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Abstract

Objectives: Survival rates are poorer after a second hip fracture than after a first hip
fracture. Previous survival studies have included in-hospital mortality. Excluding in-hospital
deaths from the analysis allows survival times to be evaluated in community-based patients.
There is still a lack of data regarding the effects of subsequent fractures on survival times
after hospital discharge following an initial hip fracture. This study compared the survival
times of community-dwelling patients with hip fracture who had or did not have a subsequent
major long-bone fracture. Hazard ratios and risk factors for subsequent fractures and mortality
rates with and without subsequent fractures were calculated.

Materials and Methods: Of 844 patients with hip fracture from 2000 through 2008, 71 had
a subsequent major long-bone fracture and 773 did not. Patients who died of other causes, such
as perioperative complications, during hospitalization were excluded. Such exclusion allowed us
to determine the effect of subsequent fracture on the survival of community-dwelling
individuals after hospital discharge or after the time of the fracture if they did not need
hospitalization. Demographic data, causes of death, and mortality rates were recorded.
Differences in mortality rates between the patient groups and hazard ratios were calculated.

Results: Mortality rates during the first year and from 1 to 5 years after the most recent
fracture were 5.6% and 1.4%, respectively, in patients with subsequent fractures, and 4.7% and
1.4%, respectively, in patients without subsequent fractures. These rates did not differ
significantly between the groups. Cox regression analysis and calculation of hazard ratios did
not show significant differences between patients with subsequent fractures and those
without. On univariate and multivariate analyses, age <75 years and male sex were risk
factors for subsequent fracture.

Conclusions: This study found that survival times did not differ significantly between
patients with and without subsequent major long-bone fractures after hip fracture. Therefore,
all patients with hip fracture, with or without subsequent fractures, need the same robust
holistic care. The risks of subsequent fractures should be addressed in patients with hip
fracture and should be reduced where possible by education regarding fracture prevention
and regular rehabilitation programs. Efforts should be made to decrease the rates of major
long-bone fractures and their burdens, even though such fractures have only a minor effect on
survival in community-dwelling individuals.

(J Nippon Med Sch 2013; 80: 42—49)
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Introduction

The number of hip fractures is increasing as
populations age'. The treatment of these fractures
and their associated morbidity and mortality
represent a major public health burden. Information
to help prevent hip fractures and information
regarding survival after hip fracture are important
for providing optimal medical care. Berry et al? have
reported higher mortality rates and shorter survival
times in patients with second hip fractures than in
patients with first hip fractures. However, their
analysis included in-hospital deaths. An analysis of
the survival of patients with hip fracture after
hospitalization, excluding in-hospital deaths, would
clarify the consequences of fractures in community-
dwelling individuals. Other subsequent fractures,
such as major long-bone fractures, may also affect
the survival of patients with hip fractures. There is
still a lack of data regarding the effects of
subsequent major long-bone fractures on the
survival of community-dwelling individuals with hip
fractures. Therefore, the present study compared
the survival times of community-dwelling patients
with first hip fractures who had or did not have
subsequent major long-bone fractures. The risk
factors for subsequent fracture and mortality causes

were also studied.

Materials and Methods

Study Population

A total of 844 patients (109 men and 735 women)
55 years or older were included in this study. The
medical records of all admitted patients in
orthopaedic department from January 2000 through
December 2008 were reviewed, and patients were
included in the study if they had sustained a first
hip fracture (intertrochanteric or femoral neck
fracture) and if roentgenograms showing the
fracture were available for review. Any subsequent
major fractures of long bones were recorded.
Patients were excluded if the fractures were due to
pathological causes (e.g, primary or secondary

tumor, metabolic bone disease) or high-energy
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trauma (e.g., traffic accidents or falls from a greater
than standing height) or if the hip fracture and a
fracture of a major long bone were simultaneous.
Patients were also excluded if they died before
hospital discharge, died of cancer, or were lost to
follow-up within 5 years after the last fracture.
Because this study aimed to determine the effect of
fractures on community-dwelling individuals after
hospital discharge, patients were excluded if they
died during hospitalization, from such causes as
perioperative complications. The study protocol was
approved by the institutional review board of our

institution.

