items. Additionally, there are 10-item and 4-item 
short versions of the scale, along with a 14-item ver-
sion. The current study employed the 14-item ver-
sion. The possible score on the scale ranges from 14 
to 56. A high score indicates that perceived stress 
increases. Cronbach’s alpha reliability coefficient was 
0.84 in the scale’s validity and reliability study [32]. 
The scale is used to assess perceived stress among 
ICU nurses [15, 26]. In this study, Cronbach’s alpha 
reliability coefficient was 0.86 for the pre-test, 0.85 
for the mid-test, and 0.94 for the post-test.

2.6. Breathing Exercises Applied

The first researcher holds an internationally 
valid and university-approved certificate in breath-
ing techniques. The three-step and 4-7-8 breath-
ing techniques were applied to nurses in our study. 
Expert opinions were obtained from a breathing 
techniques trainer of trainers and a faculty mem-
ber with a certificate in breathing techniques re-
garding the applicability of the breathing exercise 
protocol. The application protocol for the breath-
ing techniques was finalized in line with the ex-
pert opinions received. The application steps of the 
breathing techniques are presented in the breath-
ing techniques application protocol (Supplemental 
Material S1).

2.7. Intervention and Data Collection

Nurses in the intervention and control groups 
were informed about the study’s purpose and im-
plementation. Written and verbal consent was 
obtained from the nurses who confirmed their will-
ingness to participate in the study. Pre-test data for 
the intervention and control groups were collected 
in person from nurses using data collection forms 
(Nurse Demographic Information Form, PFS, and 
PSS). It took 10-15 minutes to complete the data 
collection forms. On the 15th day of the interven-
tion, face-to-face interviews were conducted with 
nurses, and mid-test forms were completed using 
the PFS and PSS. Post-test data were collected by 
conducting face-to-face interviews with nurses on 
the 30th day of the study.

2.5. Data Vollection Tools

2.5.1 Nurse Demographic Information Form

It is a questionnaire consisting of 16 questions 
(age, sex, education level, marital status, unit of em-
ployment, and duration) prepared by the researchers 
based on the literature [2, 10, 26].

2.5.2 Piper Fatigue Scale

The scale, developed in 1987 by Piper et al., as-
sesses subjective fatigue using the “integrated 
fatigue model” [27]. Can et al. conducted a valid-
ity and reliability study of this scale in Türkiye in 
2004. The scale comprises 22 items, each rated on 
a 0-10-point Visual Analog Scale. It also includes 
five items that allow expression of thoughts about 
fatigue not included in the scoring. The scale con-
sists of four subscales: behavior, affect, sensory, and  
cognitive/psychological. The behavior subscale as-
sesses the impact of fatigue on daily life and its se-
verity. The affect subscale evaluates the emotional 
meaning attributed to fatigue. The sensory sub-
scale assesses the mental, physical, and emotional 
symptoms of fatigue. The cognitive/psychological 
subscale evaluates the extent to which fatigue af-
fects cognitive functions and mental state. The total 
score and the subscale scores range from 0 to 10.  
A high score on the scale indicates increased fatigue  
[27, 28]. On the scale, a score of 0 indicates “no fa-
tigue”, a score of 1-3 indicates “mild fatigue”, a score 
of 4-6 indicates “moderate fatigue”, and a score of 
7-10 indicates “severe fatigue”. The scale is used 
in studies assessing fatigue among ICU healthcare 
professionals [29, 30]. In the validity and reliability 
study for the scale, Cronbac’s alpha reliability coef-
ficient was found to be between 0.92 and 0.96 for 
the subscales and 0.97 for the overall scale [28]. In 
the present study, the scale’s Cronbach’s alpha reli-
ability coefficient was lowest (0.86) for the pre-test, 
mid-test, and post-test.

2.5.3 Perceived Stress Scale

Cohen et al. developed the scale in question in 
1983 [31]. Eskin et al. performed their validity and 
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design ANOVA test, the homogeneity of variances 
was assessed using Levene’s test, and it was found 
that the assumption of homogeneity of variances was 
met (p values range from 0.149 to 0.951). The ho-
mogeneity of the covariance matrices was examined 
using Box’s M test, and it was found that the assump-
tion was met (p values range from 0.167 to 0.851). The 
sphericity assumption for the repeated-measures factor 
was tested using Mauchly’s test, and it was met (p values 
range from 0.081 to 0.343). The Bonferroni test was 
used to determine in which group and at which time the 
group-time interaction differed. Partial eta squared (η2) 
was used to assess the effect size [34].

2.9. Ethical Considerations

Approval was obtained from the university’s non-
interventional research ethics committee (decision 
number 2024/11-02, dated July 22, 2024) and from 
the institution where the research would be con-
ducted. Nurses were informed about the study, and 
their written and verbal consent was obtained. The 
current study was conducted in accordance with the 
principles of the Declaration of Helsinki and pub-
lication ethics. No adverse events related to the re-
search were observed.

3. Results

There were no differences between the control 
and intervention groups, which were initially ho-
mogeneous. Furthermore, 45.5% of nurses in the 
control group and 51.5% of those in the interven-
tion group reported experiencing fatigue for a year 
or more (Table 1).

A statistically significant difference was observed 
between the group effect, time effect, and group-
time interaction on the PFS mean scores and the 
PSS total mean scores (p < 0.001; Table 2).

The comparison test found no statistically sig-
nificant differences between the groups in the PFS 
total score (p = 0.671), PFS subscales behavioral 
fatigue (p = 0.197), affective fatigue (p = 0.760), 
sensory fatigue (p = 0.235), and cognitive fatigue  
(p = 0.155) mean scores before the intervention. On 
the 15th and 30th days, the PFS total score (p < 0.001 
for both) and subscale behavioral fatigue (p = 0.022 

The primary researcher showed nurses in the 
intervention group how to perform the breathing 
exercises face-to-face at the beginning of the study. 
Nurses were taught the correct techniques by prac-
ticing breathing exercises through demonstrations. 
Then, to implement the breathing exercises tech-
nique, a WhatsApp group was created for nurses in 
the intervention group and the researchers. A video 
recording of the researcher’s breathing techniques 
was sent to this group. Since the video duration is 
limited via WhatsApp, this video includes the cor-
rect implementation techniques of the breathing 
exercises. The researcher created an audio recording 
of the breathing exercises (20 minutes), including a 
full session. This audio recording was shared in the 
group. Breathing exercises were performed once a 
day for 30 days. Breathing exercises were performed 
face-to-face with nurses three days a week. Days for 
face-to-face application were arranged according to 
nurses’ shift days. On other days, feedback was re-
ceived from nurses who used WhatsApp to apply 
the breathing exercises and ensure they exercised 
regularly. Nurses in the intervention group were told 
not to share the breathing exercises to avoid affect-
ing nurses in the control group.

Nurses in the control group were placed on a 
waiting list and received no intervention during the 
research process. After the study was completed and 
the final data were collected, the breathing exercise 
protocol was taught to the control group through 
in-person demonstrations. Video and audio record-
ings demonstrating the breathing exercises were 
shared with the control group.

2.8. Data Analysis

IBM SPSS 27 was used to analyze the data. In-
dividuals’ descriptive characteristics were presented 
as numbers, percentages, means, and standard devia-
tions. To compare the study groups with categorical 
variables, Fisher’s exact test was used in 2x2 and rxc ta-
bles [33]. The Shapiro-Wilk test and Q-Q plots were 
used to assess whether the data were normally dis-
tributed. The data were found to be normally distrib-
uted. The two-way mixed-design ANOVA evaluated 
the effects of time, group, and their interaction on the 
repeated measurements. Before the two-way mixed 
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Table 1. Comparison of nurses’ descriptive characteristics (N=66).

Variables
Control Group (n=33) Intervention Group (n=33)

t pMean ± SD Mean ± SD
Age Years (min.-max.) 32.15 ± 4.84 (25.00-48.00) 31.76 ± 5.32 (24.00-47.00) 0.315 0.754
Years as a Nurse-years (min.-max.) 9.67 ± 3.92 (1.00-19.00) 9.18 ± 4.89 (1.00-20.00) 0.445 0.658
Years in the ICU-years (min.-max.) 4.76 ± 3.08 (1.00-12.00) 4.55 ± 3.43 (1.00-14.00) 0.399 0.792
Variables n (%) n (%) p
Gender

0.801Female 21 (63.6) 19 (57.6)
Male 12 (36.4) 14 (42.4)
Marital status

1.000Married 20 (60.6) 19 (57.6)
Single 13 (39.4) 14 (42.4)
Education Level

0.750High School 2 (6.1) 1 (3.0)
Bachelor’s Degree 28 (84.8) 30 (90.9)
Postgraduate 3 (9.1) 2 (6.1)
ICU Worked In

0.767Internal Medicine 13 (39.4) 14 (42.4)
Anesthesiology and Reanimation 10 (30.3) 7 (21.2)
Neurosurgery 4 (12.1) 2 (6.1)
Coronary 2 (6.1) 5 (15.2)
Cardiovascular Surgery 2 (6.1) 2 (6.1)
Surgical 2 (6.1) 3 (9.1)
Work Shift

