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ABSTRACT

There have been reports of higher death rates among firefighters in the USA, Canada, and Nordic
countries due to various cancers and other diseases, but research on the health of UK firefighters is

relatively limited.

The aim of this thesis is to assess whether Scottish male firefighters experience elevated mortality rates

from cancers and other diseases as compared to the general population.

The study compared mortality rates from cancer and other diseases among male firefighters in Scotland
from 2000 to 2020 with those of the general male population in Scotland. The data was presented as
standardized mortality ratios (SMRs) with 95% confidence intervals (CIs).

The study revealed that Scottish male firefighters had a significantly higher risk of mortality from cancer
when compared to the general population (SMR 1.61, CI 1.42-1.81). The risk of death due to unspecified
malignant neoplasms was almost three times higher for Scottish male firefighters (SMR 2.73, CI 1.71-
4.00). Moreover, Scottish male firefighters showed excess mortality for site-specific cancers, including
prostate (SMR 3.80, CI 2.56-5.29), myeloid leukaemia (SMR 3.17, CI 1.44-5.58), oesophagus (SMR
2.42, CI 1.69-3.29), and urinary system (kidney and bladder) (SMR 1.94, CI 1.16-2.91). The mortality
rate from neoplasms of unknown behaviour was over six times greater in Scottish male firefighters
(SMR 6.37, CI 2.29-12.49). Additionally, Scottish male firefighters showed significantly higher
mortality rates for acute ischemic heart diseases (SMR 5.27, CI 1.90-10.33), stroke (SMR 2.69, CI 1.46-
4.28), interstitial pulmonary diseases (SMR 3.04, CI 1.45-5.22), renal failure (SMR 3.28, CI 1.18-6.44),
and musculoskeletal system diseases (SMR 5.64, CI 1.06-13.83).

The findings indicate that Scottish male firefighters experience a significant increase in mortality rates
from cancers and other diseases as compared to the general population. It highlights the pressing need
for preventative health monitoring and presumptive legislation to safeguard the health of Scottish male

firefighters.
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AIMS AND OBJECTIVES

The main aim of this work was to evaluate cancers and other diseases mortality rates amongst Scottish

male firefighters.
Main objectives included:

e Identification, collection, and summary of data for the Scottish male general population and

firefighters population against each year (2000-2020), gender, and age.

o Identification, collection, and summary of cancers and other diseases mortality rates amongst male

Scottish general population and firefighters population (for 2000-2020).

o Identification, collection, and summary of number of male retired Scottish firefighters (for 2000-

2020).

e Scottish male firefighters statistical evaluation of cancers and other diseases by calculated

standardised mortality rates.

Throughout this thesis diseases will be referred to as either cancers or other diseases and will generally

be treat as two different groups.



1 INTRODUCTION

In the USA, Canada, and Australia the link between exposure to fire effluent and increased incidence

of malignant neoplasms (cancers) amongst firefighters is officially recognised, with presumptive

legislation protecting firefighters’ right to medical support and/or workplace compensation should they

develop cancer because of their careers. Poland was the first European country which introduced

presumptive legislation for number of cancers in 2019. Table 1.1 displays the specific cancers for which

firefighters have presumptive legislation, split by country

Table 1.1 Countries with presumptive legislation by cancers and other diseases type.

Presumptive legislation for firefighters

than 24 hours after, engaging in the activities

Cancer type Poland Canada | USA | Australia
Bladder + + + +
Brain + + +
Colorectal + + +
Oesophageal + + +
Kidney + + + +
Leukaemia + + + +
Lung + + +
Mesothelioma +
Multiple myeloma + + +
Non-Hodgkin’s lymphoma + + + +
Skin cancer (melanoma) + + +
Thyroid +
Ureter + +
Liver +
Female Specific Cancers
Breast +
Ovarian +
Cervical +
Male Specific Cancers
Prostate + + +
Testicular + + +
Other diseases
Chronic obstructive pulmonary disease. + +
A sudden cardiac event or stroke while, or not later +




In 2022, the International Agency for Research on Cancer (IARC), World Health Organisation, re-
classified occupational exposure to firefighters as “carcinogenic to humans™. The IARC review
considers the growing number of studies worldwide which indicate elevated incidences of cancers and
other diseases in firefightersiiiv-vvivivii However, little such support is in place for UK firefighters.
UK’s Industrial Injuries Advisory Council (ITAC) failed to recognise cancer (except mesothelioma) as
an occupational risk for UK firefighters™ . Lack of sufficient evidence (due to a lack of studies on UK

firefighters) was cited as one of the key reasons for this decision.

This research work, independently carried out for the Fire Brigades Union, was to statistically evaluate
cancers and other diseases mortality rates among Scottish male firefighters between 2000-2020 when

compared to the general Scottish male population.

1.1 Cancers and Other Diseases Amongst the UK Firefighters

In the UK, there is very little published on the firefighters’ health. Recently, a few research publications
were released evaluating firefighters’ experiences and behaviours on a range of topics. These included
exposure to fire toxins (duration, frequency etc.), contamination and decontamination practices,
personal protective equipment (PPE) (provision, maintenance, cleaning, storage, fit etc.), health (cancer,

mental health), attitude/culture, and awareness and training .

It has been reported that carcinogens from fire incidents not only remain on firefighters’ personal
protective equipment (PPE) but are also tracked back to fire stations. This puts firefighters at an
increased risk of developing adverse health outcomes and emphasises the importance of managing those

risks by implementing controls which protect against exposures.

Results also revealed that firefighters who have served more than 15 years were 1.7 times more likely
to develop cancer when compared to those who have served less time. Firefighters were at least twice
as likely to be diagnosed with cancer if they noticed soot in their nose/throat or remained in their PPE
for more than four hours after attending a fire incident. In addition, an increased likelihood of developing
cancer was identified for: eating while wearing PPE; failing to store clean/dirty PPE separately; working

in a station that smells of fire; or/and not having designated (separate) clean and dirty PPE areas **xi-xiii

10



1.2 Worldwide Firefighters Cancers and Other Diseases

A database was created which recorded information from existing publications which studied the health
outcomes of firefighters compared to various other populations (e.g., general population, other
occupations). As well as collecting the health outcomes, the statistical measures employed were also
collected. Websites such as www.researchgate.net X and www jstor.org *¥ were searched using one of
these words: firefighter, fire fighter, health, health outcome, incidence, mortality, prevalence, morbidity,

risk, cancer, disease, ratio, population.

A total of 167 publications*"! were included in the database for analyses with publication dates between
1945 and 2023. The number of publications per year is summarised and presented in Figure 1.1 and

Tables 1.2 and 1.3.
Specific criteria were used to include or exclude any publication appearing in the search.
The inclusion criteria were:

e Must investigate a relationship between firefighters and a health outcome (defined as any
biological response - so all biomonitoring studies were excluded as we weren’t interested if

there was no associated health outcome.)

e Must compare health outcome in firefighters to a comparison group of non-firefighters (e.g.,

other occupational groups like policemen etc. or to general population etc.)

e Must investigate the prevalence, risk, incidence etc. of a health outcome within firefighters

(compared to non-firefighting populations)
e Must be primary research.
The exclusion criteria were:
e Studies that do not investigate a relationship between firefighters and a health outcome.

e Studies that investigate a health outcome within populations of firefighters - but do not compare

this with health outcomes in a non-firefighting comparison population.

e Studies that look at the causes/predictors of health outcomes, instead of some measure of
prevalence of those health outcomes, within populations of firefighters (and do not draw

comparisons to non-firefighting populations)

e No secondary research (e.g., systematic reviews, narrative reviews, meta-analyses, evidence

maps etc.)

