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Abstract 

Summary: One-year mortality following a fracture was greater for men compared to women, varied 

markedly between regions in England with the lowest rates in the London region, and was higher among 

black women compared to white women. The excess in mortality did not change during the study period. 

Introduction: Fractures are associated with increased mortality. With the shift towards an increasingly 

elderly demography, and so increasing numbers of fractures, the impact of such events on mortality is of 

key public health importance. Therefore, we aimed to present up to date mortality rates following fracture 

in England. 

Methods: This was a population-based study within the Clinical Practice Research Datalink, linked to 

death certificates (1 January 2001 and 31 December 2011). Subjects were followed from their first 

fracture (hip, wrist, humerus, clinical spine, ribs or pelvis) until death for up to one year. Rate ratios 

(RRs) were estimated for one-year mortality, stratified by sex, 5-year age categories, ethnicity, and 

geographical region. Excess mortality was presented as Standardized Mortality Ratios (SMRs). 

Results: One-year mortality following fracture increased with age and was higher for men. Black women 

(RR 1.77; 95% CI: 1.00-3.12) and women with other ethnicities (RR 1.59, 95% CI: 1.16-2.16) were at 

higher risk of death when compared to white women. Mortality was higher among women in almost all 

regions when compared to the London region, with the highest risk in the East Midlands (37% higher). 

The one-year mortality risk was more than 3-fold higher after fracture as compared to the general 

population (adjusted [adj.] SMR: 3.15, 95% CI: 3.09 – 3.26) and did not change during the study period. 

Major causes of death were neoplasms, respiratory diseases, and circulatory diseases.  

Conclusion: This study provides up to date mortality outcomes following fracture in England, and will 

aid allocation of healthcare provision to those at greatest need.  

Keywords: Osteoporosis, epidemiology, mortality, comobidity  
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Background  

Osteoporosis frequently results in fractures and is a major public health concern. The remaining lifetime 

risk for sustaining any fracture from the age of 50 years has been estimated to be as high as 53% among 

women and 21% among men in the United Kingdom [1]. The increased risk of death following hip and 

spinal fractures is well established, and emerging evidence shows that other fracture types are also 

associated with increased mortality rates [2 – 4]. The excess mortality is highest for fractures of the hip, 

where the risk of death is twice that of the general population of the same age, and is even higher among 

men (3-4 fold higher risk in the first year compared to the general population) [5, 6]. Fractures may also 

lead to severe morbidity in terms of pain, loss of mobility and loss of independence. Importantly, this 

burden will continue to increase, since the total number of fractures has been projected to rise 

substantially over the coming decades due to the ageing of the population [7].  

Because of this projected increase in the total number of fractures, it is important to update the 

epidemiology of the associated mortality outcome. A previous study of post-fracture mortality in England 

and Wales sampled 5 million adults from the General Practice Research Database (GPRD, now known as 

the Clinical Practice Research Datalink [CPRD]) during the period 1988-1998, but was unable to stratify 

the post-fracture mortality risk by geographical region, ethnicity or cause of death [1]. In addition, secular 

trends for excess mortality after fractures are scarce and remain unknown for fractures other than the hip 

over the past decade in the United Kingdom [6]. Therefore, we used records from the Clinical Practice 

Research Datalink linked to death certificates to update the epidemiology of post-fracture mortality, 

stratified by age, sex, geographical region, ethnicity, calendar year, and the major causes of death. 

 

Methods 

Source population 

We undertook a cohort study within the Clinical Practice Research Datalink (CPRD) (www.cprd.com, 

formerly known as the General Practitioner Research Database). This database contains computerised 

medical records of 674 primary care practices in the United Kingdom, representing approximately 6.9% 

of the total population [8]. Data recorded in the CPRD include demographic information, laboratory tests, 

specialist referrals, hospital admissions, prescription details, and lifestyle variables such as body mass 

index (BMI), smoking, and alcohol consumption. Previous studies have shown a high validity of fracture 

registration (>90% of fractures were confirmed) [9], and high degrees of accuracy and completeness of 

these data have been shown for other diagnoses and for smoking status [10 – 12]. The source population 

was restricted to practices from the Clinical Practice Research Datalink that were linked individually and 
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anonymously to death certificate recordings of the Office of National Statistics. The death certificate lists 

the date and the cause(s) of death. Death certificates were available from January 1998 to January 2012. 

