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ABSTRACT

Objectives We aimed to evaluate the effect of dementia
on the 1-year all-cause mortality in elderly patients who
underwent hip fracture surgery, using a nationwide cohort
in Korea.

Design, setting, and participants This was a nationwide,
retrospective study. Elderly patients (>60 years) with and
without dementia who underwent hip fracture surgery
between January 2005 and December 2012 were
distinguished using the data from the Korean National
Health Insurance Service-Senior cohort.

Interventions None.

Primary and secondary outcome measures The
mortality rates with 95% Cls and the impact of dementia
on all-cause mortality were calculated using a generalised
linear model with Poisson distribution and a multivariable-
adjusted Cox proportional hazards model, respectively.
Results Among the 10833 patients who underwent hip
fracture surgery, 13.4% were diagnosed with dementia.
During the 1-year follow-up period, 1586 patients with hip
fracture without dementia died in 8356.5 person-years
(incidence rate (IR)=189.2 per 1000 person-years, 95%
C1179.91 to 198.99), while 340 deaths were confirmed in
patients with hip fracture with dementia in 1240.8 person-
years (IR, 273.1 per 1000 person-years, 95% Cl 244.94

to 304.58). Patients with hip fracture and dementia were
1.23 times more likely to die than those in the control
group in the same period (HR=1.23, 95% Cl 1.09 to 1.39).
Conclusion Dementia is a risk factor for 1-year all-
cause mortality after hip fracture surgery. To improve the
postoperative outcomes of patients with dementia who
have undergone hip fracture surgery, effective treatment
models such as multidisciplinary diagnosis and strategic
rehabilitation should be established.

INTRODUCTION

Hip fracture is a serious injury and frequently
occurs in elderly patients." Hip fractures are
also associated with increased morbidity and
mortality in the elderly population and are a
major public health threat, placing a signif-
icant clinical and economic burden on the
healthcare system.* More than 1.6million
people sustain hip fractures each year. By
2025, 2.6 million people are predicted to
sustain hip fractures, and this number is
predicted to increase to 4.5 million by 2050.”
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This is one of the few studies using country-level
data to investigate the relationship between demen-
tia status and mortality after hip fracture in an Asian
population.

= Using a large-scale nationwide database, we exam-
ined the mortality incidence rate in elderly hip frac-
ture patients and presented the mortality risk after
hip fracture surgery.

= It was not possible to classify the severity of demen-
tia due to the data limitations.

= Although national insurance claims data were used,
the disease code may not match the patient’s actual
disease status.

The prevalence of dementia is significantly
increasing owing to the ageing of the global
population.® The number of patients with
dementia is expected to reach 67.5million by
2030 and 115.4 million by 2050.” Dementia is
characterised by a gradual decline in cognitive
function and is accompanied by behavioural
and psychological symptoms.® Trauma is one
of the most common causes of hospitalisation
in patients with dementia.® Older adults with
dementia are atan increased risk of falls owing
to their reduced safety awareness, body aware-
ness and attention span.’ Previous epide-
miological and pathophysiological studies
have demonstrated that owing to the strong
association between dementia and osteopo-
rosis, patients with dementia are more likely
to sustain hip fractures.* 1° Furthermore,
dementia is considered an independent risk
factor that increases the risk of fractures in
the spine, distal iliac bone, proximal humerus
and hip joints, even after considering the
demographic factors such as sex, age and
region and the associated comorbidities such
as theumatism, diabetes and cardiovascular
disease.'' '* Moreover, it is difficult to manage
patients with dementia before surgery, after
surgery and during rehabilitation owing to
the presence of behavioural and psychological
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disturbances."” Therefore, the incidence of postoperative
complications and risk of mortality are relatively high.'*'°

However, whether the mortality rate is higher among
elderly patients with dementia after surgery for the
management of hip fractures has not been extensively
investigated. Most of these studies were conducted on
Western populations, and most of them used a small
sample of patients; hence, the scope of study participants
was limited."”” Furthermore, previous studies in Korea
have been conducted on a small specific group,'® and
only a few studies have been conducted in the same Asian
population.*® ' In our study, we aimed to investigate the
impact of dementia on the l-year all-cause mortality in
patients undergoing primary hip fracture surgery using
the data from the Korea National Health Insurance
Service-Senior (NHIS-Senior) cohort.

