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Morbidity, mortality and cost of osteoporotic
fractures —should proximal humerus fractures be taken as
seriously as hip fractures?
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Background: Proximal humerus fractures are common in the population over age 65. Several studies
have demonstrated high morbidity and mortality rates associated with several osteoporotic fracture types.
The purpose of this study was to investigate and compare the risk factors, morbidity, mortality and cost of
proximal humerus, distal radius, hip and vertebral compression fractures.

Methods: From the Medicare Registry, patients diagnosed with a proximal humerus, distal radius, hip or
vertebral compression fracture based on the ICD-9 coding were identified. Sex, race, age, fracture type,
healthcare cost, mortality, blood transfusion requirement, and comorbidities were documented.

Results: Between 2010 and 2014 there were 50,237,330 inpatient claims and 1,183,966 (2.4%) of those
were specifically for 1 of the 4 osteoporotic fracture types. Mortality rate during index admission for all four
fractures combined was 2.2%. Mortality rate was 1% for proximal humerus, as compared to 0.4% for distal
radius, 2.5% for hip and 1.8% for vertebral compression fractures. The highest cost was associated with hip
fractures and the lowest cost with distal radius fractures. The hip and vertebral compression fracture patients
had the most documented comorbidities. Patients were more likely to be female (OR 2.105, 95% CI: 2.096—
2.113), white (OR 2.600, 95% CI: 2.582-2.617), and over 84 years of age (OR 5.979, 95% CI: 5.957-6.001)
in all fracture types.

Conclusions: Proximal humerus fractures carry similar risk factors, morbidity, mortality, and health
care costs as other osteoporotic fracture types. The findings of the present study are clinically relevant, as
life expectancy continues to increase and the Medicare population continues to grow. This will lead to an
increase in the incidence of osteoporotic fractures. Proper screening and treatment of osteoporosis may help
prevent some of these fractures.
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Introduction

Proximal humerus fractures are a common orthopaedic
injury in people over the age of 65. The incidence is
approximately 250 per 100,000 Medicare patients making
it the third most common insufficiency fracture (1). Due to
the multiple comorbidities often present in patients in this
age group, the mortality rate associated with this fracture is
a concern (2).

Several studies have demonstrated high morbidity
and mortality rates associated with certain osteoporotic
fracture types such as hip fractures, distal radius fractures
and vertebral compression fractures (3). This is likely not
just attributable to the fracture itself, but rather may be
representative of the poor overall health of the population
that sustains them. This populations is generality frail and
has been shown to be at increased risk for both injury as
well as increase hospital length of stay and post-surgical
complications (4). Jorgensen et al.’s registry study from
Sweden suggests that the incidence of proximal humerus
fractures and hip fractures are comparable (5). Similar to
hip fractures, proximal humerus fractures have also been
shown to be related to osteoporosis (6). However, no large
studies exist evaluating if proximal humerus fractures carry
the same risk factors, morbidity and mortality rates, and
costs as the other three fracture types. This finding would
be of clinical significance, as it has been shown that early
detection and treatment for osteoporosis can reduce the
risk of proximal humerus fractures and be cost effective (7).
In addition, prevention of osteoporotic fractures and their
associated morbidity and mortality has been shown to lower
overall healthcare costs as well as Medicare expenditures.

The purpose of this study was to investigate and compare
the risk factors, morbidity, mortality, and cost of proximal
humerus, distal radius, hip and vertebral compression
fractures in the Medicare population.

Methods

This was a level III retrospective cohort study. Prior to the
start of this study, institutional review board approval was
obtained.

From the Medicare Registry, insurance records from
2010 to 2014 were accessed to identify patients diagnosed
with a proximal humerus, distal radius, hip or vertebral
compression fracture based on ICD-9 coding for the
admitting diagnosis. ICD-9 codes meeting inclusion criteria
were: 812.00, 812.01, 8§12.02, 812.03, 812.09, 812.10,
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812.11, 812.12, 812.13, and 812.19 for proximal humerus
fracture, 813.42, 813.44, 813.45, 813.47, 813.52, 813.54,
813.81, 813.83, 813.91, and 813.93 for distal radius fracture,
820.00, 820.01, 820.02, 820.03, 820.09, 820.10, 820.11,
820.12, 820.13, 820.19, 820.20, 820.21, 820.22, 820.30,
820.31, 820.32, 820.8, 820.9, 733.14 and 905.3, for hip
fracture, and 805, 805.4, 805.00, 805.01, 805.01, 805.03,
805.04, 805.05, 805.06, 805.07, 805.08, 805.2, 805.6, and
805.8 for vertebral compression fracture.

