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Abstract
Summary The leading causes of mortality in our study were pneumonia, diseases of the circulatory system, and dementias. In
patients with hip fractures, the emphasis should be placed not only on measures to prevent falls and osteoporosis, but also on
preventing functional decline and pneumonia.
Purpose To describe the specific causes of death in patients who died up to 2 years after sustaining a hip fracture, how many of
those deaths were directly related to the hip fracture, and the risk factors for mortality.
Methods A retrospective review of the clinical data of all patients admitted with hip fractures between December 2009 and
September 2015. Cause of death was classified according to the International Statistical Classification of Diseases and Related
Health Problems (ICD10)
Results In the first 2 years after hip fracture, 911 patients (32.7%) died. The leading causes of mortality were pneumonia 177
(19.4%), diseases of the circulatory system 146 (16%), and dementias 126 (13.9%). Thirty patients (3.2%) died from causes
directly related to hip fracture or surgery. Mortality risk factors with a higher relative risk were advanced age, male sex, higher
comorbidity, delirium, and medical complications during admission.
Conclusions Pneumonia and circulatory system diseases were the commonest causes of death in our study. In patients with hip
fractures, emphasis should be placed on preventing functional decline and pneumonia. In a few patients, death was directly
related to the hip fracture, although decompensation of chronic illness as a result of hip fracture and fracture-related functional
decline may have been indirect causes. Patients with worse conditions at admission had the highest risk of mortality.
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Introduction

Hip fracture is a serious complication of falls and osteoporosis,
both of which are common in older adults. It is well-known that
mortality after a hip fracture is very high compared with the
general population. In patients over 65 years, it is around 20%
in the first year post-discharge [1] and many authors believe
that excess mortality remains high for a very long time [2, 3].
Nevertheless, there is little information in the literature about
the causes of late death during and after discharge from hospi-
tal. Since the number of hip fractures is expected to increase in
the coming years, it is important to find out more about specific
causes of death and whether some can be prevented. Some
studies have found that the most common causes of death fol-
lowing a hip fracture are infections, especially pneumonia, and
cardiovascular diseases [2, 4–6].

Many authors worldwide have found that advanced age,
male sex, high comorbidity, living in a nursing home, and
complications during admission are predisposing factors for
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mortality [7, 8]. The aims of our study were firstly to describe
the specific causes of death of patients who diedwithin 2 years
of sustaining a hip fracture in our environment and how many
deaths could have been directly related to hip fracture or sur-
gery, and then to check whether they were the same causes
found in studies carried out in other countries. Secondly, in all
patients admitted for hip fractures, to analyze the differences
between survivors and non-survivors and identify the risk fac-
tors for mortality. In both analyses, causes of mortality and
mortality risk factors that could have been prevented were
specifically looked for.

Patients and methods

Setting

The study was conducted in the Orthopaedic Surgery depart-
ment in a tertiary university hospital serving a population of
about 425,000 people in Barcelona, Spain.

Subjects

The clinical data of all patients admitted to the Orthopaedic
Surgery Unit with hip fractures between December 2009 and
September 2015 were retrospectively reviewed. Patients with
hip fractures due to accidents or neoplasm were excluded. The
search included the cause of death of patients who died during
the first 2 years after a hip fracture. The study was approved
by the institutional ethics committee.

Data collection

The following data were collected: age, sex, comorbidity mea-
sured by the Charlson index [9], the Barthel Index of
Activities of Daily Living (ADL) [10], place of residence,
number of drugs before admission, length of hospital stay,
delay to surgery, and type of fracture. Hemoglobin and albu-
min levels at admission were recorded. Medical complica-
tions, final discharge destination (home, nursing home or in-
patient rehabilitation facility), and cause of in-hospital mortal-
ity were also recorded. Mortality at 30 days, 1 year, 2 years,
and specific causes of death were collected. Patient data not
included in the electronic medical record was considered as
non-localized. If the date of the patient’s death was found but
not the cause, cause of death was considered as not recorded.

Cause of death was considered to be the disease leading to
death, based on a complete review of medical history data and
information on the patient’s clinical course and death. We
considered only the primary cause of death, and whenever
there was any doubt, it was resolved by discussion between
the manuscript authors. Cause of death was classified accord-
ing to the International Statistical Classification of Diseases

and Related Health Problems (ICD10 version 2016) [11],
which is published by the World Health Organization
(WHO) and used to codify and classify causes of death.