MATERIALS AND METHODS

Patient and public involvement

The participants or the public were not involved in the
design, conduct, reporting or dissemination of our study.

Data collection and participants

The NHIS-Senior cohort of South Korea was used to
select patients with or without dementia who had under-
gone hip fracture surgery. The NHIS-Senior is a repre-
sentative administrative dataset used for establishin%
health policies and conducting biomedical research.

The NHIS-Senior database was established to represent
the older adults residing in Korea; a total of 558 147 indi-
viduals (10% of the 5.5million enrollees aged 60 years
or older) were randomly selected and enrolled through
simple random sampling.'” All individuals included in
NHIS-Senior were followed up until 31 December 2013,
unless death or disqualification from the National Health
Insurance coverage due to certain factors such as emigra-
tion occurred.'” ™ NHIS is the only payer under the
single-insurer system of the nationwide health insurance
in Korea. Almost all Korean citizens are enrolled in NHIS
and are classified as insured, self-employed and medical
benefit recipients.17 '® The key variables for NHIS-Senior
include inpatient and outpatient billing data, such as
treatment procedure codes, prescriptions and diag-

Patients who had undergone primary hip fracture
surgery and were participants in NHIS-Senior survey
were included in the study. Patients who underwent total
hip arthroplasty (International Statistical Classification
of Disease and Related Health Problems, 10th Revision
(ICD-10): N0711), hemiarthroplasty (N0715) and open
reduction with internal fixation (NO0611) were also
included. The study participants were defined as those
who underwent primary hip fracture surgery in 2002-
2013 (N=13655). Patients (1) who underwent primary
hip fracture surgery before 31 December 2003 (to ensure
a minimum follow-up of 2 years after obtaining a diag-
nosis of dementia (N=1274)) and (2) with hip fractures

that occurred less than 1year before the end of the obser-
vation period (31 December 2015) (to ensure a minimum
follow-up of lyear (N=1548)) were excluded. Ultimately,
10833 individuals were enrolled in our study.

All the data are available in the Korean National Health
Insurance Sharing Service database (https://nhiss.nhis.
or.kr/bd/ab/bdaba000eng.do) and can be accessed on
reasonable request.

One-year all-cause mortality

In the NHIS-Senior study, the unique deidentified
number of each participant was linked to the mortality
data from the Korean National Statistical Office.'® Thus,
all participants who died were identified, and the interval
between the index date and the date of death was used to
define the survival time.

Definition of dementia

The criteria used in previous studies for identifying
patients with dementia were applied*®; therefore, compar-
ison was possible. An ICD-10 code was used to confirm
whether the first diagnosis of dementia was a primary or
secondary diagnosis within 2 years prior to the primary
hip fracture surgery; then, the patients were divided into
the non-dementia group and the dementia group. The
ICD-10 codes used to confirm the diagnosis were FO1, FO2
and F03 for dementia and FOO and G30 for Alzheimer’s
disease.”*

Control variables

The variables that might influence the mortality risk and
dementia prevalence in patients who underwent hip frac-
ture surgery were considered potential confounders in
this study. These variables included sex, age, type of insur-
ance coverage, region, income level, registered disability,
Charlson comorbidity index (CCI), type of surgery, prin-
cipal diagnosis and year of hip fracture surgery.

