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Abstract 

Background  Information on cause of death may help appraise the degree to which the high excess mortality after 
hip fracture reflects pre-existing comorbidities or the injury itself. We aimed to describe causes of death and cause-
specific excess mortality through the first year after hip fracture.

Methods  For studying the distribution of causes of death by time after hip fracture, we calculated age-adjusted 
cause-specific mortality at 1, 3, 6 and 12 months in patients hospitalized with hip fracture in Norway 1999–2016. 
Underlying causes of death were obtained from the Norwegian Cause of Death Registry and grouped by the Euro‑
pean Shortlist for Causes of Death. For estimating excess mortality, we performed flexible parametric survival analyses 
comparing mortality hazard in patients with hip fracture (2002–2017) with that of age- and sex matched controls 
drawn from the Population and Housing Census 2001.

Results  Of 146,132 Norwegians with a first hip fracture, a total of 35,498 (24.3%) died within one year. By 30 days 
post-fracture, external causes (mainly the fall causing the fracture) were the underlying cause for 53.8% of deaths, fol‑
lowed by circulatory diseases (19.8%), neoplasms (9.4%), respiratory diseases (5.7%), mental and behavioural disorders 
(2.0%) and diseases of the nervous system (1.3%). By one-year post-fracture, external causes and circulatory diseases 
together accounted for approximately half of deaths (26.1% and 27.0%, respectively). In the period 2002–2017, cause-
specific one-year relative mortality hazard in hip fracture patients vs. population controls ranged from 1.5 for circula‑
tory diseases to 2.5 for diseases of the nervous system in women, and correspondingly, from 2.4 to 5.3 in men.

Conclusions  Hip fractures entail high excess mortality from all major causes of death. However, the traumatic injury 
of a hip fracture is the most frequently reported underlying cause of death among older patients who survive less 
than one year after their fracture.
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Background
Hip fractures are associated with substantial excess mor-
tality, which is particularly high shortly after the event, 
but persists for many years after the fracture [1–3]. A 
hip fracture, usually caused by a fall, is a serious injury 
particularly affecting older adults. Acutely after a hip 
fracture there is high risk of complications and health 
may deteriorate rapidly. Meanwhile, many patients are 
characterised by pre-fracture frailty, functional impair-
ment, and multimorbidity [4]. To help target resources 
for prevention and care, we should elucidate the degree 
to which the excess mortality after hip fracture reflects 
comorbid diagnoses versus the trauma of the injury itself. 
To this end, the causes of death recorded on the death 
certificate provide useful information. Using nationwide 
registry data from Norway over two decades, we aimed 
to (1): describe the distribution of causes of death after 
hip fracture by time since the fracture, and (2): quantify 
the cause-specific excess one-year mortality after hip 
fracture compared with the background population.

Methods
Study population
For the first aim, to examine the distribution of causes of 
death through the first year after hip fracture, all patients 
50 years and older who had a first incident hip fracture 
treated in hospitals in Norway 1999–2016 comprised the 
study population (see section Exposure). For the second 
aim, to examine cause-specific excess mortality after hip 
fracture, the study population was defined as all inhab-
itants identified in the Norwegian Population and Hous-
ing Census carried out in November 2001 who were aged 
50  years and older in 2001, had not had a hip fracture 
during 1994 through 2001, and were alive and resided in 
Norway on January 1st 2002. These individuals were fol-
lowed from January 1st 2002 through December 31st 2017 
with regard to incident hip fractures and deaths.

Exposure: Hip fractures
In Norway, all patients with hip fracture are admitted to 
a hospital. Hip fractures treated in hospitals from 1994 
onwards were available in the Norwegian Epidemiologic 
Osteoporosis Studies (NOREPOS) hip fracture database 
(NORHip) [5–8]. This database contains inpatient data 
obtained from hospitals’ patient administrative systems 
(1994–2007) and from the Norwegian Patient Regis-
try (2008 onwards). We identified incident hip fractures 
and discriminated between individuals’ first and second 
hip fracture during the period by applying an algorithm 
that considered the combination of hip fracture diagnosis 
codes (International Classification of Diseases, 10th edi-
tion (ICD-10): S72.0, S72.1 and S72.2), surgical procedure 

codes, additional diagnosis codes and time between hos-
pitalizations. The database has been validated [9]. For the 
current analysis, a five-year washout period (1994–1998) 
was used to reliably identify the individual’s first (inci-
dent) hip fracture. The information from NORHip was 
linked to other registry data using the unique 11-digit 
personal identification number assigned to every resident 
in Norway.

