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INTRODUCTION

internal fixation [IF], and nonoperative), and health system performance mea-
sures, including hospital length of stay (LOS), 30-day readmission rates, and
time-to-surgery.

Results: The total number of hip fracture admissions between 2011 and 2018
ranged from 23,941 in Israel to 1,219,696 in the US. In 2018, 30-day mortality
varied from 3% (16% at 1 year) in Taiwan to 10% (27%) in the Netherlands.
With regards to processes of care, the proportion of hip fractures treated with
HA (range 23%-45%) and THA (0.2%-10%) differed widely across countries.
For example, in 2018, THA was used to treat approximately 9% of patients in
England and Israel but less than 1% in Taiwan. Overall, IF was the most com-
mon surgery performed in all countries (40%—60% of patients). IF was used in
approximately 60% of patients in the US and Israel, but only 40% in England.
In 2018, rates of nonoperative management ranged from 5% of patients in Tai-
wan to nearly 10% in England. Mean hospital LOS in 2018 ranged from
6.4 days (US) to 18.7 days (England). The 30-day readmission rate in 2018 ran-
ged from 8% (in Canada and the Netherlands) to nearly 18% in England. The
mean days to surgery in 2018 ranged from 0.5 days (Israel) to 1.6 days
(Canada).

Conclusions: We observed substantial between-country variation in mortality,
surgical approaches, and health system performance measures. These findings
underscore the need for further research to inform evidence-based surgical
approaches.
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Hip fractures are costly and a common cause of morbid-
ity and mortality in older patients, with an expected
annual cost of $25.3 billion in the US ($1.25 billion in
England).'”® Despite improvements in surgical technique
and postoperative management, mortality within 1 year
of a hip fracture remains high (14%-36%), and survivors
frequently do not return to their functional baseline.*®
Moreover, the aging population in high-income countries
portends future increases in the number of hip fractures.”

The vast majority of older adults hospitalized with
hip fractures undergo surgical repair. However, a signifi-
cant percentage (5%-15%) with limited functional status
or advanced illness may receive nonoperative manage-
ment with palliation.””’ There are three principal types
of surgical repair approaches for hip fractures: total hip
arthroplasty (THA); hemiarthroplasty (HA); and internal
fixation (IF), with nonoperative management an option
for those who are particularly frail. With very few ran-
domized trials to guide the choice of surgery, treatment
often depends upon fracture type, surgeon preference,

incentives for physicians and hospitals).
Hip fracture provides an ideal condition for interna-
tional comparisons of hospital-based care and outcomes
because it is common, and virtually all patients require
hospitalization, minimizing selection effects that might
be present for conditions where hospitalization is discre-
tionary. Studies comparing hip fracture treatment across
high-income countries are limited. Some were not
nationally representative,'>'® limited to a small number
of countries,'>'”™"® or relied upon aggregated data.>*
Moreover, many studies have not evaluated between-
country differences in the repair procedure used.'®*"**
In this study from the International Health Systems
Research  Collaborative (IHSRC: https://projects.iq.
harvard.edu/ihsrc/people), we used nationally represen-
tative patient-level data from six high-income countries
(US, Canada, England, Netherlands, Israel, and Taiwan)
to identify older adults hospitalized with a hip fracture
between 2011 and 2018.>*** We compared countries with
respect to surgical treatments (THA, HA, IF, and
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nonoperative), mortality, hospital length of stay (LOS),
30-day readmission, discharge disposition, and days from
presentation to surgery and examined how rates changed
over time.

METHODS
Data sources and study patients

In this retrospective serial cross-sectional cohort study,
we identified patients aged 66 years and older who were
hospitalized with a primary diagnosis of hip fracture
between January 1, 2011 and December 31, 2018 (2013-
2018 for the Netherlands). In each consecutive year
within the study period, we compared each nation sepa-
rately, using administrative data that broadly represented
the population (Supplementary S1). To identify patients
hospitalized with hip fractures, we used established cod-
ing algorithms based on relevant ICD-9 and ICD-10 codes
(Supplementary S2).>> We allowed minor adaptations to
the coding scheme to reflect differences between coun-
tries. We applied identical inclusion and exclusion cri-
teria in the same order in each country, with slight
country-specific exceptions.

