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Abstract

Objectives: The aim of this study was to determine the variations in effect for predictors of mortality over time and risk of in—hospit}
complications in geriatric patients with a hip fracture. Many studies have investigated risk factors of short-term and long-term mortality
separately. In current literature, little is known about the variations in effect of risk factors over time and no comparison with the general
population is made.

Methods: All patients with a hip fracture aged 70 years or older admitted to our hospital between January 1, 2016, and May 1,
2018, were included in this retrospective study. Patients who had undergone total hip arthroplasty (THA) were not included. The
primary outcome was mortality after 1 year. Secondary outcomes were mortality after 30 days, 90 days, 2 years, and complications.
Kaplan—-Meier (KM) curves for risk factors were generated to visualize survival over time. Data were compared with data extracted from
the national health records.

Results: A total of 685 geriatric patients with hip fractures were included with a 1-year mortality of 27%. The adjusted odds ratios
(AOR) found differed over time. Five risk factors for mortality were investigated in this study using KM curves: age, prefracture living
situation, dementia, sex, and ASA classification.

Conclusions: Over time, the variation of 5 risk factors for mortality were visualized in geriatric patients with a hip fracture: age,
prefracture living situation, dementia, sex, and ASA classification. An elevated risk of mortality was discovered compared with the
general population. The variation in effect observed in risk factors plays a vital role in prognosis. This insight will help guide accurate

medical decision-making for a tailored treatment plan for geriatric patients with a hip fracture.
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1. Introduction

Owing to an aging population, the incidence of geriatric hip
fractures in older patients has increased in developed countries
over the past decades and will continue to increase in the future.'=
In addition, the risk of mortality in older adults with osteoporotic
hip fractures is higher.*”” This is possibly due to underlying frailty
which is defined as dynamic syndrome characterized by decreased
resistance to stressors and related to aging.® Risk factors
associated with mortality after a hip fracture include older age,
living in an institutional care facility, cognitive impairment
including dementia, male sex, comorbidities, and a higher
American Society of Anesthesiologists physical status classifica-
tion (ASA).”~!? Several systematic reviews have investigated risk

factors of short-term and long-term mortality separately.'>~'

However, in current literature, little is known about the variations
in effect of risk factors over time, within the same study
population.'”"® These risk factors for mortality after a hip
fracture play a crucial role in determining prognosis and are likely
to vary during follow-up. Identification of the associated effect of
time on risk factors for mortality and in-hospital complications
could help guide medical decision-making. In addition, it could
enhance patient-tailored treatment of choice for implant type and
rehabilitation plans for patients undergoing hip fracture surgery."’
The aim of this study was to determine the variations in effect for
predictors of mortality over time and risk of in-hospital
complications in geriatric patients with a hip fracture.
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2. Materials and Methods

This retrospective cohort study was conducted at a level 2 trauma
center. All patients with a hip fracture admitted between January
1, 2016, and June 1, 2018, were screened by an independent
author (H.S.). Patients aged 70 years or older with an isolated
unilateral nonpathological hip fracture (femoral neck, intertro-
chanteric, or subtrochanteric; OTA/AOQ classification 31-A or 31-
B) who were admitted to the emergency department were
included in this study.?® Exclusion criteria were 1, patients
undergoing total hip replacement surgery; 2, periprosthetic hip
fractures; and 3, patients who were lost to follow-up.

In this study, the period of follow-up was 2 years. The primary
outcome of this study was mortality after 1 year. For the baseline
table, patients were classified into 2 groups as follows: a group
that survived at least 1 year after sustaining a hip fracture and the
other group consisted of patients with hip fracture who deceased
after or during hospital admission.

Secondary outcomes were mortality after 30 days, 90 days,
2 years, and in-hospital complications. Mortality data were
collected by consulting the municipal personal records database.
A complicated course during admission was defined as one or
more of the following complications according to the National
Hip Fracture Audit guidelines: anemia (considered present when
a patient received red blood cell transfusion), congestive heart
failure (confirmed by chest radiograph), pressure ulcer (di-
agnosed by an attending physician), delirium (diagnosed by a
geriatrician), pulmonary embolism (computed tomography
angiography [CTA] confirmed), deep venous thrombosis (duplex
ultrasound confirmed), renal insufficiency (a >24 mL/min
decrease in glomerular filtration rate compared with glomerular
filtration rate at admission), pneumonia (confirmed by chest
radiograph or positive sputum culture), urinary tract infections
(positive urine culture), in-hospital falls, and surgical wound
infection (diagnosed by a ward physician).?’ These data were
obtained from electronic health records. Data from the national
health registry were consulted to compare survival per age group
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between the general population and our cohort.** Data from the
year 2017 were pooled to conduct age group analyses.

