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Abstract
Summary In a cohort of 169,145 patients with a hip fracture
and 524,010 controls we observed an excess mortality among
patients compared to controls for as long as 20 years after the
hip fracture. The main reason for the excess mortality was
linked to the trauma that caused the hip fracture.
Introduction Patients with a hip fracture have a significant
excess mortality. However, it remains unclear if the mortality
is linked to the pre-morbid conditions or to complications to
the fracture.
Methods All subjects with a hip fracture in Denmark between
1977 and 2001 were compared with three age- and gender-
matched subjects from the general population.
Results A total of 169,145 fracture cases were compared to
524,010 controls. The cases had a much higher prevalence of
co-morbidity than the controls. The mortality rate was twice
as high in fracture cases compared with controls (HR=2.26,
95% CI: 2.24–2.27). Adjustments for confounders only
changed the excess mortality risk little. The mortality after
the hip fracture was divided into two categories: an excess
mortality of 19% within the first year following the fracture
(relative survival = 0.81 compared to controls), and an excess
mortality of 1.8% per year (relative survival 0.982) for every
additional year following the fracture. The major causes of the
excess mortality were due to complications to the fracture
event (70.8% within the first 30 days).

Conclusions Patients with a hip fracture have a pronounced
excess mortality risk. The major cause was linked to the
fracture event and not to pre-existing co-morbidity.

Keywords Cause of death . Co-morbidity .

Hip fracture .Mortality

Introduction

Patients suffering a hip fracture have a significant excess
mortality compared with the general population [1–4]. After
two years the observed survival rate was approximately 75%
in women and 65% in men compared with an expected
survival of approximately 85% in both genders [2]. The
number of life-years lost after a hip fracture is, thus,
substantial as hip fracture incidence is high in many
communities [5]. If survival through a preventive programme
could be modified to the level observed in the general
population, only ten women or five men would need to
undergo the programme for two years to prevent one excess
death [2].

A number of studies have addressed excess mortality in
hip fracture patients compared to controls [2–4, 6–15].
Most studies reported that the excess mortality is linked to
the period of the first 6 to 12 months following the hip
fracture [2, 3, 6–13], with one study describing an excess
mortality for up to 5 years following the hip fracture [4],
and another study reporting excess mortality for as long as
10 years after the fracture [14]. Some of the prior studies
have been limited in size [6, 8, 10, 13] or duration of
follow-up [3, 9, 12], thus making them less likely to detect
small excess mortality risks over a prolonged period of
time. Many studies also used cohorts that did not contain
recent data [2–4, 9, 11, 14], i.e., operative management may
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have changed along with postoperative care. Furthermore,
none of the studies addressed causes of death among the
hip fracture cases or controls.

The causes of the excess mortality have been subject to
debate. The excess mortality may be linked to complications
following the fracture such as pulmonary embolism [16],
infections [17, 18], and heart failure [17, 18]. However, the
excess mortality may also be linked to co-morbid conditions
prior to the fracture [13]. e.g., may patients with heart
diseases be more likely to fall and thus sustain a fracture as a
consequence of the impaired circulation, but the impaired
circulation may also increase the likelihood of dying after
having sustained a fracture. In the same way patients with
immobilisation and osteoporosis following a stroke may
have not only an increased risk of falls and fractures [19] but
also an increased risk of dying following complications to
the neurovascular disease. An excess mortality as in patients
with hip fractures has also been observed in patients with
fractures of the spine and forearm [20, 21] as well as after
other types of osteoporotic fractures [22]. This could indicate
that pre-existing factors associated with the risk of osteopo-
rotic fractures may be responsible for the excess mortality.
This is supported by one study finding that after adjustment
for weight loss and other markers of physical disability no
excess mortality was present in patients with a spine fracture
[21]. Another study has shown that pre-existing heart- [23]
or lung diseases were associated with an increased mortality
after a hip fracture [24], also supporting the role of co-
morbid conditions in the excess mortality. Postoperative
occurrence of lung infections and heart failure are both
associated with a very high short-term mortality (65% and
43% respectively after 30 days) indicating a strong role of
complications occurring after the fracture [17]. This is
supported by a study finding that pre-morbid conditions
did not predict post fracture mortality, but rather that the
mortality was associated with infections occurring after the
fracture [18]. In addition to these factors a number of factors
play a role. These may include surgical management with
good operative techniques [25], experience [26], anaesthetics
[27], and time from fracture to surgery [28]. In connection
with time from fracture to surgery, one study indicated that
time used to control co-morbid conditions pre-operatively did
not adversely affect mortality [29]. Peri- and post-operative
management with blood transfusion [30], prevention of deep
venous thrombosis and pulmonary embolism, etc. are also
important.

