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England: A study of medieval and industrial samples 
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A B S T R A C T   

Objective: The increasing prevalence of malignant disease has been associated with shifts in environmental, so-
cioeconomic, and lifestyle risk factors as well as increased adult lifespan. We examine the relationship between 
malignant neoplasms affecting bone, age and industrialization. 
Materials: Pre-existing skeletal data from 11 medieval (1066–1547, n = 8973) and 14 industrial (1700–1890, n =
4748) cemeteries (N = 13,721) from England. 
Methods: Context number, sex, age-at-death, evidence of skeletal malignancy, and diagnosis were collated. The 
data were compared using chi square, Kolmogorov-Smirnov tests and logistic regression (α = 0.01). 
Results: There was a statistically significant increase in skeletal malignancy from 0.06 % in the medieval sample 
to 0.36 in the industrial sample (p < 0.001). Age had a strong relationship with malignancy (p = 0.003), sex did 
not (p = 0.464). Logistic regression revealed that time-period (p < 0.001) was a stronger predictor of skeletal 
malignancy than age-at-death (p = 0.002). 
Conclusion: Our results confirm that even with the temporal increase in adult human lifespan the increase of 
malignant neoplasms of bone between the medieval and industrial time periods is still statistically significant. 
Significance: The augmented exposure to carcinogens and pollution during the Industrial Revolution had a strong 
effect on an individual’s susceptibility to developing malignant disease of bone. 
Limitations: This meta-analysis relies upon previously gathered data and diagnosis from a large number of re-
searchers and did not include radiographic or CT screening. Only malignant neoplasms that affected bone could 
be included. 
Suggestions for further research: Increasing excavation and analysis of post-medieval cemeteries will provide more 
data. Multimethod approaches (radiography, CT, Micro-CT and histology) are encouraged.   

1. Introduction 

Today, cancer is one of the leading causes of death globally (WHO, 
2018). The increase in cancer coincides with periods of industrialization 
in different parts of the world and is generally accepted as a product of 
the resultant indoor pollution, smoking, atmospheric pollution, human 
longevity as well as shifts in diet and physical activity (Boyle and Levin, 
2008; David and Zimmerman, 2010; DeVita et al., 2014; Mitchell et al., 
2021; Roberts and Cox, 2003; Waldron, 1996). Written records and 
advancing analytical methods are continuing to uncover cases of ma-
lignancy in past societies. The foremost challenge in studying the 
prevalence and epidemiology of malignancy in the past has been the 
scarcity of evidence within the archeological record, and the lack of 
consideration of the additional risk factor of advanced age in many 

studies (Kirkpatrick et al., 2018; Marques et al., 2018; Nerlich et al., 
2006; Waldron, 1996, 2021) and the rarity of studies that include 
radiographic or CT screening (Mitchell et al., 2021). This research aims 
to evaluate how the environmental risks of industrialization altered the 
prevalence of malignancy in medieval and industrial period populations, 
while controlling for differences in age-at-death of the individuals. 

The Industrial Revolution began in Britain in the 1780s and gained 
momentum in the 19th century (Hobsbawm, 1996). Machines and fac-
tories were powered by water, steam and coal, the latter in particular 
increasing air pollution (Allen, 2009). Rapid urbanization occurred in 
the early 1800s (Scott and Duncan, 1998; Woods, 1992), often leading to 
high population density, poor living conditions and thus poor health 
outcomes, particularly in the industrial towns and cities outside of 
London (Crane-Kramer and Buckberry, 2020). We hypothesize that this 
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environment will have significantly increased the prevalence of malig-
nancy between the medieval and industrial periods. 

Medieval society was largely rural with some urban centers and is 
characterized by immigration, endemic interpersonal violence, social 
stratification, and a variety of new industries (Roberts and Cox, 2003). 
Thus, while medieval Britain was still pre-industrial, carcinogens were 
still in existence. These include naturally occurring environmental car-
cinogens such as exposure of radon and UV light, which presumably 
would have affected past populations in similar ways as it would today 
(Hueper, 1963). Urban centers increased the risk of exposure to exoge-
nous carcinogens such as fuel and atmospheric pollution, but the pres-
ence of open fires in homes meant most people were exposed to wood 
smoke. It is estimated that London, at the turn of the 14th century, burnt 
40,000 tons of wood and 600 tons of sea coal annually (Dyer, 1989). In 
particular, the burning of fossil fuels inside homes without adequate 
ventilation has been linked to the pathogenesis of lung cancer (Delgado 
et al., 2005) and the first legislation designed to limit air pollution in 
England on health grounds, The Smoke Abatement Act, dates to 1273, 
although there was little scientific knowledge of the risks of smoke 
inhalation at the time (Fowler et al., 2020). Medieval industries such as 
leather production, bone and antler working, textile production, metal 
working, and glass working may have also exposed individuals to 
various carcinogens (Blair and Ramsay, 1991). The end of the period 
marked the early beginnings of a tumultuous relationship between in-
dustry and living conditions which led to an increase in human exposure 
to carcinogens. 