If the same patient was admitted multiple times for an
osteoporotic fracture during the study period, the fracture
type for each admission individually was recorded to
determine if any patients suffered from multiple different
subsequent fracture types.

From the patients who were admitted with these
fractures, the following demographic and outcome data
was collected: sex, race, age, Medicare status, fracture
type, ICD-9 codes, healthcare cost, mortality during index
admission, blood transfusion requirement, and number of
comorbidities. Health care cost were determined from the
Medicare database, which recorded the costs associated
with the particular Medicare claim associated with the index
admission. This number was used as the number for the
health care cost. Specific comorbidities of interest include
osteoporosis and osteopenia.

Statistical analysis

Descriptive statistics including mean, range, and standard
deviation were calculated for all continuous variables. Ratios
and percentages were calculated for the nominal variables.

The incidence of each fracture was calculated by dividing
the number of people in the database with the specific
fracture by the overall number of medicate database
subjects. The mortality rate was calculated by diving the
number of documented deaths associated with a specific
fracture by the overall number of subjects who sustained
a specific fracture. The incidence and mortality rate of
proximal humerus fractures was compared with that of distal
radius, hip, and vertebral compression fractures combined
for all 5 years. In addition, the incidence and mortality rate
of each fracture was calculated per year and trended over
time. The Chi-squared analysis was used to compare sex,
race, age, Medicare status, and mortality rate between the
four fracture types. Analysis of variance (ANOVA) with a
post-hoc Tukey test was used to compare the health care
cost, number of blood transfusions, and comorbidities.

For all identified risk factors for the four fracture
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Table 1 Race and age distribution of all 1,183,966 Medicare
patients with proximal humerus, distal radius, hip and vertebral
compression fractures between 2010 and 2014

Variables Number of patients Percentage
Race
White 1,089,769 92.0%
Black 42,553 3.6%
Asian 13,312 1.1%
Latino 18,130 1.5%
Native American 6,233 0.5%
Other 10,581 0.9%
Unknown 3,388 0.3%
Age (years)
<65 64,730 5.5%
65-69 87,591 7.4%
70-74 122,064 10.3%
75-79 165,455 14.0%
80-84 237,345 20.0%
>85 506,781 42.8%
Incidence
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Figure 1 Graph showing the yearly incidence (in %) of proximal
humerus, distal radius, hip and vertebral compression fractures in

the Medicare population.

types, the odds rate (OR) with its 95% confidence interval
(95% CI) was calculated and reported.

Data processing and analysis was performed using
Statistical Package for the Social Sciences (SPSS) (version 20,
IBM Corporation Armonk, New York, USA).

Results

Between 2010 and 2014 there were 50,237,330 inpatient
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Figure 2 Graph showing the inpatient mortality rate (in %) of
proximal humerus, distal radius, hip and vertebral compression

fractures in the Medicare population.

claims and 1,183,966 (2.4%) of those were specifically for 1
of the 4 osteoporotic fracture types. Of these patients 88,861
(7.5%) sustained a proximal humerus fracture, 34,217 (2.9%)
a distal radius fracture, 876,697 (74.0%) a hip fracture, and
184,191 (15.6%) a vertebral compression fracture. From
the 1,183,966 total admissions for an osteoporotic fracture,
101,946 (8.6%) patients were admitted more than once. This
was twice in 93,666 patients (91.9%), three times in 7,376
(7.2%) and 4 to 8 times in 782 (0.8%).

Most patients with an osteoporotic fracture were female
(850,653 subjects, 71.8%), white (1,089,769 subjects, 92.0%)
and age 85 or older (506,781 subjects, 42.8%) (Tuble 1).
Mortality during index admission for all four fractures
combined was 2.2%. For proximal humerus fractures
mortality rate was 1%, as compared to 0.4% for distal
radius, 2.5% for hip, and 1.8% for vertebral compression
fractures. The incidence and mortality rate for each fracture
per year can be referenced in Figures 1,2.

There was a significant difference between all four
fracture types with regards to health care cost (P<0.001 for
all comparisons), with the highest cost associated with hip
fractures and the lowest cost with distal radius fractures
(Figure 3). The number of required blood transfusions
was also greatest in the hip fracture cohort as compared
to any of the other three fracture types (P>0.001 for
all comparisons). Number of transfusions was greater
in proximal humerus fractures compared to vertebral
compression fractures (P=0.011) (Figure 4). The hip and
vertebral compression fracture patients had the most
documented comorbidities (P<0.001 for all comparisons)
(Figure 5). Only 5.4% of patients had received an additional
diagnosis of osteoporosis or osteopenia with no difference
in this between the fracture types. For all fracture types,
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Healthcare cost
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Figure 3 Bar graph showing the total health care cost of proximal
humerus, distal radius, hip and vertebral compression fractures.