Outcome: Cause‑specific mortality
Dates and causes of all deaths 1999–2017 were avail-
able from the Norwegian Cause of Death Registry. This 
registry is managed by the Norwegian Institute of Pub-
lic Health and contains digitized cause of death data 
by age, sex, place of death, and place of residence [10]. 
Deaths are reported by physicians through completing 
mandatory death certificates. Autopsy reports and noti-
fications of deaths from other agencies comprise addi-
tional sources of information. Since 1996, diagnoses for 
immediate, underlying and contributing causes of death 
are coded according to ICD-10. The underlying cause of 
death is defined as the disease or injury that initiated the 
train of morbid events leading directly to death, or the 
circumstances of the accident or violence that produced 
the fatal injury [11, 12]. ICD coding rules determine the 
logical order of immediate, underlying, and contributing 
causes of death. Deaths caused by injuries, including frac-
tures, must be assigned an external cause (ICD-10 codes 
V01-Y98) as the underlying cause of death. Hip fractures 
usually occur from a fall, often from standing height or 
less. From 2005 onwards, the selection of the appropriate 
underlying cause of death, based on the diagnoses codes 
on the death certificate and the ICD guidelines for their 
expected interrelationships, was semi-automated using 
the Automated Classification of Medical Entities (ACME) 
system. ACME was developed to help standardise coding 
practices and improve comparability of cause of death 
statistics [13–15]. In Norway ACME has been incorpo-
rated into the Iris software [16]. Before 2005, guidelines 
instructed coding of deaths caused by hip fractures as 
unspecified falls (ICD-10: W19) if no external cause had 
been recorded. After implementing ACME, ICD-10 code 
X59.0 ‘Exposure to unspecified factor causing fracture’ is 
assigned to deaths caused by hip fractures if the external 
cause is missing. Therefore, both deaths from ICD-10 
codes X59.0 and W19 that occur after a hip fracture are 
interpreted to be caused by the fracture event. For the 
purpose of cause of death statistics, the underlying causes 
of death are grouped according to the European Shortlist 
for Causes of Death as established by Eurostat [17]. This 
shortlist covers 17 broad categories of diagnoses, princi-
pally grouped by ICD chapters, which are further divided 
into 65 subcategories.
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Statistical analyses
Data preparation and statistical analyses were performed 
in R for Windows, version 4.1.1 [18]. Survival analyses 
(see below) were performed in Stata SE version 17 [19].

Mortality
To describe causes of death by time after hip fracture 
(aim 1) we used data from hospital stays with hip frac-
ture diagnoses 1999 through 2016 and causes of death 
1999 through 2017. We calculated the cumulative inci-
dence of death (hereafter referred to as mortality risk; %) 
within 30 days, 3 months (90 days), 6 months (180 days), 
and 1 year (365 days) after the fracture date. In addition 
to describing the most common single leading diagno-
sis codes for underlying causes of death, the number of 
deaths, crude and age-adjusted mortality risks (%) were 
calculated for all-cause mortality and for the six most 
common cause of death categories based on the Euro-
pean Shortlist. These categories included: Neoplasms 
(ICD-10: C00-D48), mental and behavioural disorders 
(ICD-10: F01-F99), diseases of the nervous system and 
the sense organs (ICD-10: G00-H95), diseases of the cir-
culatory system (ICD-10: I00-I99), diseases of the res-
piratory system (ICD-10: J00-J99), and external causes of 
morbidity and mortality (ICD-10: V01-Y89). The remain-
ing categories each contributed less than 3% of one-
year deaths and were combined into the category ‘other 
causes’. This category thus included deaths caused by 
digestive diseases, endocrine, nutritional and metabolic 
diseases, genitourinary diseases, infectious and parasitic 
diseases, musculoskeletal diseases, immunologic disor-
ders, diseases of the skin or subcutaneous tissue, congen-
ital malformations, and ill-defined/unspecified causes. 
Age- and sex-adjusted mortality risk estimates were 
obtained by regressing cause-specific deaths on age and 
sex using the function ’glm’ with ’family = binomial’ and 
’link = logit’, available in the package ’stats’ in R [18].

