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Summary
Objetive: To carry out a comparative survival analysis of patients diagnosed with hip fractures (HF) in the Basque Health
Service from 2010 to 2016 depending on whether or not they were diagnosed with dementia and the type of arthro‐
plasty.
Material and methods: Observational study (real world data) of survival. The data were obtained from the administra‐
tive and clinical databases of the Basque Health Service using the Oracle Business Intelligence (OBI) manager. All cases
of femur neck fractures from 2010 to 2016 were analyzed in the Basque Health Service. A descriptive analysis was
carried out to detect differences between groups according to previous diagnosis of dementia and type of prosthesis.
The Kaplan‐Meier method was used to obtain the survival curves and their comparison was made in pairs using the
Achievement test. The adjusted risk of death for each group was analyzed with the Cox regression model.
Results: 5,867 patients with CF were identified, being 1,131 patients without dementia and total prosthesis, 3,073 wi‐
thout dementia and partial prosthesis, 176 with dementia and total prosthesis and 1,487 with dementia and partial
prosthesis. The median survival was 9.08 years, 3.79 years, 2.55 years, and 2.54 years respectively. The comparison of
the survival curves was significant for all cases except between the last two groups. Using the first group as a reference,
the odds ratio of death for the rest was 1.56, 2.27 and 2.37 respectively. When analyzing the risk of death only for patients
with dementia, the type of prosthesis was not statistically significant.
Conclusions: Dementia influences the survival curve of patients who undergo arthroplasty after a femur neck fracture,
with those who undergo a total arthroplasty have a similar mortality rate as those who undergo partial arthroplasty.
Key words: dementia, hip fractura, arthroplasty, Cox regression.

INTRODUCTION
Hip fractures represent a general public health problem due
to their high incidence and their impact on mortality and
loss of quality of life1. In the coming years, with the pro‐
gressive aging of the population, its incidence is expected
to increase, incurring a significant drain on resources2. Crude
mortality figures after a hip fracture are considered in most
studies. An estimated 5% of patients die in‐hospital and
approximately 20% do so during the first year, depending

on the series3. However, hip fractures occur in elderly pa‐
tients who have an associated comorbidity that also influen‐
ces their survival4. The highest mortality rates are reported
mainly in the elderly, sick or disabled populations5. A recent
meta‐analysis exploring the magnitude and duration of the
excess risk of mortality after hip fracture found the highest
risk in the first 3 months after the fracture, and mortality re‐
mained high even after 10 years6. Excess risk increases with
age and, at any age, is higher for men than for women6.
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Dementia affected 6.53% of the Spanish population
over 60 years of age in 20207. The current prevalence
worldwide is more than 40 million patients, which will
double every 20 years8,9. Patients with dementia have an
increased risk of suffering a hip fracture and also evolve
significantly worse than patients without it due to higher
mortality3. They tend to be patients with an increased
risk of hip fracture due to their older age, significant co‐
morbidities, polypharmacy, limited mobility, and a ten‐
dency to fall4,10. Treatment options for hip fracture in
general include total prosthesis, partial prosthesis, os‐
teosynthesis and conservative treatment without sur‐
gery, but in patients with dementia the results are
usually worse, with a higher rate of postoperative com‐
plications and medium term5, so the choice of treatment
should be based on these clinical considerations.
Our study aimed to analyze the comparative survival
of patients diagnosed with hip fractures (HF) who un‐
derwent arthroplasty in the Basque Health Service from
2010 to 2016 depending on whether or not they were
diagnosed with dementia and the type of joint replace‐
ment, total and partial.

MATERIAL AND METHODS
Design
A retrospective and observational study (real world
data) was carried out on the survival of hip fracture
cases registered in the Basque Health Service (SVS). The
necessary data were obtained anonymized from the SVS
administrative and clinical databases using the Oracle
Business Intelligence (OBI) manager. The electronic me‐
dical record is fully implemented in the public health
system of the Basque Country and associated with ad‐
ministrative data of the patient. This allows each of the
contacts and all the use of resources of the patients with
the health system to be registered. The clinical research
ethics committee of the Basque Country approved the
study protocol on February 14, 2019 with registration
number PI2019010. Informed consent is not required
as the database is anonymized.
Patient sample and variables
All cases of femoral neck fractures operated on by partial or
total prosthesis from 2010 to 2016 were analyzed in the Bas‐
que Health Service. The diagnosis of femoral neck fracture
included ICD‐9 codes 820.0 and ICD‐10 codes S72.0. The
surgical procedures included the ICD‐9‐CM codes 81.51 for
the total prosthesis and 81.52 for the partial one. Within this
population, patients with a previous diagnosis of dementia
were identified both at the primary care level, as well as at
the level of hospital care, emergencies, home care or hospi‐
talization and / or outpatient specialist consultations with a
validated procedure11. Diagnosis of dementia included ICD9‐
MC codes 290, 294.1, and 331, as well as ICD10 codes F01.5,
F02.8, F03.9, F05, G30, and G31. The identification of demen‐
tia also included the prescription of specific drugs for
Alzheimer's disease identified with the ATC code N06D. The
final date of follow‐up was set at October 31, 2020. The fo‐
llowing variables were obtained for each patient: age, sex,
risk index from the American Society of Anesthesiologists
(ASA), diagnosis and date of dementia, diagnosis and date of
hip fracture, type of prosthesis, vital status at the end of fo‐
llow‐up and date of death in such cases. The ASA risk index
was used as an adjustment co‐variate for the presence of co‐
morbidities and appears in the database as assigned by the
anesthetist responsible for the intervention.

