
Supplementary appendix
This appendix formed part of the original submission and has been peer reviewed. 
We post it as supplied by the authors. 

Supplement to: Buzasi E, Carreira H, Funston G, et al. Risk of fractures in half a million 
survivors of 20 cancers: a population-based matched cohort study using linked English 
electronic health records. Lancet Healthy Longev 2024; published online Feb 6. https://
doi.org/10.1016/S2666-7568(23)00285-4.



   

 

1 
 

SUPPLEMENTARY MATERIAL  

Supplement to: Buzasi et al. Risk of fractures in half a million survivors of 20 cancers: a population-based matched 
cohort study using linked UK electronic health records databases.  
 

 Page 

Pre-specified study protocol 2 

Table S1: Definition and derivation of the study variables 11 

Table S2: Characteristics of cancer survivors and matched controls from the general 

population in CPRD Aurum and GOLD databases separately (all cancer sites).* 

14 

Tables S3-S22: Characteristics of cancer survivors and matched controls from the general 

population (site specific cancer/control cohorts) 

 

Table S3: Oral Cavity (C00-06) 16 

Table S4: Oesophagus (C15) 18 

Table S5: Stomach (C16) 20 

Table S6: Colorectal (C18-20) 22 

Table S7: Liver (C22) 24 

Table S8: Pancreas (C25) 26 

Table S9: Lung (C34) 28 

Table S10: Malignant melanoma (C43) 30 

Table S11: Breast (C50) 32 

Table S12: Cervix (C53) 34 

Table S13: Uterus (C54-55) 36 

Table S14: Ovary (C56) 38 

Table S15: Prostate (C61) 40 

Table S16: Kidney (C64) 42 

Table S17: Bladder (C67) 44 

Table S18: Central nervous system (CNS, C71-72) 46 

Table S19: Thyroid (C73) 48 

Table S20: Non-Hodgkin Lymphoma (NHL, C82-85) 50 

Table S21: Multiple myeloma (C90) 52 

Table S22: Leukaemia (C95) 54 

Tables 23-28: Bone fracture incidence in survivors of the 20 most common types of cancers 

and cancer-free controls. 

 

Table S23: Any bone fracture and major osteoporotic fractures 56 

Table S24: Pelvic fracture 57 

Table S25: Hip fracture 58 

Table S26: Wrist fracture  59 

Table S27: Spine fracture  60 

Table S28: Proximal humerus fracture  61 

Table S29: Estimated cumulative risk of any bone fracture and major osteoporotic fracture in 

cancer survivors at 5 and 10 years after cancer diagnosis. 

62 

Table S30: Results from systematic review. 63 

Figure S1A: Flowchart of the selection of the cohorts used in analysis: CPRD GOLD  70 

Figure S1B: Flowchart of the selection of the cohorts used in analysis: CPRD Aurum 71 

Figure S2: Associations between cancer survivorship and fractures of the pelvis, hip, spine, 

wrist, and proximal humerus.  

72 

Figure S3: Cumulative incidence (%) of major fractures in cancer survivors and non-cancer 

controls by sex, with 95% confidence intervals. 

73 

Figure S4: Forest plots of the association between cancer survivorship and any fractures, 

stratified by potential effect modifiers. 

74 

Figure S5: Forest plots of the association between cancer survivorship and major 

osteoporotic fractures, stratified by potential effect modifiers. 

75 

Figure S6: Results of sensitivity analysis on the association between cancer survivorship and 

any fracture. 

76 

Figure S7: Results of sensitivity analysis on the association between cancer survivorship and 

major osteoporotic fractures. 

77 



   

 

2 
 

Pre-specified study protocol (as approved by CPRD Research Data Governance 

Committee on 23rd April 2021) 

  



   

 

3 
 

 

  



   

 

4 
 

 

  



   

 

5 
 

 

  



   

 

6 
 

 

  



   

 

7 
 

  



   

 

8 
 

 

  



   

 

9 
 

 

  



   

 

10 
 

 

 



   

 

11 
 

Table S1: Definition and derivation of the study variables 

Type of variable Covariate Definition and use Derivation 

Exposure Cancer 20 common cancers in the UK:  
oral cavity, oesophageal, stomach, 
colorectal, liver, pancreatic, lung, 
malignant melanoma, breast (female), 
cervical, uterine, ovarian, prostate, kidney, 
bladder, central nervous system, thyroid, 
non-Hodgkin lymphoma, multiple myeloma 
and leukaemia. 
 

First ever record of cancer, except for non-melanoma skin cancer, in CPRD primary 
care data linked to hospital admissions data (Hospital Episodes Statistics - Admitted 
Patient Care database). 
 
Patients had to have at least 12 months of follow up before their cancer record to be 
eligible, to ensure the cancer was incident. 
 
Informed by: The identification of incident cancers in UK primary care databases: a 
systematic review - PubMed (nih.gov)  

Socio-
demographic 

Age at index date matching variable (+/- 3 years) and 
categorical potential effect modifier (18-59, 
60-79, ≥80) 
 

Year of index date minus year of birth. (Exact date of birth not collected by CPRD to 
maintain the de-identified nature of the data) 

Socio-
demographic 

Sex Sex (male, female); matching variable and 
potential effect modifier 
 

N/A. As provided by CPRD 

Socio-
demographic 

Patient area-based 
deprivation 

Categorical covariate (quintiles) and 
potential effect modifier used as a proxy for 
socio-economic status. 
 

Index of multiple deprivation (IMD) quintile identified by CPRD through third party 
linkage to patient postcode 
 

Socio-
demographic 

Ethnicity Categorical covariate used in sensitivity 
analysis and potential effect modifier 
(White, South Asian, Black, Others; or 
White and non-white when data were 
sparse) 

Algorithm to ascertain individual’s ethnicities in CPRD primary care data, informed by: 
Completeness and usability of ethnicity data in UK-based primary care and hospital 
databases - PubMed (nih.gov) 
 
In further sensitivity analysis, this variable was supplemented with the data available in 
the Hospital Episodes Statistics – Admitted Patient Care database. 
 

Lifestyle factor Body mass index Potential confounder, continuous variable 
modelled with 3 knotted restricted cubic 
spline. Categorical potential effect modifier 
(non-obese vs. obese) based on WHO 
categories. 

Calculated from nearest structured record of weight and height entered at any time 
before baseline or up to 30 days after. If this was missing, records post 30 days after 
baseline were used to improve completeness. Implausible  
measurements excluded. 
 
Informed by: Representativeness and optimal use of body mass index (BMI) in the UK 
Clinical Practice Research Datalink (CPRD) - PubMed (nih.gov) 
 

Lifestyle factor Smoking Categorical shared risk factor and potential 
effect modifier (non-smoker, smoker, ex-
smoker). 
People with missing data excluded from all 
models. 

Main analysis: Nearest coded record of smoking status to baseline entered at any time 
before this date or up to 30 days after. If this was missing, smoking records post 30 
days after baseline were used to improve completeness. Non-smokers re-categorised 
as ex-smoker if there was a previous record of smoking. 
 

https://pubmed.ncbi.nlm.nih.gov/25421570/
https://pubmed.ncbi.nlm.nih.gov/25421570/
https://pubmed.ncbi.nlm.nih.gov/24323951/
https://pubmed.ncbi.nlm.nih.gov/24323951/
https://pubmed.ncbi.nlm.nih.gov/24038008/
https://pubmed.ncbi.nlm.nih.gov/24038008/
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Type of variable Covariate Definition and use Derivation 

Lifestyle factor Current or previous 
heavy drinker 
 

Binary shared risk factor. Read/SNOMED/EMIS-coded record of problem drinking or heavy drinking at any time 
prior to baseline.  

Lifestyle factor Alcohol status Used in sensitivity analysis only, as a 
categorical shared risk factor [non-drinker, 
ex-drinker, current drinker] to replace 
'current or previous heavy drinker' in 
models. People with missing data excluded 
from alcohol sensitivity models only. 
 

Nearest coded record of alcohol status to baseline entered at any time before this date 
or up to 30 days after. If this was missing, smoking records post 30 days after baseline 
were used to improve completeness. Non-drinkers re-categorised as ex-drinkers if there 
was a previous record of drinking. 

Primary outcome  Fracture Binary categorical variable; primary study 
outcome 

ICD-10 code for a fracture recorded in the Hospital Episodes Statistics - Admitted 
Patient Care database or Read/SNOMED/EMIS-coded record of fracture in the CPRD 
primary care databases. 
 
Lowe KE, Mansfield KE, Delmestri A, Smeeth L, Roberts A, Abuabara K, et al. Atopic 
eczema and fracture risk in adults : A population-based cohort study. Journal of Allergy 
and Clinical Immunology. 2019; 
 

Primary outcome Major osteoporotic 
fracture 

Binary categorical variable; primary study 
outcome 

Same definition as the fracture, but including only fractures of the pelvis, hip, wrist, spine 
and proximal humerus. 
 
 

Secondary 
outcome 

Pelvic fracture Binary categorical variable; secondary 
outcome 
 

Same definition as the fracture but including only fractures of the pelvis. 
 

Secondary 
outcome 

Hip fracture Binary categorical variable; secondary 
outcome 
 

Same definition as the fracture but including only fractures of the hip. 
 

Secondary 
outcome 

Wrist fracture Binary categorical variable; secondary 
outcome 
 

Same definition as the fracture but including only fractures of the wrist. 
 

Secondary 
outcome 

Spinal fracture Binary categorical variable; secondary 
outcome 
 

Same definition as the fracture but including only fractures of the spine. 
 

Secondary 
outcome 

Proximal humeral 
fracture 

Binary categorical variable; secondary 
outcome 
 

Same definition as the fracture but including only fractures of the proximal humerus. 
 

Covariate History of fractures Potential effect modifier Same definition as the primary outcome, but with a record that pre-dated the study 
baseline. Fractures in childhood were not considered. 
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Type of variable Covariate Definition and use Derivation 

Covariate Hormone 
replacement therapy 
 

Categorical shared risk factor At least one prescription of hormone replacement therapy prior to baseline (past use). 
Derived from primary care prescription data.  

Covariate Oral corticosteroids Categorical shared risk factor At least one prescription of corticosteroids prior to baseline (past use). Derived from 
primary care prescription data. 
 

Covariate Bisphosphonate use Categorical shared risk factor At least one record of bisphosphonate prescription prior to baseline (past use). 
Derived from primary care prescription data. 
 

Covariate Autoimmune 
disorders 

Categorical shared risk factor. Included: 
coeliac disease, inflammatory bowel 
disease, systemic lupus erythematosus, 
and rheumatoid arthritis.  
 
 

ICD-10 code in the Hospital Episodes Statistics - Admitted Patient Care database, or 
Read/SNOMED/EMIS-coded record of in the CPRD primary care databases. 
 

Covariate Chronic kidney 
disease 

Categorical shared risk factor ICD-10 code in the Hospital Episodes Statistics - Admitted Patient Care database, or 
Read/SNOMED/EMIS-coded record of in the CPRD primary care databases. Serum 
creatinine levels used to calculate an estimated glomerular filtration rate.  
 

Covariate Liver disease Categorical shared risk factor ICD-10 code in the Hospital Episodes Statistics - Admitted Patient Care database, or 
Read/SNOMED/EMIS-coded record of in the CPRD primary care databases. 
 

Covariate Epilepsy Categorical shared risk factor ICD-10 code in the Hospital Episodes Statistics - Admitted Patient Care database, or 
Read/SNOMED/EMIS-coded record of in the CPRD primary care databases. 
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Table S2: Characteristics of cancer survivors and matched controls from the general population in CPRD Aurum and GOLD 
databases separately (all cancer sites).* 

  CPRD Aurum CPRD GOLD 

  Cancer survivors 
Cancer-free 

controls 
Cancer survivors 

Cancer-free 
controls 

All participants 514,300 277,6693 63,860 449,711 

Time from index date† to end of follow-up (years)     

Mean (SD)  5.85 ( 4.47)  7.03 ( 4.78)  5.05 ( 3.68)  5.92 ( 3.91) 

Median (IQR)  4.45 ( 2.26- 8.28)  5.86 ( 3.09-10.00)  3.95 ( 2.12- 7.03)  4.98 ( 2.76- 8.27) 

Range  1.00-21.07  1.00-21.08  1.00-21.00  1.00-21.08 

Total person-years ‡       

  3008594.2 19521014 322536.59 2662569 

Age (years) 
  

    

Mean (SD) 65.65 (13.79) 65.73 (13.68) 66.23 (13.42) 68.05 (13.26) 

Median (IQR) 67 (57-76) 67 (57-76) 67 (58-76) 69 (60-78) 

Age group at cancer diagnosis (years)       

18 - 59 156,202      (30.37) 831,944      (29.96) 18,404       (28.82) 110,036      (24.47) 

60 - 79 276,920      (53.84) 1,508,566    (54.33) 35,015       (54.83) 247,849      (55.11) 

≥80 81,178       (15.78) 436,183      (15.71) 10,441       (16.35) 91,826       (20.42) 

Sex 
  

    

Women 267,807      (52.07) 1,434,985    (51.68) 33,150       (51.91) 224,299      (49.88) 

Men 246,493      (47.93) 1,341,708    (48.32) 30,710       (48.09) 225,412      (50.12) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 125,532      (24.41) 665,735      (23.98) 15,773       (24.70) 104,317      (23.20) 

2 117,885      (22.92) 626,889      (22.58) 15,656       (24.52) 107,827      (23.98) 

3 101,353      (19.71) 549,719      (19.80) 13,602       (21.30) 97,019       (21.57) 

4 91,018       (17.70) 499,362      (17.98) 11,715       (18.34) 85,370       (18.98) 

5 (most deprived) 78,063       (15.18) 432,418      (15.57) 7,090        (11.10) 55,023       (12.24) 

Calendar year of cancer diagnosis       

1999 - 2003 100,327      (19.51) 539,564      (19.43) 13,529       (21.19) 100,288      (22.30) 

2004 - 2008 120,036      (23.34) 647,870      (23.33) 21,647       (33.90) 153,865      (34.21) 

2009 - 2013 136,855      (26.61) 740,803      (26.68) 19,303       (30.23) 132,952      (29.56) 

2014 - 2019 157,082      (30.54) 848,456      (30.56) 9,381        (14.69) 62,606       (13.92) 

Ethnicity 
  

    

White 342,261      (66.55) 1,895,041    (68.25) 27,590       (43.20) 195,089      (43.38) 

South Asian 9,968        ( 1.94) 77,656       ( 2.80) 453          ( 0.71) 4,511        ( 1.00) 

Black 9,863        ( 1.92) 51,824       ( 1.87) 366          ( 0.57) 2,531        ( 0.56) 

Other 4,627        ( 0.90) 30,244       ( 1.09) 197          ( 0.31) 1,868        ( 0.42) 

Unknown 147,581      (28.70) 721,928      (26.00) 35,254       (55.21) 245,712      (54.64) 

Body mass index 
  

    

Underweight (<18.5) 10,052       ( 1.95) 45,761       ( 1.65) 990          ( 1.55) 4,884        ( 1.09) 

Normal weight (18.5-24.9)  174,762      (33.98) 916,116      (32.99) 21,765       (34.08) 110,778      (24.63) 

Overweight (25.0-29.9)  182,392      (35.46) 984,665      (35.46) 23,204       (36.34) 115,077      (25.59) 

Obese (≥30.0) 115,975      (22.55) 630,840      (22.72) 13,802       (21.61) 67,468       (15.00) 

Unknown 31,119       ( 6.05) 199,311      ( 7.18) 4,099        ( 6.42) 151,504      (33.69) 

Alcohol consumption 
  

    

Non-drinker 48,339       ( 9.40) 278,474      (10.03) 6,383        (10.00) 38,652       ( 8.59) 

Current drinker 275,389      (53.55) 1,484,754    (53.47) 48,042       (75.23) 236,780      (52.65) 
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Ex-drinker 20,543       ( 3.99) 101,626      ( 3.66) 4,905        ( 7.68) 22,050       ( 4.90) 

Unknown 170,029      (33.06) 911,839      (32.84) 4,530        ( 7.09) 152,229      (33.85) 

Problem drinker         

  15,525       ( 3.02) 82,232       ( 2.96) 1,414        ( 2.21) 6,808        ( 1.51) 

Smoking status         

Non-smoker 155,324      (30.20) 868,699      (31.29) 28,256       (44.25) 206,547      (45.93) 

Current smoker 70,104       (13.63) 503,736      (18.14) 10,548       (16.52) 70,385       (15.65) 

Ex-smoker 280,733      (54.59) 1,338,278    (48.20) 23,789       (37.25) 158,974      (35.35) 

Unknown 8,139        ( 1.58) 65,980       ( 2.38) 1,267        ( 1.98) 13,805       ( 3.07) 

Prescribed 
  

    

Oral corticosteroids 110,984      (21.58) 468,239      (16.86) 10,957       (17.16) 70,582       (15.69) 

Hormone replacement therapy 103,482      (20.12) 502,754      (18.11) 31           ( 0.05) 216          ( 0.05) 

Bisphosphonate therapy 14,457       ( 2.81) 66,853       ( 2.41) 3,120        ( 4.89) 22,495       ( 5.00) 

History of 
  

    

Fracture § 114,746      (22.31) 591,156      (21.29) 11,275       (17.66) 81,032       (18.02) 

Osteoporosis 29,064       ( 5.65) 132,894      ( 4.79) 2,311        ( 3.62) 17,447       ( 3.88) 

Eating disorder 2,142        ( 0.42) 10,120       ( 0.36) 275          ( 0.43) 1,914        ( 0.43) 

Comorbidities 
  

    

Coeliac disease 2,146        ( 0.42) 11,166       ( 0.40) 179          ( 0.28) 1,287        ( 0.29) 

Inflammatory bowel disease 28,666       ( 5.57) 98,718       ( 3.56) 879          ( 1.38) 5,749        ( 1.28) 

Systemic lupus erythematosus 1,317        ( 0.26) 5,873        ( 0.21) 135          ( 0.21) 756          ( 0.17) 

Rheumatoid arthritis 11,685       ( 2.27) 53,503       ( 1.93) 979          ( 1.53) 7,063        ( 1.57) 

Chronic kidney disease 132,533      (25.77) 604,856      (21.78) 8,035        (12.58) 53,267       (11.84) 

Liver disease 13,145       ( 2.56) 29,719       ( 1.07) 310          ( 0.49) 1,402        ( 0.31) 

Epilepsy 11,145       ( 2.17) 48,851       ( 1.76) 1,047        ( 1.64) 6,783        ( 1.51) 

SD = standard deviation; IQR = interquartile range; CPRD = Clinical Practice Research Datalink. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near the 
index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status was 
unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a sensitivity 
analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched on 
year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood.   
  