Excess mortality
For examining cause-specific excess mortality the first 
year after hip fracture (aim 2), a matched cohort was pre-
pared by exposure density sampling following the pro-
cedure proposed by Ohneberg [20, 21], using the ’ccwc’ 
function of the ’Epi’ package in R [22]. Briefly, on the date 
of each incident hip fracture that occurred during 2002–
2017, three controls matched to the patient on sex and 
year of birth were drawn randomly from the study popu-
lation. Eligibility was conditioned on being alive, resid-
ing in Norway and free of hip fracture on the patient’s 
hip fracture date (defined as the index date). ‘Free of hip 
fracture’ indicates not having a hip fracture identified in 
the NOREPOS hip fracture database in the period from 

1 January 1994 until the index date. Statistical analyses 
were performed separately for the outcomes described 
above, namely all-cause deaths, the six major cause of 
death categories and ‘other causes’. For each outcome, 
patients and controls were followed from the index date 
until the date of cause-specific death or censoring due to 
death of any other cause (except when all-cause deaths 
constituted the outcome), emigration, a second hip frac-
ture (in patients), a first hip fracture (in controls) or end 
of follow-up after 365 days, whichever occurred first. In 
accordance with previous knowledge [3], statistical tests 
and plots of Schoenfeld residuals [23] showed a clear 
time dependency for excess mortality after hip fracture. 
Therefore, we estimated both overall one-year and time-
varying hazard ratios (HR) with 95 percent confidence 
intervals (95% CI) for all-cause and cause-specific deaths 
in flexible parametric survival models, using the func-
tion ’stpm2’ in Stata [24]. Overall HRs were age-adjusted 
and presented separately by sex, while time-dependent 
HRs were estimated in men and women combined and 
included adjustment for age, sex and year of birth [25].

Results
Hip fractures and deaths
During 1999–2016, a total of 146,132 Norwegians aged 
50  years and older suffered an incident hip fracture. 
Among these there were 44,239 (30%) men and 101,893 
(70%) women. Median age at first hip fracture was 
81  years (interquartile range 72–86  years) in men and 
83  years (interquartile range 77–88  years) in women. 
A total of 20,694 hip fractures occurred in people aged 
50–69  years (comprising 14%), 66,488 (46%) in those 
70–84  years and 58,950 (40%) in people aged 85  years 
and older. The number (%) of deaths were 11,322 (7.7%) 
within 30  days, 20,256 (13.9%) within 3  months, 26,772 
(18.3%) within 6 months, and 35,498 (24.3%) within one 
year after the hip fracture (Table 1).

Major causes of death by time after hip fracture
Figure  1 shows the age- and sex adjusted cause-specific 
mortality risk (%) by time after a patient’s first hip frac-
ture (30 days, 3 months, 6 months and 1 year) by catego-
ries defined by the European Shortlist of Causes of Death 
in men and women combined. Correspondingly, Table 1 
shows the numbers and proportions of deaths by time 
after hip fracture in each cause of death category in men 
and women separately. Figure 2 shows the crude percent-
age distribution of grouped causes of death (summing 
up to 100%) among those who died within one year after 
hip fracture. Just over half of deaths that occurred by 
30 days after a hip fracture (53.8%) were reported to be 
caused by an external event (mainly the accident leading 
to hip fracture, in other words the fracture event itself ). 
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Fig. 1  Age- and sex adjusted cause-specific mortality (%) by time after hip fracture. Norwegians 50 years and older, men and women combined 
(n = 146,132). Predicted at mean values of age at first hip fracture (80.7 years) and sex (30.3% men) from a logistic model (general linear model with 
‘family = binomial’ and ‘link = logit’) regressing cause-specific death on age and sex. External: External causes of morbidity and mortality (ICD-10: 
V01-Y89); Circulatory: Diseases of the circulatory system (ICD-10: I00-I99); Neoplasms: Neoplasms (ICD-10: C00-D48); Respiratory: Diseases of the 
respiratory system (ICD-10: J00-J99); Mental/behavioral: Mental and behavioural disorders (ICD-10: F01-F99); Nervous system: Diseases of the 
nervous system and the sense organs (ICD-10: G00-H95); Other: Deaths caused by digestive diseases, endocrine, nutritional and metabolic diseases, 
genitourinary diseases, infectious and parasitic diseases, musculoskeletal diseases, immunologic disorders, diseases of the skin or subcutaneous 
tissue, congenital malformations, and ill-defined/unspecified causes