The following were thus the aims of the present study:

1) To assess the effects of pre-morbid conditions on the risk
of death following a hip fracture.

2) To establish whether causes of death were related to pre-
morbid conditions or post-operative complications in the
short and long-term perspective.

3) To evaluate the excess mortality after a hip fracture
compared to the general population both in the short and
long-term perspective.

Material and methods

In Denmark the widespread existence of registers covering
contacts to the health sector offers good possibilities for
studies on the occurrence of fractures [31]. The Danish
National Health Service provides tax-supported healthcare for
all inhabitants, allowing free access to general practitioners
and hospitals. In addition, reimbursement is provided for a
variable proportion of the costs of prescribed drugs. Using
the unique 10-digit civil registry number that is assigned to
all Danish citizens shortly after birth, a complete hospital
discharge and prescription history can be established for each
individual, and valid linkage between population-based
registries can be obtained. The unique civil registry number
definitively identifies each individual in all registers.

In Denmark, the National Hospital Discharge Register
covers all contacts (on in- or out-patient basis) to the hospitals
[32]. The register was founded in 1977, but outpatient records
were first completely incorporated from 1995. The files of the
National Hospital Discharge Register include information on
the civil registry number of the patient, date of discharge, and
discharge diagnoses (both principal diagnoses and additional
diagnoses), assigned exclusively by the physician at discharge
according to the Danish version of the International Classifi-
cation of Diseases, 8th revision (ICD-8) until the end of 1993,
and to the Danish version of the International Classification of
Diseases, 10th revision (ICD-10). For fractures a classifica-
tion of the energy of the trauma that led to the fracture (low,
medium, high etc.) is available along with codes of the activity
that was associated with the fracture (say an automobile
accident), and the place where the accident took place (street,
home etc.). The register has nationwide coverage of public
hospitals with an almost 100% completeness of recordings
and a high precision of diagnoses [32], especially of fracture
diagnoses [33].

This cohort study was performed within the Danish
population that constituted approximately 5.3 million indi-
viduals during the study period.

The study was subject to control by the National Board of
Health, and the Danish Data Protection Agency.

Study design

The study was designed as a classical historic cohort study
where exposure was presence of a hip fracture or not, and
outcome was mortality. Covariates were co-morbidity, drug
use and social variables.
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Identification of hip fracture cases

All patients with a fracture of the hip (ICD8 codes 820.00 and
820.01, ICD10 codes S72.0 and S72.1) in Denmark in the 25-
year period between January 1, 1977 and December 31, 2001
were retrieved from the National Hospital Register [32].

Identification of controls

Using the Civil Registration System, which has electronic
records on all changes in vital status, including change of
address and date of death for the entire Danish population
since 1968, we randomly selected three controls for each case,
matched by gender and year of birth. The controls were
selected using the incidence-density sampling technique [34],
i.e., the controls had to be alive and at risk for fracture
diagnosis at the time the corresponding case was diagnosed.

The controls were required not to have been hip or femur
fracture cases in the period from 1977 to 2001.

Identification of co-morbidity and other covariates

For both cases and controls all contacts to the national health
system in the period January 1, 1977 to December 31, 2001
were retrieved to allow quantification of co-morbidity that
was present before the time of fracture or emerged after the
time of fracture.

The Charlson index, which is a validated index of 19 co-
morbid conditions, was used to express a weighted index of
co-morbidity [35]. Alcoholism was defined as having had a
diagnosis related to alcoholism in the National Hospital
Discharge Register [36].

