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IMPACT STATEMENT 54 

Hip fracture poses a significant burden to the health and well-being of older people, 55 
with 2.6 million cases projected annually worldwide by 2025. At the present time, 56 
however, we have a limited understanding of how hip fracture treatment and 57 
outcomes vary across countries. Based on nationally representative patient-level 58 
data from six high-income countries, our study identified significant differences in 59 
mortality rates, surgical treatment approaches, and hospital length-of-stay, among 60 
other outcomes. The study highlights the need to investigate optimal treatment 61 
strategies and the contribution of different aspects of care to mortality rates across 62 
countries. We certify that this work is novel. It has important implications for 63 
healthcare providers and policymakers in improving the quality and outcomes of hip 64 
fracture care. 65 

KEY POINTS 66 

1. There is substantial variation in mortality, surgical approaches, and health 67 
system performance for hip fracture care across six high-income countries. 68 

2. The most common surgery performed was internal fixation, followed by 69 
hemiarthroplasty and total hip arthroplasty, but the rate of these and non-70 
operative treatments varied substantially across countries. 71 

3. The variation in surgical treatment highlights the need for additional research 72 
to determine the most effective surgical procedures based on individual 73 
patient and fracture characteristics.  74 
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Why does this matter?  75 

The findings of this study have important implications for policymakers, healthcare 76 
providers, and researchers. By identifying the differences in hip fracture care across 77 
countries, this study provides insights into opportunities for improvement and shared 78 
learning. Additionally, the study highlights the need to identify optimal treatment 79 
strategies for hip fractures and investigate the factors contributing to higher mortality 80 
rates in certain countries. As the global population continues to age, hip fractures are 81 
expected to become more common, making it imperative to improve care and 82 
outcomes for this patient population.  83 

84 



4 
 

ABSTRACT 85 

Background: Hip fractures are costly and common in older adults, but there is limited 86 

understanding of how treatment patterns and outcomes might differ between 87 

countries.   88 

 89 

Methods: We performed a retrospective serial cross-sectional cohort study of adults 90 

aged > 66 years hospitalized with hip fracture between 2011 and 2018 in the US, 91 

Canada, England, Netherlands, Taiwan, and Israel using population-representative 92 

administrative data.  We examined mortality, hip fracture treatment approaches (total 93 

hip arthroplasty [THA], hemiarthroplasty [HA], internal fixation [IF], and non-94 

operative), and health system performance measures, including hospital length of 95 

stay (LOS), 30-day readmission rates and time-to-surgery.  96 

 97 

Results: The total number of hip fracture admissions between 2011-2018 ranged 98 

from 23,941 in Israel to 1,219,696 in the US. In 2018, 30-day mortality varied from 99 

3% (16% at 1-year) in Taiwan to 10% (27%) in the Netherlands. With regards to 100 

processes of care, the proportion of hip fractures treated with HA (range 23-45%) 101 

and THA (0.2-10%) differed widely across countries.  For example, in 2018, THA 102 

was used to treat approximately 9% of patients in England and Israel but less than 103 

1% in Taiwan. Overall, IF was the most common surgery performed in all countries 104 

(40-60% of patients). IF was used in approximately 60% of patients in the US and 105 

Israel but 40% in England. In 2018 rates of non-operative management ranged from 106 

5% of patients in Taiwan to nearly 10% in England.  Mean hospital LOS in 2018 107 

ranged from 6.4 days (US) to 18.7 days (England). The 30-day readmission rate in 108 
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2018 ranged from 8% (Canada and Netherlands) to nearly 18% in England. The 109 

mean days to surgery in 2018 ranged from 0.5 days (Israel) to 1.6 days (Canada). 110 

Conclusions: We observed substantial between-country variation in mortality, 111 

surgical approaches, and health system performance measures. These findings 112 

underscore the need for further research to inform evidence-based surgical 113 

approaches. 114 

Keywords: Hip fracture, Osteoporosis, Longevity, Healthcare policy, International 115 
comparison 116 
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INTRODUCTION 134 

Hip fractures are costly and a common cause of morbidity and mortality in older 135 

patients, with an expected annual cost of $25.3 billion in the US ($1.25 billion in 136 