Significant differences are indicated by the “star symbol”.
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Figure 4 Bar graph showing the average number of units of blood
transfused during the index admission for Medicare patients with
proximal humerus, distal radius, hip and vertebral compression

fractures. Significant differences are indicated by the “star symbol”.

patients were more likely to be female, white, and 85 years
of age or older and receiving Medicare due to advanced age,
and were without associated end-stage renal disease (ESRD).
The odds ratios for the identified risk factors for the four
fracture types can be found in (7able 2)

Discussion

The results of this study demonstrate that the incidence,
mortality and health care costs of proximal humerus
fractures lie somewhere between that of distal radius
fractures (lower) and vertebral compression and hip
fractures (higher). Blood transfusion was most common in
proximal humerus and hip fractures, most likely because
these are more frequently treated with surgery and
because tourniquet use is not applicable for these cases.
Although there was a statistically significant difference in
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Figure 5 Bar graph showing the number of documented
comorbidities in Medicare patients with proximal humerus,
distal radius, hip and vertebral compression fractures. Significant

differences are indicated by the “star symbol”.

comorbidities between the fracture types, all of them had on
average between 7 and 9 concomitant diagnoses. The risk
for all four fractures was highest in white, female patients
age 85 or older.

These findings are consistent with previously published
literature. A study from the United Kingdom identified
629 patients treated at a single trauma center with a proximal
humerus fracture. Their study indicated that most of these
fractures occurred in women (82%). Mortality rate at
1 year was as high as 10% (8). Mortality rate in the present
study was 1%, but this was only mortality during the
index admission. The study from the United Kingdom
also assessed clinical outcome which indicated that over
25% of patients had poor functional outcomes. This was
increasingly so when they were unable to return to their
own home, participate in recreational activities, perform
their own shopping, or dress themselves (8).

A study on 569 trauma patients over the age of 65,
showed that distal radius fractures and proximal humerus
fractures were the most common in a level I trauma center.
Hip and proximal humerus fractures were associated equally
with mortality rate (9). In addition, fractures specifically
associated with mortality also included proximal humerus
fractures (9). A study on the incidence and mortality of
distal radius fractures in the Korean population showed that
incidence was 0.47%, as compared to 0.01% in the present
study. Mortality rate in their study was 1.4%, compared to
0.4% in the present study (3). This is consistent with prior
literature which suggests that osteoporosis rates are higher
in Korea than in the United States, possibly related to lower
body mass index (BMI) as well as socio-economical and
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Table 2 Odds ratio (OR) and 95% confidence interval (95% CI) for each risk factor per fracture type

Fracture type Female, OR (95% CI)

White race, OR (95% CI)

Medicare status aged

Age >85 years, OR (95% CI)  w it ESRD, OR (95% Cl)

Proximal humerus
Distal radius

Hip

Vertebral

All four fracture types

3.319 (3.264-3.374)
4.721 (4.583-4.864)
2.057 (2.048-2.384)
1.730 (1.704-1.737)
2.105 (2.096-2.113)

3.132 (3.051-3.215)
2.250 (2.169-2.335)
2.608 (2.587-2.628)
2.431 (2.391-2.471)
2.600 (2.582-2.617)

3.444 (3.395-3.494)
3.332 (3.255-3.410)
7.123 (7.093-7.154)
4.994 (4.947-5.041)
5.979 (5.957-6.001)

1.935 (1.892-1.979)
1.529 (1.479-1.580)
3.139 (3.111-3.166)
2.046 (2.014-2.079)
2.716 (2.697-2.736)

ESRD, end-stage renal disease.

nutritional differences (10). Similar to the present study, a
previously published study also suggests that white, elderly
females are at increased risk for mortality in the context of
fracture (11). Interestingly, in that study, if men did sustain
a distal radius fracture, they were 2.65 times more likely to
die than women (95% CI: 1.31-5.36).

A Medicare database study on vertebral compression
fractures between 1997 and 2004 estimated the 3-, 5- and
7-year survival after diagnosis to be 53.9%, 30.9%, and
10.5% respectively (12). This appears high when compared
to the 1.8% mortality rate during admission found in the
present study. Improvement in treatment modalities over
the past two decades could explain this disparity. A more
recent study showed the standardized mortality rate after
vertebral compression fractures to be highest during the
first 3 months after injury, with gradual decline in mortality
rate to 2.53% in men and 1.86% in women at 2 years (13).