Statistical analysis

The patients’ baseline characteristics were identified at
the time of primary hip fracture surgery (time zero).
The survival time used in the survival analyses was
defined as the period from the index date (primary hip
fracture surgery) to the date of death or 31 December
2012, whichever came first. The survival rates between
the dementia and non-dementia groups were compared
using the Kaplan-Meier survival curve and log-rank test.
The denominators of incidence rate (IR) were defined
as the unit of days divided by an IR of 365.25; the 1-year
all-cause mortality (and 95% CI) was calculated using a
generalised linear model with a Poisson distribution
and expressed as the number of all-cause mortalities per
1000 person-years. A multivariable-adjusted Cox propor-
tional hazards model was used to investigate the effects
of dementia on all-cause mortality.”’ The effect sizes were
presented as HRs and 95% Cls. Additionally, the same
method was used to analyse the effects of dementia types
on the mortality risks in patients who underwent primary
hip fracture surgery by subdividing dementia types based
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on the diagnosis code (other dementia types (ICD-10:
FO1, FO2 and F03) and Alzheimer’s disease (ICD-10: FOO
and G30)).

This study aimed to investigate the all-cause mortality
within lyear after hip fracture surgery in dementia
and non-dementia groups. However, based on previous
studies, the effect of death from hip fracture surgery
after a diagnosis of dementia was considered relatively
important even within a period of less than 1year.*
Therefore, further survival analysis was performed in
several time points (90days*® and 180 days* **), which
were defined as the follow-up periods. Stratified analyses
by sex, age and CCI of the disorder were also performed
to investigate the relationship between dementia and
all-cause mortality in patients undergoing primary hip
fracture surgery. A p value of <0.05 was considered signif-
icant. All data analyses were performed using SAS V.9.4
software (SAS Institute).

RESULTS

Table 1 presents the general characteristics of the study
population. Of the 10833 patients, 1451 (13.4%) were
diagnosed with dementia within 2 years prior to primary
hip fracture surgery, while 9382 (86.6%) were not diag-
nosed with dementia. High proportions of participants
with dementia were older age group. In addition, no
difference was found in the CCI or type of surgery
between the dementia group and non-dementia group;
however, differences were observed in sex, age, types of
insurance coverage, region, income level, major diag-
nosis, registered disability and year of surgery between
the two study groups.

Figure 1 shows the Kaplan-Meier survival curves and
log-rank test results of the study population. The period
from survival to death from all causes within 1year after
surgery was shorter in patients with dementia compared
with that in patients without dementia (p for log-rank test
<0.0001) (figure 1).

Table 2 presents the results of a multivariate-adjusted
Cox proportional hazard regression analysis of all-cause
mortality within lyear in non-dementia and dementia
patients who underwent primary hip fracture surgery.
During the 1-year follow-up period, 340 deaths in 1240.8
person-years (IR, 273.1 patients/1000 person-years)
were reported among 1451 patients with dementia who
underwent primary hip fracture surgery. Among the 9382
patients without dementia who underwent primary hip
fracture surgery, 1586 deaths were reported in 8356.5
person-years (IR, 189.2 per 1000 person-years). In the
same period, the risk of mortality was 1.23 times higher in
dementia patients who underwent primary hip fracture
surgery compared with that in non-dementia patients
who underwent primary hip fracture surgery (HR=1.23,
95% CI 1.09 to 1.39).

Table 3 shows the results of a multivariate-adjusted
Cox proportional hazard regression analysis of all-cause
mortality at 0-90, 91-180 and 181-365 days in patients

with and without dementia who underwent primary hip
fracture surgery. Patients with dementia who under-
went primary hip fracture were 1.30 times more likely
to die within 91-180 days compared with those without
dementia who underwent primary hip fracture (HR=1.30,
95% CI 1.02 to 1.67). Moreover. Patients with dementia
who underwent primary hip fracture were also 1.40 times
more likely to die at 181-365 days (HR=1.40, 95% CI 1.13
to 1.73).

