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57 Abstract

58 Introduction Hip fractures are associated with a high burden of morbidity and mortality. Globally, there is wide 

59 variation in the incidence of hip fracture in people aged 50 years and older. Longitudinal and cross-geographical 

60 comparisons of health data can provide insights on aetiology, risk factors, and healthcare practices.  However, 

61 systematic reviews of studies that utilise different methods and study periods do not permit direct comparison 

62 across geographical regions. Thus, the objective of this study is to investigate global secular trends in hip 

63 fracture incidence, mortality, and use of post-fracture treatment across Asia, Oceania, North and South America, 

64 and Western and Northern Europe using a unified methodology applied to health records.

65 Methods and analysis This retrospective cohort study will use a common protocol and analytical common data 

66 model (ACDM) approach to examine incidence of hip fracture across population-based databases in different 

67 geographical regions and healthcare settings. The study period will be from 2005 to 2018 subject to data 

68 availability in study sites. Patients aged 50 years and older and hospitalised due to hip fracture during the study 

69 period will be included. The primary outcome will be expressed as the annual incidence of hip fracture. 

70 Secondary outcomes will be the pharmacological treatment rate and mortality within 12 months following initial 

71 hip fracture by year. For the primary outcome, crude and standardised incidence of hip fracture will be reported. 

72 Linear regression will be used to test for time trends in the annual incidence. For secondary outcomes, the crude 

73 mortality and standardised mortality ratio will be reported.

74 Ethics and dissemination Each participating site will follow the relevant local ethics and regulatory 

75 frameworks for study approval. The results of the study will be submitted for peer-reviewed scientific 

76 publications and presented at scientific conferences.

77 Keywords: Hip Fractures, Osteoporosis, Incidence, Mortality, Internationality 
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78 Strengths and limitations of this study

79  This study will involve countries/regions across Asia, Oceania, North and South America, Western and 

80 Northern Europe.

81  The study will use a common protocol and an analytical common data model to ensure consistency in data 

82 analysis and validity in cross-geographical comparisons.

83  This study will build a global real-world data platform to efficiently collaborate across multiple institutions.

84  Several databases will capture only treatments in the public reimbursement system, hence the treatment 

85 rates might be underestimated by not including patients in the private payment system.

86  Though most of the data sources will be representative of the country-specific population, a few data sources 

87 will be representative of local hospitals and regional population. 
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88 Introduction

89 Hip fractures are a leading cause of high morbidity (30% - 50% of patients lose functional independence) 1 2 

90 and mortality (approximately 22% mortality rate at one year).3 Globally, there is wide variation in the incidence 

91 of hip fracture in people aged 50 years and older4, ranging from an age-standardised rate of over 500 cases per 

92 100,000 adults (e.g. Denmark) to less than 100 cases per 100,000 adults (e.g. South Africa). Secular trends in 

93 the incidence of hip fracture have been suggested to follow the level of urbanisation.1 

94 Following a hip fracture, individuals are at greater risk of another osteoporotic fracture relative to those without 

95 a fracture. For example, in a study that included over 96,000 U.S. postmenopausal women who sustained a hip 

96 fracture, 8% had another clinical fracture within 1 year, 15% within 2 years, and 25% within 5 years.5 To reduce 

97 the risk of a subsequent fracture, clinical guidelines from American and European societies for bone and 

98 osteoporosis recommend pharmacological treatment to reduce fracture risk after a hip fracture.6 7 Irrespective 

99 of guidelines, treatment rates in post-fracture populations have been reported to be low in several geographical 

100 regions (16 – 21% of patients receiving pharmacological treatment)8 9 and appear to be decreasing in both the 

101 U.S.10 and Europe.11 Given that pharmacological treatments have demonstrated a 30%-50% reduction in 

102 subsequent fracture,12 many fractures occurring nowt are preventable.13

103 Longitudinal and cross-geographical comparisons of health data can provide insights on aetiology, risk factors, 

104 and healthcare practices.  However, global reports are typically systematic literature reviews based upon studies 

105 representing a heterogeneity of methods and study periods, making it a challenge to examine and compare data 

106 between geographical regions. For hip fracture specifically, the current available reports on hip fracture 

107 incidence are based on 20-year old data in some geographical regions.1 14 Thus, we will investigate the global 

108 secular trends in hip fracture for incidence, mortality, and use of post-fracture treatment across Asia, Oceania, 

109 North and South America, Western and Northern Europe using a unified methodology applied to health records.

110 This study will use a common protocol and an analytical common data model (ACDM) approach to examine 

111 incidence of hip fracture using population-based databases from different geographical regions and healthcare 

112 settings. The concept of ACDM is to standardise a limited set of extracted variables into a common data structure, 

113 allowing the use of common analytics and methods across multiple datasets.15 Thus, the quality of data analyses 

114 in each study site can be controlled by using standardised methodology including definition, calculation, and 

115 standardisation. This approach will provide high quality and comparable data on hip fracture and, therefore, is 

116 superior to data from systematic reviews of individual studies that have applied diverse methodologies.1 4 The 

117 standardisation of estimates can facilitate cross-geography comparisons. In addition, this study will build a 

118 global real-world data platform to efficiently collaborate across multiple institutions.

119

120 Hypothesis and Objectives
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121 This is an estimation study and no hypothesis will be tested. The study aim is to characterise hip fracture 

122 incidence estimates by year and assess the trend among men and women aged 50 years and older within multiple 

123 countries. 

124 Primary objective

125  To estimate the annual incidence of hip fracture and evaluate the trend during 2005 - 2018 (Objective 1). 

126 Secondary objective

127  To estimate the proportion of patients using a pharmacological treatment for osteoporosis within 12 months 

128 following their initial hip fracture by calendar year (Objective 2).

129  To estimate the mortality rate within 12 months following patients’ initial hip fracture by calendar year 

130 (Objective 3).

131

132 Methods and analysis

133 Study design

134 This is a retrospective cohort study based on healthcare databases from multiple sites representing numerous 

135 geographical regions. To enable consistent analysis and reporting across different databases in different regions 

136 and healthcare settings, a common protocol, statistical analysis plan (SAP), and an analytical common data 

137 model (ACDM) will be used to obtain aggregated data from each database. The study will consist of annual 

138 cohorts of patients who experience hip fracture from each database. Each site will convert their raw data into 

139 an ACDM format and apply the common statistical code provided by the study coordinator (University of Hong 

140 Kong) to perform the analysis. The study coordinator will not receive any patient-level data from the sites. 

141 Instead, each site will conduct the analysis locally and share aggregated results with the study coordinator.

142 Data source

143 This study will obtain aggregated data from the participating sites. All included sites will use patient-level 

144 electronic health data derived from the respective national or regional administrative databases, clinical 

145 databases, or registry databases. The study period will be from 1 January 2005 to 31 December 2018, subject to 

146 data availability in each study site. A full list of participating sites and databases is provided in Table 1.  

147 The study sites will contribute aggregated data on diagnosis, medications, mortality, and other data associated 

148 with hip fracture in a defined population.  Depending on the data capability to address study questions (i.e., fit-

149 for-purpose), the study sites will contribute aggregated data for some or all of the objectives. Study sites can 

150 contribute incidence estimates for objective 1 for data sources of population-based data (i.e., a defined 

151 denominator). If complete prescription data are available, study sites can contribute the treatment rates for 

152 objective 2. Study sites can contribute the mortality rates for objective 3 if their database contains death data or 
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153 can link to death registries.

154 Study population

155 Patients aged 50 years and older and hospitalised due to hip fracture from 1 January 2005 to 31 December 2018 

156 will be included. Patients will be excluded if they meet any of the following criteria: i) had a diagnosis of hip 

157 fracture within 12 months before the initial hip fracture; ii) had missing sex or age information; or iii) had less 

158 than 12 months continuous observation period in the data source prior to the start of the calendar year.

159 Identification of the 12 months observation period in the data source depends on the type of data source. For a 

160 database of medical claims, the patient’s enrolment date should precede the hip fracture by at least 12 months. 

161 For a database of hospital electronic medical records (EMRs), the patient’s first event (e.g. medical visit or 

162 prescription) in the database should precede the hip fracture by at least 12 months.

163 Baseline and Follow-up period

164 The index date will be defined as the date of admission for the initial hip fracture. The baseline period will be 

165 the 1-year period before the index date (not including the index date). 

166 For the primary objective of hip fracture incidence, there is no follow-up of patients. For the secondary 

167 objectives of post-fracture treatment and mortality, each patient will be followed from the index date until 

168 another hip fracture episode, 12 months, death, disenrollment from database, 31 December 2018 or the end of 

169 data available in a database, whichever is earliest.

170 Outcome assessment 

171 Hip fracture episodes will be defined as an in-patient diagnosis with ICD-9/-10 codes or equivalent codes of 

172 other diagnostic coding systems. Hip fracture is a major clinical event that almost always requires 

173 hospitalization and is generally accurately coded.16-18 The diagnosis codes to identify hip fracture are subject to 

174 local clinical practice; the sites will use their own standard or validated algorithms for identifying hip fracture. 

175 The algorithms for hip fracture used by each site, and positive predictive values where available, are provided 

176 in Table 2. Most data sources have inpatient data. If inpatient diagnoses are not available, for example, in 

177 databases from general practice (e.g., Netherlands), the documented hip fracture will be used. Patients may have 

178 multiple hip fracture episodes during the study period. The initial hip fracture will be defined as the first 

179 occurrence of hip fracture without any inpatient or outpatient hip fracture diagnosis during the 1-year baseline 

180 period. All the hip fracture episodes including the initial hip fracture and any subsequent new episodes 

181 (contralateral or ipsilateral) will be considered in the calculation of hip fracture incidence.  Subsequent new 

182 episodes are defined by no inpatient hip fracture diagnosis in the 180-days prior. (i.e., wash-out period). A study 

183 design schema for defining hip fracture episodes is illustrated in Figure 1.

184 Pharmacological treatments for fracture prevention include medications that are recommended for secondary 

185 prevention of osteoporotic fractures. These medications will be identified with prescription/dispensing of the 
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186 medications classified using the WHO Anatomical Therapeutic Chemical (ATC) Classification System codes 

187 whenever possible or equivalent codes of other drug coding systems used at the study site.

188 Date or month of death will be extracted. The cause of death (defined by ICD-9/-10 codes, or equivalent codes 

189 of other classification systems used at the study sites) will be included if available.

190 Covariate assessment

191 Sex and date or month of birth (or age at index date) will be captured. In addition, history of osteoporosis 

192 treatment defined as at least one prescription/dispensing record of any anti-osteoporosis medication during the 

193 1-year baseline period will be captured. 

194 For the secondary objective of treatment following hip fracture, patients will be considered as “ever use” if the 

195 patient had a history of osteoporosis treatment; and patient will be considered as “new use” if the patient did 

196 not have a history of osteoporosis treatment.

197 Statistical analysis

198 Microsoft Excel®, R, Statistical Analysis System (SAS) (SAS Inc., United States) will be used for data 

199 management and analyses. The proportion of missing data will be reported, but missing data will not be imputed. 

200 Patients with missing age or sex information will be excluded during the selection procedure. The number of 

201 study variables collected per patient is small and the impact of missing data is expected to be minimal and not 

202 likely to impact the reliability of the results. 

203 Description of Patient Characteristics

204 Description of baseline characteristics will include age, sex, and history of anti-osteoporosis medications. 

205 Discrete variables will be summarised using frequencies and proportions, and continuous variables will be 

206 summarised using means and standard deviation or medians and interquartile range, as appropriate. Age will be 

207 categorised into 5-year age bands: 50 – 54, 55 – 59, 60 – 64, 65 – 69, 70 – 74, 75 – 79, 80 or above.

208 Primary objective: Incidence of hip fracture

209 Population data will be used as the denominator (i.e., population at-risk) to calculate the annual incidence of hip 

210 fracture. The population of each calendar year will be defined as people i) aged 50 years and older, ii) with 

211 known sex, iii) enrolled/registered in the database on 1 January of that year, and iv) with a 1-year baseline 

212 period. If the population in the database is unknown, the national/regional population reported by the 

213 government will be used.  The mid-year population of the database or the reported national/regional population 

214 aged 50 years and older of each calendar year will be used as the denominator.

215 Similar to prior studies,19-21 the incidence (per 1,000 persons) rate per calendar year of hip fractures will be 

216 calculated as the sum of new hip fracture episodes in a year divided by the population at-risk on 1 Jan of that 

217 year. In addition, age- and sex-standardised incidence will be calculated to facilitate cross-geography 
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218 comparisons. The world population estimates in 2020 reported by the United Nations 

219 (https://population.un.org/wpp/Download/Standard/Population/)  will be used as a standard.

220 A linear regression model will be used to test for time trends in the annual incidence in each site, assuming a 

221 linear trend for the hip fracture incidence, throughout the study period. The annual incidence as a dependent 

222 variable and the calendar year as a predictor variable will be fitted into the model.   A two-tailed P<0.05 will be 

223 considered statistically significant.

224 Secondary objective: Treatment proportion

225 Similar to a prior study,22 we will use the Kaplan-Meier method to estimate the treatment proportion within 3, 

226 6, and 12 months of fracture and 95% confidence intervals (CI), censoring patients on another hip fracture 

227 episode, 12 months, death, disenrollment from database, 31 December 2018, or the end of data available in a 

228 database; whichever is earliest. 

229 The description of the treatment proportion will include i) the treatment proportion by year of initial hip fracture; 

230 ii) the treatment proportion for new medication users (treatment-naive), defined as those with no prescriptions 

231 filled for osteoporosis medications within 12 months prior to their hip fracture (i.e., during the baseline period); 

232 and iii) the treatment proportion by the type of treatment (see Table 3 for details).

233 Secondary objective: One-year mortality following hip fracture

234 Similar to a prior study,20 the one-year mortality (per 100 patients) rate per calendar year of initial hip fracture 

235 will be calculated as the sum of patients who died of any cause during the 12-month follow-up period divided 

236 by the sum of patients with an initial hip fracture. An additional analysis using the Kaplan-Meier method to 

237 account for censoring will be included as well. In addition, the mortality will be ascertained for the first 3 months 

238 and the first 6 months after the initial hip fracture. Age- and sex- standardized mortality will be calculated to 

239 facilitate cross-geography comparisons. Global age- and sex-specific mortality as reported by WHO will be 

240 used as a standard.