Risk factors for malignancy that would have been rampant during 
the Industrial Revolution include those associated with environmental 
pollution, occupational exposure, carcinogens in the home and smoking 
tobacco. The consumption of coal for heat and power was around 65 
million tons in 1853 and increased in the following decades (Mosley, 
2001). This caused a widespread ‘veil’ of smog over the industrial towns 
of Britain, resulting in a continuous exposure to carcinogenic environ-
ments. Air pollution from industry was discussed in the 17th century, 
with links proposed between mortality and smoke identified by John 
Graunt. Air quality was first measured in the late 19th century to 
identify and monitor pollution (Fowler et al., 2020), but links do not 
appear to have been made between poor air quality and malignancy. In 
1775, Percival Pott made the first association between occupation and 
increased cancer incidence when he noticed the chemicals contained in 
chimney soot were directly linked to the scrotal skin cancer found in 
chimney sweeps (Hall, 1991). Additionally, occupational exposure to 
asbestos, a substance known to cause lung cancer (Hutchings and 
Rushton, 2012), was a real risk during the Industrial Revolution. In 1898 
asbestos production in England was deemed “unhealthy and dangerous” 
by the factory inspectorate (The Chief Inspector of Factories and 
Workshops, 1900), and by 1910 individuals were first hospitalized for 
illness relating to asbestos exposure (Boggio, 2013). Arsenic was a 
common by product of metal processing and was used in the paints and 
dyes used to color many household items, including wallpaper, toys and 
clothing. Flour and water wallpaper paste used in damp homes 
encouraged mold to develop, releasing the arsenic into household air 
(Davis, 2018). Tobacco was introduced to Europe from the Americas in 
the 1500s. As tobacco became more widely available and dropped in 
price, smoking became more common in all social classes. Cigarette 
manufacturing in England saw its own revolution in 1883 with the 
introduction of the Bonsack Machine by the W.D & H.O Wills company 
(Cox, 2000). The use of cigarette rolling machines led to the production 
of low-cost cigarettes, which became widely popular among the working 
class and ushered Britain into an era of cheap, mass-produced smoke. By 
1905, cigarettes accounted for around 25 % of all tobacco sales in Britain 
by weight (Cox, 2000). This undoubtedly aided in the rise of malignancy 
during the Industrial Revolution however, the link between lung cancer 
and smoking was not recognized for another 50 years. 

While many factors both extrinsic and intrinsic can affect the chances 
of oncogenesis, age has been reported as one of the primary influencers 

(DeVita et al., 2014). Within the United States evidence from 2015 to 
2017 suggests that cancer continues to be an age-progressive disease for 
example, the probability of developing invasive cancer increases from 
5.8 % for ages < 49 to 26.8 % for those aged > 70 in women and from 
3.5 % for ages < 49 to 33.2 % for those aged > 70 for men (Siegel et al., 
2021). Bone metastases, which are most commonly seen in archeo-
logical human remains, are generally seen in the skeletons of individuals 
over the age of 45 (Anderson, 2000). It has been suggested that a longer 
life span effectively increases exposure to exogenous and endogenous 
carcinogens (Marques et al., 2018). Simultaneously, as individuals age 
their immune system competency, and the effectiveness of DNA repair 
mechanisms decrease inadvertently increasing cancer susceptibility 
(Coleman and Rubinas, 2009; Kumar and Aster, 2015). It is essential that 
any study of malignancy in the past considers age-at-death and de-
mographic shifts (Waldron, 1996; Nerlich et al., 2006; Marques et al., 
2018, 2021). 