Linkage was eligible for 65% of practices, and these practices have been shown to be representative of the 

broader group of practices included in CPRD [13]. 

Study population  

The study population consisted of all patients aged ≥ 50 years with a CPRD Read code for fracture 

(clinical spine, wrist, hip, humerus, rib, pelvis) between 1 January 2001 and 31 December 2011. The 

index date was defined as the first record for fracture, and all patients were required to have not sustained 

such a fracture before the index date. Patients with a code for unspecified fractures or unspecified femur 

fractures before the index date were excluded, since it was uncertain if the index fracture was actually the 

first fracture, according to the definition above, for that patient. In sensitivity analyses, the study 

population was restricted to patients who sustained a fracture according to the FRAX® definition of 

fractures (first of hip, clinical spine, forearm, humerus). For both fracture definitions, it was not possible 

to categorise fractures into low or high trauma since the degree of trauma leading to a fracture is not 

reliably captured in the CPRD. It was also not possibly to reliably ascertain whether a fracture was 

secondary to specific morbidities. Therefore, some of the included fractures may have been pathological 

or due to high-trauma.  

Outcome 

All patients were followed-up from the index date to the patient’s death as recorded on the death 

certificate or the study end date (365 days following the index date), whichever came first.  

Statistical analyses 

Rate ratios (RRs) were estimated for the risk of one-year mortality after fracture, stratified by sex, 5-year 

age categories, ethnicity (white, black, mixed, other [mainly Arab], south Asian, unknown), and 

geographical region in England. Excess mortality was presented as Standardized Mortality Ratios 

(SMRs). Age- and sex-specific numbers of observed deaths were extracted from the UK Office of 

National Statistics using the 21st Century Mortality dataset, England & Wales 2001–12. This was 

undertaken for males and females, by 5-year age-categories and for each calendar year and included 

deaths from all causes and from the underlying cause of death. Using the population estimates at mid-year 

and the number of deaths in the same year, age- and sex-specific mortality rates were calculated for the 

reference population. The expected number of deaths was calculated by multiplying the number of 

fracture patients per age- and sex-stratum by the age- and sex-specific mortality rates in the reference 

population for that same stratum. The observed number of deaths for each stratum in the study population 
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were extracted from the linked CPRD – ONS data. The 95% Confidence Intervals for the SMRs were 

calculated according to the method of Rothman and Greenland [14]. SMRs were adjusted for age, sex, 

and calendar year. The Poisson test for trend was used to investigate whether the SMRs changed 

significantly over the study period. Analyses were performed using SAS V.9.2 (SAS, Cary, North 

Carolina, USA). A p value of < 0.05 was considered statistically significant.  

 

Results  

One-year mortality after fracture by age and sex 

There were 22,929 men and 59,446 women with death certificate data available following a fracture of 

the hip, spine, forearm, humerus, ribs, or pelvis. The mean (SD) ages were 72.5 (12.5) years and 75.5 

(12.1) years respectively. Amongst those with known ethnic origin recorded, 98.2% were of white 

ethnicity. The North West accounted for the largest proportion of individuals (17.4%), with North East 

(2.5%), Yorkshire and The Humber (4.7%), and East Midlands (3.2%) somewhat lower than for the other 

areas, which ranged from 10.2% to 13.8% contribution. A total of 11,217 deaths were observed within 

one year following a fracture of the hip, clinical spine, forearm, humerus, ribs, or pelvis over a total of 