241 Additional analysis

242 Sensitivity analyses will be performed to evaluate the robustness of the results from the primary analysis. In the 

243 primary analysis, a wash-out period of 180 days is used to define a new episode of hip fracture. In the sensitivity 

244 analysis, a shorter (90 days) and a longer (365 days) wash-out period will be used. In addition, the requirement 

245 of at least 12-months continuous observation period may not capture fractures in a given year among those with 

246 less than a year of prior observation. Thus, a sensitivity analysis by removing this requirement will be conducted 

247 to evaluate if this requirement affects the estimates.

248 Fractures may occur in patients for reasons other than osteoporosis. In databases where the information is 

249 available, we will repeat the analysis in the subgroup excluding patients with any of the following criteria: i) 

250 concurrent diagnosis of high trauma fractures (high trauma is defined as vehicle accident or fall from greater 
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251 than standing height); ii) bone metastasis during the 1-year baseline period; iii) Paget’s disease during the 1-

252 year baseline period; or iv) osteogenesis imperfecta during the 1-year baseline period. 

253 Subgroup analysis will be conducted. Estimates of hip fracture incidence and mortality will be stratified by sex 

254 and age (in 5-years age bands: 50 – 54, 55 – 59, 60 – 64, 65 – 69, 70 – 74, 75 – 79, 80 or above).

255

256 Sample size

257 The estimated sample size in the databases ranges from several hundred hip fractures per year to tens of 

258 thousands of hip fractures per year.  For example, the data source for Hong Kong, a region of 7.2 million people 

259 with 2.8 million adults aged 50+, has approximately 9,300 hip fractures per year in adults aged 50+ (a crude 

260 rate of 330 fractures per 100,000).  The estimated samples sizes for each database are provided in Table 4.

261

262 Limitations 

263 In general, most of the databases were built for administrative or reimbursement purposes rather than research 

264 purposes. The databases represent a variety of data sources, healthcare settings, and coding practices each of 

265 which will have different features and limitations.

266 Measurement Errors/Misclassifications 

267 The study will use prescription/dispensing data to assess treatment, which is only a proxy for the patient taking 

268 their medication. The actual treatment with certain medications, such as oral bisphosphonates, may therefore be 

269 overestimated. In addition, use of zoledronic acid is not expected to be captured in all databases.  For example, 

270 in countries where zoledronic acid is administered in hospitals or outpatient clinics, some databases do not 

271 readily capture medication administered in the hospital setting. In such circumstances, patients may be 

272 misclassified as having no treatment even though they were exposed to zoledronic acid.

273 The database for Hong Kong does not capture clinical records from private clinics/hospitals, though it is 

274 expected that most of the cases will be admitted to public hospitals via emergency service.

275 Several databases will capture only treatments in the public reimbursement system (Hong Kong, New Zealand,  

276 South Korea, Taiwan, and others), hence the treatment rates might be underestimated by not including patients 

277 in the private payment system.

278 Information Bias

279 Since hip fracture is a major clinical event that almost always requires hospitalisation, only hospital diagnoses 

280 of hip fracture will be considered in most databases (except when inpatient diagnoses are not available in the 

281 database).  Fractures may occur in patients for reasons other than osteoporosis (e.g, trauma, bone metastasis, 
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282 Paget’s disease, osteogenesis imperfect). Eligibility criteria for the study have been kept broad for the practical 

283 purpose of applying consistent definitions across multiple databases. To inform interpretation, we will conduct 

284 a sensitivity analysis excluding patients with these four criteria in those databases able to support the analysis. 

285 Selection Bias

286 All patients who fulfill the eligibility criteria in each database will be included. All data sources are based on 

287 population databases, some of which cover the whole country from birth to death, and therefore selection bias 

288 is not expected to be a major issue. The Japan database has no patients aged 75+ years and limited number of 

289 aged >60 years compared to national statistics. Some databases are hospital-based or single province (e.g., China) 

290 and the representativeness of each database will be discussed when interpreting the results.

291

292 Patient and public involvement

293 The study will involve analysis of  data collected from existing databases and  there is no direct patient 

294 involvement. However, several researchers involved in this study routinely consult with patients in the design, 

295 development and reporting of research at a national level. Patients may be involved in presentations and 

296 dissemination of the results at a national level.

297

298 Ethics and dissemination

299 Each participating site will follow the relevant local ethics and regulatory frameworks for study approval (Table 

300 5). All data to be used in this study are taken from existing anonymised records. In addition, participating sites 

301 will only share aggregated data with the study coordinators.

302 The results of the study will be submitted for peer-reviewed scientific publications and presented in scientific 

303 conferences. Authorship of any publications resulting from this study will be determined on the basis of the 

304 International Committee of Medical Journal Editors (ICJME) Recommendations for the Conduct, Reporting, 

305 Editing, and Publication of Scholarly Work in Medical Journals.

306
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386 Figure 1 Study design schema for estimating incidence of hip fracture (Objective 1).

387
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388 Table 1 List of participating countries/regions and databases

Country / 
Region

Database Data Type Objectives 
planning to 
contribute

Asia-Pacific
Australia Linked hospital databases in the State of Victoria EMR 1,2,3

Hong Kong Clinical Data Analysis and Reporting System 
(CDARS)

EMR 1,2,3

Japan Japanese Medical Data Center (JMDC) Claims 1,2,3
South Korea Health Insurance Review and Assessment Service 

(HIRA)
National Claims 1,2,3

New Zealand National Minimum Dataset. Ministry of Health 
national databases

National Data 1,2,3

Singapore Singapore Ministry of Health Central Claims 
Processing System

National Claims, 
Registries

1,3

Taiwan National Health Insurance Database (NHID) National Claims 1,2,3
Thailand Hospital databases or central data from National 

Health Security Office
EMR or National Data 1,2,3

Western Europe
France SNDS Claims 1,2,3
Germany German sickness funds (WIG2) Claims 1,2,3
Italy Pool of databases from 4 different regions (Lazio, 

Napoli, Umbria, Torino)
Claims 1,2,3

Netherlands Integrated Primary Care Information (IPCI) database EMR (primary care) 1,2,3

Spain Spanish Centralized Hospital Discharge Database 
(CMBD)

EMR 1

UK Clinical Practice Research Datalink (CPRD) EMR (primary care) 1,2,3
Northern Europe
Denmark Danish National Prescription Registry, Danish 

National Patient Register, Danish Civil Registration 
system, Cause of Death register

National Registries 1,2,3

Finland Finnish Prescription Register, Care Register for 
Health Care, Causes of Death Register

National Registries 1,2,3

South & North America
Brazil DATASUS Claims 1,2,3
Canada The Canadian Chronic Disease Surveillance System 

(CCDSS)
Physician billing, 
hospitalization and 
prescription drug 
databases

1,2,3

US Medicare FFS 20% National Claims 1,2,3
US Optum Claims 1,2,3

389
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390 Table 2 Diagnosis codes for hip fractures in each study site

Study Site Coding 
System

Code Validation

Australia ICD10 S72.0, S72.1, S72.2 For all hip fracture records 
identified by admission, 
sensitivity was 93%-94% and 
PPV  was 72%-80%1

Hong Kong ICD9 820 PPV 100%2

Japan ICD10 S7200, S7201, S7210, 
S7211, S7220, S7221, 
S7230, S7231, S7240, 
S7241, S7270, S7271, 
S7290, S7291

No study for hip fracture but 
a small study on 
subtrochanteric fracture 
(ICD-10 code S72.2, 11 
cases) and femoral shaft 
fracture (ICD-10 code S72.3, 
28 cases) showed sensitivity 
~82% and PPV 100%.3

South Korea ICD10 S72.0, S72.1 Algorithm included i) age 
≥50; ii) ICD-10 codes (S72.0, 
S72.1); iii) Procedure codes 
(N0601, N0991, N0981, 
N0641, N0652, N0654, 
N0715). 

Sensitivity (93.1%), PPV 
(77.4%)4

New Zealand ICD10/
ICD10-AM

ICD10: S72.0, S72.1, S72.2 

ICD10-AM: S71.81 
(Equivalent to ICD10 
S72.01)

Nil

Singapore ICD9/ICD10 ICD9: 820, 820.0, 820.2, 
820.8

ICD10: S7200, S7201, 
S7210, S7211, S7220, S7221

Nil

Taiwan ICD9/ICD10 ICD9: 73314, 82003, 82009, 
82020, 82021, 82022, 8208

ICD10: M84451A, 
M84452A, M84459A, 
M80851A, M80852A, 
S72001A, S72002A, 
S72011A, S72012A, 
S72041A, S72042A, 
S72052A, S72091A, 
S72092A, S72101A, 
S72102A, S72111A, 
S72112A, S72121A, 
S72122A, S72141A, 

99% (unpublished)
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S72142A, S72144A, 
S72145A, S7221XA, 
S7222XA

Thailand ICD10 S72.0, S72.1, S72.2, S32.4 Nil
Denmark ICD10 S72.0, S72.1, S72.2 Nil
Finland ICD10 S72.0, S72.1, S72.2 86.3% for detailed hip 

fracture diagnosis (88% for 
femoral neck, 96% for 
trochanteric and 63% for 
subtrochanteric fracture)4

France ICD10 S72.0, S72.1, S72.2 Nil
Germany ICD10 S72.0, S72.1, S72.2 Nil
Italy ICD9 820 Nil
Netherlands ICPC L75, L75.01 Nil
Spain ICD9 820 Nil
UK ICD10 S72.0, S72.1, S72.2 Nil
Brazil ICD10 S72.0, S72.1, S72.2 Nil
Canada ICD9/ICD10 ICD9: 820

ICD10: S72.0, S72.1, S72.2
Nil

US (Medicare)
US (Optum)

ICD9/ICD10 820/S72.0, S72.1, S72.2 Nil (The algorithm has been 
used in the literature and 
many research projects 
although it has not been 
formally validated. We 
believe the accuracy is good 
because (1) most hip fractures 
need hospitalisation and (2) 
the diagnosis codes in 
Medicare inpatient claims are 
accurate.)
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408 Table 3 Type of anti-osteoporosis medications

Type Drug

Oral bisphosphonates Alendronate
Ibandronate (oral)
Risedronate
Clodronate
Etidronate
Pamidronate

IV bisphosphonates Ibandronate (IV)
Zoledronate

Denosumab Denosumab
Parathyroid hormone analogue Teriparatide
Others Calcitonin

Strontium ranelate
Raloxifene
Hormone replacement therapy

409
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410 Table 4 Sample size estimation in each database

Country/ 
Region

Database Number of patients in 
database

Number of people 
aged 50+*

Number of people with 
OP**

Number of incident hip 
fractures per year***

Asia-Pacific Women Men Women
(22.1% of 
age 50+)

Men
(6.6% of 
age 50+)

Women
(0.45% of age 
50+)

Men
(0.20% of 
age 50+)

Hong Kong Clinical Data Analysis and Reporting 
System (CDARS)

7M 1.5M 
(21%)

1.3M 
(19%)

325K 88K 6615 2660

Japan Japanese Medical Data Center (JMDC) 3.9M 418K
(11%)

550K
(14%)

92K 36K 1882 1101

South Korea Health Insurance Review and Assessment 
Service (HIRA)

50M 9M
(18%)

3.3M 
(16%)

2M 218K 40500 6600

Taiwan National Health Insurance Database 
(NHID)

25M 3.5M 
(14%)

3.5M 
(14%)

774K 231K 15750 7000

Australia Linked hospital databases in the State of 
Victoria

90,000 hip fracture 
episodes

(17%) (16%) -- -- -- --

New Zealand National Minimum Dataset. 36,000 episodes of care (70%) (30%) -- -- -- --

Thailand Hospital databases or central data from 
National Health Security Office

47M 8.8M
(19%)

7.4M
(16%)

1.9M 485K 39608 14705

Singapore  Singapore Ministry of Health Central 
Claims Processing System

TBD (16%) (17%)

Western Europe
UK Clinical Practice Research Datalink 

(CPRD) 
4.6M 874K 

(19%)
782K 
(17%)

193K 52K 3933 1564

Netherlands Integrated Primary Care Information (IPCI) 
database

2.4M 480K
(20%)

432K
(18%)

106K 29K 2160 864

Italy Pool of databases from 4 different regions 
(Lazio, Napoli, Umbria, Torino)

10M 2.3M 
(23%)

1.9M 
(19%)

508K 125K 10350 3800

Germany German sickness funds (WIG2) 4.5M 1.0M 
(23%)

0.9M 
(20%)

229K 59K 4658 1800

Spain Spanish Centralized Hospital Discharge TBC 1.2M 1.02
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Database (CMBD) (20%) (17%)
France SNDS 66M 14M 

(21%)
11M 
(17%)

3.1M 0.74M 63000 22440

Northern Europe
Denmark Danish National Prescription Registry, 

Danish National Patient Register
5.8M 1.2M 

(20%)
1.0M 
(18%)

256K 69K 5220 2088

Finland Finnish Prescription Register, Care 
Register for Health Care, Causes of Death 
Register

5.4M 1.2M 
(22%)

1.0M 
(19%)

264K 68K 5346 2052

South & North America
Brazil DATASUS 209M 25M

(12%)
21M
(10%)

5.5M 1.4M 1.1M 0.4M

Canada The Canadian Chronic Disease 
Surveillance System (CCDSS)

36.7M 7.3M 6.8M 1.6M 450K 32K 13K

US Medicare FFS 20% TBD (18%) (16%)
US Optum TBD (18%) (16%)

411 TBD To be determined

412 *Proportions taken from 2015 data from https://www.populationpyramid.net/

413 **Based on Hernlund et al, Archives of OP 2013. Table 24 Estimated number of men and women with osteoporosis (defined as a T-score of −2.5 SD or less at 

414 the femoral neck) and prevalence in the population aged over 50 years in the EU27, 2010

415 ***Based on Hernlund et al, Archives of OP 2013. Table 27: Estimated number of incident fractures stratified by age and fracture type in the EU27, 2010

416

417
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418 Table 5 Ethics statement in each participating site

419

Country/Region Ethnics statement 
Asia-Pacific
Australia The study using Victorian linked health data has been approved by the 

Australian Institute of Health and Welfare and will be reviewed by the Monash 
University Human Research Ethics Committee

Hong Kong The study is approved by the Institutional Review Board of the University of 
Hong Kong/Hospital Authority Hong Kong West Cluster (HKU/HA HKW 
IRB)

Japan The study protocol is approved by the Ethics Committee of the Nihon 
University School of Pharmacy

South Korea The study protocol is approved by Institutional Review Board of 
Sungkyunkwan University (SKKU IRB)

Singapore Ethics approval is not required for the analysis of anonymised administrative 
data under Singapore’s Human Biomedical Research Act

New Zealand The study was reviewed on the NZ Health and Disability Ethics Committee 
online site and considered out of scope for review given the retrospective 
nature of the database study

Taiwan The study protocol is approved by The National Cheng Kung University 
Hospital

Thailand The study protocol is approved by the  Ethical Review Board of Ubon 
Ratchathani University

Western Europe
UK The protocol is approved by an Independent Scientific Advisory Committee 

(ISAC) for access to CPRD data
Netherlands The study protocol is approved by the IPCI Review Board
Italy The study protocol is approved by the Comitato Etico Interaziendale A.O.U. 