Aspiration pneumonia was considered when it was noted
on the medical record. When aspiration pneumonia occurred
in a patient with dysphagia due to a severe degenerative neu-
rological disease, cause of death was considered to be the
latter. Patients who died after a period of progressive general
physical deterioration were classified in the group of symp-
toms, signs, and abnormal clinical and laboratory findings not
classified elsewhere whose general symptoms and signs are
functional decline (code R50-R69).

As causes of death directly related to hip fracture, we con-
sidered those arising from the surgery itself: complications
(hemorrhagic and infections) as well as pulmonary embolism,
which has long been known to be a fracture-related cause of
death [12]. Causes considered to be directly related to the
fracture were: “haemorrhage and haematoma complicating
surgery” (code T81.0), “infection following surgery” (code
T81.4), and “pulmonary embolism” (code I 26) within the first
30 days after surgery.

Hip fracture pathway

Our hospital has an established hip fracture pathway. During
admission, all patients received low molecular weight heparin
prophylaxis, which was maintained for at least 30 days after
surgery. Prior to surgery, antibiotic prophylaxis was given in
accordance with hospital protocols. No patient underwent sur-
gery in the 3 days after discontinuing clopidogrel or other
platelet antiaggregants, and received only acetylsalicylic acid
at a daily dose of 100 mg. Platelets were transfused prior to
surgery if the platelet count was below 80,000. Blood was
transfused when the haemoglobin level was below 80 g/L or
there was haemodynamic instability. Management of antico-
agulant treatments before and after surgery was as established
in hospital protocols. At discharge, all patients were advised to
take a vitamin D supplement and specific anti-osteoporosis
treatment, except those who were not required to receive it
due to their illnesses. During admission, patients were visited
at least once by a doctor from the Geriatric Unit for geriatric
assessment, in accordance with the framework of co-operation
developed between the two departments with respect to hip
fractures.

Statistical analysis

Continuous variables were analyzed by calculating means and
ranges, then compared using the Student’s t test with Welch’s
correction. For categorical variables, absolute numbers, rela-
tive frequencies, or proportions were calculated and compared
using the Fisher’s exact test. Multivariate Cox regression anal-
ysis (proportional hazards model) was performed to establish
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independent variables for mortality in the first two years after
sustaining a hip fracture. Categorical variables were dichoto-
mous. Statistical analysis was performed using the IBM SPSS
Statistical Package (version 22) (SPSS Inc., Chicago, IL,
USA). Statistical significance was p ≤ 0.05 in all cases.

Results

Between December 2009 and September 2015, 2909 patients
were admitted to hospital with a hip fracture. Complete data
was obtained for 2788 (95.8%) patients 2 years after the hip
fracture. Data was not available from all patients, since some
were tourists and others lacked data in the outpatient electron-
ic medical record (Fig. 1). Cumulative mortality was 115 (4%)
patients during admission, 207 (7.3%) at 30 days, 656
(23.2%) at 1 year, and 911 (32.7%) at 2 years. Median time
to death was 175 days (interquartile range 39–419). Specific
causes of death occurring within 2 years of a hip fracture are
grouped and listed in descending order of frequency in
Tables 1, 2, 3, and 4. Thirty patients (3.2%) died from causes
directly related to hip fractures or surgery (Table 5).

The characteristics of surviving and non-surviving patients
at 2 years were also compared. Their baseline characteristics at
admission and in-hospital outcomes are shown in Table 6. All
statistically significant variables included in the multivariate
Cox regression analysis were the same as those that were
statistically significant in the comparison of survivors and

non-survivors: age, sex, place of residence, Barthel and
Charlson indexes, number of drugs, length of hospital stay,
delay to surgery, hemoglobin and albumin at admission, blood
transfusion, delirium, medical and traumatological complica-
tions, and inpatient rehabilitation facility (Table 7). Reference
group for categorical variables is male sex, presence of delir-
ium, and presence of complications. The hip fracture pathway
was followed in all patients.

Discussion

In our study, the most common causes of death in the first 2
years after a hip fracture were: diseases of the respiratory
system, diseases of the circulatory system and dementias,
which are very similar to those mentioned in studies conduct-
ed in other countries. In a study by Panula et al. [4] conducted
in Finland, with a mean follow-up of 3.7 years after hip frac-
ture, the most common causes of mortality were the same,
with the leading one being circulatory diseases. In another
study with a 2-year follow-up, Wehren et al. [6] found that
the increase in mortality in patients with hip fractures relative
to the general population was mainly due to septicaemia and
pneumonia.