Table 4 presents the results of the multivariate-adjusted
Cox proportional hazard regression analysis of the 1-year
all-cause mortality by dementia type. Of the 793 patients
diagnosed with Alzheimer’s disease, 196 died in 674.2
person-years (IR, 290.7 per 1000 person-years). Among
the 658 patients diagnosed with other types of dementia,
143 died in 566.6 person-years (IR, 252.4 patients/1000
person-years). Among patients who underwent primary
hip fracture surgery at l-year follow-up, patients with
Alzheimer’s disease had a 1.28 times higher risk of
mortality compared with that patients without dementia
(HR=1.28, 95% CI 1.10 to 1.49). Moreover, patients with
other types of dementia had a 1.17 times higher risk
of mortality (HR=1.17, 95% CI 0.98 to 1.39); however,
mortality was only significant in patients with Alzheimer’s
disease.

Table 5 presents the relationship between dementia
and all-cause mortality in patients who underwent hip
fracture surgery using a subgroup analysis by sex, age and
CCI. In both men and women, patients with dementia
who underwent primary hip fracture surgery had a higher
risk of mortality; however, this effect was more prominent
in men (male: HR=1.82, 95% CI 1.05 to 1.65; female:
HR=1.18, 95% CI 1.02 to 1.37). The younger the age, the
stronger the HR for the association between mortality
and dementia status (60-69 years: HR=4.87, 95% CI 2.51
to 9.43; 70-74 years: HR=2.31, 95% CI 1.63 to 3.28). In
terms of CCI, the mortality rate after primary hip frac-
ture surgery was stronger in patients with dementia in
the absence of multimorbidity (HR=1.28, 95% CI 1.07 to
1.54).

DISCUSSION

Hip fractures are associated with significant mortality and
place a considerable burden on society and healthcare
systems.” ** Patients with neurodegenerative disorders
are more likely to fall, resulting in sustained fractures
and making it challenging to perform rehabilitation
after hip fracture surgery.” *° In this large nationally
representative population-based cohort, after adjusting
for multiple confounding factors, the risk of all-cause
mortality after hip fracture surgery was higher in patients
with dementia compared with that in patients without
dementia. The main results of this study are as follows.
First, dementia patients were identified by diagnosing
dementia 2 years prior to primary hip fracture surgery,
and about 13% of the patients who underwent hip frac-
ture surgery were confirmed to have dementia. Second,
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Table 1 Baseline characteristics of the study population

Without dementia With dementia
N % N % P value
Total 9382 86.6 1451 13.4
Sex <0.0001
Male 2826 30.1 298 20.5
Female 6556 69.9 1153 79.5
Age <0.0001
60-69 1205 12.8 41 2.8
70-74 2244 23.9 195 13.4
75-79 2240 23.9 331 22.8
80-84 2998 32.0 720 49.6
>85 695 7.4 164 11.3
Types of insurance coverage <0.0001
Regionally insured 2825 30.1 363 25.0
Workplace insured 5516 58.8 777 53.5
Medical aid 1041 111 311 21.4
Region 0.0324
Urban 5574 59.4 819 56.4
Rural 3808 40.6 632 43.6
Income level <0.0001
Low 2777 29.6 548 37.8
Mid 2423 25.8 291 20.1
High 4182 44.6 612 42.2
CCl 0.1844
0 4272 45.5 637 43.9
1 2980 31.8 447 30.8
2 1308 13.9 228 15.7
>3 822 8.8 139 9.6
Type of surgery 0.3221
Total hip arthroplasty (THA, HA) 5068 54.0 804 55.4
Open reduction and internal fixation (ORIF) 4314 46.0 647 44.6
Major diagnosis <0.0001
Hip-fracture 7989 85.2 1380 95.1
Other 1393 14.8 71 4.9
Registered disability* 0.0468
No 9160 97.6 1404 96.8
Yes 222 2.4 47 3.2
Year of surgery <0.0001
2004 813 8.7 41 2.8
2005 956 10.2 60 4.1
2006 1043 111 115 7.9
2007 1015 10.8 126 8.7
2008 1041 111 161 111
2009 1025 10.9 216 14.9
2010 1204 12.8 251 17.3
2011 1081 11.5 222 15.3
2012 1204 12.8 259 17.8