0.596Day Shift 3 (9.1) 6 (18.2)
Night Shift 22 (66.7) 20 (60.6)
Rotating Day and Night Shifts 8 (24.2) 7 (21.2)
Presence of a Chronic Disease

1.000Yes 1 (3.0) 2 (6.1)
No 32 (97.0) 31 (93.9)
Smoking Status

0.917Current Smoker 11 (33.3) 9 (27.3)
Quit Smoking 2 (6.1) 2 (6.1)
Never Smoked 20 (60.6) 22 (66.7)
Alcohol Consumption

0.479Drinking Alcohol 5 (15.2) 3 (9.1)
Quit 0 (0.0) 2 (6.1)
Never Drunk Alcohol 28 (84.8) 28 (84.8)
Duration of Fatigue

0.4220-6 Months 17 (51.5) 13 (39.4)
7-12 Months 1 (3.0) 3 (9.1)
1 Year Over 15 (45.5) 17 (51.5)
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Figure 2. Changes in mean fatigue and stress scores of the intervention and control groups over time.

for 15th day, p < 0.001 for 30th day), affective fatigue  
(p < 0.001 for both), and sensory fatigue (p < 0.001 
for both) mean scores were lower in the interven-
tion group (Table 2) (Figure 2). Additionally, there 
was no statistically significant difference between 
the PFS total score (p = 1.000 for baseline-15th day,  
p = 0.755 for baseline-30th day, p = 0.086 for 

15th-30th days) and subscale behavioral fatigue  
(p = 1.000 for baseline-15th day, baseline-30th day, 
15th-30th days), affective fatigue (p = 1.000 for base-
line-15th, baseline-30th day, p = 0.240 for 15th-30th 
days), sensory fatigue (p = 1.000 for baseline-15th 
day, baseline-30th day, p = 0.098 for 15th-30th days), 
cognitive fatigue (p = 0.817 for baseline-15th day,  
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This study found that nurses in both groups initially 
experienced moderate fatigue, as measured by the 
PFS. Following the breathing exercises adminis-
tered to the intervention group, nurses’ overall fa-
tigue decreased to mild levels. However, the fatigue 
levels of nurses in the control group, which received 
no intervention, remained moderate. Additionally, 
the breathing exercise intervention had a large ef-
fect on fatigue. Hence, we could not make a direct 
comparison with the current research results. In 
the literature, breathing exercises are included in 
progressive relaxation, music therapy, and mindful-
ness-based non-pharmacological interventions for 
nurses. It was determined that the interventions ap-
plied in these studies reduced fatigue and, similar 
to our research findings, had medium-to-large effect 
sizes [13, 15, 35]. However, breathing exercises ap-
plied to patients effectively reduce fatigue [36, 37]. 
In light of these findings, studies in the literature 
support our research results. Controlled breathing 
helps balance the autonomic nervous system by sup-
pressing excessive sympathetic activity and increas-
ing parasympathetic activity [38]. Inhibition of the 
sympathetic nervous system reduces energy con-
sumption, whereas increased activation of the para-
sympathetic nervous system reduces it. This reduces 
fatigue effectively [39]. In this regard, the present 
study is significant for evaluating the effectiveness 
of breathing exercises in reducing fatigue among 
ICU nurses. It appears that the research protocol ef-
fectively reduces fatigue among nurses.

ICUs are specialized units where patients are 
continuously monitored and receive complex treat-
ments; thus, ICUs can create a stressful work en-
vironment for nurses [2]. Breathing exercises are 
effective non-pharmacological interventions for re-
ducing stress [20]. Given that the PSS score used in 
this study ranges from 14 to 56, nurses had moder-
ate stress levels before the intervention. While stress 
levels did not change significantly in the control 
group after the intervention, they remained low in 
the intervention group. Additionally, the study found 
that the intervention had a moderate effect size on 
perceived stress levels. According to a systematic re-
view evaluating the effects of breathing exercises in 
adults, these exercises reduce stress and anxiety [40]. 
Another meta-analysis also reported that breathing 

p = 0.965 for baseline-30th day, p = 0.106 for 15th-
30th days) mean scores in the control group over 
time. In the intervention group, a statistically sig-
nificant difference was observed between the PFS 
total score and the subscale mean scores measured 
at three time points (p < 0.001; Table 2) (Figure 2).

The PSS total mean scores were similar between 
the groups before the intervention. The PSS mean 
scores were lower in the intervention group than in 
the control group on the 30th day (p < 0.001, Table 2) 
(Figure 2). Moreover, the PSS mean scores did not 
change statistically significantly in the control group 
over time (p = 1.000). In the intervention group, the 
PSS mean score on the 30th day was significantly 
lower than the pre-intervention and 15th-day mean 
scores (p = 0.001, Table 2) (Figure 2).

The intervention had a large effect size on the 
PSS total mean score and subscale mean scores  
(η2 > 0.14). However, it had a medium effect size on 
the PSS mean score (η2 = 0.128, Table 2).

4. Discussion

This study was designed as a single-blind, rand-
omized, controlled trial to investigate the effects of 
breathing exercises for ICU nurses on their fatigue 
and stress. Although the effects of breathing exercises 
on stress and fatigue have been assessed in different 
groups, no study on ICU nurses has been found. In 
the literature, breathing exercises are most often in-
cluded in interventions such as progressive relaxa-
tion and yoga [13, 15]. In this regard, our research is 
the first to evaluate the effects of breathing exercises 
alone on fatigue and stress among ICU nurses. The 
current study revealed that breathing exercises posi-
tively affected fatigue and stress among ICU nurses. 
According to the research findings, applying breath-
ing exercises for 30 days reduced fatigue and stress 
levels among nurses in the intervention group, con-
firming the hypotheses of our study.

Due to the nature of intensive care, ICU nurses 
experience greater fatigue and stress than nurses 
in other units. Fatigue and stress can also deterio-
rate an individual’s quality of life and pose signifi-
cant risks to the safety and health of patients and 
nurses [7]. Breathing exercises are effective non-
pharmacological methods for reducing fatigue [17]. 
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of the breathing exercises. Our study aimed to reach 
the entire population, and all volunteer nurses who 
met the inclusion criteria were included. Therefore, 
stratified sampling could not be used for selecting the 
ICU sample. Additionally, the fact that breathing ex-
ercises were implemented for 30 days limits the abil-
ity to evaluate their effects in the future.

No study in the literature has evaluated the effects 
of breathing exercises on fatigue and stress among 
ICU nurses. Repeating our intervention with ICU 
nurses using a larger sample size is important for 
verifying and generalizing our results. Furthermore, 
it is recommended that future research monitor the 
effects of breathing exercises on fatigue and stress 
over a longer term. Additionally, it is recommended 
that our application protocol be used for intensive 
care nurses.

5. Conclusion

ICU nurses in the present study reported high 
levels of fatigue and stress. Intensive care nurses may 
experience fatigue and stress due to factors such as 
monitoring high-risk patients and using advanced 
technology. This study found that the breathing ex-
ercise protocol reduced fatigue and stress among 
ICU nurses. Therefore, breathing exercises can be 
applied to nurses through in-service training in hos-
pitals. It can be ensured that nurses receive training 
certificates for breathing exercise applications. It is 
thought that this will be beneficial overall for nurses 
and the patients they care for.

Institutional Review Board Statement: Prior to 
the study, ethical approval was obtained from the Non-
Interventional Research Ethics Committee at Kahraman-
maras Istiklal University (Ethics approval code: 2024/11-02). 
Participation in the study was voluntary. Accordingly, nurses 
were informed about the study, and verbal and written in-
formed consent was obtained from nurses who agreed to 
participate. Institutional permission was received from the in-
stitution where the research was conducted. Before starting the 
study, it was registered on ClinicalTrials.gov (NCT06642376; 
Registration Date: October 12, 2024; https://clinicaltrials.
gov/). Our study was conducted in line with the principles of 
the Declaration of Helsinki and publication ethics.

Informed Consent Statement: Informed consent, both 
verbal and written, was obtained from all participating nurses.

exercises had a moderate effect size in reducing 
stress [41]. A study assessing the effects of breath-
ing exercises on young women found a significant 
decrease in blood cortisol levels at the end of the 
exercises [18]. Likewise, healthy adults performed 
diaphragm breathing exercises for 20 sessions  
over 8 weeks. Participants’ salivary cortisol levels 
decreased over time [20]. Another study revealed 
that anxiety decreased in the group where the 4-7-8 
breathing exercise was applied to patients after bari-
atric surgery [16]. Studies that included breathing 
exercises as part of non-pharmacological interven-
tions among ICU nurses found that these inter-
ventions reduced nurses’ stress [15, 42]. Breathing 
exercises activate the parasympathetic nervous sys-
tem, thereby lowering stress hormone levels, such 
as cortisol, in the body [18]. Proper breathing tech-
niques, along with their effects on the autonomic 
and cerebral systems, promote increased cortical and 
subcortical activity [38]. Breathing exercises have 
also been reported to increase blood serotonin levels, 
increase alpha waves, and decrease theta waves on 
an electroencephalogram [43]. These findings dem-
onstrate the effects of breathing exercises on stress 
reduction in individuals [38, 44].