Città della Salute e della Scienza di Torino - A.O. Ordine Mauriziano - A.S.L. 
Città di Torino

Germany Ethics approval is not required
France The study protocol is under review by the National Institute of Health Data 

(INDS) and pending approval by the French data protection commission 
(Commission Nationale de l'Informatique et des Libertés - CNIL)

Spain The study protocol is under review by the ethics committee
Northern Europe
Denmark The study protocol is approved by Danish Data Protection Agency
Finland The study protocol is under review by the Health and Social Data Permit 

Authority Findata
South & North America
Brazil The study protocol is under review by The National Commission for Research 

Ethics (CONEP) and Institutional ethics committees (CEP)
Canada Ethics approval is not required
US (Optum) The study protocol is under review by the ethics committee
US (Medicare) The study protocol is under review by the ethics committee

420
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Figure 1 Study design schema 
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57 Abstract

58 Introduction Hip fractures are associated with a high burden of morbidity and mortality. Globally, there is wide 

59 variation in the incidence of hip fracture in people aged 50 years and older. Longitudinal and cross-geographical 

60 comparisons of health data can provide insights on aetiology, risk factors, and healthcare practices.  However, 

61 systematic reviews of studies that utilise different methods and study periods do not permit direct comparison 

62 across geographical regions. Thus, the objective of this study is to investigate global secular trends in hip 

63 fracture incidence, mortality, and use of post-fracture pharmacological treatment across Asia, Oceania, North 

64 and South America, and Western and Northern Europe using a unified methodology applied to health records.

65 Methods and analysis This retrospective cohort study will use a common protocol and an analytical common 

66 data model (ACDM) approach to examine incidence of hip fracture across population-based databases in 

67 different geographical regions and healthcare settings. The study period will be from 2005 to 2018 subject to 

68 data availability in study sites. Patients aged 50 years and older and hospitalised due to hip fracture during the 

69 study period will be included. The primary outcome will be expressed as the annual incidence of hip fracture. 

70 Secondary outcomes will be the pharmacological treatment rate and mortality within 12 months following initial 

71 hip fracture by year. For the primary outcome, crude and standardised incidence of hip fracture will be reported. 

72 Linear regression will be used to test for time trends in the annual incidence. For secondary outcomes, the crude 

73 mortality and standardised mortality incidence will be reported.

74 Ethics and dissemination Each participating site will follow the relevant local ethics and regulatory 

75 frameworks for study approval. The results of the study will be submitted for peer-reviewed scientific 

76 publications and presented at scientific conferences.

77 Keywords: Hip Fractures, Osteoporosis, Incidence, Mortality, Internationality 
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78 Strengths and limitations of this study

79  This study will involve countries/regions across Asia, Oceania, North and South America, Western and 

80 Northern Europe.

81  The study will use a common protocol and an analytical common data model to ensure consistency in data 

82 analysis and validity in cross-geographical comparisons.

83  This study will build a global real-world data platform to efficiently collaborate across multiple institutions.

84  Several databases will capture only treatments in the public reimbursement system. Hence the treatment 

85 rates might be underestimated by not including patients in the private payment system.

86  Though most of the data sources will be representative of the country-specific population, a few data sources 

87 will be representative of local hospitals and regional population. 
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88 Introduction

89 Hip fracture is a leading cause of high morbidity (30% - 50% of patients lose functional independence) 1 2 and 

90 mortality (approximately 22% mortality rate at one year).3 Globally, there is wide variation in the incidence of 

91 hip fracture in people aged 50 years and older4, ranging from an age-standardised rate of over 500 cases per 

92 100,000 adults (e.g. Denmark) to less than 100 cases per 100,000 adults (e.g. South Africa). Secular trends in 

93 the incidence of hip fracture have been suggested to follow the level of urbanisation.1 

94 Following a hip fracture, individuals are at greater risk of another osteoporotic fracture relative to those without 

95 a fracture. For example, in a study that included over 96,000 U.S. postmenopausal women who sustained a hip 

96 fracture, 8% had another clinical fracture within 1 year, 15% within 2 years, and 25% within 5 years.5 To reduce 

97 the risk of a subsequent fracture, clinical guidelines from American and European societies for bone and 

98 osteoporosis recommend pharmacological treatment to reduce fracture risk after a hip fracture.6 7 Irrespective 

99 of guidelines, treatment rates in post-fracture populations have been reported to be low in several geographical 

100 regions (16 – 21% of patients received pharmacological treatment)8 9 and appear to be decreasing in both the 

101 U.S.10 and Europe.11 Given that pharmacological treatments have demonstrated a 30%-50% reduction in 

102 subsequent fracture,12 many fractures occurring now are preventable.13

103 Longitudinal and cross-geographical comparisons of health data can provide insights on aetiology, risk factors, 

104 and healthcare practices.  However, global reports are typically systematic literature reviews based upon studies 

105 representing a heterogeneity of methods and study periods, making it a challenge to examine and compare data 

106 between geographical regions. For hip fracture specifically, the current available reports on hip fracture 

107 incidence are based on 20-year-old data in some geographical regions.1 14 Thus, we will investigate the global 

108 secular trends in hip fracture for incidence, mortality, and use of post-fracture pharmacological treatment across 

109 Asia, Oceania, North and South America, Western and Northern Europe using a unified methodology applied 

110 to health records.

111 This study will use a common protocol and an analytical common data model (ACDM) approach to examine 

112 incidence of hip fracture using population-based databases from different geographical regions and healthcare 

113 settings. The concept of ACDM is to standardise a limited set of extracted variables into a common data structure, 

114 allowing the use of common analytics and methods across multiple datasets.15 Thus, the quality of data analyses 

115 in each study site can be controlled by using standardised methodologies including definition, calculation, and 

116 standardisation. This approach will provide high quality and comparable data on hip fracture and, therefore, is 

117 superior to data from systematic reviews of individual studies that have applied diverse methodologies.1 4 The 

118 standardisation of estimates can facilitate cross-geographical comparisons. In addition, this study will build a 

119 global real-world data platform to efficiently collaborate across multiple institutions.

120

121 Hypothesis and Objectives
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122 This is an estimation study and no hypothesis will be tested. The study aim is to characterise hip fracture 

123 incidence estimates by year and assess the trend among men and women aged 50 years and older within multiple 

124 countries. We aim to investigate the between-country and between-region differences in hip fracture incidence, 

125 mortality and pharmacological treatment rate. This may in turn lead to research into environmental, 

126 sociodemographic and biological explanatory factors for geographical variations in incidence and mortality of 

127 hip fracture.  

128 Primary objective

129  To estimate the annual incidence of hip fracture and evaluate the trend during 2005 - 2018 (Objective 1). 

130 Secondary objective

131  To estimate the proportion of patients using a pharmacological treatment for osteoporosis within 12 months 

132 following their initial hip fracture by calendar year (Objective 2).

133  To estimate the mortality rate within 12 months following patients’ initial hip fracture by calendar year 

134 (Objective 3).

135

136 Methods and analysis

137 The study is in the common data model development phase. We plan to start the data analysis in the second 

138 quarter of 2021. The study will end in the first quarter of 2022.

139 Study design

140 This is a retrospective cohort study based on healthcare databases from multiple sites representing numerous 

141 geographical regions. To enable consistent analysis and reporting across different databases in different regions 

142 and healthcare settings, a common protocol, statistical analysis plan (SAP), and an analytical common data 

143 model (ACDM) will be used to obtain aggregated data from each database. The study will consist of annual 

144 cohorts of patients who experience hip fracture from each database. Each site will convert their raw data into 

145 an ACDM format and apply the common statistical code provided by the study coordinator (University of Hong 

146 Kong, HKU) to perform the analysis. The study coordinator will not receive any patient-level data from the 

147 sites. Instead, each site will conduct the analysis locally using a centrally developed analytic plan and share 

148 aggregated results with the study coordinator for the analysis of the pooled data.

149 Data source

150 This study will obtain aggregated data from the participating sites. All included sites will use patient-level 

151 electronic health data derived from the respective national or regional administrative databases, clinical 

152 databases, or registry databases. The study period will be from 1 January 2005 to 31 December 2018, subject to 

153 data availability in each study site. A full list of participating sites and databases is provided in Table 1.  
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154 The study sites will contribute aggregated data on diagnosis, medications, mortality, and other data associated 

155 with hip fracture in a defined population.  Depending on the data capability to address study questions (i.e., fit-

156 for-purpose), the study sites will contribute aggregated data for some or all of the objectives. Study sites can 

157 contribute incidence estimates for objective 1 for data sources of population-based data (i.e., a defined 

158 denominator). If complete prescription data are available, study sites can contribute the treatment rates for 

159 objective 2. Study sites can contribute the mortality rates for objective 3 if their database contains death data or 

160 can link to death registries.

161 Study population

162 Patients aged 50 years and older and hospitalised due to hip fracture from 1 January 2005 to 31 December 2018 

163 will be included. We use 50 years old as a cut-off age because women generally enter menopause at 50 years 

164 old and their risk of osteoporosis and fractures after then increases.11 16 Patients will be excluded if they meet 

165 any of the following criteria: i) had a diagnosis of hip fracture within 12 months before the initial hip fracture; 

166 ii) had missing sex or age information; or iii) had less than 12 months continuous observation period in the data 

167 source prior to the start of the calendar year.

168 Identification of the 12 months observation period in the data source depends on the type of data source. For a 

169 database of medical claims, the patient’s enrolment date should precede the hip fracture by at least 12 months. 

170 For a database of hospital electronic medical records (EMRs), the patient’s first event (e.g., medical visit or 

171 prescription) in the database should precede the hip fracture by at least 12 months.

172 Baseline and Follow-up period

173 The index date will be defined as the date of admission for the initial hip fracture. The baseline period will be 

174 the 1-year period before the index date (not including the index date). 

175 For the primary objective of hip fracture incidence, there is no follow-up of patients. For the secondary 

176 objectives of post-fracture pharmacological treatment and mortality, each patient will be followed from the 

177 index date until another hip fracture episode, 12 months, death, disenrollment from database, 31 December 2019 

178 or the end of data availability in a database, whichever is earliest.

179 Outcome assessment 

180 Hip fracture episodes will be defined as an in-patient diagnosis with ICD-9/-10 codes or equivalent codes of 

181 other diagnostic coding systems. Hip fracture is a major clinical event that almost always requires 

182 hospitalization and is generally accurately coded.17-19 The diagnosis codes to identify hip fracture are subject to 

183 local clinical practice; the sites will use their own standard or validated algorithms for identifying hip fracture. 

184 The algorithms for hip fracture used by each site, and positive predictive values where available, are provided 

185 in Table 2. Most data sources have inpatient data. If inpatient diagnoses are not available, for example, in 

186 databases from general practice (e.g., Netherlands), the documented hip fracture will be used. Patients may have 
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187 multiple hip fracture episodes during the study period. The initial hip fracture will be defined as the first 

188 occurrence of hip fracture without any inpatient or outpatient hip fracture diagnosis during the 1-year baseline 

189 period. All the hip fracture episodes including the initial hip fracture and any subsequent new episodes 

190 (contralateral or ipsilateral) will be considered in the calculation of hip fracture incidence.  Subsequent new 

191 episodes are defined by no inpatient hip fracture diagnosis in the 180 days prior. (i.e., wash-out period). A study 

192 design schema for defining hip fracture episodes is illustrated in Figure 1.

193 Pharmacological treatments for fracture prevention include medications that are recommended for secondary 

194 prevention of osteoporotic fractures. These medications will be identified with prescription/dispensing of the 

195 medications classified using the WHO Anatomical Therapeutic Chemical (ATC) Classification System codes 

196 whenever possible or equivalent codes of other drug coding systems used at the study site.

197 Date or month of death will be extracted. The cause of death (defined by ICD-9/-10 codes, or equivalent codes 

198 of other classification systems used at the study sites) will be included if available.

199 Covariate assessment

200 Sex and date or month of birth (or age at index date) will be captured. In addition, history of osteoporosis 

201 treatment defined as at least one prescription/dispensing record of any anti-osteoporosis medication during the 

202 1-year baseline period will be captured. 

203 For the secondary objective of treatment following hip fracture, patients will be considered as “ever use” if the 

204 patient had a history of osteoporosis treatment; and patient will be considered as “new use” if the patient did 

205 not have a history of osteoporosis treatment.

206 Statistical analysis

207 Microsoft Excel®, R, Statistical Analysis System (SAS) (SAS Inc., United States) will be used for data 

208 management and analyses. The proportion of missing data will be reported, but missing data will not be imputed. 

209 Patients with missing age or sex information will be excluded during the selection procedure. The number of 

210 study variables collected per patient is small and the impact of missing data is expected to be minimal and not 

211 likely to impact the reliability of the results. 