The following patient characteristics were collected at baseline:
age, patient living situation (at home, at home with ADL
assistance, and institutional care facility), pre-existent diagnosis
of dementia (from medical records or diagnosed by a primary care
physician or geriatrician), sex, ASA classification (I to IV), and
type of fracture (femoral neck, intertrochanteric, and
subtrochanteric).’

2.1. Statistical Methods

Statistical analysis was performed using SPSS statistical
software (SPSS version 25.0, IBM Inc. Armonk, New York).
Normally distributed continuous data were presented as mean
with standard deviation (SD) and tested with an unpaired ¢ test.
Not normally distributed continuous data were presented as
median with interquartile range (IQR) and tested with a
Mann-Whitney U test. Distribution was determined with the
Shapiro-Wilk test for normality. All categorical and dichoto-
mous data were tested with a x” test. Kaplan—Meier curves
were generated to gain insight in survival trends. A log-rank
test was used to test for similarity between groups for the
Kaplan—Meier curves.

A multivariable binary logistic regression analysis was
performed for binary patient outcomes (ie, mortality and
complications) using adjusted odds ratios (AOR). Missing data
were imputed 100 times. The authors chose to include age,
prefracture living situation, diagnosis of dementia, sex, ASA
classification, and type of anesthesia in the model. Independent
variables in a model should not correlate because the results are
less reliable than statistical inferences. It is better to use
independent variables that are not correlated or repetitive when
building multiple regression models that use 2 or more
variables.?® Prefracture mobility, KATZ-ADL, and living situa-
tion likely reflect a degree of dependency. Therefore, the fracture
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Figure 1. Patient flowchart for inclusion of patients aged 70 years or older with a hip fracture.
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Baseline Characteristics for One-Year Mortality Versus Survivors

Variable Missing, n (%) Total Survivors Deceased P
Total number of patients, n (%) — 685 497 (73) 188 (27) n/a
Age in years, median (QR) 0(0) 85 (80-90) 84 (79-88) 87 (83-92) <0.01
Male sex, n (%) 0(0) 190 (28) 124 (25) 66 (35) 0.01
Dementia, n (%) 17 (3) 185 (28) 107 (22) 78 (42) <0.01
ASA classification, median (IOR) 50 (7) 635 (93) 2 (2-3) 3(2-3) <0.01

ASA classification 50 (7)

ASA classification 1 21 (3) 17 (3) 4(2)

ASA classification 2 305 (45) 251 (51) 54 (29)

ASA classification 3 296 (43) 184 (37) 112 (60)

ASA classification 4 132 3(1) 10 (9)
Living in an institutional care facility, n (%) 16 (2) 196 (29) 112 (23) 84 (46) <0.01
Regional anesthesia, n (%) 20 (3) 63 (9) 48 (10) 15(8) 0.49
Type of fracture, n (%) 21 (3) 0.36

Femoral neck 369 (54) 271 (57) 98 (53)

Intertrochanteric femur 291 (42) 207 (43) 84 (46)

Subtrochanteric femur 4 (1) 2 (0) 2 (1)

All variables are in total amount (percentage) or median (IQR). Bold identifies significant differences.
ASA, American Society of Anesthesiologists.

mobility score (used to assess prefracture mobility) and KATZ
index of independence in Activities of Daily Living (KATZ-ADL,
score 0—6) were not included in the model.>"** Statistical
significance was defined as a P-value <0.05.

Missing data were analyzed for patterns and considered
missing at random. The number of events per variable was 10
or more for all multivariable analyses. Models had no lack of fit
(Hosmer-Lemeshow >0.05).

The study was approved by the local institutional review board
and medical ethical committee. This article is written in
accordance with the Strengthening the Reporting of Observa-
tional studies in Epidemiology (STROBE) guidelines.”*

3. Results

A total of 872 patients with a hip fracture presented to the
emergency department of our institution. For this study, 685
patients were included, and the main reason for exclusion was
younger than 70 years (n = 176) (Fig. 1). Of these 685 patients, 369
patients were admitted with a femoral neck fracture, 291 patients
with an intertrochanteric fracture, and 4 patients with a sub-
trochanteric fracture. The study population consisted of 190 male
patients (28%) and 495 female patients with a median age of 85
(80-90) years. In total, 27% of the patients were diagnosed with
dementia. A total of 7 patients undergoing total hip replacement
surgery were excluded (Fig. 1). One year after surgery, significant
differences in 5 baseline characteristics between survivors and
deceased patients were observed (P < 0.01) (Table 1).