Study Groups

The 844 patients who sustained a first hip fracture
were divided into 2 groups: 71 patients with
subsequent fractures of major long bone (humerus,
radius, ulna, femur, or tibia) and 773 patients without
such fractures. Patients were not included if they
subsequently sustained a contralateral hip fracture
(femoral neck or intertrochanteric fracture) or
another type of osteoporotic fracture. Patients were
regularly followed up for the duration of the study
period or until they died. Figure 1 shows the

fracture events in each group.

Baseline Data Collection

Patient baseline characteristics were obtained
from the medical records. Demographic data were
recorded at the time of the first hip fracture and
included age group (55-74, 75-84, or >85 years), sex,
time from first hip fracture to any subsequent major
long-bone fracture (0-12, 12-24, 24-48, or >48
months), mechanism of injury, fracture category,
mobility before the first hip fracture, and medical
comorbidities, including osteoarthritis of the knee.
Cause of death was recorded, as was the time of
death (years) after discharge from hospitalization for
the last fracture, or after the time of the last
fracture if hospitalization was not required. Some
patients with  subsequent fracture required
hospitalization. If any patient with subsequent
fracture did not require hospitalization, the survival
time was calculated from immediately away after

the fracture event.
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The event of
initial hip fracture

The event of
initial hip fracture

hospitalization

Survive Survive
Subsequent major
long bone fracture -
of the extremity Lregiment Treatment
with or without

with or without
hospitalization

Actual Survival*

Death or
A the end of study

Actual Survival*

Death or
B the end of study

Fig. 1 Schematic flowchart showing events in patients A) with subsequent major long-bone

fractures and B) without subsequent major long-bone fractures.

* Actual Survival is the survival time (years) after discharge from hospitalization for

the recent fracture or the time after the recent fracture if hospitalization was not

required.

Prefracture mobility was classified as follows:
walking outside with or without an assistive device,
walking inside with or without an assistive device,
mobile with a wheelchair, or confined to bed. The
following comorbid conditions were recorded:
hypertension, neurological disease (Alzheimer’s
disease, Parkinson’s  disease, cerebrovascular
accident, dementia), heart disease (arrhythmia,
myocardial infarction, angina pectoris), respiratory
disease (asthma, chronic bronchitis, chronic
obstructive pulmonary disease), diabetes mellitus,
osteoarthritis of the knee, renal disease, and eye
disease (glaucoma, cataracts, diabetic retinopathy,
and hypertensive retinopathy). Some conditions
(neurological disease, impaired depth perception or
eye disease, dizziness, and other medical conditions)
were not evaluated as potential risk factors for
subsequent major long-bone fractures if they were
treated and well controlled before the fracture. The
causes of fracture were categorized as falls from a
standing height or less or ambulation during nursing
care.

All radiographic diagnoses were confirmed by an
orthopedist and a radiologist. Fractures were
classified as hip fractures (intertrochanteric or
femoral neck) or major long-bone fractures

(humerus, radius, ulna, femur, or tibia).
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Statistical Analysis

Differences in quantitative data between the
groups were analyzed with Student’s t-test (for
normally distributed data) or the Mann-Whitney U-
test (for nonnormally distributed data), and
differences in qualitative data between the groups
were analyzed with the chi-square test. Differences
in mortality rates between the groups were
analyzed with the chi-square test. The effect of each
predisposing risk factor on the rate of subsequent
major long-bone fractures was assessed with
univariate and multivariate analyses. Potential risk
factors that showed a significant relationship with
subsequent fracture on univariate analysis were
included in the multivariate models. The results
were adjusted for age and sex and expressed as
odds ratios (ORs) with 95% confidence intervals (CIs).
Hazard ratios were calculated with the Cox
regression model with multivariate analysis. A p-
value of <0.05 was considered statistically significant.
Statistical analysis was performed with SPSS
software version 13.0 (SPSS Inc., Chicago, IL, USA).