11
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Figure 1.1 Total number of publications per year 1945-2023

The number of publications on firefighters is relatively low, highlighting how understudied this field is.
However, it can be clearly seen that from 1980 studies began being published yearly. This coincides
with when USA started giving presumptive legislation to individual states (e.g., California in 1982*"1).
From this point the US then contributed over half of all the publications between 1983-1992. From 1990
onwards several studies were being published per year and from 2010 there was a steep increase peaking
at 15 in 2020. This could be partially attributed to a combination of Australia receiving presumptive
legislation in 2011*"1, collapse of the World Trade Centre, debate on the firefighters’ health in the EU
Parliament 2017** and 2019 Best practice report FBU**,

12



Table 1.2. Total publications included in the database, split by country.

These publications include all types of health outcomes and measures.

Country Publications Percentage
The Netherlands 7 4%
UK 6 4%
Denmark 4 2%
Germany 3 2%
Rest of Europe (excluding four countries above) 13 8%
USA 71 43%
Canada 10 6%
Australia 10 6%
South Korea 14 8%
Rest of World (excluding Europe and four countries above) 29 17%
Total 167 100%

13




Table 1.3. Shows the number of publications studying SIR (Standardised Incidence Rate) of cancers or other diseases in firefighters

or SMR (Standardised Mortality Rate) of cancers or other diseases in firefighters.

Note: a publication may study cancers or other diseases using both SIR and SMR, therefore any publication could count in one or more columns. Table 1.3
is a subset of Table 1.2.

Number of publications

Country SIR of cancers | SIR of other diseases | SMR of cancers | SMR of other diseases
The Netherlands 0 0 0 0
UK 1 0 1 0
Denmark 0 2 1 1
Germany 0 0 0 0
Rest of Europe (excluding four countries above) 1 0 4 4
USA 5 2 10 11
Canada 0 0 2 2
Australia 2 0 4 3
South Korea 3 2 1 1
Rest of World (excluding Europe and four countries above) 2 0 2 2
Total 14 6 25 24

14




Table 1.2 shows that of the 167 publications identified, over 40% of all publications were from the USA
along with South Korea (8%), Canada (6%), Australia (6%) and the rest of the world (17%). Of the 29
publications from the ‘Rest of World (excluding Europe)’, the biggest contributors were China, Japan,
and New Zealand, all with 3 each. Maybe unsurprisingly, the countries with the most frequently studied
firefighting populations are also those where presumptive legislation exists (i.e., USA, Canada,
Australia). In comparison, the UK is amongst the least studied in terms of firefighters’ occupational

health.

Many of these publications studied several health outcomes using several statistical measures. Each
publication was inspected and categorised into the broad health outcome studied (e.g., cancer, other
diseases, injury, mental illness), specific health outcome (e.g., malignant neoplasm of the prostate,
chronic ischaemic heart disease) and measures used (e.g., Standardised Incidence Rate, Standardised

Mortality Rate, prevalence, odds ratio, rate ratio).

Publications studying the standardised incidence (SIR) and standardised mortality rates (SMR) of
cancers and other diseases were the most common and are shown in Table 1.3. SIR and SMR are usually
used when a cohort’s incidence and mortality rates are being studied and being compared to the
population from which the cohort belongs. The standardised incidence (SIR) or mortality ratio (SMR)
quantifies the increase or decrease in incidence or mortality of a study cohort with respect to the general
population. Both are often used against year, age, and gender™. A number more than 1 indicates higher

than expected incidence or mortality.

Each publication could be categorised in all four categories and could study one or more type of cancers
or other diseases. For example, if a publication studied at least one type of cancer using SIR it will count
once in the category ‘SIR of cancers’. The same publication could also have studied at least one type of
other disease using SMR and will count once in the category ‘SMR of other diseases’. Any publication
which did not study any of these four categories was categorised as ‘other’ and will not appear in Table
1.3. Such publications looked at other health outcomes (e.g., injury/accidents, suicide, mental illness)

and other measures (e.g., prevalence %, incidence %, mortality %, odds ratio, rate ratio, hazard ratio).

It can be also seen from Table 1.3 that 14 of the 167 publications (8%) used SIR of cancers, 6 of the
167 publications (4%) used SIR of other diseases, 25 of the 167 publications (15%) used SMR of
cancers and 24 of the 167 publications (14%) used SMR of other diseases.

It should also be noted that SMR of cancers was used nearly twice as often as SIR of cancers whilst

SMR of other diseases was used nearly four times as often as SIR of other diseases.

15



1.3 International Classification of Diseases
Each health outcome which appears in the studies in Table 1.3 was coded in line with the International
Classification of Diseases (ICD 10) ™, This coding system is maintained by the World Health

Organisation (WHO) and categorises diseases, symptoms, and other elements of patient’s diagnosis.

For example, ‘malignant neoplasms of oesophagus’ is coded as C15. This belongs to a broader group
called ‘malignant neoplasms of digestive organs.” and coded as C15-C26 which in turn belongs to a

broader group called ‘malignant neoplasms’ and coded as C00-C97. Figure 1.2 illustrates the ICD 10
hierarchy.

16



C00-C97 Malignant neoplasms.

/

C00-C14 Malignant neoplasms of lip, oral cavity, and pharynx

N

C00 Malignant neoplasm of C01 Malignant neoplasm of

lip base of tongue

I

C15-C26 Malignant neoplasms of digestive organs

N

C15 Malignant neoplasm C16 Malignant neoplasm of

of oesophagus stomach

Figure 1.2. Example of the ICD 10 hierarchy
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1.4 Standardised Cancer Incidence and Mortality Rates
Figure 1.3 shows the number of publications with cancer standardised incidence and mortality rates (SIR

and SMR). The most commonly studied cancers were:

- C34- malignant neoplasm of bronchus and lung, which was studied using SIR in 10 publications
and using SMR in 15 publications.

- C20 — malignant neoplasm of rectum (SIR=9, SMR=14)

- (C43 - malignant melanoma of skin (SIR=10, SMR=13)

- C16 — malignant neoplasm of stomach (SIR=7, SMR=15),

- C61 - malignant neoplasm of prostate (SIR=9, SMR=12),

- C67 - malignant neoplasm of bladder (SIR=9, SMR=11),

- C71 - malignant neoplasm of brain (SIR=8, SMR=11),

- C21 - malignant neoplasm of anus and anal canal (SIR=7, SMR=11),

- Cl15 - malignant neoplasm of oesophagus (SIR=7, SMR=10).

- C64 - malignant neoplasm of kidney, except renal pelvis (SIR=10, SMR=8)

- and C73 - malignant neoplasm of thyroid gland (SIR=9, SMR=5).