We excluded high-energy hip fractures® (e.g., falls
from significant heights, vehicular trauma, etc.) and
patients with hip fracture admissions during the preced-
ing 180-day period (to avoid counting readmissions as
new admissions). We also excluded small numbers of
patients with missing age or sex, residence outside the
jurisdiction of admission, and patients with less than
1 year of preadmission or postadmission follow-up data
with the exception of those who died during follow-up
(Supplementary S3). We also excluded US patients who
were enrolled in Medicare Advantage insurance plans for
two or more months during the year before or after hip
fracture hospitalization because certain data elements
may not be available. For patients transferred between
hospitals, we evaluated the complete episode of care from
initial admission to final hospital discharge. Comorbid
conditions were identified from the index admission and
prior hospitalizations in the year before the index admis-
sion using an adaptation of the Elixhauser comorbidity
measures.”® In Israel, comorbid diagnoses included those
given in primary care ambulatory settings, as medical
record systems integrate both hospital and primary care
visits.

Outcomes

First, we evaluated mortality within 30 days and one year
of index hospital admission. Second, we evaluated the

Key points

« There is substantial variation in mortality, sur-
gical approaches, and health system perfor-
mance for hip fracture care across six high-
income countries.

« The most common surgery performed was
internal fixation, followed by hemiarthroplasty
and total hip arthroplasty, but the rate of these
and nonoperative treatments varied substan-
tially across countries.

« The variation in surgical treatment highlights
the need for additional research to determine
the most effective surgical procedures based on
individual patient and fracture characteristics.

Why does this paper matter?

The findings of this study have important impli-
cations for policymakers, healthcare providers,
and researchers. By identifying the differences in
hip fracture care across countries, this study pro-
vides insights into opportunities for improvement
and shared learning. Additionally, the study
highlights the need to identify optimal treatment
strategies for hip fractures and investigate the
factors contributing to higher mortality rates in
certain countries. As the global population con-
tinues to age, hip fractures are expected to
become more common, making it imperative to
improve care and outcomes for this patient
population.

percentage of patients with hip fractures receiving each
type of treatment (THA, HA, IF, and nonoperative). For
patients with multiple procedures during the index
admission, we assigned the most extensive repair type
first (THA > HA > IF), and patients were only deemed
nonoperative if they lacked procedure codes for all surgi-
cal repair types. We also examined hospital LOS and
readmission within 30 days of discharge among those dis-
charged alive. We also examined discharge disposition
(home versus not) and days from hospital admission to
surgery (for those receiving surgery) in the four countries
(US, Canada, Netherlands, and Israel) that could provide
these data.

Statistical analyses

We calculated the annual hip fracture rate as the num-
ber of hospitalizations per 1000 population age
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>66 years for each country and calendar year and
directly standardized it to the age-sex distribution of
the US age 66+ population in 2018.>” We similarly
used direct standardization to compare the outcomes
specified above. For simplicity, we report data from the
first (2011) and last (2018) years, with data for all years
in the Supplementary Appendix. We did not adjust our
outcomes for comorbid conditions because of the
implausibly large between-country differences in the
prevalence of comorbid conditions; these differences
are less likely to reflect actual differences in the hip
fracture populations across countries but rather
differences in the financial incentives to code patient
complexity.”®**° Furthermore, multiple studies have
shown that comorbid conditions have a little overall
impact on hip fracture outcomes above age and sex
alone.*

To evaluate the robustness of our results among
patients with greater and lesser frailty, we performed sub-
group analysis among individuals greater than and less
than 90 years of age, using age as a proxy for frailty and
underlying health status, again standardized to the US
2018 sex distribution of these strata. This study intends to
draw attention to the differences in hip fracture care pat-
terns between countries over time and is descriptive in
nature. Moreover, given our large sample size, we chose
not to conduct formal statistical testing (e.g., reporting p
values), cognizant of the potential for such testing to
overemphasize clinically inconsequential differences.*
Our analyses were conducted using SAS (US, Canada,
and Taiwan) and R (England, Israel, and the Nether-
lands). Analyses were conducted locally in each country,
and ethics approval was obtained following local
guidelines.