212 Description of Patient Characteristics

213 Description of baseline characteristics will include age, sex, and history of anti-osteoporosis medications. 

214 Discrete variables will be summarised using frequencies and proportions, and continuous variables will be 

215 summarised using means and standard deviation or medians and interquartile range, as appropriate. Age will be 

216 categorised into 5-year age bands: 50 – 54, 55 – 59, 60 – 64, 65 – 69, 70 – 74, 75 – 79, 80-84, 85 or above.

217 Primary objective: Incidence of hip fracture

218 Population data will be used as the denominator (i.e., population at-risk) to calculate the annual incidence of hip 
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219 fracture. The population of each calendar year will be defined as people i) aged 50 years and older, ii) with 

220 known sex, iii) enrolled/registered in the database on 1 January of that year, and iv) with a 1-year baseline 

221 period. If the population in the database is unknown, the national/regional population reported by the 

222 government will be used.  The mid-year population of the database or the reported national/regional population 

223 aged 50 years and older of each calendar year will be used as the denominator.

224 Similar to prior studies,20-22 the incidence (per 100,000 persons) rate per calendar year of hip fractures will be 

225 calculated as the sum of new hip fracture episodes in a year divided by the population at-risk on 1 January of 

226 that year. In addition, age- and sex-standardised incidence will be calculated to facilitate cross-geographical 

227 comparisons. The world population estimates in 2020 reported by the United Nations 

228 (https://population.un.org/wpp/Download/Standard/Population/)  will be used as a standard.

229 A linear regression model will be used to test for time trends in the annual incidence in each site, assuming a 

230 linear trend for the hip fracture incidence, throughout the study period. The annual incidence as a dependent 

231 variable and the calendar year as a predictor variable will be fitted into the model.   A two-tailed P<0.05 will be 

232 considered statistically significant.

233 Secondary objective: Treatment proportion

234 Similar to a prior study,23 we will use the Kaplan-Meier method to estimate the treatment proportion within 3, 

235 6, and 12 months of fracture and 95% confidence intervals (CI), censoring patients on another hip fracture 

236 episode, 12 months, death, disenrollment from database, 31 December 2019, or the end of data availability in a 

237 database; whichever is earliest. 

238 The description of the treatment proportion will include i) the treatment proportion by year of initial hip fracture; 

239 ii) the treatment proportion for new medication users (treatment-naive), defined as those with no prescription 

240 filled for osteoporosis medications within 12 months prior to their hip fracture (i.e., during the baseline period); 

241 and iii) the treatment proportion by the type of treatment (see Table 3 for details).

242 Secondary objective: One-year mortality following hip fracture

243 Similar to a prior study,21 the 1-year mortality (per 100 patients) rate per calendar year of initial hip fracture will 

244 be calculated as the sum of patients who died of any cause during the 12-month follow-up period divided by the 

245 sum of patients with an initial hip fracture. An additional analysis using the Kaplan-Meier method to account 

246 for censoring will be included as well. In addition, the mortality will be ascertained for the first 3 months and 

247 the first 6 months after the initial hip fracture. Age- and sex- standardized mortality will be calculated to 

248 facilitate cross-geographical comparisons. The world population estimates in 2020 reported by the United 

249 Nations will be used as a standard.

250 Additional analysis

251 Sensitivity analyses will be performed to evaluate the robustness of the results from the primary analysis. In the 
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252 primary analysis, a wash-out period of 180 days is used to define a new episode of hip fracture. In the sensitivity 

253 analysis, a shorter (90 days) and a longer (365 days) wash-out period will be used. In addition, the requirement 

254 of at least 12-month continuous observation period may not capture fractures in a given year among those with 

255 less than a year of prior observation. Thus, a sensitivity analysis by removing this requirement will be conducted 

256 to evaluate if this requirement affects the estimates.

257 Fractures may occur in patients for reasons other than osteoporosis. In databases where the information is 

258 available, we will repeat the analysis in the subgroup excluding patients with any of the following criteria: i) 

259 concurrent diagnosis of high trauma fractures (high trauma is defined as vehicle accident or fall from greater 

260 than standing height); ii) bone metastasis during the 1-year baseline period; iii) Paget’s disease during the 1-

261 year baseline period; or iv) osteogenesis imperfecta during the 1-year baseline period. 

262 Given the high mortality in the first year after hip fracture, death could be a competing risk event leading to 

263 overestimation of treatment probability. Therefore, a competing risk analysis using the cumulative incidence 

264 function approach will be performed to estimate the marginal probability of treatment with adjustment for 

265 competing risk of death. 

266 Subgroup analysis will be conducted. Estimates of hip fracture incidence and mortality will be stratified by sex 

267 and age (in 5-years age bands: 50 – 54, 55 – 59, 60 – 64, 65 – 69, 70 – 74, 75 – 79, 80-84, 85 or above).

268

269 Analytical common data model (ACDM)

270 The ACDM will be created to increase validity and consistency of data analysis using multi-databases. The sites 

271 will convert de-identified subject-level data into table formats in ACDM and use standard programming codes 

272 to conduct the statistical analysis and generate aggregate-level data. The ACDM will be co-developed by HKU 

273 and Amgen, Inc. R and SAS programming codes will be developed by the programming team in HKU and 

274 Amgen, Inc, respectively. To ensure quality assurance, at least two programmers will be involved to cross check 

275 the codes. The R and SAS programming codes will run on the same sample dataset and the results should be a 

276 100% match. It is expected that the development of ACDM and programming codes will take around 2-3 months. 

277 Since the data structure varies across databases, HKU will discuss with the sites if any modification of the 

278 ACDM and programming codes will be needed. All the site-specific modifications will be documented. Sharing 

279 of the script as open-source code will be subject to journal requirement when the results are published.

280

281 Sample size

282 The estimated sample size in the databases ranges from several hundred hip fractures per year to tens of 

283 thousands of hip fractures per year.  For example, the data source for Hong Kong, a region of 7.2 million people 

284 with 2.8 million adults aged 50+, has approximately 9,300 hip fractures per year in adults aged 50+ (a crude 
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285 rate of 330 fractures per 100,000).  The estimated samples sizes for each database are provided in Table 4.

286

287 Limitations 

288 In general, most of the databases were built for administrative or reimbursement purposes rather than research 

289 purposes. The databases represent a variety of data sources, healthcare settings, and coding practices each of 

290 which will have different features and limitations. The strengths and limitations of different type of databases 

291 have been discussed elsewhere.24 The features of the databases in this study are shown in Table 1. A majority 

292 of databases have a high (over 90%) population coverage and official census data will be used as denominator. 

293 Databases with lower population coverage will use the actual number of individuals in the databases as 

294 denominator (Japan, UK and US). The databases in Italy do not link to national/regional death registry. National 

295 prescription data are only available in Australia, Denmark, Finland, New Zealand, South Korea, and Taiwan.

296 Measurement Errors/Misclassifications 

297 The study will use prescription/dispensing data to assess treatment, which is only a proxy for the patient taking 

298 their medication. The actual treatment with certain medications, such as oral bisphosphonates, may therefore be 

299 overestimated. In addition, use of zoledronic acid is not expected to be captured in all databases.  For example, 

300 in countries where zoledronic acid is administered in hospitals or outpatient clinics, some databases do not 

301 readily capture medication administered in the hospital setting. In such circumstances, patients may be 

302 misclassified as having no treatment even though they were exposed to zoledronic acid. 

303 The database for Hong Kong does not capture clinical records from private clinics/hospitals, though it is 

304 expected that most of the cases will be admitted to public hospitals via emergency service.

305 Several databases will capture only treatments in the public reimbursement system (Hong Kong,   South Korea, 

306 Taiwan, and others), hence the treatment rates might be underestimated by not including patients in the private 

307 payment system. Similarly, non-reimbursed medications cannot be captured in the reimbursement system, 

308 leading to potential underestimation of treatment rates.

309 Information Bias

310 Since hip fracture is a major clinical event that almost always requires hospitalisation, only hospital diagnoses 

311 of hip fracture will be considered in most databases (except when inpatient diagnoses are not available in the 

312 database).  Fractures may occur in patients for reasons other than osteoporosis (e.g, trauma, bone metastasis, 

313 Paget’s disease, osteogenesis imperfect). Eligibility criteria for the study have been kept broad for the practical 

314 purpose of applying consistent definitions across multiple databases. To inform interpretation, we will conduct 

315 a sensitivity analysis excluding patients with these four criteria in those databases able to support the analysis. 

316 Selection Bias
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317 All patients who fulfil the eligibility criteria in each database will be included.  A majority of the databases 

318 cover over 90% of the population (e.g., Finland, Hong Kong, South Korea, and others.) (see Table 1) and 

319 therefore selection bias is not expected to be a major issue in these databases. However, a few data sources will 

320 be representative of local hospitals with limited population coverage (e.g. Thailand), leading to potential 

321 selection bias. For instance, the Japanese database has no subjects aged 75+ years and limited number of subjects 

322 aged >60 years compared to national statistics. Given that Japan has a large population of the oldest adults and 

323 the mean age for hip fracture is around 70-80 years, underestimation of the population incidence of hip fracture 

324 in Japan would be expected. However, the data would be still representative of the population under 75 years 

325 old. Although these sites have limited data for population estimates, the results are still informative for cross-

326 geographical comparisons. More importantly, the site participation in this study can facilitate global cooperation, 

327 and also raise the awareness of the need for standardised high-quality national data for research.

328

329 Patient and public involvement

330 The study will involve retrospective analysis of secondary data collected from databases. Patients are de-

331 identified and there is no direct patient involvement. Thus, patient consent is not required. However, several 

332 researchers involved in this study routinely consult with patients in the design, development and reporting of 

333 research at a national level. Patients may be involved in presentations and dissemination of the results at a 

334 national level.

335

336 Ethics and dissemination

337 Each participating site will follow the relevant local ethics and regulatory frameworks for study approval. The 

338 status of ethics approval in each site is listed in Supplementary Table. All data to be used in this study are taken 

339 from existing anonymised records. In addition, participating sites will only share aggregated data with the study 

340 coordinators.

341 The results of the study will be submitted for peer-reviewed scientific publications and presented in scientific 

342 conferences. Authorship of any publications resulting from this study will be determined on the basis of the 

343 International Committee of Medical Journal Editors (ICJME) Recommendations for the Conduct, Reporting, 

344 Editing, and Publication of Scholarly Work in Medical Journals.

345
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445 Figure 1 Study design schema for estimating incidence of hip fracture (Objective 1).

446
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447 Table 1 List of participating countries/regions and databases

448
Country/
Region

Database Data nature and 
healthcare 
setting

Population 
coverage

Study period Denominator Data 
source for 
medical 
conditions

Data source 
for medication 
use

Data source 
for death

Asia-Pacific
Victoria, 
Australia

Linked hospital 
databases in the State of 
Victoria

EMR data from  
all Victorian 
public and private 
hospitals 

100% (26 % of 
Australian 
population)

2012-2018 Mid-year 
population in 
the state of 
Victoria

Inpatient 
diagnosis

Dispensed and 
reimbursed data 
from 
Australia’s 
Pharmaceutical 
Benefits 
Scheme 

Death 
Registry

Hong Kong Clinical Data Analysis 
and Reporting System 
(CDARS)

EMR data from 
all public 
hospitals and 
clinics

90% 2005-2018 Mid-year 
population in 
Hong Kong

Inpatient 
and 
outpatient 
diagnosis

Dispensed data 
in public 
hospitals and 
clinics 

Death 
registry

Japan Japanese Medical Data 
Center (JMDC)

Claims data from 
>200 medical 
institutions

6% 2005-2018 Number of 
individuals in 
the database at 
start of year 

Inpatient 
and 
outpatient 
diagnosis

Reimbursed 
data in 
pharmacy 
claims

TBC

South Korea Health Insurance Review 
and Assessment Service 
(HIRA)

National Claims 97% 2008-2018 Mid-year 
population in 
South Korea

Inpatient 
and 
outpatient
diagnosis

Dispensed data 
in hospitals and 
reimbursed data 
in pharmacy 
claims

National 
mortality 
registration 
data

New Zealand Ministry of Health 
national databases

National data 98% 2005-2018 Mid-year 
population in 
New Zealand

Inpatient 
and 
outpatient 
diagnosis

National 
pharmaceutical 
claims database 
for all 
subsidised 
medicines in 
New Zealand

National 
death 
registration 
data 
(mortality 
dataset)

Singapore Singapore Ministry of 
Health Central Claims 
Processing System

National Claims, 
Registries

100% 2005-2017 Mid-year 
population in 
Singapore

Inpatient 
diagnosis

NA National 
death 
registration 
data
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Taiwan National Health 
Insurance Database 
(NHID)

National Claims 99% 2005-2018 Mid-year 
population in 
Taiwan

Inpatient 
and 
outpatient 
diagnosis

Reimbursed 
data in 
pharmacy 
claims

Cause of 
death 
registry

Thailand Central data from 
National Health Security 
Office

National Data 67% 2014-2018 Mid-year 
population in 
Thailand

Inpatient 
diagnosis

Reimbursed 
data

National 
Data

Hospital databases EMR Varies across 
hospitals

Varies across 
hospitals

Mid-year 
population in 
EMR

Inpatient 
diagnosis

Diagnosis and 
dispensed data

EMR

Western 
Europe
France SNDS National Claims 99% 2006-2018 Mid-year 

population in 
France

Inpatient 
diagnosis

Reimbursed 
data in 
outpatients

National 
death 
registry

Germany German sickness funds 
(WIG2)

Claims 5% 2012-2018 Mid-year 
population in 
Italy

Inpatient 
diagnosis

Reimbursed 
data in 
pharmacy 
claims

TBC

Italy Pool of databases from 5 
different regions (Lazio, 
Napoli, Umbria, 
Piemonte, Marche)

Claims TBC 2012-2018 
(Marche and 
Umbria)
2015-2018 
(Piemonte, 
Napoli, Lazio)

Mid-year 
population in 
Italy

Inpatient 
diagnosis

Reimbursed 
data in 
pharmacy 
claims

NA

Netherlands Integrated Primary Care 
Information (IPCI) 
database

Primary care 
EMR from >700 
general practices 
(GP)