4.1. Limitations

The study was conducted at a single center, and 
the sample size was limited by the small population, 
which restricts the generalizability of our results. Fur-
thermore, fatigue and stress assessments were based 
on nurses’ subjective reports. Environmental or indi-
vidual factors that might confound the results could 
not be assessed. Confounding factors such as nurses’ 
workload, number of shifts, or exposure to stressful 
situations during work were not evaluated. Nurses 
who received interventions or therapies that could af-
fect stress and fatigue at the beginning of the study 
were excluded. However, the inability to systemati-
cally assess this situation throughout the study con-
stitutes one of its limitations. Participants could not 
be blinded due to the nature of the research. This may 
introduce a risk of bias in the results due to nurses’ 
self-reports. The absence of any intervention in the 
control group and the fact that the control group 
remained in constant contact with the intervention 
group may have influenced the independent outcomes 
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According to an individual’s preference, they 
should be ensured they feel comfortable, sit on the 
chair/sofa with their knees and hips at the same 
level, or take a semi-lying position with the spine 
straight.

Since the nose is used during breathing exercises, 
the tongue should be touched to the point where 
the teeth and palate meet without applying pressure 
(in some cultures, it is called the “fire point” to in-
crease energy).

Individuals are asked to close their eyes and obey 
the commands.

APPENDIX

Supplemental Material S1. Breathing exercise 
application protocol

Preparation stage before applying the breathing 
exercise

The setting (quiet, calm, etc.) where the applica-
tion will be performed should be prepared.

Individuals should have a meal at least 2-4 hours 
before the application.

The bladder and intestines should be empty 
before the application.

Individuals should wear comfortable clothing 
during the application.

Application Stage Duration Applications
1.	 Focusing on breathing 2-3 min Relax, close your eyes, and place your hands on your knees, palms down.

Breathe in and out through your nose.
As you breathe in and out, try to feel your breath. Relax and do not try 
to control your breathing.
Just try to feel your breath and how it spreads through your body.
Do not try to control your breathing. Just try to feel your breath  
and your body.

2.	 Three-part breathing technique (full yogic breathing)
Stage 1: abdominal breathing 5 min Place your right hand on your abdomen to feel your breath. Continue 

breathing in and out through your nose.
Imagine a colorful balloon in your abdomen; inflate it while breathing 
deeply through your nose, and deflate it while breathing. Notice  
that your abdominal swelling is reduced.
Feel the movement of your hand on your abdomen.

30 s Breathe normally.
Stage 2: chest 
breathing+abdominal 
breathing

5 min Place your left hand on your chest while your right hand is on your abdomen.
Keep breathing through your nose.
As you breathe, feel the air first expand into your belly and then fill  
your chest.
Feel the movement in your hands.
Slowly exhale, feeling the air that has been in your chest first and now  
in your abdomen emptying.

30 seconds Breathe normally.
Stage 3: shoulder 
breathing+chest 
breathing+abdominal 
breathing

5 min Place your left hand on your right collarbone while your right hand  
is on your abdomen.
Keep breathing through your nose.
As you breathe, feel the air first inflate your abdomen and then fill  
your chest and rise to your collarbone.
Feel the air filling up your shoulders.
Monitor the movements of both your hands.

(Continued )
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Application Stage Duration Applications
30 s Breathe normally.

4-7-8 Breath 4 times With your mouth closed and your tongue tip at the point of fire, breathe 
in through your nose for a count of 4.
Hold your breath for a count of 7.
Exhale the breath you are holding by making a wind sound  
with your mouth for a count of 8.
Then breathe in again through your nose, counting to 4 for the second 
time.

30 s Breathe normally.
3. Focusing on breathing 2-3 min Use only your nose to breathe.

Observe your breathing and try to feel the distribution of your breath 
throughout your body.
Relax, listen to your inner voice, and try to feel the air you breathe  
in and out.
Do not think about how to breathe better. Release these feelings.  
Do not try to control your breathing. Just try to feel your breath and 
your body.
Slowly open and close your eyes several times. Then, slowly open  
your eyes.
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Abstract
Background: Preserving nurses’ work ability (WA) is essential for healthcare sustainability, especially given the 
current global workforce crisis and an ageing population. This study aims to assess the prevalence of inadequate WA 
among hospital nurses and to identify the personal, domestic, and organisational predictors that influence it, focusing 
on modifiable factors to inform targeted retention strategies. Methods: A cross-sectional study was conducted at an 
Italian university hospital (August–October 2022). Data from 182 nurses were collected during mandatory health 
surveillance visits using the Work Ability Index (WAI), alongside assessments of socio-demographic, occupational, and 
extra-work responsibilities (caregiving/education). Multivariable binary logistic regression was performed to iden-
tify independent predictors of WA, adjusting for confounders such as BMI and lifestyle factors. Results: Inadequate 
WA was reported by 44.5% of participants (mean age 45.8±11.1 years). A significant health burden was observed, 
with 41.8% suffering from musculoskeletal disorders. The regression model (χ2

(9)=31.026; p<0.001) revealed that 
the likelihood of adequate WA decreased significantly with advancing age (OR=0.93 per year; p<0.001) and high 
extra-work burdens (OR=0.97 per hour; p=0.041). Conversely, satisfaction with working conditions emerged as the 
primary modifiable protective factor, significantly increasing the likelihood of adequate WA (OR=2.41; p=0.010). No 
significant associations were found for sex, BMI, or smoking status. Conclusions: Nearly half of the nursing work-
force exhibits vulnerable work ability. Findings suggest a detrimental ‘double duty’ effect where domestic responsibili-
ties and age intersect. Organisational interventions should prioritise work-life balance and improved work climates 
to mitigate the impact of demographic shifts and preserve workforce sustainability.

1. Introduction

Nurses are the largest group of healthcare profes-
sionals worldwide. They play a pivotal role in improv-
ing health, providing essential care, and advancing 

primary healthcare. They also deliver care in emer-
gency settings, shape health policies, and safeguard 
the sustainability of health systems globally [1, 2].

Estimates suggest that by the year 2030, there 
will be a workforce shortage of 4.5 million nurses 
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worldwide [2] and of nearly 2.5 million nurses 
across 23 Organization for Economic Co-operation 
and Development (OECD) countries [3, 4]. Italy is 
one of the OECD countries with the fewest nurses 
per 1,000 inhabitants, at 6.4, compared with an av-
erage of 9.5 in Europe as a whole. It also ranks last 
in nursing graduates per 100,000 inhabitants: only 
17 compared with the European average of 48 [4]. 
A recent analysis has revealed a significant deficit 
of at least 65,000 nurses within the Italian health-
care system. Furthermore, the Court of Auditors has 
estimated that over the next decade, approximately 
100,000 nurses will exit the profession due to reach-
ing retirement age [5]. Recent years have seen a fur-
ther decline in the popularity of the profession, as 
evidenced by the consistent decrease in applications 
for admission to nursing degree courses (approxi-
mately 10%) [5]. This scenario appears even more 
critical in light of the increasing demand for nursing 
care and assistance, driven by the progressive age-
ing of the population and the growing prevalence of 
chronic diseases.

An imbalance between the number of registered 
nurses available and healthcare demand may nega-
tively affect care quality, with potential consequences 
including higher adverse event rates and increased 
patient mortality risk [6].

Excessive workload among nurses is associated 
with reduced job satisfaction, increased rates of 
burnout, a higher incidence of occupational diseases 
and workplace injuries, early retirement and attri-
tion from the profession [7-11].

The combination of the aforementioned factors, 
in conjunction with the ageing nursing workforce, 
engenders elevated physical and mental demands 
for nurses who continue to practice. This under-
scores the need for nurses to maintain peak physi-
cal and mental health, which translates into optimal 
work ability (WA) [1, 12]. WA refers to an indi-
vidual’s ability, or their perceived ability, to meet the 
demands of their job. It is influenced not only by 
personal resources, including physical, mental, and 
social functioning, but also by the specific require-
ments of the work itself [13]. As a result, an indi-
vidual’s WA may vary across their working lifespan 
and in relation to their specific occupation and pro-
fessional context.

In the 1980s, the Finnish Institute of Occupational 
Health developed the concept of WA and the Work 
Ability Index (WAI) to measure: “How good is the 
worker at present, in the near future, and how able is 
he or she to do his or her work with respect to work 
demands, health, and mental resources?” [14, 15].  
Its goal is to promote a healthy quality of working 
life, and its key domains encompass workers’ needs, 
the work environment, organizational factors, and 
workers’ health and functional capacity [16]. The 
WAI demonstrates reliable predictive validity for 
extended sick leave, occupational incapacity, poor 
quality of life, early retirement intentions, and even 
mortality [14, 17]. Similarly, high levels of WA are 
associated with safer workplaces, improved perfor-
mance, and enhanced quality of life and workers’ 
well-being [16]. The WAI is therefore a preventive 
self-assessment tool for nurses to evaluate their abil-
ity to meet work demands based on their health sta-
tus and physical, mental, and social resources. Some 
studies suggest that nurses’ WA may be influenced 
by both intrinsic work characteristics (night shifts, 
job satisfaction, etc.) and extra-work factors (family 
roles, work-life balance, commuting distance, hob-
bies, etc.) [18, 19].

