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Objectives. To examine trends in hip fracture-related mortality among older adults in the United States between 1999 and 2013.
Material and Methods. The Wide-Ranging Online Data for Epidemiological Research system was used to identify adults aged 65
years and older with a diagnosis of hip fracture reported in their multiple cause of death record. Joinpoint regression analyses
were performed to estimate the average annual percent change in hip fracture-related mortality rates by selected characteristics.
Results.A total of 204,254 older decedents listed a diagnosis of hip fracture on their death record. After age adjustment, hip fracture
mortality rates decreased by −2.3% (95% CI, −2.7%, and −1.8%) in men and −1.5% (95% CI, −1.9%, and −1.1%) in women. Similarly,
the proportion of in-hospital hip fracture deaths decreased annually by −2.1% (95% CI, −2.6%, and −1.5%). Of relevance, the
proportion of cardiovascular diseases reported as the underlying cause of death decreased on average by −4.8% (95% CI, −5.5%,
and −4.1%).Conclusions.Hip fracture-relatedmortality decreased among older adults in the United States. Downward trends in hip
fracture-related mortality were predominantly attributed to decreased deaths among men and during hospitalization. Moreover,
improvements in survival of hip fracture patients with greater number of comorbiditiesmay have accounted for the present findings.

1. Introduction

Hip fractures are associated with increased morbidity, func-
tional decline, and mortality among older adults [1, 2].
Patients with hip fracture have a 5- to 8-fold increased risk
of all-cause mortality during the 3 months after the fracture
and almost half of the mortality risk during the first year has
been attributed to in-hospital deaths. This excess mortality
decreases substantially during the first 2 years after fracture
but does not return to the mortality rate seen in age- and sex-
matched control subjects even after 10 years of follow-up [3–
5].

Previous studies have consistently demonstrated decreas-
ing hip fracture incidence rates in the United States (USA)
since the mid-1990s [6–8]. Moreover, hip fracture 30-, 60-,
and 360-day adjusted mortality rates among Medicare ben-
eficiaries decreased in both genders between 1986 and 2004
[8]. However, most of this decline in hip fracture mortality
occurred before 1998, with a greater downward trend in

rates among men. Subsequently, the decrease in hip fracture
mortality rates was attenuated in both genders [8]. A recent
analysis of the National Hospital Discharge Survey described
downward trends in in-hospital hip fracturemortality among
older adults in the USA between 1988 and 2007.The decrease
in in-hospital mortality after hip fracture during the study
period was attributed to decreased death among adults aged
85 years and older, men, and subjects with greater number of
comorbidities [9]. Likewise, investigators using data from the
Nationwide Inpatient Sample reported that in-hospital hip
fracture mortality decreased among Medicare beneficiaries
between 1993 and 2010 [10].

According to the Census Bureau’s projections, the num-
ber of older adults in the USA is expected to more than
double over the next decades, rising from 40.3 million in
2010 to 83.7 million by the year 2050 [11].These demographic
changes alone may increase the number of hip fractures and
consequently hip fracture-related deaths among older adults.
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Thus, this study aimed to examine trends in hip fracture-
relatedmortality rates among persons 65 years or older in the
USA between 1999 and 2013.

2. Materials and Methods

2.1. Data Source. The Centers for Disease Control and
Prevention Wide-Ranging Online Data for Epidemiological
Research (WONDER) system was used to generate the
number of decedents aged 65 years or older with a diagnosis
of femoral neck or trochanteric fracture as a contributory
cause of death according to the International Classification
of Diseases, 10th revision (ICD-10) S72.0 and S72.1 codes,
respectively. Death data available on the WONDER system
are based on county-level death certificates for U.S. residents.
Each death certificate contains demographic data, a single
underlying cause of death (UCD), and up to twenty addi-
tionalmultiple causes of death (MCD) [12].TheUCDof death
is defined by the World Health Organization as the “disease
or injury which initiated the train of events leading directly
to the death or the circumstances of the accident or violence
which produced the fatal injury.” The UCD is selected from
the conditions entered by the physician on the cause of death
section of the death certificate. Whenmore than one cause or
condition is entered by the physician, the underlying cause is
determined by the sequence of conditions on the certificate
and associated selection rules and modifications [12].