Fig. 2  Distribution (%) of deaths after hip fracture by seven major cause of death categories. Grouped according to the European Shortlist for 
Causes of Death by 30 days (n = 11,322 deaths), 3 months (n = 20,256 deaths), 6 months (n = 26,772 deaths) and 1 year post-fracture (n = 35,498 
deaths)
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This proportion decreased with increasing time after hip 
fracture. Among the deaths that occurred within one 
year after hip fracture, 26.1% were due to external causes 
while a similar proportion (27.0%) were caused by cir-
culatory diseases, most prominently acute myocardial 
infarction, stroke, and heart failure. These were followed 
by neoplasms (15.9% of one-year deaths), respiratory 
diseases (9.5%, predominantly pneumonia and chronic 
obstructive pulmonary disease), mental and behavioural 
disorders (4.9%, predominantly unspecified dementia) 
and diseases of the nervous system and the sense organs 
(3.5%, predominantly Alzheimer disease and Parkinson 
disease).

Subsequent hip fractures
Among the 35,498 patients who died within a year 
after their first hip fracture, 1,078 (3%) suffered a sec-
ond hip fracture between their initial hip fracture and 
time of death. Of these, 274 (25.4%) had an external 
cause, assumedly the second hip fracture injury event, 
registered as the underlying cause of death, while 273 
(25.3%) had a circulatory disease recorded as the under-
lying cause of death, comparable to the proportions in all 
patients with a first hip fracture. Among the deaths from 
external causes occurring  within a year after the initial 
hip fracture, no deaths within 30 days happened after a 
subsequent hip fracture, 62 (3%) of the deaths between 
30  days and three months happened after a subsequent 
hip fracture, 88 (14%) of the deaths between three and six 
months happened after a subsequent hip fracture, and 
124 (26%) of the deaths from external causes between six 
months and one year after the initial hip fracture hap-
pened after a subsequent hip fracture.

Leading single causes of death after hip fracture
In the patients who had a hip fracture during 1999–2016 
and died within the subsequent year (n = 35,498), the two 
most common single underlying cause of death diagnoses 
were X59.0 ‘exposure to unspecified factor causing frac-
ture’ (n = 4,027) and W19 ‘unspecified fall’ (n = 3,786), 
which together accounted for 22% of the one-year deaths. 
These were followed by the diagnoses I21.9 ‘acute myo-
cardial infarction, unspecified’ (n = 2,077; 5.9% of deaths), 
F03 ‘unspecified dementia’ (n = 1,472; 4.1% of deaths), 
and J18.9 ‘lobar pneumonia, unspecified’ (n = 1,448; 4.1% 
of deaths).

Excess mortality
Among inhabitants aged 50  years and older identified 
in the Norwegian Population and Housing Census 2001 
who were alive and resided in Norway on January 1st 
2002 and had not had a previous hip fracture (based on 
washout back to 1994), a total of 123,130 individuals suf-
fered a hip fracture during 2002–2017. Compared with 
their age- and sex-matched counterparts without hip 
fracture, the fracture patients had increased risk of dying 
from all major causes of death within the first year, and 
the excess mortality was higher in men than in women 
(Table 2). The relative risk of dying from external causes 
was 48-fold in male and 34-fold in female hip fracture 
patients. For other causes of death, age-adjusted relative 
risks in men ranged from 2.4 for circulatory diseases to 
5.3 for diseases of the nervous system. In women, age-
adjusted relative risks ranged from 1.5 for circulatory dis-
eases to 2.5 for diseases of the nervous system (Table 2). 
For all cause of death categories, the excess mortality was 
particularly high shortly after the fracture and declined 
during the subsequent year (Fig. 3).