Statistic analysis
Statistic analysis was carried out using the R statistics
program (version 3.3.2) with a confidence level of 95%.
First, a univariate descriptive analysis was performed
to detect differences between groups according to a
previous diagnosis of dementia. Fisher's exact test was
applied for categorical variables of two categories and
expected value less than or equal to 5. In the case of
continuous variables with normal distribution, the com‐
parison of means was carried out using the Student's t
test.
Subsequently, a survival analysis was carried out that
included the non‐parametric methods of Kaplan‐Meier
and Cox to compare survival adjusted for previous diag‐
nosis of dementia and type of prosthesis. Four groups
were differentiated: 1) patients without dementia and
total prosthesis, 2) patients without dementia and par‐
tial prosthesis, 3) patients with dementia and total pros‐
thesis, and 4) patients with dementia and partial
prosthesis. For each group, the survival functions and
curves were calculated using the Kaplan‐Meier method,
which calculates the cumulative survival ratio at the in‐
dividual level of each patient. For the comparison of the
survival curves, the Mantel‐Cox test, also known as the
achievement test, was used. The survival curves were
compared in pairs. Using Cox regression, the risk of
death was analyzed as a function of time, adjusting for
age, sex, ASA risk and group (defined based on the pre‐
vious diagnosis of dementia and type of prosthesis). This
calculation was repeated exclusively for the subgroup of
patients with dementia, adjusting this time for age, sex,
ASA risk index and type of prosthesis.

RESULTS
Between 2010 and 2016, 5,867 patients diagnosed with
a femoral neck fracture were identified, of which 1,663
had a previous diagnosis of dementia. As can be seen in
table 1, the mean follow‐up was 2.98 years for patients
with dementia and 4.29 years for patients without de‐
mentia, while the mean age was 84.71 years and 81.91
years respectively. In the univariate analysis, significant
differences were observed by age, sex, ASA risk and type
of prosthesis. In the group of patients with dementia,
there was a higher percentage of partial dentures, as well
as a higher ASA risk. There were also significant differen‐
ces in the mortality rate, since it was higher in the group
of patients with a previous diagnosis of dementia
(82.4%) than in the rest (63.5%).
Figures 1 and 2 show the survival curves obtained
using the Kaplan‐Meier method, the first being differen‐
tiated only by a previous diagnosis of dementia and the
second by a previous diagnosis of dementia and type of
prosthesis. Of the 5,867 patients in the total sample,
1,131 were patients without dementia and with total
prosthesis, 3,073 patients without dementia and with
partial prosthesis, 176 patients with dementia and total
prosthesis, and 1,487 patients with dementia and partial
prosthesis. The follow‐up that indicated the probability
of survival at 50% for each subgroup was 9.08 years, 3.79
years, 2.55 years and 2.54 years respectively (Table 2 and
Figure 2). Table 3 shows the log‐rank test that compared
the survival curves of the four groups. Significant diffe‐
rences were observed between the curves of all groups,
except between the curve of the group of patients with
dementia and total prosthesis and the curve of the group
of patients with dementia and partial prosthesis.
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Table 1. Univariate statistical analysis of the baseline characteristics of patients with hip fracture differentiated by
a previous diagnosis of dementia
Total
N
Patients

%

N

%

With dementia
N

%

4,204

1,663

3.92 (2.87)

4.29 (2.92)

2.98 (2.50)

0.000

81.91

84.71

0.000

Mean (SD)

Age (years)