The findings of our study suggest that the causes of death
after a hip fracture can be divided into two broad types: those
that might have had aspects that were preventable and those
that did not. Similarly, some risk factors for mortality may

Table 1 Specific causes of
mortality occurring within 2 years
of hip fracture I

n = 911 n %

Diseases of the respiratory system (J00–99) 182 19.9

Bacterial pneumonia (J15) 112 12.3

Aspiration pneumonia (J69.0) 65 7.1

Chronic lower respiratory diseases (J40–47) 5 0.5

Diseases of the circulatory system (I00–99) 146 16

Heart failure (I50) 75 8.2

Cerebral infarction (I63) 27 3

Atherosclerosis of arteries of extremities (I70.2) 15 1.6

Acute myocardial infarction (I21) 11 1.2

Intracerebral haemorrhage (I61) 8 0.9

Pulmonary embolism (I26) 6 0.7

Other cardiac arrhythmias (I49) 4 0.4

Mental and behavioural disorders (F00–99) 126 13.9

Organic including symptomatic mental disorders (F00–09) 126 13.9

Symptoms, signs not classified elsewhere (R00–99) 104 11.5

General symptoms and signs (R50–69) 72 7.9

Sudden cause of death unknown (R96) 20 2.2

Symptoms and signs concerning food and fluid intake (R63) 6 0.7

Shock, not elsewhere classified (R57) 6 0.7
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also have had preventable aspects. Diseases such as advanced
or terminal stage cancer and neurodegenerative diseases do
not, at this stage, seem to offer preventable aspects, and the
hip fracture in question was probably the result of a weakened
condition and sarcopenia due to the underlying disease.

With respect to causes of death considered to be directly
related to hip fracture, the total number was small and would

appear to be difficult to prevent, since all measures to mini-
mize the risk of infection and bleeding were carried out cor-
rectly. We considered pulmonary thromboembolism to be a
fracture-related cause in the first 30 days after surgery, follow-
ing a study by McNamara et al. [13]. Eighty-five percent of
events occurred within 5 weeks of the fracture, and the dura-
tion of low molecular weight heparin prophylaxis

Table 2 Specific causes of
mortality occurring within 2 years
of hip fracture II

n = 911 n %

Malignant neoplasms (C00–97) 90 9.9

Malignant neoplasms of digestive organs (C15–26) 44 4.8

Lymphoid, haematopoietic and related tissue (C81–96) 8 0.9

Malignant neoplasms of respiratory and intrathoracic organs (C30–39) 7 0.8

Malignant neoplasms of urinary tract (C64–68) 7 0.8

Malignant neoplasm of breast (C50) 5 0.5

Malignant neoplasms of male genital organs (C60–63) 5 0.5

Secondary malignant neoplasm, unspecified site (C79.9) 5 0.5

Malignant neoplasms of female genital organs (C51–58) 3 0.3

Malignant neoplasms of eye, brain and other parts of the central nervous system (C69–72) 3 0.3

Malignant neoplasms of the lip, oral cavity and pharynx (C00–14) 2 0.2

Malignant neoplasms of mesothelial and soft tissue (C45–49) 1 0.1

Not recorded causes 87 9.5

Diseases of the genitourinary system (N00-99) 53 5.8

Urinary tract infection (N39.0) 43 4.7

Acute renal failure (N17) 6 0.7

Acute tubulo-interstitial nephritis (N10) 1 0.1

Renal and perinephric abscess (N15.1) 1 0.1

Abscess of prostate (N41.2) 1 0.1

Inflammatory disease of the uterus (pyometra) (N 71) 1 0.1

Table 3 Specific causes of
mortality occurring within 2 years
of hip fracture III

n = 911 n %

Diseases of the digestive system (K00–93) 48 5.1

Gastrointestinal haemorrhage (K92.2) 15 1.6

Acute vascular disorders of the intestine (K55.0) 11 1.2

Fibrosis and cirrhosis of the liver (K74) 5 0.5

Acute cholecystitis (K81.0) 4 0.4

Inguinal hernia (K40) 4 0.4

Paralytic ileus and intestinal obstruction without hernia (K56) 4 0.4

Acute pancreatitis (K85) 3 0.3

Mallory-Weiss syndrome (K22.6) 1 0.1

Diverticular disease of intestine, part unspecified, with perforation and abscess (K57.8) 1 0.1

Injury, poisoning and certain other consequences of external causes (S00-T98) 27 3

Infection following surgery (T81.4) 15 1.6

Haemorrhage and haematoma complicating surgery (T81) 11 1.2

Traumatic haemothorax (S27.1) 1 0.1

Diseases of the skin (L00–99) 11 1.2

Decubitus ulcer (L89) 10 1.1

Pemphigoid (L12) 1 0.1
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recommended by clinical practice guidelines varied between
28 and 35 days [14].