Survivors one year after surgery had a median age of 84
(79-88) years, whereas deceased patients had a median age of 87
(83-92) years (P < 0.01). In survivors, 25% (n = 124) were male
patients compared to 35% (n = 66) of the deceased patients.
Dementia was diagnosed in 107 survivors (22%) and in 78 (42 %)
of the deceased patients, 1 year after surgery (P < 0.01). The
median ASA classification of survivors and deceased patients was
2 (2-3) and 3 (2-3) (P < 0.01), respectively. Of the 196 patients
living in an institutional care facility before the fracture, 112
patients were still alive and 84 patients deceased within one year
after surgery (P < 0.01). There were no significant differences in
fracture type (P = 0.36) and type of anesthesia (P = 0.49).

Adjusted OR for Mortality After 1 Year, 30 Days, 90 Days, and 2
Years

Adjusted 95% Confidence P
OR Interval
1-y mortality (n = 188)
Age (per year older than 70 years) 1.07 1.04-1.11 <0.01
Male sex 1.88 1.26-2.80 <0.01
Diagnosis of dementia 1.64 1.03-2.60 0.04
Living in an institutional care 1.69 1.07-2.69 0.03
facility
ASA classification per class 214 1.54-2.99 <0.01
increase
Regional anesthesia 0.80 0.41-1.55 0.51
30-d mortality (n = 60)
Age (per year older than 70 years) 1.05 1.01-1.10 0.02
Male sex 1.83 1.02-3.28 0.04
Diagnosis of dementia 1.47 0.75-2.91 0.26
Living in an institutional care 1.67 0.84-3.33 0.15
facility
ASA classification per class 2.50 1.49-4.20 <0.01
increase
Regional anesthesia 0.36 0.08-1.53 017
90-d mortality (n = 110)
Age (per year older than 70 years) 1.07 1.04-1.11 <0.01
Male sex 2.25 1.41-3.59 <0.01
Diagnosis of dementia 1.40 0.81-2.42 0.23
Living in an ingtitutional care 1.86 1.08-3.22 0.03
facility
ASA classification per class 2.60 1.71-3.94 <0.01
increase
Regional anesthesia 0.72 0.31-1.65 0.43
2-y mortality (n = 262)
Age (per year older than 70 years) 1.10 1.07-1.13 <0.01
Male sex 211 1.42-3.13 <0.01
Diagnosis of dementia 1.92 1.22-3.01 <0.01
Living in an institutional care 248 1.58-3.89 <0.01
facility
ASA classification per class 212 1.54-2.92 <0.01
increase
Regional anesthesia 0.78 0.42-1.47 0.45

All variables are in total amount (percentage) or median (IQR). Bold identifies significant differences.
ASA, American Society of Anesthesiologists.
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Adjusted OR for In-Hospital Complications

Adjusted OR 95% Confidence Interval P
Any complication during admission (n = 319)
Age (per year older than 70 years) 1.06 1.04-1.09 <0.01
Male sex 0.92 0.65-1.31 0.64
Diagnosis of dementia 1.37 0.90-2.10 0.14
Living in an institutional care facility 0.63 0.41-0.97 0.03
ASA classification per class increase 1.51 1.13-2.02 <0.01
Regional anesthesia 0.90 0.52-1.54 0.70
Delirium during admission (n = 114)
Age (per year older than 70 years) 1.06 1.02-1.09 <0.01
Male sex 1.46 0.93-2.30 0.10
Diagnosis of dementia 2.32 1.36-3.96 <0.01
Living in an institutional care facility 0.52 0.29-0.92 0.02
ASA classification per class increase 114 0.79-1.65 0.49

All variables are in total amount (percentage) or median (IQR). Bold identifies significant differences.
ASA, American Society of Anesthesiologists.