10% 2005-2018 Number of 
individuals in 
the database at 
start of year

GP 
diagnosis

GP prescription NA

Spain Spanish Centralized 
Hospital Discharge 
Database (CMBD)

EMR in all public 
and private 
hospitals

99.5% 2005-2018 Mid-year 
population in 
Spain

Inpatient 
diagnosis

NA NA

UK Clinical Practice 
Research Datalink 
(CPRD) 

Primary care 
EMR from >650 
GP

24% 2005-2018 Number of 
individuals in 
the database at 
start of year

Inpatient 
diagnosis

GP prescription  Office for 
National 
Statistics

Northern 
Europe
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Denmark Danish National 
Prescription Registry, 
Danish National Patient 
Register, Danish Civil 
Registration system, 
Cause of Death register

National 
Registries

100% 2005-2018 Mid-year 
population in 
Denmark

Inpatient 
and 
outpatient 
diagnosis

Dispensed data 
at community 
pharmacies

National 
death 
registry

Finland Finnish Prescription 
Register, Care Register 
for Health Care, Causes 
of Death Register

National 
Registries

100% 2005-2018 Population of 
Finland at the 
turn of the year

Inpatient 
and 
outpatient 
diagnosis

Reimbursed 
data in 
pharmacies

National 
death 
registry

South & 
North 
America
Brazil DATASUS National Data 70% 2005-2018 Mid-year 

population in 
Brazil

Inpatient 
and 
outpatient 
diagnosis

TBC National 
mortality 
information 
system

Canada The Canadian Chronic 
Disease Surveillance 
System (CCDSS)

Physician billing, 
hospitalization 
and prescription 
drug databases 
from all Canadian 
provinces and 
territories

97% incidence, 
mortality : 
2005-2017
Treatment: 
2005-2016 
*by fiscal year 
from April 1 
to March 31

Number of 
individuals 
with valid 
health 
insurance at 
start of year

Inpatient 
diagnosis

Provincial 
/Territorial 
Drug Plan 
Databases

Provincial 
/Territorial 
Health 
Registries

US Medicare fee-for-service 
20%

National Claims 
for patients 
covered by 
Medicare

Medicare covers 
more than 90% of 
population ≥65 
years; about 70% 
in the Medicare 
fee-for-service 
program. The data 
will be used for 
this study is a 20% 
random sample.

2007-2018 Number of 
individuals in 
the database at 
start of year

Inpatient 
and 
outpatient 
diagnosis

Reimbursed 
data in 
pharmacy 
claims

Medicare 
death report 
and national 
social 
security 
death master 
file

US Optum Claims database 
for commercial-
insured 
population

TBC 2005-2018 Number of 
individuals in 
the database at 
start of year

Inpatient 
and 
outpatient 
diagnosis

Reimbursed 
data in 
pharmacy 
claims

TBC
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450 Table 2 Diagnosis codes for hip fractures in each study site

Study Site Coding 
System

Code Validation

Australia ICD10 S72.0, S72.1, S72.2 For all hip fracture records 
identified by admission, 
sensitivity was 93%-94% and 
PPV  was 72%-80%17

Hong Kong ICD9 820 PPV 100%18

Japan ICD10 S7200, S7201, S7210, 
S7211, S7220, S7221, 
S7230, S7231, S7240, 
S7241, S7270, S7271, 
S7290, S7291

No study for hip fracture but 
a small study on 
subtrochanteric fracture 
(ICD-10 code S72.2, 11 
cases) and femoral shaft 
fracture (ICD-10 code S72.3, 
28 cases) showed sensitivity 
~82% and PPV 100%.25

South Korea ICD10 S72.0, S72.1 Algorithm included i) age 
≥50; ii) ICD-10 codes (S72.0, 
S72.1); iii) Procedure codes 
(N0601, N0991, N0981, 
N0641, N0652, N0654, 
N0715). 

Sensitivity (93.1%), PPV 
(77.4%)26

New Zealand ICD10 ICD10: S72.0, S72.1, S72.2 Nil

Singapore ICD9/ICD10 ICD9: 820, 820.0, 820.2, 
820.8

ICD10: S7200, S7201, 
S7210, S7211, S7220, S7221

Nil

Taiwan ICD9/ICD10 ICD9: 73314, 82003, 82009, 
82020, 82021, 82022, 8208

ICD10: M84451A, 
M84452A, M84459A, 
M80851A, M80852A, 
S72001A, S72002A, 
S72011A, S72012A, 
S72041A, S72042A, 
S72052A, S72091A, 
S72092A, S72101A, 
S72102A, S72111A, 
S72112A, S72121A, 
S72122A, S72141A, 
S72142A, S72144A, 
S72145A, S7221XA, 

99% (unpublished)
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S7222XA
Thailand ICD10 S72.0, S72.1, S72.2, S32.4 Nil
Denmark ICD10 S72.0, S72.1, S72.2  PPV was 90%, 92%, and 

83% for fracture of the neck 
of femur, trochanteric 
fracture, and subtrochanteric 
fracture, respectively. Joining 
trochanteric and 
subtrochanteric fracture 
resulted in a PPV of 97%27 

Finland ICD10 S72.0, S72.1, S72.2  Sensitivity and PPV for 
femoral neck fracture 96.7% 
and 88.1%, for trochanteric 
fracture 68.6% and 96.0% 
and subtrochanteric fracture 
83.3% and 62.5%19

France ICD10 S72.0, S72.1, S72.2 Nil
Germany ICD10 S72.0, S72.1, S72.2 Nil
Italy ICD9 820 Nil
Netherlands ICPC L75, L75.01 Nil
Spain ICD9 820 Nil
UK ICD10 S72.0, S72.1, S72.2 Nil
Brazil ICD10 S72.0, S72.1, S72.2 Nil
Canada ICD9/ICD10 ICD9: 820

ICD10: S72.0, S72.1, S72.2
Validation has been done in 
one province (Manitoba). No 
significance difference in 
ascertainment between 
administrative data and 
clinically-validated cases28

US (Medicare)
US (Optum)

ICD9/ICD10 820/S72.0, S72.1, S72.2 Nil (The algorithm has been 
used in the literature and 
many research projects 
although it has not been 
formally validated. We 
believe the accuracy is good 
because (1) most hip fractures 
need hospitalisation and (2) 
the diagnosis codes in 
Medicare inpatient claims are 
accurate.)
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452 Table 3 Type of anti-osteoporosis medications

Type Drug

Oral bisphosphonates Alendronate
Ibandronate (oral)
Risedronate
Clodronate
Etidronate
Pamidronate

IV bisphosphonates Ibandronate (IV)
Zoledronate

Denosumab Denosumab
Parathyroid hormone analogue Teriparatide
Others Calcitonin

Strontium ranelate
Raloxifene
Hormone replacement therapy
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454 Table 4 Sample size estimation in each database

Country/ 
Region

Database Number of patients in 
database

Number of people 
aged 50+*

Number of people with 
OP**

Number of incident hip 
fractures per year***

Asia-Pacific Women Men Women
(22.1% of 
age 50+)

Men
(6.6% of 
age 50+)

Women
(0.45% of age 
50+)

Men
(0.20% of 
age 50+)

Hong Kong Clinical Data Analysis and Reporting 
System (CDARS)

7M 1.5M 
(21%)

1.3M 
(19%)

325K 88K 6615 2660

Japan Japanese Medical Data Center (JMDC) 3.9M 418K
(11%)

550K
(14%)

92K 36K 1882 1101

South Korea Health Insurance Review and Assessment 
Service (HIRA)

50M 9M
(18%)

3.3M 
(16%)

2M 218K 40500 6600

Taiwan National Health Insurance Database 
(NHID)

25M 3.5M 
(14%)

3.5M 
(14%)

774K 231K 15750 7000

Australia Linked hospital databases in the State of 
Victoria

90,000 hip fracture 
episodes

(17%) (16%) -- -- -- --

New Zealand Ministry of Health national databases 36,000 episodes of care (70%) (30%) -- -- -- --

Thailand Hospital databases or central data from 
National Health Security Office

47M 8.8M
(19%)

7.4M
(16%)

1.9M 485K 39608 14705

Singapore  Singapore Ministry of Health Central 
Claims Processing System

TBD (16%) (17%)

Western Europe
UK Clinical Practice Research Datalink 

(CPRD) 
4.6M 874K 

(19%)
782K 
(17%)

193K 52K 3933 1564

Netherlands Integrated Primary Care Information (IPCI) 
database

2.4M 480K
(20%)

432K
(18%)

106K 29K 2160 864

Italy Pool of databases from 5 different regions 
(Lazio, Napoli, Umbria, Piemonte, Marche

10M 2.3M 
(23%)

1.9M 
(19%)

508K 125K 10350 3800

Germany German sickness funds (WIG2) 4.5M 1.0M 
(23%)

0.9M 
(20%)

229K 59K 4658 1800

Spain Spanish Centralized Hospital Discharge TBC 1.2M 1.02
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Database (CMBD) (20%) (17%)
France SNDS 66M 14M 

(21%)
11M 
(17%)

3.1M 0.74M 63000 22440

Northern Europe
Denmark Danish National Prescription Registry, 

Danish National Patient Register
5.8M 1.2M 

(20%)
1.0M 
(18%)

256K 69K 5220 2088

Finland Finnish Prescription Register, Care 
Register for Health Care, Causes of Death 
Register

5.4M 1.2M 
(22%)

1.0M 
(19%)

264K 68K 5346 2052

South & North America
Brazil DATASUS 209M 25M

(12%)
21M
(10%)

5.5M 1.4M 1.1M 0.4M

Canada The Canadian Chronic Disease 
Surveillance System (CCDSS)

36.7M 7.3M 6.8M 1.6M 450K 32K 13K

US Medicare fee-for-service 20% TBD (18%) (16%)
US Optum TBD (18%) (16%)

455 TBD To be determined

456 *Proportions taken from 2015 data from https://www.populationpyramid.net/

457 **Based on Hernlund et al, Archives of OP 2013. Table 24 Estimated number of men and women with osteoporosis (defined as a T-score of −2.5 SD or less at 

458 the femoral neck) and prevalence in the population aged over 50 years in the EU27, 2010

459 ***Based on Hernlund et al, Archives of OP 2013. Table 27: Estimated number of incident fractures stratified by age and fracture type in the EU27, 2010
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Figure 1 Study design schema 
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Global burden of hip fractures – trends in incidence, post-fracture treatment, and mortality; a study 

protocol for a multi-country, observational study

Supplementary file

Supplementary Table Ethics approvals in each participating site

Country/Region Ethics statement Reference 
number, if any

Asia-Pacific
Australia The study using Victorian linked health data has been 

approved by the Australian Institute of Health and Welfare 
and will be reviewed by the Monash University Human 
Research Ethics Committee

Hong Kong The study is approved by the Institutional Review Board of 
the University of Hong Kong/Hospital Authority Hong Kong 
West Cluster (HKU/HA HKW IRB)

UW 19-154

Japan The study protocol is approved by the Ethics Committee of 
the Nihon University School of Pharmacy

South Korea The study protocol is approved by Institutional Review Board 
of Sungkyunkwan University (SKKU IRB)

SKKU 2020-
07-017

Singapore Ethics approval is not required for the analysis of anonymised 
administrative data under Singapore’s Human Biomedical 
Research Act

New Zealand The study was reviewed on the NZ Health and Disability 
Ethics Committee online site and considered out of scope for 
review given the retrospective nature of the database study 
and use of de-identified health information

Taiwan The study protocol is approved by The National Cheng Kung 
University Hospital

B-EX-109-030

Thailand The study protocol is approved by the  Ethical Review Board 
of Ubon Ratchathani University

UBU-REG-
39/2563

Western Europe
UK The protocol is approved by an Independent Scientific 

Advisory Committee (ISAC) for access to CPRD data
Netherlands The study protocol is approved by the IPCI Review Board IPCI 5/2020
Italy The study protocol is approved by the Comitato Etico 

Interaziendale A.O.U. Città della Salute e della Scienza di 
Torino - A.O. Ordine Mauriziano - A.S.L. Città di Torino

Germany Ethics approval is not required
France The study protocol is approved by the National Institute of 

Health Data (INDS) and pending approval by the French data 
protection commission (Commission Nationale de 
l'Informatique et des Libertés - CNIL)

921079

Spain The study protocol is under review by the ethics committee
Northern Europe
Denmark The study protocol is approved by Danish Data Protection 
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Agency
Finland The study protocol is approved by the Health and Social Data 

Permit Authority Findata
REMS 
2020/503

South & North 
America
Brazil The study protocol is under review by The National 

Commission for Research Ethics (CONEP) and Institutional 
ethics committees (CEP)

Canada Ethics approval is not required
US (Optum) The study protocol is under review by the ethics committee
US (Medicare) The study protocol has be approved by Office of Human 

Subjects Research, Hennepin Healthcare Research Institute
20-2342X
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56 Abstract

57 Introduction Hip fractures are associated with a high burden of morbidity and mortality. Globally, there is wide 

58 variation in the incidence of hip fracture in people aged 50 years and older. Longitudinal and cross-geographical 

59 comparisons of health data can provide insights on aetiology, risk factors, and healthcare practices.  However, 

60 systematic reviews of studies that utilise different methods and study periods do not permit direct comparison 

61 across geographical regions. Thus, the objective of this study is to investigate global secular trends in hip 

62 fracture incidence, mortality, and use of post-fracture pharmacological treatment across Asia, Oceania, North 

63 and South America, and Western and Northern Europe using a unified methodology applied to health records.

64 Methods and analysis This retrospective cohort study will use a common protocol and an analytical common 

65 data model (ACDM) approach to examine incidence of hip fracture across population-based databases in 

66 different geographical regions and healthcare settings. The study period will be from 2005 to 2018 subject to 

67 data availability in study sites. Patients aged 50 years and older and hospitalised due to hip fracture during the 

68 study period will be included. The primary outcome will be expressed as the annual incidence of hip fracture. 

69 Secondary outcomes will be the pharmacological treatment rate and mortality within 12 months following initial 

70 hip fracture by year. For the primary outcome, crude and standardised incidence of hip fracture will be reported. 