Table 2  One-year mortality (%), all-cause and cause-specific excess mortality in hip fracture patients compared with controls1

1 Controls refer to age- and sex matched individuals drawn from the same cohort as the hip fracture patients: Individuals 50 years and older identified in the 
Norwegian Population and Housing Census 2001, conditioned on being alive, resident in Norway and free of hip fracture on the date of the patient’s hip fracture 
(index date), and followed with regard to deaths
2 Age-adjusted hazard ratios (HR) with 95% confidence intervals (CI) in hip fracture patients vs. controls

Men Women

Observed one-year 
deaths in hip fracture 
patients (%)

Observed one-year 
deaths in controls 
(%)1

HR (95% CI)2 Observed one-year 
deaths in hip fracture 
patients (%)

Observed one-year 
deaths in controls 
(%)1

HR (95% CI)2

Total deaths 31.7 9.3 4.1 (3.9, 4.2) 20.4 8.8 2.4 (2.3, 2.4)

External causes 8.6 0.2 48 (41, 56) 5.2 0.2 34 (30, 38)

Circulatory diseases 7.4 3.7 2.4 (2.3, 2.5) 5.7 3.8 1.5 (1.5, 1.6)

Mental/behavioural 1.5 0.4 5.1 (4.5, 5.9) 1.2 0.6 2.2 (2.0, 2.4)

Neoplasms 5.7 2.2 3.1 (2.9, 3.3) 2.9 1.5 2.1 (2.0, 3.3)

Nervous system 1.1 0.3 5.3 (4.6, 6.3) 0.8 0.3 2.5 (2.2, 2.8)

Respiratory diseases 3.5 1.2 3.7 (3.5, 4.1) 1.6 0.9 1.8 (1.7, 2.0

Other causes 3.9 1.3 3.5 (3.3, 3.8) 2.9 1.6 1.9 (1.8, 2.0)
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Discussion
In this nationwide study in the Norwegian popula-
tion, there was a high excess mortality shortly after hip 
fracture, decreasing through the year after the fracture. 
The excess mortality was higher in men compared with 
women, as shown in many populations [1, 3], and we also 
found this sex difference to be true across all major cause 
of death categories and thus not limited to mechanisms 
associated with certain underlying causes of death. For 
the majority (53.8%) of early deaths (within 30 days) after 
hip fracture, the accident involving the injury was identi-
fied as the underlying cause of death, defined as the event 
that initiated the train of morbid events leading directly 
to death. This underlying cause of death dominated 

through the subsequent months, and accounted for 
approximately one-fourth of deaths by one year after 
the hip fracture. Patients with a subsequent hip frac-
ture comprised a minority of the deaths from external 
causes after a hip fracture, even in the medium term 
(6–12  months). By one year post hip fracture, external 
causes and circulatory diseases comprised a similar pro-
portion of deaths. These were followed by (in descend-
ing order) neoplasms, respiratory diseases, mental and 
behavioural disorders, and diseases of the nervous system 
and the sense organs. When compared with the age- and 
sex-matched population without hip fracture, the one-
year excess mortality associated with an external cause of 
death (usually the accidental fall involving the fracture), 