Results

The demographic data and clinical features of

each group are summarized in Table 1. The group
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Table 1 Demographic characteristics and clinical features of patients with hip fracture with or without subsequent

major long-bone fractures

Subsequent fracture
(n=71)

No subsequent fracture
(n=773)

p-value
n % n %
Age group (years)
55-74 50 704 212 274 0.001#
75-84 20 282 350 453
>85 1 14 211 273
Sex
Male 33 46.5 76 9.8 0.001#
Female 38 535 697 90.2
Cause of hip fracture/subsequent fracture*
Fall from a standing position 71/70 100/98.6 770/ — 99.6/ — 0.925% *
Ambulation during nursing care 0/1 0/14 3/ = 04/ -
Mobility before hip fracture
Community, household without gait aid 70 97.1 761 984 0.599
Household with gait aid/wheelchair, bedridden 1 2.9 12 16
Time to subsequent fracture
<12 months 52 73.3 - - -
12-48 months 2 2.8 - -
>48 months 17 239 - -

#p<0.05 was considered to be significant. *refers to the number of patients in whom the initial hip fracture/
subsequent fracture resulted from the cause listed. * *indicates an nonsignificant difference between the groups

with and without subsequent fracture (a comparison in terms of the initial hip fracture episode).

with subsequent long-bone fractures had a higher
percentage of patients aged <75 years at the time of
the first hip fracture (OR: 6.3, 95% CI: 3.7-10.7, p=
0.001) and a higher proportion of males (OR: 7.96,
95% CI: 4.7-134, p=0.001) than did the group without
subsequent fractures (Table 1).

There were no significant differences between the
groups with respect to fracture causes or
prefracture mobility (Table 1). Subsequent fractures
occurred most commonly 0 to 12 months after the
first hip fracture (73.3% of subsequent fractures
occurred during this time) (Table 1). Patients
without subsequent fractures were significantly
more likely to have  hypertension, knee
osteoarthritis, heart disease, respiratory disease,
neurological disease, or renal disease (p<0.05 for all)
(Table 2). Multivariate analysis showed that age <75
years and male sex were independent risk factors
for subsequent fractures of major long bones (Table
3).

The mortality rates during the first year and from
1 to 5 years after the most recent fracture were

56% and 1.4%, respectively, in the group with
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and 47% and 14%,
respectively, in the group without subsequent
fractures (Table 4). These results indicate that

patients with subsequent fractures did not have

subsequent fractures

significantly higher mortality rates or significantly
shorter survival times than did patients without
subsequent fractures during the first year (p=0.71)
or from 1 to 5 years after the most recent fracture
(p=0.99). There was also no significant difference in
the overall mortality rate between the group with
subsequent fractures (including subgroups with
subsequent upper-extremity or lower-extremity

fractures) and the group without subsequent
fractures (p=0.937). Age- and sex-adjusted analysis
with the Cox proportional hazards regression model
and multivariate analysis showed that there was no
significance difference in survival between groups
with or without subsequent long-bone fractures
(hazard ratio: 1.25, 95% CI: 0.49-3.23, p=0.64) (Fig. 2).
The most frequent site of subsequent long-bone
fracture was the distal radius (51%), followed by the
(25%), tibia (21%), and

supracondylar area of the femur (3%).

proximal humerus
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Table 2 Medical co-morbidities in hip fracture patients with or without subsequent

major long bone fractures

Subsequent fracture

(n=71)

No subsequent fracture
(n=773)

p-value
n % n %

Heart disease 7 9.9 222 28.7 0.001#
Respiratory disease 3 42 141 18.2 0.001#
Hypertension 34 479 625 80.9 0.001#
Diabetes mellitus 18 254 282 36.5 0.061
Renal disease 2 2.8 116 15.0 0.001#
Eye disease 5 70 114 14.7 0.08
Neurological disease 3 42 153 19.8 0.04#
Knee osteoarthritis 1 14 133 172 0.008#

#p<0.05 was considered to be significant.

Table 3 Multivariate analyses of factors associated with subsequent major long

bone fractures

Adjusted odds 95% confidence value

ratio interval P
Male gender 9.75 54-174 0.001#
Age <75 year at first hip fracture 75 42-134 0.001#

#p<0.05 was considered to be significant.