71 Linear regression will be used to test for time trends in the annual incidence. For secondary outcomes, the crude 

72 mortality and standardised mortality incidence will be reported.

73 Ethics and dissemination Each participating site will follow the relevant local ethics and regulatory 

74 frameworks for study approval. The results of the study will be submitted for peer-reviewed scientific 

75 publications and presented at scientific conferences.

76 Keywords: Hip Fractures, Osteoporosis, Incidence, Mortality, Internationality 
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77 Strengths and limitations of this study

78  This study will involve countries/regions across Asia, Oceania, North and South America, Western and 

79 Northern Europe.

80  The study will use a common protocol and an analytical common data model to ensure consistency in data 

81 analysis and validity in cross-geographical comparisons.

82  This study will build a global real-world data platform to efficiently collaborate across multiple institutions.

83  Several databases will capture only treatments in the public reimbursement system. Hence the treatment 

84 rates might be underestimated by not including patients in the private payment system.

85  Though most of the data sources will be representative of the country-specific population, a few data sources 

86 will be representative of local hospitals and regional population. 
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87 Introduction

88 Hip fracture is a leading cause of high morbidity (30% - 50% of patients lose functional independence) 1 2 and 

89 mortality (approximately 22% mortality rate at one year).3 Globally, there is wide variation in the incidence of 

90 hip fracture in people aged 50 years and older4, ranging from an age-standardised rate of over 500 cases per 

91 100,000 adults (e.g. Denmark) to less than 100 cases per 100,000 adults (e.g. South Africa). Secular trends in 

92 the incidence of hip fracture have been suggested to follow the level of urbanisation.1 

93 Following a hip fracture, individuals are at greater risk of another osteoporotic fracture relative to those without 

94 a fracture. For example, in a study that included over 96,000 U.S. postmenopausal women who sustained a hip 

95 fracture, 8% had another clinical fracture within 1 year, 15% within 2 years, and 25% within 5 years.5 To reduce 

96 the risk of a subsequent fracture, clinical guidelines from American and European societies for bone and 

97 osteoporosis recommend pharmacological treatment to reduce fracture risk after a hip fracture.6 7 Irrespective 

98 of guidelines, treatment rates in post-fracture populations have been reported to be low in several geographical 

99 regions (16 – 21% of patients received pharmacological treatment)8 9 and appear to be decreasing in both the 

100 U.S.10 and Europe.11 Given that pharmacological treatments have demonstrated a 30%-50% reduction in 

101 subsequent fracture,12 many fractures occurring now are preventable.13

102 Longitudinal and cross-geographical comparisons of health data can provide insights on aetiology, risk factors, 

103 and healthcare practices.  However, global reports are typically systematic literature reviews based upon studies 

104 representing a heterogeneity of methods and study periods, making it a challenge to examine and compare data 

105 between geographical regions. For hip fracture specifically, the current available reports on hip fracture 

106 incidence are based on 20-year-old data in some geographical regions.1 14 Thus, we will investigate the global 

107 secular trends in hip fracture for incidence, mortality, and use of post-fracture pharmacological treatment across 

108 Asia, Oceania, North and South America, Western and Northern Europe using a unified methodology applied 

109 to health records.

110 This study will use a common protocol and an analytical common data model (ACDM) approach to examine 

111 incidence of hip fracture using population-based databases from different geographical regions and healthcare 

112 settings. The concept of ACDM is to standardise a limited set of extracted variables into a common data structure, 

113 allowing the use of common analytics and methods across multiple datasets.15 Thus, the quality of data analyses 

114 in each study site can be controlled by using standardised methodologies including definition, calculation, and 

115 standardisation. This approach will provide high quality and comparable data on hip fracture and, therefore, is 

116 superior to data from systematic reviews of individual studies that have applied diverse methodologies.1 4 The 

117 standardisation of estimates can facilitate cross-geographical comparisons. In addition, this study will build a 

118 global real-world data platform to efficiently collaborate across multiple institutions.

119

120 Hypothesis and Objectives
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121 This is an estimation study and no hypothesis will be tested. The study aim is to characterise hip fracture 

122 incidence estimates by year and assess the trend among men and women aged 50 years and older within multiple 

123 countries. We aim to investigate the between-country and between-region differences in hip fracture incidence, 

124 mortality and pharmacological treatment rate. This may in turn lead to research into environmental, 

125 sociodemographic and biological explanatory factors for geographical variations in incidence and mortality of 

126 hip fracture.  

127 Primary objective

128  To estimate the annual incidence of hip fracture and evaluate the trend during 2005 - 2018 (Objective 1). 

129 Secondary objective

130  To estimate the proportion of patients using a pharmacological treatment for osteoporosis within 12 months 

131 following their initial hip fracture by calendar year (Objective 2).

132  To estimate the mortality rate within 12 months following patients’ initial hip fracture by calendar year 

133 (Objective 3).

134

135 Methods and analysis

136 The study is in the common data model development phase. We plan to start the data analysis in the second 

137 quarter of 2021. The study will end in the first quarter of 2022.

138 Study design

139 This is a retrospective cohort study based on healthcare databases from multiple sites representing numerous 

140 geographical regions. To enable consistent analysis and reporting across different databases in different regions 

141 and healthcare settings, a common protocol, statistical analysis plan (SAP), and an analytical common data 

142 model (ACDM) will be used to obtain aggregated data from each database. The study will consist of annual 

143 cohorts of patients who experience hip fracture from each database. Each site will convert their raw data into 

144 an ACDM format and apply the common statistical code provided by the study coordinator (University of Hong 

145 Kong, HKU) to perform the analysis. The study coordinator will not receive any patient-level data from the 

146 sites. Instead, each site will conduct the analysis locally using a centrally developed analytic plan and share 

147 aggregated results with the study coordinator for the analysis of the pooled data.

148 Data source

149 This study will obtain aggregated data from the participating sites. All included sites will use patient-level 

150 electronic health data derived from the respective national or regional administrative databases, clinical 

151 databases, or registry databases. The study period will be from 1 January 2005 to 31 December 2018, subject to 

152 data availability in each study site. A full list of participating sites and databases is provided in Table 1.  
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153 The study sites will contribute aggregated data on diagnosis, medications, mortality, and other data associated 

154 with hip fracture in a defined population.  Depending on the data capability to address study questions (i.e., fit-

155 for-purpose), the study sites will contribute aggregated data for some or all of the objectives. Study sites can 

156 contribute incidence estimates for objective 1 for data sources of population-based data (i.e., a defined 

157 denominator). If complete prescription data are available, study sites can contribute the treatment rates for 

158 objective 2. Study sites can contribute the mortality rates for objective 3 if their database contains death data or 

159 can link to death registries.

160 Study population

161 Patients aged 50 years and older and hospitalised due to hip fracture from 1 January 2005 to 31 December 2018 

162 will be included. We use 50 years old as a cut-off age because women generally enter menopause at 50 years 

163 old and their risk of osteoporosis and fractures after then increases.11 16 Patients will be excluded if they meet 

164 any of the following criteria: i) had a diagnosis of hip fracture within 12 months before the initial hip fracture; 

165 ii) had missing sex or age information; or iii) had less than 12 months continuous observation period in the data 

166 source prior to the start of the calendar year.

167 Identification of the 12 months observation period in the data source depends on the type of data source. For a 

168 database of medical claims, the patient’s enrolment date should precede the hip fracture by at least 12 months. 

169 For a database of hospital electronic medical records (EMRs), the patient’s first event (e.g., medical visit or 

170 prescription) in the database should precede the hip fracture by at least 12 months.

171 Baseline and Follow-up period

172 The index date will be defined as the date of admission for the initial hip fracture. The baseline period will be 

173 the 1-year period before the index date (not including the index date). 

174 For the primary objective of hip fracture incidence, there is no follow-up of patients. For the secondary 

175 objectives of post-fracture pharmacological treatment and mortality, each patient will be followed from the 

176 index date until another hip fracture episode, 12 months, death, disenrollment from database, 31 December 2019 

177 or the end of data availability in a database, whichever is earliest.

178 Outcome assessment 

179 Hip fracture episodes will be defined as an in-patient diagnosis with ICD-9/-10 codes or equivalent codes of 

180 other diagnostic coding systems. Hip fracture is a major clinical event that almost always requires 

181 hospitalization and is generally accurately coded.17-19 The diagnosis codes to identify hip fracture are subject to 

182 local clinical practice; the sites will use their own standard or validated algorithms for identifying hip fracture. 

183 The algorithms for hip fracture used by each site, and positive predictive values where available, are provided 

184 in Table 2. Most data sources have inpatient data. If inpatient diagnoses are not available, for example, in 

185 databases from general practice (e.g., Netherlands), the documented hip fracture will be used. Patients may have 
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186 multiple hip fracture episodes during the study period. The initial hip fracture will be defined as the first 

187 occurrence of hip fracture without any inpatient or outpatient hip fracture diagnosis during the 1-year baseline 

188 period. All the hip fracture episodes including the initial hip fracture and any subsequent new episodes 

189 (contralateral or ipsilateral) will be considered in the calculation of hip fracture incidence.  Subsequent new 

190 episodes are defined by no inpatient hip fracture diagnosis in the 180 days prior. (i.e., wash-out period). A study 

191 design schema for defining hip fracture episodes is illustrated in Figure 1.

192 Pharmacological treatments for fracture prevention include medications that are recommended for secondary 

193 prevention of osteoporotic fractures. These medications will be identified with prescription/dispensing of the 

194 medications classified using the WHO Anatomical Therapeutic Chemical (ATC) Classification System codes 

195 whenever possible or equivalent codes of other drug coding systems used at the study site.

196 Date or month of death will be extracted. The cause of death (defined by ICD-9/-10 codes, or equivalent codes 

197 of other classification systems used at the study sites) will be included if available.

198 Covariate assessment

199 Sex and date or month of birth (or age at index date) will be captured. In addition, history of osteoporosis 

200 treatment defined as at least one prescription/dispensing record of any anti-osteoporosis medication during the 

201 1-year baseline period will be captured. 

202 For the secondary objective of treatment following hip fracture, patients will be considered as “ever use” if the 

203 patient had a history of osteoporosis treatment; and patient will be considered as “new use” if the patient did 

204 not have a history of osteoporosis treatment.

205 Statistical analysis

206 Microsoft Excel®, R, Statistical Analysis System (SAS) (SAS Inc., United States) will be used for data 

207 management and analyses. The proportion of missing data will be reported, but missing data will not be imputed. 

208 Patients with missing age or sex information will be excluded during the selection procedure. The number of 

209 study variables collected per patient is small and the impact of missing data is expected to be minimal and not 

210 likely to impact the reliability of the results. 

211 Description of Patient Characteristics

212 Description of baseline characteristics will include age, sex, and history of anti-osteoporosis medications. 

213 Discrete variables will be summarised using frequencies and proportions, and continuous variables will be 

214 summarised using means and standard deviation or medians and interquartile range, as appropriate. Age will be 

215 categorised into 5-year age bands: 50 – 54, 55 – 59, 60 – 64, 65 – 69, 70 – 74, 75 – 79, 80-84, 85 or above.

216 Primary objective: Incidence of hip fracture

217 Population data will be used as the denominator (i.e., population at-risk) to calculate the annual incidence of hip 
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218 fracture. The population of each calendar year will be defined as people i) aged 50 years and older, ii) with 

219 known sex, iii) enrolled/registered in the database on 1 January of that year, and iv) with a 1-year baseline 

220 period. If the population in the database is unknown, the national/regional population reported by the 

221 government will be used.  The mid-year population of the database or the reported national/regional population 

222 aged 50 years and older of each calendar year will be used as the denominator.

223 Similar to prior studies,20-22 the incidence (per 100,000 persons) rate per calendar year of hip fractures will be 

224 calculated as the sum of new hip fracture episodes in a year divided by the population at-risk on 1 January of 

225 that year. In addition, age- and sex-standardised incidence will be calculated to facilitate cross-geographical 

226 comparisons. The world population estimates in 2020 reported by the United Nations 

227 (https://population.un.org/wpp/Download/Standard/Population/)  will be used as a standard.

228 A linear regression model will be used to test for time trends in the annual incidence in each site, assuming a 

229 linear trend for the hip fracture incidence, throughout the study period. The annual incidence as a dependent 

230 variable and the calendar year as a predictor variable will be fitted into the model.   A two-tailed P<0.05 will be 

231 considered statistically significant.

232 Secondary objective: Treatment proportion

233 Similar to a prior study,23 we will use the Kaplan-Meier method to estimate the treatment proportion within 3, 

234 6, and 12 months of fracture and 95% confidence intervals (CI), censoring patients on another hip fracture 

235 episode, 12 months, death, disenrollment from database, 31 December 2019, or the end of data availability in a 

236 database; whichever is earliest. 

237 The description of the treatment proportion will include i) the treatment proportion by year of initial hip fracture; 

238 ii) the treatment proportion for new medication users (treatment-naive), defined as those with no prescription 

239 filled for osteoporosis medications within 12 months prior to their hip fracture (i.e., during the baseline period); 

240 and iii) the treatment proportion by the type of treatment (see Table 3 for details).

241 Secondary objective: One-year mortality following hip fracture

242 Similar to a prior study,21 the 1-year mortality (per 100 patients) rate per calendar year of initial hip fracture will 

243 be calculated as the sum of patients who died of any cause during the 12-month follow-up period divided by the 

244 sum of patients with an initial hip fracture. An additional analysis using the Kaplan-Meier method to account 

245 for censoring will be included as well. In addition, the mortality will be ascertained for the first 3 months and 

246 the first 6 months after the initial hip fracture. Age- and sex- standardized mortality will be calculated to 

247 facilitate cross-geographical comparisons. The world population estimates in 2020 reported by the United 

248 Nations will be used as a standard.

249 Additional analysis

250 Sensitivity analyses will be performed to evaluate the robustness of the results from the primary analysis. In the 
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251 primary analysis, a wash-out period of 180 days is used to define a new episode of hip fracture. In the sensitivity 

252 analysis, a shorter (90 days) and a longer (365 days) wash-out period will be used. In addition, the requirement 

253 of at least 12-month continuous observation period may not capture fractures in a given year among those with 

254 less than a year of prior observation. Thus, a sensitivity analysis by removing this requirement will be conducted 

255 to evaluate if this requirement affects the estimates.