Social covariates on income, educational and occupational
status were retrieved from the National Bureau of Statistics
(Statistics Denmark) [36]. These variables were retrieved for
the year the fracture occurred.

Information on vital status

We retrieved information of migrations and date of death from
the Central Person Register (via the National Bureau of
Statistics). Information on cause of death was retrieved from
the National Register of Causes of Death under the National
Board of Health (via the National Bureau of Statistics).

Death certificates were completed by the treating hospital
physicians or after discharge by the responsible general
practitioners. In these certificates the cause of death is
graduated into three levels: 1) the primary cause of death (the
immediate cause of death), 2) the secondary contributing
cause of death, and 3) the tertiary contributing cause of
death. The secondary and tertiary causes of death are used
when concurrent factors are part of the cause of death, e.g., a

person dying after a trauma may have a heart condition that
contributed to the death.

In our analyses of causes of death, we used two principal
types of categorisation: 1) primary cause of death, which is
the cause of death registered as the immediate cause of
death, and 2) the underlying cause of death. The causes of
death given by the treating physician are subsequently
recoded by the National Board of Health using ICD8 and 10
codes and codes for deaths related to the accident/trauma that
led to the fracture.

If a patient dies within 30 days of a major accident such as a
car crash, the primary cause of death is coded as related to the
trauma by international standards irrespective of the actual
cause of death (say a myocardial infarction complicating the
fracture). The actual cause of death is then coded as the
secondary cause of death (the contributing cause of death).
This classification thus necessitates analyses on two levels. In
the latter case it was assessed if a secondary or tertiary cause
was part of the underlying cause of death, i.e., if other factors
besides the accident or trauma contributed.

Statistics

Data from the different registers were merged at the National
Bureau of Statistics, and for each subject the ten-digit civil
registry number was substituted by a unique case number i.e.,
as investigators we had no access to personally identifiable
information. Mean and standard deviation were used as
descriptive statistics. Crude odds ratios (OR’s) were calculat-
ed and 95% confidence intervals approximated using the
method of Miettinen [37]. Survival was analysed using Cox
proportional hazard method. It was checked that the effect of
risk factors was proportional with time and this was found to
be the case. From Fig. 1 it can be seen that for the controls,
the risk was proportional with time, while for the fracture
cases the risk was a little higher within the first year than
within the subsequent years. However, this deviation did not
affect the overall results.

Analyses were performed using STATA 8.1 (STATACorp.,
College Station, Tx) and SPSS 14.0 (SPSS Inc., Chicago Ill.) -
both in the Unix version.

Results

Baseline characteristics

Table 1 shows baseline characteristics of the fracture cases
and controls. The cases and controls were well matched
for age and gender. The prevalence of co-morbidity was
statistically significantly higher in cases than in controls,
while the difference in clinical terms was limited (45.3 vs.
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40.5% with any co-morbid condition). One particular feature
was that the hip fracture cases actually had a lower proportion
with prior cancer, acute myocardial infarction and heart failure
(Table 1). The proportion with extensive co-morbidity
(Charlson index ≥ 5) was higher among the controls than
the cases. A higher proportion of fracture cases than controls
died during follow-up.

The mean number of days spent in hospital after the date of
the hip fracture (or the corresponding dummy date among the
controls, excluding the admission for the hip fracture among
the cases) was 12.0±22.1 in cases and 8.2±16.0 among the
controls, 2p<0.01.

Effects of pre-fracture co-morbidity

Table 2 shows the effects of stratification for confounders
on survival.