   

 

16 
 

Table S3: Characteristics of cancer survivors and matched controls from the general population (oral cavity 
cancer; ICD-10 C00-06).* 

  Cancer survivors Cancer-free controls 

All participants 5,266 31,631 

Time from index date† to end of follow-up (years)   

Mean (SD)  5.66 ( 4.28)  6.97 ( 4.73) 

Median (IQR)  4.40 ( 2.23- 8.04)  5.81 ( 3.10- 9.86) 

Range  1.00-21.06  1.00-21.07 

Total person-years ‡ 
  

  29811.78 220388.12 

Age (years) 
  

Mean (SD) 62.61 (13.68) 62.70 (13.37) 

Median (IQR) 62 (53-72) 62 (54-72) 
Age group at cancer diagnosis 
(years)   

18 - 59 2,189        (41.57) 13,128       (41.50) 

60 - 79 2,446        (46.45) 14,807       (46.81) 

≥80 631          (11.98) 3,696        (11.68) 

Sex 
  

Women 2,093        (39.75) 12,280       (38.82) 

Men 3,173        (60.25) 19,351       (61.18) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 1,045        (19.84) 6,790        (21.47) 

2 1,101        (20.91) 6,789        (21.46) 

3 997          (18.93) 6,192        (19.58) 

4 1,053        (20.00) 6,158        (19.47) 

5 (most deprived) 1,070        (20.32) 5,665        (17.91) 

Calendar year of cancer diagnosis   

1999 - 2003 1,042        (19.79) 6,074        (19.20) 

2004 - 2008 1,226        (23.28) 7,368        (23.29) 

2009 - 2013 1,479        (28.09) 8,966        (28.35) 

2014 - 2019 1,519        (28.85) 9,223        (29.16) 

Ethnicity   

White 3,305        (62.76) 20,358       (64.36) 

South Asian 181          ( 3.44) 1,004        ( 3.17) 

Black 43           ( 0.82) 530          ( 1.68) 

Other 24           ( 0.46) 365          ( 1.15) 

Unknown 1,713        (32.53) 9,374        (29.64) 

Body mass index   

Underweight (<18.5) 242          ( 4.60) 437          ( 1.38) 

Normal weight (18.5-24.9)  2,068        (39.27) 9,337        (29.52) 

Overweight (25.0-29.9)  1,659        (31.50) 11,066       (34.98) 

Obese (≥30.0) 883          (16.77) 7,088        (22.41) 

Unknown 414          ( 7.86) 3,703        (11.71) 

Alcohol consumption   

Non-drinker 437          ( 8.30) 2,885        ( 9.12) 

Current drinker 3,226        (61.26) 17,380       (54.95) 

Ex-drinker 274          ( 5.20) 1,123        ( 3.55) 
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Unknown 1,329        (25.24) 10,243       (32.38) 

Problem drinker   

  572          (10.86) 1,158        ( 3.66) 

Smoking status   

Non-smoker 1,237        (23.49) 10,357       (32.74) 

Current smoker 1,165        (22.12) 6,097        (19.28) 

Ex-smoker 2,757        (52.35) 14,216       (44.94) 

Unknown 107          ( 2.03) 961          ( 3.04) 

Prescribed   

Oral corticosteroids 1,212        (23.02) 4,756        (15.04) 

Hormone replacement therapy 630          (11.96) 3,633        (11.49) 

Bisphosphonate therapy 153          ( 2.91) 658          ( 2.08) 

History of   

Fracture § 1,474        (27.99) 6,844        (21.64) 

Osteoporosis 260          ( 4.94) 1,154        ( 3.65) 

Eating disorder 33           ( 0.63) 89           ( 0.28) 

Comorbidities   

Coeliac disease 28           ( 0.53) 108          ( 0.34) 

Inflammatory bowel disease 256          ( 4.86) 1,018        ( 3.22) 

Systemic lupus erythematosus 20           ( 0.38) 53           ( 0.17) 

Rheumatoid arthritis 146          ( 2.77) 484          ( 1.53) 

Chronic kidney disease 893          (16.96) 4,903        (15.50) 

Liver disease 250          ( 4.75) 338          ( 1.07) 

Epilepsy 186          ( 3.53) 561          ( 1.77) 

SD = standard deviation; IQR = interquartile range. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near 
the index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status 
was unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a 
sensitivity analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched 
on year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood. 
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Table S4: Characteristics of cancer survivors and matched controls from the general population 
(oesophageal cancer; ICD-10 C15).* 

  Cancer survivors Cancer-free controls 

All participants 8,048 66,543 

Time from index date† to end of follow-up (years)   

Mean (SD)  3.60 ( 3.49)  6.83 ( 4.57) 

Median (IQR)  2.10 ( 1.38- 4.35)  5.75 ( 3.08- 9.64) 

Range  1.00-20.96  1.00-21.07 

Total person-years ‡   
  29004.864 454276.05 

Age (years)   

Mean (SD) 68.39 (11.38) 68.53 (11.28) 

Median (IQR) 69 (61-77) 69 (61-77) 
Age group at cancer diagnosis 
(years)   

18 - 59 1,749        (21.73) 14,034       (21.09) 

60 - 79 4,880        (60.64) 40,678       (61.13) 

≥80 1,419        (17.63) 11,831       (17.78) 

Sex   

Women 2,676        (33.25) 20,174       (30.32) 

Men 5,372        (66.75) 46,369       (69.68) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 1,719        (21.36) 14,999       (22.54) 

2 1,761        (21.88) 15,165       (22.79) 

3 1,635        (20.32) 13,573       (20.40) 

4 1,566        (19.46) 12,487       (18.77) 

5 (most deprived) 1,363        (16.94) 10,267       (15.43) 

Calendar year of cancer diagnosis   

1999 - 2003 1,695        (21.06) 13,773       (20.70) 

2004 - 2008 2,112        (26.24) 17,703       (26.60) 

2009 - 2013 2,205        (27.40) 18,185       (27.33) 

2014 - 2019 2,036        (25.30) 16,882       (25.37) 

Ethnicity   

White 4,236        (52.63) 41,579       (62.48) 

South Asian 88           ( 1.09) 1,215        ( 1.83) 

Black 47           ( 0.58) 763          ( 1.15) 

Other 27           ( 0.34) 467          ( 0.70) 

Unknown 3,650        (45.35) 22,519       (33.84) 

Body mass index   

Underweight (<18.5) 461          ( 5.73) 862          ( 1.30) 

Normal weight (18.5-24.9)  3,113        (38.68) 18,558       (27.89) 

Overweight (25.0-29.9)  2,527        (31.40) 23,523       (35.35) 

Obese (≥30.0) 1,229        (15.27) 13,678       (20.56) 

Unknown 718          ( 8.92) 9,922        (14.91) 

Alcohol consumption   

Non-drinker 661          ( 8.21) 5,650        ( 8.49) 

Current drinker 4,336        (53.88) 36,432       (54.75) 

Ex-drinker 443          ( 5.50) 2,396        ( 3.60) 

Unknown 2,608        (32.41) 22,065       (33.16) 
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Problem drinker   

  413          ( 5.13) 1,969        ( 2.96) 

Smoking status   

Non-smoker 1,829        (22.73) 20,928       (31.45) 

Current smoker 1,331        (16.54) 12,136       (18.24) 

Ex-smoker 4,606        (57.23) 31,532       (47.39) 

Unknown 282          ( 3.50) 1,947        ( 2.93) 

Prescribed   

Oral corticosteroids 2,126        (26.42) 11,040       (16.59) 

Hormone replacement therapy 763          ( 9.48) 5,011        ( 7.53) 

Bisphosphonate therapy 265          ( 3.29) 1,877        ( 2.82) 

History of   

Fracture § 2,064        (25.65) 14,248       (21.41) 

Osteoporosis 423          ( 5.26) 2,574        ( 3.87) 

Eating disorder 80           ( 0.99) 145          ( 0.22) 

Comorbidities   

Coeliac disease 63           ( 0.78) 235          ( 0.35) 

Inflammatory bowel disease 592          ( 7.36) 2,001        ( 3.01) 

Systemic lupus erythematosus 25           ( 0.31) 98           ( 0.15) 

Rheumatoid arthritis 215          ( 2.67) 1,175        ( 1.77) 

Chronic kidney disease 1,979        (24.59) 13,546       (20.36) 

Liver disease 359          ( 4.46) 623          ( 0.94) 

Epilepsy 176          ( 2.19) 1,181        ( 1.77) 

SD = standard deviation; IQR = interquartile range. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near 
the index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status 
was unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a 
sensitivity analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched 
on year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood. 
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Table S5: Characteristics of cancer survivors and matched controls from the general population (stomach 
cancer; ICD-10 C16).* 

  Cancer survivors Cancer-free controls 

All participants 5,436 41,253 

Time from index date† to end of follow-up (years)   

Mean (SD)  4.26 ( 3.91)  6.88 ( 4.56) 

Median (IQR)  2.57 ( 1.51- 5.59)  5.81 ( 3.15- 9.66) 

Range  1.00-21.01  1.00-21.08 

Total person-years ‡ 
  

  23163.535 283697.26 

Age (years) 
  

Mean (SD) 70.75 (12.46) 70.69 (12.41) 

Median (IQR) 73 (64-80) 72 (64-80) 
Age group at cancer diagnosis 
(years)   

18 - 59 946          (17.40) 7,271        (17.63) 

60 - 79 3,111        (57.23) 23,554       (57.10) 

≥80 1,379        (25.37) 10,428       (25.28) 

Sex   

Women 2,134        (39.26) 15,673       (37.99) 

Men 3,302        (60.74) 25,580       (62.01) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 963          (17.72) 8,227        (19.94) 

2 1,107        (20.36) 8,577        (20.79) 

3 1,076        (19.79) 8,158        (19.78) 

4 1,109        (20.40) 8,257        (20.02) 

5 (most deprived) 1,172        (21.56) 8,014        (19.43) 

Calendar year of cancer diagnosis   

1999 - 2003 1,408        (25.90) 10,339       (25.06) 

2004 - 2008 1,436        (26.42) 11,582       (28.08) 

2009 - 2013 1,405        (25.85) 10,824       (26.24) 

2014 - 2019 1,187        (21.84) 8,508        (20.62) 

Ethnicity   

White 2,831        (52.08) 24,567       (59.55) 

South Asian 122          ( 2.24) 1,015        ( 2.46) 

Black 169          ( 3.11) 765          ( 1.85) 

Other 67           ( 1.23) 388          ( 0.94) 

Unknown 2,247        (41.34) 14,518       (35.19) 

Body mass index   

Underweight (<18.5) 278          ( 5.11) 650          ( 1.58) 

Normal weight (18.5-24.9)  2,255        (41.48) 11,999       (29.09) 

Overweight (25.0-29.9)  1,613        (29.67) 13,881       (33.65) 

Obese (≥30.0) 796          (14.64) 8,223        (19.93) 

Unknown 494          ( 9.09) 6,500        (15.76) 

Alcohol consumption   

Non-drinker 600          (11.04) 4,020        ( 9.74) 

Current drinker 2,779        (51.12) 21,536       (52.20) 

Ex-drinker 314          ( 5.78) 1,595        ( 3.87) 
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Unknown 1,743        (32.06) 14,102       (34.18) 

Problem drinker 
  

  159          ( 2.92) 1,109        ( 2.69) 

Smoking status   

Non-smoker 1,389        (25.55) 13,185       (31.96) 

Current smoker 840          (15.45) 7,183        (17.41) 

Ex-smoker 2,983        (54.87) 19,465       (47.18) 

Unknown 224          ( 4.12) 1,420        ( 3.44) 

Prescribed   

Oral corticosteroids 1,286        (23.66) 7,025        (17.03) 

Hormone replacement therapy 514          ( 9.46) 3,415        ( 8.28) 

Bisphosphonate therapy 202          ( 3.72) 1,395        ( 3.38) 

History of   

Fracture § 1,182        (21.74) 8,534        (20.69) 

Osteoporosis 314          ( 5.78) 1,949        ( 4.72) 

Eating disorder 29           ( 0.53) 98           ( 0.24) 

Comorbidities   

Coeliac disease 31           ( 0.57) 134          ( 0.32) 

Inflammatory bowel disease 413          ( 7.60) 1,239        ( 3.00) 

Systemic lupus erythematosus 9            ( 0.17) 71           ( 0.17) 

Rheumatoid arthritis 151          ( 2.78) 801          ( 1.94) 

Chronic kidney disease 1,743        (32.06) 10,207       (24.74) 

Liver disease 274          ( 5.04) 361          ( 0.88) 

Epilepsy 118          ( 2.17) 682          ( 1.65) 

SD = standard deviation; IQR = interquartile range. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near 
the index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status 
was unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a 
sensitivity analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched 
on year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood. 
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Table S6: Characteristics of cancer survivors and matched controls from the general population (colorectal 
cancer; ICD-10 C18-20).* 

  Cancer survivors Cancer-free controls 

All participants 67,876 384,129 

Time from index date† to end of follow-up (years)   

Mean (SD)  5.50 ( 4.30)  6.83 ( 4.63) 

Median (IQR)  4.02 ( 2.11- 7.79)  5.71 ( 3.03- 9.68) 

Range  1.00-21.07  1.00-21.07 

Total person-years ‡ 
  

  372993.82 2624778.6 

Age (years)   

Mean (SD) 69.19 (12.19) 69.34 (12.18) 

Median (IQR) 70 (62-78) 71 (62-78) 
Age group at cancer diagnosis 
(years)   

18 - 59 13,616       (20.06) 76,038       (19.79) 

60 - 79 40,011       (58.95) 225,693      (58.75) 

≥80 14,249       (20.99) 82,398       (21.45) 

Sex   

Women 29,761       (43.85) 169,123      (44.03) 

Men 38,115       (56.15) 215,006      (55.97) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 16,381       (24.13) 90,906       (23.67) 

2 15,885       (23.40) 88,912       (23.15) 

3 13,727       (20.22) 77,925       (20.29) 

4 12,069       (17.78) 69,091       (17.99) 

5 (most deprived) 9,745        (14.36) 56,967       (14.83) 

Calendar year of cancer diagnosis   

1999 - 2003 14,462       (21.31) 81,744       (21.28) 

2004 - 2008 17,358       (25.57) 99,818       (25.99) 

2009 - 2013 18,337       (27.02) 103,761      (27.01) 

2014 - 2019 17,719       (26.10) 98,806       (25.72) 

Ethnicity   

White 41,859       (61.67) 243,935      (63.50) 

South Asian 895          ( 1.32) 8,176        ( 2.13) 

Black 713          ( 1.05) 5,079        ( 1.32) 

Other 456          ( 0.67) 2,980        ( 0.78) 

Unknown 23,953       (35.29) 123,959      (32.27) 

Body mass index   

Underweight (<18.5) 1,433        ( 2.11) 6,072        ( 1.58) 

Normal weight (18.5-24.9)  23,144       (34.10) 117,858      (30.68) 

Overweight (25.0-29.9)  24,429       (35.99) 134,432      (35.00) 

Obese (≥30.0) 14,196       (20.91) 79,690       (20.75) 

Unknown 4,674        ( 6.89) 46,077       (12.00) 

Alcohol consumption   

Non-drinker 6,039        ( 8.90) 37,150       ( 9.67) 

Current drinker 38,476       (56.69) 204,946      (53.35) 

Ex-drinker 2,888        ( 4.25) 14,929       ( 3.89) 



   

 

23 
 

Unknown 20,473       (30.16) 127,104      (33.09) 

Problem drinker 
  

  2,103        ( 3.10) 10,565       ( 2.75) 

Smoking status   

Non-smoker 21,153       (31.16) 124,771      (32.48) 

Current smoker 8,387        (12.36) 66,633       (17.35) 

Ex-smoker 36,983       (54.49) 182,037      (47.39) 

Unknown 1,353        ( 1.99) 10,688       ( 2.78) 

Prescribed   

Oral corticosteroids 13,176       (19.41) 65,765       (17.12) 

Hormone replacement therapy 8,477        (12.49) 45,443       (11.83) 

Bisphosphonate therapy 2,233        ( 3.29) 12,690       ( 3.30) 

History of   

Fracture § 15,384       (22.66) 83,954       (21.86) 

Osteoporosis 3,512        ( 5.17) 19,755       ( 5.14) 

Eating disorder 227          ( 0.33) 1,050        ( 0.27) 

Comorbidities   

Coeliac disease 300          ( 0.44) 1,383        ( 0.36) 

Inflammatory bowel disease 5,579        ( 8.22) 12,584       ( 3.28) 

Systemic lupus erythematosus 137          ( 0.20) 755          ( 0.20) 

Rheumatoid arthritis 1,415        ( 2.08) 7,596        ( 1.98) 

Chronic kidney disease 18,618       (27.43) 91,994       (23.95) 

Liver disease 2,433        ( 3.58) 3,815        ( 0.99) 

Epilepsy 1,361        ( 2.01) 6,554        ( 1.71) 

SD = standard deviation; IQR = interquartile range. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near 
the index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status 
was unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a 
sensitivity analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched 
on year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood. 
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Table S7: Characteristics of cancer survivors and matched controls from the general population (liver cancer; 
ICD-10 C22).* 

  Cancer survivors Cancer-free controls 

All participants 3,420 25,502 

Time from index date† to end of follow-up (years)   

Mean (SD)  3.33 ( 2.93)  5.96 ( 4.16) 

Median (IQR)  2.20 ( 1.44- 4.02)  4.89 ( 2.65- 8.19) 

Range  1.00-21.01  1.00-21.07 

Total person-years ‡ 
  

  11396.18 152071.5 

Age (years)   

Mean (SD) 65.90 (12.67) 67.16 (12.62) 

Median (IQR) 67 (58-75) 68 (59-76) 
Age group at cancer diagnosis 
(years)   

18 - 59 1,009        (29.50) 6,707        (26.30) 

60 - 79 1,938        (56.67) 14,557       (57.08) 

≥80 473          (13.83) 4,238        (16.62) 

Sex   

Women 1,052        (30.76) 8,512        (33.38) 

Men 2,368        (69.24) 16,990       (66.62) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 623          (18.22) 5,237        (20.54) 

2 653          (19.09) 5,314        (20.84) 

3 669          (19.56) 4,938        (19.36) 

4 671          (19.62) 5,057        (19.83) 

5 (most deprived) 804          (23.51) 4,943        (19.38) 

Calendar year of cancer diagnosis   

1999 - 2003 390          (11.40) 3,305        (12.96) 

2004 - 2008 654          (19.12) 5,516        (21.63) 

2009 - 2013 992          (29.01) 7,605        (29.82) 

2014 - 2019 1,384        (40.47) 9,076        (35.59) 

Ethnicity   

White 1,918        (56.08) 16,067       (63.00) 

South Asian 210          ( 6.14) 959          ( 3.76) 

Black 116          ( 3.39) 713          ( 2.80) 

Other 77           ( 2.25) 345          ( 1.35) 

Unknown 1,099        (32.13) 7,418        (29.09) 

Body mass index   

Underweight (<18.5) 80           ( 2.34) 326          ( 1.28) 

Normal weight (18.5-24.9)  1,103        (32.25) 7,165        (28.10) 

Overweight (25.0-29.9)  1,165        (34.06) 8,747        (34.30) 

Obese (≥30.0) 849          (24.82) 5,382        (21.10) 

Unknown 223          ( 6.52) 3,882        (15.22) 

Alcohol consumption   

Non-drinker 302          ( 8.83) 2,151        ( 8.43) 

Current drinker 1,989        (58.16) 13,817       (54.18) 

Ex-drinker 308          ( 9.01) 1,080        ( 4.23) 
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Unknown 821          (24.01) 8,454        (33.15) 

Problem drinker 
  

  436          (12.75) 846          ( 3.32) 

Smoking status   

Non-smoker 778          (22.75) 8,251        (32.35) 

Current smoker 575          (16.81) 4,698        (18.42) 

Ex-smoker 2,004        (58.60) 11,896       (46.65) 

Unknown 63           ( 1.84) 657          ( 2.58) 

Prescribed   

Oral corticosteroids 1,002        (29.30) 4,260        (16.70) 

Hormone replacement therapy 339          ( 9.91) 2,242        ( 8.79) 

Bisphosphonate therapy 99           ( 2.89) 683          ( 2.68) 

History of   

Fracture § 899          (26.29) 5,590        (21.92) 

Osteoporosis 224          ( 6.55) 1,091        ( 4.28) 

Eating disorder 13           ( 0.38) 64           ( 0.25) 

Comorbidities   

Coeliac disease 24           ( 0.70) 115          ( 0.45) 

Inflammatory bowel disease 313          ( 9.15) 816          ( 3.20) 