RESULTS
Patient populations

The number of hip fracture admissions across the study
period ranged from 23,941 in Israel to 1,219,696 in the
US (Table 1 and Supplementary S4). The mean age was
83-84 years in most countries but slightly younger in
Taiwan; females comprised 71%-75% of the population
but somewhat less (64%-67%) in Taiwan (Table 1).
There were significant between-country differences in
the recorded prevalence of comorbid conditions,
including hypertension, diabetes, and hypothyroidism
(Table 1). In 2018, the age and sex-standardized annual
incidence of hip fracture was 4.6 per 1000 population
in the US but, was somewhat higher in Taiwan (6.3)
and lower in England (3.6) (Supplementary S5).

Sociodemographic characteristics and select comorbid conditions for patients hospitalized with hip fracture in 2011 and 2018 in the US, Canada (Ontario and Manitoba),

England, the Netherlands (2013 and 2018), Israel, and Taiwan.

TABLE 1

2018

2011

Taiwan,
17,917

Israel,
3298
67.2

Netherlands,

15,170

England,
7531

Canada,
11,006

143,329
71.2

Taiwan, US,
15,792

Israel,
2628

Netherlands,

12,945

England,
9603

Canada,
9495

161,626

us,
N=

Metric

67.3

71.5 71.1

70.6 63.6 70.8

74.9 74.0

73.4

73.7

Female (%)

81.9

84.8 83.9 82.8 80.9 83.7 83.9 84.4 83.4 83.0

83.9

84.2

Age, mean

Comorbid conditions (%)

6.6
42.5

13.1

0.8
29.0

4.0¢ 144
21.1¢

22.5

7.3

44.3

13.6

1.2
16.7

11.1

4.1°
28.4°

21.7

CHF

56.5

54.9 60.7

60.8

53.2
15.2

63.8
2

Hypertension uncomplicated

23.8

32.0

16.6

6.3¢ 174
N/A

13.2

29.2

31.5

12.9

6.5°

N/A

0.5

Diabetes uncomplicated

0.4

2.6 11.5

13.1

0.4 26.0

11.3

1.1

23.3 10.5

Hypothyroidism

42013 data shown; data unavailable for 2011-2012.
2011 and 2012 were pooled due to small cell sizes.

€2017 and 2018 data were pooled due to small cell sizes.
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Mortality

Age and sex-standardized 30-day and 1-year mortality
varied widely between countries (Figure 1 and
Supplementary S6). In 2018, standardized 30-day mortal-
ity was lowest in Taiwan (3.0%) and highest in the Neth-
erlands (10.3%). One-year mortality in 2018 was lowest in
Taiwan (15.7%) and England (19.4%) and highest in the
US (26.2%) and the Netherlands (27.5%). Between 2011
and 2018, 1-year mortality declined by between 0.4% and
1.5% in all countries except England (0.9% increase).

Surgical approach

There were vast differences between countries in the
treatment practices of hip fractures (Figure 2 and
Supplementary S7 and S8). For example, in 2018, THA
was used to treat 9.4% of hip fractures in England, 9.1%
of hip fractures in Israel, and just 0.7% in Taiwan. Simi-
larly, in 2018, HA was used to treat 39.1% of hip frac-
tures in England and Taiwan but 22.8% in Israel. In
2018, fixation was used to treat 50%-60% of hip fractures
in most countries but just 42.2% in England. The per-
centage of patients treated nonoperatively in 2018 ran-
ged from 4.6% (Taiwan) to 9.7% (England). Rates of
nonoperative management decreased from 2011 to 2018
in England, Israel, and Taiwan (11.6%-9.7% and 13.5%-
6.1%, 5.4%-4.6%, respectively), but increased in the
remaining countries.