A number of publications broadly reported studying number of different malignant neoplasms rather than
the specific cancer. This showed the same trend as above with SMR being studied more than SIR (SIR=8,
SMR=18). It is also worth noting that some publications reported SIR and SMR at specific level e.g. C15
(malignant neoplasm of oesophagus) while the others at more broad levels e.g. C00-C14 (malignant
neoplasm of lip, oral cavity and pharynx) and C00-C96 (all malignant neoplasms) without a breakdown of
the specific ICD codes within. In some publications, *All MNs’ were grouped together and presented as

one figure for both SIR and SMR. These broad categories are included in Figure 1.3.

18



(C95) - Leukemia of unspecified cell type

(C92) - Myeloid leukemia

(C91) - Lymphoid leukemia

(C90) - Multiple myeloma and malignant plasma cell neoplasms

(C85) - Other specified and unspecified types of non-Hodgkin..

(C81-C96) - lymphoid, hematopoietic and related tissue
(C81) - Hodgkin lymphoma

(C77) - Secondary and unspecified MN of lymph nodes
(C73) - thyroid gland

(C72) - spinal cord, cranial nerves and other parts of central..

(C71) - brain

(C69) - eye and adnexa

(C68) - other and unspecified urinary organs

(C67) - bladder

(C64) - kidney, except renal pelvis

(C63) - other and unspecified male genital organs
(C62) - testis

(C61) - prostate

(C60-C63) - male genital organs

(C57) - other and unspecified female genital organs
(C53) - cervix uteri

(C50) - breast

(C46) - Kaposi's sarcoma

(C45) - Mesothelioma

(C44) - Other and unspecified MN of skin

(C43) - skin

(C41) - bone and articular cartilage of other and unspecified sites

(C39) - other and ill-defined sites in the respiratory system and..

(C38) - heart, mediastinum and pleura

(C34) - bronchus and lung

(C33) - trachea

(C32) - larynx

(C31) - accessory sinuses

(C30-C39) - respiratory and intrathoracic organs
(C30) - nasal cavity and middle ear

(C25) - pancreas

(C23) - gallbladder

(C22) - liver and intrahepatic bile ducts
(C21) - anus and anal canal

(C20) - rectum

(C18) - colon

(C17) - small intestine

(C16) - stomach

(C15-C26) - digestive organs

(C15) - esophagus

(C14) - other and ill-defined sites in the lip, oral cavity and pharynx
(C13) - hypopharynx

(C11) - nasopharynx

(C06) - other and unspecified parts of mouth
(C00-D49) - Unspecified

(C00-C96) - All MNs

(C00-C14) - lip, oral cavity and pharynx
(C00) - lip

SMR = SIR

[}
[\

8. 10 12 14 16
Publications

18

Figure 1.3. Cancer standardised incidence and mortality rates (against ICD codes)
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1.5 Standardised Incidence and Mortality Rates for Other Diseases Than Cancers.

Figure 1.4 shows the number of publications that report SIR and SMR for other diseases. It is quite clear
that the publications reported more frequently the SMR than SIR. Ischaemic heart diseases (120 — 125) were
the most studied, 5 publications presenting SIR and 16 publications using SMR. They were followed by the
chronic lower respiratory diseases (J40 — J47) (SIR in 3 publications, SMR in 13) and cerebrovascular
diseases (160 — 169) with one publication presenting SIR and 11 SMR. Several publications reported
diseases of the respiratory system (J00-J99) with one publication presenting results on SIR and 16 on SMR.
Similar number of publications was released for the diseases of the circulatory system (1 publication with

SIR and 15 on SMR).

It is also worth noting that some publications reported SIR and SMR at a quite specific level e.g. 120-125
(ischaemic heart diseases) while the others reported SIR and SMR at more broad levels e.g. 100-199
(circulatory system) without a breakdown of the specific ICD codes within. These broad categories are

included in Figure 1.4.
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(N00-N99) - Genitourinary system

(M40-M54) - Dorsopathies

(M00-M99) - Musculoskeletal system and connective tissue
(L00-L99) - Skin and subcutaneous tissue

(K90-K95) - Other digestive system

(K80-K87) - Disorders of gallbladder, biliary tract and pancreas
(K70-K77) - Liver

(K20-K31) - Esophagus, stomach and duodenum

(K00-K95) - Digestive system

(J96-J99) - Other respiratory system

(J40-J47) - Chronic lower respiratory

(J09-J18) - Influenza and pneumonia

(J00-J99) - Respiratory system

(JO0-JO6) - Acute upper respiratory infections

(195-199) - Other and unspecified disorders of the circulatory system

(I80-189) - Veins, lymphatic vessels and lymph nodes, not..

(170-179) - Arteries, arterioles and capillaries
(160-169) - Cerebrovascular
(I30-I5A) - Other forms of heart disease

(I126-128) - Pulmonary heart disease and diseases of pulmonary..

(I120-125) - Ischemic heart

(I10-116) - Hypertensive

(105-109) - Chronic rheumatic heart

(100-199) - Circulatory system

(H80-H83) - Inner ear

(E20-E35) - Disorders of other endocrine glands
(E08-E13) - Diabetes mellitus

(E00-E89) - Endocrine, nutritional and metabolic diseases

(D70-D77) - Other disorders of blood and blood-forming organs

(D50-D89) - Blood and blood-forming organs and certain disorders. ..

(A50-A64) - Infections with a predominantly sexual mode of...

(A15-A19) - Tuberculosis
(A00-B99) - Certain infectious and parasitic diseases
(A00-A09) - Intestinal infectious diseases

SMR mSIR

0 2 4 6 8 10

Publications

12

14

16

18

Figure 1.4. Standardised incidence and mortality rates for other diseases.
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2 METHODOLOGY

This chapter describes data collection and analysis (cancers and other diseases standardised mortality rates)

for the Scottish male firefighters.

2.1 Data Collection

To calculate the SMR of Scottish male firefighters compared to General Scottish male population required
the datasets such as Scottish male general population numbers, Scottish male general population mortality
numbers, Scottish male firefighter population numbers and Scottish male firefighter population mortality

numbers (all by year 2000-2020 and age).

2.2 Scottish Male General Population

Scottish male general population numbers were obtained from ‘National Records of Scotland’ website**ii
for the period 2000-2020. The website presented data split by age, gender, and year. The data was
transformed and filtered into the format required by extracting only males and grouping the numbers into

age groups by year as presented in Table 2.1.

Table 2.1. Age groups for the Scottish male general population.

Males age group 2000 ....all years in between.... 2020

30-34

35-39

40-44

4549

50-54

55-59

60-64

65-69

70-74

2.3 Scottish Male General Population Mortality

Scottish male general population mortality numbers were obtained from ‘National Records of Scotland’ **¥
website. The website presented this raw data split by age group, gender, and ICD code for the cause of

death for each year (2000-2020) individually. NRS manages official statistics in accordance with relevant
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public records legislation and codes of practice on records management, including the Public Records
(Scotland) Act 2011 and the Scottish Ministers Code of Practice on Records Management by Scottish Public
Authorities under the Freedom of Information (Scotland) Act 2002 (Section 61 Code of Practice) **".

Data was downloaded for each year separately, combined, and transformed and filtered into the format as

in Table 2.1 for each ICD code.