66,300 person-years of follow-up.  The mortality rate within one year following fracture increased with 

age for both men (Table 1) and women (Table 2). Among men aged 50 – 54 years, the mortality rate was 

2.3 per 100 person-years, which increased to 86.4 per 100 person-years for those aged 90 years or older, 

such that death was 35.4 times more likely at age 90+ years than at 50 – 54 years (95 % Confidence 

Interval [CI] for the Rate Ratio [RR]: 25.8 – 48.4). Among women, the mortality rates were lower than in 

men for all age categories and the corresponding rate ratio for one-year mortality was 23.7 (95% CI: 17.9-

31.4). Results were similar for the FRAX definition of major osteoporotic fracture (Supplementary Tables 

1 and 2), were there were a total of 10,175 deaths over 59,343 person-years of follow-up. 

One-year mortality after fracture by ethnicity and geographic location 

Patients without a record for ethnicity had significantly higher mortality rates as compared to white 

patients, which was observed for men (RR 1.63, 95% CI: 1.50 – 1.76) and for women (RR 1.49, 95% CI: 

1.40 – 1.58) (Tables 1 and 2). Among women, also blacks (RR 1.77, 95% CI: 1.00 – 3.12) and those with 

other ethnicities were at higher risk of death (RR 1.59, 95% CI: 1.16 – 2.16). With regard to geographical 

region, one-year mortality was significantly higher for men in Yorkshire and the Humber (RR 1.20) when 

compared to the London area (Table 1). Among women, almost all regions were associated with 

significantly higher mortality as compared to the London region, ranging from a 16% higher risk in the 

West Midlands and the South-Central region to 37% in the East Midlands (Table 2). Similar results were 
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seen for all subgroups by age, ethnicity and region following a fracture when the FRAX-definition was 

applied (Supplementary Tables 1 and 2).  

Causes of mortality and rates of death following fracture 

Figure 1 shows the age-specific mortality rates from all-causes and for the three major causes of death in 

the year following a fracture in men. The major causes of death included malignant neoplasms, diseases 

of the respiratory system and diseases of the circulatory system. Although the mortality rates were lower 

in women across all age-categories, the major causes of death were similar as compared to men (Figure 

2).  

Mortality rates after fracture compared to the general population 

The one-year mortality risk was more than 3-fold higher after fracture as compared to the general 

population (adjusted [adj.] Standardized Mortality Ratio [SMR]: 3.15, 95% CI: 3.09 – 3.26) (Table 3). 

Excess mortality was especially high among men (adj. SMR 4.32, 95% CI: 4.19 - 4.46).  Very similar 

results were obtained for the FRAX-definition of fracture. In addition, the excess in mortality after 

fracture did not change during the study period (Poisson test for trend, p value 1.00) and a similar result 

was found when the FRAX-definition for fracture was used (Poisson test for trend, p value 0.99) 

(Supplementary Table 3). When stratified by region, the adj. SMR is lowest in the London region, in the 

South West and the South East Coast (Table 3). Those with unknown ethnicity had higher adj. SMR 

(4.79, 95% CI: 4.59 - 4.99) as compared to white patients (adj. SMR 2.90, 95% CI: 2.84 - 2.96) (Table 3). 

Finally, when stratified by the three major causes of death, the adj. SMR ranged between 2.5 (diseases of 

the circulatory system) to 3.0 (diseases of the respiratory system), and was similar for the FRAX-

definition of fracture (Supplementary Table 3).  

 

Discussion 

In this population-based study, we have updated the epidemiology of mortality after fracture in England. 

The mortality risk increased with age, was higher for men, and there were marked differences in mortality 

according to the geographic location and ethnicity especially among women. Furthermore, the excess in 

one-year mortality after fracture did not change during the study period, with a 3.2-times higher risk of 

death as compared to the general population. Major causes of death were neoplasms, respiratory diseases, 

and circulatory diseases.  