While WA has been extensively studied in vari-
ous professions, little research has been conducted 
on nurses’ WA. A recent systematic review high-
lighted significant risks of compromised WA in 
nursing staff [20]. Nevertheless, the included stud-
ies were all conducted before the pandemic, none 
investigated the Italian nursing context, and, cru-
cially, most failed to provide separate prevalence 
data for registered nurses versus nursing assistants 
[20]. Grouping registered nurses and nursing assis-
tive personnel together is methodologically inap-
propriate, as the latter are typically assigned more 
physically demanding and repetitive tasks, often 
with lower autonomy and fewer opportunities for 
professional satisfaction, factors known to nega-
tively influence WA [21]. This highlights the need 
for additional research with disaggregated data by 
professional category.

In light of the current nursing shortage, pro-
longed working lives, and the simultaneous high 
demand for nursing services, understanding the WA 
of Italian nurses seems to be particularly crucial, and 
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identifying factors influencing WA could prove 
highly valuable. Given the gaps presented above, 
this study aimed to investigate the prevalence of 
WA and to determine which personal and work-
related factors are associated with it, exploring their 
relationships and the strength of their associations 
with WAI scores.

2. Methods

2.1. Design and Sample

A cross-sectional study was conducted at a uni-
versity hospital in Northern Italy using a conveni-
ence sample of nurses to assess WA levels and their 
association with socio-demographic, family, and 
work characteristics. The only inclusion criterion 
was employment at the university hospital, either on 
a fixed-term or permanent contract. To estimate the 
sample size, G*Power was used for a medium effect 
size at an alpha level of 0.05 and 80% power, yield-
ing 143 nurses, to which 30 were added to account 
for attrition. A total of 182 nurses were recruited in 
the present study, all of whom completed the survey 
instrument.

2.2. Data Collection Procedure

All nurses attending regular health surveillance 
visits, as required by Italian law, between 1 August 
2022 and 24 October 2022 were invited to par-
ticipate in the study. A researcher provided each of 
them an information form about the study, detail-
ing the study’s design, objectives, and methods. The 
researcher assured them that their involvement was 
entirely voluntary, and that respondents’ anonymity 
and the confidentiality of their information would 
be strictly preserved. The consent form also empha-
sised that participants had the right to withdraw 
from the study at any time. Nurses who provided 
their written informed consent were then given the 
questionnaire in an enclosed envelope. The ques-
tionnaire was completed on site and prior to the 
visit, in a private room without the researcher’s pres-
ence. Participants were then instructed to place the 
completed questionnaire in a box, ensuring com-
plete anonymity.

2.3. Instrument

The instrument consisted of the following three 
sections:

2.3.1. Socio-Demographic, Family, and Personal 
Characteristics

The first part of the questionnaire covered the 
following topics: age, sex, educational qualifications, 
family composition, presence of dependent adults, 
the extent of caregiving responsibilities outside the 
workplace, assistance and educational activities, bal-
ancing work schedules with personal and family 
commitments, and the time taken to get to work. 
Information was also requested on smoking habits, 
weight, and height.

2.3.2. Job Characteristics and Satisfaction

The last section of the questionnaire covered 
the following topics: type of employment contract; 
length of service; operating unit; type of work shift; 
and satisfaction with current working conditions. 
The clinical setting operates on a standardized in-
stitutional shift schedule. The nursing staff follows a 
12-hour rotation system consisting of daytime shifts 
(07:00–19:00) and nighttime shifts (19:00–07:00). 
This organizational model allows for a compressed 
workweek, typically involving three shifts per week 
to reach the standard 36-hour weekly requirement. 
In compliance with national health regulations and 
safety protocols, a mandatory minimum of 11 con-
secutive hours of rest is guaranteed between shifts to 
ensure adequate psychophysical recovery.

2.3.3. Work Ability Index

The WAI is the most commonly used tool for 
evaluating work capacity [2-6], which, as mentioned 
above, is a self-assessment questionnaire designed to 
measure the WA of healthcare workers, developed 
by Tuomi et al. [15].

The index is determined on the basis of the an-
swers to a series of questions which take into con-
sideration the demands of work, the worker’s health, 
and resources. It consists of 60 items distributed 
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the ordinal nature of the satisfaction scales, Spear-
man’s rank correlation coefficient (r) was calculated.

A binary logistic regression analysis (enter 
method) was then performed to identify independ-
ent predictors of adequate WAI. The dependent 
variable was derived from the dichotomised WAI 
score (Adequate vs Inadequate). Independent vari-
ables included age, sex, marital status, presence of 
children, body mass index (BMI), smoking habits, 
weekly hours spent on caregiving, assistance or edu-
cational activities outside of work, and satisfaction 
with working conditions. All variables were en-
tered simultaneously into the model. Model fit was 
evaluated using Nagelkerke R² and the Hosmer-
Lemeshow test. Odds ratios (exp(B)) and cor-
responding p-values were calculated to assess the 
strength and significance of associations.

Furthermore, to investigate potential selection 
biases, the age distribution was compared between 
nightshift and daytime-only workers using an 
independent-samples t-test. Levene’s test was used 
to assess the equality of variances, and the appropri-
ate t-statistic was reported accordingly.

All analyses were two-tailed, with statistical sig-
nificance set at p<0.05. IBM/SPSS Statistics for 
Windows, Version 29.0 (IBM Corp.: Armonk, NY, 
USA) was used for the analyses.

2.5. Ethical Considerations

The study was approved by the Ethics Committee 
of the “Area Vasta Emilia Nord” (n. 0017051/2022) 
and conducted in accordance with the Declaration 
of Helsinki (Ethical principles for medical research 
involving human participants, 2024) of the World 
Medical Association.

3. Results

3.1. Participants Characteristics

The 182 nurses had a mean age of 45.8±11.1 
years, with males being younger than females (male 
M=39.4±10.6 SD years, female M=47.2±11.1 SD 
years; p<0.001). The age distribution shows that 
43.4% of the sample were over 50 years old, while 
30.8% were between 36 and 50 years old. The 

in seven dimensions, that assess: (a) current WA 
compared with lifetime best (1 item), (b) WA in 
relation to the demands of the job (2 weighted 
items), (c) number of current diseases diagnosed 
by a physician (out of a list of 51 diseases), (d) es-
timated work impairment due to disease (1 item), 
sick leave during the past 12 months (1 item), (e) 
own prognosis of WA 2 years from now (1 item), 
and (f ) mental resources (3 items). Scores on each 
dimension are summed, with a range of 7 to 49, al-
lowing workers to be classified into four categories: 
poor (7 – 27); moderate (28 – 36); good (37 – 43); 
and excellent (44 – 49). However, since then, nu-
merous studies have dichotomized the WAI total 
score by aggregating the 4 dimensions into only two  
categories [20]:

	- inadequate WA when the score is between 7 
and 36 (combination of the poor and moder-
ate categories);

	- adequate WA with a score between 37 and 
49 (combination of the good and excellent 
categories).

The reliability of the questionnaire in the present 
study (Cronbach’s alpha) was 0.81, while in other 
studies it ranged from 0.65 to 0.80 [22, 23].

2.4. Data Analysis

Descriptive statistics were used to summarise 
participants’ socio-demographic and occupational 
characteristics, with continuous variables expressed 
as means and standard deviations and categorical 
variables as frequencies and percentages.

The WAI was initially categorised into four levels 
(poor, moderate, good, excellent) and subsequently 
dichotomised into a dummy variable, coded as ‘ad-
equate’ when the WA score ranged from 37 to 49 
and ‘inadequate’ when it ranged from 7 to 36, in ac-
cordance with previous studies [20]. Comparisons 
between groups were conducted using χ² tests for 
categorical variables and Student’s t-test for contin-
uous variables. To assess the internal consistency be-
tween the occupational indicators (job satisfaction 
and work-life balance) and the WAI dimensions, a 
bivariate correlation analysis was performed. Given 
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medical departments (46.2%) and during daytime 
shifts (61%), as shown in Table 2. On average, fe-
male participants reported significantly greater job 
seniority compared to males (males 11.7±11.4 SD, 
female 20.5±12.4 SD; p<0.001). Overall, 61.5% of 
the sample reported being fairly satisfied with their 
working conditions.

3.3. Work Ability Index Analysis by Sex

The overall mean WAI score for the study popu-
lation was 37.2±6.3. When disaggregated by sex, 
male nurses reported a significantly higher total 
WAI score than their female counterparts (39.3±5.6 
vs. 36.7±6.4, respectively; p=0.039), as shown in 
Supplemental Material, Table S1.

respondents were predominantly female. Table 1 
shows the sample characteristics.

Respectively, 43% of males and 48% of females 
reported spending more than 20 hours per week on 
non-work-related caregiving, assistance, and educa-
tional activities. 26.4% of the sample reported being 
overweight, while 14.8% reported having obesity of 
types I-III, with an average BMI of 25.3±4.7 SD 
and no sex distinctions. Regarding smoking habits, 
there was a clear prevalence among males (41% vs. 
18% of females, p=0.008).