Country Year 30-day mortality, %

Health system performance factors

In 2018, hospital LOS was the shortest in the US
(6.4 days) and longest in Canada (14.0 days) and England
(18.7 days) (Figure 3). Between 2011 and 2018 the mean
LOS decreased by at least 1 day in all countries except
the Netherlands, with a decrease of 3.6 days in England.
The 2018 30-day hospital readmission rate was lowest in
Canada (7.8%) and highest in England (17.6%). Between
2011 and 2018, the 30-day readmission rate declined in
four countries but increased in two (England and Israel)
(Figure 3). Among the four countries with available data,
the mean days between hospital admission and surgical
repair in 2018 ranged from 0.5 days (Israel) to 1.6 days in
Canada (1.1 in the US and 1.5 in England). (Figure 4).
The percentage of patients discharged home in 2018 was
lowest in the US (9.6%) and highest in Israel (59.3%)
(Figure 4).

Stratified analysis by age

Comparing patients aged below 90 and >90 years dem-
onstrated several noteworthy findings (Supplementary
S9 and S10). First, utilization of THA was 40%-70%
lower among patients aged 90 and above than among
patients younger than 90, but these findings showed
substantial variation across countries. Second, the US
showed the largest difference in the use of nonoperative
management across the age groups, increasing from

1-year mortality, %
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FIGURE 1 Age- and sex-standardized 30-day and 1-year mortality, 2011 and 2018.
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(A) Total hip arthroplasty (©) Internal fixation
12.0% 70.0%
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10.0% 9.4% 9.1% 60.0% 55.9% 519 54.6% 4% S6.0%
8.0% S0.0% 44.0% 42.2%
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(B)
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FIGURE 2

(D)
16.0%
14.0%
12.0%
10.0%
8.0%
6.0%
4.0%
2.0%
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EMUS mCanada MEngland ™ Netherlands ™ lIsrael Taiwan

Non-operative

13.5%

11.6%
9.7%
7% 8.1%
6.4% 6:8%
5.8% 5.6% 5% 6.1%
I I I :

2011 2018

mUS mCanada ®England ® Netherlands ™ lIsrael Taiwan

Age- and sex-standardized rates of total hip arthroplasty (THA), hemiarthroplasty (HA), internal fixation (IF), and

nonoperative management (non-op) after hospitalization for hip fracture in 2011 and 2018.

Country Year

Length of stay, days

30-day readmissions, %

us 2011

| I
: | : N -
2018 | Nl ! —en
Canada 2011 : I : By |
2018 i I - i I :l
England 2011 : I - : : I - o I
2018 | - - : I . I
Netherlands 2013 : H: : I o
2018 : ol : I :o
| |
Israel 2011 i [ FEX] | i I s :
2018 : I : I - > B
Taiwan 2011 : | EM | : I
2018 : [ R | : [ P ]
| |
FIGURE 3 Age- and sex-standardized length of stay and 30-day readmissions rates, 2011 and 2018.
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(A) Percentage of patients discharged to home
80%

70% 67.6%

59.3%

60%

50%

40.2%

40%

27.7%

30%

19.39
20% 17.1% b

9.6%
10% 7 2% '
0%

Canada

m2011 =2018

Netherlands Israel

(B) Days from presentation to operation

0.

(4]

0

Canada England Israel

m2011 =2018

FIGURE 4 Age- and sex-standardized percentage of patients discharged to home and days from presentation to operation in 2011

and 2018.

~3% in the <90 cohort to ~10% in those 90 and older.
In contrast, several of the countries showed relatively
stable rates of nonoperative management. For instance,
rates of nonrepair in the >90 versus <90 cohort in Can-
ada and England showed a 2% or lower difference.
Third, 30-day mortality rates were two times higher (or
more) in the 90+ cohort versus those below 90 in all
countries.

DISCUSSION

In this population-based study of patients hospitalized
with acute hip fracture using health administrative data
from six high-income countries, several findings are note-
worthy. First, we observed substantial differences in both
30-day and one-year mortality across the countries,
despite the similarities in the age and sex distribution of
the populations. Second, there was marked between-
country variation in the types of surgical repair used, and
rates of nonoperative treatment varied by up to a factor
of two in the most recent year. Third, we observed signifi-
cant between-country differences in hospital LOS, read-
missions, the proportion of patients discharged home,
and time from hospital presentation to surgery, suggest-
ing substantial opportunities for countries to improve the
efficiency of care provision.