2.4 Scottish Male Firefighter Population

Firefighter population figures for the years 2000-2020 were obtained from annual publications released by
the Scottish Fire and Rescue Service™"!, and from Her Majesty’s Inspectorate of Constabulary and Fire and
Rescue Services. The website data was split by age, gender, year, and employment type. Employment types
included: ‘wholetime operational’, ‘retained duty system’, ‘retained full-time’ and ‘volunteer’. ‘Control’
and ‘support’ which were excluded. Data was downloaded for each year separately, combined, and

transformed and filtered into the format as in Table 2.1 for each ICD code.

Figures for retired firefighters as presented in the format in Table 2.1 were obtained from the Scottish Public

Pensions Agency, through a freedom of information request.

2.5 Scottish Male Firefighter Mortality

Scottish male firefighters’ mortality numbers split by year (2000-2020), age and gender were obtained from
‘National Records of Scotland’ through a freedom of information request (FOI). The firefighters’ ICD code
(for the cause of death) was included in the FOI. Female firefighters were excluded due to their small
sample size, and the raw data transformed into the format as presented in Table 2.1. This data included

retired Scottish firefighters as their last occupation recorded on the death certificate.

2.6 Data Compilation
The raw data presented in sections 2.2 to 2.5 was combined using a combination of Python, Microsoft

Excel, Microsoft Access and structured query language programming software.

Ethical review by the University of Central Lancashire Ethics Committee was not required as all data was

publicly accessible and fully anonymised.
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3 EXPERIMENTAL

There have been only two studies on the UK firefighters investigating their cancers and other diseases
incidence and mortality rates™"»*Vili_ These studies hint at cancer becoming a growing concern for UK
firefighters over time, whereby initial investigation of the topic over the 1965-1993 period found reduced
cancer incidence/mortality in firefighters *i, and subsequent study over the 1984-2005 period found

significantly higher mortality rates for kidney cancer i,

3.1 Data Extrapolation
The data sets for Scottish male firefighter population were only available for years 2013 —2020. In addition,
in 2013 the age groups provided were wider than the age groups selected. *30-39° was used rather than 30-

34’ and ’35-39’. In addition, the numbers included both male and female.

Therefore, it was necessary to reorganise data into the format as presented in Table 2.1. Table 2.2 and 2.3
presents extrapolation that was used. The *30-39° age band was split into ‘30-34’ and ’35-39°. Table 2.2
presents an example of the raw data for 2013 for ‘wholetime operational’ firefighters for the age band *30-
39°.

The data set showed that there were 1254 ‘wholetime operational’ firefighters in 2013 in the age group ‘30-
39°. Using the proportion between ages *30-34’and *35-39’ for years 2014-2016 (which was 41% and 59%
respectively), 1254 was split by these proportions as in Table 2.2.

Table 2.2. Example of extrapolation method.
Age group | Wholetime Age Wholetime
operational group operational
(2013) ->Extrapolated to -> (2013)
30-39 1254 30-34 509
35-39 745

Due to firefighter population figures not being available for 2000-2012, again data extrapolation was used.
Mean figures were taken from 2014-2016 and used for years 2000-2012. From the data analysis,
assumptions were made that years 2014-2016 were more representative than 2014-2020. The mean figures
were then attributed to years 2000-2012. An example of how the mean of 2014-2016 was calculated is
shown in Table 2.3.
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Table 2.3. An example of using the firefighters age bands mean values of known years
to extrapolate data to previous years.

Age group 2014 2015 2016 Mean 2014-2016
30-34 337 335 337 336
35-39 350 352 387 363
40-44 510 456 392 453
45-49 627 576 555 586
50-54 398 432 460 430
55-59 202 181 178 187
60-64 71 62 73 69
65-69 2 5 3 3

70-74 0 0 0 0

Once the above numbers were calculated, they needed to exclude the number of females. The percentages
of females for each year were obtained from ‘Scottish Fire and Rescue Service’ website. For example, in
2020 6.1% of the wholetime operational firefighters were female. The number for the ‘wholetime

operational’ firefighters in that year was reduced then by 6.1%.

3.2 Statistical Analysis

A total of 1191 fully anonymised records of Scottish firefighter deaths for males and females were obtained
from NRS. 424 of these records pertained to firefighters who were employed in other sectors such as
aviation, oil, chemical, retail, railway, coal mining, armed forces etc., and were excluded from analysis as

it was not possible to confirm that these roles involved active firefighting.

767 records included those employed by the government or/and Fire and Rescue Services. These included
96 supporting staff (control room operator, receptionist, administrative assistant etc.) which were excluded
from the analysis. Due to their small sample size, records concerning female firefighters (n=11) were also
excluded. Any deaths attributed to external causes of morbidity and mortality (e.g., such as suicide,

drowning etc.) were also not included in this analysis (n=37).

A total of 623 mortality records for both serving and retired Scottish male firefighters were included in the

analyses (n=285 for cancer mortality, and n=338 for other diseases).

This study does not follow a standard cohort study design (which typically follows the same group of people
over time, collecting baseline data for each individual at the onset of the study). Instead, the analyses in this

publication are based on aggregate data.
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This work exclusively reports SMR data for firefighters. The standardised incidence (SIR) or mortality ratio
(SMR) quantifies the increase or decrease in incidence or mortality of a study cohort with respect to the
general population. The expected number of Scottish male firefighter deaths were calculated by multiplying
the mortality rate of the general population by the number of fire fighters in each age group/year as in

Equation 1. A number more than 1 indicates higher than expected incidence or mortality.

E = SM firefighter population (2000-2020) x Number of SM general population deaths (2000-2020)
SM general population (2000-2020)

Equation 1. Equation for expected number of SM deaths

The equation used to calculate the Standardised Mortality Rate (SMR) for each ICD code or group of ICD
codes was the observed (or actual) number of Scottish male firefighter deaths divided by the expected

number of Scottish male firefighter deaths.

SMR = Observed number of deaths (O)
Expected number of deaths (E)

Equation 2. Equation for Standardised Mortality Rate

Standardised mortality ratios (adjusted for age and calendar year) were calculated using the actual number
of Scottish male firefighter deaths as obtained above ***, 95% confidence intervals were calculated using
methods described in Ulm, 1990**. The 95% confidence intervals were calculated using the

Vandenbroucke method is presented in Equation 3%,

Lower 95% CI = ((~/O) — 1.96*0.5)?
E

Upper 95% CI = ((v/O) + 1.96%0.5)°
E

Equation 3. Equation for 95% Confidence Intervals

26



4 RESULTS

4.1 Scottish Male Firefighters Cancer Standardised Mortality Rates

Table 2.4 presents SMR for cancers for Scottish male firefighters with 95% confidence intervals (worth
noting that column “Expected” was rounded to zero decimal places). When looking at overall results for
malignant neoplasms the SMR was 1.61. This suggests that Scottish male firefighters are 1.61 times more

likely to die of a malignant neoplasm than the Scottish general population.