2.2. Statistical Analysis. The joinpoint regression program
software, V.4.2.0.2, was used to identify points where a
statistically significant change occurred in the linear slope
of rates. The joinpoint regression detects points at which
significant changes in the direction and magnitude of trends
occur over time, assuming constant variance and uncorre-
lated errors [13]. The tests of significance use the Monte
Carlo Permutation method [14]. The results are presented
as the average annual percent change (AAPC) and annual
percent change (APC) in rates, with their corresponding
95% confidence interval (95% CI). The AAPC in rates is
a summary measure of the trend over a prespecified fixed
interval. This measure describes the average annual percent
changes over a period of multiple years, which is valid even
if the joinpoint model indicates that there were changes
in trends during those years. The AAPC is computed as a
weighted average of the APC in rates from the joinpoint
model, with the weights equal to the length of the APC
interval [15].

The proportion of hip fracture-related mortality by place
of death (hospital and nursing home) and age-specific (65–74,
75–84, and ≥85 years) and age-adjusted rates by gender per
100,000 of population were generated using the WONDER
system. Subsequently, the AAPC in hip fracture-related mor-
tality rates were examined by age groups, gender, and place
of death. Moreover, changes in the proportion of selected
ICD-10 codes reported as the UCD among hip fracture
decedents were examined during the 15-year study period. In
the figures, the observed rates are represented by symbols and
the predicted trends from the joinpoint regression model are
represented by dashed lines.
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Figure 1: Hip fracture-related mortality rates in the USA.

3. Results

A total of 204,254 decedents aged 65 years or older listed a
diagnosis of hip fracture as a contributory cause of death in
their death record between 1999 and 2013.Themajority of hip
fracture-related deaths occurred in the hospital (49.1%) and
nursing homes (33.1%). Overall, women and race reported as
white accounted for 64.0% and 95.9% of hip fracture-related
deaths, respectively. The leading underlying causes of death
reported among hip fracture decedents were unintentional
injuries (49.2%), diseases of the heart (21.0%), chronic lower
respiratory diseases (4.1%), Alzheimer’s disease (3.7%), neo-
plasms (3.5%), and cerebrovascular diseases (3.1%).

The number of hip fracture-related deaths increased
from 12,643 in 1999 to 13,226 in 2013. However, after age
adjustment, hip fracture-related mortality rates decreased
from 37.0/100,000 (95% CI, 36.4%, and 37.6%) persons in
1999 to 29.0/100,000 (95% CI, 28.5%, and 29.5%) persons in
2013. As shown in Figure 1, hip fracture-related mortality
rates decreased on average by −2.8% (95% CI, −3.6%, and
−1.9%) in the age group 65–74 years between 1999 and 2013.
The decrease in mortality was less accentuated in the age
groups 75–84 years and 85 years or older by −2.0% (95% CI,
−2.5%, and −1.4%) and −1.5% (95% CI, −1.9%, and −1.1%),
respectively. Of relevance, a significant downward trend in
hip fracture-related mortality rates by −2.7% (95% CI, −3.0,
−2.4%) per year occurred among those aged 85 years and
older since 2002 onwards.

As shown in Figure 2, hip fracture age-adjusted mortality
rates decreased on average by −2.3% (95% CI, −2.7%, and
−1.8%) and −1.5% (95% CI, −2.0%, and −0.9%) in men
and women during the 15-year study period, respectively.
Moreover, a marked annual decrease in age-adjusted rates by
−3.4% (95%CI, −3.8%, and −3.0%) occurred inmen between
2002 and 2013. Similarly, a decrease in mortality rates by
−2.6% (95% CI, −2.9%, and −2.2%) annually was seen among
women from 2001 onwards.