Systemic lupus erythematosus 17           ( 0.50) 40           ( 0.16) 

Rheumatoid arthritis 80           ( 2.34) 433          ( 1.70) 

Chronic kidney disease 1,006        (29.42) 5,257        (20.61) 

Liver disease 2,076        (60.70) 292          ( 1.15) 

Epilepsy 110          ( 3.22) 454          ( 1.78) 

SD = standard deviation; IQR = interquartile range. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near 
the index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status 
was unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a 
sensitivity analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched 
on year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood. 
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Table S8: Characteristics of cancer survivors and matched controls from the general population (pancreatic 
cancer; ICD-10 C25).* 

  Cancer survivors Cancer-free controls 

All participants 4,198 35,778 

Time from index date† to end of follow-up (years)   

Mean (SD)  3.20 ( 3.15)  6.43 ( 4.40) 

Median (IQR)  1.88 ( 1.30- 3.64)  5.26 ( 2.88- 9.04) 

Range  1.00-20.84  1.00-21.07 

Total person-years ‡ 
  

  13421.02 230145.7 

Age (years) 
  

Mean (SD) 67.09 (12.66) 68.75 (12.22) 

Median (IQR) 68 (59-76) 70 (61-77) 
Age group at cancer diagnosis 
(years)   

18 - 59 1,083        (25.80) 7,661        (21.41) 

60 - 79 2,433        (57.96) 21,078       (58.91) 

≥80 682          (16.25) 7,039        (19.67) 

Sex   

Women 2,110        (50.26) 17,740       (49.58) 

Men 2,088        (49.74) 18,038       (50.42) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 979          (23.32) 8,325        (23.27) 

2 1,005        (23.94) 8,207        (22.94) 

3 841          (20.03) 7,471        (20.88) 

4 743          (17.70) 6,674        (18.65) 

5 (most deprived) 627          (14.94) 5,079        (14.20) 

Calendar year of cancer diagnosis   

1999 - 2003 720          (17.15) 6,506        (18.18) 

2004 - 2008 1,047        (24.94) 10,108       (28.25) 

2009 - 2013 1,105        (26.32) 9,770        (27.31) 

2014 - 2019 1,326        (31.59) 9,394        (26.26) 

Ethnicity   

White 2,175        (51.81) 21,313       (59.57) 

South Asian 82           ( 1.95) 825          ( 2.31) 

Black 74           ( 1.76) 520          ( 1.45) 

Other 41           ( 0.98) 271          ( 0.76) 

Unknown 1,826        (43.50) 12,849       (35.91) 

Body mass index   

Underweight (<18.5) 201          ( 4.79) 537          ( 1.50) 

Normal weight (18.5-24.9)  1,834        (43.69) 10,318       (28.84) 

Overweight (25.0-29.9)  1,210        (28.82) 11,272       (31.51) 

Obese (≥30.0) 623          (14.84) 6,921        (19.34) 

Unknown 330          ( 7.86) 6,730        (18.81) 

Alcohol consumption   

Non-drinker 388          ( 9.24) 3,421        ( 9.56) 

Current drinker 2,182        (51.98) 18,308       (51.17) 

Ex-drinker 235          ( 5.60) 1,570        ( 4.39) 
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Unknown 1,393        (33.18) 12,479       (34.88) 

Problem drinker 
  

  141          ( 3.36) 879          ( 2.46) 

Smoking status   

Non-smoker 1,168        (27.82) 12,965       (36.24) 

Current smoker 670          (15.96) 5,795        (16.20) 

Ex-smoker 2,233        (53.19) 16,063       (44.90) 

Unknown 127          ( 3.03) 955          ( 2.67) 

Prescribed   

Oral corticosteroids 1,113        (26.51) 6,085        (17.01) 

Hormone replacement therapy 705          (16.79) 4,012        (11.21) 

Bisphosphonate therapy 149          ( 3.55) 1,466        ( 4.10) 

History of   

Fracture § 997          (23.75) 7,588        (21.21) 

Osteoporosis 228          ( 5.43) 1,949        ( 5.45) 

Eating disorder 32           ( 0.76) 151          ( 0.42) 

Comorbidities   

Coeliac disease 58           ( 1.38) 137          ( 0.38) 

Inflammatory bowel disease 421          (10.03) 1,035        ( 2.89) 

Systemic lupus erythematosus 17           ( 0.40) 69           ( 0.19) 

Rheumatoid arthritis 97           ( 2.31) 720          ( 2.01) 

Chronic kidney disease 1,048        (24.96) 7,233        (20.22) 

Liver disease 381          ( 9.08) 309          ( 0.86) 

Epilepsy 82           ( 1.95) 612          ( 1.71) 

SD = standard deviation; IQR = interquartile range. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near 
the index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status 
was unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a 
sensitivity analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched 
on year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood. 
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Table S9: Characteristics of cancer survivors and matched controls from the general population (lung 
cancer; ICD-10 C34).* 

  Cancer survivors Cancer-free controls 

All participants 32,039 211,485 

Time from index date† to end of follow-up (years)   

Mean (SD)  3.22 ( 2.91)  6.51 ( 4.46) 

Median (IQR)  2.09 ( 1.39- 3.81)  5.38 ( 2.90- 9.11) 

Range  1.00-21.06  1.00-21.07 

Total person-years ‡ 
  

  103267.7 1375849 

Age (years)   

Mean (SD) 69.44 (10.63) 69.93 (10.65) 

Median (IQR) 70 (63-77) 71 (63-78) 
Age group at cancer diagnosis 
(years)   

18 - 59 5,446        (17.00) 34,079       (16.11) 

60 - 79 21,063       (65.74) 137,621      (65.07) 

≥80 5,530        (17.26) 39,785       (18.81) 

Sex   

Women 15,187       (47.40) 97,588       (46.14) 

Men 16,852       (52.60) 113,897      (53.86) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 5,126        (16.00) 40,373       (19.09) 

2 5,813        (18.14) 43,483       (20.56) 

3 6,121        (19.10) 42,185       (19.95) 

4 6,936        (21.65) 43,028       (20.35) 

5 (most deprived) 8,012        (25.01) 42,238       (19.97) 

Calendar year of cancer diagnosis   

1999 - 2003 5,860        (18.29) 41,905       (19.81) 

2004 - 2008 7,196        (22.46) 52,632       (24.89) 

2009 - 2013 8,669        (27.06) 57,441       (27.16) 

2014 - 2019 10,314       (32.19) 59,507       (28.14) 

Ethnicity   

White 18,218       (56.86) 133,765      (63.25) 

South Asian 422          ( 1.32) 4,582        ( 2.17) 

Black 323          ( 1.01) 3,549        ( 1.68) 

Other 228          ( 0.71) 1,821        ( 0.86) 

Unknown 12,848       (40.10) 67,768       (32.04) 

Body mass index   

Underweight (<18.5) 1,644        ( 5.13) 3,152        ( 1.49) 

Normal weight (18.5-24.9)  12,386       (38.66) 60,808       (28.75) 

Overweight (25.0-29.9)  9,822        (30.66) 71,420       (33.77) 

Obese (≥30.0) 5,541        (17.29) 45,499       (21.51) 

Unknown 2,646        ( 8.26) 30,606       (14.47) 

Alcohol consumption 
  

Non-drinker 2,938        ( 9.17) 20,584       ( 9.73) 

Current drinker 16,922       (52.82) 115,331      (54.53) 

Ex-drinker 1,955        ( 6.10) 9,722        ( 4.60) 
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Unknown 10,224       (31.91) 65,848       (31.14) 

Problem drinker     

  1,452        ( 4.53) 5,610        ( 2.65) 

Smoking status   

Non-smoker 2,662        ( 8.31) 68,286       (32.29) 

Current smoker 7,849        (24.50) 37,744       (17.85) 

Ex-smoker 20,689       (64.57) 100,199      (47.38) 

Unknown 839          ( 2.62) 5,256        ( 2.49) 

Prescribed   

Oral corticosteroids 14,913       (46.55) 38,449       (18.18) 

Hormone replacement therapy 5,203        (16.24) 26,301       (12.44) 

Bisphosphonate therapy 1,355        ( 4.23) 7,641        ( 3.61) 

History of   

Fracture § 8,512        (26.57) 45,536       (21.53) 

Osteoporosis 2,389        ( 7.46) 11,777       ( 5.57) 

Eating disorder 188          ( 0.59) 662          ( 0.31) 

Comorbidities   

Coeliac disease 134          ( 0.42) 780          ( 0.37) 

Inflammatory bowel disease 2,084        ( 6.50) 7,015        ( 3.32) 

Systemic lupus erythematosus 150          ( 0.47) 410          ( 0.19) 

Rheumatoid arthritis 1,249        ( 3.90) 4,568        ( 2.16) 

Chronic kidney disease 9,321        (29.09) 49,582       (23.44) 

Liver disease 1,019        ( 3.18) 2,225        ( 1.05) 

Epilepsy 835          ( 2.61) 3,788        ( 1.79) 

SD = standard deviation; IQR = interquartile range. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near 
the index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status 
was unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a 
sensitivity analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched 
on year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood. 
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Table S10: Characteristics of cancer survivors and matched controls from the general population (malignant 
melanoma; ICD-10 C43).* 

  Cancer survivors Cancer-free controls 

All participants 41,705 219,667 

Time from index date† to end of follow-up (years)   

Mean (SD)  6.44 ( 4.62)  6.86 ( 4.72) 

Median (IQR)  5.18 ( 2.69- 9.12)  5.64 ( 3.01- 9.76) 

Range  1.00-21.07  1.00-21.07 

Total person-years ‡   

  268725.2 1507573 

Age (years)   

Mean (SD) 59.92 (16.45) 60.19 (16.37) 

Median (IQR) 61 (48-73) 61 (48-73) 
Age group at cancer diagnosis 
(years)   

18 - 59 19,663       (47.15) 101,848      (46.36) 

60 - 79 16,818       (40.33) 89,960       (40.95) 

≥80 5,224        (12.53) 27,859       (12.68) 

Sex   

Women 22,698       (54.43) 119,231      (54.28) 

Men 19,007       (45.57) 100,436      (45.72) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 12,342       (29.59) 59,148       (26.93) 

2 10,660       (25.56) 52,818       (24.04) 

3 8,255        (19.79) 43,939       (20.00) 

4 6,450        (15.47) 36,801       (16.75) 

5 (most deprived) 3,964        ( 9.50) 26,765       (12.18) 

Calendar year of cancer diagnosis   

1999 - 2003 6,676        (16.01) 35,393       (16.11) 

2004 - 2008 9,900        (23.74) 52,275       (23.80) 

2009 - 2013 11,912       (28.56) 62,550       (28.47) 

2014 - 2019 13,217       (31.69) 69,449       (31.62) 

Ethnicity   

White 29,740       (71.31) 145,898      (66.42) 

South Asian 72           ( 0.17) 4,473        ( 2.04) 

Black 68           ( 0.16) 2,564        ( 1.17) 

Other 122          ( 0.29) 2,300        ( 1.05) 

Unknown 11,703       (28.06) 64,432       (29.33) 

Body mass index   

Underweight (<18.5) 546          ( 1.31) 3,666        ( 1.67) 

Normal weight (18.5-24.9)  14,553       (34.90) 73,927       (33.65) 

Overweight (25.0-29.9)  15,118       (36.25) 72,759       (33.12) 

Obese (≥30.0) 9,105        (21.83) 46,894       (21.35) 

Unknown 2,383        ( 5.71) 22,421       (10.21) 

Alcohol consumption   

Non-drinker 3,078        ( 7.38) 19,910       ( 9.06) 

Current drinker 23,741       (56.93) 114,286      (52.03) 

Ex-drinker 1,460        ( 3.50) 7,559        ( 3.44) 
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Unknown 13,426       (32.19) 77,912       (35.47) 

Problem drinker     

  1,117        ( 2.68) 6,671        ( 3.04) 

Smoking status   

Non-smoker 16,198       (38.84) 76,936       (35.02) 

Current smoker 4,869        (11.67) 40,015       (18.22) 

Ex-smoker 20,176       (48.38) 97,712       (44.48) 

Unknown 462          ( 1.11) 5,004        ( 2.28) 

Prescribed   

Oral corticosteroids 6,576        (15.77) 33,918       (15.44) 

Hormone replacement therapy 7,906        (18.96) 36,810       (16.76) 

Bisphosphonate therapy 965          ( 2.31) 4,845        ( 2.21) 

History of   

Fracture § 9,414        (22.57) 47,991       (21.85) 

Osteoporosis 1,746        ( 4.19) 9,089        ( 4.14) 

Eating disorder 223          ( 0.53) 1,014        ( 0.46) 

Comorbidities   

Coeliac disease 169          ( 0.41) 865          ( 0.39) 

Inflammatory bowel disease 1,421        ( 3.41) 6,722        ( 3.06) 

Systemic lupus erythematosus 80           ( 0.19) 451          ( 0.21) 

Rheumatoid arthritis 764          ( 1.83) 3,453        ( 1.57) 

Chronic kidney disease 7,023        (16.84) 35,927       (16.36) 

Liver disease 388          ( 0.93) 1,965        ( 0.89) 

Epilepsy 664          ( 1.59) 3,681        ( 1.68) 

SD = standard deviation; IQR = interquartile range. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near 
the index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status 
was unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a 
sensitivity analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched 
on year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood. 
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Table S11: Characteristics of cancer survivors and matched controls from the general population (breast 
cancer; ICD-10 C50).* 

  Cancer survivors Cancer-free controls 

All participants 145,515 742,221 

Time from index date† to end of follow-up (years)   

Mean (SD)  6.65 ( 4.68)  7.35 ( 4.95) 

Median (IQR)  5.39 ( 2.84- 9.45)  6.17 ( 3.24-10.55) 

Range  1.00-21.07  1.00-21.07 

Total person-years ‡ 
  

  967671.8 5453912 

Age (years) 
  

Mean (SD) 61.71 (13.84) 61.82 (13.86) 

Median (IQR) 61 (51-71) 61 (51-72) 
Age group at cancer diagnosis 
(years)   

18 - 59 66,828       (45.93) 338,270      (45.58) 

60 - 79 61,102       (41.99) 312,857      (42.15) 

≥80 17,585       (12.08) 91,094       (12.27) 

Sex   

Women 145,515      (100.00) 742,221      (100.00) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 36,758       (25.26) 182,741      (24.62) 

2 33,905       (23.30) 169,926      (22.89) 

3 29,003       (19.93) 147,670      (19.90) 

4 25,642       (17.62) 132,953      (17.91) 

5 (most deprived) 20,100       (13.81) 108,252      (14.58) 

Calendar year of cancer diagnosis   

1999 - 2003 30,282       (20.81) 155,241      (20.92) 

2004 - 2008 36,598       (25.15) 186,638      (25.15) 

2009 - 2013 38,646       (26.56) 197,205      (26.57) 

2014 - 2019 39,989       (27.48) 203,137      (27.37) 

Ethnicity   

White 96,994       (66.66) 495,376      (66.74) 

South Asian 3,256        ( 2.24) 20,810       ( 2.80) 

Black 2,230        ( 1.53) 13,968       ( 1.88) 

Other 1,457        ( 1.00) 8,977        ( 1.21) 

Unknown 41,578       (28.57) 203,090      (27.36) 

Body mass index   

Underweight (<18.5) 2,564        ( 1.76) 15,471       ( 2.08) 

Normal weight (18.5-24.9)  53,447       (36.73) 271,405      (36.57) 

Overweight (25.0-29.9)  45,434       (31.22) 221,370      (29.83) 

Obese (≥30.0) 35,985       (24.73) 176,316      (23.76) 

Unknown 8,085        ( 5.56) 57,659       ( 7.77) 

Alcohol consumption   

Non-drinker 17,206       (11.82) 94,142       (12.68) 

Current drinker 76,940       (52.87) 376,380      (50.71) 

Ex-drinker 6,286        ( 4.32) 29,950       ( 4.04) 

Unknown 45,083       (30.98) 241,749      (32.57) 
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Problem drinker   

  3,039        ( 2.09) 14,917       ( 2.01) 

Smoking status     

Non-smoker 57,421       (39.46) 291,054      (39.21) 

Current smoker 19,290       (13.26) 129,304      (17.42) 

Ex-smoker 66,888       (45.97) 309,085      (41.64) 

Unknown 1,916        ( 1.32) 12,778       ( 1.72) 

Prescribed   

Oral corticosteroids 25,778       (17.72) 127,424      (17.17) 

Hormone replacement therapy 50,899       (34.98) 238,416      (32.12) 

Bisphosphonate therapy 6,061        ( 4.17) 26,900       ( 3.62) 

History of   

Fracture § 29,481       (20.26) 150,532      (20.28) 

Osteoporosis 12,491       ( 8.58) 48,888       ( 6.59) 

Eating disorder 815          ( 0.56) 4,626        ( 0.62) 

Comorbidities   

Coeliac disease 543          ( 0.37) 3,553        ( 0.48) 

Inflammatory bowel disease 6,028        ( 4.14) 25,602       ( 3.45) 

Systemic lupus erythematosus 438          ( 0.30) 2,399        ( 0.32) 

Rheumatoid arthritis 2,992        ( 2.06) 16,234       ( 2.19) 

Chronic kidney disease 26,257       (18.04) 128,172      (17.27) 

Liver disease 1,755        ( 1.21) 6,345        ( 0.85) 

Epilepsy 2,286        ( 1.57) 12,404       ( 1.67) 

SD = standard deviation; IQR = interquartile range. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near 
the index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status 
was unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a 
sensitivity analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched 
on year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood. 
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Table S12: Characteristics of cancer survivors and matched controls from the general population (cervical 
cancer; ICD-10 C53).* 

  Cancer survivors Cancer-free controls 

All participants 6,267 35,698 

Time from index date† to end of follow-up (years)   

Mean (SD)  6.49 ( 5.11)  7.63 ( 5.26) 

Median (IQR)  4.79 ( 2.34- 9.36)  6.31 ( 3.19-11.16) 

Range  1.00-21.02  1.00-21.07 

Total person-years ‡   

  40699.33 272450.2 

Age (years)   

Mean (SD) 46.74 (16.09) 48.37 (16.66) 

Median (IQR) 43 (34-57) 45 (35-60) 
Age group at cancer diagnosis 
(years)   

18 - 59 4,908        (78.31) 26,521       (74.29) 

60 - 79 1,074        (17.14) 7,249        (20.31) 

≥80 285          ( 4.55) 1,928        ( 5.40) 

Sex   

Women 6,267        (100.00) 35,698       (100.00) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 1,104        (17.62) 6,816        (19.09) 

2 1,136        (18.13) 7,082        (19.84) 

3 1,175        (18.75) 6,866        (19.23) 

4 1,348        (21.51) 7,339        (20.56) 

5 (most deprived) 1,499        (23.92) 7,572        (21.21) 

Calendar year of cancer diagnosis   

1999 - 2003 1,467        (23.41) 8,295        (23.24) 

2004 - 2008 1,562        (24.92) 8,991        (25.19) 

2009 - 2013 1,579        (25.20) 9,136        (25.59) 

2014 - 2019 1,659        (26.47) 9,276        (25.98) 

Ethnicity   

White 3,946        (62.96) 22,970       (64.35) 

South Asian 98           ( 1.56) 1,280        ( 3.59) 

Black 83           ( 1.32) 919          ( 2.57) 

Other 94           ( 1.50) 588          ( 1.65) 

Unknown 2,046        (32.65) 9,941        (27.85) 

Body mass index   

Underweight (<18.5) 198          ( 3.16) 844          ( 2.36) 

Normal weight (18.5-24.9)  2,462        (39.29) 14,164       (39.68) 

Overweight (25.0-29.9)  1,585        (25.29) 9,508        (26.63) 