England).1–3  Despite improvements in surgical technique and postoperative 137 

management, mortality within one year of a hip fracture remains high (14%-36%), 138 

and survivors frequently do not return to their functional baseline.4–6  Moreover, the 139 

aging population in high-income countries portends future increases in the number of 140 

hip fractures.2 141 

 142 

The vast majority of older adults hospitalized with hip fractures undergo surgical 143 

repair. However, a significant percentage (5%-15%) with limited functional status or 144 

advanced illness may receive non-operative management with palliation.7–10 There 145 

are three principal types of surgical repair approaches for hip fractures: total hip 146 

arthroplasty (THA); hemiarthroplasty (HA); and internal fixation (IF), with non-147 

operative management an option for those who are particularly frail. With very few 148 

randomized trials to guide the choice of surgery, treatment often depends upon 149 

fracture type, surgeon preference, hospital capabilities (e.g., implant availability), and 150 

health system factors (e.g., regionalization, payment incentives for physicians and 151 

hospitals).11–14  152 

 153 

Hip fracture provides an ideal condition for international comparisons of hospital-154 

based care and outcomes because it is common, and virtually all patients require 155 

hospitalization, minimizing selection effects that might be present for conditions 156 

where hospitalization is discretionary.  Studies comparing hip fracture treatment 157 

across high-income countries are limited. Some were not nationally 158 
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representative,15,16 limited to a small number of countries,15,17–19 or relied upon 159 

aggregated data.2,20 Moreover, many studies have not evaluated between-country 160 

differences in the repair procedure used.16,21,22   161 

 162 

In this study from the International Health Systems Research Collaborative (IHSRC: 163 

https://projects.iq.harvard.edu/ihsrc/people), we used nationally representative 164 

patient-level data from six high-income countries (US, Canada, England, 165 

Netherlands, Israel, and Taiwan) to identify older adults hospitalized with a hip 166 

fracture between 2011-2018.23,24 We compared countries with respect to surgical 167 

treatments (THA, HA, IF, non-operative), mortality, hospital length-of-stay (LOS), 30-168 

day readmission, discharge disposition, and days from presentation to surgery and 169 

examined how rates changed over time. 170 

171 
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METHODS 172 

Data sources and study patients 173 

In this retrospective serial cross-sectional cohort study, we identified patients aged 174 

66 years and older who were hospitalized with a primary diagnosis of hip fracture 175 

between January 1, 2011 and December 31, 2018 (2013-18 for the Netherlands). In 176 

each consecutive year within the study period, we compared each nation separately, 177 

using administrative data that broadly represent the population (Supplementary  S1). 178 

To identify patients hospitalized with hip fractures, we used established coding 179 

algorithms based upon relevant ICD-9 and ICD-10 codes (Supplementary S2).23 We 180 

allowed minor adaptations to the coding scheme to reflect differences between 181 

countries. We applied identical inclusion and exclusion criteria in the same order in 182 

each country, with slight country-specific exceptions. 183 

 184 

We excluded high-energy hip fractures 25 (e.g., falls from significant heights, 185 

vehicular trauma, etc.) and patients with hip fracture admission during the preceding 186 

180-day period (to avoid counting readmissions as new admissions). We also 187 

excluded small numbers of patients with missing age or sex, residence outside the 188 

jurisdiction of admission, and patients with less than one year of pre-admission or 189 

post-admission follow-up data with the exception of those who died during follow-up 190 

(Supplementary S3). We also excluded US patients who were enrolled in Medicare 191 

Advantage insurance plans for two or more months during the year before or after 192 

hip fracture hospitalization because certain data elements may not be available. For 193 

patients transferred between hospitals, we evaluated the complete episode of care 194 

from initial admission to final hospital discharge. Comorbid conditions were identified 195 

from the index admission and prior hospitalizations in the year before the index 196 
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admission using an adaptation of the Elixhauser comorbidity measures.26 In Israel, 197 

comorbid diagnoses included those given in primary care ambulatory settings, as 198 

medical record systems integrate both hospital and primary care visits. 199 

 200 

Outcomes 201 

First, we evaluated mortality within 30-days and one-year of index hospital 202 

admission. Second, we evaluated the percentage of patients with hip fractures 203 

receiving each type of treatment (THA, HA, IF, and non-operative). For patients with 204 

multiple procedures during the index admission, we assigned the most extensive 205 

repair type first (THA>HA>IF), and patients were only deemed non-operative if they 206 

lacked procedure codes for all surgical repair types. We also examined hospital 207 

length of stay (LOS) and readmission within 30 days of discharge among those 208 

discharged alive.  We also examined discharge disposition (home versus not) and 209 

days from hospital admission to surgery (for those receiving surgery) in the four 210 

countries (US, Canada, Netherlands, and Israel) that could provide these data. 211 