Individual cancer with higher SMR compared to the general population were observed in cancers of prostate
(SMR 3.80, CI 2.56-5.29), myeloid leukaemia (SMR 3.17, CI 1.44-5.58), oesophagus (SMR 2.42, CI 1.69
-3.29), cancers without specification of site (SMR 2.73, CI 1.71-4.00) and neoplasms of unknown behaviour
(SMR 6.37, CI 2.29-12.49). Neoplasms of unknown behaviour refers to a category of tumours or growths
which behaviour or potential for malignancy is not known. The SMR for malignant neoplasms of the urinary

system (such as kidney and bladder) was found to be also higher (SMR 1.94, CI 1.16-2.91).

Table 2.4. Standardised Scottish male firefighter mortality ratios for certain cancers in Scotland

together with their 95% confidence intervals (CI).

Causes of death are coded in accordance with the 10™ revision of the International Statistical Classification of
Diseases and Related Health Problems (ICD-10). MN = malignant neoplasm.

CAUSE OF DEATH (ICD-10 CODES) EXPECTED OBSERVED SMR (95% CI)
MALIGNANT NEOPLASMS¢2-¢92 168 271 1.61 (1.42, 1.81)
MN Head and neckC0 C06. C05-10. C14 5 5 0.98 (0.31, 2.03)
MN Digestive organs¢!52% 2426 59 95 1.60 (1.30, 1.94)

MN oesophagus®!'® 14 35 2.42 (1.69, 3.29)
MN stomach®!® 7 9 1.30(0.59 ,2.29)
MN Intestine®!7-C13 10 15 1.48 (0.82,2.32)
MN rectum!®2! 9 7 0.74 (0.29, 1.38)
MN liver<22 7 1 1.67 (0.83, 2.80)
MN pancreas®?® 9 14 1.58 (0.86, 2.51)
MN other digestive organs© 2 3 1.25 (0.24, 3.06)
MN respiratory organs©30: €32-34.39 50 60 1.21 (0.92, 1.53)
MN bronchus and lung®* 47 56 1.19 (0.90, 1.52)
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MN skinCH-+ 4 5 1.17 (0.37, 2.42)
MN mesothelial and soft tissues®*> €484 4 8 2.11 (0.90, 3.82)
MN mesothelioma® 2 5 2.14 (0.68, 4.43)
MN prostate©s! 8 30 3.80 (2.56, 5.29)
MN urinary system (kidney and bladder)©6+ €67 10 19 1.94 (1.16, 2.91)
MN kidneyC®* 6 1 1.84 (0.91, 3.08)
MN bladder®®’ 4 8 2.09 (0.89, 3.80)
MN brain®”! 10 11 1.08 (0.54, 1.81)
MN without specification of site“®’ 8 22 2.73 (1.71, 4.00)
MN primary lymphoid, haematopoietic tissue®®!: 83 €85
C90.C92 10 15 1.49 (0.83, 2.34)
MN myeloid leukaemia“®* 3 9 3.17 (1.44,5.58)
Neoplasm of unknown behaviour?38 P46-47 1 6 6.37 (2.29, 12.49)
Myelodysplastic syndromes®*¢ 1 3 5.56 (1.05, 13.63)

4.2 Scottish Male Firefighter Other Diseases Standardised Mortality Rates

Table 2.5 presents SMR for other diseases for Scottish male firefighters with 95% confidence intervals
(worth noting that column “Expected” was rounded to zero decimal places). SMR of acute ischaemic heart
diseases (other than myocardial infarction) was found to be 5.27 (CI 1.90-10.33) while interstitial
pulmonary diseases were found to be 3.04 (CI 1.45-5.22) greater when compared to general public. Renal
failure was also found to be elevated in Scottish male firefighters compared to the Scottish male population
(SMR 3.28, CI 1.18-6.44). SMR for stroke, not specified as haemorrhage or infarction was 2.69 (CI 1.46-
4.28) and for the diseases of the musculoskeletal system 5.64 (CI 1.06-13.83).
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Table 2.5. Standardised Scottish male firefighter mortality ratios for certain diseases in

Scotland together with their 95% confidence intervals (CI).

Causes of death are coded in accordance with the 10™ revision of the International Statistical Classification
of Diseases and Related Health Problems (ICD-10). MN = malignant neoplasm.

CAUSE OF DEATH (ICD-10 CODES) EXPECTED OBSERVED SMR (95% CI)
OTHER DISEASESS™N 280 304 1.09 (0.97 ,1.21)
Other sepsis™*! 3 4 1.38 (0.36, 3.07)
Endocrine and metabolic®!!- F14. E78. E85, E87 9 10 1.17 (0.56, 2.00)
Mental and behavioural disorders™! F03. F10. F19 24 13 0.53 (0.28, 0.86)
Nervous systemO- G10. G12 G20, G30, G35, Géb, G82. 690 14 19 136 (0.82, 2.04)

Spinal muscular atrophy and related syndromes®©!2 3 6 1.81 (0.65, 3.55)
Parkinson®? 1 3 2.65 (0.50, 6.50)
Alzheimer%° 1 3 2.79 (0.53, 6.84)

Circulatory SytemHO—IZ, 121, 124-27, 133, 135, 142, 148, 151, 160-64, 167,

169, 171, 173, 180 171 180 1.06 (0.91, 1.22)
Acute myocardial infarction! 58 57 0.99 (0.75, 1.26)
Other acute ischaemic heart diseases'?* 1 6 5.27 (1.90, 10.33)
Chronic ischaemic heart diseases'® 55 56 1.02 (0.77,1.31)
Pulmonary heart diseases® 2’ 3 4 1.41(0.37,3.12)
Cerebral infarction's® 4 6 1.60 (0.58, 3.14)
Stroke'® 5 14 2.69 (1.46, 4.28)
Aortic aneurysm and dissection'”! 4 8 1.83(0.78, 3.31)

Respiratory system?’!8:/22-144-45, 169, 84 33 38 1.15(0.82,1.55)
Pneumonia, organism unspecified’!® 9 7 0.78 (0.31,1.46)
Other chronic obstructive pulmonary disease’* 17 16 0.97 (0.55,1.50)
Other interstitial pulmonary diseases’* 3 10 3.04 (1.45 ,5.22)

Diseases of digestive system26: K43-44, K51, K35-56, K39,K63,

K66, K70, K74, K76, K80, K83, K85-86, K90 60 57 095 (072, 1 21)

12.51 (118,
Hernia (ventral, diaphragmatic)® K44 0 2 35.86)
Other diseases of intestinesk>3-56 K59 K63 3 6 1.77 (0.64, 3.48)
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Alcoholic liver diseaseX° 42 30

Other diseases of liver®’+ K76

0.71 (0.48, 0.98)

8 12 1.57 (0.81, 2.59)

Musculoskeletal system™>!: M72 1 3 5.64 (1.06, 13.83)
Renal failure™7-N1 2 6 3.28 (1.18, 6.44)
Acute renal failure™!’ 1 1 1.72 (0.00, 6.73)

Chronic kidney disease™'®

—_
W

3.12 (0.59, 7.64)

Unspecified kidney failureM?° 0 2 7.09 (0.67,20.31)