Age and sex  
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The higher mortality risk after fracture with increasing age, and in men as compared to women is 

consistent with previous literature [3, 15]. The reasons for the sex-difference in post-fracture mortality are 

not completely understood, and have been most comprehensively evaluated after hip fracture. Male hip 

fracture patients are on average 4 years younger, but sicker than their female counterparts [6, 16]. 

However, even after adjustment for age, drug use, and comorbidities, the sex-difference remained in 

several studies among hip fracture patients but also relative to the general population, which is in line 

with our results for the composite outcome of fracture. Unmeasured differences in frailty between men 

and women who sustain a fracture, or differences in complications such as infections and cardiovascular 

complications may further explain this finding [17]. However, with regard to the latter, we found the 

causes of death to be similar regardless of sex.  

Ethnicity  

Data on ethnic differences in mortality after fracture are scarce and have been reported solely after hip 

fracture. Our finding of a higher mortality rate in black women or women with another ethnicity (Arab) as 

compared to white women following a fracture is in line with most [18 – 21], but not all [22], studies that 

have addressed this issue after hip fracture. The underlying causes for this ethnic difference in survival 

may be multifactorial. Historical studies, published between 1996-2000, showed that after hip fracture, 

black patients were less likely to receive high-intensity rehabilitation in hospital [23] or post-discharge 

physical therapy [24] than white patients. Other potential causes are general, non-fracture related, 

differences in mortality by ethnicity caused by unmeasured factors such as severity of comorbid 

conditions, or socioeconomic factors, and warrants further investigation. Furthermore, the sex difference 

in the association between ethnicity and post-fracture mortality that was observed in this study also 

requires further investigation.  

Geographic region  

Stratification by region within England revealed substantial geographic differences in mortality rates 

among women. The differences in mortality seem to match the variation in deprivation levels across the 

regions in England, with higher levels of deprivation in the north of England than in the south. Increased 

mortality rates have been associated with higher levels of deprivation, which likely reflects underlying 

differences in income, smoking status and other factors that relate to health-related behaviour [25]. In 

2014, the SMR in the general population was lowest in London at 9 percentage points below the national 

level and highest in the North East with mortality rates 14 percentage points above the national level [25]. 

Indeed, the SMRs in the present study are lowest in the London region and in the southern regions as 

compared to the northern regions. In the present study, however, no such pattern was observed among 

males, where only Yorkshire and the Humber showed significant higher mortality rates compared to the 
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London area. The underlying causes for this different pattern compared to women remain to be 

elucidated.  

Secular trends 

While several studies have investigated secular changes in mortality post-hip fracture over recent years, 

very few have investigated whether there were changes in the difference in mortality between fracture 

patients and the general population [26 – 29]. Our finding of unchanged excess mortality post-fracture is 

in line with a prior study that was conducted among hip fracture patients in the CPRD, with linked 

information from death certificates [6]. We are not aware of any study that has evaluated a secular trend 

in relative mortality after the composite of fracture. The unchanged mortality outcome relative to the 

general population implies that the fracture-related mortality has not declined. Future investigations 

should focus on the cost benefit of targeted interventions including the role of multidisciplinary care, 

comorbidity management, nutrition, and pharmacological treatment where there is limited but conflicting 

evidence for reduced mortality with use of bisphosphonates (zoledronic acid) following hip fracture [16]. 

These interventions may be implemented through a Fracture Liaison Service [30], but it has been shown 

that there is great heterogeneity in quality of FLS services, which needs to be improved [31].  