Previous studies have shown mixed evidence of malignant disease in 
the Industrial Revolution, with an increase in prevalence seen in London 
and in non-metropolitan populations (Western and Bekvalac, 2020), but 
a decline in malignancy was reported for the total populations studied 
by Roberts and Cox (2003). The latter pattern is probably due to the 
inclusion of all age groups, combined with high infant and childhood 
mortality in the post-medieval period, although it must be noted that 
those who survived childhood could survive to an old age. 

Preservation issues, amongst many others, are well known to the 
paleopathological community. Post-depositional processes can vary 
across all cemeteries and may have also differed between medieval and 
industrial-era cemeteries, affecting the visibility of skeletal lesions. 
Skeletal preservation is influenced by extrinsic factors (such as soil type 
and acidity, water percolation and depth of grave) and intrinsic factors 
such as bone size and type, age and sex, individual robusticity and 
pathological alteration (Henderson, 1987; Galloway et al., 1997). Soil 
chemistry is thought to be the most important factor once skeletoniza-
tion is complete (Garland and Janaway, 1989). While duration of burial 
may have played a part, poor soil conditions can result in poorly pre-
served bone over shorter timescales, and favorable soil conditions can 
result in extremely well-preserved skeletal remains, even over longer 
time scales. Studies have shown that the preservation of male in-
dividuals is often better than females, and younger adults better than 
older adults, due to the more robust nature of their remains (Walker, 
1995; Walker et al., 1988). Younger non-adults are particularly sus-
ceptible to damage due to the high surface to mass ratio of their bones 
and the small size of their skeletons. This probably contributes to the 
underrepresentation of infants in archeological cemeteries (Walker 
et al., 1988; Buckberry, 2000). Moreover, some malignancies which can 
cause widespread lytic lesions, such as metastatic carcinoma, can also 
increase fragility and effect the preservation of the individual. The ef-
fects of taphonomic processes can undoubtedly causes a bias within any 
excavated sample, such as underrepresentation of females, older in-
dividuals, and infants. 

In addition to biases resulting from preservation issues, site demog-
raphy may be affected by excavation methods, sampling procedures for 
full skeletal analysis and the nature of the cemetery. Due to various 
limitations during the archeological process, it is quite often that cem-
eteries are not fully excavated, and funding constraints often mean less 
complete skeletons are excluded from the full analysis stage. Thus, the 
individuals who are excavated and analyzed are only just a portion of 
the cemetery population. Furthermore, cemeteries may be limited by 
factors such as sex, age, ethnicity, genealogy, and socioeconomic status, 
a phenomenon known as interment bias (Milner and Boldsen, 2017). 
Interment biases are clearly present in many medieval monastic ceme-
teries as these were institutions comprised of primarily men. However, 
the interment patterns of these cemeteries changed over time, and they 
became more accessible to females and non-adults (Gilchrist and Sloane, 
2005). These factors will produce skewed sex ratios and age-at-death 
profiles compared to the total population. We acknowledge that the 
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dataset used in this study will include these biases, and where possible 
we have investigated them statistically, made comparisons of pathology 
within age and sex groups and considered skeletal preservation where 
possible. 

2. Material 

Demographic and pathological data for this study comes from 
various sites across England dating from the medieval period 
(c.1066–1547) to the industrial period (c.1700–1890) (Fig. 1). Most of 
the sites were obtained from the Wellcome Osteological Research 
Database (WORD) operated by the Museum of London (WORD database, 
2018) and the rest were sourced from monographs, online databases and 
skeletal recording forms held in Bradford. Inclusion criteria were as 
follows: site (or individuals) clearly dated to the medieval or industrial 
time periods, reporting of individual age and sex for the entire popula-
tion, and clear indication which individual(s) had malignant disease. 
None of these had undergone systematic radiographic or CT screening 

for skeletal lesions. The total number of individuals from all medieval 
sites is 8973 and for all industrial sites it is 4748. Tables 1 and 2 provide 
contextual information of all the sites used in this study. Further de-
mographic breakdown is provided in the Supplementary material (SI 
Table 1). 