Crude analysis

Table 2 shows that the crude mortality risk for the entire time
period after was more than doubled for the time period after
the hip fracture in the patients compared to the time period
after the corresponding “dummy” index date in the controls
(HR=2.26, 95% CI: 2.24–2.27). Men with hip fractures had
a somewhat higher relative risk of death than women with
hip fractures (HR=2.75 vs. 2,09, p<0.01 for direct compar-
ison). There was an inverse relationship between age and
excess risk of death. The older hip fracture patients had a
much lower excess mortality than the younger (HR=1.79
for patients ≥ 85 years, 2.06 for patients aged 75–84 years,
2.52 for patients aged 65–74 years, and 3.46 for patients
< 65 years at the time of hip fracture, which was statistically
significant: 2p<0.01 for change with age by test for trend).
This crude analysis shows that age interacted with the excess
mortality risk associated with a hip fracture (i.e., age was an
effect modifier), the excess mortality being higher among
younger than older individuals, in the adjusted analysis
below, the effect of age per se is presented. Co-morbidity
had little influence on the risk of excess mortality in hip
fracture cases compared to controls (no trend in HR with
degree of co-morbidity).

Adjusted analysis

Table 2 shows that fracture cases had a mortality risk that was
approximately twice that of the controls (HR=1.95, 95% CI:
1.94–1.97) after adjustment for age, gender, and pre-fracture
co-morbidity (Charlson index). These adjustments changed
the overall mortality hazard ratio (HR=1.95 adjusted vs. 2.26
unadjusted). Upon further adjustment for income a significant
change in relative risk was observed (HR changed from 2.26
unadjusted to 1.66, p<0.01 by direct comparison). The other
variables only induced small changes in relative risk of death
among hip fracture cases. Following adjustment, increasing
degree of co-morbidity (Charlson index) was associated with
an increase in relative mortality. Some co-morbid conditions
(AIDS, dementia, kidney disease) were associated with a
significantly higher relative risk than others (acute myocardial
infarction and stomach and duodenal ulcers). However, the
relative risk using the Charlson index (HR=1.66) was similar
to using the individual diseases (HR=1.67) along with the
other confounder variables.

The mortality increased steeply with increasing age at the
time of fracture, and this association only changed little upon
introduction of confounders. Please note that this age
adjustment deviates from the crude analysis as it shows the
effect of age per se, i.e., an increasing risk of death with age
whereas the crude analysis shows that the effect of age on
mortality differed between fracture cases and controls.

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 5 10 15 20

Time from fracture (years)

S
u

rv
iv

al

Expected

Observed

b Actuarial survival on a log-scale

a Actuarial survival

0.01

0.1

1

0 5 10 15 20

Time from fracture (years)

S
u

rv
iv

al

Expected
Observed

Fig. 1 Observed and expected long-term survival among patients
with a hip fracture. a) Actuarial survival. Footnote: The expected
survival was based on an age- and gender matched selection of the
general population. b) Actuarial survival on a log-scale
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The trauma energy only seemed to play a minor role for the
causes of death: 16.9% of patients with a hip fracture resulting
from a fall at the same level died from trauma whereas this
was the case for 16.4% of patients suffering a fall from one
level to another (data not shown).

Actuarial survival

Figure 1 shows observed and expected survival. From
Fig. 1a it can be seen that an excess mortality is present.
The mean survival time was 11.1±0.02 years in controls and
6.2±0.02 years in hip fracture patients, i.e., a loss of life of
4.9 years on average. As the distribution of survival times
tended to be skewed, an analysis of median survival was also
performed. The median survival was 9.4 years among
controls and 3.8 years among hip fracture patients. This is
equal to a median loss of 5.8 years.

From Fig. 1b (log scale) it can be seen that a significant
excess mortality takes place within the first year after the hip

fracture. The survival after one year among the hip fracture
patients was only 81% of that expected in an age- and gender
matched normal population (equal to a loss of 19% of the
expected survival). However, an excess mortality was still
present more than one year after the hip fracture. For each year
after the first year the observed survival was only 98.2%
of what was expected (a loss of 1.8% per year). Although
this was a numerically small excess mortality per year, it
amounted to a large loss when cumulated over many years.
After 20 years, the observed survival was only 57.4% of that
expected (0.81 * 0.982(20–1)=0.81 * 0.708=0.574), equalling
a loss of 42.3% of that expected. However, the loss was 19%
(81% of the expected within the first year), but 29.2% over
the following 19 years (0.982(20–1)=0.708 or 70.8% of that
expected). The long-term excess mortality thus contributes
more than the short-term excess over a period of 20 years.
The general formula computed from Fig. 1 for observed
survival (O) vs. expected (E) in an age- and gender matched
section of the background population was: O=E * 0.81 *