Strengths and limitations  

This study presented mortality outcomes for a large representative sample of community-dwelling 

patients with fractures in England. Through linkage to death certificates we were able to reliably estimate 

mortality risk and the associated underlying cause of death. There are, however, several limitations that 

should be considered. First, it was not possible to categorise fractures as secondary to specific 

morbidities, or into low or high trauma since the degree of trauma leading to a fracture is not reliably 

captured in the CPRD. However, the patterns of mortality by age and gender are well in line with those 

previously reported. Second, a substantial number of individuals had missing data on ethnicity, which 

may have influenced ethnicity results. Improving database capture of ethnicity will aid in population 

studies. Furthermore, we were not able to adjust the stratification for geographical region by 

socioeconomic status. Although we have adjusted the standardized mortality ratio after fracture for age 

and sex, residual confounding may still have been present. Propensity score adjustment or matching by a 

comorbidity score may further reduce this confounding issue but we were not able to apply this method in 

this study. And finally, representativeness of the CPRD when stratified by geographical region and 

ethnicity has not been documented.  

Conclusions  
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In conclusion, we have documented up-to-date age- and sex-specific mortality rates following fracture for 

England. We have shown marked differences in mortality according to the geographic region and 

ethnicity among women, but less so among men. Major causes of death were neoplasms, respiratory 

diseases, and circulatory diseases for both genders. And finally, the excess in one-year mortality after 

fracture did not change during the study period with a 3.2-fold higher risk of death as compared to the 

general population. Future investigations should focus on the cost benefit of targeted interventions for 

reducing the associated mortality outcome following fracture.  
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Table 1. One-year all-cause mortality after fracture for males stratified by age, ethnicity, socioeconomic status, and region (crude 

rates). 

  N deaths IR (per 100 py) IR 95% CI RR (95% CI) 

By age categories           

   50 – 54  41 2.3 1.6 3.0 Reference  

   55 – 59  80 3.5 2.8 4.3 1.56 (1.07 - 2.27) 

   60 – 64  130 5.8 4.8 6.9 2.62 (1.84 - 3.72) 

   65 – 69  194 9.9 8.5 11.3 4.37 (3.12 - 6.11) 

   70 – 74  305 15.0 13.3 16.7 6.58 (4.75 - 9.12) 

   75 – 79  550 24.3 22.3 26.3 10.5 (7.62 - 14.4) 

   80 – 84  921 38.9 36.4 41.4 16.5 (12.1 - 22.6) 

   85 – 89   980 54.8 51.3 58.2 23.1 (16.9 - 31.6) 

   90 + 877 86.4 80.7 92.1 35.4 (25.8 - 48.4) 

By ethnicity           

   White 3279 21.9 21.1 22.6 Reference 

   Black 10 21.1 8.1 34.5 1.30 (0.70  - 2.41) 

   Mixed 3 22.0 2.8 45.7 1.38 (0.44 - 4.27) 

   Other 17 16.2 8.5 23.9 0.98 (0.61 - 1.58) 

   South Asian 25 14.5 8.8 20.2 1.06 (0.71 - 1.57) 

   Unknown 744 32.0 29.7 34.3 1.63 (1.50  - 1.76) 

By region           

   London 390 22.3 20.1 24.5 Reference 

   East Midlands 137 23.9 19.9 27.9 1.04 (0.85 - 1.26) 

   East of England 501 24.5 22.3 26.6 1.02 (0.90 - 1.17) 

   North East 96 19.9 15.9 23.9 0.92 (0.74 - 1.15) 

   North West 722 22.7 21.0 24.3 1.10 (0.97 - 1.24) 

   South Central 511 22.9 20.9 24.9 0.96 (0.84 - 1.10) 

   South East Coast 495 22.9 20.9 24.9 0.97 (0.85 - 1.11) 

   South West 561 23.1 21.2 25.0 0.92 (0.81 - 1.04) 

   West Midlands 459 22.8 20.7 24.9 1.05 (0.91 - 1.20) 
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   Yorkshire & The 

Humber  206 26.2 22.6 29.8 1.20 (1.02 - 1.42) 
IR: incidence rate; RR: rate ratio; py: person-years 

  



15 

 

Table 2. One-year all-cause mortality after fracture among women stratified by age, ethnicity, socioeconomic status, and region (crude 

rates). 