3. Methods 

In order to standardize the pre-existing data of the nearly 14,000 
individuals used in this study, specific recording procedures were taken, 
and statistical tools were implemented for analysis. Sex estimations for 
all adults were recorded as they were presented within each archeo-
logical report, then condensed to three groups: males, females and 
indeterminate. For individuals aged under approximately 18 years, sex 
was recorded as indeterminate due to the lack of reliable sex estimation 
methods for non-adults (Scheuer and Black, 2000). Age ranges were kept 
consistent with the recording standards of The Museum of London 
Archaeology and are as follows: neonate (< 4 weeks), early post-natal 

Fig. 1. Map of cemetery locations.  
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infant (1–6 months), late post-natal infant (7–11 months), early child 
(1–5 years), later child (6–11 years), adolescent (12–17 years), young 
adult (18–25 years), early middle adult (26–35 years), later middle adult 
(36–45 years), mature adult (≥ 46), adult (≥18), and non-adult (< 18). 
Under circumstances where the age-at-death of an individual could be 
attributed to two sets of age ranges, the center of the range was used to 
determine the appropriate age cohort (following Molnar et al., 2009 and 
Hunt et al., 2018). The following conditions were identified and 
considered to be malignant: metastatic carcinoma, osteosarcoma, 
chondrosarcoma, multiple myeloma, lymphoma, leukemia, glioma, 
hemangiopericytoma and Ewing’s sarcoma (Resnick, 1995; Ortner, 
2003). As these were diagnoses made by other researchers, we had to 
rely on their diagnoses. In one case (Waldron and Rodwell, 2007, p109) 
a tumor was simply described as a “round cell tumor”, a term used to 
describe a group of malignant tumors including Ewing’s sarcoma, 
rhabdomyosarcoma and non-Hodgkins lymphoma with relatively un-
differentiated cells, making them hard to distinguish from each other in 
clinical medicine (Rajwanshi et al., 2009) and thus challenging to 
differentiate in paleopathology. Where multiple differential diagnoses 
were made, all possible diagnoses were recorded in our data. In one case 
(intracerebral glioma, hemangiopericytoma, epithelioid hemangioma, 
epidermoid/dermoid at St Mary Spital, WORD database, 2018) the di-
agnoses included both benign and malignant tumors. As the majority of 
these conditions are malignant, this case was treated as malignant in the 
dataset. An ordinal scale for skeletal preservation was calculated as 
follows: the percentage of adults that could not be sexed and the per-
centage of individuals who could not be placed into a specific age group 
were calculated and added together. 

The data were investigated using the following statistical tests: chi 
squared test for nominal data (sex, time period, malignancy), Mann- 
Whitney U for non-parametric data (preservation scores), independent 
samples Kolmogorov-Smirnov test for ordinal data (age categories) and 

logistic regression. Due to the high number of statistical tests, alpha was 
set at 0.01. All tests were carried out in IBM SPSS Statistics v27. 

4. Results 

Data was collected for 13,721 individuals, 8973 for the medieval 
period and 4748 for the industrial period. Cemeteries with no evidence 
of malignant disease affecting bone were included to ensure numbers 
were not biased by requiring evidence of skeletal malignancy as an in-
clusion criterion. The best-preserved site was, unsurprisingly, the in-
dividuals from the industrial-period crypt at St. Bride’s Fleet Street, 
London, however industrial-period skeletons varied greatly in terms of 
their preservation, with the Royal London Hospital cemetery having the 
worst preservation rank of the whole sample. Comparison of the rank 
scores for preservation indicated the medieval sample was better pre-
served, on average, than the industrial samples (Mann-Whitney 
U = 15,768,779.0, p < 0.001, n = 13,721). This largely is due to the 
good preservation on individuals selected for analysis at St Mary Spital, 
where only the most complete skeletons were selected for analysis 
(Connell et al., 2012, p20). However, the medieval samples from 
Wharram Percy and Chichester were also ranked highly for preserva-
tion, without this sampling strategy in place. 

Paleodemographic comparisons were made between the two time 
periods. The medieval sample contained 3970 males and 2620 females, 
a sex ratio of 1:0.66. This skew towards males is due to the high number 
of monastic populations included in this study, on top of the known 
preservation bias towards males in archeological samples (Walker, 
1995). For the industrial sample, there were 1319 males and 1084 fe-
males, a sex ratio of 1:0.82. Unsurprisingly there was a statistically 
significant difference in the sex ratio between the two periods (X2 

= 20.831, p < 0.001, n = 8993). Age related data is presented in Fig. 2 
and in Supplementary Information Tables 1 and 2. It is clear that infants 

Table 1 
Contextual information of medieval sites.  