Obese (≥30.0) 1,450        (23.14) 8,104        (22.70) 

Unknown 572          ( 9.13) 3,078        ( 8.62) 

Alcohol consumption   

Non-drinker 693          (11.06) 4,395        (12.31) 

Current drinker 2,847        (45.43) 16,816       (47.11) 

Ex-drinker 214          ( 3.41) 1,186        ( 3.32) 

Unknown 2,513        (40.10) 13,301       (37.26) 
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Problem drinker   

  205          ( 3.27) 858          ( 2.40) 

Smoking status     

Non-smoker 1,969        (31.42) 13,590       (38.07) 

Current smoker 1,349        (21.53) 7,236        (20.27) 

Ex-smoker 2,799        (44.66) 14,171       (39.70) 

Unknown 150          ( 2.39) 701          ( 1.96) 

Prescribed   

Oral corticosteroids 918          (14.65) 4,815        (13.49) 

Hormone replacement therapy 2,403        (38.34) 9,680        (27.12) 

Bisphosphonate therapy 85           ( 1.36) 631          ( 1.77) 

History of   

Fracture § 1,179        (18.81) 6,067        (17.00) 

Osteoporosis 176          ( 2.81) 1,199        ( 3.36) 

Eating disorder 77           ( 1.23) 380          ( 1.06) 

Comorbidities   

Coeliac disease 17           ( 0.27) 155          ( 0.43) 

Inflammatory bowel disease 356          ( 5.68) 1,029        ( 2.88) 

Systemic lupus erythematosus 19           ( 0.30) 98           ( 0.27) 

Rheumatoid arthritis 92           ( 1.47) 496          ( 1.39) 

Chronic kidney disease 627          (10.00) 2,908        ( 8.15) 

Liver disease 75           ( 1.20) 194          ( 0.54) 

Epilepsy 100          ( 1.60) 559          ( 1.57) 

SD = standard deviation; IQR = interquartile range. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near 
the index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status 
was unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a 
sensitivity analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched 
on year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood. 
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Table S13: Characteristics of cancer survivors and matched controls from the general population (uterine 
cancer; ICD-10 C54-55).* 

  Cancer survivors Cancer-free controls 

All participants 13,970 79,585 

Time from index date† to end of follow-up (years)   

Mean (SD)  6.29 ( 4.60)  6.97 ( 4.72) 

Median (IQR)  4.95 ( 2.51- 9.00)  5.88 ( 3.08- 9.89) 

Range  1.00-21.07  1.00-21.08 

Total person-years ‡   

  87814.83 554681 

Age (years)   

Mean (SD) 65.64 (11.19) 65.64 (11.28) 

Median (IQR) 66 (58-73) 66 (58-73) 
Age group at cancer diagnosis 
(years)   

18 - 59 4,129        (29.56) 23,712       (29.79) 

60 - 79 8,262        (59.14) 46,748       (58.74) 

≥80 1,579        (11.30) 9,125        (11.47) 

Sex   

Women 13,970       (100.00) 79,585       (100.00) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 3,110        (22.26) 18,415       (23.14) 

2 3,314        (23.72) 18,055       (22.69) 

3 2,892        (20.70) 16,419       (20.63) 

4 2,635        (18.86) 14,835       (18.64) 

5 (most deprived) 2,004        (14.35) 11,792       (14.82) 

Calendar year of cancer diagnosis   

1999 - 2003 2,503        (17.92) 14,038       (17.64) 

2004 - 2008 3,326        (23.81) 18,938       (23.80) 

2009 - 2013 3,935        (28.17) 22,558       (28.34) 

2014 - 2019 4,206        (30.11) 24,051       (30.22) 

Ethnicity   

White 9,345        (66.89) 54,059       (67.93) 

South Asian 355          ( 2.54) 2,271        ( 2.85) 

Black 233          ( 1.67) 1,469        ( 1.85) 

Other 117          ( 0.84) 825          ( 1.04) 

Unknown 3,920        (28.06) 20,961       (26.34) 

Body mass index   

Underweight (<18.5) 117          ( 0.84) 1,479        ( 1.86) 

Normal weight (18.5-24.9)  2,770        (19.83) 26,770       (33.64) 

Overweight (25.0-29.9)  3,633        (26.01) 24,592       (30.90) 

Obese (≥30.0) 6,798        (48.66) 19,856       (24.95) 

Unknown 652          ( 4.67) 6,888        ( 8.65) 

Alcohol consumption   

Non-drinker 2,034        (14.56) 10,329       (12.98) 

Current drinker 7,473        (53.49) 40,770       (51.23) 

Ex-drinker 810          ( 5.80) 3,617        ( 4.54) 

Unknown 3,653        (26.15) 24,869       (31.25) 
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Problem drinker   

  198          ( 1.42) 1,553        ( 1.95) 

Smoking status     

Non-smoker 6,086        (43.56) 31,084       (39.06) 

Current smoker 1,345        ( 9.63) 13,327       (16.75) 

Ex-smoker 6,360        (45.53) 34,029       (42.76) 

Unknown 179          ( 1.28) 1,145        ( 1.44) 

Prescribed   

Oral corticosteroids 2,402        (17.19) 15,411       (19.36) 

Hormone replacement therapy 5,232        (37.45) 26,718       (33.57) 

Bisphosphonate therapy 340          ( 2.43) 3,535        ( 4.44) 

History of   

Fracture § 2,643        (18.92) 17,246       (21.67) 

Osteoporosis 710          ( 5.08) 6,278        ( 7.89) 

Eating disorder 60           ( 0.43) 428          ( 0.54) 

Comorbidities   

Coeliac disease 31           ( 0.22) 412          ( 0.52) 

Inflammatory bowel disease 586          ( 4.19) 2,940        ( 3.69) 

Systemic lupus erythematosus 35           ( 0.25) 254          ( 0.32) 

Rheumatoid arthritis 309          ( 2.21) 1,956        ( 2.46) 

Chronic kidney disease 3,537        (25.32) 16,606       (20.87) 

Liver disease 231          ( 1.65) 778          ( 0.98) 

Epilepsy 223          ( 1.60) 1,311        ( 1.65) 

SD = standard deviation; IQR = interquartile range. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near 
the index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status 
was unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a 
sensitivity analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched 
on year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood. 
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Table S14: Characteristics of cancer survivors and matched controls from the general population (ovarian 
cancer; ICD-10 C56).* 

  Cancer survivors Cancer-free controls 

All participants 12,475 85,766 

Time from index date† to end of follow-up (years)   

Mean (SD)  5.59 ( 4.58)  7.48 ( 5.00) 

Median (IQR)  3.96 ( 2.08- 7.78)  6.35 ( 3.30-10.71) 

Range  1.00-21.07  1.00-21.08 

Total person-years ‡   

  69760.25 641612.8 

Age (years)   

Mean (SD) 59.63 (14.74) 61.29 (14.28) 

Median (IQR) 61 (50-70) 62 (52-72) 
Age group at cancer diagnosis 
(years)   

18 - 59 5,887        (47.19) 36,294       (42.32) 

60 - 79 5,566        (44.62) 41,488       (48.37) 

≥80 1,022        ( 8.19) 7,984        ( 9.31) 

Sex   

Women 12,475       (100.00) 85,766       (100.00) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 3,014        (24.16) 20,005       (23.33) 

2 2,819        (22.60) 19,158       (22.34) 

3 2,520        (20.20) 17,160       (20.01) 

4 2,273        (18.22) 16,010       (18.67) 

5 (most deprived) 1,835        (14.71) 13,360       (15.58) 

Calendar year of cancer diagnosis   

1999 - 2003 3,001        (24.06) 19,499       (22.74) 

2004 - 2008 3,191        (25.58) 21,408       (24.96) 

2009 - 2013 3,293        (26.40) 22,949       (26.76) 

2014 - 2019 2,990        (23.97) 21,910       (25.55) 

Ethnicity   

White 7,298        (58.50) 57,008       (66.47) 

South Asian 312          ( 2.50) 2,607        ( 3.04) 

Black 156          ( 1.25) 1,816        ( 2.12) 

Other 113          ( 0.91) 1,033        ( 1.20) 

Unknown 4,596        (36.84) 23,302       (27.17) 

Body mass index   

Underweight (<18.5) 268          ( 2.15) 1,787        ( 2.08) 

Normal weight (18.5-24.9)  4,588        (36.78) 30,561       (35.63) 

Overweight (25.0-29.9)  3,732        (29.92) 25,408       (29.62) 

Obese (≥30.0) 3,003        (24.07) 20,507       (23.91) 

Unknown 884          ( 7.09) 7,503        ( 8.75) 

Alcohol consumption   

Non-drinker 1,478        (11.85) 10,759       (12.54) 

Current drinker 6,133        (49.16) 43,227       (50.40) 

Ex-drinker 517          ( 4.14) 3,401        ( 3.97) 

Unknown 4,347        (34.85) 28,379       (33.09) 
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Problem drinker   

  226          ( 1.81) 1,755        ( 2.05) 

Smoking status     

Non-smoker 5,009        (40.15) 32,980       (38.45) 

Current smoker 1,851        (14.84) 15,341       (17.89) 

Ex-smoker 5,349        (42.88) 36,049       (42.03) 

Unknown 266          ( 2.13) 1,396        ( 1.63) 

Prescribed   

Oral corticosteroids 2,288        (18.34) 14,680       (17.12) 

Hormone replacement therapy 4,802        (38.49) 27,435       (31.99) 

Bisphosphonate therapy 372          ( 2.98) 3,156        ( 3.68) 

History of   

Fracture § 2,394        (19.19) 16,884       (19.69) 

Osteoporosis 685          ( 5.49) 5,635        ( 6.57) 

Eating disorder 76           ( 0.61) 520          ( 0.61) 

Comorbidities   

Coeliac disease 56           ( 0.45) 412          ( 0.48) 

Inflammatory bowel disease 621          ( 4.98) 2,843        ( 3.31) 

Systemic lupus erythematosus 33           ( 0.26) 256          ( 0.30) 

Rheumatoid arthritis 280          ( 2.24) 1,934        ( 2.25) 

Chronic kidney disease 2,300        (18.44) 14,475       (16.88) 

Liver disease 284          ( 2.28) 751          ( 0.88) 

Epilepsy 222          ( 1.78) 1,344        ( 1.57) 

SD = standard deviation; IQR = interquartile range. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near 
the index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status 
was unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a 
sensitivity analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched 
on year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood. 
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Table S15: Characteristics of cancer survivors and matched controls from the general population (prostate 
cancer; ICD-10 C61).* 

  Cancer survivors Cancer-free controls 

All participants 117,875 612,935 

Time from index date† to end of follow-up (years)   

Mean (SD)  5.80 ( 4.14)  6.49 ( 4.41) 

Median (IQR)  4.65 ( 2.47- 8.10)  5.41 ( 2.89- 9.15) 

Range  1.00-21.06  1.00-21.08 

Total person-years ‡   

  683388.1 3977060 

Age (years)   

Mean (SD) 71.04 ( 9.19) 71.08 ( 9.15) 

Median (IQR) 71 (65-78) 71 (65-78) 
Age group at cancer diagnosis 
(years)   

18 - 59 13,019       (11.04) 66,809       (10.90) 

60 - 79 83,225       (70.60) 432,819      (70.61) 

≥80 21,631       (18.35) 113,307      (18.49) 

Sex   

Men 117,875      (100.00) 612,935      (100.00) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 31,802       (26.98) 156,537      (25.54) 

2 28,619       (24.28) 144,600      (23.59) 

3 23,168       (19.65) 122,561      (20.00) 

4 19,244       (16.33) 104,939      (17.12) 

5 (most deprived) 14,952       (12.68) 83,808       (13.67) 

Calendar year of cancer diagnosis   

1999 - 2003 21,470       (18.21) 112,662      (18.38) 

2004 - 2008 28,450       (24.14) 148,804      (24.28) 

2009 - 2013 32,056       (27.19) 166,440      (27.15) 

2014 - 2019 35,899       (30.46) 185,029      (30.19) 

Ethnicity   

White 77,197       (65.49) 398,850      (65.07) 

South Asian 1,596        ( 1.35) 14,557       ( 2.37) 

Black 3,897        ( 3.31) 9,997        ( 1.63) 

Other 879          ( 0.75) 4,923        ( 0.80) 

Unknown 34,306       (29.10) 184,608      (30.12) 

Body mass index   

Underweight (<18.5) 906          ( 0.77) 5,588        ( 0.91) 

Normal weight (18.5-24.9)  35,391       (30.02) 172,666      (28.17) 

Overweight (25.0-29.9)  52,385       (44.44) 244,604      (39.91) 

Obese (≥30.0) 23,664       (20.08) 124,434      (20.30) 

Unknown 5,529        ( 4.69) 65,643       (10.71) 

Alcohol consumption   

Non-drinker 7,663        ( 6.50) 41,444       ( 6.76) 

Current drinker 73,766       (62.58) 355,780      (58.05) 

Ex-drinker 4,511        ( 3.83) 21,764       ( 3.55) 

Unknown 31,935       (27.09) 193,947      (31.64) 
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Problem drinker   

  3,738        ( 3.17) 21,449       ( 3.50) 

Smoking status     

Non-smoker 32,977       (27.98) 159,313      (25.99) 

Current smoker 14,020       (11.89) 110,334      (18.00) 

Ex-smoker 69,513       (58.97) 325,592      (53.12) 

Unknown 1,365        ( 1.16) 17,696       ( 2.89) 

Prescribed   

Oral corticosteroids 21,897       (18.58) 99,192       (16.18) 

Hormone replacement therapy 694          ( 0.59) 931          ( 0.15) 

Bisphosphonate therapy 1,596        ( 1.35) 7,033        ( 1.15) 

History of   

Fracture § 24,346       (20.65) 121,568      (19.83) 

Osteoporosis 2,459        ( 2.09) 11,122       ( 1.81) 

Eating disorder 165          ( 0.14) 778          ( 0.13) 

Comorbidities   

Coeliac disease 352          ( 0.30) 1,908        ( 0.31) 

Inflammatory bowel disease 4,090        ( 3.47) 18,970       ( 3.09) 

Systemic lupus erythematosus 95           ( 0.08) 577          ( 0.09) 

Rheumatoid arthritis 1,954        ( 1.66) 9,137        ( 1.49) 

Chronic kidney disease 31,881       (27.05) 140,529      (22.93) 

Liver disease 1,399        ( 1.19) 6,727        ( 1.10) 

Epilepsy 1,964        ( 1.67) 11,250       ( 1.84) 

SD = standard deviation; IQR = interquartile range. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near 
the index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status 
was unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a 
sensitivity analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched 
on year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood. 
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Table S16: Characteristics of cancer survivors and matched controls from the general population (kidney 
cancer; ICD-10 C64).* 

  Cancer survivors Cancer-free controls 

All participants 10,819 64,193 

Time from index date† to end of follow-up (years)   

Mean (SD)  5.20 ( 4.01)  6.50 ( 4.57) 

Median (IQR)  3.92 ( 2.16- 7.02)  5.27 ( 2.88- 8.98) 

Range  1.00-21.06  1.00-21.07 

Total person-years ‡ 
  

  56241.835 417174.82 

Age (years) 
  

Mean (SD) 65.29 (13.18) 65.81 (13.06) 

Median (IQR) 66 (56-75) 67 (57-75) 
Age group at cancer diagnosis 
(years)   

18 - 59 3,473        (32.10) 19,632       (30.58) 

60 - 79 5,779        (53.42) 34,772       (54.17) 

≥80 1,567        (14.48) 9,789        (15.25) 

Sex   

Women 4,160        (38.45) 24,533       (38.22) 

Men 6,659        (61.55) 39,660       (61.78) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 2,354        (21.76) 14,547       (22.66) 

2 2,363        (21.84) 14,216       (22.15) 

3 2,155        (19.92) 12,952       (20.18) 

4 2,055        (18.99) 11,860       (18.48) 

5 (most deprived) 1,885        (17.42) 10,563       (16.46) 

Calendar year of cancer diagnosis   

1999 - 2003 1,747        (16.15) 10,736       (16.72) 

2004 - 2008 2,120        (19.60) 13,082       (20.38) 

2009 - 2013 2,990        (27.64) 17,779       (27.70) 

2014 - 2019 3,962        (36.62) 22,596       (35.20) 

Ethnicity   

White 7,175        (66.32) 42,803       (66.68) 

South Asian 279          ( 2.58) 2,032        ( 3.17) 

Black 229          ( 2.12) 1,311        ( 2.04) 

Other 116          ( 1.07) 743          ( 1.16) 

Unknown 3,020        (27.91) 17,304       (26.96) 

Body mass index   

Underweight (<18.5) 172          ( 1.59) 898          ( 1.40) 

Normal weight (18.5-24.9)  2,970        (27.45) 19,344       (30.13) 

Overweight (25.0-29.9)  3,950        (36.51) 23,140       (36.05) 

Obese (≥30.0) 3,217        (29.73) 14,257       (22.21) 

Unknown 510          ( 4.71) 6,554        (10.21) 

Alcohol consumption   

Non-drinker 1,062        ( 9.82) 5,623        ( 8.76) 

Current drinker 6,202        (57.33) 35,485       (55.28) 

Ex-drinker 541          ( 5.00) 2,362        ( 3.68) 
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Unknown 3,014        (27.86) 20,723       (32.28) 

Problem drinker   

  324          ( 2.99) 2,115        ( 3.29) 

Smoking status   

Non-smoker 2,953        (27.29) 20,167       (31.42) 

Current smoker 1,578        (14.59) 11,951       (18.62) 

Ex-smoker 6,146        (56.81) 30,521       (47.55) 

Unknown 142          ( 1.31) 1,554        ( 2.42) 

Prescribed   

Oral corticosteroids 2,669        (24.67) 10,681       (16.64) 

Hormone replacement therapy 1,545        (14.28) 7,859        (12.24) 

Bisphosphonate therapy 299          ( 2.76) 1,581        ( 2.46) 

History of   

Fracture § 2,603        (24.06) 14,383       (22.41) 

Osteoporosis 546          ( 5.05) 2,933        ( 4.57) 

Eating disorder 43           ( 0.40) 178          ( 0.28) 

Comorbidities   

Coeliac disease 53           ( 0.49) 228          ( 0.36) 

Inflammatory bowel disease 683          ( 6.31) 2,150        ( 3.35) 

Systemic lupus erythematosus 28           ( 0.26) 116          ( 0.18) 

Rheumatoid arthritis 307          ( 2.84) 1,213        ( 1.89) 

Chronic kidney disease 5,510        (50.93) 13,106       (20.42) 

Liver disease 402          ( 3.72) 720          ( 1.12) 

Epilepsy 245          ( 2.26) 1,113        ( 1.73) 

SD = standard deviation; IQR = interquartile range. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near 
the index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status 
was unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a 
sensitivity analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched 
on year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood. 
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Table S17: Characteristics of cancer survivors and matched controls from the general population (bladder 
cancer; ICD-10 C67).* 

  Cancer survivors Cancer-free controls 

All participants 36,820 204,026 

Time from index date† to end of follow-up (years)   

Mean (SD)  5.89 ( 4.34)  6.74 ( 4.58) 

Median (IQR)  4.65 ( 2.39- 8.31)  5.60 ( 3.01- 9.48) 

Range  1.00-21.07  1.00-21.08 

Total person-years ‡ 
  

  216956.1 1374139 

Age (years)   

Mean (SD) 70.88 (11.67) 71.06 (11.51) 

Median (IQR) 72 (64-79) 72 (64-79) 
Age group at cancer diagnosis 
(years)   

18 - 59 5,853        (15.90) 31,163       (15.27) 

60 - 79 22,127       (60.10) 123,280      (60.42) 