  N deaths IR (per 100 py) IR 95% CI RR (95% CI) 

By age categories           

   50 – 54  50 1.9 1.4 2.5 Reference 

   55 – 59  74 1.7 1.3 2.1 0.89 (0.62 - 1.27) 

   60 – 64  139 2.9 2.4 3.4 1.51 (1.09 - 2.09) 

   65 – 69  197 4.0 3.4 4.5 2.03 (1.49 - 2.77) 

   70 – 74  410 7.0 6.3 7.7 3.54 (2.64 - 4.74) 

   75 – 79  752 10.6 9.8 11.3 5.27 (3.96 - 7.02) 

   80 – 84  1345 17.3 16.4 18.3 8.52 (6.43 - 11.3) 

   85 – 89   1836 28.0 26.7 29.3 13.7 (10.3 - 18.1) 

   90 + 2336 50.1 48.0 52.1 23.7 (17.9 - 31.4) 

By ethnicity           

   White 5632 13.8 13.4 14.1 Reference 

   Black 12 14.7 6.4 22.9 1.77 (1.00 - 3.12) 

   Mixed 5 13.1 1.6 24.7 1.97 (0.82 - 4.74) 

   Other 40 15.9 11.0 20.9 1.59 (1.16  - 2.16) 

   South Asian 24 7.5 4.5 10.4 0.94 (0.63 - 1.41) 

   Unknown 1426 20.7 19.6 21.8 1.49 (1.40 - 1.58) 

By region           

   London 642 13.1 12.1 14.2 Reference 

   East Midlands 257 16.8 14.8 18.9 1.37 (1.18 - 1.58) 

   East of England 861 15.5 14.5 16.5 1.19 (1.07 - 1.31) 

   North East 164 13.4 11.4 15.5 1.20 (1.01 - 1.42) 

   North West 1293 15.3 14.5 16.2 1.28 (1.16 - 1.40) 

   South Central 941 15.2 14.2 16.2 1.16 (1.05 - 1.28) 

   South East Coast 868 14.3 13.3 15.2 1.08 (0.98 - 1.20) 

   South West 982 14.6 13.7 15.5 1.06 (0.96 - 1.17) 

   West Midlands 782 14.2 13.2 15.2 1.16 (1.04 - 1.28) 
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   Yorkshire & The 

Humber  349 15.1 13.5 16.7 1.18 (1.04 - 1.35) 
IR: incidence rate; RR: rate ratio; py: person-years 
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Table 3. One-year excess mortality from all causes after fracture, stratified by sex, index year, and major causes of death (adjusted for 

age). 

  N deaths observed N deaths expected SMR (95% CI) 

Overall* 11217 3561 3.15 (3.09 - 3.21) 

By sex**       

   Male 4078 943 4.32 (4.19 - 4.46) 

   Female 7139 2618 2.73 (2.66 - 2.79) 

By index year***       

2001 855 297 2.88 (2.68 - 3.07) 

2002 1007 318 3.17 (2.98 - 3.37) 

2003 1153 346 3.34 (3.14 - 3.53) 

2004 1148 342 3.35 (3.16 - 3.55) 

2005 1061 353 3.01 (2.82 - 3.19) 

2006 1075 333 3.23 (3.04 - 3.42) 

2007 1133 348 3.26 (3.07 - 3.45) 

2008 1122 347 3.23 (3.04 - 3.42) 

2009 1006 358 2.81 (2.64 - 2.98) 

2010 1022 349 2.93 (2.75 - 3.11) 

2011 635 171 3.72 (3.43 - 4.01) 

By ethnicity*‡    

   White 8911 3075 2.90 (2.84 - 2.96) 

   Unknown  2170 453 4.79 (4.59 - 4.99) 

By region *‡    

   London 1032 377 2.87 (2.70 - 3.05) 

   East of England 1362 418 3.26 (3.09 - 3.43) 

   North West 2015 582 3.46 (3.31 - 3.61) 