Site Dates Non-adults Adults All individuals Source 

Bermondsey Abbey, London Late 11th–15th cent. 1 200 201 Gilchrist and Sloane (2005) 
Chichester, West Sussex 12th–15th cent. 104 279 383 Magilton et al. (2008) 
Dominican Friary, Carter Lane, London 13th–15th cent. 9 48 57 Holder (2011) 
Guildhall Yard, London 10th–13th cent. 21 47 68 Bowsher et al. (2007) 
Hereford Cathedral, Herefordshire 12th–16th cent. 223 755 978 Stone and Appleton-Fox (1996)* 
Merton Priory, London 11th–15th cent. 33 643 676 Miller and Saxby (2007) 
Spital Square 12th–13th cent. 42 82 124 Connell (2012) 
St. Andrew’s, Fishergate, York Late 11th–15th cent. 84 318 402 Stroud and Kemp (1993) 
St. Benet Sherehog, London 11th–16th cent. 15 24 39 Burch et al. (2011) 
St. Mary Graces, London 13th–15th cent. 106 283 389 Grainger and Phillpotts (2011) 
St. Mary Spital, London c.1120–c.1539 1033 4367 5400 Connell et al. (2012) 
Wharram Percy, Yorkshire 9th–15th cent. 55 201 256 Bell and Beresford, 1987; Mays et al., 2007  

* Data for Hereford Cathedral were gathered from primary recording forms completed by Anthea Boylston, Darlene Western and Alan Ogden, held by the Biological 
Anthropology Research Centre, University of Bradford. 

Table 2 
Contextual information of industrial sites.  

Site Dates Non-adults Adults All individuals Source 

Chelsea Old Church, London 18th- 19th cent. 33 165  198 Cowie et al. (2008) 
City Bunhill, London 1833–1853 122 117  239 Connell and Miles (2010) 
Cross Bones, London 1800–1853 104 44  148 Brickley et al. (1999) 
New Bunhill Fields 1821–1853 357 157  514 Miles and Connell (2012) 
Royal London Hospital, London 1825–1841 33 606  639 Fowler and Powers (2013) 
St. Bride’s Fleet Street, London 1740–1853 32 195  227 Milne (1997) 
St. Bride’s Lower, London 17th- 19th cent. 175 369  544 Kausmally (2008) 
St. Martin’s-in-the-Bull-Ring, Birmingham 18th- 19th cent. 154 351  505 Brickley (2006) 
St. Mary and St. Michael, Lukin St, London 1843–1854 437 268  705 Henderson et al. (2013) 
St. Marylebone, London 18th- 19th cent. 90 211  301 Miles et al. (2008) 
St. Peter’s Barton-upon-Humber, Lincolnshire 17th- 18th cent. 156 269  425 Waldron and Rodwell (2007) 
St. Peter’s Wolverhampton 19th cent. 58 99  158 Adams and Colls (2007) 
West Butts Street, Poole, Dorset 18th cent. 39 106  145 McKinley (2008)  
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are underrepresented in both samples, and there is high childhood 
mortality in the industrial sample. Overall, there is a statistically sig-
nificant difference in the age structure of the two samples for individuals 
placed into a specific age category (independent samples 
Kolmogorov-Smirnov test: D = 16.071, p < 0.001, n = 11,935) 
(Fig. 2a). Non-adults may be particularly underrepresented in the me-
dieval period due to the inclusion of monastic sites and infants may be 
higher in the industrial sample due to increased fertility leading to 
increased childhood mortality at this time (see Davenport 2021, this 
issue). The inclusion of different non-adult mortality profiles masks the 
differences in adult mortality between the two samples. When adult 
age-at-death is considered separately it is clear that individuals who 
survived to adulthood in the industrial period were more likely to ach-
ieve older age, despite having a lower life expectancy from birth 
(Fig. 2b). There was a statistically significant difference in the age 
structure of adults placed in specific age categories between the two 
samples (independent samples Kolmogorov-Smirnov test: D = 8.904, 
p < 0.001, n = 8505). 