Table 1 Baseline characteristics

Variable Cases (n=169,145) Controls (n=524,010) P

Gender –*
Men 46,073 (27.6%) 144,695 (27.6%)
Women 122,422 (72.4%) 379,315 (72.4%)
Age (years) 77.0±13.0 77.0±13.0 –*
Died during follow-up <0.01
Yes 121,953 (72.1%) 352,636 (67.3%)
Charlson index <0.01
0 (no co-morbidity) 92,571 (54.7%) 311,823 (59.5%)
1–2 57,579 (34.0%) 150,835 (28.8%)
3–4 13,838 (8.2%) 39,104 ( 7.5%)
≥ 5 5,157 (3.0%) 22,248 ( 4.2%)
Co-morbidity before the hip fracture
Cancer 20,120 (11.9%) 75,177 (14.3%) < 0.01
Previous acute myocardial infarction 9,827 (5.8%) 43,153 (8.2%) < 0.01
Arteriosclerosis 6,370 (3.8%) 16,302 (3.1%) < 0.01
Chronic obstructive pulmonary disease 12,761 (7.5%) 30,480 (5.8%) < 0.01
Cerebrovascular disease 16,641 (9.8%) 39,077 (7.5%) < 0.01
Dementia 7,402 (4.4%) 11,225 (2.1%) < 0.01
Diabetes 11,179 (6.6%) 29,154 (5.6%) < 0.01
Heart failure 13,258 (7.8%) 44,360 (8.5%) < 0.01
Any liver disease 2,371 (1.4%) 3,367 (0.6%) < 0.01
Any kidney disease 11,468 (6.8%) 24,132 (4.6%) < 0.01
Alcoholism 5,423 (3.2%) 4,678 (0.9%) < 0.01
Income (DKR) 86,804±127,447 96,162±135,847 < 0.01
Civil status < 0.01
Widowed 78,178 (46.2%) 263,455 (50.3%)
Divorced 14,426 (8.5%) 36,815 (7.0%)
Married 55,561 (32.8%) 169,097 (32.3%)
Never married 20,973 (12.4%) 54,580 (10.4%)
Other 17 (< 0.1%) 63 (< 0.1%)

*No statistical test as the cases and controls were matched
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0.982(y–1) for y≥1 years, where y is years from hip fracture,
and E=0.9y, i.e., O=0.81 * 0.9y * 0.982(y–1) for y≥1 years.

Figure 2 shows that the relative risk of death was higher
within the first half year following the hip fracture than later.

Causes of death

Primary cause of death

Table 3 shows the distribution of primary causes of death. The
fracture cases had a significant excess mortality from causes
linked to trauma complications, with smaller proportions of
the excess mortality linked to infectious diseases, psychiatric
disorders, neurological disorders, dementia, and a variety of
other infrequent causes. Deaths caused by cancer and
cardiovascular diseases were under-represented as a conse-
quence of the relative excess of the before-mentioned causes.

Within the first 30 days following the index date, 70.8% of
all deaths within the hip fracture cases were due to trauma
related complications versus only 2.5% trauma related
complications among controls, i.e., an excess of 68.3%. More
than 30 days after the fracture 7.6% of all deaths were due to
complications related to the fracture-releasing trauma versus
1.8% trauma related deaths among the controls.

Within the first year following a hip fracture, 30.7% of all
primary causes of death were related to the fracture-releasing
trauma among hip fracture cases vs. 2.2% trauma related
deaths among the controls. More than one year after the hip
fracture, 2.8% of all deaths were primarily caused by traumas
vs. 0.9% among controls.

The proportion of deaths linked to complications related to
the trauma increased steadily from 7.5% in patients < 65 years
over 9.5% in hip fracture patients aged 65–74 years, 14.3% in
patients aged 75–84 years to 21.9% in patients aged 85 years
or more (p for trend < 0.01).