Although in the present study it was not possible do
distinguish between those subjects treated with or without
surgery, several other studies have reported on this. A recent
study reported the post-operative mortality after fixation of
proximal humerus fractures to be 3.5% (14). Risk factors
for mortality were a higher Charlson comorbidity index
(OR =1.5), male sex (OR =1.7), and patient age of 75 years
or older (OR =3.6) (14). Hardeman et 4l. showed a 15.3%
failure rate and re-operation rate of 23.8% at 4.3 years
in their cohort of 368 surgically treated proximal humerus
fractures (15). Outcomes of surgery have been shown
to be negatively affected by the presence of low local
bone mineral density. Similar to hip fractures, a study on
proximal humerus fractures showed that delaying surgery is
associated with increased inpatient morbidity, postoperative
length of stay, and non-routine discharge (16).

For distal radius fractures treated operatively, the
complication rate was 3%. That study evaluated different
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risk factors than the present study and showed that
American Society of Anesthesiologists (ASA) class III or IV,
dependent functional status, hypertension, and myocardial
infarction/congestive heart failure were risk factors for any
early complication (17). Interestingly, surgical management
in patients with a vertebral compression fracture lowered
the morbidity and improved the survival rates in several
studies (18). However, there are also studies demonstrating
no difference, as long as only symptomatic subjects were
treated surgically (19).

The present study does have limitations. First, it does
not contain any information from private insurances,
does not include patients from a Medicare managed-care
plan, or include patients treated for 1 of the 4 fracture
types in an outpatient setting. However, the results are
likely generalizable to the geriatric population, as most
of the population over the age of 65 in the United States
is enrolled in Medicare and because the large number of
patients in this database allows sufficient statistical power
for significant conclusions. However, some a small number
of Medicare patients may receive this while under the age of
65 and the database did not provide a lower age limit for this
small subset of patients. In addition, age is not synonymous
with osteoporosis as some younger patients will have
osteoporotic fractures and some older ones may have non-
osteoporotic fractures. Second, although it was possible to
determine if the same patient was admitted multiple times,
it was not possible to definitively say if this was for the
same fracture or a different one. This is largely due to the
use of ICD-9 instead of ICD-10 in the Medicare database,
which does not include laterality. For example, if a patient
was admitted for a “proximal femur fracture” in 2010 and
also in 2012, it was not possible to determine if this was still
the same fracture, a new fracture in the same extremity or
a new fracture in the contralateral extremity. With regards
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to health care cost, the database only recorded health care
costs associated with that particular Medicare claim. It was
not possible to discern if those costs were associated with a
surgery. Nor did the database document whether patients
were treated conservatively of surgically for any of the
fractures. In addition, the database did not document the
reason for or timing of the blood transfusion. Therefore,
it is not possible to discern whether a blood transfusion
was the result of a surgery, or a preexisting comorbidity.
Lastly, the calculated mortality rate only describes mortality
during the hospital admission. As a result, the mortality rate
presented in this study for all fractures may significantly
underestimate both the 1-year and overall mortality rates
associated with these fractures. However, this circumstance
was the same for all included patients. Therefore, although
the numbers underestimate the 1-year and overall mortality,
they are comparable amongst fracture types in this study.

The findings of the present study are clinically relevant,
as life expectancy continues to increase and the Medicare
population continues to grow. This will undoubtedly lead to
an increase in the incidence of osteoporotic fractures (20).
However, only 5.4% of patients in the present study had
received additional diagnosis of osteoporosis or osteopenia
during their admission for their fracture. This while there
is strong evidence to suggest that with proper screening
and treatment of osteoporosis, some of these fractures can
be prevented (21). Moreover, the first fragility fracture that
brings us the osteoporotic patient is the better chance to
prevent a future one. Health care cost for proximal humerus
fractures in the present study lay somewhere in the middle
between the cost of hip and distal radius fractures. Reducing
proximal humerus fractures and their associated morbidity
and mortality may effectively reduce health care and
Medicare costs (21).

Conclusions

In conclusion, the incidence, mortality rate and health care
costs of proximal humerus fractures were higher than that
of distal radius fractures, but lower than that of vertebral
compression and hip fractures. Blood transfusion was most
common in proximal humerus and hip fractures. Caucasian
race, female sex and an age over 85 were risk factors for all
four fracture types.
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