   South Central 1452 464 3.13 (2.97 - 3.29) 

   South East Coast 1363 458 2.97 (2.82 - 3.13) 
   South West 1543 538 2.87 (2.73 - 3.01) 

   West Midlands 1241 386 3.22 (3.04 - 3.39) 
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By cause of death*    

   Neoplasms 2044 737.9 2.77 (2.65 - 2.89) 

   Diseases of the respiratory    
   system 

1694 565.4 3.00 (2.85 - 3.14) 

   Diseases of the circulatory  
   system 3449 1371.5 2.51 (2.43 - 2.60) 

SMR; standardized mortality ratio, 95% CI; 95% Confidence Interval 

*Adjusted for age, sex, index year; ** Adjusted for age, index year; *** Adjusted for age, sex 

‡ Not all categories are included due to a too low number of events in the missing categories 
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Figure 1. Age-specific one-year mortality rates after fracture in men, by cause of death 
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Figure 2. Age-specific one-year mortality rates after fracture in women, by cause of death 
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Supplementary Table 1. One-year all-cause mortality after fracture (FRAX definition) for males stratified by age, ethnicity, 

socioeconomic status, and region 

  N deaths IR (per 100 py) IR 95% CI RR (95% CI) 

By age categories           

   50 – 54  32 2.4 1.6 3.2  Reference 

   55 – 59  63 3.8 2.8 4.7 1.58 (1.03 - 2.42) 

   60 – 64  103 6.1 4.9 7.3 2.60 (1.75 - 3.87) 

   65 – 69  166 10.7 9.1 12.3 4.50 (3.08 - 6.57) 

   70 – 74  272 16.4 14.5 18.4 6.82 (4.73 - 9.84) 

   75 – 79  488 25.7 23.4 27.9 10.4 (7.28 - 14.9) 

   80 – 84  823 40.2 37.4 42.9 16.1 (11.3 - 22.9) 

   85 – 89   876 55.7 52.0 59.4 22.2 (15.6 - 31.6) 

   90 + 785 88.5 82.3 94.7 34.2 (24.0 - 48.7) 

By ethnicity           

   White 2910 23.9 23.1 24.8 Reference 

   Black 10 27.9 10.6 45.0 1.54 (0.83 - 2.87) 

   Mixed 2 17.3 6.4 39.8 0.95 (0.24 - 3.78) 

   Other 18 21.0 11.3 30.6 1.09 (0.68 - 1.73) 

   South Asian 23 15.5 9.2 21.9 1.03 (0.68 - 1.55) 

   Unknown 645 35.7 32.9 38.4 1.61 (1.47 - 1.75) 

By region           

   London 337 23.1 20.7 25.6 Reference 

   East Midlands 125 26.0 21.4 30.5 1.05 (0.86 - 1.29) 

   East of England 452 27.7 25.2 30.3 1.09 (0.95 - 1.26) 

   North East 85 21.6 17.0 26.2 0.97 (0.77 - 1.23) 

   North West 648 24.8 22.9 26.7 1.15 (1.01 - 1.31) 

   South Central 454 25.3 22.9 27.6 0.99 (0.86 - 1.15) 

   South East Coast 428 24.7 22.4 27.1 0.98 (0.85 - 1.13) 

   South West 481 25.2 23.0 27.5 0.95 (0.82 - 1.09) 
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   West Midlands 422 26.1 23.6 28.5 1.11 (0.97 - 1.29) 
   Yorkshire & The 

Humber  176 28.1 23.9 32.2 1.21 (1.01 - 1.45) 
IR: incidence rate; RR: rate ratio; py: person-years 
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Supplementary Table 2. One-year all-cause mortality after fracture (FRAX definition) for females stratified by age, ethnicity, 

socioeconomic status, and region 

  N deaths IR (per 100 py) IR 95% CI RR (95% CI) 