Mean

82.70

<80 years

1,618

27.6%

1,338

31.8%

280

16.8%

≥80 years

4,249

72.4%

2,866

68.2%

1,383

83.2%

Woman

4,340

74.0%

3,046

72.5%

1,294

77.8%

Man

1,527

26.0%

1,158

27.5%

369

22.2%

I‐II

3,094

52.7%

2,281

54.3%

813

48.9%

III‐IV

2,773

47.3%

1,923

45.7%

850

51.1%

Total

1,307

22.3%

1,131

26.9%

176

10.6%

Partial

4,560

77.7%

3,073

73.1%

1,487

89.4%

Prosthesis‐age group Total, <80 years

798

13.6%

743

17.7%

55

3.3%

Total, ≥80 years

509

8.7%

388

9.2%

121

7.3%

Partial, <80 years

820

14.0%

595

14.2%

225

13.5%

Partial, ≥80 years

3,740

63.7%

2,478

58.9%

1,262

75.9%

No

1,826

31.1%

1,534

36.5%

292

17.6%

Yes

4,041

68.9%

2,670

63.5%

1,371

82.4%

<80 years

766

19.0%

555

20.8%

211

15.4%

≥80 years

3,275

81.0%

2,115

79.2%

1,160

84.6%

ASA risk

Prosthesis

Death

P value

5,867

Follow‐up (years)

Sex

a

Without dementia

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Fisher's exact test was used for categorical variables and Student's t test for continuous variables; SD: standard deviation.

Table 4 shows the results of the two Cox regressions
performed in the form of hazard ratios and significance.
In the first Cox model, developed for all patients with
hip fracture, age, sex, ASA risk, and group, according to
dementia diagnosis and type of prosthesis, were found
to be statistically significant. The risk was higher the
older, in men and in patients with worse ASA. Regarding
the group, the group of patients without dementia and
full prosthesis was used as a reference and it was ob‐
served that the risk was 1.56 times higher for the group
without dementia and partial prosthesis, 2.27 times
higher for the group with dementia and total prosthesis
and 2.37 times greater for the group with dementia and
partial prosthesis. However, when performing the se‐
cond Cox model only for patients with dementia, the
ASA risk and the type of prosthesis were not statistically
significant.

DISCUSSION
Two findings stand out as the main results of our study.
First, the previous diagnosis of dementia in patients who
have suffered a hip fracture determines a great reduc‐
tion in their life expectancy. Second, in patients with de‐
mentia, the type of prosthesis does not modify survival.
These data are consistent with the clinical recommen‐
dations for the indication of a total hip arthroplasty as
it is reserved for those patients with greater functional
capacity, less comorbidity and high life expectancy12.

Three treatment options for hip fractures are conserva‐
tive without surgery, osteosynthesis of the fracture or dif‐
ferent types of prostheses. In our series, only patients with
displaced femoral neck fracture were included, those who
are treated by arthroplasty, either partial or total, and in
whose indication for a surgical procedure life expectancy
plays a key role. Hip fractures without surgery were not in‐
cluded because the clinical interest of the survival analysis
is due to the fact that it is a criterion for deciding the type of
surgical procedure or the patients with fractures in the tro‐
chanteric area in whom the surgical management is diffe‐
rent. Partial arthroplasty, preferably cemented, is the most
indicated option for those patients with a limited life expec‐
tancy, with poorer function and mobility, or with cognitive
alterations13. In recent years there has been an increase in
the use of total arthroplasty for the surgical treatment of fe‐
moral neck fractures13, but an analysis of results from the
clinical and also the economic point of view is necessary to
know in what type of patients its use is more efficient. Total
arthroplasty is more expensive, requires a longer surgery
time, is more aggressive for the patient and with a higher
probability of postoperative anemia and the need for trans‐
fusions. In addition, we should bear in mind that patients
with dementia have a higher risk of prosthetic dislocation
and periprosthetic fracture14. In our sample, only 176 pa‐
tients with dementia underwent total arthroplasty. Al‐
though it has been a small number, our results indicate that
it is not the most appropriate option given that these pa‐
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Figure 1. Survival curves of patients with hip fracture differentiated by previous diagnosis of dementia
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Figure 2. Survival curves of patients with hip fracture differentiated by previous diagnosis of dementia and type of
prosthesis
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tients’ mortality is similar to that of patients who received
a partial prosthesis. If the surgeon considers a total arthro‐
plasty, the so‐called double mobility prosthesis, should be
indicated, the risk of dislocation is significantly reduced15.
Hip fracture, in turn, can also be a risk factor for de‐
veloping dementia. The main cause lies in the delirium
that some of these patients experience during the posto‐
perative period, which is estimated to increase the risk
of developing dementia by up to 15 times in the 3 years
after the fracture16. In addition, other factors have been
related, such as the inflammatory response during the
fracture consolidation process, the alteration of motor
function and a decrease in physical activity after it, and
the medication they receive during the process ‐ before,
during and after surgery‐ which could influence cognitive
impairment17.
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Our results, referring to patients operated on with
prostheses, are consistent with those described in the
literature. A clear decrease in survival in patients with
hip fracture in general were reportedly diagnosed with
dementia. This is considered an independent risk fac‐
tor for mortality after a hip fracture, since it behaves
like the worst of the concomitant diseases18, worsening
functional recovery and vital prognosis. The reasons
may be that these patients have more limitations in fo‐
llowing postoperative instructions, more difficulties in
exercising rehabilitation and a higher risk of malnutri‐
tion19. Mortality is also influenced by age, male sex, me‐
dical comorbidities (which may delay surgery),
anesthetic risk, and functional status before the frac‐
ture. Dementia also increases the risk of suffering res‐
piratory and urinary infections and more tendency to
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Table 2. Follow-up indicating the 50% probability of survival for each group and differentiated by previous diagnosis of
dementia and type of prosthesis according to the Kaplan-Meyer analysis
Total