256 Fractures may occur in patients for reasons other than osteoporosis. In databases where the information is 

257 available, we will repeat the analysis in the subgroup excluding patients with any of the following criteria: i) 

258 concurrent diagnosis of high trauma fractures (high trauma is defined as vehicle accident or fall from greater 

259 than standing height); ii) bone metastasis during the 1-year baseline period; iii) Paget’s disease during the 1-

260 year baseline period; or iv) osteogenesis imperfecta during the 1-year baseline period. 

261 Given the high mortality in the first year after hip fracture, death could be a competing risk event leading to 

262 overestimation of treatment probability. Therefore, a competing risk analysis using the cumulative incidence 

263 function approach will be performed to estimate the marginal probability of treatment with adjustment for 

264 competing risk of death. 

265 Age- and sex-specific estimates of hip fracture incidence and mortality will be provided in 5-years age bands: 

266 50 – 54, 55 – 59, 60 – 64, 65 – 69, 70 – 74, 75 – 79, 80-84, 85 or above.

267

268 Analytical common data model (ACDM)

269 The ACDM will be created to increase validity and consistency of data analysis using multi-databases. The sites 

270 will convert de-identified subject-level data into table formats in ACDM and use standard programming codes 

271 to conduct the statistical analysis and generate aggregate-level data. The ACDM will be co-developed by HKU 

272 and Amgen, Inc. R and SAS programming codes will be developed by the programming team in HKU and 

273 Amgen, Inc, respectively. To ensure quality assurance, at least two programmers will be involved to cross check 

274 the codes. The R and SAS programming codes will run on the same sample dataset and the results should be a 

275 100% match. It is expected that the development of ACDM and programming codes will take around 2-3 months. 

276 Since the data structure varies across databases, HKU will discuss with the sites if any modification of the 

277 ACDM and programming codes will be needed. All the site-specific modifications will be documented. Sharing 

278 of the script as open-source code will be subject to journal requirement when the results are published.

279

280 Sample size

281 The estimated sample size in the databases ranges from several hundred hip fractures per year to tens of 

282 thousands of hip fractures per year.  For example, the data source for Hong Kong, a region of 7.2 million people 

283 with 2.8 million adults aged 50+, has approximately 9,300 hip fractures per year in adults aged 50+ (a crude 

Page 12 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-047258 on 28 July 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

11

284 rate of 330 fractures per 100,000).  The estimated samples sizes for each database are provided in Table 4.

285

286 Limitations 

287 In general, most of the databases were built for administrative or reimbursement purposes rather than research 

288 purposes. The databases represent a variety of data sources, healthcare settings, and coding practices each of 

289 which will have different features and limitations. The strengths and limitations of different type of databases 

290 have been discussed elsewhere.24 The features of the databases in this study are shown in Table 1. A majority 

291 of databases have a high (over 90%) population coverage and official census data will be used as denominator. 

292 Databases with lower population coverage will use the actual number of individuals in the databases as 

293 denominator (Japan, UK and US). The databases in Italy do not link to national/regional death registry. National 

294 prescription data are only available in Australia, Denmark, Finland, New Zealand, South Korea, and Taiwan.

295 Measurement Errors/Misclassifications 

296 The study will use prescription/dispensing data to assess treatment, which is only a proxy for the patient taking 

297 their medication. The actual treatment with certain medications, such as oral bisphosphonates, may therefore be 

298 overestimated. In addition, use of zoledronic acid is not expected to be captured in all databases.  For example, 

299 in countries where zoledronic acid is administered in hospitals or outpatient clinics, some databases do not 

300 readily capture medication administered in the hospital setting. In such circumstances, patients may be 

301 misclassified as having no treatment even though they were exposed to zoledronic acid. 

302 The database for Hong Kong does not capture clinical records from private clinics/hospitals, though it is 

303 expected that most of the cases will be admitted to public hospitals via emergency service.

304 Several databases will capture only treatments in the public reimbursement system (Hong Kong,   South Korea, 

305 Taiwan, and others), hence the treatment rates might be underestimated by not including patients in the private 

306 payment system. Similarly, non-reimbursed medications cannot be captured in the reimbursement system, 

307 leading to potential underestimation of treatment rates.

308 Information Bias

309 Since hip fracture is a major clinical event that almost always requires hospitalisation, only hospital diagnoses 

310 of hip fracture will be considered in most databases (except when inpatient diagnoses are not available in the 

311 database).  Fractures may occur in patients for reasons other than osteoporosis (e.g, trauma, bone metastasis, 

312 Paget’s disease, osteogenesis imperfect). Eligibility criteria for the study have been kept broad for the practical 

313 purpose of applying consistent definitions across multiple databases. To inform interpretation, we will conduct 

314 a sensitivity analysis excluding patients with these four criteria in those databases able to support the analysis. 

315 Selection Bias
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316 All patients who fulfil the eligibility criteria in each database will be included.  A majority of the databases 

317 cover over 90% of the population (e.g., Finland, Hong Kong, South Korea, and others.) (see Table 1) and 

318 therefore selection bias is not expected to be a major issue in these databases. However, a few data sources will 

319 be representative of local hospitals with limited population coverage (e.g. Thailand), leading to potential 

320 selection bias. For instance, the Japanese database has no subjects aged 75+ years and limited number of subjects 

321 aged >60 years compared to national statistics. Given that the Japan data source does not contain the oldest 

322 adults at highest risk for hip fracture, the current protocol will provide an underestimation of the overall 

323 population incidence of hip fracture in Japan. However, the age subgroup analysis will provide a reasonable 

324 measure of incidence in the population under 75 years old. Therefore, we will exclude Japan data in the 

325 estimation of overall population incidence but will include it only in the age-specific analysis. Although these 

326 sites have limited data for population estimates, the results are still informative for cross-geographical 

327 comparisons. More importantly, the site participation in this study can facilitate global cooperation, and also 

328 raise the awareness of the need for standardised high-quality national data for research.

329

330 Patient and public involvement

331 The study will involve retrospective analysis of secondary data collected from databases. Patients are de-

332 identified and there is no direct patient involvement. However, several researchers involved in this study 

333 routinely consult with patients in the design, development and reporting of research at a national level. Patients 

334 may be involved in presentations and dissemination of the results at a national level. Each participating site will 

335 be responsible for obtaining ethical clearances in accordance with current regulations within their local 

336 jurisdiction.

337

338 Ethics and dissemination

339 Each participating site will follow the relevant local ethics and regulatory frameworks for study approval. The 

340 status of ethics approval in each site is listed in Supplementary Table. All data to be used in this study are taken 

341 from existing anonymised records. In addition, participating sites will only share aggregated data with the study 

342 coordinators.

343 The results of the study will be submitted for peer-reviewed scientific publications and presented in scientific 

344 conferences. Authorship of any publications resulting from this study will be determined on the basis of the 

345 International Committee of Medical Journal Editors (ICJME) Recommendations for the Conduct, Reporting, 

346 Editing, and Publication of Scholarly Work in Medical Journals.

347

348 Authors’ contributions

Page 14 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-047258 on 28 July 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

13

349 CWS co-developed and wrote the protocol. TCL co-developed, drafted, reviewed and commented on the 

350 protocol. JO, CB, JL, CLC, KKM co-developed, reviewed and commented on the protocol. SB, JSB, KB, PBL, 

351 AHYC, MC, CYD, CDP, GG, SH, JI, HEJ, DPK, KK, ECCL, EML, JNL, MMA, NM, NO, ABP, DPA, JYS, 

352 HTS, KBT, AMT, KMCV, GHMW, SW, HZ reviewed and commented on the protocol. ICW is the principal 

353 investigator of the study, takes responsibility for the integrity of the study, co-developed, reviewed, and 

354 commented on the protocol.

355

356 Funding statement

357 This work was supported by Amgen Inc. Award/Grant number is not applicable.

358

359 Competing Interest

360 I.C.W, S.W, K.M.V, A.M.T, H.T.S, J.Y.S, D.P.A, M.M.A, E.C.L, K.K, C.D.P, M.C, A.H.Y.C, J.S.B had 

361 financial support from Amgen Inc. for the submitted work.  

362

363 References

364 1. Ballane G, Cauley JA, Luckey MM, et al. Secular trends in hip fractures worldwide: opposing trends East 
365 versus West. J Bone Miner Res 2014;29(8):1745-55. doi: 10.1002/jbmr.2218 [published Online First: 
366 2014/03/20]
367 2. Johnell O, Kanis JA. An estimate of the worldwide prevalence, mortality and disability associated with hip 
368 fracture. Osteoporos Int 2004;15(11):897-902. doi: 10.1007/s00198-004-1627-0 [published Online 
369 First: 2004/10/19]
370 3. Downey C, Kelly M, Quinlan JF. Changing trends in the mortality rate at 1-year post hip fracture - a systematic 
371 review. World J Orthop 2019;10(3):166-75. doi: 10.5312/wjo.v10.i3.166 [published Online First: 
372 2019/03/29]
373 4. Kanis JA, Oden A, McCloskey EV, et al. A systematic review of hip fracture incidence and probability of 
374 fracture worldwide. Osteoporos Int 2012;23(9):2239-56. doi: 10.1007/s00198-012-1964-3 [published 
375 Online First: 2012/03/16]
376 5. Balasubramanian A, Zhang J, Chen L, et al. Risk of subsequent fracture after prior fracture among older 
377 women. Osteoporos Int 2019;30(1):79-92. doi: 10.1007/s00198-018-4732-1 [published Online First: 
378 2018/11/21]
379 6. ASBMR Secondary Fracture Prevention Initiative. Coalition Clinical Recommendation 2018 [Available from: 
380 https://www.secondaryfractures.org/clinical-recommendations/ accessed September 2019.
381 7. Kanis JA, Cooper C, Rizzoli R, et al. European guidance for the diagnosis and management of osteoporosis 
382 in postmenopausal women. Osteoporos Int 2019;30(1):3-44. doi: 10.1007/s00198-018-4704-5 
383 [published Online First: 2018/10/17]
384 8. Solomon DH, Johnston SS, Boytsov NN, et al. Osteoporosis medication use after hip fracture in U.S. patients 
385 between 2002 and 2011. J Bone Miner Res 2014;29(9):1929-37. doi: 10.1002/jbmr.2202 [published 
386 Online First: 2014/02/19]
387 9. Kim SC, Kim MS, Sanfelix-Gimeno G, et al. Use of osteoporosis medications after hospitalization for hip 
388 fracture: a cross-national study. Am J Med 2015;128(5):519-26 e1. doi: 

Page 15 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-047258 on 28 July 2021. D

ow
nloaded from

 

https://www.secondaryfractures.org/clinical-recommendations/
http://bmjopen.bmj.com/


For peer review only

14

389 10.1016/j.amjmed.2015.01.014 [published Online First: 2015/02/11]
390 10. Desai RJ, Mahesri M, Abdia Y, et al. Association of Osteoporosis Medication Use After Hip Fracture With 
391 Prevention of Subsequent Nonvertebral Fractures: An Instrumental Variable Analysis. JAMA Netw 
392 Open 2018;1(3):e180826. doi: 10.1001/jamanetworkopen.2018.0826 [published Online First: 
393 2019/01/16]
394 11. Hernlund E, Svedbom A, Ivergard M, et al. Osteoporosis in the European Union: medical management, 
395 epidemiology and economic burden. A report prepared in collaboration with the International 
396 Osteoporosis Foundation (IOF) and the European Federation of Pharmaceutical Industry Associations 
397 (EFPIA). Arch Osteoporos 2013;8:136. doi: 10.1007/s11657-013-0136-1 [published Online First: 
398 2013/10/12]
399 12. Reginster JY, Neuprez A, Dardenne N, et al. Efficacy and safety of currently marketed anti-osteoporosis 
400 medications. Best Pract Res Clin Endocrinol Metab 2014;28(6):809-34. doi: 
401 10.1016/j.beem.2014.09.003 [published Online First: 2014/11/30]
402 13. Khosla S, Cauley JA, Compston J, et al. Addressing the Crisis in the Treatment of Osteoporosis: A Path 
403 Forward. J Bone Miner Res 2017;32(3):424-30. doi: 10.1002/jbmr.3074 [published Online First: 
404 2017/01/19]
405 14. Cooper C, Cole ZA, Holroyd CR, et al. Secular trends in the incidence of hip and other osteoporotic fractures. 
406 Osteoporos Int 2011;22(5):1277-88. doi: 10.1007/s00198-011-1601-6 [published Online First: 
407 2011/04/05]
408 15. Lai EC, Ryan P, Zhang Y, et al. Applying a common data model to Asian databases for multinational 
409 pharmacoepidemiologic studies: opportunities and challenges. Clin Epidemiol 2018;10:875-85. doi: 
410 10.2147/CLEP.S149961 [published Online First: 2018/08/14]
411 16. Camacho PM, Petak SM, Binkley N, et al. American Association of Clinical Endocrinologists/American 
412 College of Endocrinology Clinical Practice Guidelines for the Diagnosis and Treatment of 
413 Postmenopausal Osteoporosis-2020 Update. Endocr Pract 2020;26(Suppl 1):1-46. doi: 10.4158/GL-
414 2020-0524SUPPL [published Online First: 2020/05/20]
415 17. Thuy Trinh LT, Achat H, Loh SM, et al. Validity of routinely collected data in identifying hip fractures at a 
416 major tertiary hospital in Australia. Health Inf Manag 2018;47(1):38-45. doi: 
417 10.1177/1833358317721305 [published Online First: 2017/07/27]
418 18. Sing CW, Woo YC, Lee ACH, et al. Validity of major osteoporotic fracture diagnosis codes in the Clinical 
419 Data Analysis and Reporting System in Hong Kong. Pharmacoepidemiol Drug Saf 2017;26(8):973-76. 
420 doi: 10.1002/pds.4208 [published Online First: 2017/04/04]
421 19. Sund R, Nurmi-Luthje I, Luthje P, et al. Comparing properties of audit data and routinely collected register 
422 data in case of performance assessment of hip fracture treatment in Finland. Methods Inf Med 
423 2007;46(5):558-66. doi: 10.1160/me0382 [published Online First: 2007/10/17]
424 20. Lewiecki EM, Wright NC, Curtis JR, et al. Hip fracture trends in the United States, 2002 to 2015. Osteoporos 
425 Int 2018;29(3):717-22. doi: 10.1007/s00198-017-4345-0 [published Online First: 2017/12/29]
426 21. Brauer CA, Coca-Perraillon M, Cutler DM, et al. Incidence and mortality of hip fractures in the United States. 
427 JAMA 2009;302(14):1573-9. doi: 10.1001/jama.2009.1462 [published Online First: 2009/10/15]
428 22. Chau PH, Wong M, Lee A, et al. Trends in hip fracture incidence and mortality in Chinese population from 
429 Hong Kong 2001-09. Age Ageing 2013;42(2):229-33. doi: 10.1093/ageing/afs177 [published Online 
430 First: 2012/12/04]
431 23. Cadarette SM, Katz JN, Brookhart MA, et al. Trends in drug prescribing for osteoporosis after hip fracture, 
432 1995-2004. J Rheumatol 2008;35(2):319-26. [published Online First: 2007/12/07]
433 24. Schneeweiss S, Avorn J. A review of uses of health care utilization databases for epidemiologic research on 
434 therapeutics. J Clin Epidemiol 2005;58(4):323-37. doi: 10.1016/j.jclinepi.2004.10.012 [published 
435 Online First: 2005/05/03]
436 25. Tanaka S, Hagino H, Ishizuka A, et al. Validation Study of Claims-based Definitions of Suspected Atypical 
437 Femoral Fractures Using Clinical Information. Jpn J Pharmacoepidemiol 2016(21):13-19. doi: 
438 10.3820/JJPE.21.13
439 26. Park C, Jang S, Jang S, et al. Identification and Validation of Osteoporotic Hip Fracture Using the National 