≥80 8,840        (24.01) 49,583       (24.30) 

Sex   

Women 9,266        (25.17) 50,594       (24.80) 

Men 27,554       (74.83) 153,432      (75.20) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 8,300        (22.54) 47,027       (23.05) 

2 8,506        (23.10) 46,775       (22.93) 

3 7,453        (20.24) 41,830       (20.50) 

4 6,826        (18.54) 37,367       (18.31) 

5 (most deprived) 5,707        (15.50) 30,867       (15.13) 

Calendar year of cancer diagnosis   

1999 - 2003 8,318        (22.59) 45,353       (22.23) 

2004 - 2008 9,395        (25.52) 51,806       (25.39) 

2009 - 2013 9,558        (25.96) 53,403       (26.17) 

2014 - 2019 9,549        (25.93) 53,464       (26.20) 

Ethnicity   

White 23,753       (64.51) 129,193      (63.32) 

South Asian 479          ( 1.30) 4,068        ( 1.99) 

Black 201          ( 0.55) 2,292        ( 1.12) 

Other 199          ( 0.54) 1,401        ( 0.69) 

Unknown 12,188       (33.10) 67,072       (32.87) 

Body mass index   

Underweight (<18.5) 658          ( 1.79) 2,789        ( 1.37) 

Normal weight (18.5-24.9)  11,471       (31.15) 60,387       (29.60) 

Overweight (25.0-29.9)  14,138       (38.40) 74,418       (36.47) 

Obese (≥30.0) 8,310        (22.57) 40,378       (19.79) 

Unknown 2,243        ( 6.09) 26,054       (12.77) 

Alcohol consumption   

Non-drinker 3,206        ( 8.71) 17,516       ( 8.59) 

Current drinker 21,956       (59.63) 111,448      (54.62) 

Ex-drinker 1,743        ( 4.73) 7,713        ( 3.78) 
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Unknown 9,915        (26.93) 67,349       (33.01) 

Problem drinker   

  1,135        ( 3.08) 5,844        ( 2.86) 

Smoking status   

Non-smoker 7,754        (21.06) 59,606       (29.21) 

Current smoker 6,505        (17.67) 35,922       (17.61) 

Ex-smoker 21,932       (59.57) 102,157      (50.07) 

Unknown 629          ( 1.71) 6,341        ( 3.11) 

Prescribed   

Oral corticosteroids 7,649        (20.77) 34,908       (17.11) 

Hormone replacement therapy 2,899        ( 7.87) 13,320       ( 6.53) 

Bisphosphonate therapy 1,083        ( 2.94) 5,194        ( 2.55) 

History of   

Fracture § 8,006        (21.74) 43,121       (21.14) 

Osteoporosis 1,531        ( 4.16) 8,096        ( 3.97) 

Eating disorder 84           ( 0.23) 454          ( 0.22) 

Comorbidities   

Coeliac disease 134          ( 0.36) 670          ( 0.33) 

Inflammatory bowel disease 1,682        ( 4.57) 6,619        ( 3.24) 

Systemic lupus erythematosus 70           ( 0.19) 278          ( 0.14) 

Rheumatoid arthritis 805          ( 2.19) 3,757        ( 1.84) 

Chronic kidney disease 12,112       (32.90) 51,685       (25.33) 

Liver disease 637          ( 1.73) 2,040        ( 1.00) 

Epilepsy 658          ( 1.79) 3,617        ( 1.77) 

SD = standard deviation; IQR = interquartile range. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near 
the index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status 
was unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a 
sensitivity analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched 
on year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood. 
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Table S18: Characteristics of cancer survivors and matched controls from the general population (central 
nervous system cancer; ICD-10 C71-72).* 

  Cancer survivors Cancer-free controls 

All participants 6,236 38,949 

Time from index date† to end of follow-up (years)   

Mean (SD)  4.42 ( 4.04)  7.14 ( 4.90) 

Median (IQR)  2.74 ( 1.52- 5.87)  5.96 ( 3.08-10.19) 

Range  1.00-21.07  1.00-21.07 

Total person-years ‡ 
  

  27550.77 278037.8 

Age (years)   

Mean (SD) 51.06 (15.47) 53.89 (16.19) 

Median (IQR) 52 (39-62) 55 (42-66) 
Age group at cancer diagnosis 
(years)   

18 - 59 4,236        (67.93) 23,462       (60.24) 

60 - 79 1,833        (29.39) 13,558       (34.81) 

≥80 167          ( 2.68) 1,929        ( 4.95) 

Sex   

Women 2,708        (43.43) 16,998       (43.64) 

Men 3,528        (56.57) 21,951       (56.36) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 1,473        (23.62) 9,018        (23.15) 

2 1,360        (21.81) 8,627        (22.15) 

3 1,213        (19.45) 7,673        (19.70) 

4 1,163        (18.65) 7,327        (18.81) 

5 (most deprived) 1,022        (16.39) 6,265        (16.09) 

Calendar year of cancer diagnosis   

1999 - 2003 1,177        (18.87) 7,694        (19.75) 

2004 - 2008 1,451        (23.27) 9,739        (25.00) 

2009 - 2013 1,705        (27.34) 10,717       (27.52) 

2014 - 2019 1,903        (30.52) 10,799       (27.73) 

Ethnicity   

White 3,418        (54.81) 23,483       (60.29) 

South Asian 206          ( 3.30) 1,365        ( 3.50) 

Black 90           ( 1.44) 781          ( 2.01) 

Other 61           ( 0.98) 547          ( 1.40) 

Unknown 2,461        (39.46) 12,773       (32.79) 

Body mass index   

Underweight (<18.5) 91           ( 1.46) 542          ( 1.39) 

Normal weight (18.5-24.9)  2,054        (32.94) 12,101       (31.07) 

Overweight (25.0-29.9)  2,066        (33.13) 12,236       (31.42) 

Obese (≥30.0) 1,291        (20.70) 7,996        (20.53) 

Unknown 734          (11.77) 6,074        (15.59) 

Alcohol consumption   

Non-drinker 598          ( 9.59) 3,475        ( 8.92) 

Current drinker 2,866        (45.96) 19,478       (50.01) 

Ex-drinker 251          ( 4.03) 1,193        ( 3.06) 
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Unknown 2,521        (40.43) 14,803       (38.01) 

Problem drinker   

  174          ( 2.79) 1,327        ( 3.41) 

Smoking status   

Non-smoker 2,345        (37.60) 14,241       (36.56) 

Current smoker 978          (15.68) 7,569        (19.43) 

Ex-smoker 2,711        (43.47) 15,728       (40.38) 

Unknown 202          ( 3.24) 1,411        ( 3.62) 

Prescribed   

Oral corticosteroids 3,369        (54.03) 4,879        (12.53) 

Hormone replacement therapy 901          (14.45) 4,696        (12.06) 

Bisphosphonate therapy 90           ( 1.44) 622          ( 1.60) 

History of   

Fracture § 1,396        (22.39) 7,932        (20.37) 

Osteoporosis 159          ( 2.55) 995          ( 2.55) 

Eating disorder 33           ( 0.53) 174          ( 0.45) 

Comorbidities   

Coeliac disease 22           ( 0.35) 121          ( 0.31) 

Inflammatory bowel disease 240          ( 3.85) 905          ( 2.32) 

Systemic lupus erythematosus 6            ( 0.10) 59           ( 0.15) 

Rheumatoid arthritis 81           ( 1.30) 432          ( 1.11) 

Chronic kidney disease 498          ( 7.99) 3,303        ( 8.48) 

Liver disease 123          ( 1.97) 287          ( 0.74) 

Epilepsy 1,729        (27.73) 660          ( 1.69) 

SD = standard deviation; IQR = interquartile range. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near 
the index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status 
was unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a 
sensitivity analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched 
on year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood. 
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Table S19: Characteristics of cancer survivors and matched controls from the general population (thyroid 
cancer; ICD-10 C73).* 

  Cancer survivors Cancer-free controls 

All participants 5,867 30,776 

Time from index date† to end of follow-up (years)   

Mean (SD)  6.46 ( 4.62)  6.59 ( 4.68) 

Median (IQR)  5.16 ( 2.77- 9.04)  5.31 ( 2.82- 9.28) 

Range  1.00-21.03  1.00-21.05 

Total person-years ‡   

  37926.02 202888.1 

Age (years)   

Mean (SD) 50.62 (16.00) 51.12 (16.15) 

Median (IQR) 49 (38-62) 50 (39-63) 
Age group at cancer diagnosis 
(years)   

18 - 59 4,153        (70.79) 21,363       (69.41) 

60 - 79 1,447        (24.66) 7,904        (25.68) 

≥80 267          ( 4.55) 1,509        ( 4.90) 

Sex   

Women 4,442        (75.71) 23,162       (75.26) 

Men 1,425        (24.29) 7,614        (24.74) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 1,342        (22.87) 6,836        (22.21) 

2 1,217        (20.74) 6,386        (20.75) 

3 1,189        (20.27) 5,866        (19.06) 

4 1,122        (19.12) 6,110        (19.85) 

5 (most deprived) 993          (16.93) 5,558        (18.06) 

Calendar year of cancer diagnosis   

1999 - 2003 812          (13.84) 4,397        (14.29) 

2004 - 2008 1,179        (20.10) 6,163        (20.03) 

2009 - 2013 1,679        (28.62) 8,780        (28.53) 

2014 - 2019 2,197        (37.45) 11,436       (37.16) 

Ethnicity   

White 3,832        (65.31) 19,709       (64.04) 

South Asian 427          ( 7.28) 1,698        ( 5.52) 

Black 158          ( 2.69) 930          ( 3.02) 

Other 196          ( 3.34) 668          ( 2.17) 

Unknown 1,254        (21.37) 7,771        (25.25) 

Body mass index   

Underweight (<18.5) 106          ( 1.81) 603          ( 1.96) 

Normal weight (18.5-24.9)  2,136        (36.41) 11,323       (36.79) 

Overweight (25.0-29.9)  1,826        (31.12) 9,089        (29.53) 

Obese (≥30.0) 1,492        (25.43) 6,848        (22.25) 

Unknown 307          ( 5.23) 2,913        ( 9.47) 

Alcohol consumption 
  

Non-drinker 771          (13.14) 3,324        (10.80) 

Current drinker 2,853        (48.63) 14,585       (47.39) 

Ex-drinker 224          ( 3.82) 988          ( 3.21) 
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Unknown 2,019        (34.41) 11,879       (38.60) 

Problem drinker     

  141          ( 2.40) 958          ( 3.11) 

Smoking status   

Non-smoker 2,401        (40.92) 11,954       (38.84) 

Current smoker 666          (11.35) 5,879        (19.10) 

Ex-smoker 2,738        (46.67) 12,245       (39.79) 

Unknown 62           ( 1.06) 698          ( 2.27) 

Prescribed   

Oral corticosteroids 1,003        (17.10) 4,285        (13.92) 

Hormone replacement therapy 1,542        (26.28) 7,037        (22.87) 

Bisphosphonate therapy 108          ( 1.84) 481          ( 1.56) 

History of   

Fracture § 1,178        (20.08) 5,800        (18.85) 

Osteoporosis 244          ( 4.16) 1,017        ( 3.30) 

Eating disorder 37           ( 0.63) 263          ( 0.85) 

Comorbidities   

Coeliac disease 20           ( 0.34) 114          ( 0.37) 

Inflammatory bowel disease 252          ( 4.30) 927          ( 3.01) 

Systemic lupus erythematosus 22           ( 0.37) 77           ( 0.25) 

Rheumatoid arthritis 108          ( 1.84) 419          ( 1.36) 

Chronic kidney disease 633          (10.79) 2,728        ( 8.86) 

Liver disease 78           ( 1.33) 240          ( 0.78) 

Epilepsy 106          ( 1.81) 527          ( 1.71) 

SD = standard deviation; IQR = interquartile range. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near 
the index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status 
was unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a 
sensitivity analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched 
on year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood. 
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Table S20: Characteristics of cancer survivors and matched controls from the general population (non-
Hodgkin lymphoma; ICD-10 C82-85).* 

  Cancer survivors Cancer-free controls 

All participants 23,801 143,890 

Time from index date† to end of follow-up (years)   

Mean (SD)  5.71 ( 4.27)  6.95 ( 4.70) 

Median (IQR)  4.44 ( 2.30- 8.02)  5.83 ( 3.08- 9.86) 

Range  1.00-21.07  1.00-21.08 

Total person-years ‡   

  135926.7 999528.5 

Age (years)   

Mean (SD) 63.09 (15.14) 63.31 (15.26) 

Median (IQR) 65 (53-74) 65 (54-75) 
Age group at cancer diagnosis 
(years)   

18 - 59 8,779        (36.89) 51,927       (36.09) 

60 - 79 11,854       (49.80) 72,047       (50.07) 

≥80 3,168        (13.31) 19,916       (13.84) 

Sex   

Women 11,135       (46.78) 66,021       (45.88) 

Men 12,666       (53.22) 77,869       (54.12) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 5,584        (23.46) 33,739       (23.45) 

2 5,382        (22.61) 31,829       (22.12) 

3 4,671        (19.63) 28,856       (20.05) 

4 4,380        (18.40) 26,500       (18.42) 

5 (most deprived) 3,762        (15.81) 22,854       (15.88) 

Calendar year of cancer diagnosis   

1999 - 2003 4,541        (19.08) 27,060       (18.81) 

2004 - 2008 6,016        (25.28) 36,237       (25.18) 

2009 - 2013 6,634        (27.87) 40,157       (27.91) 

2014 - 2019 6,610        (27.77) 40,436       (28.10) 

Ethnicity   

White 14,518       (61.00) 90,941       (63.20) 

South Asian 649          ( 2.73) 4,464        ( 3.10) 

Black 647          ( 2.72) 3,144        ( 2.19) 

Other 307          ( 1.29) 1,784        ( 1.24) 

Unknown 7,680        (32.27) 43,557       (30.27) 

Body mass index   

Underweight (<18.5) 512          ( 2.15) 2,169        ( 1.51) 

Normal weight (18.5-24.9)  8,617        (36.20) 45,442       (31.58) 

Overweight (25.0-29.9)  8,221        (34.54) 48,910       (33.99) 

Obese (≥30.0) 4,861        (20.42) 30,458       (21.17) 

Unknown 1,590        ( 6.68) 16,911       (11.75) 

Alcohol consumption   

Non-drinker 2,566        (10.78) 13,850       ( 9.63) 

Current drinker 12,486       (52.46) 74,764       (51.96) 

Ex-drinker 1,023        ( 4.30) 4,983        ( 3.46) 
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Unknown 7,726        (32.46) 50,293       (34.95) 

Problem drinker     

  626          ( 2.63) 4,455        ( 3.10) 

Smoking status   

Non-smoker 8,110        (34.07) 48,775       (33.90) 

Current smoker 3,488        (14.65) 26,437       (18.37) 

Ex-smoker 11,775       (49.47) 64,512       (44.83) 

Unknown 428          ( 1.80) 4,166        ( 2.90) 

Prescribed   

Oral corticosteroids 5,513        (23.16) 22,362       (15.54) 

Hormone replacement therapy 3,841        (16.14) 19,624       (13.64) 

Bisphosphonate therapy 799          ( 3.36) 3,651        ( 2.54) 

History of   

Fracture § 5,209        (21.89) 30,774       (21.39) 

Osteoporosis 1,209        ( 5.08) 6,239        ( 4.34) 

Eating disorder 87           ( 0.37) 477          ( 0.33) 

Comorbidities   

Coeliac disease 161          ( 0.68) 487          ( 0.34) 

Inflammatory bowel disease 1,606        ( 6.75) 4,416        ( 3.07) 

Systemic lupus erythematosus 151          ( 0.63) 258          ( 0.18) 

Rheumatoid arthritis 809          ( 3.40) 2,390        ( 1.66) 

Chronic kidney disease 5,492        (23.07) 26,673       (18.54) 

Liver disease 617          ( 2.59) 1,399        ( 0.97) 

Epilepsy 505          ( 2.12) 2,451        ( 1.70) 

SD = standard deviation; IQR = interquartile range. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near 
the index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status 
was unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a 
sensitivity analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched 
on year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood. 
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Table S21: Characteristics of cancer survivors and matched controls from the general population (multiple 
myeloma; ICD-10 C90).* 

  Cancer survivors Cancer-free controls 

All participants 10,916 61,228 

Time from index date† to end of follow-up (years)   

Mean (SD)  4.38 ( 3.30)  6.58 ( 4.55) 

Median (IQR)  3.38 ( 1.97- 5.70)  5.42 ( 2.90- 9.22) 

Range  1.00-20.92  1.00-21.08 

Total person-years ‡   

  47864.58 402932.1 

Age (years)   

Mean (SD) 69.03 (12.05) 69.27 (12.02) 

Median (IQR) 70 (61-78) 71 (62-78) 
Age group at cancer diagnosis 
(years)   

18 - 59 2,297        (21.04) 12,632       (20.63) 

60 - 79 6,405        (58.68) 35,725       (58.35) 

≥80 2,214        (20.28) 12,871       (21.02) 

Sex   

Women 5,035        (46.12) 27,923       (45.60) 

Men 5,881        (53.88) 33,305       (54.40) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 2,551        (23.37) 14,010       (22.88) 

2 2,448        (22.43) 13,561       (22.15) 

3 2,264        (20.74) 12,222       (19.96) 

4 1,961        (17.96) 11,535       (18.84) 

5 (most deprived) 1,688        (15.46) 9,852        (16.09) 

Calendar year of cancer diagnosis   

1999 - 2003 2,104        (19.27) 12,114       (19.79) 

2004 - 2008 2,531        (23.19) 14,472       (23.64) 

2009 - 2013 2,918        (26.73) 16,551       (27.03) 

2014 - 2019 3,363        (30.81) 18,091       (29.55) 

Ethnicity   

White 5,989        (54.86) 38,793       (63.36) 

South Asian 290          ( 2.66) 1,802        ( 2.94) 

Black 511          ( 4.68) 1,481        ( 2.42) 

Other 105          ( 0.96) 612          ( 1.00) 

Unknown 4,021        (36.84) 18,540       (30.28) 

Body mass index   

Underweight (<18.5) 244          ( 2.24) 979          ( 1.60) 

Normal weight (18.5-24.9)  3,667        (33.59) 18,775       (30.66) 

Overweight (25.0-29.9)  3,966        (36.33) 21,033       (34.35) 

Obese (≥30.0) 2,229        (20.42) 13,078       (21.36) 

Unknown 810          ( 7.42) 7,363        (12.03) 

Alcohol consumption   

Non-drinker 1,117        (10.23) 6,022        ( 9.84) 

Current drinker 5,632        (51.59) 32,459       (53.01) 

Ex-drinker 550          ( 5.04) 2,454        ( 4.01) 
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Unknown 3,617        (33.13) 20,293       (33.14) 

Problem drinker   

  247          ( 2.26) 1,716        ( 2.80) 

Smoking status   

Non-smoker 3,754        (34.39) 20,219       (33.02) 

Current smoker 1,292        (11.84) 10,667       (17.42) 

Ex-smoker 5,646        (51.72) 28,678       (46.84) 

Unknown 224          ( 2.05) 1,664        ( 2.72) 

Prescribed   

Oral corticosteroids 2,931        (26.85) 10,695       (17.47) 

Hormone replacement therapy 1,580        (14.47) 7,763        (12.68) 

Bisphosphonate therapy 702          ( 6.43) 2,041        ( 3.33) 

History of   

Fracture § 3,233        (29.62) 13,355       (21.81) 

Osteoporosis 1,092        (10.00) 3,411        ( 5.57) 

Eating disorder 45           ( 0.41) 172          ( 0.28) 