Several findings deserve further discussion. First, the
finding that one-year mortality in certain countries,
including the US and the Netherlands, was 10% higher

than in other countries is noteworthy. The finding of
high mortality in the US is concerning in the context of
other recent studies demonstrating that American
patients hospitalized with other conditions also seem to
have significantly higher mortality than their interna-
tional peers.”** There is an urgent need to better under-
stand the specific causes of this excess mortality in the
US and to identify targets for intervention. The high mor-
tality observed in the Netherlands is consistent with
another recent study, but as in the US, we do not under-
stand the underlying causes.*” In contrast, the low mor-
tality observed in Taiwan is interesting and consistent
with a recent study that found lower inpatient mortality
for patients in Taiwan than in either Japan or Korea."
Second, despite an estimated 2.6 million hip fractures
annually worldwide by 2025, there remains substantial
uncertainty about which type of surgical repair a given
patient should receive.’®> The choice of repair approach
depends, in part, on the anatomy of the fracture (e.g., fix-
ation for nondisplaced or intertrochanteric fractures ver-
sus THA or HA for displaced fractures of the femoral
neck); age and functional status are also important con-
siderations, with THA generally reserved for younger,
healthier patients.''** Though the HEALTH study found
no appreciable benefit over 2 years for THA Vs. HA, we
find wide variation in rates of THA and HA across the
ITHSRC countries. We also see rates of IF that vary by as
much as 20%, which seems unlikely to be driven by dif-
ferences in fracture epidemiology across countries. Thus,
our study highlights the wurgent need for more
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randomized and comparative effectiveness trials to better
understand the optimal treatment approaches for hip
fracture in older adults.'"'*>°

In the context of the limited evidence to guide the
choice of repair strategies, it is essential to consider how
best to interpret the between-country variation we
observed. We suspect that the large variation between
countries reflects differences in surgical team preferences
and experience and in health system financing and orga-
nization within each country. This pertains especially to
patients for whom several surgical options can be consid-
ered, as in the case of nondisplaced cervical fractures or
the choice between THA and HA for displaced frac-
tures."""'* Looking at specific countries is particularly
interesting; in 2018, England had the highest use of THA
(9.4% of fractures), HA (39.1% of fractures), and nono-
perative management (9.7% of fractures) but far lower
use of internal fixation (42.2%) than all other countries.
Fixation is typically considered the least complex and
least expensive surgical option, with HA being intermedi-
ate and THA being the most complex, requiring signifi-
cantly more time and more costly implants than the
other options but potentially better outcomes for younger
and healthier patients. Our results suggest a more treat-
ment-intensive approach for most patients in England,
paired with a higher rate of nonoperative management,
presumably reserved for the frailest patients. In contrast,
in 2018, Taiwan had the lowest rate of both THA (0.7%)
and nonoperative management (4.6%) but higher use of
both HA and fixation.

We doubt that these differences can be attributed to
country-specific clinical factors such as differences in
fracture anatomy or patient complexity, given our rigor-
ous study protocol designed to capture the whole hip
fracture population in each country. Furthermore, our
surgical procedure rates were age and sex standardized to
enhance comparability. Instead, we suspect that policy
decisions, such as how care is organized, reimbursed, and
incentivized, play an important role. Since 2010, hospitals
in England have been receiving a supplement for patient
care that meets six clinical standards under the ‘Best
Practice Tariff’ (BPT) program.’® These include a timed
surgery within 36 hours, geriatric and rehabilitation spe-
cialist evaluation, and admission according to joint
assessment protocol. Israel reduced nonoperative rates by
over half over the study period, possibly due to increased
awareness of the importance of surgical repair and
accompanying changes to direct payments for repair, par-
ticularly for THA, which tripled in rate.*”*® In contrast,
the Taiwanese reimbursement system may not ade-
quately incentivize surgeons and hospitals to perform
THA and HA, resulting in higher rates of less complex
fixation." In the US, modest rates of THA and higher

rates of IF may well reflect discordance between the high
amount of surgeon effort required to perform THA rela-
tive to reimbursement.*® In aggregate, the variation that
we see likely reflects the more intentional design of hip
fracture management programs and reimbursement
models in certain countries combined with a lack of com-
pelling data to generate strong international consensus
on the best approaches. Moreover, it is essential to
acknowledge that variations in nonoperative rates are
influenced by factors such as differing perspectives
among surgeons, the availability of palliative care, and
cultural and religious preferences surrounding end-of-life
treatment.” These factors likely contribute to the varia-
tion in nonoperative management we observed and
emphasize the need for future research to prioritize
addressing them at a national level.