In the group of patients with organ failure such as chronic
heart failure, COPD, or cirrhosis, decompensated primary dis-
ease because of the hip fracture should be ruled out in the
patient, either during admission or after discharge, before de-
ciding whether any of these offsets are preventable.
Admission also provides an opportunity to check whether
the pharmacological and non-pharmacological treatment is
correct and whether compliance is appropriate.

We found twomajor causes of death with possible prevent-
able aspects: pneumonia and functional decline.

Pneumonia was the leading cause of death in our study.We
divided pneumonia into those with bacterial causes and those
caused by aspiration, since the measures to prevent them differ
in some respects. Pneumonia was the fourth most common
reason for hospitalization and the sixth leading cause of death
in older adults in our environment. In bacterial pneumonia,
measures that have been shown to be effective for prevention
include proper oral hygiene, stopping smoking, an annual flu
vaccination and pneumococcal vaccination [15]. In 2018, a
trial demonstrated that the incidence of pneumonia was lower
in elderly patients with hip fractures who followed the post-
operative pulmonary rehabilitation program after surgery [16].
Aspiration pneumonia is defined as pneumonia with previous
aspiration factors and suspected or proven aspiration [17].

Here we highlight the fact that a significant proportion of the
pneumonias that we found was probably caused by aspiration,
and these alone accounted for almost 7% of total mortality.
Two papers in Japan also found that a high number of pneu-
monias occurring during admission with hip fractures were
due to aspiration [18, 19]. Some of the main risks for aspira-
tion pneumonia are oral dysphagia and a vulnerable status
with frailty and comorbidity, conditions that apply to most
patients with fractured hips. Based on these data, recommen-
dations that could be made to prevent aspiration pneumonia
include correction of posture for swallowing, prevention of
gastroesophageal reflux, and actively looking for dysphagia
in hospitalized and discharged patients, since this condition
continues to be underdiagnosed and untreated [20].

We think that the group of patients that we classified as
“General symptoms and signs,” in which death is not well
defined and occurs after a period of functional decline, may
already have been in the end-of-life phase of functional de-
cline and the hip fracture was a possible complication related
either to the trajectory of dying or to the beginning of func-
tional decline. Whatever the case, an effort should be made to
identify patients who do not recover in the first few weeks or
are afraid of falling in order to intensify physiotherapy to
prevent immobility syndrome and its consequences.

In our study, patients who died in the first 2 years after a hip
fracture were older, male, had higher comorbidity scores, and
more medical complications throughout hospitalization, in-
cluding delirium. It seems reasonable to consider that patients
with hip fractures and worse conditions are those at highest
risk of mortality. A higher Barthel index and haemoglobin and
albumin at admission appear to be statistically significant pro-
tective factors, although the association is small. Most risk
factors are not modifiable, although some aspects could be
addressed: Hypoalbuminemia on admission may be an indica-
tor of malnutrition, which is very prevalent in hip fracture.

Table 4 Specific causes of
mortality occurring within 2 years
of hip fracture IV

n = 911 n %

External causes of morbidity and mortality (V01-Y98) 10 1.1

Falls (W00-19) 9 1

Unintentional perforation during endoscopic examination (Y60.4) 1 0.1

Certain infectious and parasitic diseases (A00-B99) 9 1

Gastroenteritis and colitis of infectious origin (A09.9) 9 1

Diseases of the nervous system (G00–99) 9 1

Parkinson disease (G20) 9 1

Endocrine, nutritional and metabolic diseases (E00–90) 5 0.5

Diabetes Mellitus (E10–14) 4 0.4

Hyponatremia (E87.1) 1 0.1

Diseases of the connective tissue (M00-99) 4 0.4

Infectious arthropathies (M00–M03) 2 0.2

Osteomyelitis of vertebra (M46.2) 1 0.1

Systemic sclerosis (M34) 1 0.1

Table 5 Causes of death directly related to hip fracture or surgery

Patients = 30 n %

Haemorrhage and haematoma complicating surgery 11 36.6

Infection following surgery 15 50

Pulmonary embolism 4 13.3
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Nutritional intervention is cost effective in functional recovery
and nutritional status [21]. In a retrospective study, Sheikh
et al. also found that haemoglobin below 10 g/dL was a pre-
dictor of mortality [22]; it would be necessary therefore to find
out whether anaemia is caused by the fracture or reflects the
presence of other chronic diseases. The need for blood trans-
fusion is associated with factors other than haemoglobin at
admission: female sex, fracture type, and fixationmethod [23].