A total of 22 (0.16 % 22/13,721) malignant neoplasms affecting 
bone were identified within the entire sample, 21 of these were in adults 

(0.21 %, 21/10,180) (see Supplementary information Table 3). The 
crude prevalence for malignant neoplasms affecting bone in the whole 
medieval sample is 0.06 % (5/8973; for adults this) and in the industrial 
sample it is 0.36 % (17/4748; for adults this is) (Table 3). For adults, the 
crude prevalence is 0.07 % (5/7223) in the medieval sample and 0.54 % 
(16/2957) in the industrial sample. A chi square test showed this dif-
ference was statistically significant (whole sample: X2 = 17.728, 
p < 0.001 n = 13,721; adults only X2 = 22.693, p < 0.001, 
n = 10,180). This supports the hypothesis that populations experienced 
a sudden increase in skeletal malignancy coinciding with the rapid 
expansion of industrialization. However, the demographic data 
collected shows an increase in the proportion of adults living to older 
age in the industrial period, which can contribute to the risk of malig-
nant disease (see Fig. 2b). 

Since there is a difference in the age and sex ratio between time 
periods, and these can impact the prevalence of malignant disease, we 
investigated the relationship between these biodemographic factors and 
malignancy. The distribution between skeletal neoplastic disease and 
sex can be seen in Table 4 (individuals of undetermined sex were 
excluded from this analysis). A chi square test (including adults with an 

Fig. 2. Comparison of age-at-death data for the medieval and industrial samples. a) For all aged individuals. b) For all aged adults.  
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estimated sex only) revealed no significant difference between sex and 
malignancy for the combined sample (two-tailed X2 = 0.536, p = 0.464, 
n = 8991). 

The relationship between age and malignant neoplasms affecting 
bone are presented in Fig. 3 and Table 5. Individuals who were not 
placed in a specific age cohort were excluded from this analysis 
(n = 11,935). No individual aged below 11 years had skeletal evidence 
of malignancy. For adults there is an increase in prevalence with 
increasing age. This is most evident in the industrial period where the 
highest percentage of malignant neoplasms affecting bone (1.09 %) lies 
within the 46 years and above age cohort. The results of an independent 
samples Kolmogorov-Smirnov test confirm there is a significant rela-
tionship between age and malignant neoplasms for the combined sample 
(D = 1.808, p = 0.003, n = 11,935)). 

Logistic regression was performed to see how different independent 
variables were associated with evidence of skeletal malignancy within a 
single model. The initial model considered age category, time-period, 
sex, and preservation score. As sex was only recorded for adults, this 
model only included adult remains (n = 8226). The analysis revealed 
that, as expected, sex and preservation score did not contribute to the 

model (see Table 6). Thus, a parsimonious model incorporating just age 
category and time-period was used (see Table 7). This had the added 
benefit of increasing the sample size to n = 11,935, as the first model 
excluded individuals of known sex. Finally, as one case of skeletal ma-
lignancy was identified in one adolescent and none were identified in 
any younger non-adults, a final model incorporated age category and 
time-period for adolescents and adults only (n = 9374, see Table 8). 

The significance of age was below p = 0.05 in the first two linear 
regression models but not for model 3. However, we set alpha at 0.01 for 
this study; thus, age was only considered significant in model 2, which 
included all non-adults. Time period was significant for all three models 
(P < 0.001), suggesting the transition from the medieval to industrial 
periods contributed more to the increased prevalence of skeletal ma-
lignancy than the increase in adult longevity over the same transition. 

Recent research has estimated the prevalence of malignancy in the 
medieval period based on the levels of skeletal lesions seen in modern 
cancer patients (Mitchell et al., 2021). Our study did not permit the 
widespread CT or radiographic screening of individuals for internal 
bone lesions, so it is likely that the prevalence of skeletal malignancies 
presented here are under-represented. In addition, only one-third to 
one-half of people who die of cancer today have skeletal metastases 
(Mitchell et al., 2021), which suggests the actual prevalence of malig-
nancy would have been far higher. Nevertheless, our data suggests a 
four-fold increase in malignancy between the medieval and industrial 
eras. 

5. Discussion 

As expected, the prevalence of malignant neoplasms affecting bone 
increased from the medieval to the industrial period. There are many 
causes of cancer, including exposure to carcinogens, environmental ra-
diation, certain infections and random gene mutations (DeVita et al., 
2014). Cancer is also primarily a disease of old age, usually first detected 
over the age of 50 (Anand et al., 2008; DeVita et al., 2014; Siegel et al., 
2021); thus, increasing longevity within a population will lead to more 
cases of cancer. 

Table 3 
Crude prevalence of malignancy at each site per time period.  

