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Vital to the prevention of work-related ill-health (WRIH) is the availability of good quality data regarding
WRIH burden and risks. Physician-based surveillance systems such as The Health and Occupation
Research (THOR) network in the UK are often established in response to limitations of statutory,
compensation-based systems for addressing certain epidemiological aspects of disease surveillance.
However, to fulfil their purpose, THOR and others need to have methodologic rigor in capturing and
ascertaining cases. This article describes how data collected by THOR and analogous systems can inform
WRIH incidence, trends, and other determinants. An overview of the different strands of THOR research
is provided, including methodologic advancements facilitated by increased data quantity/quality over
time and the value of the research outputs for informing Government and other policy makers. In doing
so, the utility of data collected by systems such as THOR to address a wide range of research questions,
both in relation to WRIH and to wider issues of public and social health, is demonstrated.
� 2017 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The prevention of ill health associated with work, as well as the
promotion of health at work and the maintenance of work ability
need to be informed by good quality data regarding the burden and
risks of ill health. Such data are key to preventing work-related ill
health (WRIH) as enshrined in regulatory guidance, be it through
the preparation of suitable and sufficient risk assessments to
managing occupational health risks through information, instruc-
tion, and training of workers and employers.

On a national scale, data sources include statutory reporting
systems (often linked to compensation), mortality records, cancer
registries, and other routine data sources such as labor market
surveys. Many countries, including the UK, may also have one or
more surveillance systems based on voluntary physician reporting
[1]. These systems are often established in response to limitations
of statutory based systems for addressing certain epidemiological
aspects of disease surveillance, typically capturing cases at a much
stitute of Population Health, Facul
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broader level (than statutory systems) and therefore representing a
complementary picture of the burden of disease. However, to fulfil
their purpose these systems need to have methodologic rigor in
capturing and ascertaining cases. They have to characterize the
numerator cases by demography, industry, occupation, and expo-
sures (including tasks and psychological health hazards as well as
physical, chemical, and biological ones) and to relate them to a
defined denominator. The systems also need to recognize and take
steps to mitigate, or at least understand, biases for example from
fatigue in data collection or reporting or from different sampling
strategies.

The Health and Occupation Research (THOR) network is hosted
by the Centre for Occupational and Environmental Health (COEH)
in the Faculty of Biological, Medical and Health Sciences at the
University of Manchester, Manchester, UK and collects data on
WRIH and its determinants throughout the UK and (since 2005) the
Republic of Ireland (ROI) [2]. THOR is (partially) funded by the two
regulators of health and safety: the Health and Safety Executive
ty of Medical and Human Sciences, The University of Manchester, Room C4.2, Ellen
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(HSE) in the UK and the Health and Safety Authority (HSA) in the
ROI. The evolution of the network has been gradual. The network
initiated as Occupational Disease Intelligence Network (ODIN) with
schemes set up (at various time points) to enable system-specific
specialists (e.g., chest physicians) and occupational physicians to
report throughout the UK (Table 1). THOR developed from ODIN in
a number of important ways including explicitly the development
of new methods such as to study trends, and to obtain better es-
timates of incidence and by extending the scope of the research
beyond occupational disease to include other aspects of health and
occupation research such as sickness absence and rehabilitation
following WRIH (Table 2). THOR also extended the data collection
and surveillance both beyond specialists, that is further down the
surveillance pyramid by launching a general practitioner (GP)-
based network [3] and beyond the UK by launching sister schemes
in the ROI [4]. By becoming a leading founding member in the in-
ternational MODERNET (monitoring trends in occupational dis-
eases and tracing new and emerging risks in a network)
consortium, THOR also influences WRIH research on a much wider
scale [5]. Other important developments include the implementa-
tion of electronic reporting (which has been mandatory for new
surveillance schemes since 2005 and encouraged for the extant
legacy schemes) and innovation in research-led teaching by using
the research database as a platform from which to launch the
THOR-related educational initiative, Electronic Experiential
Learning Audit & Benchmarking (EELAB) [6].