 212 

Statistical Analyses 213 

We calculated the annual hip fracture rate as the number of hospitalizations per 214 

1,000 population age > 66 years for each country and calendar year and directly 215 

standardized to the age-sex distribution of the US age 66+ population in 2018.27 We 216 

similarly used direct standardization to compare the outcomes specified above. For 217 

simplicity, we report data from the first (2011) and last years (2018), with data for all 218 

years in the supplementary appendix. We did not adjust our outcomes for comorbid 219 

conditions because of the implausibly large between-country differences in the 220 

prevalence of comorbid conditions; these differences are less likely to reflect actual 221 
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differences in the hip fracture populations across countries but rather differences in 222 

the financial incentives to code patient complexity.28,29  Furthermore, multiple studies 223 

have shown that comorbid conditions have a little overall impact on hip fracture 224 

outcomes above age and sex alone.30  225 

 226 

To evaluate the robustness of our results among patients with greater and lesser 227 

frailty, we performed subgroup analysis among individuals greater-than and less-228 

than 90-years of age using age as a proxy for frailty and underlying health status, 229 

again standardized to the US 2018 sex distribution of these strata.  This study 230 

intends to draw attention to the differences in hip fracture care patterns between 231 

countries over time and is descriptive in nature. Moreover, given our large sample 232 

size, we chose not to conduct formal statistical testing (e.g., reporting p values), 233 

cognizant of the potential for such testing to overemphasize clinically inconsequential 234 

differences.31 Our analyses were conducted using SAS (US, Canada, Taiwan) and R 235 

(England, Israel, Netherlands). Analyses were conducted locally in each country, and 236 

ethics approval was obtained following local guidelines. 237 

 238 

 239 

 240 

 241 

 242 

 243 

 244 

 245 

 246 

 247 

 248 
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RESULTS  249 

Patient populations 250 

The number of hip fracture admissions across the study period ranged from 23,941 251 

in Israel to 1,219,696 in the US (Table 1 and Supplementary S4). The mean age was 252 

83-84 years in most countries, but slightly younger in Taiwan; females comprised 253 

71%-75% of the population, but somewhat less (64%-67%) in Taiwan (Table 1). 254 

There were significant between-country differences in the recorded prevalence of 255 

comorbid conditions, including hypertension, diabetes, and hypothyroidism (Table 1). 256 

In 2018, the age and sex-standardized annual incidence of hip fracture was 4.6 per 257 

1,000 population in the US but was somewhat higher in Taiwan (6.3) and lower in 258 

England (3.6) (Supplementary S5).  259 

     260 

Mortality 261 

Age and sex standardized 30-day and 1-year mortality varied widely between 262 

countries (Figure 1 and Supplementary S6). In 2018, standardized 30-day mortality 263 

was lowest in Taiwan (3.0%) and highest in the Netherlands (10.3%). One-year 264 

mortality in 2018 was lowest in Taiwan (15.7%) and England (19.4%) and highest in 265 

the US (26.2%) and the Netherlands (27.5%).  Between 2011 and 2018, 1-year 266 

mortality declined by between 0.4% and 1.5% in all countries except England (0.9% 267 

increase). 268 

 269 

Surgical Approach 270 

There were vast between-country differences in the treatment practices of hip 271 

fractures (Figure 2 and Supplementary S7-8). For example, in 2018, THA was used 272 

to treat 9.4% of hip fractures in England, and 9.1% of hip fractures in Israel but just 273 
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0.7% in Taiwan.  Similarly, in 2018 HA was used to treat 39.1% of hip fractures in 274 

England and Taiwan but 22.8% in Israel.  In 2018 fixation was used to treat 50%-275 

60% of hip fractures in most countries but just 42.2% in England. The percentage of 276 

patients treated non-operatively in 2018 ranged from 4.6% (Taiwan) to 9.7% in 277 