*Participants who were registered as disabled under the Korean welfare of persons with disabilities act.
CCl, Charlson comorbidity index.
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Figure 1 One-year Kaplan-Meier survival curves and

log-rank test results comparing the survival rates between
patients with hip fracture surgery according to dementia type
(p<0.001 for the entire period; log-rank test).

the all-cause mortality after primary hip fracture surgery
in dementia patients were 273.1/1000 person-years at
l-year follow-up, 258.3/1000 person-years at 91-180 days
and 189.8/1000 person-years at 181-365 days. Third,
patients with dementia after primary hip fracture surgery
had all-cause mortality rate of 1.23 times higher at year,
1.30 times higher at 91-180 days and 1.40 times higher
at 181-365 days after hip fracture surgery, compared with
patients without dementia. Our results can support those
of previous studies conducted in Taiwanese and Austra-
lian populations.*® 7

The group with dementia had a higher risk of all-cause
mortality 1year after hip fracture surgery compared with
the group without dementia. However, when the groups
were divided into Alzheimer’s disease and other dementia
types groups, only Alzheimer’s disease demonstrated an
effect on mortality. Although Alzheimer’s disease is a type
of dementia, its effect on mortality after hip surgery is
more substantial. Since most previous studies compared
the effects of mortality after hip surgery in dementia and
non-dementia groups or between the Alzheimer’s and
non-Alzheimer’s groups, further studies are warranted to
understand the mechanisms supporting our results.* **

Ourfindings ofanincrease in dementia-related mortality
after hip fracture surgery are consistent with those in
previous literature reporting the risk factors for mortality
after hip fracture. Previous studies have also reported an
increased risk of mortality within 90-180 days and 1year
after hip surgery in patients with dementia compared with
that in patients without dementia. According to previous
studies, the all-cause mortality rate was 1.16 times higher
(HR=1.16; 95% CI 1.11 to 1.23) 1year after hip fracture
surgery compared with that in patients without dementia
in Australia and 1.45 times higher (HR=1.45, 95% CI 1.17
to 1.79) in those in Taiwan.?*

The effects of dementia on the progression of hip frac-
ture surgery to death among elderly individuals can be
explained as follows. First, people with dementia tend
to be less active and have fewer self-management skills,”
which could contribute to the difficulties in following

instructions after surgery, difficulties in rehabilitation or
occurrence of malnutrition.” * Therefore, people with
dementia typically endure less rehabilitation following
hip fracture surgery.”’ Participation in the course of
treatment, such as rehabilitation following surgery, may
help prevent the development of fatal complications.
This difference in postoperative treatment course could
partially explain the stronger relationship between
dementia and mortality in the hip surgery group.”
Furthermore, dementia is an independent risk factor
for respiratory complications, urinary tract infections,
surgical site infections and delirium, which are major risk
factors for postoperative mortality.'' '* *® In particular,
one of the most common complications after hip frac-
ture surgery in patients with dementia is delirium.? *
Delirium episodes after hip fracture surgery are strongly
associated with an increased risk of mortality, especially
in emergency situations.”* Therefore, the complications
that occurred after hip fracture surgery in patients with
dementia, such as delirium, may have contributed to
the increased mortality risk in patients with dementia.
Therefore, further studies are needed to explore these
mechanisms.