The blend of surveillance schemes has changed with time (the
first scheme, SWORD, is still going strong [7]), and new ones have
been launched replacing others partly to ensure the most effective
approach, and partly to achieve efficiencies because of limitations
in the funding resources. Thus, data on musculoskeletal and mental
disorders which from 1999 to 2009 were collected from MOSS and
SOSMI by rheumatologists and psychiatrists, respectively, are now
collected from the GP as well as the occupational physician
schemes [3,8]. As of January 2016, in excess of 1,000 physicians
were enrolled in THOR with approximately 1,700 case notifications
during 2015.

As with the evolution of the network itself, the research out-
puts generated by THOR have also evolved over time, both in
response to the increase in data but also in response to increased
sophistication in the methods employed to analyze the data. Since
2002, there have been 60þ peer reviewed articles addressing
different aspects of THOR research, from simplistic overviews of
the burden of disease to more sophisticated analyses such as
methodological refinements to estimating disease incidence and
Table 1
The Health and Occupation Research network

Name of scheme Reporting specialists

SWORD e Surveillance of Work-related &
Occupational Respiratory Disease

Consultant chest physicians

EPIDERM e Surveillance of Work-related Skin
Disease

Consultant dermatologists

OPRA e Occupational Physicians Reporting Activity Occupational physicians

SIDAW e Surveillance of Infectious Diseases at
Work

Consultants in communicable
diseases

OSSA e Occupational Surveillance Scheme for
Audiological Physicians

Consultant audiologists

MOSS e Musculoskeletal Occupational Surveillance
Scheme

Consultant rheumatologists

SOSMI e Surveillance of Occupational Stress &
Mental Illness

Consultant psychiatrists

THOR-GP e THOR in General Practice General practitioners
trends in incidence. The aim of this review is to bring together the
different strands of THOR research into one concise article
therefore providing a single useful resource describing how data
collected by voluntary surveillance systems such as THOR can be
used to determine occupational and work-related disease inci-
dence, trends, and other related determinants. The value of these
research outputs in terms of informing Government and other
policy makers is our ultimate goal and will also be discussed as
will the methods employed to ensure physician motivation and
engagement.

2. Disease incidence

Data collected by surveillance systems such as THOR are
invaluable for determining disease incidence. Although under-
reporting is likely to be an issue for THOR, it is probably more of
a concern for statutory systems (where reporting may also exclude
certain diseases, for example, mental ill-health). By contrast, sys-
tems based on self-reports (e.g., labor market surveys) may over-
estimate disease incidence. At the simplest level, the cases, or
numerator data, collected by THOR provide an overview of the
burden of disease including how this might vary by factors such as
geography, age and sex, causal agent, and occupation. Such
descriptive overviews are a useful starting point, particularly dur-
ing the initial data collection period of a surveillance scheme when
the quantity of data may not suffice to undertake more sophisti-
cated analyses and most research outputs will include at least an
element of such descriptive analyses. However, whilst descriptive
overviews of the reported cases are of interest, a key objective of
surveillance systems such as THOR is to determine nationally
representative and statistically robust estimates of disease inci-
dence. To do so (and to compare disease incidence meaningfully
between different locations, jobs, industries, etc.), it is necessary to
take into account differences in the underlying populations (de-
nominators) from which the cases are drawn. This has led to a
number of methodological challenges, some of which are specific to
estimating incidence for certain groups of physicians, whilst others
are more general.

Issues that have been addressed by THOR include allowing for the
likelihood that not all cases of WRIH are captured by voluntary sur-
veillance systems such as THOR (a physician may not participate in
the schemeor if theydo, theymaynot reporteverything theysee) [9],
addressing biases in the populations covered by a reporting system
(e.g., towards specific industries as exemplified by occupational
physician reporting to Occupational Physicians Reporting Activity)
Related organization Period of data collection

British Thoracic Society & Society of Occupational
Medicine

1989ecurrent

British Contact Dermatitis Group, British
Association of Dermatologists, Society of
Occupational Medicine

1993ecurrent

Society of Occupational Medicine, Faculty of
Occupational Medicine

1996ecurrent

Public Health Medicine Environmental Group,
Communicable Disease Surveillance Centre,
Public Health Laboratory Service