Comorbidities   

Coeliac disease 56           ( 0.51) 223          ( 0.36) 

Inflammatory bowel disease 1,036        ( 9.49) 2,053        ( 3.35) 

Systemic lupus erythematosus 42           ( 0.38) 113          ( 0.18) 

Rheumatoid arthritis 314          ( 2.88) 1,315        ( 2.15) 

Chronic kidney disease 4,630        (42.41) 14,970       (24.45) 

Liver disease 256          ( 2.35) 662          ( 1.08) 

Epilepsy 233          ( 2.13) 998          ( 1.63) 

SD = standard deviation; IQR = interquartile range. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near 
the index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status 
was unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a 
sensitivity analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched 
on year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood. 
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Table S22: Characteristics of cancer survivors and matched controls from the general population (leukaemia; 
ICD-10 C91-95).* 

  Cancer survivors Cancer-free controls 

All participants 19,611 111,149 

Time from index date† to end of follow-up (years)   

Mean (SD)  5.48 ( 4.15)  6.84 ( 4.66) 

Median (IQR)  4.20 ( 2.20- 7.63)  5.67 ( 3.03- 9.74) 

Range  1.00-21.07  1.00-21.07 

Total person-years ‡   

  107546.4 760387.2 

Age (years)   

Mean (SD) 66.62 (14.44) 66.94 (14.39) 

Median (IQR) 68 (58-77) 69 (59-77) 
Age group at cancer diagnosis 
(years)   

18 - 59 5,343        (27.24) 29,429       (26.48) 

60 - 79 10,561       (53.85) 60,020       (54.00) 

≥80 3,707        (18.90) 21,700       (19.52) 

Sex   

Women 8,273        (42.19) 46,462       (41.80) 

Men 11,338       (57.81) 64,687       (58.20) 

Patient-level Index of Multiple Deprivation (practice postcode-based)   

1 (least deprived) 4,735        (24.14) 26,356       (23.71) 

2 4,487        (22.88) 25,236       (22.70) 

3 3,931        (20.04) 22,282       (20.05) 

4 3,487        (17.78) 20,404       (18.36) 

5 (most deprived) 2,949        (15.04) 16,760       (15.08) 

Calendar year of cancer diagnosis   

1999 - 2003 4,181        (21.32) 23,724       (21.34) 

2004 - 2008 4,935        (25.16) 28,455       (25.60) 

2009 - 2013 5,061        (25.81) 28,978       (26.07) 

2014 - 2019 5,434        (27.71) 29,992       (26.98) 

Ethnicity   

White 12,104       (61.72) 69,463       (62.50) 

South Asian 402          ( 2.05) 2,964        ( 2.67) 

Black 241          ( 1.23) 1,764        ( 1.59) 

Other 138          ( 0.70) 1,074        ( 0.97) 

Unknown 6,726        (34.30) 35,884       (32.28) 

Body mass index   

Underweight (<18.5) 321          ( 1.64) 1,794        ( 1.61) 

Normal weight (18.5-24.9)  6,498        (33.13) 33,986       (30.58) 

Overweight (25.0-29.9)  7,117        (36.29) 38,334       (34.49) 

Obese (≥30.0) 4,255        (21.70) 22,701       (20.42) 

Unknown 1,420        ( 7.24) 14,334       (12.90) 

Alcohol consumption   

Non-drinker 1,885        ( 9.61) 10,476       ( 9.43) 

Current drinker 10,626       (54.18) 58,306       (52.46) 

Ex-drinker 901          ( 4.59) 4,091        ( 3.68) 



   

 

55 
 

Unknown 6,199        (31.61) 38,276       (34.44) 

Problem drinker   

  493          ( 2.51) 3,286        ( 2.96) 

Smoking status   

Non-smoker 6,387        (32.57) 36,584       (32.91) 

Current smoker 2,604        (13.28) 19,853       (17.86) 

Ex-smoker 10,234       (52.18) 51,365       (46.21) 

Unknown 386          ( 1.97) 3,347        ( 3.01) 

Prescribed   

Oral corticosteroids 4,120        (21.01) 18,191       (16.37) 

Hormone replacement therapy 2,638        (13.45) 12,624       (11.36) 

Bisphosphonate therapy 621          ( 3.17) 3,268        ( 2.94) 

History of   

Fracture § 4,427        (22.57) 24,241       (21.81) 

Osteoporosis 977          ( 4.98) 5,190        ( 4.67) 

Eating disorder 70           ( 0.36) 311          ( 0.28) 

Comorbidities   

Coeliac disease 73           ( 0.37) 413          ( 0.37) 

Inflammatory bowel disease 1,286        ( 6.56) 3,583        ( 3.22) 

Systemic lupus erythematosus 58           ( 0.30) 197          ( 0.18) 

Rheumatoid arthritis 496          ( 2.53) 2,053        ( 1.85) 

Chronic kidney disease 5,460        (27.84) 24,319       (21.88) 

Liver disease 418          ( 2.13) 1,050        ( 0.94) 

Epilepsy 389          ( 1.98) 1,887        ( 1.70) 

SD = standard deviation; IQR = interquartile range. 
* Data are n (%) unless otherwise stated. The characteristics of the study participants were measured prior to or near 
the index date†. When information on body mass index, height and weight, alcohol consumption, and smoking status 
was unavailable prior to the index date, we used information recorded at any point in the clinical record. We ran a 
sensitivity analysis using only pre-index data. 
† For cancer survivors, the index date was the date of their cancer diagnosis. In the matched cancer-free cohort, the 
matched cancer survivor's index date was allocated to each individual. Cancer-free people were individually matched 
on year of birth (+/- 3 years), sex and general practice to participants in the cancer survivor cohort. 
‡ Index date to end of follow-up. 
§ In adulthood. 
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Table S23: Bone fracture and major osteoporotic fracture incidence in survivors of the 20 most common types of cancers and cancer-free individuals.  

          Bone fractures Major osteoporotic fracture 

  Cancer survivors 
Cancer-free 

controls 
Cancer survivors Cancer-free controls Cancer survivors Cancer-free controls 

Cancer type or site 
(ICD-10) 

No. in 
analysis 

PY at 
risk 

No. in 
analysis 

PY at 
risk 

No. of 
events 

Rate per 1000 PY 
(95% CI) 

No. of 
events 

Rate per 1000 PY 
(95% CI) 

No. of 
events 

Rate per 1000 PY 
(95% CI) 

No. of 
events 

Rate per 1000 PY 
(95% CI) 

Oral cavity (C00-06) 5,266 24.55 31,631 188.76 297 12.10 (10.80-13.56) 1,926 10.20 (9.76-10.67) 140  5.70 (4.83-6.73) 777  4.12 (3.84-4.42) 

Oesophagus (C15) 8,048 20.96 66,543 387.73 274 13.07 (11.61-14.72) 4,489 11.58 (11.24-11.92) 141  6.73 (5.70-7.94) 2,140  5.52 (5.29-5.76) 

Stomach (C16) 5,436 17.73 41,253 242.44 272 15.34 (13.62-17.28) 3,154 13.01 (12.56-13.47) 160  9.03 (7.73-10.54) 1,558  6.43 (6.11-6.75) 

Colorectal (C18-20) 67,876 305.12 384,129 2,240.65 4,028 13.20 (12.80-13.62) 28,676 12.80 (12.65-12.95) 2,139  7.01 (6.72-7.31) 14,223  6.35 (6.24-6.45) 

Liver (C22) 3,420 7.98 25,502 126.57 122 15.30 (12.81-18.27) 1,408 11.12 (10.56-11.72) 54  6.77 (5.19-8.84) 675  5.33 (4.95-5.75) 

Pancreas (C25) 4,198 9.22 35,778 194.37 149 16.16 (13.76-18.97) 2,797 14.39 (13.87-14.93) 69  7.48 (5.91-9.47) 1,361  7.00 (6.64-7.38) 

Lung (C34) 32,039 71.23 211,485 1164.36 1,236 17.35 (16.41-18.35) 15,662 13.45 (13.24-13.66) 646  9.07 (8.40-9.80) 7,703  6.62 (6.47-6.77) 

Malignant melanoma 
(C43) 

41,705 227.02 219,667 1,287.91 2,478 10.92 (10.49-11.35) 13,454 10.45 (10.27-10.62) 1,025  4.52 (4.25-4.80) 5,827  4.52 (4.41-4.64) 

Breast (C50) 145,515 822.16 742,221 4,711.69 13,424 16.33 (16.05-16.61) 65,783 13.96 (13.86-14.07) 5,734  6.97 (6.80-7.16) 28,577  6.07 (6.00-6.14) 

Cervix (C53) 6,267 34.43 35,698 236.75 375 10.89 (9.84-12.05) 2,483 10.49 (10.08-10.91) 157  4.56 (3.90-5.33) 924  3.90 (3.66-4.16) 

Uterus (C54-55) 13,970 73.84 79,585 475.1 991 13.42 (12.61-14.28) 7,154 15.06 (14.71-15.41) 509  6.89 (6.32-7.52) 3,396  7.15 (6.91-7.39) 

Ovary (C56) 12,475 57.29 85,766 555.85 788 13.76 (12.83-14.75) 7,969 14.34 (14.03-14.65) 331  5.78 (5.19-6.44) 3,591  6.46 (6.25-6.68) 

Prostate (C61) 117,875 565.51 612,935 3,364.13 6,956 12.30 (12.01-12.59) 30,190  8.97 (8.87- 9.08) 3,569  6.31 (6.11-6.52) 14,604  4.34 (4.27-4.41) 

Kidney (C64) 10,819 45.42 64,193 352.98 617 13.58 (12.55-14.70) 3,955 11.20 (10.86-11.56) 283  6.23 (5.55-7.00) 1,852  5.25 (5.01-5.49) 

Bladder (C67) 36,820 180.14 204,026 1170.11 2,142 11.89 (11.40-12.41) 13,382 11.44 (11.24-11.63) 1,148  6.37 (6.01-6.75) 6,596  5.64 (5.50-5.77) 

CNS (C71-72) 6,236 21.31 38,949 239.09 264 12.39 (10.98-13.97) 2,235  9.35 (8.97- 9.74) 105  4.93 (4.07-5.96) 808  3.38 (3.15-3.62) 

Thyroid (C73) 5,867 32.06 30,776 172.11 269  8.39 (7.45-9.46) 1,638  9.52 (9.07- 9.99) 122  3.81 (3.19-4.54) 599  3.48 (3.21-3.77) 

NHL (C82-85) 23,801 112.13 143,890 855.64 1,326 11.83 (11.21-12.48) 9,508 11.11 (10.89-11.34) 669  5.97 (5.53-6.44) 4,294  5.02 (4.87-5.17) 

Multiple myeloma (C90) 10,916 36.95 61,228 341.7 799 21.62 (20.18-23.18) 4,311 12.62 (12.25-13.00) 398 10.77 (9.76-11.88) 2,179  6.38 (6.11-6.65) 

 Leukaemia (C91-95)  19,611 87.94 111,149 649.24 1,077 12.25 (11.54-13.00) 7,760 11.95 (11.69-12.22) 561  6.38 (5.87-6.93) 3,679  5.67 (5.49-5.85) 

CNS = Central Nervous System; NHL = Non-Hodgkin Lymphoma; PY = person-years; CI = confidence interval. 
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Table S24: Major osteoporotic pelvic fracture incidence in survivors of the 20 most common types of cancers and cancer-free 
controls. 

  Cancer survivors Cancer-free controls Cancer survivors Cancer-free controls 

Cancer type or site 
(ICD-10) 

No. in 
analysis 

PY at 
risk* 

No. in 
analysis 

PY at risk 
No. of 
events 

Rate per 1,000 PY 
(95% CI) 

No. of 
events 

Rate per 1,000 
PY (95% CI) 

Oral cavity (C00-06) 5,266  24.55 31,631  188.76 10  0.41 ( 0.22-0.76) 95  0.50 ( 0.41-0.62) 
Oesophagus (C15) 8,048  20.96 66,543  387.73 11  0.52 ( 0.29-0.95) 233  0.60 ( 0.53-0.68) 

Stomach (C16) 5,436  17.73 41,253  242.44 18  1.02 ( 0.64-1.61) 157  0.65 ( 0.55-0.76) 
Colorectal (C18-20) 67,876  305.12 384,129  2,240.65 221  0.72 ( 0.63-0.83) 1,376  0.61 ( 0.58-0.65) 

Liver (C22) 3,420  7.98 25,502  126.57 8  1.00 ( 0.50-2.01) 66  0.52 ( 0.41-0.66) 
Pancreas (C25) 4,198  9.22 35,778  194.37 5  0.54 ( 0.23-1.30) 127  0.65 ( 0.55-0.78) 

Lung (C34) 32,039  71.23 211,485  1,164.36 57  0.80 ( 0.62-1.04) 683  0.59 ( 0.54-0.63) 
Malignant melanoma (C43) 41,705  227.02 219,667  1,287.91 87  0.38 ( 0.31-0.47) 504  0.39 ( 0.36-0.43) 

Breast (C50) 145,515  822.16 742,221  4,711.69 525  0.64 ( 0.59-0.70) 2,513  0.53 ( 0.51-0.55) 
Cervix (C53) 6,267  34.43 35,698  236.75 28  0.81 ( 0.56-1.18) 75  0.32 ( 0.25-0.40) 

Uterus (C54-55) 13,970  73.84 79,585  475.1 53  0.72 ( 0.55-0.94) 302  0.64 ( 0.57-0.71) 
Ovary (C56) 12,475  57.29 85,766  555.85 25  0.44 ( 0.29-0.65) 353  0.64 ( 0.57-0.70) 

Prostate (C61) 117,875  565.51 612,935  3,364.13 311  0.55 ( 0.49-0.61) 1,258  0.37 ( 0.35-0.40) 
Kidney (C64) 10,819  45.42 64,193  352.98 31  0.68 ( 0.48-0.97) 190  0.54 ( 0.47-0.62) 
Bladder (C67) 36,820  180.14 204,026  1,170.11 123  0.68 ( 0.57-0.81) 630  0.54 ( 0.50-0.58) 
CNS (C71-72) 6,236  21.31 38,949  239.09 13  0.61 ( 0.35-1.05) 57  0.24 ( 0.18-0.31) 
Thyroid (C73) 5,867  32.06 30,776  172.11 11  0.34 ( 0.19-0.62) 43  0.25 ( 0.19-0.34) 
NHL (C82-85) 23,801  112.13 143,890  855.64 90  0.80 ( 0.65-0.99) 365  0.43 ( 0.38-0.47) 

Multiple myeloma (C90) 10,916  36.95 61,228  341.7 39  1.06 ( 0.77-1.44) 212  0.62 ( 0.54-0.71) 
Leukaemia (C91-95) 19,611  87.94 111,149  649.24 73  0.83 ( 0.66-1.04) 361  0.56 ( 0.50-0.62) 

CNS = Central Nervous System; NHL = Non-Hodgkin Lymphoma; PY = person-years; CI = confidence interval. 
* in millions. 
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Table S25: Major osteoporotic hip fracture incidence in survivors of the 20 most common types of cancers and cancer-free 
controls. 

  Cancer survivors 
Cancer-free 

controls 
Cancer survivors Cancer-free controls 

Cancer type or site 
(ICD-10) 

No. in 
analysis 

PY at 
risk* 

No. in 
analysis 

PY at 
risk 

No. of 
events 

Rate per 1,000 PY 
(95% CI) 

No. of 
events 

Rate per 1,000 
PY (95% CI) 

Oral cavity (C00-06)  5,266  24.55  31,631  188.76  53   2.16 ( 1.65- 2.83)  272   1.44 ( 1.28- 1.62) 

Oesophagus (C15)  8,048  20.96  66,543  387.73  50   2.39 ( 1.81- 3.15)  920   2.37 ( 2.22- 2.53) 

Stomach (C16)  5,436  17.73  41,253  242.44  64   3.61 ( 2.83- 4.61)  727   3.00 ( 2.79- 3.22) 

Colorectal (C18-20)  67,876  305.12  384,129  2,240.65  803   2.63 ( 2.46- 2.82)  6,026   2.69 ( 2.62- 2.76) 

Liver (C22)  3,420  7.98  25,502  126.57  22   2.76 ( 1.82- 4.19)  281   2.22 ( 1.98- 2.50) 

Pancreas (C25)  4,198  9.22  35,778  194.37  34   3.69 ( 2.63- 5.16)  627   3.23 ( 2.98- 3.49) 

Lung (C34)  32,039  71.23  211,485  1,164.36  271   3.80 ( 3.38- 4.29)  3,368   2.89 ( 2.80- 2.99) 

Malignant melanoma (C43)  41,705  227.02  219,667  1,287.91  311   1.37 ( 1.23- 1.53)  1,961   1.52 ( 1.46- 1.59) 

Breast (C50)  145,515  822.16  742,221  4,711.69  1,573   1.91 ( 1.82- 2.01)  8,753   1.86 ( 1.82- 1.90) 

Cervix (C53)  6,267  34.43  35,698  236.75  44   1.28 ( 0.95- 1.72)  246   1.04 ( 0.92- 1.18) 

Uterus (C54-55)  13,970  73.84  79,585  475.1  123   1.67 ( 1.40- 1.99)  1,061   2.23 ( 2.10- 2.37) 

Ovary (C56)  12,475  57.29  85,766  555.85  95   1.66 ( 1.36- 2.03)  1,080   1.94 ( 1.83- 2.06) 

Prostate (C61)  117,875  565.51  612,935  3,364.13  1,538   2.72 ( 2.59- 2.86)  7,011   2.08 ( 2.04- 2.13) 

Kidney (C64)  10,819  45.42  64,193  352.98  103   2.27 ( 1.87- 2.75)  670   1.90 ( 1.76- 2.05) 

Bladder (C67)  36,820  180.14  204,026  1,170.11  490   2.72 ( 2.49- 2.97)  2,932   2.51 ( 2.42- 2.60) 

CNS (C71-72)  6,236  21.31  38,949  239.09  26   1.22 ( 0.83- 1.79)  297   1.24 ( 1.11- 1.39) 

Thyroid (C73)  5,867  32.06  30,776  172.11  25   0.78 ( 0.53- 1.15)  166   0.96 ( 0.83- 1.12) 

NHL (C82-85)  23,801  112.13  143,890  855.64  247   2.20 ( 1.94- 2.50)  1,601   1.87 ( 1.78- 1.97) 

Multiple myeloma (C90)  10,916  36.95  61,228  341.7  150   4.06 ( 3.46- 4.76)  894   2.62 ( 2.45- 2.79) 

Leukaemia (C91-95)  19,611  87.94  111,149  649.24  198   2.25 ( 1.96- 2.59)  1,523   2.35 ( 2.23- 2.47) 

CNS = Central Nervous System; NHL = Non-Hodgkin Lymphoma; PY = person-years; CI = confidence interval. 
* in millions. 
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Table S26: Major osteoporotic wrist fracture incidence in survivors of the 20 most common types of cancers and cancer-free 
controls. 