England.  Rates of non-operative management decreased from 2011-2018 in 278 

England, Israel, and Taiwan (11.6% to 9.7% and 13.5% to 6.1%, 5.4% to 4.6%, 279 

respectively), but increased in the remaining countries.  280 

 281 

Health system performance factors 282 

In 2018 hospital LOS was shortest in the US (6.4 days) and longest in Canada (14.0 283 

days) and England (18.7 days) (Figure 3).  Between 2011 and 2018 the mean LOS 284 

decreased by at least one day in all countries except the Netherlands, with a 285 

decrease of 3.6 days in England.  The 2018 30-day hospital readmission rate was 286 

lowest in Canada (7.8%) and highest in England (17.6%). Between 2011 and 2018, 287 

the 30-day readmission rate declined in four countries but increased in two (England 288 

and Israel) (Figure 3). Among the four countries with available data, the mean days 289 

between hospital admission and surgical repair in 2018 ranged between 0.5 days 290 

(Israel) to 1.6 days in Canada (1.1 in the US and 1.5 in England). (Figure 4). The 291 

percentage of patients discharged home in 2018 was lowest in the US (9.6%) and 292 

highest in Israel (59.3%) (Figure 4).   293 

 294 

Stratified Analysis by Age 295 

Comparing patients aged below 90 and > 90 years demonstrated several noteworthy 296 

findings (Supplementary S9-10).  First, utilization of THA was 40%-70% lower 297 

among patients aged 90 and above than among patients younger than 90, but these 298 
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findings showed substantial variation across countries.  Second, the US showed the 299 

largest difference in the use of non-operative management across the age groups, 300 

increasing from ~3% in the <90 cohort to ~10% in those 90-and-older.  In contrast, 301 

several of the countries showed relatively stable rates of non-operative 302 

management.  For instance, rates of non-repair in the ≥90 versus <90 cohort in 303 

Canada and England showed a 2% or lower difference. Third, 30-day mortality rates 304 

were two times higher (or more) in the 90+ cohort versus those below 90 in all 305 

countries.   306 

 307 

 308 

 309 

 310 

 311 

 312 

 313 

 314 

 315 

 316 

 317 

 318 

 319 

 320 

 321 

 322 

 323 
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DISCUSSION 324 

In this population-based study of patients hospitalized with acute hip fracture using 325 

health administrative data from six high-income countries, several findings are 326 

noteworthy.  First, we observed substantial differences in both 30-day and one-year 327 

mortality across the countries, despite the similarities in the age and sex distribution 328 

of the populations.  Second, there was marked between-country variation in the 329 

types of surgical repair used, and rates of non-operative treatment varied by up to a 330 

factor of two in the most recent year. Third, we observed significant between-country 331 

differences in hospital LOS, readmissions, the proportion of patients discharged 332 

home, and time from hospital presentation to surgery, suggesting substantial 333 

opportunities for countries to improve the efficiency of care provision. 334 

 335 

Several findings deserve further discussion. First, the finding that one-year mortality 336 

in certain countries including the US and the Netherlands was 10% higher than in 337 

other countries is noteworthy. The finding of high mortality in the US is concerning in 338 

the context of other recent studies demonstrating that American patients hospitalized 339 

with other conditions also seem to have significantly higher mortality than their 340 

international peers.22,23 There is an urgent need to better understand the specific 341 

causes of this excess mortality in the US and to identify targets for intervention. The 342 

high mortality observed in the Netherlands is consistent with another recent study, 343 

but as in the US, we do not understand the underlying causes.32 In contrast, the low 344 

mortality observed in Taiwan is interesting and consistent with a recent study that 345 

found lower inpatient mortality for patients in Taiwan than in either Japan or Korea.19  346 