1996ecurrent

British Association of Audiological Physicians 1997e2006

British Society for Rheumatology 1999e2009

Royal College of Psychiatrists 1999e2009

Royal College of General Practitioners 2005ecurrent



Table 2
Summary of organizational, methodological, and other developments implemented
by The Health and Occupation Research (THOR)

Topic Development implemented by THOR

THOR & its
coverage

� Extension of data collection to nonspecialists
such as General Practitioners (GPs)

� Surveillance extended from the UK to the
Republic of Ireland

� Participation (as a leading founding member)
in the international MODERNET consortium

� THOR recognized as national statistics by the
UK Statistics Authority

Physician participation
& motivation

� Introduction of electronic reporting
� Introduction of the THOR based educational

EELAB (currently accredited for continuous
professional development purposes for GPs)

� Option to delegate the reporting task to
another member of their clinical team (e.g., a
specialist registrar or clinical nurse specialist)

Estimates of disease
incidence

� Refinement of estimates of disease incidence
due to <100% capture of work-related ill-
health (WRIH) cases by THOR (a physician
may not participate in the scheme or if they
do, they may not report everything they see)

� The implication of false zeros for estimates of
disease incidence

� Addressing biases in the populations covered
by a reporting system (e.g., towards specific
industries as exemplified by occupational
physician reporting to OPRA)

� Addressing issues of bias arising from THOR
physicians being different to UK/Republic of
Ireland physicians in general (e.g., GPs
reporting to THOR-GP)

� Research into the impact of sampling fre-
quency (e.g., monthly vs. yearly) on disease
incidence

� Triangulation of THOR derived incidence
rates both internally & with external sources
such as the self-reported work-related illness
surveys

Estimates of trends
in disease incidence

� Development of multilevel models (MLMs) to
investigate the change in disease incidence
over time

� Research into factors that might unduly in-
fluence the true trend, in particular the issue
of reporter fatigue

� Application of this MLM methodology to
investigate overall trends & trends for specific
industries, occupations & agents

� Adaption of this MLM methodology to eval-
uate interventions aimed at reducing disease
incidence

� Collaboration with others (e.g., through
MODERNET) to investigate trends in disease
incidence across Europe

Other THOR
research
developments

� Investigation into the length of sickness
absence & how it varies by diagnosis, job, sex,
& other factors

� The impact of the introduction of the fit note
on sickness absence

� The role of GPepatient negotiations in sick-
ness absence certification

� Factors determining secondary referral
� The application of Quantitative Structure

Activity Relationships to THOR data in order
to help identify/predict novel asthmagens

� The ageing workforce & its impact on WRIH
� The relationship between social inequalities

& WRIH incidence

Fig. 1. Disease severity pyramid.
EPIDERM, Occupational Skin Surveillance; OPRA, Occupational Physicians Reporting
Activity; SWORD, Surveillance of Work-related and Occupational Respiratory Disease;
THOR-GP, The Health and Occupation Research in General Practice.
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[10], or biases arising from participating physicians being possibly
different to physicians in general (e.g., w1% of GPs in Britain partici-
pate in THOR-GP, and, unlike GPs in general, they have a diploma in
occupational medicine) [11]. THOR researchers have also addressed
important issues such as incidence calculations for long latency
diseases (whereby denominators may need to be lagged by several
decades) and the impact of physician sampling frequency (e.g.,
monthly vs. annual reporting) on disease incidence [12]. Recently,
work has focused on estimating the proportion of false zeros and the
resulting impact on disease incidence reported to THOR. When a
physician does not see any cases during their reporting month they
are asked to respond with “I have nothing to report”. It is hypothe-
sized that some of these zero returnsmay in fact be false, that is, the
physician did see reportable cases but due to time constraints, for
example, it was easier to respond with a zero return.