Underlying cause of death besides trauma related

Table 4 shows the underlying cause of death besides the
trauma (patients whose primary cause of death were trauma
related were examined for secondary or tertiary causes of
death). In most cases other causes than the accident were
contributing to the death (almost all patients dying with a
primary cause of death registered as trauma related had
secondary of tertiary causes not related to the accident). In
only 562 and 88 subjects, respectively, was the trauma the
only registered cause of death. Table 4 shows a somewhat
different picture from Table 3. Although statistically
significant differences were still present, the absolute
differences were much smaller for several causes of death.
Whereas the percent of cardiovascular deaths changed little
among the controls (from 40.1% to 40.5%) there was a
large change from 31.2 to 38.0% among the hip fracture
cases, i.e., a relatively large part of deaths primary linked to
trauma had a component linked to cardiovascular disease.

Table 4 also shows that there was an excess risk of death
from all causes in hip fracture cases compared to controls in
absolute terms. i.e., was the overall excess risk of death
around 2.26 times that of the controls. Hip fracture cases
also had a risk of death from cancer that was higher than in
controls (HR=1.64). However, as this relative risk of dying
from cancer was lower than the overall relative risk, the
percent that died from cancer was smaller among hip fracture
cases (13.2%) than among controls (20.6%- i.e., the ratio 13.2/
20.6=0.64 was within the range of 1.64/2.26=0.73, the small
difference being due to the fact the first ratio was a risk ratio,
that did not take time till death into account, whereas the latter
was a rate ratio that took time till death into account).

The factors that in both absolute and relative terms contrib-
uted themost to death following a hip fracture besides the trauma
related deaths were: infections (relative difference 8.5–5.0=
3.5%), psychiatric diseases (2% difference), pulmonary diseases
(1.2%), dementia (1%), and neurological diseases (0.8%).

During the extended observation period changes took place
in survival among cases and controls, but these did not interact
with the results presented here (data not shown).

Discussion

In this large-scale cohort study we have shown a significant
excess mortality after a hip fracture. Within the first year
following the fracture a significant excess mortality of around
20% was present, mainly linked to trauma related complica-
tions. This is in accordance with the finding that the excess
mortality only changed little upon adjustment for pre-morbid
conditions except for income. There was a small excess
annual mortality for the remainder of the observation period.
Although small on an annual basis, this excess mortality
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amounted to a significant excess mortality with time. This
long-term excess mortality seemed linked to a number of
factors including income. Higher incomemay be a proxy for a
number of variables related to social status (having a job,
social position, social security etc.). This points to not only
medical measures but also perhaps social measures in the
prevention of mortality following a hip fracture.

Our study thus supports that it is post fracture conditions
related to the trauma rather than pre-fracture co-morbid
conditions that predicts mortality. The fact that co-morbidity
was a less significant predictor of survival is interesting, as it
may signal that the care for the hip fracture patients is at a level
where the effects of pre-fracture co-morbidity is neutralised

by the medical care, whereas the medical care needs to be
optimised to reduce the mortality linked to immediate post-
fracture conditions. The post fracture conditions that contrib-
uted the most to the excess mortality were infections and
psychiatric conditions.

As post fracture conditions seemed responsible for the
increased mortality, medical measures to prevent mortality
should be directed at these factors, infections in particular.
Lung diseases such as asthma, chronic obstructive pulmonary
disease and emphysema could also be points of prevention as
they also contributed to the excess mortality.

The observation that post fracture rather than pre-fracture
conditions were responsible for the excess mortality is in

Table 4 Underlying causes of death (cause of death besides trauma related- a few cases were solely trauma related)