a b c

d e f

g h

Fig. 3  All-cause and cause-specific excess mortality (HR with 95% CI) by months after hip fracture. From top left: All-cause deaths; deaths 
from external causes; deaths from neoplasms; deaths from diseases of the nervous system and the sense organs. From bottom left: Deaths 
from circulatory diseases; deaths from mental and behavioural disorders; deaths from diseases of the respiratory system; deaths from other 
causes. Predicted from a time-dependent survival model in men and women combined, adjusted for age, sex and year of birth. The horizontal blue 
line indicates no excess deaths (HR = 1). Note that the scale on the Y axis differs between the plots. For clarity, the depiction of the hazard ratio (HR) 
and 95% confidence interval (CI) for deaths from external causes starts at 7 days after hip fracture due to extremely high HRs with wide CIs the first 
few days
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was, not surprisingly, very high. It is conceivable that this 
high excess mortality could be reduced by strengthening 
the efforts for follow-up and care with early mobilization 
and rehabilitation to prevent life-threatening complica-
tions after hip fracture. However, the risk of dying from 
all other major cause of death categories was also clearly 
increased during the first year after the hip fracture com-
pared with controls, and particularly so during the first 
weeks and months. While some recorded causes of death 
in hip fracture patients can be seen as typical complica-
tions of the injury (e.g., pulmonary embolisms), others 
are unrelated to the injury (e.g., neoplasms). For others 
again, it cannot be determined with confidence whether 
they are complications to the injury or whether they rep-
resent general comorbidity and frailty in the patient.

Inferring the case fatality of hip fractures based on 
cause of death statistics will necessarily be hampered 
by imprecision due to unclear or undocumented causal 
trajectories. The quality of the data depends on the 
level of detail on the death certificate, often based on 
insufficient information about the deceased. In addi-
tion, the underlying cause of death is dictated by uni-
form rules for interrelationships between the diagnoses 
recorded on the death certificate and may not neces-
sarily represent the reality of events in all individuals. 
Unintended variation may occur due to unawareness of 
the consequences of these rules. Based on the ICD-10 
coding rules, an accident causing a fracture injury will 
be accepted as underlying cause of death if a medical 
condition that may plausibly represent a complica-
tion following a fracture is listed as the more immedi-
ate cause. In contrast, e.g. a cancer diagnosis will not 
be accepted as a complication following an accidental 
fracture, and in such cases, the cancer diagnosis will 
be defined as the underlying cause of death while the 
fracture diagnosis is discarded [12]. A substantial pro-
portion of those who died during the first year after 
hip fracture had an underlying cause of death directly 
related to the injury (e.g., an accidental fall), or with 
missing information about circumstances (X59; expo-
sure to unspecified factor). A hip fracture injury is 
rarely immediately fatal but may be followed by com-
plications such as e.g.,  myocardial infarction, deep 
vein thrombosis with pulmonary embolism, pneumo-
nia, urinary tract or other infections, that may in some 
instances be life-threatening. While completing the 
death certificate, certifying physicians may sometimes 
be most attentive to the final complications (immediate 
cause of death) and may unwittingly omit the acciden-
tal injury that started the chain of events, potentially 
underestimating the role of the hip fracture in the 
patient’s death. On the other hand, patients who suf-
fer a hip fracture are often frailer and more comorbid 

than their age- and sex-matched non-fractured coun-
terparts [26] and thus at greater risk of both sustaining 
a fracture and of dying from pre-existing illness. In that 
sense, the hip fracture may be viewed as an indicator of 
multimorbidity, and the causal role of the hip fracture 
in the patient’s death may sometimes be overestimated 
when classified as underlying cause of death accord-
ing to the coding rules. With increasing time since the 
hip fracture occurred, the likelihood increases that the 
fracture will be overlooked when completing a death 
certificate. While we cannot exclude the possibility that 
this could partly contribute to the declining proportion 
of injury deaths by time since hip fracture, its contribu-
tion cannot be quantified. Although early excess mor-
tality following a hip fracture is particularly high, we 
have previously shown that excess all-cause mortality 
persists for more than ten years [3]. We found that with 
increasing time after the fracture, the distribution of 
causes of deaths converged towards that in the general 
background population [27].