4.3 Scottish Male Firefighter Age Mortality Distribution

Figure 2.1 (A) and (B) presents the total number of cancers and other diseases deaths from 2000-2020, for
the Scottish general population and Scottish male firefighters.
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Figure 2.1. Total number of A) disease and B) cancer deaths from 2000-2020, for general Scottish male population and Scottish

male firefighters.
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An overall downward trend in the number of cancers and other diseases deaths in the general population
over time reflects the introduction, and increasing availability of, life-saving measures such as early
diagnostics, effective treatment etc., as outlined in the UK NHS’s Long-Term Plan for the UK general
public®™*ii, However, this downward trend is not seen in Scottish male firefighters, who instead display a
concerning upward trend in number of cancer deaths over time. There may be several plausible explanations
for this observation. As demonstrated in Figure 2.2 and explained in the next section, Scottish male
firefighters appear to have lower death rates compared to the general population until the 50-54 age bracket
(cancer) and 55-59 (other diseases). They then have higher cancer death rates when compared to the general
population. These firefighters may be too young to be offered national NHS cancer screening programmes,
which are typically targeted at older demographics—preventing early diagnosis and treatment.
Additionally, Scottish male firefighters may be more susceptible to specific cancers which are less common
in the general population and are thus not targeted by national screening programmes—again delaying
diagnosis and treatment. Finally, the increasing domination of synthetic materials (which produce a more
toxic fire effluent) in modern times may in part contribute to the apparent increase in Scottish male

firefighter cancer deaths over time.

Table 2.6 presents Scottish male firefighters at a significantly increased risk of cancers at any specific age
groups, compared to the Scottish general population. It also shows the peak cancer incidence and mortality
age groups for both Scottish male firefighters and Scottish male general population. The peak mortality age
group for the Scottish male firefighters was obtained from the data collected in section 2.5 which was

presented in the format of Table 2.1 split by each ICD code.
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Figure 2.2. Age distribution for A) other diseases and B) cancer deaths from 2000-2020, for Scottish male general population and

33




Table 2.6: Scottish male firefighters at a significantly increased risk of cancers at any specific age groups, compared to the Scottish
general population. It also shows the peak cancer incidence and mortality age groups for both Scottish male firefighters and Scottish

male general population.

Was it Age group ?‘;zggl:::: General Scottish
ICD Code Cancer significant when first peak Scott males general male popul.ation
across all .be_came mortality p(.)plflation peak peak mortallt.y age
ages (30-74) significant. age group 1nc1denc§x‘;:ige group. ™
group

C15 Oesophageal Yes 60-64 70-74 70-74 75-79

Cleé Stomach No NA 75-79 75-79 75-79

C18 Colon/Bowel No NA 60-64 75-79 80-84
C17,C18 Intestine No NA 60-64 Not available 80-84

C19, C21 Rectum No NA 65-69 70-74 75-79

C22 Liver No 65-69 65-69 70-74 70-74

C25 Pancreas No 60-64 60-64 70-74 70-74
82%2226 Digestive organs Yes 60-64 65-69 70-74 75-79

C34 Lung No 65-69 65-69 70-74 70-74

C30, C32, Nasal cavity and middle ear, and

C34, C33, respiratory system with No 65-69 65-69 70-74 70-74

C39 intrathoracic organs

C45 Mesothelioma No NA 60-64 70-74 75-79

C61 Prostate Yes 65-69 70-74 70-74 80-84

C64 Kidney No NA 55-59 65-69 75-79

C67 Bladder No NA 70-74 75-79 80-84

C64, C67 bKllacli‘;eeyr’ except renal pelvis and Yes 55-59 70-74 70-74 80-84
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Brain, other CNS and

C71 . . No NA 65-69 65-69 70-74
intracranial tumours

C80 Cancer of unknown primary Yes 60-64 65-69 NA 75-79
C85 Non-Hodgkin lymphoma No NA 70-74 70-74 80-84
C90 Myeloma No NA 65-69 70-74 75-79
C92 Leukaemia Yes NA 65-69 75-79 75-79
C81, C83, Primary lymphoid

C85, €90, fy “ymphod, No NA 65-69 70-74 75-79
92 haematopoietic tissueC81
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As presented in Table 2.6, some of the cancers did not show to have significant SMR when studying
for all ages (30-74), but they were found to be significant at specific age groups. For example, pancreas

cancer was non-significant for all ages (30-74) but was found to be significant at age group 60-64.

From Table 2.6, the vast majority of Scottish male firefighters’ cancer mortality peak age group was
younger than both Scottish male general population peak incidence and mortality age groups. This
finding is supported by Wolffe et al (2023)*ill, who found that serving UK firefighters have higher cancer
incidence rates compared to the general population of the same age (323% higher in the age group 35-
39, potentially leading to Scottish male firefighters having higher death rates than the general population
from around the age of 50 (presented in Figure 2.2). Similarly, in one published study on firefighters, it
is shown that there was an increased incidence in five Nordic countries of prostate cancer and skin

melanoma in the age group 30-49 ¥V,

Most notable results were found for bowel, kidney, leukemia, mesothelioma and pancreas where the
general Scottish male population peak incidence age group was at least 10 years older than the Scottish
male firefighters peak mortality age group. This would suggest that Scottish male firefighters are

diagnosed with (and in fact, are dying from) cancer at a younger age than the Scottish male population.

4.4 Scottish Male Firefighters Cancer and Other Diseases Underlying Factors
There is very little in the literature on firefighters underlying factors contributing to their deaths.
Analysis was available and carried out for the Scottish male firefighters. Data is presented in

Figure 2.3.

271 Scottish male firefighters died from some form of cancer. 24 of these firefighters (9%) had an
underlying cause of death of ‘pneumonia’. The next most common underlying cause of death for
Scottish male firefighters who died from a main cause of cancer was ‘all types of diabetes’ and
‘ischaemic heart disease’, both with 8%. Other common underlying causes of main cause of cancer

were ‘sepsis’, ‘other chronic pulmonary diseases’ and ‘hypertension’.

304 Scottish male firefighters died from some form of other disease. 41 of these firefighters (13%) had
an underlying cause of death of ‘pneumonia’ The next most common underlying causes were ‘all types
of diabetes’, ‘hypertension’, ‘ischaemic heart disease’ and ‘heart failure’ all accounting for 10% of the
firefighters who died from some form of other disease. Other common underlying causes of main cause

of other diseases were ‘sepsis’ and ‘other chronic pulmonary diseases’.
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Figure 2.3. The most common Scottish male firefighters’ underlying factors leading to their deaths.

(Example: 13% of Scottish male firefighters whose main cause of death was a disease, also had an underlying cause of death of pneumonia. 9%
of Scottish male firefighters whose main cause of death was a cancer, also had an underlying cause of death of pneumonia).
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S DISCUSSION

Scottish male firefighters were found to have significant excess mortality for a range of cancers and
other diseases when compared to the general male population. This suggests that the firefighting
occupation lowers life expectancy. The excess cancer mortality observed in Scottish male firefighters
for several site-specific cancers suggests a significant contribution from several exposure pathways

and/or fire toxins.

Tables 3.1 and 3.2 present a summary of eight different publications, plus the Scottish male firefighter
study, all of which studied the SMR of various cancers and other diseases amongst firefighters. They

include data from countries such as USA, Canada, Australia, Germany, France, Denmark, and Spain.