  Cancer survivors Cancer-free controls Cancer survivors Cancer-free controls 

Cancer type or site 
(ICD-10) 

No. in 
analysi

s 

PY at 
risk* 

No. in 
analysi

s 
PY at risk 

No. of 
events 

Rate per 1,000 PY 
(95% CI) 

No. of 
events 

Rate per 1,000 
PY (95% CI) 

Oral cavity (C00-06) 5,266  24.55 31,631  188.76  39  1.59 ( 1.16- 2.17) 249  1.32 ( 1.17- 1.49) 
Oesophagus (C15) 8,048  20.96 66,543  387.73  24  1.15 ( 0.77- 1.71) 514  1.33 ( 1.22- 1.45) 

Stomach (C16) 5,436  17.73 41,253  242.44  47  2.65 ( 1.99- 3.53) 366  1.51 ( 1.36- 1.67) 
Colorectal (C18-20) 67,876  305.12 384,129  2,240.65  607  1.99 ( 1.84- 2.15) 3,830  1.71 ( 1.66- 1.76) 

Liver (C22) 3,420  7.98 25,502  126.57  9  1.13 ( 0.59- 2.17) 177  1.40 ( 1.21- 1.62) 
Pancreas (C25) 4,198  9.22 35,778  194.37  16  1.73 ( 1.06- 2.83) 365  1.88 ( 1.69- 2.08) 

Lung (C34) 32,039  71.23 211,485  1,164.36  140  1.97 ( 1.67- 2.32) 2,040  1.75 ( 1.68- 1.83) 
Malignant melanoma (C43) 41,705  227.02 219,667  1,287.91  393  1.73 ( 1.57- 1.91) 2,039  1.58 ( 1.52- 1.65) 

Breast (C50) 145,515  822.16 742,221  4,711.69  2,431  2.96 ( 2.84- 3.08) 11,672  2.48 ( 2.43- 2.52) 
Cervix (C53) 6,267  34.43 35,698  236.75  52  1.51 ( 1.15- 1.98) 432  1.82 ( 1.66- 2.01) 

Uterus (C54-55) 13,970  73.84 79,585  475.10  219  2.97 ( 2.60- 3.39) 1,333  2.81 ( 2.66- 2.96) 
Ovary (C56) 12,475  57.29 85,766  555.85  149  2.60 ( 2.22- 3.05) 1,477  2.66 ( 2.53- 2.80) 

Prostate (C61) 117,875  565.51 612,935  3,364.13  711  1.26 ( 1.17- 1.35) 2,435  0.72 ( 0.70- 0.75) 
Kidney (C64) 10,819  45.42 64,193  352.98  71  1.56 ( 1.24- 1.97) 573  1.62 ( 1.50- 1.76) 
Bladder (C67) 36,820  180.14 204,026  1,170.11  258  1.43 ( 1.27- 1.62) 1,508  1.29 ( 1.23- 1.36) 
CNS (C71-72) 6,236  21.31 38,949  239.09  40  1.88 ( 1.38- 2.56) 297  1.24 ( 1.11- 1.39) 
Thyroid (C73) 5,867  32.06 30,776  172.11  51  1.59 ( 1.21- 2.09) 263  1.53 ( 1.35- 1.72) 
NHL (C82-85) 23,801  112.13 143,890  855.64  174  1.55 ( 1.34- 1.80) 1,370  1.60 ( 1.52- 1.69) 

Multiple myeloma (C90) 10,916  36.95 61,228  341.70  34  0.92 ( 0.66- 1.29) 597  1.75 ( 1.61- 1.89) 
Leukaemia (C91-95) 19,611  87.94 111,149  649.24  136  1.55 ( 1.31- 1.83) 1,023  1.58 ( 1.48- 1.68) 

CNS = Central Nervous System; NHL = Non-Hodgkin Lymphoma; PY = person-years; CI = confidence interval. 
* in millions. 
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Table S27: Major osteoporotic spine fracture incidence in survivors of the 20 most common types of cancers and cancer-free 
controls. 

  Cancer survivors Cancer-free controls Cancer survivors Cancer-free controls 

Cancer type or site 
(ICD-10) 

No. in 
analysis 

PY at 
risk 

No. in 
analysis 

PY at 
risk 

No. of 
events 

Rate per 1,000 PY 
(95% CI) 

No. of 
events 

Rate per 1,000 PY 
(95% CI) 

Oral cavity (C00-06) 5,266  24.55 31,631  188.76 27  1.10 ( 0.75- 1.60) 128  0.68 ( 0.57- 0.81) 
Oesophagus (C15) 8,048  20.96 66,543  387.73 47  2.24 ( 1.69- 2.98) 379  0.98 ( 0.88- 1.08) 

Stomach (C16) 5,436  17.73 41,253  242.44 24  1.35 ( 0.91- 2.02) 235  0.97 ( 0.85- 1.10) 
Colorectal (C18-20) 67,876  305.12 384,129  2240.65 408  1.34 ( 1.21- 1.47) 2,275  1.02 ( 0.97- 1.06) 

Liver (C22) 3,420  7.98 25,502  126.57 12  1.50 ( 0.85- 2.65) 117  0.92 ( 0.77- 1.11) 
Pancreas (C25) 4,198  9.22 35,778  194.37 14  1.52 ( 0.90- 2.56) 212  1.09 ( 0.95- 1.25) 

Lung (C34) 32,039  71.23 211,485  1164.36 144  2.02 ( 1.72- 2.38) 1,321  1.13 ( 1.07- 1.20) 
Malignant melanoma (C43) 41,705  227.02 219,667  1287.91 172  0.76 ( 0.65- 0.88) 980  0.76 ( 0.71- 0.81) 

Breast (C50) 145,515  822.16 742,221  4711.69 900  1.09 ( 1.03- 1.17) 3,930  0.83 ( 0.81- 0.86) 
Cervix (C53) 6,267  34.43 35,698  236.75 23  0.67 ( 0.44- 1.01) 113  0.48 ( 0.40- 0.57) 

Uterus (C54-55) 13,970  73.84 79,585  475.1 69  0.93 ( 0.74- 1.18) 491  1.03 ( 0.95- 1.13) 
Ovary (C56) 12,475  57.29 85,766  555.85 47  0.82 ( 0.62- 1.09) 465  0.84 ( 0.76- 0.92) 

Prostate (C61) 117,875  565.51 612,935  3364.13 836  1.48 ( 1.38- 1.58) 3,205  0.95 ( 0.92- 0.99) 
Kidney (C64) 10,819  45.42 64,193  352.98 61  1.34 ( 1.04- 1.73) 328  0.93 ( 0.83- 1.04) 
Bladder (C67) 36,820  180.14 204,026  1170.11 211  1.17 ( 1.02- 1.34) 1,208  1.03 ( 0.98- 1.09) 
CNS (C71-72) 6,236  21.31 38,949  239.09 22  1.03 ( 0.68- 1.57) 129  0.54 ( 0.45- 0.64) 
Thyroid (C73) 5,867  32.06 30,776  172.11 28  0.87 ( 0.60- 1.26) 93  0.54 ( 0.44- 0.66) 
NHL (C82-85) 23,801  112.13 143,890  855.64 129  1.15 ( 0.97- 1.37) 751  0.88 ( 0.82- 0.94) 

Multiple myeloma (C90) 10,916  36.95 61,228  341.7 163  4.41 ( 3.78- 5.14) 384  1.12 ( 1.02- 1.24) 
Leukaemia (C91-95) 19,611  87.94 111,149  649.24 125  1.42 ( 1.19- 1.69) 586  0.90 ( 0.83- 0.98) 

CNS = Central Nervous System; NHL = Non-Hodgkin Lymphoma; PY = person-years; CI = confidence interval. 
* in millions. 
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Table S28: Major osteoporotic proximal humerus fracture incidence in survivors of the 20 most common types of cancers and 
cancer-free controls. 

  Cancer survivors Cancer-free controls Cancer survivors Cancer-free controls 

Cancer type or site 
(ICD-10) 

No. in 
analysis 

PY at 
risk* 

No. in 
analysis 

PY at 
risk 

No. of 
events 

Rate per 1,000 PY 
(95% CI) 

No. of 
events 

Rate per 1,000 PY 
(95% CI) 

Oral cavity (C00-06) 5,266  24.55  31,631  188.76  11 0.45 ( 0.25- 0.81) 50 0.26 ( 0.20- 0.35) 

Oesophagus (C15) 8,048  20.96  66,543  387.73  13 0.62 ( 0.36- 1.07) 138 0.36 ( 0.30- 0.42) 

Stomach (C16) 5,436  17.73  41,253  242.44  9 0.51 ( 0.26- 0.98) 103 0.42 ( 0.35- 0.52) 

Colorectal (C18-20) 67,876  305.12  384,129  2,240.65  129 0.42 ( 0.36- 0.50) 950 0.42 ( 0.40- 0.45) 

Liver (C22) 3,420  7.98  25,502  126.57  4 0.50 ( 0.19- 1.34) 43 0.34 ( 0.25- 0.46) 

Pancreas (C25) 4,198  9.22  35,778  194.37  3 0.33 ( 0.10- 1.01) 69 0.35 ( 0.28- 0.45) 

Lung (C34) 32,039  71.23  211,485  1,164.36  38 0.53 ( 0.39- 0.73) 459 0.39 ( 0.36- 0.43) 

Malignant melanoma (C43) 41,705  227.02  219,667  1,287.91  83 0.37 ( 0.29- 0.45) 423 0.33 ( 0.30- 0.36) 

Breast (C50) 145,515  822.16  742,221  4,711.69  402 0.49 ( 0.44- 0.54) 2188 0.46 ( 0.45- 0.48) 

Cervix (C53) 6,267  34.43  35,698  236.75  11 0.32 ( 0.18- 0.58) 76 0.32 ( 0.26- 0.40) 

Uterus (C54-55) 13,970  73.84  79,585  475.10  51 0.69 ( 0.52- 0.91) 270 0.57 ( 0.50- 0.64) 

Ovary (C56) 12,475  57.29  85,766  555.85  22 0.38 ( 0.25- 0.58) 278 0.50 ( 0.44- 0.56) 

Prostate (C61) 117,875  565.51  612,935  3,364.13  219 0.39 ( 0.34- 0.44) 860 0.26 ( 0.24- 0.27) 

Kidney (C64) 10,819  45.42  64,193  352.98  19 0.42 ( 0.27- 0.66) 123 0.35 ( 0.29- 0.42) 

Bladder (C67) 36,820  180.14  204,026  1,170.11  74 0.41 ( 0.33- 0.52) 421 0.36 ( 0.33- 0.40) 

CNS (C71-72) 6,236  21.31  38,949  239.09  5 0.23 ( 0.10- 0.56) 55 0.23 ( 0.18- 0.30) 

Thyroid (C73) 5,867  32.06  30,776  172.11  9 0.28 ( 0.15- 0.54) 39 0.23 ( 0.17- 0.31) 

NHL (C82-85) 23,801  112.13  143,890  855.64  42 0.37 ( 0.28- 0.51) 272 0.32 ( 0.28- 0.36) 

Multiple myeloma (C90) 10,916  36.95  61,228  341.70  14 0.38 ( 0.22- 0.64) 124 0.36 ( 0.30- 0.43) 

Leukaemia (C91-95) 19,611  87.94  111,149  649.24  36 0.41 ( 0.30- 0.57) 243 0.37 ( 0.33- 0.42) 

CNS = Central Nervous System; NHL = Non-Hodgkin Lymphoma; PY = person-years; CI = confidence interval. 
* in millions. 
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Table S29: Estimated cumulative risk of any bone fracture and major osteoporotic fracture in cancer 

survivors at 5 and 10 years after cancer diagnosis. Follow up started at 1 year.  

 

 Cumulative incidence (%) 

 Any fracture Major osteoporotic 

fracture 

Cancer type or site  

(ICD-10) 

Years after 

diagnosis 

Men Women Men Women 

Oral cavity (C00-06) 
5 3.3 6.1 1.3 2.9 

10 8.0 14.5 3.4 7.5 

Oesophagus (C15) 
5 3.7 7.3 1.8 3.6 

10 9.5 18.0 5.3 10.3 

Stomach (C16) 
5 4.6 8.3 2.6 4.9 

10 11.2 19.6 7.2 13.3 

Colorectal (C18-20) 
5 3.3 6.1 1.6 3.0 

10 8.4 15.2 4.5 8.6 

Liver (C22) 
5 5.3 10.1 2.5 4.7 

10 12.6 22.6 6.7 12.2 

Pancreas (C25) 
5 4.5 8.9 2.3 4.6 

10 11.0 20.6 5.8 11.3 

Lung (C34) 
5 4.7 9.4 2.6 5.0 

10 11.7 22.3 7.1 13.5 

Malignant melanoma (C43) 
5 2.9 5.2 1.1 2.2 

10 7.1 12.4 3.1 5.8 

Breast (C50) 
5 - 5.6 - 2.2 

10 - 13.8 - 6.2 

Cervix (C53) 
5 - 4.6 - 2.3 

10 - 10.4 - 5.0 

Uterus (C54-55) 
5 - 4.6 - 2.2 

10 - 11.2 - 6.0 

Ovary (C56) 
5 - 5.2 - 2.2 

10 - 12.6 - 5.9 

Prostate (C61) 
5 4.2 - 2.0 - 

10 11.1 - 6.1 - 

Kidney (C64) 
5 4.0 7.3 1.7 3.3 

10 9.6 17.1 4.8 8.7 

Bladder (C67) 
5 3.4 6.4 1.7 3.3 

10 8.9 16.1 5.1 9.6 

CNS (C71-72) 
5 4.0 7.2 1.4 3.1 

10 9.1 15.9 3.9 8.3 

Thyroid (C73) 
5 1.8 3.2 0.8 1.4 

10 4.6 7.9 2.2 3.9 

NHL (C82-85) 
5 3.2 5.8 1.5 2.7 

10 8.0 14.1 4.2 7.7 

Multiple myeloma (C90) 
5 5.6 9.7 2.7 5.0 

10 14.3 23.8 7.8 13.9 

Leukaemia (C91-95) 
5 3.3 6.3 1.6 3.1 

10 8.2 15.4 4.4 8.6 

Cumulative incidence predicted from a Royston-Parmar model including age, sex (when applicable), BMI (cubic 

spline), index of multiple deprivation, smoking, problematic alcohol use, use of corticosteroids, bisphosphonates, 

and hormone replacement therapy, and history of chronic kidney disease, liver disease, epilepsy, and 

autoimmune conditions, with the baseline hazard parametrised as a three-degrees-of-freedom cubic spline; 

predictions standardised to the covariate distribution of the cancer survivor group. 
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Table S30: Results from systematic review 

Study 
(author, 
year) 

Study 
Design Data source/ setting 

Cancer 
sites Control group 

Start 
follow-up Exclusions 

Age profile 
in years 

Fracture 
outcomes Adjustment covariates 

Handling 
of prior 
fractures 

Study 
size 

Average 
follow-up Main results 

Rees-Punia, 
2023 

Cohort Prospective study of 
cancer patients, 
linked with Medicare 
claims, 1999-2017, 
United States 

Any No cancer 
history at start 
follow-up, 
selected from 
Medicare 

Latest of 
receipt of 
survey sent 
in 1999- 
and 1-year 
following 
cancer 
diagnosis  

Non-invasive 
cancer, 
unverified 
cancer 

Mean [SD]  
69.4 [6.0]  

Any fracture 
and site-
specific 
fracture 

Age, sex, race, ethnicity, 
region, physical activity, 
BMI, alcohol consumption, 
smoking, comorbidity 
score, diet quality, age at 
menopause, HRT, self-
reported fracture history 
prior to baseline, 
radiotherapy, and 
chemotherapy 

In 
adjustment 
set 

No 
cancer 
history: 
78 272  
Any 
cancer: 
14 159 

Unclear Cancer survivors 
diagnosed 1 to less 
than 5 years earlier 
with advanced stage 
cancer had higher 
risk of fracture 
(HR, 2.12; 95% CI, 
1.75-2.58). The 
higher fracture risk in 
cancer survivors with 
recent advanced 
stage diagnosis (vs 

no cancer) was 
driven largely by 
vertebral (HR, 2.46; 
95% CI, 1.93-3.13) 
and hip (HR, 2.46; 
95% CI, 1.84-3.29) 
fracture sites. 
Evidence of 
increased risk 
fracture in 4 years 
following diagnosis, 
but not thereafter. 

Hsieh, 2018  Cross-
sectiona
l 

Cross-sectional study, 
China 

Breast  Healthy 
community-
dwelling 
postmenopausal 
women from 
Beijing, age- 
and BMI-
matched 

N/A - cross-
sectional 
study 

1) initiated 
breast cancer 
therapy in last 
5 years, 2) 
history of bone 
metastases, 2) 
osteoporosis 
or 
osteoporosis 
therapy prior 

to breast 
cancer 
diagnosis, 3) 
metabolic or 
inherited bone 
disease, 4) 
corticosteroid 
or 
anticonvulsive 
therapy for > 6 
months or 
within the last 
12 months, 5) 

conditions 
leading to 
secondary 
osteoporosis. 

50–70 
years at 
enrolment 

Vertebral  Age, BMI, Parity, Age of 
Menarche, 25OHD level, 
Education, Personal 
History of Fracture, 
Calcium Supplement Use 

In 
adjustment 
set 

Breast 
cancer: 
200 
Controls: 
200 

N/A - 
cross-
sectional 
study 

OR 4.16 (95%CI 
1.69–10.21) 

https://bmccancer.biomedcentral.com/articles/10.1186/s12885-018-4014-5#auth-Evelyn-Hsieh
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Study 
(author, 
year) 

Study 
Design Data source/ setting 

Cancer 
sites Control group 

Start 
follow-up Exclusions 

Age profile 
in years 

Fracture 
outcomes Adjustment covariates 

Handling 
of prior 
fractures 

Study 
size 

Average 
follow-up Main results 

Fraenkel, 
2015 

Cohort Medical records 
among women 
undergoing bone 
mineral density (BMD) 
tests between 2003 
and 2011 at a medical 

centre, Israel 

Breast 
cancer at 
BMD test 

Women without 
breast cancer at 
BMD test 

BMD test Participants 
under 18 
years at BMD 
test 

Age at first 
fracture: 
Breast 
cancer: 
68.8 (±8.8) 
No breast 

cancer: 
68.8 (±10.2) 

Osteoporoti
c fracture 

Age, BMI and BMD Not 
reported 

17110 Median 
4.9 years 

Any fracture: HR 
1.34 (95% CI 1.04-
1.73) 

Kanis, 1999 Cohort Data from breast 
cancer trials 

assessing effects of 
clodronate 

Breast, 
incident, 

prevalent or 
recurrent 

Community 
based controls, 

age-matched 

Study 
enrolment 

Skeletal 
metastases 

Controls 
aged 45-69 

years 

Vertebral Age, duration of follow-up 
and prevalent fracture 

In 
adjustment 

set 

Controls: 
776 

Mean  
Incident 

breast 
cancer: 
2.1 
Soft-
tissue 
relapse: 
1.8 

Controls 
2.9 

Incident breast 
cancer: OR 4.7 (95% 

CI 2.3–9.9) 
Women with soft-
tissue metastases 
without evidence of 
skeletal metastases: 
OR 22.7 (95% CI, 
9.1–57.1) 

Melton, 2012 Cohort All women who 
resided in Olmsted 
County when first 
diagnosed with tissue-
confirmed, invasive 

breast cancer in 
1990to 1999, USA 

Breast Expected 
numbers were 
derived from 
local calendar 
year-, age- and 

sex-specific 
incidence rates 

Breast 
cancer 
diagnosis 

Non-invasive 
cancer 

mean 
age61.6 
(14.8) year 

Any fracture 
and site-
specific 
fracture 

Calendar year, age and 
sex 

Not 
reported 

608 with 
breast 
cancer 

median 
10.4 year 

Any site: 
standardized 
incidence ratio 1.8 
(1.6–2.1) 

Tsa, 2013 Cohort Claims data 2000-
2009, Taiwan 

Breast, 
diagnosed 
between 
2000-2003 

Women without 
cancer, 
frequency 
matched with 
age and index 
date (the date 
for a health care 
visit).  

Breast 
cancer 
diagnosis 

Age under 20 
years, 
diagnosis of 
other cancer, 
history of hip, 
distal forearm, 
and vertebral 
fracture. 