By place of death, the crude proportion of hip fracture-
related in-hospital deaths gradually decreased by −2.1%
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Table 1: Average annual percent changes in selected ICD-10 codes reported as the UCD among hip fracture decedents.

ICD-10 codes Number (%) AAPC (95% CI) 𝑃 value
Infectious diseases (A00–B99) 2,288 1.1 1.1 (−0.8, 3.0) 0.228
Neoplasms (C00–D48) 7,547 3.6 −3.2 (−4.0, −2.3) <0.001
Diseases of the blood (D50–D89) 509 0.2 −0.6 (−2.8, 1.7) 0.598
Endocrine diseases (E00–E88) 3,706 1.8 −3.5 (−4.5, −2.4) <0.001
Mental disorders (F01–F99) 8,281 4.0 9.1 (7.5, 10.7) <0.001
Diseases of the nervous system (G00–G98) 9,469 4.6 −0.2 (−1.2, 0.9) 0.747
Cardiovascular diseases (I00–I99) 51,959 25.4 −4.8 (−5.5, −4.1) <0.001
Respiratory diseases (J00–J98) 12,069 5.9 −2.4 (−3.0, −1.8) <0.001
Digestive diseases (K00–K92) 2,975 1.4 −3.8 (−5.3, −2.2) <0.001
Genitourinary diseases (N00–N99) 3,166 1.5 −2.5 (−3.8, −1.2) <0.001
External causes of morbidity and mortality (V01–Y89) 101,245 49.5 2.5 (2.1, 2.9) <0.001
Falls∗ (W00–W19) 62,287 31.9 5.7 (5.1, 6.4) <0.001
∗Total percentage within the system.
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Figure 2: Age-adjusted hip fracture-related mortality rates in the
USA.

(−2.6%, −1.5%) per year from 54.9% in 1999 to 41.5% in
2013. Likewise, the proportion of hip fracture-related deaths
among those residing in nursing homes annually decreased
by −1.4% (95% CI, −1.9%, and −0.8%). Table 1 shows the
distribution and the AAPC in the proportion of selected
ICD-10 codes reported as the UCD among hip fracture
decedents. Overall, falls represented the leading UCD diag-
nosis, followed by cardiovascular and respiratory diseases. In
addition, trend analyses indicate that cardiovascular diseases
reported as theUCDamonghip fracture patients significantly
decreased by −4.8% (95% CI, −5.5%, and −4.1%) between
1999 and 2013. On the contrary, the report ofmental disorders
and falls markedly increased on average by 9.1% (95% CI,
7.5%, and 10.7%) and 5.7% (95% CI, 5.1%, and 6.4%) during
the study period, respectively.

4. Discussion

The results of the present study indicate that hip fracture-
related mortality significantly decreased among older adults
in the USA between 1999 and 2013. These findings were
predominantly attributed to marked downward trends in
hip fracture-related deaths, among the oldest old, men, and
during hospitalization. Consistent with the present findings,
a previous study of hip fracture-related mortality in Texas
reported a significant decrease in age-adjustedmortality rates
among men by 0.8% annually between 1999 and 2007. On
the contrary, a nonsignificant increase in hip fracture-related
mortality among women was reported during the study
period [16]. Moreover, the significant downward trend in
hip fracture-related in-hospital deaths nationwide observed
during the 15-year study period is consistent with a recent
analysis of theNationalHospital Discharge Survey describing
decreased hip fracture in-hospital mortality in the USA
between 1988 and 2007 [9]. Other studies from France and
England have also shown a decrease in hip fracture in-
hospital deaths in both genders over the past decade [17, 18].
Possible explanations for the improved survival during hip
fracture hospitalization may be related to thromboembolism
prophylaxis, management of postoperative complications,
and reduced time to surgery [19–22]. Likewise, a randomized
clinical trial among subjects aged 50 years and older with
a median follow-up time of 1.9 years reported that zole-
dronic acid administered within 90 days after a hip fracture
repair decreased mortality by 28%. However, the authors
concluded that further investigation is needed to understand
the decreased risk of death associated with the use of this
bisphosphonate [23].