3.2. Job Characteristics and Satisfaction

The vast majority of respondents (98.4%) were 
employed on a permanent basis. Most worked in 

Table 1. Socio-demographic characteristics and extra-work commitments of the study population (N=182).
Participants characteristics Total N=182 Male n=32 (17.6%) Female n=150 (82.4%) p-value
Age (years, M±SD) 45.8±11.1 39.4±11.0 47.2±10.6 <0.001
Educational level

Professional Nursing Diploma 69 (37.9%) 6 (18.8%) 63 (42%) 0.066
University Diploma in Nursing 18 (9.9%) 3 (9.4%) 15 (10%)
Nursing Degree 95 (52.2%) 23 (71.9%) 72 (48%)

Marital status
Married/Partnered 120 (65.9%) 17 (53.1%) 103 (69.6%) 0.073
Single 62 (34.1%) 15 (46.9%) 47 (31.3%)

Presence of children in home
Yes 77 (42.3%) 13 (40.6%) 64 (42.7%) 0.488
No 105 (55.7%) 19 (59.4%) 86 (57.3%)

Adult caregiving responsibilities
Yes 48 (26.4%) 6 (18.8%) 42 (28.0%) 0.281
No 134 (73.6%) 26 (81.3%) 108 (72%)

Extra-work commitments
(hours, M±SD)

23.4±17.9 20.2±17.9 24.15±17.9 0.285

Work-life balance
Good 122 (67%) 23 (71.9%) 99 (66.0%) 0.932
Poor 60 (32.9%) 9 (28.1%) 51 (34.0%)

Travel time to workplace
< 30 minutes 141 (77.5%) 27 (84.4%) 114 (77.0%) 0.584
30-60 minutes 37 (20.3%) 5 (15.6%) 32 (21.6%)
> 60 minutes 2 (1.1%) 0 (0.0%) 2 (1.4%)

M: Mean; SD: Standard Deviation.
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total WAI scores (r=0.259, p=0.001). Furthermore, 
satisfaction regarding the quantity of work per-
formed was positively correlated with WAI scores 
(r=0.202, p=0.009), as was the ability to balance 
work schedules with personal and family commit-
ments (r=0.192, p=0.012).

3.5. Work Ability

As shown in Table 3, 55.5% of our sample dem-
onstrated an adequate level of WA.

47.8% of our sample reported at least three pa-
thologies, with a higher prevalence among females 
(54% vs. 18.8%). The most common conditions were 
musculoskeletal disorders (41.8%), including cervi-
cal spine (22%), lumbar spine (29%), chronic lum-
bosciatica (19%), limb disorders (21%), and other 

Analysis of the seven individual WAI dimensions 
revealed that the most prominent difference be-
tween groups occurred in Dimension 3 (number of 
diagnosed diseases), where men scored significantly 
higher than women (4.9±2.0 vs. 3.5±2.4; p=0.003). 
Furthermore, a borderline significant difference was 
observed in Dimension 4 (estimated work impair-
ment due to diseases), with higher scores reported 
by male participants (5.3±0.9 vs. 4.9±1.3; p=0.058).

3.4. Correlation Between Job Satisfaction  
and Work Ability Dimensions

The analysis revealed significant positive correla-
tions between perceived job satisfaction and work 
ability. Specifically, overall satisfaction with work-
ing conditions was significantly associated with 

Table 2. Occupational characteristics, work settings, and job satisfaction among the surveyed nurses.
Job variables Total (N=182) Male (n=32) Female (n=150) p-value
Employment contract

Permanent 179 (98.4%) 32 (100%) 147 (98%) 1
Temporary 3 (1.6%) 0 (0%) 3 (2%)

Work setting
Medical ward 84 (46.2%) 15 (46.9%) 69 (46%) 0.016
Surgical ward 31 (17%) 4 (12.5%) 27 (18%)
Outpatient area 24 (13.2%) 0 (0%) 24 (16%)a

Intensive care unit 22 (12.1%) 9 (28.1%)a 13 (8.7%)
Service area 11 (6%) 2 (6.3%) 9 (6.0%)
Management area 10 (5.5%) 2 (6.3%) 8 (5.3%)

Work Shift
Daytime 111 (61%) 11 (34.4%) 100 (66.7%) 0.01
Nighttime 71 (39%) 21 (65.6%) 50 (33.3%)

Job Seniority
(years, M±SD)

18.9±12.7 11.7±11.4 20.5±12.4 <0.001

Job Satisfaction*
Low satisfaction 53 (29.1%) 12 (37.5%) 41 (27.7%) 0.49
Fair satisfaction 112 (61.5%) 17 (53.1%) 95 (64.2%)
High satisfaction 15 (8.2%) 3 (9.4%) 12 (8.1%)

* 2 missing data; a Adjusted standardized residual > |1.96|, indicating a significant difference in distribution between sexes within this 
category.
Data are presented as n (%) or Mean ± Standard Deviation. p-values were calculated using Pearson’s Chi-square test, Fisher’s exact 
test (for categorical variables with expected counts < 5), or Independent Samples t-test (for continuous variables). Significant p-values 
(p<0.05) are highlighted in bold.
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Table 3. Distribution of Work Ability Index (WAI) scores according to four-category and dichotomous classifications.
Total (N=182) Male (n=32) Female (n=150) p-value

4 WAI Categories
7-27: Poor 17 (9.3%) 1 (3.1%) 16 (10.7%) 0.201
28-36: Moderate 64 (35.2%) 8 (25.0%) 56 (37.3%)
37-43: Good 75 (41.2%) 17 (53.1%) 58 (38.7%)
44-49: Excellent 26 (14.3%) 6 (18.8%) 20 (13.3%)
2 WAI Categories
7-36: Inadequate work ability 81 (44.5%) 9 (28.1%) 72 (48.0%) 0.04
37-49: Adequate work ability 101 (55.5%) 23 (71.9%) 78 (52.0%)

Table 4. Prevalence of diagnosed medical conditions and organ-system disorders in the study cohort. 

Diagnosis Total (N=182) Male (n=32)
Female
(n=150) p-value

Musculoskeletal disorders 76 (41.8%) 8 (25.0%) 68 (45.3%) 0.340
Neurological disorders 43 (23.6%) 4 (12.5%) 39 (26%) 0.103
Metabolic and endocrine disorders 41 (22.5%) 4 (12.5%) 37 (24.7%) 0.135
Cardiovascular diseases 40 (22%) 4 (12.5%) 36 (24.0%) 0.154
Dermatological disorders 37 (20.3%) 5 (15.6%) 32 (21.3%) 0.466
Gastrointestinal disorders 28 (15.4%) 4 (12.5%) 24 (16.0%) 0.618
Respiratory disorders 23 (12.6%) 4 (12.5%) 19 (12.7%) 0.979
Vision and hearing disorders 20 (11%) 1 (3.1%) 19 (12.7%) 0.158
Genitourinary disorders 20 (11%) 0 (0%) 20 (13.3%) 0.029
Anxiety, insomnia 18 (9.9%) 1 (3.1%) 17 (11.3%) 0.158
Oncological disorders 16 (8.8) 1 (3.1%) 15 (10%) 0.212
Blood disorders 14 (7.7%) 1 (3.1%) 13 (8.7%) 0.286
Mental disorders (e.g., severe depression) 4 (2.2%) 1 (3.1%) 3 (2.0%) 0.694

musculoskeletal issues (9%). Beyond musculoskel-
etal issues, conditions with over 20% prevalence 
included neurological, metabolic, endocrine, cardio-
vascular, and dermatological disorders (Table 4).

3.6. Work Ability Among Shift Workers  
and Non-Shift Workers

Inadequate WA, as measured by the WAI, was 
significantly more prevalent among nurses who do 
not work night shifts (Table 5).

Nurses working night shifts, compared to their 
daytime counterparts, reported lower satisfac-
tion with their working conditions, but seemed to 

experience less difficulties in achieving a work-life 
balance.

Moreover, a significant age difference was ob-
served between work-shift categories: nurses in the 
night-shift rotation were significantly younger than 
those in daytime-only roles (38.0±10.9 vs. 50.8±8.1 
years; p<0.001).

3.7. Work Ability Predictors

The multivariable model demonstrated a good 
fit (Hosmer-Lemeshow: χ2=7.117, p=0.524) and 
explained 29.3% of the variance (Nagelkerke 
R2=0.293), correctly classifying 71.1% of cases.
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working conditions and may have led to a persistent 
deterioration in WA among nurses.

A substantial body of evidence indicates that 
nurses and nursing assistants consistently exhibit 
poorer WA compared to other healthcare profes-
sionals [18, 19, 24].

Hospital nurses, in particular, face intense physi-
cal, mental, and psychological demands due to 
multiple factors: heavy workloads, manual patient 
handling, responsibility for patient safety, and care 
of elderly patients with multimorbidity. They also 
experience various organizational, social, and eco-
nomic stressors, including night shifts, limited au-
tonomy and control over their work, low pay, and 
inadequate social support [11, 19, 20, 25]. Fur-
thermore, nurses frequently experience verbal and 
physical violence from patients and their relatives 
[26]. The literature has documented a bidirectional 
association between workplace violence and reduced 
WA [27]. These conditions contribute to physical 
strain and psychological distress, both of which are 
recognised determinants of reduced WA.