Time 
period 

Cemetery Cases of 
malignancy 
(n) 

Total 
population 
(N) 

% 
malignancy 

Medieval Bermondsey 
Abbey 

0 201 0.00 

Chichester 1 383 0.26 
Carter Lane 0 57 0.00 
Guildhall Yard 0 68 0.00 
Hereford 0 978 0.00 
Merton Priory 1 676 0.15 
Spital Square 0 124 0.00 
St. Andrew’s 
Fishergate 

1 402 0.25 

St. Benet Sherehog 0 39 0.00 
St. Mary Graces 0 389 0.00 
St. Mary Spital 1 5400 0.02 
Wharram Percy 1 256 0.39 
Total 5 8973 0.06 

Industrial Chelsea Old 
Church 

0 198 0.00 

City Bunhill 1 239 0.42 
Cross Bones 1 148 0.67 
New Bunhill Fields 0 514 0.00 
Royal London 
Hospital 

2 639 0.31 

St. Bride’s Fleet 
Street 

2 227 0.88 

St. Bride’s Lower 3 544 0.55 
St. Martin’s 
Birmingham 

2 505 0.40 

St. Mary and St. 
Michael 

0 705 0.00 

St. Marylebone 0 301 0.00 
St. Peter’s Barton 
on Humber 

4 425 0.94 

St Peter’s 
Wolverhampton 

2 158 1.27 

West Butts Street 0 145 0.00 
Total 17 4748 0.36  

Table 4 
Prevalence of malignancy in males and females for the medieval and industrial samples.   

Males Females 

Time period Cases of malignancy (n) Total (N) Crude prevalence (%) Cases of malignancy (n) Total (N) Crude prevalence (%) 

Medieval 5 3962 0.13 0 2616 0.00 
Industrial 9 1319 0.68 7 1084 0.65 
Both periods 14 5281 0.27 7 3700 0.19  

Fig. 3. Prevalence of malignant disease in adolescents, young adults, young 
middle adults, older middle adults and mature adults for medieval and indus-
trial time periods. 
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While life expectancy was short in the industrial period, this was 
primarily due to high infant mortality (which is linked to high fertility 
rates – see Davenport, 2021, this issue); those who survived to adulthood 
were more likely to live to an older age than their medieval pre-
decessors. While old age is known to increase the risk of cancer (Anand 

et al., 2008), this research has shown that the risk for skeletal malig-
nancy statistically increases in the industrial period, and it was a sig-
nificant contributor for all of our logistic regression models. Thus, 
longevity was not the only reason for increased prevalence of 
malignancy. 

Table 5 
Age versus the presence or absence of malignancy between the samples.   

Total sample Medieval Industrial 

Age 
cohort 

Cases of 
malignancy (n) 

Total 
(N) 

Crude prevalence 
(%) 

Cases of 
malignancy (n) 

Total 
(N) 

Crude prevalence 
(%) 

Cases of 
malignancy (n) 

Total 
(N) 

Crude prevalence 
(%) 

Fetus 0 3 0.00 0 3 0.00 0 0 0.00 
< 4 

weeks 
0 361 0.00 0 94 0.00 0 267 0.00 

1–6 
months 

0 201 0.00 0 24 0.00 0 177 0.00 

1–7 
months 

0 110 0.00 0 23 0.00 0 87 0.00 

1–5 years 0 1147 0.00 0 267 0.00 0 880 0.00 
6–11 

years 
0 739 0.00 0 544 0.00 0 195 0.00 

12–17 
years 

1 857 0.12 0 725 0.00 1 132 0.76 

18–25 
years 

1 1571 0.06 0 1318 0.00 1 253 0.40 

26–35 
years 

2 2458 0.08 1 2061 0.05 1 397 0.25 

36–45 
years 

4 2524 0.16 1 1873 0.05 3 651 0.46 

> 46 
years 

11 1964 0.56 2 1141 0.18 9 823 1.09 

Total 19 11,935 0.16 4 8073 0.05 15 3862 0.39  

Table 6 
Logistic regression analysis model 1: age, time-period, sex and preservation score for adults (n = 8226).  