Previous studies have documented increased risk of
in-hospital and one-year mortality among men after hip
fractures [8, 9, 16, 24]. Of interest, the present results indicate
that hip fracture-related mortality among men has decreased
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since 2002 onwards, which resulted for the first time in lower
hip fracture-related mortality rates among men in the USA
in 2011. The excess of mortality after hip fractures among
men has been attributed to a higher risk of postoperative
complications such as pneumonia, delirium, cardiac arrhyth-
mias, and pulmonary embolism [25]. A cohort study using
the Clinical Practice Research Datalink from the United
Kingdom (UK) reported a decrease in one-year hip fracture
mortality for both genders between 2000 and 2010.Moreover,
the study described a more pronounced decline in hip
fracture mortality among men in the UK [26].

Among hip fracture decedents, the proportion of car-
diovascular and respiratory conditions reported as the UCD
significantly decreased nationwide by 4.8% and 2.4%between
1999 and 2013, respectively. On the contrary, the report of
falls and mental conditions markedly increased during the
study period. Previous studies have consistently reported
that cardiovascular and respiratory diseases are the most
common conditions reported among hip fracture decedents
[4, 27]. In fact, a recent analysis of the National Trauma
Data Bank demonstrated that in-hospital mortality among
hip fracture patients with a cardiac disease was 2.9 times
more likely to occur than among those without it [28].
Moreover, cardiac arrhythmia, congestive heart failure, acute
myocardial infarction, and chronic obstructive pulmonary
disease were the leading listed secondary diagnoses among
hip fracture patients who died in the hospital in the USA [9].
Of relevance, hip fracture in-hospital mortality nationwide
decreased among older adults with a Charlson comorbidity
index score ≥2 from 9.5% in 1988–1992 to 5.2% in 2003–
2007, indicating improvements in the survival of hip frac-
ture patients with greater number of comorbidities, which
may also have accounted for the present study results [9].
Althoughhip fracture in-hospital case fatality rate nationwide
has been reported to be 4.9% inmen and 2.6% in women, the
majority of hip fracture-related deaths reported in the death
records occurred in the hospital representing about 50% of
decedents [9].

Hip fracture patients with cardiac and respiratory condi-
tions also had 2- and 2.5-fold higher odds of developingmajor
postoperative complications [28]. Despite these facts, a recent
study described that cardiovascular and respiratory diseases
mortality has decreased among hip fracture patients in the
UK over the past decade, which is consistent with the present
study results [26]. The marked increase in the report of falls
as the UCD among hip fracture decedents may be partially
explained by increasing reports of fall as the UCD among
older adults with injuries in the USA over the past decade
[29].

The present study has several limitations associated with
the accuracy of death records in the documentation of hip
fractures. First, death certificate data are not validated and
some misclassification may occur. Second, hip fractures are
generally underreported in the death record. For instance, a
previous study demonstrated that, among 2,631 older adults
hospitalized with hip fractures during a 7-year period, a total
of 930 deaths occurred. Of those decedents, hip fracture was
reported in only 5.5% of the death records [30]. Third, most
of the hip fracture-related deaths are accidental and should

be reported to the coroner who may request an autopsy
or investigation. Therefore, the report of hip fractures is
frequently omitted from the death certificate [29]. Fourth, the
validation of ICD-10 diagnostic codes in the accuracy of hip
fracture-related mortality is undetermined.

In conclusion, hip fracture-related mortality markedly
decreased among older adults in the USA between 1999
and 2013. Overall, downward trends in hip fracture-related
mortality rates were predominantly attributed to decreased
deaths among the oldest old,men, and during hospitalization.
Moreover, improvements in survival of hip fracture patients
with greater number of comorbiditiesmay have accounted for
the present findings.
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