 347 
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Second, despite an estimated more than 2.6 million hip fractures annually worldwide 348 

by 2025, there remains substantial uncertainty about which type of surgical repair a 349 

given patient should receive.33 The choice of repair approach depends, in part, on 350 

the anatomy of the fracture (e.g., fixation for nondisplaced or intertrochanteric 351 

fractures versus THA or HA for displaced fractures of the femoral neck); age and 352 

functional status also are important considerations, with total hip arthroplasty 353 

generally reserved for younger, healthier patients.11,34  Though the HEALTH study 354 

found no appreciable benefit over two years for THA v. HA, we find wide variation in 355 

rates of THA and HA across the IHSRC countries.  We also see rates of IF that vary 356 

by as much as 20%, which seems unlikely to be driven by differences in fracture 357 

epidemiology across countries.  Thus, our study highlights the urgent need for more 358 

randomized and comparative effectiveness trials to better understand the optimal 359 

treatment approaches for hip fracture in older adults.11,12,35   360 

 361 

In the context of the limited evidence to guide the choice of repair strategies, it is 362 

essential to consider how best to interpret the between-country variation we 363 

observed.  We suspect that the large between country variation reflects differences 364 

in surgical team preferences and experience and health system financing and 365 

organization within each country. This pertains especially to patients for which 366 

several surgical options can be considered, as in the case of nondisplaced cervical 367 

fractures or the choice between THA and HA for displaced fractures.11,12 Looking at 368 

specific countries is particularly interesting; in 2018 England had the highest use of 369 

THA (9.4% of fractures), HA (39.1% of fractures), and non-operative management 370 

(9.7% of fractures) but far lower use of internal fixation (42.2%) than all other 371 

countries.  Fixation is typically considered the least complex and least expensive 372 
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surgical option, with HA being intermediate, and THA being the most complex, 373 

requiring significantly more time and more costly implants than the other options but 374 

potentially better outcomes for younger and healthier patients. Our results suggest a 375 

more treatment-intensive approach for most patients in England, paired with a higher 376 

rate of non-operative management, presumably reserved for the frailest patients.  In 377 

contrast, in 2018, Taiwan had the lowest rate of both THA (0.7%) and non-operative 378 

management (4.6%) but higher use of both HA and fixation.   379 

 380 

We doubt that these differences can be attributed to country-specific clinical factors 381 

such as differences in fracture anatomy or patient complexity, given our rigorous 382 

study protocol designed to capture the whole hip fracture population in each country.  383 

Furthermore, our surgical procedure rates were age and sex standardized to 384 

enhance comparability.  Instead, we suspect that policy decisions, such as how care 385 

is organized, reimbursed, and incentivized play an important role. Since 2010, 386 

hospitals in England have been receiving a supplement for patient care that meets 387 

six clinical standards under the 'Best Practice Tariff' (BPT) program.36 These include 388 

a timed surgery within 36 hours, geriatric and rehabilitation specialist evaluation, and 389 

admission according to joint assessment protocol. Israel reduced non-operative rates 390 

by over half over the study period, possibly due to increased awareness of the 391 

importance of surgical repair and accompanying changes to direct payments for 392 

repair, particularly for THA, which tripled in rate.37,38 In contrast, the Taiwanese 393 

reimbursement system may not adequately incentivize surgeons and hospitals to 394 

perform THA and HA, resulting in higher rates of less complex fixation.19 In the US, 395 

modest rates of THA and higher rates of IF may well reflect discordance between the 396 

high amount of surgeon effort required to perform THA relative to reimbursement.39 397 
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In aggregate, the variation that we see likely reflects the more intentional design of 398 

hip fracture management programs and reimbursement models in certain countries 399 

combined with a lack of compelling data to generate strong international consensus 400 

on the best approaches. Moreover, it is essential to acknowledge that variations in 401 

non-operative rates are influenced by factors such as differing perspectives among 402 

surgeons, the availability of palliative care, and cultural and religious preferences 403 

surrounding end-of-life treatment.7 These factors likely contribute to the variation in 404 

non-operative management we observed and emphasize the need for future 405 

research to prioritize addressing them at a national level.  406 

 407 

Third, it is important to consider health system performance measures.  In 2018 408 

mean hospital LOS ranged from 6.4 days in the US to 18.7 days in England, while 409 