Without
dementia

With
dementia

Without
dementia and
total prosthesis

Without
dementia and
partial prosthetics

With dementia
and total
prosthesis

With dementia
and partial
prosthetics

Patients

5,867

4,204

1,663

1,131

3,073

176

1,487

50% chance

3.96

4.80

2.54

9.08

3.79

2.55

2.54

Table 3. Pairwise comparison of the survival curves of patients with hip fracture differentiated by previous diagnosis of
dementia and type of prosthesis
Without dementia and
total prosthesisa

Without dementia and
partial prosthetics a

With dementia and
total prosthesisa

With dementia and
partial prostheticsa

‐

0.00

0.00

0.00

Without dementia and partial prosthesis

0.00

‐

0.00

0.00

With dementia and total prosthesis

0.00

0.00

‐

0.19

With dementia and partial prosthesis

0.00

0.00

0.19

‐

Without dementia and total prosthesis

a

Log rank test compared the survival curves of the four groups.

Table 4. Risk of death in all patients with hip fracture and in patients with hip fracture plus a diagnosis of dementia
presented as hazard ratio and significance
HRa

All patients with hip fracture (N=5,867)
Age

1.06 (1.05‐1.06) **

Gender: Male

1.86 (1.74‐2.00) **

ASA risk: III‐ IV

1,28 (1.21‐1.37) **

Dementia: No, Prosthesis: Total

Reference

Dementia: No, Prosthesis: Partial

1.56 (1.40‐1.73) **

Dementia: Yes, Prosthesis: Total

2.27 (1.87‐2.77) **

Dementia: Yes, Prosthesis: Partial

2.37 (2.11‐2.66) **
HRa

Patients with hip fracture and diagnosis of dementia (N=1.663)
Age

1.05 (1.04‐1.06) **

Sex: Man

1.85 (1.63‐2.10) **

ASA risk: III‐ IV

1.07 (0.96‐1.19)

Prosthesis: Partial

1.06 (0.88‐1.27)
a

* P value ≤0.05; ** p value ≤0.01; Calculated using Cox regression; HR = hazard ratio.

sepsis20. Some studies report an increase in mortality
at one month21,22, at 6 months22,23, at one year19,22 and
with longer follow‐ups22 after the fracture. Ortho‐ge‐
riatric functional recovery programs are beneficial in
the acute phase, reducing mortality and institutionali‐
zation, although it is not clear which is the most appro‐
priate approach24.
Regarding these patients’ treatment, the fact that on
many occasions they present a high number of comorbi‐
dities and that the greater the clinical complexity, the
worse the results25, makes it possible to consider the sur‐
gery that is as less invasive as possible, for example with a
simple osteosynthesis of the fracture or even, with surgical
abstention. However, this extreme does not seem advisa‐
ble since without surgery, mortality doubles at 6 months26,
along with increasing complications such as pressure ul‐

cers and pain, which are very limiting and hinder simple
care tasks such as hygiene or postural changes.
Our work has some limitations. As previously noted,
we only include those patients operated on with a pros‐
thesis, excluding patients with a fracture in the tro‐
chanteric region and also those patients who
underwent osteosynthesis. However, the profile of the
patient who undergoes a total prosthesis for a femur
neck fracture is a more active patient with a theoreti‐
cally longer life perspective, in which dementia plays a
relevant role in its evolution. In the same way, we have
been able to analyze the number of total arthroplasties
in these types of patients, whose indication is debata‐
ble and indicates that clinical results such as survival
should be measured in order to assess their use. Ano‐
ther limitation is that we do not assess the degree of
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dementia or the number of falls that patients have, as
well as the bone status or the diagnosis of osteoporosis
or the antiosteoporotic medication that the patient
may receive, although we recognize that they may in‐
fluence their clinical development.
In conclusion, our study shows how dementia in‐
fluences the survival curve of patients who under‐
went arthroplasty after a femoral neck fracture, and
that patients with total arthroplasty present a similar
mortality rate than patients who underwent partial
prosthesis. Thus, we consider the indication of a more
aggressive surgery in this type of patient should be
avoided.
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