Table 4 Mortality rates of hip fracture patients with or without subsequent major long bone fractures

Subsequent fracture

No subsequent fracture

(n=71) (n=773) p-value*
% n %
Mortality during first year 4 5.6 36 47 0.71
Mortality between 1 and 5 years 1 14 11 14 0.99

#p<0.05 was considered to be significant.

The most frequent cause of death in the group
with subsequent fractures was sepsis of unknown
cause (60%), followed by respiratory failure due to
pneumonia (20%) and sepsis due to urinary tract
infection (20%). The most frequent cause of death in
the group without subsequent fractures was sepsis
of unknown cause (34%), followed by respiratory
failure due to pneumonia (30%), heart disease (acute
coronary syndrome, heart failure) (17%), sepsis due
to urinary tract infection (11%), neurological disease
(cerebral infarction, intracerebral hemorrhage) (6%),
and sepsis due to surgical site infection (2%). The
major causes of death in both groups were
pneumonia and sepsis due to urinary tract infection
or unknown. Heart disease and other diseases were

less common causes of death. However, there was

46

no significant difference in the prevalence of

mortality causes between the groups (p=0.314).

Discussion

The present study evaluated patients who had a
first hip fracture and then had or did not have a
subsequent major long-bone fracture. There have
been no major changes in the management of hip
fractures at our center over the last 8 years. This
study evaluated the survival times of patients who
survived to hospital discharge and returned to life in
the community. We found that the survival times of
patients with subsequent fractures were not
significantly shorter than those without subsequent

fractures.
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Fig. 2 Survival curve analysis for patients with or without major long-
bone fractures after hip fractures. The relationship between

cumulative survival ratio and follow-up period (months) is shown

for each group. The hazard ratio for patients with subsequent

fractures was insignificant.

In the present study, we examined the survival
time of patients living in the community’ who had
hip fractures and then had or did not have
subsequent major long-bone fractures. Colon-Emeric
et al’ have also studied the survival of community
dwelling men and male veterans with hip fracture
and subsequent fractures. To determine survival in
their study population, they excluded in-hospital
deaths from their analysis but included all
subsequent fractures, including those of the hip,
pelvis, extremities, and vertebrae. In addition, Berry
et al’ found that the mortality rate is highest
immediately after fracture surgery and that better
postoperative predictors of mortality are required to
discriminate between patients at immediate risk
(high risk) of in-hospital death and those likely to
survive to discharge. On the basis of previous
studies, we decided to exclude patients who died in
hospital shortly after admission or who died of
causes unrelated to fracture. Therefore, these
patients would not confound the results of survival
in our study. This method primarily represents the
survival of patients who were discharged or who
were older adults living in the community®’. To the
best of our knowledge, the present study is one of
few evaluating the survival of community-based

individuals after a first hip fracture and focusing on
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the effects of subsequent major long-bone fractures.
This information is useful for the management of
elderly patients with fractures.

The present study found that community-based
individuals who had sustained a first hip fracture
and then sustained a subsequent major long-bone
fracture had a shorter survival time than those who
did not have a subsequent fracture, but this
difference was not significant. These results may be
explained by the smaller numbers of elderly patients
and patients with comorbidities who sustained major
long-bone fractures. The larger numbers of patients
with comorbidities in the group without subsequent
fractures might have affected the mortality rates in
that group®’ The differences in survival times
between the groups might, therefore, be unrelated
to the fractures. The lack of significant differences in
survival times and hazard ratios between the groups
might also be explained by the b5-year follow-up
period. Differences between groups might become
significant with a longer follow-up period. In
addition, even if sex ratios and means ages differed
between the groups in this study, the age- and sex-
adjusted analysis’ with the Cox proportional hazards
regression model and multivariate analysis was
performed which could control for confounding and

increase the efficiency of results of this study.
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However, further studies with more specific gender-
and age-matched control groups and longer follow-
up times should be performed to determine the
survival times of patients with hip fracture who
have or do not have subsequent fractures.