Number % p* Compared to controls

Cases Controls Cases Controls HR (95% CI)**

Infectious diseases 10,174 17,343 8.5 5.0 < 0.01 3.39 (3.30–3.49)
Cancer 15,853 71,654 13.2 20.6 < 0.01 1.64 (1.61–1.67)
Benign tumours 758 2,430 0.6 0.7 0.21 1.91 (1.75–2.09)
Endocrine disorders 2,958 6,859 2.5 2.0 < 0.01 2.86 (2.73–3.01)
Psychiatric disorders 4,766 6,973 4.0 2.0 < 0.01 4.09 (3.92–4.26)
Neurological diseases 2,032 2,969 1.7 0.9 < 0.01 4.65 (4.35–4.97)
Cardiovascular 45,728 140,765 38.0 40.5 < 0.01 2.08 (2.06–2.11)
Cerebrovascular diseases 13,792 41,968 11.5 12.1 0.01 2.09 (2.04–2.13)
Pulmonary diseases 6,732 15,323 5.6 4.4 < 0.01 2.91 (2.81–3.00)
Gastrointestinal disorders 3,549 8,417 3.0 2.4 < 0.01 2.69 (2.57–2.81)
Kidney and urinary tract disorders 1,244 2,943 1.0 0.8 < 0.01 2.49 (2.31–2.68)
Dementia 2,979 5,236 2.5 1.5 < 0.01 2.67 (2.56–2.82)
Other and poorly defined conditions 9,124 24,840 7.6 7.1 0.01 2.31 (2.25–2.37)
Trauma related 562 88 0.5 0.0 < 0.01 31.3 (23.5–41.7)
Overall HR (from table 2) 2.26 (2.24–2.27)

*χ2 test, **Relative risk of death from the cause in question among hip fracture cases compared to controls.

Table 3 Distribution of primary causes of death in actual numbers and percentage

Number % p*

Cases Controls Cases Controls

Infectious diseases 6,915 15,229 5.7 4.4 <0.01
Cancer 15,142 71,384 12.5 20.4 <0.01
Benign tumours 692 2,406 0.6 0.7 <0.01
Endocrine disorders 2,315 6,411 1.9 1.8 0,11
Psychiatric disorders 3,825 5,359 3.1 1.5 <0.01
Neurological diseases 1,828 2,867 1.5 0.8 <0.01
Cardiovascular 37,896 140,259 31.2 40.1 <0.01
Cerebrovascular diseases 12,519 41,659 10.3 11.9 <0.01
Pulmonary diseases 5,599 15,072 4.6 4.3 <0.01
Gastrointestinal disorders 4,746 12,356 3.9 3.5 <0.01
Kidney and urinary tract disorders 1,541 4,404 1.3 1.3 0.81
Dementia 2,822 5,186 2.3 1.5 <0.01
Other and poorly defined conditions 6,652 19,357 5.5 5.5 0.42
Trauma related 19,012 7,716 15.6 2.2 <0.01

*χ2 test
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accordance with the studies by Roche et al. [17] and Wehren
et al. [18]. In the study by Roche et al. [17], 59% had at least
one co-morbid condition compared to around 55% in our
study. However, the definition of co-morbidity was broader
in the study by Roche et al. [17] than in our study. Roche et
al. reported a mortality of 9.6% at 30 days compared to 13%
in our study, and a one-year mortality of 33% compared to
29% in our study. The mean age in their study was 82 years
[17] compared to 77 years in our study, and 80% of their
patients were women [17] compared to 72% in our study.
They also reported a higher mortality in men than in women
[17]. The observed 30 days mortality in their study [17] is
considerably lower than in our study given that the age of
their patients was higher and the proportion of men smaller.
However, their one-year survival [17] was about the same
level as in our study. They excluded patients < 60 years,
patients with pathological fractures, and patients not under-
going surgery [17]. This may have led to a selection of more
“fit” patients in their cohort [17], which may explain the
differences in short-term mortality as our cohort included all
patients with a hip fracture.

In the study by Wehren et al. [18] 78% were women,
which was also a higher proportion than in our study. The
mean age in their study of 81 years [18] was also considerably
higher than in our study. They reported a one-year mortality
of around 25%, i.e., lower than in our study considering age
and gender distribution.

The finding that the majority of mortality in the short-term
perspective is attributable to the hip fracture is in accordance
with Dutch results [38].