In our subgroup analysis, the impact of dementia-
related mortality in patients who underwent hip fracture
surgery was more prominent in men. These results were
similar to those of previous studies.**** The reason for the
different effects of dementia in men and women remains
unclear. However, men with hip fractures sustain more
complex injuries while performing their daily activities
and exercises than women, resulting in a more significant
loss of physiological functioning and reserve.”® In addi-
tion, the effect of dementia-related mortality in patients
who underwent hip fracture surgery was particularly
pronounced in the group without CCI and the relatively
young group, especially in those aged 60 and 69 years
old and the 70-74 years old. Previous studies have identi-
fied lung, heart or circulatory system diseases, which are
part of the CCI, and comorbidities such as pneumonia as
major factors contributing to the high mortality rate in
the early postoperative period.'® Nonetheless, our find-
ings may require careful interpretation as the CIs for men
and women significantly overlap. Therefore, the effect
of these factors in our study in the group without a CCI
can be interpreted as the effect of dementia, which was
the most pronounced. The age factor can be interpreted
in the same context. The younger the age, the lesser
tendency to develop complex diseases; hence, the effect
of dementia can be considered particularly pronounced.
However, these results have not been extensively investi-
gated, and further studies are required. Therefore, our
results indirectly support those of previous studies.

To the best of our knowledge, this is one of the few
studies to use country-level data to examine the relation-
ship between dementia status and mortality following
hip fracture in an Asian population and is the first
large-scale cohort study using a Korean population.
Nevertheless, our study has several limitations. First, our
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Table 5 Results of subgroup analysis stratified by
independent variables

1-year all-cause mortality

Diagnosis of dementia

No Yes
Variable HR HR* 95% ClI P value
Sex
Male 1.00 1.32 (1.05to 1.65) 0.0159
Female 1.00 1.18 (1.02 to 1.37) 0.0235
Age
60-69 1.00 4.87 (2.51t09.43) <0.0001
70-74 1.00 2.31 (1.63t0 3.28) <0.0001
75-79 1.00 1.09 (0.81to 1.47) 0.5641
80-84 1.00 1.10 (0.93t0 1.30) 0.2794
>85 1.00 0.80 (0.58to 1.11) 0.1857
CCl
0 1.00 1.28 (1.07 to 1.54)  0.0072
1 1.00 1.26 (1.02 to 1.56) 0.0364
2 1.00 1.21 (0.89to0 1.66) 0.2301
>3 1.00 0.85 (0.55t0 1.32) 0.4687

Stratified analysis results according to sex, age and Charlson
comorbidity index to investigate the relationship between dementia
and 1-year all-cause mortality in patients who underwent primary
hip fracture surgery.

*Adjusted for other covariates (sex, age, types of insurance
coverage, region, income level, Charlson comorbidity index,

type of surgery, major diagnosis, registered disability and year of

surgery).
CCl, Charlson comorbidity index.

study attempted to fill the data gap in the current liter-
ature; however, it only included information that was
available in the cohort. The disease codes used in the
inclusion criteria may not correspond to the patient’s
actual disease status, which is a fundamental limitation
of insurance databases. However, almost all hospitals
operate under a reimbursement system, and all surgical
procedures and treatments are recorded in the billing
database; therefore, the incidence of hip fracture and
dementia can be verified. Unlike previous studies, this
study presented the risk of mortality over time after
sustaining a fracture by investigating the mortality IR of
elderly patients with hip fractures. Second, owing to data
limitations, we did not classify the severity of dementia,
which may have influenced the outcome. People with
severe dementia are at higher risk of developing compli-
cations. However, despite these limitations, the infor-
mation was obtained from the national databases and
relied on correct coding. Third, as this was a retrospec-
tive observational study, some of the data may have
been missing or not recorded. In the National Health
Insurance Corporation database, all details of medical
usage are recorded without missing data. In addition, as
national insurance is required by law, almost all Korean

individuals can be accurately tracked in the NHIS data-
base. The use of the NHIS database may increase the
value of the results obtained in this study. Therefore, the
results of this study can be generalised to other individ-
uals as well as the Korean society. Finally, participants
were selected to control for various conditions and
confounding variables to avoid bias. However, selection
bias and unmeasured bias could exist.

Conclusion

Our study confirms that dementia is a risk factor for
l-year all-cause mortality after sustaining a hip fracture.
Considering the unique characteristics of patients with
dementia, treatment models such as multidisciplinary
diagnosis and strategic rehabilitation exercises, should
be established to improve the postoperative outcomes
of patients with dementia after undergoing hip fracture

surgery.
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