To illustrate with an example, UK incidence rates for chest
physicians reporting to SWORD were initially calculated by
applying the UK working population (obtained from the labor force
survey) as the denominator [7]. With the development of THOR,
these rates were subsequently refined to take into account cases
not captured by SWORD due to non-participation and nonresponse
[9] and then refined further still to take into account the likely
presence of false zeros. Whilst some of the assumptions behind
these adjustments are still to be fully resolved (and therefore the
true incidence likely lies somewhere in between these estimates),
addressing issues such as these, which is ongoing within THOR, has
ensured the validity, reliability, and therefore utility of THOR data
for determining disease incidence. The calculation of incidence
rates using data collected from GPs has presented further chal-
lenges. The participating GPs have a UK-wide distribution; how-
ever, the population captured by the THOR-GPs (the employed
patients registered with each participating practice) may have a
different employment distribution than the national population.
Therefore, using Labour Force Survey data as a denominator is
likely to lead to inaccuracies when calculating incidence rates.
Methods have been developed to characterize the THOR-GP pop-
ulation denominator by linking practice postcode information to
census data. A further strength of having a network with multiple
sources of data such as THOR is the ability to compare or triangulate
incidence rates arising from different groups of physicians [13].
THOR data can also be compared with incidence rates derived from
other, external data sourcesdfor example, the self-reported work-
related illness surveys [14]. Triangulations such as these help vali-
date the individual data sources and enable a more complete pic-
ture of WRIH in the UK to be constructed (Fig. 1).

Although significant methodological advances within THOR
have been made over the years in relation to determining disease
absolute incidence rates by factors such as type of disease, age and
sex, determining disease incidence rates in relation to specific
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exposures is more problematic, primarily because it is difficult to
quantify the denominator (population exposed). Whilst for some
agents (e.g., coal or flour) it may be easier to quantify the (occu-
pationally) exposed population, for others (e.g., soaps and de-
tergents) it may be more problematic. One way THOR researchers
have addressed this has been to analyze relative rather than ab-
solute trends in incidence. Thus in some circumstances it is not
necessarily important that the denominator is quantified, so long as
it remains fairly stable over time.

3. Trends in incidence and a new methodology

Whilst plotting reported cases over time can provide an indi-
cation of temporal trends, this approach does not necessarily take
into account factors that might unduly influence the true trend. One
of the most significant methodological advances implemented by
THOR in recent times has been the use of multilevel models (MLMs)
to investigate the change in disease incidence over time [15]. This
approach enables (among other things) factors such as variation in
the number of physicians reporting to THOR, seasonal patterns in
reporting, or a decrease in reporting over time because of reporter
fatigue to be taken into account. The issue of reporter fatigue (and its
potential impact on WRIH trends) has attracted considerable
research within THOR: as membership time within a scheme such
as THOR increases, might a reporter become less committed to
active participation but still retain membership? How such fatigue
manifests itself and whether this can cause bias in time trend
estimation has been a major methodological concern. Approaches
taken to address this have included modelling change in reporters’
response over time (e.g., has there been an increase in zero-returns
or nonresponse) and investigations of false zeros.

This MLMmethod was first used to estimate change in incidence
of WRIH relative to 1999 for the HSE as part of their Revitalising
Health and Safety Strategy, and continues to be used on an annual
basis to provide the HSE with estimates of trends in WRIH [16]. In
addition to looking at overall trends, this method has more recently
been applied to investigate trends inWRIHwithin specific industries
[17], attributed to specific agents [18e20] or most notably, to eval-
uate specific interventions aimed at decreasing disease incidence
[21e25]. In doing so it has become apparent that whilst the overall
incidence of work-related diseases such as asthma and contact
dermatitis may be decreasing (and in some cases these reductions
may be attributed to specific interventions by the HSE and others),
for certain groupsdfor example, asthma in bakers attributed toflour,
allergic contact dermatitis in nail technicians attributed to acrylates,
and irritant contact dermatitis in healthcare workers attributed to
hand washingdincidence in these situations may be increasing.

In addition to investigating WRIH trends in the UK, this MLM
methodology has recently been applied to investigate WRIH trends
in other European countries, primarily as a result of THOR’s
participation in MODERNET. Approximately 20 European countries
participate in MODERNET with the aim of facilitating the exchange
of information and knowledge by collaboration on a European
scale. Analysis of trends of specific occupational diseases/disease
groups across 10 MODERNET countries observed similar trends for
asthma and contact dermatitis (generally declining) but more
variable trends (both within and between countries) for the other
groups studied (noise-induced hearing loss, carpal tunnel syn-
drome, and upper limb musculoskeletal disorders) [26].