The prior studies on mortality rates and causes of death
have focused on short-term mortality (two years in the study by
Wehren et al. [18], and one year in the study by Roche et al.
[17]). Our study provides insight into long-term mortality
showing an excess mortality even many years after the hip
fracture pointing at the necessity of not only short-term
prevention of mortality but also long-term prevention. The
long-term excess mortality is in accordance with the findings
by Schroder and Erlandsen [14], but in contrast with several
other studies on excess mortality in hip fracture patients
compared to the general population finding only an excess
mortality for the first year or less following the hip fracture [2,
3, 6–13]. However, as mentioned in the introduction, several
of these studies were small and had a limited time of follow-
up. In our study the excess mortality was still present after
adjustment for several important confounders.

If the hip fracture trauma per se is the main predictor of
mortality, the main focus for preventing the excess deaths after
a hip fracture is to prevent the fracture to occur. Antiosteopo-
rotic drugs that increase BMD decrease the risk of hip fractures,
and thus potentially the overall mortality [39]. However, all
measures to prevent osteoporosis and falls or other traumas
that may lead to hip fractures or to ameliorate the consequen-

ces of say a fall (e.g., hip protectors) may also be efficient in
reducing overall mortality in the general population of older
age or in institutionalised elderly persons, as hip fractures are
quite frequent.

During a long observation period as the one presented here
changes in the management of patients with hip fractures took
place both with respect to surgical practices, anaesthetics, and
postoperative management. However, these changes with
time did not interact with the results presented here.

The reasons for the lower cancer mortality among cases
than controls are not readily explained. However, several
factors may play a role. The prevalence of cancer was a little
lower among hip fracture cases than controls (12 vs. 14%,
Table 1). The lower frequency of cancer as primary cause of
death among hip fracture patients than controls (12.5 vs.
20.4%, Table 3) may be due to the fact that trauma related
causes of death were so frequent that other causes of death
were very low among patients. However, this does not
completely explain the difference, as cancer was only present
as underlying cause of death in 13.2% of cases vs. 20.6% of
controls (Table 4). Another possibility is the fact that the
incidence of cancer increases with age. However patients
with a hip fracture have a substantial reduction in observed
rest lifetime. Their shorter lifetime may, thus, mean that
fewer live long enough to develop cancer or to have a cancer
diagnosed.

Strengths and weaknesses of the study

The main strengths of the study are the high validity of a
hip fracture diagnosis [33], the completeness of registration
and the completeness of follow-up [32]. The study is thus
considerably larger than prior studies within the field and
offers a much longer follow-up, which has disclosed a long-
term excess mortality besides the short-term excess mortality.

The weaknesses are lack of detailed information on
individual life-style variables, like smoking habits, consump-
tion of alcohol, and e.g., body mass index. The fact that the
high mortality in the hip fracture group meant that many in
this group had a recent major event namely the fracture and
that many deathsmay have occurred during hospitalisations in
contrast to deaths occurring later in the course and in the
control population. The attention on causes of death may thus
have been different, e.g., may more diagnostic procedures and
autopsies have been performed in patients dying after a recent
hip fracture than in controls where a larger proportion of
deaths may have been considered as natural. We did not have
information on the frequency of autopsies in the two groups,
and cannot therefore decide whether differences in these may
have affected the registration of causes of death.

The consumption of health services after the hip fracture
may also have affected the registration of the causes of death;
patients being in tight contact with (or admitted to) say a
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hospital department, an outpatient clinic, or their general
practitioner may be more likely to have an exact diagnosis of
the cause of deaths in contrast to patients not having such
contacts. We did not have information on the number and
nature of contacts to the general practitioner, and this is a
weakness of the study. Regarding hospital contacts, the
patients had about 4 more days in hospital than the controls
on average after the date of the fracture (12 vs. 8 days),
perhaps due to complications after the fracture, re-operations,
and re-admissions for rehabilitation. This may have meant a
better registration of complications in cases than in controls.

In conclusion patients with a hip fracture have a pro-
nounced excess mortality risk. The major cause was linked to
factors associated with the accident that caused the fracture.
Prevention may thus best be directed at reducing the number of
hip fractures and the immediate medical care of the patients.
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