Similar patterns of causes of death after hip fracture 
have previously been reported in nationwide data from 
Denmark [28]. Accidents represented the most com-
mon cause of one-year deaths in patients with hip frac-
ture during 1981–2001, accounting for 32.8% to 38.5% 
depending on calendar years. These were followed by 
deaths from cardiovascular disease, cancer and cer-
ebrovascular disease [28]. In a more recent analysis 
also using nationwide registry data from Denmark, 
short-term causes of death (30 days) were described in 
patients with a hip fracture during 2002–2012 [29], cor-
responding to the time frame of our study. In that study, 
‘unspecified cause related to the hip fracture’ accounted 
for approximately one-third (32.3%) of 30-day mortality 
after hip fracture, thus representing a lower proportion 
of the 30-day deaths than in our data, while the propor-
tion of deaths from cardiovascular disease in the Dan-
ish study corresponded to that in our study, accounting 
for approximately one-fifth (21.1%) of 30-day mortality.

Excess post-hip fracture mortality from all major 
causes of death has also been documented in other coun-
tries. A study from Sweden with a smaller sample size 
(1,013 hip fracture patients and 2,026 matched controls) 
showed one-year excess mortality from the three most 
common causes of death; cardiovascular disease, cancer, 
and pneumonia [30]. For these outcomes, one-year mor-
tality was in the magnitude of 3  to  4 times higher than 
in the background population, comparable to our study. 
In a Finnish study of 428 hip fracture patients, excess 
mortality was also observed in all major cause of death 
categories [31]. Annual relative mortality ranged from 2.5 
for deaths from neoplasms to 8.4 for deaths from diseases 
of the digestive system. In a population-based matched 
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cohort from Korea including 3,383 patients who suffered 
a hip fracture 2003–2012 [32], overall all-cause mortal-
ity was two-fold higher in hip fracture patients compared 
with controls during a follow-up of up to 11 years (mean 
4.5 years), with higher mortality from all major cause of 
death categories except for mental and behavioural dis-
orders [32]. The cohort study from Korea did not con-
sider trends in cause of death patterns according to time 
since the fracture. Although between-country variations 
in certifying and coding practices complicate direct com-
parisons, it seems to be a general observation that hip 
fractures entail increased mortality from several major 
causes of death.

Our study included nationwide registry data covering 
the total population of Norway over two decades. Nor-
way has universal public healthcare and hip fracture sur-
geries are performed in public hospitals. The Norwegian 
Cause of Death Registry has a uniform coding system 
in line with international rules proposed by the World 
Health Organization, facilitating comparisons with other 
countries. Yet, the available information relies on diag-
noses registered on the death certificates, completed 
by the attending physician. To ensure high accuracy of 
the registered causes of death, there have been efforts 
to return incomplete death certificates to the certifying 
physicians. This is particularly important when deaths 
have been assigned ICD-10 codes that are uninformative 
for identifying the true underlying cause of death, often 
referred to as ‘garbage codes’, of which common examples 
are heart failure and sudden death [33–36]. Since imple-
menting ACME in 2005, the garbage code X59.0 ‘Expo-
sure to unspecified factor causing fracture’ is assigned 
if a hip fracture is recorded with missing external cause. 
During 2015–2016, a quality assurance project was car-
ried out for deaths coded with X59 [37]. Based on pre-
dictors such as sex, age, place of death and nature of the 
injury, it was estimated that 97% of deaths coded with 
ICD-10 X59 during 2005–2014 could be redistributed to 
an accidental fall [36, 37]. More recently, electronic death 
certificates have been gradually implemented in Norway 
and are mandatory from 2022, using a digital system that 
assists the certifying physicians in submitting the neces-
sary information in a standardized way, thereby aiming 
to obtain improved cause of death statistics in the future 
[10].

In summary, a hip fracture may be considered an indi-
cator of deteriorating health and multimorbidity with 
ageing, or an adverse life event that triggers acceleration 
of ageing with accompanying medical complications, 
exacerbation of chronic diseases, and decline in physi-
cal and cognitive function. Our findings of a particularly 
high short-term excess mortality from the injury as well 

as an excess risk of death from all causes during the first 
year after a hip fracture supports both these notions.

Conclusions
The traumatic injury of a hip fracture is the leading 
underlying cause of death among older patients who sur-
vive less than one year after their fracture. This finding 
underscores the importance of preventing falls, and thus 
fractures, among older adults. While the excess mortality 
from accidental falls leading to hip fractures is very high, 
hip fracture patients have excess one-year mortality from 
all major causes of death.
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