The multivariable logistic regression analysis revealed 5
predictors for mortality at 30 days, 90 days, 1 year, and 2 years
after surgery (Table 2). The predictors for mortality within the
first year after surgery were age (per year older than 70 years:
AOR 1.07), living in an institutional care facility (AOR 1.69),
diagnosis of dementia (AOR 1.64), male sex (AOR 1.88), and
ASA classification (per class increase: AOR 2.14). There were no
significant differences in type of anesthesia used. The AOR for
mortality per year older than 70 years varied little over time. AOR
for type of sex, diagnosis of dementia, living in an institutional
care facility, ASA classification per class increase, and type of
anesthesia differed over time postoperatively (Table 2). Patients
living in an institutional care facility had a lower AOR for
complications and for delirium during admission (Table 3).

The effect of the predictors’ age, prefracture living situation,
dementia, sex, and ASA classification for mortality differed over
time as shown in the Kaplan—Meier curves (Figs. 2-6).

Survival between age groups during the first 90 days showed a
difference at the expense of the older population, and after
90 days mortality was observed higher in the older 2 groups
(80-89 years & older than 90 years) with a similar decline of
survival over time (Fig. 2). Male patients’ survival rates were
lower during the first 90 days compared with female patients, and

after 90 days, the Kaplan—-Meier curve showed less decline in
survival and followed a similar trajectory as seen in female
patients (Fig. 3). The Kaplan—-Meier curve among patients living
in an institutional care facility during the first 90 days showed
higher mortality rates compared with patients living at home
(28% vs. 12%). The mortality over time was higher among
patients living in an institutional care facility in comparison with
patients living at home (Fig. 4). Patients diagnosed with dementia
had a notably lower survival compared with patients without
dementia in short-term and long-term survival of time (Fig. 3).
ASA classification involved mainly classifications 2 and 3, and the
difference in survival over time between these classifications after
the first 30 days was 20% for the entire period of follow-up
(Fig. 6).

National health registry was consulted for survival in the general
population per age group for the year 2017 (Table 4). A difference in
survival was seen in all age groups compared with our cohort after
1 year. A difference varying from 12% to 25% was seen.

4. Discussion

This study has identified several time-related differences in risk
factors for mortality, which have previously been identified as
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Figure 2. Kaplan-Meier curve for age.
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Figure 3. Kaplan-Meier curve for sex.

risk factors for mortality after a hip fracture in geriatric
patients.*1%2¢ The adjusted odds ratios for the risk factors
found differed over time.

In comparison with the general population, our study groups
showed high rates of mortality. In the age group of 70-79 years,
an increased percentage of 2% mortality compared with 15%
was found. Among patients aged 80-89 years, a difference of
19% was observed between general population and the cohort
(median age 85 years). This difference highlights that a fall
resulting in a hip fracture can be a sign of underlying frailty. This
difference should be interpreted with care. The data collected
form the National health registry only take the year 2017 in
account whereas our data follow patients included over the years
2016-2018. Nonetheless, risk of mortality in the general
population is very similar to the years 2016-2018.

The Kaplan—-Meier curves depicted that male patients had a
higher mortality during the first 90 days compared with female

patients. However, after 90 days, a similar tendency for survival
was observed between sexes.

ASA classification was associated with high mortality during
the entire follow-up of the study. Literature shows that a higher
ASA classification is associated with an increased risk for
mortality.' 2728

During the first year after surgery, prefracture living situation
in an institutional care facility was associated with a considerably
higher risk of mortality. After 2 years, less than 40% of the
patients living in an institutional facility were still alive as shown
in the Kaplan—-Meier curves. This might be the result of the
progression of other pathology or comorbidities often found in
patients living in an institutional care facility.**>° Patients living
in an institutional care facility were at minimal risk of developing
in-hospital complications because these patients return to their
institutional care facility shortly after surgery for rehabilitation
with specialized geriatric care.
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Figure 4. Kaplan-Meier curve for living situation prefracture. ADL, activities of daily living.
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Figure 5. Kaplan-Meier curve for diagnosis of dementia.

Diagnosis of dementia is mostly associated with a higher risk
for long-term mortality. Because dementia is a degenerative
disease, increased long-term mortality can be attributed to
functional decline.?! In previous literature, it is suggested that
rehabilitation resources are not well-designed for the capabil-
ities of this subgroup of patients with hip fracture.?® In the
Kaplan—Meier curves, a rapid decline in survival for patients
with dementia is observed compared with patients without
dementia. This 20% difference observed after 180 days till the
end of follow-up in patients with dementia might be due to
comorbidity. The overall survival for patients aged 90 years
and older was 10% lower at any given moment during follow-
up compared with patients aged 70-79 years. High age is a
known predictor of mortality.>**? Our study found that
higher age is related to higher mortality at any given moment
in time.