Third, it is important to consider health system per-
formance measures. In 2018, mean hospital LOS ranged
from 6.4 days in the US to 18.7 days in England, while
30-day readmissions ranged from 7.8% in Canada to
17.6% in England. The US (2018 LOS 6.0 days, readmis-
sion rate 11.6%) and the Netherlands (2018 LOS 8.0 days,
readmission rate 8.0%) were both notable for short hospi-
tal LOS and low readmission rates. In the US, the short
LOS is made possible by the high availability of skilled
nursing facilities (SNFs). Alternatively, England's combi-
nation of prolonged hospital LOS and high readmission
rates is likely reflective of misaligned incentives for either
hospitals or surgeons and suggests significant opportuni-
ties for improvement from a system perspective. It is
noteworthy that there was no clear relationship between
LOS and readmission rates across the countries. This sug-
gests that other factors, such as postdischarge care
arrangements or patient characteristics, may be more
prominent in determining readmission rates. Our finding
that certain countries commonly discharged patients to
postacute care while others discharged patients home is
also important; in Israel, 59% of patients were discharged
home compared to 10% in the US and 19% in Canada.
These differences likely reflect each country’s availability
of and funding for postacute care and the expectations of
patients and their families. In Israel, the high proportion
of patients discharged home contributes to Israel's
achieving good health outcomes while simultaneously
spending only 7.5% of its gross domestic product (GDP)
on healthcare. In contrast, patients in the US were rarely
discharged home, which is consistent with a country that
spends nearly 20% of its GDP on healthcare.** Notably,
decreases in the use of postacute care under CMS's Com-
prehensive Joint Replacement and Accountable Care
Organization bundled payment programs suggest that
misaligned incentives for hospitals contribute to high
rates of use in the US.*"*
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Finally, there is convincing evidence that timely sur-
gical repair is associated with improved patient out-
comes,”” " and timely surgery is increasingly
incentivized and monitored by payers and government
regulators.**">? Our finding that the time from hospital
presentation to surgery in 2018 ranged from 0.5 days in
Israel to 1.6 and 1.5 days in Canada and England, respec-
tively, is noteworthy and suggests significant opportuni-
ties for improvement. In 2004, Israel introduced a
payment model that rewarded hospitals for surgical
repairs completed within 48 hours but penalized hospi-
tals for unjustified delays.”® Interestingly, while both
Canada and England have recommendations and guide-
lines advocating early repair,>>* the financial incentives
in both countries are less tangible and direct, which may
explain the differences that we observed.

Our study has several limitations that should be
acknowledged. First, our data are based on health admin-
istrative records; we lacked detailed clinical information
on fracture subtype (i.e., cervical vs. intertrochanteric) as
well as patient complexity and acuity that could influence
treatment decisions. However, our large population-rep-
resentative cohorts and detailed inclusion and exclusion
criteria make it unlikely that widespread between-coun-
try differences in fracture subtype or patient complexity
could explain our findings; moreover, we standardized
for age and sex, thus adding further strength to our
results. Second, although we use population-representa-
tive patient-level administrative data, we lacked data
from 2011 and 2012 in the Netherlands and data about
time-to-surgery and discharge disposition in England and
Taiwan. Finally, we limited our study to hip fracture
patients aged 66 years or older due to data availability in
the US. However, most hip fractures occur in this age
group.' Thus, the findings may not be generalizable to
younger patients or those covered by private insurance or
Medicare-managed care in the US.

CONCLUSION

We discovered substantial between-country variation in
mortality, in addition to similarly large differences in sur-
gical approaches and health system performance mea-
sures. The study findings emphasize the need for further
research that can provide objective evidence for the supe-
riority of specific surgeries based on patient clinical
conditions.
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SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.
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tions by country and year.
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