4. Other research areas

Although the primary aim of THOR data collection is to estimate
incidence trends in WRIH, the quantity and quality of the data
collected plus the methodological and other developments
implemented by THOR have enabled a wide range of additional
research questions to be addressed. For example, studies have been
implemented within THOR to examine physicians’ diagnostic
preferences regarding WRIH. From these it was concluded that,
when presented with the same information, there was no sys-
tematic difference in the diagnostic labelling of work-related
mental ill health by (THOR) occupational physicians, psychiatrists,
and GPs or of asthma by (THOR) occupational physicians and chest
physicians [27,28]. Research by THOR is not limited to WRIH de-
terminants. Other research areas include the length of sickness
absence and how this may vary by diagnosis, job, sex, and other
factors, the impact of the introduction of the Fit Note, and the role
of GPepatient negotiations in sickness absence certification [29e
31]. THOR-GP data have also enabled the investigation of factors
influencing whether, and to whom, a secondary referral is made.
Another recent and innovative area of THOR research is the use of
SWORD data in conjunction with techniques such as Quantitative
Structure Activity Relationships (QSAR) in order to help identify
and even predict novel asthmagens [32]. Work in this area is
currently being extended to the feasibility of applying QSAR to
identify novel agents for other THOR data, for example, contact
dermatitis.

THOR data can often also be applied to investigate new or
emerging areas of broader social and public health interests such as
the impact of an ageing population or of widening social in-
equalities. For example, increased life expectancy and pensionable
age, and an increasing dependency ratio necessitate a need to keep
older workers in employment and encourage thosewho have left to
return to work. However, research is needed to address questions
such as whether older workers with existing comorbidities have an
increased susceptibility to occupational injuries or other WRIH.
Similarly, social inequalities in health have long been described as
showing an inverse relationship between social class and mortality
and morbidity. However, incidence rates for work-related mental-
ill health by socioeconomic group based on reports to THOR-GP
suggest a different pattern; rates were highest in lower manage-
ment and intermediate occupations. Thus, THOR data are currently
being used to examine the psychosocial risk factors affecting
different socioeconomic and demographic groups. Another current
topic of interest is the application of data collected by occupational
surveillance systems such as THOR to act as an early warning system
for the wider (nonoccupational) environment, the rationale being
that health risks often occur first in the workplace where the same
environmental contaminants are present at concentrations or in-
tensities which are orders of magnitude greater than in the general
environment.

5. Collaborative research

Although all research carried out within THOR is collaborative,
physician-based networks such as THOR also provide the oppor-
tunity for external collaboration between academic (THOR) re-
searchers and the physicians participating in the schemes. For
example, the latter may identify a new cause or emerging trend
during their clinical practice that they want to corroborate further
by interrogating THOR data. To this end, research led by key der-
matologists participating in EPIDERM has investigated trends in
contact dermatitis attributed to agents such as isothiazolinones,
rubber accelerators, and acrylates [19,20,33]. Since COEH also un-
dertakes postgraduate teaching in occupational medicine, there is
also the opportunity for collaboration between THOR researchers
and COEH students (physicians and hygienists). Recent examples
that have resulted in joint peer reviewed publications include a
comparison of work-place injury data as reported by occupational
physicians and GPs [34] and an investigation of work-related
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neoplasia associated with solar radiation [35]. On a wider scale,
there are the aforementioned opportunities for collaborative
research arising from THOR’s participation in networks such as
MODERNET [26,36].