Consistent with previous studies, advancing age 
was the strongest negative predictor of WA in our 
sample [1, 28]. The progressive ageing of the nursing 
workforce across Europe, where approximately one 
in five nurses is aged 55 years or older [29], poses a 
major sustainability challenge. Although ageing it-
self cannot be modified, organisational and techno-
logical strategies may buffer its impact. In particular, 
the ongoing digital transformation of healthcare 
could represent a double-edged sword: while auto-
mation, electronic documentation and digital moni-
toring systems can reduce physical workloads and 

Three independent predictors of adequate WA 
were identified. Age was negatively associated with 
the outcome (OR=0.93, p=0.001), as were the hours 
spent on extra-work caregiving activities (OR=0.97, 
p=0.041), indicating that increasing age and domes-
tic burdens significantly reduce the likelihood of 
maintaining adequate work capacity. Conversely, job 
satisfaction emerged as a strong protective factor, 
more than doubling the odds of reporting adequate 
work ability (OR=2.41, p=0.010). A notable trend 
was also observed for BMI, with normal-weight 
nurses more likely to report adequate WA than 
those in the overweight/obese category (OR=2.28, 
p=0.065).

Full regression parameters are detailed in Supple-
mental Material, Table S2.

4. Discussion

The aim of this study was to investigate the prev-
alence of WA among hospital nurses and explore its 
association with personal and occupational factors. 
Almost half of the nurses in our sample (44.5%) re-
ported inadequate WA, a proportion closely mirror-
ing that observed by Garzaro et al. in another Italian 
university hospital (45.6%) [19]. This rate is, how-
ever, higher than those reported in most studies in-
cluded in the systematic review by Romero-Sánchez 
et al., where the prevalence of inadequate WA gen-
erally ranged between 20% and 40%, with few ex-
ceptions in Thailand (53.2%), Germany (56.2%) and 
Poland (66.6%) [20]. However, it should be noted 
that most of those studies were conducted before 
the COVID-19 pandemic, which likely worsened 

Table 5. Work Ability Index, job satisfaction, and work-life balance in shift and non-shift workers.
Shift workers Non-shift workers p-value

WAI Inadequate work ability 31% 53% 0.004
Adequate work ability 69% 47%

Job satisfaction Low satisfaction 41% 22% 0.010
Fair satisfaction 55% 67%
High satisfaction   4% 11%

Work-life balance Good 41% 28% 0.040
Poor 59% 72%

WAI: Work Ability Index.
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findings further indicate that subjective job satisfac-
tion is not merely a reflection of workplace climate 
but is significantly correlated with the constituent 
dimensions of the WAI. The positive association 
found between satisfaction with work quantity and 
WAI scores underscores the critical role of perceived 
workload management. This is consistent with the 
job demands-resources model [34], suggesting that 
when nurses perceive their work quantity as man-
ageable and their environment as supportive, their 
internal resources, as measured by the WAI, are bet-
ter preserved. These correlations strengthen the va-
lidity of using self-reported satisfaction as a reliable 
proxy for organisational health in nursing settings.

Interestingly, nurses working night shifts dis-
played higher WA scores than their daytime coun-
terparts, despite reporting poorer job satisfaction. 
This finding appears counterintuitive, and contrasts 
with previous studies, which have generally shown 
lower WA among night or rotating shift work-
ers, consistently associating it with adverse health 
outcomes, including sleep disturbances, metabolic 
dysregulation, and increased stress [12]. A possible 
explanation for this apparent discrepancy may be 
the ‘healthy worker effect’, a specific type of survi-
vorship bias where those who remain in night work 
tend to be younger, healthier, and more resilient, 
while less healthy workers often move to daytime 
roles [35]. Our data strictly support this clinical 
dynamic: nurses in the night-shift rotation were 
significantly younger than those working exclu-
sively during the day (38.0±10.0 vs. 50.8±8.5 years, 
respectively; p<0.001). This age disparity suggests 
that the night-shift cohort represents a ‘screened’ 
group of younger individuals whose biological resil-
ience likely buffers the stressors of nocturnal work. 
In contrast, the daytime group includes a higher 
proportion of ageing staff who may have been tran-
sitioned to more regular schedules due to emerg-
ing health limitations identified during mandatory 
health surveillance. This confirms a ‘healthy worker 
effect’, where younger, more resilient staff remain 
in night rotations while older colleagues are transi-
tioned to daytime roles [35]. This dynamic is further 
reflected in the work-life balance data: night-shift 
nurses reported a lower prevalence of poor work-life 
balance (59%) compared to daytime nurses (72%), a 

increase efficiency, they could also introduce tech-
nostress and cognitive strain, especially for older 
nurses with lower digital literacy. Supporting digital 
competence through tailored training and mentor-
ing may thus enhance both WA and job satisfaction.

Another important finding was the negative ef-
fect of extra-working responsibilities such as car-
egiving and educational duties. This reflects the 
increasing prevalence of the so-called ‘double duty’ 
among nurses who simultaneously manage the bur-
den of professional and family care roles [30]. As 
highlighted by many authors, family caregiving 
among nurses can exacerbate fatigue, stress, and 
work–life conflict, potentially compromising both 
self-care and patient safety [31]. The rise of hybrid 
or remote healthcare models following the pan-
demic may offer partial solutions by improving flex-
ibility, yet these models can also create new forms of 
digital overload or professional isolation. Artificial 
intelligence (AI) and telehealth technologies could 
be leveraged to redistribute administrative tasks and 
support nurses’ time management, ultimately im-
proving work–life balance [32].

In contrast, satisfaction with working conditions 
emerged as a protective factor, increasing the likeli-
hood of adequate WA. This is consistent with the 
Nurse forecasting in Europe (RN4CAST) project 
findings, which demonstrate strong links between 
job satisfaction, adequate staffing, and better care 
outcomes [33, 34]. In the Italian branch of the RN-
4CAST study, excessive workloads and unfavour-
able nurse-to-patient ratios were identified as key 
contributors to job dissatisfaction, burnout and in-
tentions to leave the profession [10]. This evidence 
aligns with our findings, suggesting that improving 
nurses’ satisfaction with their working conditions 
may be crucial to maintaining WA. Organisational 
cultures that promote learning, recognition, and 
participation, can strengthen both nurses’ resilience 
and retention. Nurse managers play a crucial role in 
this process by providing visible, supportive lead-
ership, which is known to enhance job satisfaction 
and reduce errors. As highlighted by Aiken et al. 
[8], structural interventions that improve hospital 
work environments and staffing may have a stronger 
impact on clinicians’ well-being and patient safety 
than individual-level resilience programmes. Our 
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constraint, organisational and personal factors play 
a decisive role in sustaining work ability. The signifi-
cant impact of job satisfaction (OR=2.41, p=0.010) 
suggests that improving the psychosocial work en-
vironment can more than double the likelihood of 
maintaining high work capacity. Furthermore, the 
significance of extra-work caregiving hours under-
scores the ‘double burden’ faced by the nursing work-
force, where domestic demands directly interface 
with professional performance. These findings sug-
gest that interventions to support work-life balance 
and enhance workplace satisfaction are essential 
strategies for retaining ageing staff. A trend towards 
significance was observed for normal-weight nurses 
(OR=2.28, p=0.065), suggesting that weight man-
agement may also contribute to preserving work 
ability, warranting further investigation.

Beyond its clinical implications, inadequate WA 
has important organisational consequences, includ-
ing increased absenteeism, turnover, and reduced 
patient safety [43, 44]. Studies consistently show 
that inadequate staffing and poor working environ-
ments are associated with higher mortality and re-
admission rates [6, 45]. Strengthening nurse staffing 
and improving work environments should therefore 
be considered not only workforce strategies, but 
patient-safety imperatives.

The emotional dimension of WA also deserves 
attention. Over the last century, workplace disorders 
have become increasingly attributable to cognitive 
and psychological rather than somatic factors. This 
shift reflects two interrelated phenomena: the rise of 
professions requiring sustained mental performance 
and the progressive decline of physically strenu-
ous work. A study conducted in Germany in 2015 
showed that around 20% of retired workers left the 
labour market due to incapacity for work, relying on 
disability pensions; however, age-related diseases ap-
pear to be influenced more by external determinants 
such as diet, work type, environment, lifestyle, and 
genetic predisposition. The high prevalence of inad-
equate WA in our cohort may partly reflect post-
pandemic emotional exhaustion and burnout, now 
recognised as key contributors to nurse attrition [21, 
46, 47]. The concept of sustainable emotional capac-
ity is crucial for understanding WA in nursing, as 
it encompasses the professional resilience required 

difference that may be attributed to the combined 
effect of their younger age and the higher propor-
tion of male nurses in the night-shift rotation. Male 
nurses in our sample were significantly younger and 
reported fewer weekly hours of extra-work caregiv-
ing responsibilities, a pattern consistent with broader 
evidence that male nurses often carry a lower burden 
of family caregiving duties compared to their female 
colleagues [30, 31]. Thus, the observed differences 
in work-life balance likely reflect demographic se-
lection: younger, predominantly male nurses with 
fewer domestic responsibilities, rather than a direct 
protective effect of night work itself.