The risk factors for a first hip fracture have been
extensively studied”. Various risk factors for second
hip fractures have also been reported®™. However,
few studies have reported on risk factors for major
long-bone fractures after a first hip fracture. A meta-
analysis by Kanis et al has found that the relative
risk of fractures is increased after a first fracture®.
Several previous studies have investigated the risks
of subsequent fractures after an initial fracture of an
extremity or vertebra'™". Center et al have reported
on risk factors for subsequent fracture after initial
low-trauma fractures, including fractures of the hip,
vertebra, pelvis, distal femur, proximal tibia, multiple
ribs, and proximal humerus, and all minor
osteoporotic fractures with the exception of
fractures of the fingers and toes®. Colén-Emeric et al
have also studied the risk factors for subsequent
fractures, including fractures of the hip, pelvis,
extremities, and vertebrae, after a first hip fracture’.
These previous studies had different settings from
our study. We focused on major long-bone fractures
that occurred after first hip fractures in community-
based individuals. Berry et al. have reported the risk
of subsequent fractures after a first hip fracture™.
They studied residents of nursing homes and
included second hip fractures in their subsequent-
fracture group; the risks of subsequent fractures
might, therefore, have differed between their study
and our study. Our results indicate that male sex is
a risk factor for a subsequent major long-bone
fracture. Men tend to be more physically active
after a hip fracture than women and, therefore, have
more opportunity to sustain a subsequent fracture.
Age <75 years at the time of hip fracture was also a
risk factor for a subsequent major long-bone
fracture. This relation may be explained by higher
mobility and function in this age group and a better

*2 Younger male

physical recovery after hip fracture
patients might be able to maintain higher activity
levels after a fracture and then, as a result, be more

likely to sustain an extremity fracture. Our results
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are consistent with those of a previous study that
found that older patients and female patients were
not at increased risk for subsequent fractures”. Our
results also indicate that patients without
subsequent fractures had more comorbidities than
did patients with subsequent fractures. These
comorbidities might limit activity levels and thereby
reduce the likelihood of subsequent fractures.
Patients with higher numbers of comorbidities might
be low functioning with limited activity and,
consequently, be at lower risk of subsequent falls
and fractures®.

The 2 most common major long bones fractured
were the radius and humerus. This finding might be
explained by elderly patients tending to respond to
falling and tripping by using their upper extremities
for protection®. Even if our study showed that
subsequent major long-bone fractures have only a
minor effect on survival, Robinson et al* have shown
that such fractures have negative effects on patients’
lives, such as higher healthcare costs. Therefore, the
risks of subsequent fractures should be addressed in
all patients with hip fractures and should be reduced
where possible with education regarding fracture
prevention and regular rehabilitation programs. For
example, if physicians have patients with initial hip
fractures who are at increased risk for subsequent
fracture, they should provide a protocol to decrease
that risk. Efforts should be made to decrease the
rate of subsequent major fractures of long bone and
their associated burdens, such as higher healthcare
costs. In addition, we found that the incidence of
subsequent major long-bone fractures was highest
during the first year after hip fracture. These
results regarding the nature and consequences of
subsequent fractures suggest that prevention
requires a multidisciplinary approach. Regular
rehabilitation programs might be useful for all
patients, especially during the first year after hip
fracture.

The most common causes of death in patients
with and without long-bone fractures after hip
fracture were pneumonia and sepsis, which might be
due to decreased mobility or being bedridden. These
results were similar to those of a previous study

showing an increased risk of death from infection,
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particularly within 12 months of a hip fracture®.

Conclusions

This study found that the survival times after the
most recent fracture does not differ significantly
between hip fracture patients with subsequent
major long bone fractures and those without. All
patients with hip fracture should receive the same
holistic care. The risks of subsequent fracture should
be addressed in all patients with hip fracture and
should be reduced where possible with education

regarding fracture prevention and regular

rehabilitation programs. Efforts should be made to
decrease the rates of subsequent major long-bone
fractures and their burdens, even if such fractures
have only a minor effect on survival in community-

dwelling individuals.
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