30-day readmissions ranged from 7.8% in Canada to 17.6% in England.  The US 410 

(2018 LOS 6.0 days, readmission rate 11.6%) and the Netherlands (2018 LOS 8.0 411 

days, readmission rate 8.0%) were both notable for short hospital LOS and low 412 

readmission rates. In the US, the short LOS is made possible by the high availability 413 

of skilled nursing facilities (SNFs).  Alternatively, England's combination of prolonged 414 

hospital LOS and high readmission rates is likely reflective of misaligned incentives 415 

for either hospitals or surgeons and suggest significant opportunities for 416 

improvement from a system perspective. It is noteworthy that there was no clear 417 

relationship between LOS and readmission rates across the countries. This suggests 418 

that other factors, such as post-discharge care arrangements or patient 419 

characteristics, may be more prominent in determining readmission rates. Our 420 

finding that certain countries commonly discharged patients to post-acute care while 421 

others discharged patients home is also important; in Israel, 59% of patients were 422 
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discharged home compared to 10% in the US and 19% in Canada. These 423 

differences likely reflect each country's availability of and funding for post-acute care 424 

and the expectations of patients and their families.  In Israel, the high proportion of 425 

patients discharged home contributes to Israel's achieving good health outcomes 426 

while simultaneously spending only 7.5% of gross domestic product (GDP) on 427 

healthcare.  In contrast, patients in the US were rarely discharged home, which is 428 

consistent with a country that spends nearly 20% of its GDP on healthcare.40 429 

Notably, decreases in the use of post-acute care under CMS's Comprehensive Joint 430 

Replacement and Accountable Care Organization bundled payment programs 431 

suggest that misaligned incentives for hospitals contribute to high rates of use in the 432 

US.41,42 433 

 434 

Finally, there is convincing evidence that timely surgical repair is associated with 435 

improved patient outcomes,5,43–50  and timely surgery is increasingly incentivized and 436 

monitored by payers and government regulators.44,51,52  Our finding that the time 437 

from hospital presentation to surgery in 2018 ranged between 0.5 days in Israel to 438 

1.6 and 1.5 days in Canada and England, respectively, is noteworthy and suggests 439 

significant opportunities for improvement. In 2004 Israel introduced a payment model 440 

that rewarded hospitals for surgical repair completed within 48-hours, but penalized 441 

hospitals with unjustified delays.52 Interestingly, while both Canada and England 442 

have recommendations and guidelines advocating early repair,53,54 the financial 443 

incentives in both countries are less tangible and direct, which may explain the 444 

differences that we observed. 445 

 446 



19 
 

Our study has several limitations that should be acknowledged. First, our data are 447 

based on health administrative records; we lacked detailed clinical information on 448 

fracture subtype (i.e., cervical vs. intertrochanteric) as well as patient complexity and 449 

acuity that could influence treatment decisions.  However, our large population-450 

representative cohorts and detailed inclusion and exclusion criteria make it unlikely 451 

that widespread between-country differences in fracture subtype or patient 452 

complexity could explain our findings; moreover, we standardized for age and sex, 453 

thus adding further strength to our results. Second, although we use population-454 

representative patient-level administrative data, we lacked data from 2011 and 2012 455 

in the Netherlands and data about time-to-surgery and discharge disposition in 456 

England and Taiwan. Finally, we limited our study to hip fracture patients aged 66 457 

years or older due to data availability in the US. However, most hip fractures occur in 458 

this age group.1 Thus, the findings may not be generalizable to younger patients or 459 

those covered by private insurance or Medicare-managed care in the US. 460 

 461 

Conclusion 462 

We discovered substantial between-country variation in mortality, in addition to 463 

similarly large differences in surgical approaches and health system performance 464 

measures. The study findings emphasize the need for further research that can 465 

provide objective evidence for the superiority of specific surgeries based on patient 466 

clinical conditions. 467 

 468 

 469 

 470 

 471 
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LEGENDS 717 
Table 1: Socio-demographic characteristics and select comorbid conditions for patients 718 

hospitalized with hip fracture in 2011 and 2018 in the US, Canada (Ontario and 719 
Manitoba), England, Netherlands (2013 and 2018), Israel, and Taiwan. 720 

Figure 1: Age- and sex-standardized 30-day and 1-year mortality, 2011 and 2018. 721 
Figure 2: Age- and sex-standardized rates of total hip arthroplasty (THA), hemiarthroplasty 722 

(HA), internal fixation (IF), and non-operative management (non-op) after 723 
hospitalization for hip fracture, 2011 and 2018. 724 

Figure 3: Age- and sex-standardized length of stay and 30-day readmissions rates, 2011 725 
and 2018. 726 

Figure 4: Age- and sex-standardized percentage of patients discharged to home and days 727 
from presentation to operation, 2011 and 2018. 728 