Moreover, night shifts may be perceived as of-
fering greater autonomy or financial compensation, 
partially offsetting fatigue. Nonetheless, long-term 
exposure to irregular schedules remains a recognised 
risk for sleep disturbance, stress, and impaired per-
formance [25, 36-39]. However, these findings un-
derscore the importance of considering age, sex, and 
selection bias when interpreting the relationship be-
tween shift schedules and work ability. While night 
work is not without risks, the cross-sectional nature 
of this study captures a “surviving” cohort of younger, 
predominantly male nurses whose physiological re-
silience and, potentially, lower burden of extra-work 
caregiving responsibilities may temporarily buffer 
the occupational stressors of shift work. Longitu-
dinal studies are needed to determine whether this 
cohort maintains its high work ability as it ages or 
eventually transitions to daytime roles, as observed 
in the older segment of our sample.

Musculoskeletal disorders were the most fre-
quently reported health condition among our par-
ticipants, confirming their major role in limiting 
WA. This is consistent with international evidence 
showing that 35-80% of nurses experience back 
injuries during their career, largely due to patient 
handling and physical overexertion [11, 40]. Mus-
culoskeletal disorders are associated with absentee-
ism, decreased quality of care, and early exit from 
the profession [41]. Multicomponent ergonomic in-
terventions combining physical exercise, equipment 
training and participatory redesign appear the most 
effective for reducing these risks [42].

The regression analysis highlights that while 
biological ageing (age) remains a non-modifiable 
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epidemiological profile and health surveillance trends 
of the nursing staff within our institution. This align-
ment reinforces the validity of our findings, suggest-
ing that the self-reported data accurately reflect the 
objective clinical burden of this professional popu-
lation. Future studies could integrate administrative 
and clinical data, or even wearable-sensor metrics, to 
enhance the precision of WA assessments.

Additionally, this study did not include 
organisational-level variables such as staffing ratios, 
team climate, or leadership style, which are known 
to influence both job satisfaction and WA. Incor-
porating multi-level data could help capture the 
complex interactions between individual, team and 
institutional determinants of WA.

Despite these limitations, the study presents no-
table strengths. The institutional homogeneity of the 
sample increases internal consistency and offers a rep-
resentative insight into the situation of hospital nurses 
in the Italian public healthcare context. Additionally, 
the anonymous and voluntary nature of participation 
likely reduced recall or social desirability bias.

Future research should therefore adopt a multidi-
mensional and mixed-methods approach, combin-
ing quantitative modelling with qualitative inquiry 
into nurses’ lived experiences and coping mecha-
nisms. The integration of digital technologies, such 
as AI-driven predictive tools and occupational 
health dashboards, could open new avenues for early 
identification of nurses at risk of declining WA and 
for tailoring preventive interventions.

Finally, intervention studies are needed to evalu-
ate the effectiveness of strategies aimed at maintain-
ing and improving WA across the career span. These 
may include targeted physical and ergonomic pro-
grammes, flexible scheduling for workers with car-
egiving responsibilities, and organisational policies 
promoting emotional sustainability and job satisfac-
tion. Implementing such evidence-based measures 
could strengthen the resilience and retention of the 
nursing workforce, contributing to the broader goal 
of sustainable and high-quality healthcare delivery.

5. Conclusion

In conclusion, our findings highlight the mul-
tifactorial nature of WA, shaped by the interplay 

to consistently preserve empathetic responsiveness 
and ethical decision-making despite chronic occu-
pational stress. Integrating moral distress preven-
tion and peer-support programmes into continuing 
education may help preserve this dimension of WA.

Looking ahead, technological innovation could 
play a transformative role in safeguarding WA. Pre-
dictive analytics and AI applications are beginning 
to support occupational health surveillance [48], and 
they could play a role in integrating data from shifts, 
self-reports and wearable sensors to identify early 
signs of decline in WA. Embedding such systems 
into routine occupational monitoring could allow 
proactive interventions tailored to individual risk 
profiles. Similarly, promoting “green hospital” de-
sign, with natural light, quiet spaces and ergonomic 
layouts, has been shown to enhance staff well-being 
and reduce stress. These environmental strategies 
align with the broader goal of sustainable healthcare 
and may indirectly contribute to maintaining WA.

This study has some limitations that should be 
acknowledged. Its cross-sectional design precludes 
the establishment of causal relationships between 
WA and the factors identified. In order to clarify 
whether age, family responsibilities, job satisfaction 
and other variables act as antecedents or conse-
quences of changes in WA over time, longitudinal 
designs would be required. Furthermore, data were 
collected in a single university hospital, which may 
limit the external validity of the findings.

Another limitation concerns the use of self-
reported data, which may be influenced by recall or 
social desirability bias. However, the anonymous and 
voluntary nature of participation likely reduced such 
effects. The absence of objective measures of physi-
cal and mental health (e.g. sickness absence, clini-
cal assessments) also limits the ability to triangulate 
self-perceived WA with actual performance indi-
cators. Given the mean age of the sample and the 
prevalence of chronic musculoskeletal conditions, 
medication use could represent a further indicator 
of disease severity that the standard WAI does not 
fully capture. Nevertheless, although individual-level 
triangulation with clinical records was precluded by 
the anonymized study design, the high prevalence 
of self-reported musculoskeletal disorders observed 
in our sample is entirely consistent with the general 
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APPENDIX

Supplemental Material

Table S1. Work Ability Index (WAI) scores disaggregated by sex and dimensions.
WAI Dimensions Total (N=182) Male (n=32) Female (n=150) p-value
Total WAI Score (range 7-49) 37.2 ± 6.3 39.3 ± 5.6 36.7 ± 6.4 0.039
WAI 1: Current WA (range 0-10) 7.4 ± 1.6 7.6 ± 1.3 7.4 ± 1.6 0.512
WAI 2: WA vs job demands (range 2-10)  8.0 ± 1.3 8.3 ± 1.2 7.9 ± 1.3 0.167
WAI 3: Diagnosed diseases (range 1-7) 3.8 ± 2.3 4.9 ± 2.0 3.5 ± 2.4 0.003
WAI 4: Work impairment (range 1-6) 4.9 ± 1.2 5.3 ± 0.9 4.9 ± 1.3 0.058
WAI 5: 12 months sick leave (range 1-5) 3.8 ± 1.0 3.8 ± 1.1 3.8 ± 1.0 0.908
WAI 6: Own 2-year prognosis (range 1-7) 6.1 ± 1.6 6.5 ± 1.4 6.0 ± 1.6 0.092
WAI 7: Mental resources (range 1-4) 3.1 ± 0.7 3.1 ± 0.8 3.1 ± 0.8 0.918

WAI: Work Ability Index; WA: Work Ability.
Data are presented in Mean Scores ± Standard Deviations. Higher WAI scores indicate better work ability. Bold values indicate 
statistical significance.

Table S2. Multivariable Logistic Regression Model for Predictors of Adequate Work Ability
Predictor B S.E. Wald p-value OR (95% CI)
Age -0.07 0.02 10.43 0.001 0.93 (0.89–0.97)
Sex (Female vs Male) 0.44 0.56 0.62 0.431 1.55 (0.52–4.62)
Married/Partnered (Yes vs No) 0.13 0.53 0.06 0.804 1.14 (0.40–3.20)
Children (Yes vs No) -0.48 0.50 0.91 0.339 0.62 (0.23–1.65)
BMI categoriesa 4.05 0.132 -
Underweight vs Overweight 1.15 0.90 1.64 0.200 3.16 (0.54–18.39)
Normal Weight vs Overweight 0.83 0.45 3.41 0.065 2.28 (0.95–5.49)
Smoking (Yes vs No) 0.55 0.56 0.96 0.328 1.73 (0.58–5.15)
Extra-work caregiving, assistance or 
educational activities (hours/week)

-0.03 0.01 4.17 0.041 0.97 (0.94–0.99)

Job Satisfaction 0.88 0.34 6.56 0.010 2.41 (1.23–4.71)
Constant 1.28 1.41 0.83 0.362 3.61

B: regression coefficient; S.E.: standard error; Wald: Wald chi-square statistic; OR: odds ratio; CI: confidence interval. Reference category 
for the dependent variable: Inadequate work ability. a Reference category for BMI: Overweight/Obese. Model diagnostics: Omnibus 
model χ²(9)=31.026, p<0.001; Nagelkerke R2 = 0.293; Hosmer-Lemeshow test: χ2 = 7.117, p=0.524. Correct classification rate: 71.1%.
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Summary
The current limited availability of patch tests for diagnosing Allergic Contact Dermatitis (ACD) and occupational 
or non-professional diseases, in accordance with AIFA regulations, has significantly affected the diagnostic approach 
for patients and affected workers. The issue is even more severe for haptens of occupational origin. In occupational 
medicine, the patch test is crucial for establishing the causal link between the skin disease and the patient’s work  
activities. Accurate diagnosis is essential for occupational physicians both to determine the need for a job change and to 
assess workers’ compensation. Due to limited diagnostics and regulatory restrictions, it remains impossible to diagnose 
occupational ACD. In this context, occupational doctors will focus on primary prevention by avoiding risk products 
and replacing them with non-sensitizing or non-cross-reactive alternatives. This paper addresses the challenges posed 
by the new AIFA (Italian Medicines Agency) diagnostic restrictions and explores potential solutions and future 
perspectives.