 ≥ 20 years Any fracture 
and site-
specific 
fracture 

Age, area, fracture history Excluded 
women with 
history of 
major 
fracture at 
baseline 
and 
included 
other 
fractures in 
adjustment 

set 

Breast 
cancer: 
22,076 
Controls: 
88,304  

Not 
specified 

Any fracture: HR 
1.16 (95% CI 1.07–
1.27) 
Hip: HR 1.18 (95% 
CI 1.03-1.35) 
Vertebral: HR 1.24 
(95% CI 1.04-1.48) 
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Study 
(author, 
year) 

Study 
Design Data source/ setting 

Cancer 
sites Control group 

Start 
follow-up Exclusions 

Age profile 
in years 

Fracture 
outcomes Adjustment covariates 

Handling 
of prior 
fractures 

Study 
size 

Average 
follow-up Main results 

Chen, 2005 Cohort Prospective cohort 
study within the 
Women’s Health 
Initiative, using 
questionnaire data 
from post-

menopausal women 
enrolled 1994-1998, 
United States 

Breast 
(history of 
at 
enrolment) 

Cancer-free 
individuals at 
enrolment 

Enrolment 
in cohort 
study 

Women with 
history of 
cancer other 
than breast 
cancer at 
enrolment 

50-79 at 
enrolment 

Any fracture 
and site-
specific 
fracture 

Age, weight, ethnicity, and 
geographic region of 
enrolment 

Further 
adjusted for 
fracture 
history in 
secondary 
analyses; 

results were 
unchanged. 

Prevalen
t breast 
cancer: 
5298 
Controls: 
80848 

5.1 Any: HR 1.31 (95% 
CI, 1.21-1.41)  
Hip: HR 0.93 (95%CI 
0.64-1.33)  
Forearm or wrist: HR 
1.36 (95% CI, 1.16-

1.59)  
Other: HR 1.31(95% 
CI, 1.19-1.43)  

Pawloski, 
2013 

Cohort Multi-site prospective 
cohort study, United 

States 

Breast 
cancer, 

diagnosed 5 
years 
previously 

Cancer-free 
individuals, 

matched on 
age, study site, 
and enrolment 
year  

5 years 
following 

breast 
cancer 
diagnosis 

breast cancer 
recurrence in 

the 5 years 
preceding the 
study period 

 ≥ 65 years Any fracture 
and site-

specific 
fracture 

Study site, age, race, BMI, 
tumour, treatment 

variables at diagnosis, 
smoking status, comorbid 
conditions, drug exposure 
associated with an effect 
on bone health 

Data on 
history of 

fracture not 
available 

Breast 
cancer: 

1286 
Controls: 
1286 

Median, 
cancer 

survivors:  
6.0 years; 
controls: 
6.5 years  

Any fracture: HR 1.1 
(95% 0.9–1.3) 

Lamont, 2003 Cohort National Cancer 
Institute's Surveillance 
Epidemiology and 
End Results (SEER) 
Medicare program 
and a 5% sample of 
Medicare, post-

menopausal women, 
United States 

Breast 
cancer, 
diagnosed 
aged 55 
and 64 
years  

Women without 
breast cancer 

Age 67 
years 

Patients with 
stage III or IV 
disease or 
active breast 
cancer at ages 
65 or 66 years 

 ≥ 67 years Hip Age, race, socioeconomic 
status, geographic 
location, cohort entry year, 
and medical comorbidity. 

Not 
reported 

Breast 
cancer: 
5980 
Controls: 
23165 

Maximum 
5 years 

RR 0.63 (95% CI: 
0.43–0.94) 
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Study 
(author, 
year) 

Study 
Design Data source/ setting 

Cancer 
sites Control group 

Start 
follow-up Exclusions 

Age profile 
in years 

Fracture 
outcomes Adjustment covariates 

Handling 
of prior 
fractures 

Study 
size 

Average 
follow-up Main results 

Chen, 2009 Cohort 
and trial 
data 

Women’s Health 
Initiative, post-
menopausal women 
enrolled 1994-1998 in 
clinical trial or 
observational study, 

United States 

Breast or 
other 
cancer 

Cancer-free 
individuals at 
enrolment 

Enrolment 
in cohort 
study or trial 

Women with 
history of 
cancer at 
enrolment 

50-79 years 
at 
enrolment 

Any fracture 
and site-
specific 
fracture 

Age, years since 
menopause, ethnicity, 
education, living with 
partner, smoking, general 
health, parity, hormone 
therapy, sedatives or 

psychotics or hypnotic 
drug use, depressive 
symptoms or anti-
depressant use, arthritis, 
corticosteroid use, weight, 
height, physical activity, 
total calcium intake, 
vitamin D intake, energy 
intake, alcohol, caffeine, 
parent broke bone after 
age 40, family history of 
cancer, Gail score, HT 
trial assignment, DM trial 
assignment, CaD trial 
assignment, study 

participation, 
hysterectomy status and 
history of fracture after 55 
years of age. 

History of 
fracture 
after 55 
years of 
age in 
adjustment 

set 

Incident 
invasive 
BC: 
4,804 
Incident 
other 

cancer: 
N=8,242 
No-
cancer: 
132,840 

7.8 (1.7) Any fracture 
Breast:  HR 1.02 
(0.89, 1.18) 
Other cancer: HR 
1.33 (1.18, 1.49) 
 

Hip 
Breast:  HR 1.55 
(1.13, 2.11) 
Other cancer: HR 
2.09 (1.65, 2.65) 

Choi, 2021 Cohort Population-based 
survey (baseline and 
follow-up survey)  

among female urban 
resident participants 
40-79 years at 
baseline, 2006-2016, 
Korea 

Cervical 
(obtained at 
baseline) 

Women without 
cervical cancer 

2012 Participants 
with history of 
cancer; 

missing data 
on height, 
weight, 
smoking, 
alcohol use, 
hypertension, 
diabetes, 

dyslipidaemia, 
arthritis, 
thyroid 
disease, 
osteoporosis, 
oophorectomy
. 

Cancer 
cases: 55.0 
(8.1)  

Controls: 
52.6 (8.1) 

Osteoporoti
c fracture 

BMI, the number of 
children, the summation of 
oral contraceptive 

medication year, 
hypertension, diabetes 
mellitus, dyslipidaemia, 
arthritis, thyroid disease, 
smoking, drinking alcohol, 
history of hysterectomy, 
history of oophorectomy, 

and osteoporosis 

Prior 
fractures 
may be 

included in 
the 
outcome 

cervical 
cancer 
(n=493) 

and 
control 
participa
nts (n= 
77,571) 

  OR 1.06 (95% CI 
0.82–1.38) 
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Study 
(author, 
year) 

Study 
Design Data source/ setting 

Cancer 
sites Control group 

Start 
follow-up Exclusions 

Age profile 
in years 

Fracture 
outcomes Adjustment covariates 

Handling 
of prior 
fractures 

Study 
size 

Average 
follow-up Main results 

Shin, 2019 Cohort Korean national 
health insurance data 

Gastric 
cancer after 
gastrectomy 

General 
population, 
propensity score 
matched 

Date of 
gastrectomy 

Other cancers, 
treated with 
medications 
for 
osteoporosis, 
previous 

admission for 
osteoporotic 
fracture 

 mean age 
at 
gastrectomy 
was 58.4 
(611.8). 

Osteoporoti
c fracture  

Propensity score matched 
on baseline age, sex, 
residence, income, and 
disability.  

Excluded 
individuals 
with history 
of 
osteoporotic 
fractures 

133179 
cancer 
survivors 
133179 
controls 

mean 
4.50 
years 

Any gastric cancer: 
HR 1.61 (95% CI 
1.53–1.70) 
Total gastrectomy: 
HR 2.18 (95% CI 
1.96–2.44) 

Subtotal 
gastrectomy: HR 
1.48 (95% CI 1.40–
1.57)  
Adjuvant 
chemotherapy: HR 
2.01 (95% CI 1.81–
2.23)  
(all compared to 
cancer-free 
comparators) 

Melton, 2005 Cohort All women who 
resided in Olmsted 
County when first 
diagnosed with 
myeloma in 1945 to 
2001, US 

Multiple 
myeloma 

Expected 
numbers of 
fractures were 
derived from 
local calendar 
year-, age- and 
sex-specific 
incidence rates 

Myeloma 
diagnosis 

None reported mean age, 
70.7 ± 11.1 
years 

Any fracture 
and site-
specific 
fracture 

Calendar year, age and 
sex 

Not 
accounted 
for in 
analysis 

165 with 
myeloma 

Total 
follow-up 
reported: 
537 
person-
years 
(mean 3.3 
years) 

Any fracture: SIR 
10.88.9 (7.2–11) 

Oortgiesen, 
2020 

Case-
control 

Administrative data, 
1996-2011, split into 
three cohorts 
according to date of 
fracture was: 1996–
2000, 2001–2006 and 
2007–2011, Denmark 

Multiple 
myeloma 

Individuals 
without a 
fracture 

N/A - case-
control 
study 

None Mean age 
in each time 
cohort was 
53 (SD 
21.9), 54 
(SD 21.1), 
and 55 (SD 
20.6) years, 

Any fracture 
and site-
specific 
fracture 

Use of antidepressants, 
bisphosphonates, 
antiepileptics, hypnotics, 
proton pump inhibitors in 
the past 6 months, 
malignancies, and 
fractures prior to 1996.  

In 
adjustment 
set 

925,341 
cases 
925,341 
controls 

N/A - 
case-
control 
study 

Any fracture: 
1996–2000: OR 1.7 
(95% CI 1.3–2.3) 
2001–2006: OR 1.3 
(95% CI 1.1–1.6) 
2007–2011: OR 1.7 
(95% CI 1.4–2.2) 
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Study 
(author, 
year) 

Study 
Design Data source/ setting 

Cancer 
sites Control group 

Start 
follow-up Exclusions 

Age profile 
in years 

Fracture 
outcomes Adjustment covariates 

Handling 
of prior 
fractures 

Study 
size 

Average 
follow-up Main results 

Nelson, 2023 Cohort 
and trial 
data 

Women’s Health 
Initiative, post-
menopausal women 
enrolled 1994-1998 in 
clinical trial or 
observational study, 

United States 

Pelvic Women without 
pelvic cancer 

Enrolment 
in cohort 
study or trial 

Women with 
history of 
cancer at 
enrolment 

50-79 years 
at 
enrolment 

Pelvic Race, ethnicity, education, 
physical activity, 
bisphosphonate use, 
FRAX 10-year hip fracture 
risk, history of treated 
diabetes, hysterectomy, 

bilateral oophorectomy, 
calcium intake, and 
vitamin D intake 

Adjusted for 
10-year hip 
fracture 
risk, which 
includes 
fracture 

history 

Pelvic 
cancer: 
4451 
No pelvic 
cancer: 
131,292 

17.7 
years 
from 
enrolment 

Pelvic fracture: 
HR=1.26 (95% CI 
1.11 to 1.43)  Risk 
only observed in 
those undergoing 
pelvic radiation. 

No increased risk of 
radial fracture 

Abrahamsen, 
2007 

Case-
control 

Registry data 1977-
2000, Denmark 

Prostate Men without 
fracture, age 
matched.  

N/A - case-
control 
study 

None reported >50 years Any fracture 
and site-
specific 

fracture 

Age, prior fracture, single 
living and income band 

In 
adjustment 
set 

Fracture 
cases: 
15716  

Controls: 
47149 

N/A - 
case-
control 

study 

All fractures: OR 2.2 
(95% CI 1.9–2.5) 
Hip: OR 2.4 (95% CI 

2.0–2.9) 
Vertebral: OR 1.1 
(95% CI 0.7–1.6) 
Risk was similar 
according to time 
since diagnosis.  

Shin, 2020 Cohort National health 
records, Korea 

Prostate General 
population 
controls 

Follow-up 
started 1-
year post-
cancer 

age < 40 
years, history 
of disability 
registration, 
osteoporotic 
fracture, and 
follow-up < 1 
year 

 ≥ 40 years Any fracture 
and site-
specific 
fracture 

Age, income, diabetes 
mellitus, hypertension, 
dyslipidaemia, chronic 
kidney disease, 
osteoporosis, rheumatoid 
arthritis, and Charlson 
comorbidity index 

Excluded 
those with 
history of 
osteoporotic 
fracture 

Prostate 
cancer: 
41,733 
Controls 

4.3 and 
4.6 years 
for the 
prostate 
cancer 
survivors 
and 
matched 
control 

subjects, 
respectiv
ely 

Any fracture: 
HR 1.39 (95% CI 
1.33–1.45) 
Among those with 
ADT treatment: HR 
1.92 (95% CI 1.82, 
2.02) 
Among those with 
surgery: HR 0.89 

(95% CI 0.82, 0.96) 
 
Similar patterns seen 
for vertebral, hip and 
other fractures 

Papaleontiou, 
2019 

Cohort Veterans Health 
Database 2004-2013, 

United States 

Thyroid Individuals 
without thyroid 

cancer, 
matched on 
age, sex, 
weight, steroid 
use 

Unclear Patients with 
traumatic or 

pathological 
fractures were 
excluded from 
the analyses. 
Thyroid cancer 
patients not on 
HRT or 
without at 
least 2 
outpatient 
TSH 
measurements 
after cancer 
diagnosis.  

 ≥ 18 years Any fracture median household 
income, Charlson/Deyo 

comorbidity score, and 
androgen use 

Not 
accounted 

for.  

thyroid 
cancer: 

10,370 
controls: 
10,370  

52 
months 

Any fracture: OR 
0.72 (95% CI 0.60–

0.86)  
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(author, 
year) 

Study 
Design Data source/ setting 

Cancer 
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Start 
follow-up Exclusions 

Age profile 
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outcomes Adjustment covariates 

Handling 
of prior 
fractures 

Study 
size 

Average 
follow-up Main results 

Vesterguaard, 
2009 

Case-
control 

Registry data for all 
inhabitants 1977 to 
2000, Denmark,  

Various Age and gender 
matched 
controls 

N/A - case-
control 
study 

None reported Any age Any fracture 
and site-
specific 
fracture 

Other cancers, use of 
corticosteroids, 
alcoholism, use of pain 
medication (morphine and 
other opioid agonists, 
NSAIDs, Acetylsalicylic 

acid, and acetaminophen), 
and prior fracture 

In 
adjustment 
set 

Fracture 
cases: 
124 655   
Controls: 
373 962  

N/A - 
case-
control 
study 

Lung cancer, 
prostate cancer, 
multiple myeloma, 
bone metastases, 
and metastases in 
other locations were 

associated with an 
increased overall risk 
of fractures. The 
other cancer types 
were not associated 
with risk of any 
fracture.  
 
Some evidence of 
high risk of fracture 
early after diagnosis, 
which then declined.  

 

Database and interface: Ovid MEDLINE(R) ALL 1946 to May 11, 2023; Date of search: 15-05-2023. 

Search expression: 

1. exp Neoplasms/ 

2. 
(cancer* or neoplas* or malignanc*).mp. [mp=title, book title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, 

organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms, population supplementary concept word, 

anatomy supplementary concept word] 

3. 1 or 2 

4. 
(survivor* or recover*).mp. [mp=title, book title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism 

supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms, population supplementary concept word, anatomy 

supplementary concept word] 

5. 3 and 4 

6. cancer survivor.mp. or exp Cancer Survivors/ 

7. 5 or 6 

8. bone fracture.mp. or exp Fractures, Bone/ 

9. 7 and 8 
 

Results: 427 
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Figure S1A: Flowchart of the selection of the cohorts used in analysis: CPRD GOLD 

primary care dataset. 

 

 

  
2,811,813 unacceptable for research  

1,069 undetermined sex 

1,017,199 no continuous registration with the GP practice  

11,515,267 unavailable for linkage to other datasets 

23,230,380 individuals in CPRD July 2021 GOLD primary care database 

63,860 adults with incident cancer 

available for cancer-specific analyses 

7,885,032 individuals with primary care data eligible for linkage to other datasets 

243,019 individuals with cancer in primary 

care and/or hospital admission data  

3,209,290 adults with no history of 
cancer, after 12 months of continuous 
follow up with the practice. 
 

449,711 adults with no history of cancer 

at index date, matched on age, sex and 

primary care practice 

52,978 individuals diagnosed with 

a cancer other than the 20 eligible 

for the study 

190,041 adults with an incident 

primary cancer of the 20 sites eligible 

for the study  

51,112 individuals with no controls 
33,279 individuals with <12 months of 

follow-up prior to cancer 
128 mismatch between cancer site 
and sex (e.g., prostate cancer in 

women) 
41,662 individuals with <12mo follow 

up after cancer diagnosis 

Matched  
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Figure S1B: Flowchart of the selection of the cohorts used in analysis: CPRD Aurum 

primary care dataset.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NB. In the main analysis, follow up started 1-year post-index date (i.e. the date of cancer 

diagnosis in the exposed cohort; the date of cancer diagnosis of the matched pair in the 

unexposed cohort). In sensitivity analysis, we started follow up at index date. 

 

514,300 adults with an incident primary 
cancer of the 20 sites eligible for the 

study after at least 12 months of 
registration with the practice 

2,776,693 adults with no history of 
cancer at index date, matched 1:5 to 

cancer patients on age, sex and 
primary care practice 

 

50,056,617 individuals in CPRD January 2022 Aurum primary care database 

9,222,867 unacceptable for research  
1,516 undetermined sex 
5,791,591 unavailable for linkage to other datasets 

35,040,643 individuals with primary care data eligible for linkage to other datasets 

1,568,733 individuals with cancer in primary 

care and/or hospital admission data  

373,943 individuals diagnosed with 
a cancer other than the 20 eligible 
for the study. 

1,194,790 adults with an incident primary 

cancer of the 20 sites eligible for the 

study 27,117,055 adults with no history of 
cancer, after 12 months of continuous 

follow up with the practice 604,617 individuals with <12 months of 
follow up before cancer 

27,885 individuals with no eligible 
controls 
6,459 individuals registered with 

duplicated practices 
41,529 individuals with <12 months of 
follow up after cancer 
 

Matched  
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Figure S2: Associations between cancer survivorship and fractures of the pelvis, hip, spine, wrist and proximal humerus.  

 
Black diamonds = Results from minimally adjusted models; Red circles = Results from fully adjusted models. Right-hand column within each panel shows HRs, 95% CIs, p-values. Cox proportional hazards regression 
model was used to estimate the hazard ratios. Minimally adjusted estimates were controlled for the matching factors only (age, sex and general practice). Fully adjusted models also included problem drinking, smoking 

status, body mass index, patient-level postcode-based Index of Multiple Deprivation, chronic kidney disease, autoimmune disorders, liver disease, epilepsy, and use of corticosteroids, hormone replacement therapy, and 
bisphosphonates.  
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Figure S3: Cumulative incidence of major fractures during the study period in cancer survivors and non-cancer controls by sex, with 95% confidence intervals.  

 
Cumulative incidence predicted from a Royston-Parmar model including age, sex (when applicable), BMI (cubic spline), index of multiple deprivation, smoking, problematic alcohol use, use of 

corticosteroids, bisphosphonates, and hormone replacement therapy, and history of chronic kidney disease, liver disease, epilepsy, and autoimmune conditions, with the baseline hazard 

parametrised as a three-degrees-of-freedom cubic spline; predictions standardised to the covariate distribution of the cancer survivor group.  



 

74 
 

Figure S4: Forest plots of the association between cancer survivorship and any fracture, stratified by potential effect modifiers.
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Figure S5: Forest plots of the association between cancer survivorship and major osteoporotic fractures, stratified by potential effect modifiers.
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Figure S6: Results of sensitivity analysis on the association between cancer survivorship and any fracture. 
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Figure S7: Results of sensitivity analysis on the association between cancer survivorship and major osteoporotic fractures. 

 