By age categories           

   50 – 54  46 2.0 1.5 2.6 Reference 

   55 – 59  65 1.7 1.3 2.1 0.82 (0.57 - 1.20) 

   60 – 64  114 2.6 2.1 3.0 1.26 (0.90 - 1.78) 

   65 – 69  171 3.7 3.1 4.2 1.79 (1.29 - 2.47) 

   70 – 74  379 6.9 6.2 7.6 3.30 (2.43 - 4.48) 

   75 – 79  686 10.3 9.5 11.0 4.83 (3.58 - 6.51) 

   80 – 84  1250 17.2 16.3 18.2 7.99 (5.95 - 10.7) 

   85 – 89   1704 27.9 26.6 29.2 12.9 (9.59 -17.2) 

   90 + 2152 50.2 48.1 52.4 22.5 (16.8 - 30.1) 

By ethnicity           

   White 5180 13.7 13.3 14.0 Reference 

   Black 10 12.8 4.9 20.8 1.70 (0.92 - 3.17) 

   Mixed 4 11.8 0.2 23.3 1.79 (0.67 - 4.78) 

   Other 38 15.8 10.8 20.8 1.65 (1.20 - 2.27) 

   South Asian 24 8.0 4.8 11.2 0.99 (0.67 - 1.48) 

   Unknown 1311 20.7 19.6 21.9 1.50 (1.41 - 1.59) 

By region           

   London 587 13.0 11.9 14.0 Reference 

   East Midlands 235 16.6 14.5 18.7 1.35 (1.16 - 1.57) 

   East of England 813 15.9 14.8 17.0 1.22 (1.10 - 1.36) 

   North East 146 13.0 10.9 15.2 1.19 (0.99 - 1.43) 

   North West 1167 14.8 13.9 15.6 1.26 (1.14 - 1.39) 

   South Central 860 15.1 14.1 16.1 1.17 (1.05 - 1.30) 

   South East Coast 789 14.0 13.0 15.0 1.07 (0.96 - 1.19) 

   South West 901 14.6 13.6 15.5 1.06 (0.95 - 1.17) 

   West Midlands 740 14.5 13.4 15.5 1.18 (1.06 - 1.32) 
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   Yorkshire & The 

Humber  329 15.2 13.5 16.8 1.19 (1.04 - 1.36) 
IR: incidence rate; RR: rate ratio; py: person-years 

 

 

  



25 

 

Supplementary Table 3. One-year excess mortality from all causes after fracture (FRAX definition), stratified by sex, index year, 

and major causes of death 

 N deaths observed N deaths expected SMR (95% CI) 

Overall* 10175 3241 3.14 (3.08 - 3.20) 

By sex**       

   Male 3608 807 4.47 (4.33 - 4.62) 

   Female 6567 2434 2.70 (2.63 - 2.76) 

By index year***       

2001 760 269 2.83 (2.63 - 3.03) 

2002 938 285 3.30 (3.09 - 3.51) 

2003 1046 313 3.34 (3.14 - 3.54) 

2004 1034 311 3.32 (3.12 - 3.52) 

2005 974 318 3.06 (2.87 - 3.25) 

2006 971 306 3.17 (2.97 - 3.37) 

2007 1017 317 3.21 (3.01 - 3.41) 

2008 1025 318 3.22 (3.03 - 3.42) 

2009 904 327 2.77 (2.58 - 2.95) 

2010 927 320 2.90 (2.71 - 3.08) 

2011 579 156 3.70 (3.40 - 4.00) 

By cause of death*    

Neoplasms 1794 666.5 2.69  (2.57 - 2.82) 
Diseases of the respiratory 

system 1499 515.2 2.91  (2.76 - 3.06) 
Diseases of the circulatory 

system 3185 1248.3 2.55  (2.46 - 2.64) 
SMR; standardized mortality ratio, 95% CI; 95% Confidence Interval 

*Adjusted for age, sex, index year; ** Adjusted for age, index year; *** Adjusted for age, sex 

 