1. Introduction

Allergic contact dermatitis (ACD) is character-
ized by skin inflammatory processes that account 
for about 60% of cutaneous eczemas [1], caused by 
contact with various environmental allergens, aside 
from occupational ones [2]. Specifically, Occupa-
tional Allergic Contact Dermatitis (OACD) is es-
timated to affect between 6.7% and 10.6% of cases 
[3], although this data might be underestimated [2]. 
OACD is responsible for approximately one-third of 
all occupational diseases in industrialized countries 
[4]. A wide range of occupations are at risk for skin 

disease, including bakers, cooks, hairdressers, beauti-
cians, butchers, and other personal service workers 
[5]. OACD is a well-known Type IV hypersensitiv-
ity reaction that occurs in workers with repeated skin 
exposure to sensitizing haptens. The epicutaneous 
test (patch test) is an in vivo test and the gold stand-
ard for diagnosing OACD, confirming the causal re-
lationship between work and the disease [6]. In the 
past, we used well-established clinical protocols to 
diagnose suspected OACD, employing standardized 
epicutaneous tests combined with occupational his-
tory and job analysis. The collaboration between oc-
cupational physicians and allergists/dermatologists 
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was straightforward because occupational doctors 
could request predefined epicutaneous test series 
from allergists during routine health surveillance. 
Today, this process is more challenging since these 
professional series are no longer available on the 
market. This paper discusses current challenges and 
the best approaches for diagnosing OACD, starting 
with the European Guideline on haptens and their 
Italian transcription [7, 8].

2. Methods

The current regulatory classification of haptens for 
patch tests as medicinal products dates back to Direc-
tive 89/343/EEC, which extended the same obliga-
tions to these products as for all medicinal products 
regarding production, marketing authorization,  
and clinical use (Autorizzazione Immissione 
Commercio – AIC). In Italy, the process of regulat-
ing allergenic medicines began with the Ministerial 
Decree Healthcare of December 13, 1991, and ex-
perienced a long period of inactivity. Recently, it was 
resumed with AIFA (Italian Medicines Agency) 
DG Resolution n. 2130/2017, which established 
the criteria for completing the process and the pos-
sible issuance of the AIC for allergens on the mar-
ket by law (ope legis): owners of allergen products 
used for diagnosis (i.e., haptens for patch tests) are 
required to submit an updated dossier for each hap-
ten. To ensure patients’ right to health, it was also 
necessary to publish a list of haptens temporarily 
authorized for marketing, attached to AIFA DG 
Resolution n. 98/2022, which is revised and updated 
whenever there are production changes or signifi-
cant literature updates. In conclusion, the allergenic 
medicines currently on the market in Italy are three 
types: medicines with regular marketing authoriza-
tion (AIC), medicines authorized for marketing by 
law (ope legis), and medicines marketed as specific 
products for individual patients (Named Patient 
Products – NPP). The products marketed ope legis 
(pursuant to the Health Ministerial Decree of De-
cember 13, 1991) are legally equivalent to products 
with an AIC. Products marketed as NPP are medic-
inal products prepared industrially upon written and 
unsolicited requests from a doctor, who commits to 
using the products on a specific patient under their 

direct and personal responsibility. Patch test haptens 
cannot be classified as NPP because they are pro-
duced through a standardized process for use in a 
plurality of patients and not nominally intended for 
a single person.

3. Results

The final process for AIC is currently underway; it 
involves the regulatory and technical-scientific eval-
uation of the dossiers filed for the admitted products 
with the purpose of issuing the AIC. Until this pro-
cess is completed, the medicines admitted for evalu-
ation will remain on the market as ope legis [9, 11]. 
Therefore, the conclusion of the first phase and the 
start of the next phase revealed many critical issues 
in the sector, creating a situation of unmet clinical 
need. In particular, regarding patch tests, the Italian 
Society of Dermatology and Sexually Transmitted 
Diseases (SIDeMaST) reported serious difficulties 
in diagnosing ACD or OACD, and in implement-
ing suitable secondary prevention measures, result-
ing in increased direct costs (therapy for patients) 
and indirect costs (absence from work) [10, 11, 12]. 
To identify the best solutions to meet the needs of 
professionals and patients, and to develop guide-
lines aligned with the latest scientific standards and 
regulatory requirements, AIFA Technical Table was 
established to detect clinical test haptens through 
AIFA DG Determination n° 134/2022 (updated 
by AIFA DG Determination n° 447/2022). In oc-
cupational medicine, the patch test is essential for 
establishing the causal link between skin disease 
and the patient’s work activity. Accurate diagnosis 
of OACD is vital for occupational physicians when 
deciding on job changes. The lack of recognition of 
the occupational nature of contact dermatitis pre-
vents worker compensation from Italian Working 
Compensation Authority (INAIL) and contributes 
to underestimating the number of reported occupa-
tional diseases whose incidence in Italy is already 
low. Currently, most occupational haptens are not 
represented by commercially available haptens. In 
these cases, occupational doctors must use products 
from commercial or natural sources and resort to 
the extemporaneous preparation of patch tests. To 
ensure standardized procedures, a quality assurance 
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document for these preparations should be devel-
oped, updating the information provided by the 
Official Italian Pharmacopoeia for preparing ex-
temporaneous medicines in pharmacies and radiop-
harmaceuticals in nuclear medicine. This document 
is being drafted by experts from the Technical Table 
and the Secretariat for the Official Pharmacopoeia.

4. Discussion

The limited availability of patch tests for diag-
nosing ACD and occupational or non-professional 
diseases, according to AIFA regulations, has signifi-
cantly impacted how patients and workers are diag-
nosed. In an unpublished study conducted in 2023 
at our center, involving 437 patients, we observed a 
44.5% rate of sensitizations compared to 52.1% re-
ported in the literature [13, 14]; this difference may 
be due to a larger panel of haptens used in other 
countries where regulatory restrictions were not en-
forced. Among 14 workers with suspected OACD, 
25.6% of sensitizations were identified using hap-
tens without AIC. These cases could be missed with 
new diagnostic restrictions. Due to the limited sup-
ply of AIC tests, the near-future outlook in Italy is 
not promising. Occupational physicians, allergists, 
and dermatologists should increase their use of 
patch tests with products in use, similar to past prac-
tices where doctors prepared “at-home” epicutane-
ous tests. According to recent regulatory proposals, 
a quality assurance document (currently in progress) 
should be required, unlike the improvised prepara-
tions of the past. Currently, only a few authorized 
occupational allergology/dermatology centers can 
ensure standardized preparation procedures. Such 
an approach requires time and is complex because it 
demands technical knowledge and supplied materi-
als. Additionally, it’s challenging to compile a com-
prehensive list of chemicals in specific workplaces or 
review safety data sheets, which are often incomplete 
due to missing sensitizing compounds. Haptens may 
also be listed under various names, adding to the 
complexity. A specialized occupational allergist/der-
matologist’s expertise, including toxicological knowl-
edge and awareness of industrial production cycles, 
is essential. Beyond identifying products, allergens, 
and critical manufacturing phases, the regulatory 

framework for AIC and related legislation should 
facilitate case-specific extemporaneous patch test-
ing through more nuanced analysis. Without these 
developments, limited diagnostics and regulatory re-
strictions may prevent accurate diagnosis of OACD. 
In this context, occupational physicians should focus 
on primary prevention by avoiding hazardous prod-
ucts that could be replaced with non-sensitizing, 
non-cross-reactive alternatives. If technological or 
environmental modifications are unfeasible, educa-
tional efforts, reduced exposure (such as shift work), 
and preventive measures (secondary prevention) 
should be adopted. For example, wearing gloves that 
are regularly changed and possibly combined with 
cotton underneath can protect not only hands but 
also part of the arms. Barrier creams may also be ef-
fective depending on the specific task and substances 
involved, but it is important to note that manual 
work involving hand rubbing can remove the cream, 
potentially giving workers a false sense of security.

5. Conclusion

In conclusion, new perspectives are emerging 
that require more complex analysis. Allergists and 
dermatologists need to collaborate with occupa-
tional doctors to identify new diagnostic tools and 
empirical approaches in light of stricter regulations. 
The key is always gaining more knowledge of the 
processes and identifying critical points. Therapies 
and health monitoring after implementing preven-
tive measures can be successful, but strong support 
from specialists is now necessary. New approaches 
and tailored diagnoses are needed; understanding 
the problems and solutions from the perspective 
of expanding diagnosis remains the ultimate goal, 
which is closely tied to the available haptens [15].
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