Marcantonio et al. have already reported that delirium on
admission is associated with poor functional recovery and
increased mortality, [24] and other authors such Martocchia
et al. [25] and Shields et al. [26] demonstrated that delirium

can be reduced in patients admitted for hip fractures by
carrying out a comprehensive geriatric assessment and en-
suring close collaboration between the orthopaedic and ge-
riatric teams.

The main strengths of our study are as follows: [1] we
not only looked at the patients’ cause of death, but em-
phasized preventable aspects; 2) the study was conducted
in our environment and is, to our knowledge, the only one
to consider specific causes of death following hip fracture
in our country; [3] most studies of causes of death are
based on death certificates [4–6, 27]. In this study, we
chose to collect data from medical records, and cause of

Table 6 Characteristics of
survivors versus non-survivors in
the first 2 years after hip fracture

n = 2788 Exitus

n = 911

Not exitus

n = 1877

p

Age in years (SD) 87.3 (7.2) 83.04 (8.6) <0.001

Length of hospital stay in days (SD) 14.33 (9.3) 12.18 (6.5) <0.001

Delay to surgery in days (SD) 4.28 (3.1) 3.71 (2.6) <0.001

Charlson index (SD) 1.90 (1.6) 1.16 (1.2) <0.001

Barthel index (SD) 66.55 (25.6) 81.45 (22) <0.001

Number of drugs (SD) 6.56 (3.3) 5.83 (3.3) <0.001

Haemoglobin at admission in g/L (SD) 117.2 (17.6) 123.16 (16.4) <0.001

Albumin at admission in g/L (SD) 28.79 (4) 30.38 (3.9) <0.001

Female sex n (%) 631 (69.3) 1529 (81.5) <0.001

Place of residence: n at home (%) 592 (65) 1474 (78.5) <0.001

Depression n (%) 282 (31) 627 (33.4) 0,1

Parkinson’s disease n (%) 47 (5.2) 85 (4.5) 0,25

Intracapsular fracture n (%) 412 (45.3) 823 (44.1) 0,28

Blood transfusion n (%) 526 (57.7) 875 (46.6) <0.001

Delirium during hospitalization n (%) 287 (31.5) 296 (15.8) <0.001

Medical complications n (%) 491 (53.9) 590 (31.4) <0.001

Traumatological complications n (%) 27 (3) 30 (1.6) 0,01

Inpatient rehabilitation facility n (%) 387 (42.5) 986 (52.5) <0.001

All complications during hospitalization, except blood transfusion, delirium, and surgical complications

Table 7 Risk factors for mortality
based on multivariate Cox
regression analysis

Hazard
ratio

Lower limit of the 95%
confidence interval

Upper limit of the 95%
confidence interval

Age in years 1.041 1.032 1.056

Charlson index 1.201 1.146 1.259

Barthel index 0.989 0.987 0.992

Haemoglobin at
admission in g/L

0.992 0.988 0.997

Albumin at admission in
g/L

0.958 0.940 0.978

Male sex 1.678 1.420 1.983

Delirium during
hospitalization

1.493 1.271 1.753

Medical complications 1.597 1.374 1.855

All complications during hospitalization, except blood transfusion, delirium, and surgical complications
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death was established after a complete review, which pro-
vided more information. The main limitation of our study
is that it is a retrospective, unicentric study. Another lim-
itation is that we were unable to track down all patients
after discharge, and in almost 10% of patients, cause of
death was not recorded. Furthermore, it was not always
easy to clarify the ultimate cause of a patient’s death
using the data in the medical history, since some patients
had more than one comorbidity, which other authors have
also mentioned [4].

Conclusions

Diseases of the respiratory system, especially pneumonia, and
circulatory system diseases, were the most common causes of
death in our study. In patients with hip fractures, the emphasis
should be placed not only on measures that prevent falls and
osteoporosis, but also on prevention of functional decline and
pneumonia. Dysphagia should be actively looked for in hos-
pitalized patients and after discharge to avoid aspiration pneu-
monia. We found few patients whose cause of death was di-
rectly related to the hip fracture, although decompensation of
chronic illnesses occurring after hip fractures and fracture-
related functional decline may be indirect causes. Risk factors
for mortality with a higher relative risk were advanced age,
male sex, higher comorbidity, delirium, and medical compli-
cations during admission.
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