It was found that Scottish male firefighters had an increased risk of developing malignant neoplasms of
the digestive system (C15-C22, C24-26). Reassuringly this broad health outcome was one of the most
commonly studied worldwide (Figure 1.3). Similarly, SMR for the malignant neoplasms of the prostate

(Co61) was found to be significant and most commonly studied worldwide. **"

In the Scottish male firefighter study™*", it was identified that the SMR for all malignant neoplasms
(Table 2.4) was significantly higher (SMR 1.61, CI 1.42-1.81). Table 3.1 shows that the USA study
(published in 2019 i studying firefighters’ deaths between 1959-2009) yielded similarly significant
results (SMR 1.12, CI 1.08-1.16) while other countries did not report similar figures. More recent
studies *"-*x in the Australia and USA reported significant decrease in firefighters’ cancer mortality
rates (SMR 0.81, CI 0.74-0.89 and SMR 0.16, CI 0.02- 0.57). This may be related to the fact that both
countries have presumptive legislation and offering early screening for cancers and other diseases. The
USA introduced presumptive legislation in California in 1982**"i, This was followed by Canada and

then Australia, which enacted presumptive legislation in 201 1*vii,

The Scottish male firefighters study reported a significant increase in SMR for oesophageal cancer
(SMR 2.42, CI 1.69-3.29). Table 3.1 shows that the USA 2019 publication also reported as significant
increase (SMR 1.31, CI 1.10-1.55) albeit a smaller increase. The Canadian * French *™ Danish *"iii,
and Spanish *"il publications reported no significant SMR increase (SMR 0.4, CI 0.05-1.43), (SMR
0.93, C10.67-1.27) and (SMR 1.11, CI 0.64-1.92) respectively. The USA study **, recently published,
reported a significant decrease (SMR 0.43, CI 0.33-0.56).

Also, the Scottish male firefighters study found that prostate cancer was significantly increased whereas
the USA, Canada and Spain reporting no significant increase (SMR 1.08, CI 0.97-1.20; SMR 1.32, CI
0.76-2.15; SMR 1.26, CI 0.67-2.36) respectively. France reported a significant decrease (SMR 0.54, CI
0.31-0.86). However, the USA 2020 publication did not report on prostate cancer but did show an SMR
0f 0.27 (CI 0.10-0.58) for cancer of male genital organs.
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In addition, the Scottish male firefighters study found bladder cancer to be significantly increased (SMR
2.09, CI 0.89-3.80) in contrast to the USA, Canada, France, and Spain who reported no significance
(SMR 0.98, C10.80-1.18; SMR 1.28, CI 0.51-2.63; SMR 0.73, C1 0.41-1.21; and SMR 0.62, CI 0.32-
1.17). Australia, Germany, Denmark nor the USA (2020) presented data for this cancer.

SMR for myeloid leukaemia amongst the Scottish male firefighters was found to be significant (SMR
3.17, CI 1.44-5.58). Canada found no significance for myeloid leukaemia (SMR 1.20, CI 0.33-3.09)
and for lymphatic leukaemia (SMR 1.90, CI 0.52-4.88). Spain calculated no significance for leukaemia
(SMR 0.90, CI 0.40-2.01). Australia, Germany, Denmark, and France did not study any kind of
leukaemia. However, the USA publication (2020) reported cancers of the circulatory system, lymphatic

and soft tissue to be at a decreased risk (SMR 0.43, CI 0.28-0.64).

Mesothelioma was found to be not significant (SMR 2.14 CI 0.68-4.43) whereas the USA studies (2019)
reported SMR to be 1.86 with CI 1.10-2.94. Similarly, our study found brain cancer SMR to be not
significant, while the Canadian publication reported a significant increase (SMR 2.01, CI 1.10-3.37).

Cardiac death is widely thought to be the most common cause of death for firefighters**Viil: xxixxl yyjth
some studies claiming it accounts for over half of all firefighter deaths *!!. For the other diseases, acute
ischaemic heart diseases (other than myocardial infarction) was found to be the most significant (SMR
5.27,CI1.90-10.33). The USA, Canada, Denmark, and Sweden publications, all reported no significant
increases for the ischemic heart diseases (SMR 0.98, C1 0.95-1.01; SMR 1.04, C10.92-1.17; SMR 1.08,
0.89-1.32; and SMR 1.15, 0.74-1.17). Australia reported a significant decrease (SMR 0.68, CI 0.59-
0.79) while Germany, France, USA (2020), and Spain did not report any data. The Canadian study
found an increased risk of Aortic Aneurysm in contrast to the Scottish study which found no
significance. Similarly, the USA (2019) study found an increased risk of cirrhosis and other chronic

liver disease whilst the Scottish paper did not.
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Table 3.1. Comparison of the worldwide publications studying SMR of cancers amongst firefighters.

* Cancer of the digestive system. ** Cancer of the respiratory system. ***Cancer of the circulatory system, lymphatic and soft tissue. ****Larynx,
Trachea and Lung cancers. *****Bone and skin cancers. ~*Cancers of urinary system. * World Trade Centre study.

Country USA Canada Australia Germany France Spain Denmark USA Sweden Scotland
Published 2019 1994t 20154 2006 2015 2020t 2018xwitt ( "V%’(’)I‘ZCO)"‘“ 1990 2023
Study dates (from -to) 1950-2009 1950-1989 1990-2003 1950-2000 1979-2008 2001-2011 1970-2014 2001-2017 1979-1985 2000-2020
SMR (95% SMR (95% SMR (95% SMR (95% SMR (95% SMR (95% o o SMR (95% o
cn cn Jo) cn cn cn SMR (95% CI) SMR (95% CI) cn SMR (95% CI)
CANCERS
0.95 (0.88- 0.99 (0.91-
All causes 1.02 1.07)
1.05 (0.91- 0.95 (0.88- 1.00 (0.89- 0.96 (0.50-
All cancers 102) 112) 1.12 (1.00-1.26) 1.67
Lip, Oral cavity and Pharynx 1.39(0.38 - 1.15(0.89 - 1.34 (0.81-
cancers 3.57) 1.46) 2201 1.27/(0.85-1.89)
0.4 (0.05 - 0.93 (0.67 - 1.11 (0.64-
Oesophageal cancer 1.43) 127) 1.92)
1.06 (0.88- 0.51(0.20 - 1.15(0.77 - 1.32 (0.88-
Stomach cancer 1.05) 165) 1.98)
0.6 (0.3 - 0.73 (0.44 - 0.62 (0.37-
Colon cancer 1.08) 1.04) 1.02) 1.11 (0.75-1.64)
1.71 (0.91- 1.36 (0.86 - 1.08 (0.57-
Rectal cancer 2.93) 2.04) 2.04) 1.04 (0.58-1.83)
Biliary passages and liver 0.84 (0.1 - 1.10(0.80 - 1.01 (0.59-
cancer 3.05) 1.46) 1.74)
. 1.40 (0.77- 1.27(0.92 -
Pancreatic cancer 235) 172) -
Larvix cancer 0.37(0.01 - 1.10(0.73 -
Ty 2.06) 1.59 1.13 (0.91- 1.21 (0.92-
L 0.95 (0.71- 0.94 (0.77- 1.42)%%k* 1.63 (0.75- 1.53)**
ung cancer 1.24) 1.15) 3.10)
Skin cancer 1.05 (0.83- 0.73 (0.09 - 0.65(0.21 - 0.63 (0.19- 1.17 (0.37-
1.31) 2.63) 1.51) 2.10) 0.75 (0.31- 242)
B 1.11 (0.16- 1.80)**kx
one cancer 7.92)
1.08 (0.97- 1.32(0.76 - 1.26 (0.67-
Prostate cancer 120) 215) 2.36) 0.66 (0.40-1.07)
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. 0.39 (0.11- 2.52 (0.52-
Cancer of male genital organs 1.00) 7.37)
0.98 (0.80- 1.28 (0.51- 0.73 (0.41 - 0.62 (0.32-
Bladder cancer 1.18) 2.63) 121) 1.17)
Kidney cancer 1.22 (1.00- 0.43 (0.05- 0.63 (0.30 - 1.18 (0.57-
Y 1.47) 1.56 1.16) 2.44)
Brain cancer 0.99 (0.79- 1.08 (0.54-
1.23) 1.81)
1.24 (0.59- 0.76 (0.02 - 3.04 (0.42-
Breast cancer 227 423) 21.78) 0.00 (0.00-4.24)
Non-Hodgkins Lymphoma
. 0.62 (0.09-
Mesothelioma 4.42)
Lymphatic/haematopoietic 0.98 (0.58- 0.89 (0.64 - 1.29 (0.69-
cancers 1.56) 1.20) 234) 0.89 (0.56-1.44)
2.04 (0.42-
Lymphosarcoma 5.96)
L 0.47 (0.01- 1.41 (0.34-
Hodgkins disease 2.59) 5.85)
. 0.93 (0.70- 0.39 (0.01 -
Multiple Myeloma 121) 2.15)
. . 1.90 (0.52- 0.90 (0.40-
Lympbhatic leukemia 4.88) 2.01)
. 1.11 (0.94- 1.20 (0.33-
Leukemia 131) 309
1.02 (0.72-
Other cancers 1.53