One of the strengths of this study is the addition of our detailed
analysis to current literature. With the Kaplan—Meier curves, an
accurate understanding over time of the predictors of mortality
after hip fracture is presented. In addition, because the study was
performed in a single center, we were able to identify a large
number of patients and we had unlimited access to all patient
charts and laboratory results. Therefore, only 2% of data were
missing across 24 % of the cases. Finally, only 4 patients were lost
to follow-up.

This study has a few limitations that are as follows: the
retrospective design of this study could potentially cause a
selection or information bias. Despite the information regained
from death registries, the cause of death remained unknown. Data
concerning complications outside of the hospital were not within
the scope of our research. This may have led to underestimation of
the total amount of complications that occurred. However, in
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Figure 6. Kaplan-Meier curve for ASA classification. ASA, American Society of Anesthesiologists.
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National Health Record Survival Data Year 2017

Age Total Population Alive General Population Deceased General Kaplan-Meier Curve Gohort
Group at 1-1-2017 after 1y (%)* Population after 1 y (%)* for Age Survival after 1 yt
70-79y 808,073 789,567 (97,710) 18,506 (2229) 85%

80-89y 555,854 517,266 (93,058) 38,588 (7460) 74%

90+ years 161,186 133,812 (83,017) 27,374 (16,982) 58%

Total 1,525,113 1,440,645 (94,462) 84,468 (5538) na

* National health record data are measured at December 31, 2017.
1 Data have been extracted form Kaplan—Meier curve Figure 2.

current literature, no significant difference was observed in early
readmissions between patients discharged home and patients
rehabilitating in an institutional care facility.>* In this study, 7
patients undergoing total hip replacement were excluded,
potentially introducing selection bias. Patient characteristics play
a crucial role in determining the surgical technique for patients
with hip fracture. Total hip replacement surgery in our country is
typically reserved for individuals with pre-existing osteoarthritis
or those who are less frail and of younger age. Most of the patients
included are classified as ASA 2 or 3; therefore, analysis of ASA 1
and 4 must be interpreted with caution due to the small sample
sizes of patients ASA type 1 and 4.

The Kaplan—-Meier curves contribute to a more accurate
prognosis of mortality over time. These data can be used to
visualize chances of survival for patients as well as clinicians and
help guide them in the process of medical decision-making. It is
desirable to generate the Kaplan—Meijer curves for hospitals own
demographic areas to optimize survival trends for own patient
populations. A personalized treatment plan can be developed for
patients based on risk factors, regarding conservative versus
operative treatment, implant type, and rehabilitation manage-
ment. Recently published literature by Loggers et al®> highlights
nonoperative treatment as a viable option for frail patients with a
limited life expectancy without loss of treatment satisfaction
when compared with operative treatment. Our data provide a
better understanding of prognosis that can be used by clinicians in
the process of shared decision-making. Complications after
surgery occur often in geriatric patients with hip fracture, it is
therefore important to discuss not only survival but also the
adverse effects postoperative complications can have on the
quality of life. This study provides a more detailed answer to
which patients might be considered at risk of mortality after
surgery and offers tools to aid clinicians and patients to determine
the optimal treatment strategy. In our hospital, infographics
including these Kaplan—Meier curves are used by clinicians for
shared decision-making with the geriatric patient with hip
fracture and their relatives. These tools can provide visual insights
in prognosis for frail patients with potential limited life
expectancy after hip fracture.

In conclusion, over time, the variation of 5 risk factors for
mortality were visualized in geriatric patients with a hip fracture:
age, prefracture living situation, dementia, sex, and ASA
classification. The variation in effect observed in these risk factors
is vital in determining prognosis per patient. When compared
with national registry, our study population shows an increased
risk of mortality for all 3 age groups varying from 6% to 25%,
1 year after hip fracture surgery. This study illustrates a
commonly assumed scenario found in many studies: Older male
patients with multiple comorbidities residing in institutional
facilities face a heightened risk of mortality after hip fracture
surgery. In addition, geriatric patients in acute setting with a

limited life expectancy can be aided in the shared decision-making
process with a better understanding of the possible adverse
outcomes after hip fracture surgery.
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