Variable B S.E. Wald Sig Odds Ratio (Exp (B)) 95 % CI (Upper) 95 % CI (Lower) 

Age category 0.677 0.294 5.294 0.021* 1.968 1.105 3.502 
Time period -2.015 0.584 11.914 0.001** 0.133 0.042 0.419 
Sex 0.406 0.506 0.643 0.422 1.501 0.556 4.051 
Preservation -0.006 0.007 0.664 0.415 0.994 0.980 1.008 
Constant -10.492 2.903 13.062 < 0.001 0.000   

Age category (18–25 years is coded 7; 26–35 years is coded 8; 36–45 years is coded 9; ≥ 46 years is coded 10), time-period (medieval is coded 1; industrial is coded 2), 
sex (male is coded 1; female is coded 2) and preservation (numerical data). 

* Significant at the 0.05 level. 
** Significant at the 0.01 level. 

Table 7 
Logistic regression analysis model 2: age and time-period for adults and non-adults combined (n = 11,935).  

Variable B S.E. Wald Sig Odds Ratio (Exp (B)) 95 % CI (Upper) 95 % CI (Lower) 

Age category 0.604 0.193 9.806 0.002** 1.830 1.254 2.671 
Time period -2.132 0.568 14.094 < 0.001** 0.119 0.039 0.361 
Constant -10.561 1.810 34.040 < 0.001 0.000   

Age category (< 4 weeks is coded 1; 1–6 months is coded 2; 7–11 months is coded 3; 1–5 years is coded 4; 6–11 years is coded 5; 12–17 years is coded 6; 18–25 years is 
coded 7; 26–35 years is coded 8; 36–45 years is coded 9; ≥ 46 years is coded 10), time-period (medieval is coded 1; industrial is coded 2). 

** Significant at the 0.01 level. 

Table 8 
Logistic regression analysis model 3: age and time-period for all age groups with some evidence of skeletal malignancy (n = 9374).  

Variable B S.E. Wald Sig Odds Ratio (Exp (B)) 95 % CI (Upper) 95 % CI (Lower) 

Age category 0.459 0.239 3.704 0.054 1.583 0.992 2.526 
Time period -2.218 0.576 14.815 < 0.001** 0.109 0.035 0.337 
Constant -9.173 2.237 16.813 < 0.001 0.000   

Age category (12–17 years is coded 6; 18–25 years is coded 7; 26–35 years is coded 8; 36–45 years is coded 9; ≥ 46 years is coded 10), time-period (medieval is coded 1; 
industrial is coded 2). 
*Significant at the 0.05 level. 

** Significant at the 0.01 level. 
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The second risk factor for malignancy in the industrial period is likely 
to be related to the increased exposure to carcinogens. While we tradi-
tionally think of industrial carcinogens in factories and mines as being 
the main cause of increased cancer prevalence in the past, air pollution 
and smoking were major risk factors for developing cancer that will have 
affected all people living in urban areas, and many people in the coun-
tryside. The use of coal for fuel increased during the Industrial Revo-
lution, releasing substantial levels of SO2, NO2, NH3 and smoke into the 
air, particularly in and around towns and cities (Fowler et al., 2020), but 
we must remember that coal was also used in rural industry, as fuel for 
trains, and to provide heat and hot water in homes. The lack of statistical 
significance in prevalence of malignant disease between males and fe-
males highlights the risk of carcinogens was not just to those who 
worked industry, but all living in the polluted atmosphere. Although 
some women did work in factories – and were exposed to industrial 
carcinogens – smog, wood and coal smoke from household fires, arsenic 
in wallpaper and tobacco smoking (along with unavoidable inhalation of 
secondary smoke) meant that carcinogens will have been ever present in 
the home. 

6. Conclusion 

Crude prevalence indicates there is a statistically significant increase 
in malignant neoplasms affecting bone from the medieval to industrial 
time periods. Analysis of the biodemographic factors revealed a signif-
icant relationship between skeletal malignancy and age, but not for sex. 
The age distribution of skeletal malignancy revealed a higher prevalence 
with increasing age. The increase in skeletal malignancy from the me-
dieval to the industrial period was shown to be statistically significant, 
indicating it was not only caused by increased longevity in those who 
survived childhood in the industrial period. This pattern, for England, 
supports the conclusion that the increase of cancer over the past century 
is strongly associated with industrialized societies (Capasso, 2005). 
While malignant disease has been identified in human populations from 
the Paleolithic onwards (Hunt et al., 2018; Odes et al., 2016), this study 
indicates that the rise of industry saw a significant increase from the 
preceding period in England. 
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