Renal pelvis cancer

Thyroid cancer

41

2.34 (0.53-
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Table 3.2. Comparison of the worldwide publications studying SMR of other diseases amongst firefighters.

N World trade centre. *Stroke. **Renal failure. ***Alcoholic liver disease. ****Qther diseases of liver.

Country USA Canada Australia Germany France Spain Denmark USA Sweden Scotland
Published 2019 1994t 20153 2006 2015 2020t 2018wt ( "V%’(')I‘ZCO)"“" 1990’ 2023
Study dates (from -to) 1950-2009 1950-1989 1990-2003 1950-2000 1979-2008 2001-2011 1970-2014 2001-2017 1979-1985 2000-2020
SMR (95% SMR (95% SMR (95% SMR (95% SMR (95% SMR (95% SMR (95% SMR (95% SMR (95% SMR (95%
CI) CI) CI) CI) CI) CI) CI) CI) CI) CI)
DISEASES
Endocrine, nutritional and 1.44 (0.81- 1.17 (0.56-
metabolic diseases 2.54) 2.00)
. . 1.00 (0.62-
Diabetes mellitus 1.64)
Circulatory system diseases 0.99 (0.89-
1.10)
Chronic rheumatic heart
disease
. . 0.98 (0.95- 1.04 (0.92 - 1.08 (0.89- 1.15 (0.74-
Ischemic heart disease 101) 117) 132) 117)
Acute myocardial infarction ig; (0.93-
. 0.76 (0.55- 0.93 (0.66-
Cerebrovascular diseases 131)
. 1.41 (0.91-
Atherosclerosis
. 1.83(0.78 -
Aortic aneurysm 3.31)
. . 1.68 (0.71-
Diseases of veins
. . 0.98 (0.71- 1.25(0.86- 1.15(0.82-
Respiratory diseases 131) 181) 155)
Asthma, bronchitis, 1.30 (0.87- 1.15(0.81-
emphysema 1.89) 1.62)
Diseases of the digestive 1.22 (0.89- 0.95 (0.68- 0.95 (0.72-
system 1.64) 1.34) 1.21)




Cirrhosis and other chronic
liver disease

1.33 (0.87-

1.95)

skokok 0.71
(0.48-0.98).
seookkok 1.57
(0.81-2.59)

. 2.96 (0.96- 0.27 (0.01-
Gallbladder disease 6.90) 1.86)
I . 1.06 (0.53 - 0.94 (0.50 -
Genitourinary system diseases 1.90) 1.61)

Infectious and parasitic
diseases

Diseases of skin and

1.80 (0.37 -

0.65 (0.20-
2.13)

0.44 (0.01-

subcutaneous tissue 5.26) 2.44
Blood diseases, immunological 0.63 (0.17 -
disorders 1.62)

. 1.02 (0.54- 0.94 (0.57- 1.36 (0.82-
Diseases of the nervous system 1.96) 1.56) 2.04)
Cardiovascular diseases (1)(8)2 (0.73-
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6 CONCLUSIONS

Prevention requires identifying underlying causes of excess cancers and other diseases and implementing
measures which protect firefighters from these causes. Work is already underway to better protect
firefighters from exposure to toxic fire effluents e.g., through standardising decontamination procedures.
However, there is currently no formal preventative cancers or other diseases monitoring programme in
place for UK firefighters. Some papers argue that screening of firefighters is important to detect early

Xiii

symptoms at a younger age

Cancer has a long latent period and can appear many years after exposure. Early detection is acknowledged
as one of the best indicators of cancer survival. Given the younger ages at which firefighters appear to be
developing and dying of cancer, a dedicated health screening programme is urgently required. This need
was recently acknowledged during a debate in the Northern Irish Assembly! and more recently in the

Scottish Parliamenti.
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7 FUTURE WORK

There is a lack of consistency in the cancers and other diseases SMR and SIR recordings. For example,
the German publication simply gives one SMR figure for all causes, the Australian publication does not
study prostate cancer whilst the USA (2020) publication reports the SMR of broader groups such as
cancer of the digestive system. In addition, the three publications from Japan focus only on mental
health outcomes. Furthermore, different measures other than SMR are used culminating in a lack of
synchronicity and making it difficult to conduct world comparisons. There is a need for a worldwide
consensus on predefined ICD 10 categories with a specific set of measures when comparing firefighters

to the general population.

The prime recognised limitation in this study is the fact that extracts of entry in a Register to Deaths list
just one occupation - the last one held prior to death. Given that, for many years, firefighters can retire
between the ages of 55 and 60 (or earlier if they were discharged on the grounds of ill-health), they can
then obtain further employment. This may result in an underestimation of firefighter deaths and SMR

(particularly for rare cancers).

The association of occupational exposure as a firefighter and deaths due to cancer/disease would also
benefit from collecting information on firefighters’ length of employment, and any cumulative effect
of environmental/occupational exposures. Together with information on historical or/and post-

retirement occupation, it would allow more accurate characterisation of risk.

While the comprehensiveness of the studied firefighter population, and its inclusion of retired members,
are strengths, a weakness of this work is that data was accessed from Scotland only, not the whole UK.
Scotland has its own harmonised and independent recording system of statistics and pensions when

compared to the rest of the UK where compilation such data is more difficult and time-consuming.
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