6. Physician motivation and engagement

Critical to the success of THOR (and analogous schemes) is the
ongoing participation, truly voluntary, of the physicians. To this
end, emphasis is placed on keeping the reporting process as simple
as possible and not overburdening the reporting physician. For
most schemes, the initial approach (ODIN) was for physicians to
participate either monthly or for one randomly selected month per
year by returning a postal report card containing details of the cases
seen. When ODIN evolved into THOR, other options were intro-
duced. Physicians can now delegate the task to another member of
their clinical team such as a specialist registrar or clinical nurse
specialistdso long as the physician accepts responsibility for the
diagnostic standard of the casesdand we also have different
methods of reporting, for example, via a web form. A survey of
THOR participants in 2011 suggested that it takes 2e5 minutes to
report a case to THOR, with a general consensus that the benefits
obtained from participating in THOR far outweighed the time spent
reporting. The benefits comprise the other important component of
ensuring physician participation and regular feedback in the form
of quarterly and annual reports [6]. Participants can also make use
of the THOR ad hoc enquiry service whereby the THOR database
(currently containing in excess of 100,000 case reports) can be
interrogated to answer specific questions [37] on possible occu-
pational health risks. Other benefits include attendance at meetings
(where participants can learn about recent research within their
specialty and also inform and influence the future of the surveil-
lance system) and collaboration with colleagues and with THOR
researchers to publish work based on collected data.

7. How THOR informs policy

THOR has been assessed by the UK Statistics Authority to meet
the required standard to be classified as national statistics and re-
mains one of the main sources of statistical informationwith which
the HSE (and other agencies) determine their priorities and work
programs on occupational health. A search for THOR on the HSE’s
website will yield hundreds of documents which make substantial
reference to THOR, and > 50 tables of THOR data. In addition to
their routine use in presenting annual statistical data on WRIH,
THOR data are also used regularly by the HSE to check anecdotal
suspicions against a wider range of evidence, thus helping priori-
tize and provide an evidence base for their campaigns and in-
terventions. For the period 2002e2014, the HSE submitted
approximately 200 enquiries to THOR requesting information on
cases reported in the respective areas of interest [37].

THOR data also provide an input to informing Parliament, for
example, evidence to Select Committees, and parliamentary ques-
tions directed at government ministers, with data solicited by
various public bodies, such as the Industrial Injuries Advisory
Council and the HSE’s Asthma Partnership Board, to help inform
their decisions. A key example is the aforementioned Revitalising
Health and Safety Strategy. This was a 10-year strategy to improve
health and safety at work, which aimed to reduce the impact of
health and safety failures by 30% over this period [38]. THOR played
an important part in measuring this target alongside HSE’s other
data sources, including RIDDOR and the Labour Force Survey. In
particular, THOR was the main data source used to report the sta-
tistically significant decrease in both work-related asthma and
contact dermatitis between 1999e2000 and 2009e2010. A major
advance regarding the utility of THOR data for policymakers has
been the aforementioned development of MLMs to investigate
overall trends and, more specifically, the impact of interventions.
Applying this method, THOR data have not only been able to show
beneficial reductions in incidence against government (HSE) stra-
tegic targets but also in response to interventions such as the EU
Directive resulting in reduction of exposure to chromate in cement
[25].

THOR also contributes to raising awareness among other sectors
of society regarding the risks to health from work. Approximately
11% of the 631 enquiries to THOR in the period 2002e2014 were
from industry and other bodies (excluding HSE, participating phy-
sicians, or research institutions) [38]. A recent HSE consultation on
changes to the RIDDOR statute asked respondents to say what
sources of data they useddincluding for “benchmarking of own
performance against sector and for setting targets”dand 31% of the
558 responders had used one or more of the THOR data sets,
compared with 25% using the government’s self-reported work-
related illness surveys [39].

8. Summary and conclusions

In conclusion, this article shows that data collected by voluntary
occupational surveillance systems such as THOR can be used to
address a wide range of research questions, not only those limited
to disease incidence and trends in incidence, but also to other de-
terminants of WRIH and to wider issues of public and social health.
It has shown how the research outputs have evolved over time,
partly in response to an increase in data but also in response to
increased sophistication in the methods used to analyze the data.
Finally, it illustrates the importance of data such as the data used for
informing Government policies aimed at reducing occupational
disease incidence. This is an ongoing process, and as data collection
continues, refinement of the methods used to analyze these data
will also continue, thus providing us with even better quality
occupational health information and hence enabling further
important research questions to be addressed.
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