Page 16 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-047258 on 28 July 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

15

440 Health Insurance Database. J Korean Hip Soc 2010;22(4):305-11. doi: 10.5371/jkhs.2010.22.4.305.
441 27. Hjelholt TJ, Edwards NM, Vesterager JD, et al. The Positive Predictive Value of Hip Fracture Diagnoses and 
442 Surgical Procedure Codes in the Danish Multidisciplinary Hip Fracture Registry and the Danish National 
443 Patient Registry. Clin Epidemiol 2020;12:123-31. doi: 10.2147/CLEP.S238722
444 28. Lix LM, Azimaee M, Osman BA, et al. Osteoporosis-related fracture case definitions for population-based 
445 administrative data. BMC Public Health 2012;12:301. doi: 10.1186/1471-2458-12-301

446

Page 17 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-047258 on 28 July 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

16

447 Figure 1 Study design schema for estimating incidence of hip fracture (Objective 1).

448
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449 Table 1 List of participating countries/regions and databases

450
Country/
Region

Database Data nature and 
healthcare 
setting

Population 
coverage

Study period Denominator Data 
source for 
medical 
conditions

Data source 
for medication 
use

Data source 
for death

Asia-Pacific
Victoria, 
Australia

Linked hospital 
databases in the State of 
Victoria

EMR data from  
all Victorian 
public and private 
hospitals 

100% (26 % of 
Australian 
population)

2012-2018 Mid-year 
population in 
the state of 
Victoria

Inpatient 
diagnosis

Dispensed and 
reimbursed data 
from 
Australia’s 
Pharmaceutical 
Benefits 
Scheme 

Death 
Registry

Hong Kong Clinical Data Analysis 
and Reporting System 
(CDARS)

EMR data from 
all public 
hospitals and 
clinics

90% 2005-2018 Mid-year 
population in 
Hong Kong

Inpatient 
and 
outpatient 
diagnosis

Dispensed data 
in public 
hospitals and 
clinics 

Death 
registry

Japan Japanese Medical Data 
Center (JMDC)

Claims data from 
>200 medical 
institutions

6% 2005-2018 Number of 
individuals in 
the database at 
start of year 

Inpatient 
and 
outpatient 
diagnosis

Reimbursed 
data in 
pharmacy 
claims

TBC

South Korea Health Insurance Review 
and Assessment Service 
(HIRA)

National Claims 97% 2008-2018 Mid-year 
population in 
South Korea

Inpatient 
and 
outpatient
diagnosis

Dispensed data 
in hospitals and 
reimbursed data 
in pharmacy 
claims

National 
mortality 
registration 
data

New Zealand Ministry of Health 
national databases

National data 98% 2005-2018 Mid-year 
population in 
New Zealand

Inpatient 
and 
outpatient 
diagnosis

National 
pharmaceutical 
claims database 
for all 
subsidised 
medicines in 
New Zealand

National 
death 
registration 
data 
(mortality 
dataset)

Singapore Singapore Ministry of 
Health Central Claims 
Processing System

National Claims, 
Registries

100% 2005-2017 Mid-year 
population in 
Singapore

Inpatient 
diagnosis

NA National 
death 
registration 
data
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Taiwan National Health 
Insurance Database 
(NHID)

National Claims 99% 2005-2018 Mid-year 
population in 
Taiwan

Inpatient 
and 
outpatient 
diagnosis

Reimbursed 
data in 
pharmacy 
claims

Cause of 
death 
registry

Thailand Central data from 
National Health Security 
Office

National Data 67% 2014-2018 Mid-year 
population in 
Thailand

Inpatient 
diagnosis

Reimbursed 
data

National 
Data

Hospital databases EMR Varies across 
hospitals

Varies across 
hospitals

Mid-year 
population in 
EMR

Inpatient 
diagnosis

Diagnosis and 
dispensed data

EMR

Western 
Europe
France SNDS National Claims 99% 2006-2018 Mid-year 

population in 
France

Inpatient 
diagnosis

Reimbursed 
data in 
outpatients

National 
death 
registry

Germany German sickness funds 
(WIG2)

Claims 5% 2012-2018 Mid-year 
population in 
Italy

Inpatient 
diagnosis

Reimbursed 
data in 
pharmacy 
claims

TBC

Italy Pool of databases from 5 
different regions (Lazio, 
Napoli, Umbria, 
Piemonte, Marche)

Claims TBC 2012-2018 
(Marche and 
Umbria)
2015-2018 
(Piemonte, 
Napoli, Lazio)

Mid-year 
population in 
Italy

Inpatient 
diagnosis

Reimbursed 
data in 
pharmacy 
claims

NA

Netherlands Integrated Primary Care 
Information (IPCI) 
database

Primary care 
EMR from >700 
general practices 
(GP)

10% 2005-2018 Number of 
individuals in 
the database at 
start of year

GP 
diagnosis

GP prescription NA

Spain Spanish Centralized 
Hospital Discharge 
Database (CMBD)

EMR in all public 
and private 
hospitals

99.5% 2005-2018 Mid-year 
population in 
Spain

Inpatient 
diagnosis

NA NA

UK Clinical Practice 
Research Datalink 
(CPRD) 

Primary care 
EMR from >650 
GP

24% 2005-2018 Number of 
individuals in 
the database at 
start of year

Inpatient 
diagnosis

GP prescription  Office for 
National 
Statistics

Northern 
Europe
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Denmark Danish National 
Prescription Registry, 
Danish National Patient 
Register, Danish Civil 
Registration system, 
Cause of Death register

National 
Registries

100% 2005-2018 Mid-year 
population in 
Denmark

Inpatient 
and 
outpatient 
diagnosis

Dispensed data 
at community 
pharmacies

National 
death 
registry

Finland Finnish Prescription 
Register, Care Register 
for Health Care, Causes 
of Death Register

National 
Registries

100% 2005-2018 Population of 
Finland at the 
turn of the year

Inpatient 
and 
outpatient 
diagnosis

Reimbursed 
data in 
pharmacies

National 
death 
registry

South & 
North 
America
Brazil DATASUS National Data 70% 2005-2018 Mid-year 

population in 
Brazil

Inpatient 
and 
outpatient 
diagnosis

TBC National 
mortality 
information 
system

Canada The Canadian Chronic 
Disease Surveillance 
System (CCDSS)

Physician billing, 
hospitalization 
and prescription 
drug databases 
from all Canadian 
provinces and 
territories

97% incidence, 
mortality : 
2005-2017
Treatment: 
2005-2016 
*by fiscal year 
from April 1 
to March 31

Number of 
individuals 
with valid 
health 
insurance at 
start of year

Inpatient 
diagnosis

Provincial 
/Territorial 
Drug Plan 
Databases

Provincial 
/Territorial 
Health 
Registries

US Medicare fee-for-service 
20%

National Claims 
for patients 
covered by 
Medicare

Medicare covers 
more than 90% of 
population ≥65 
years; about 70% 
in the Medicare 
fee-for-service 
program. The data 
will be used for 
this study is a 20% 
random sample.

2007-2018 Number of 
individuals in 
the database at 
start of year

Inpatient 
and 
outpatient 
diagnosis

Reimbursed 
data in 
pharmacy 
claims

Medicare 
death report 
and national 
social 
security 
death master 
file

US Optum Claims database 
for commercial-
insured 
population

TBC 2005-2018 Number of 
individuals in 
the database at 
start of year

Inpatient 
and 
outpatient 
diagnosis

Reimbursed 
data in 
pharmacy 
claims

TBC
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452 Table 2 Diagnosis codes for hip fractures in each study site

Study Site Coding 
System

Code Validation

Australia ICD10 S72.0, S72.1, S72.2 For all hip fracture records 
identified by admission, 
sensitivity was 93%-94% and 
PPV  was 72%-80%17

Hong Kong ICD9 820 PPV 100%18

Japan ICD10 S7200, S7201, S7210, 
S7211, S7220, S7221, 
S7230, S7231, S7240, 
S7241, S7270, S7271, 
S7290, S7291

No study for hip fracture but 
a small study on 
subtrochanteric fracture 
(ICD-10 code S72.2, 11 
cases) and femoral shaft 
fracture (ICD-10 code S72.3, 
28 cases) showed sensitivity 
~82% and PPV 100%.25

South Korea ICD10 S72.0, S72.1 Algorithm included i) age 
≥50; ii) ICD-10 codes (S72.0, 
S72.1); iii) Procedure codes 
(N0601, N0991, N0981, 
N0641, N0652, N0654, 
N0715). 

Sensitivity (93.1%), PPV 
(77.4%)26

New Zealand ICD10 ICD10: S72.0, S72.1, S72.2 Nil

Singapore ICD9/ICD10 ICD9: 820, 820.0, 820.2, 
820.8

ICD10: S7200, S7201, 
S7210, S7211, S7220, S7221

Nil

Taiwan ICD9/ICD10 ICD9: 73314, 82003, 82009, 
82020, 82021, 82022, 8208

ICD10: M84451A, 
M84452A, M84459A, 
M80851A, M80852A, 
S72001A, S72002A, 
S72011A, S72012A, 
S72041A, S72042A, 
S72052A, S72091A, 
S72092A, S72101A, 
S72102A, S72111A, 
S72112A, S72121A, 
S72122A, S72141A, 
S72142A, S72144A, 
S72145A, S7221XA, 

99% (unpublished)
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S7222XA
Thailand ICD10 S72.0, S72.1, S72.2, S32.4 Nil
Denmark ICD10 S72.0, S72.1, S72.2  PPV was 90%, 92%, and 

83% for fracture of the neck 
of femur, trochanteric 
fracture, and subtrochanteric 
fracture, respectively. Joining 
trochanteric and 
subtrochanteric fracture 
resulted in a PPV of 97%27 

Finland ICD10 S72.0, S72.1, S72.2  Sensitivity and PPV for 
femoral neck fracture 96.7% 
and 88.1%, for trochanteric 
fracture 68.6% and 96.0% 
and subtrochanteric fracture 
83.3% and 62.5%19

France ICD10 S72.0, S72.1, S72.2 Nil
Germany ICD10 S72.0, S72.1, S72.2 Nil
Italy ICD9 820 Nil
Netherlands ICPC L75, L75.01 Nil
Spain ICD9 820 Nil
UK ICD10 S72.0, S72.1, S72.2 Nil
Brazil ICD10 S72.0, S72.1, S72.2 Nil
Canada ICD9/ICD10 ICD9: 820

ICD10: S72.0, S72.1, S72.2
Validation has been done in 
one province (Manitoba). No 
significance difference in 
ascertainment between 
administrative data and 
clinically-validated cases28

US (Medicare)
US (Optum)

ICD9/ICD10 820/S72.0, S72.1, S72.2 Nil (The algorithm has been 
used in the literature and 
many research projects 
although it has not been 
formally validated. We 
believe the accuracy is good 
because (1) most hip fractures 
need hospitalisation and (2) 
the diagnosis codes in 
Medicare inpatient claims are 
accurate.)
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454 Table 3 Type of anti-osteoporosis medications

Type Drug

Oral bisphosphonates Alendronate
Ibandronate (oral)
Risedronate
Clodronate
Etidronate
Pamidronate

IV bisphosphonates Ibandronate (IV)
Zoledronate

Denosumab Denosumab
Parathyroid hormone analogue Teriparatide
Others Calcitonin

Strontium ranelate
Raloxifene
Hormone replacement therapy
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456 Table 4 Sample size estimation in each database

Country/ 
Region

Database Number of patients in 
database

Number of people 
aged 50+*

Number of people with 
OP**

Number of incident hip 
fractures per year***

Asia-Pacific Women Men Women
(22.1% of 
age 50+)

Men
(6.6% of 
age 50+)

Women
(0.45% of age 
50+)

Men
(0.20% of 
age 50+)

Hong Kong Clinical Data Analysis and Reporting 
System (CDARS)

7M 1.5M 
(21%)

1.3M 
(19%)

325K 88K 6615 2660

Japan Japanese Medical Data Center (JMDC) 3.9M 418K
(11%)

550K
(14%)

92K 36K 1882 1101

South Korea Health Insurance Review and Assessment 
Service (HIRA)

50M 9M
(18%)

3.3M 
(16%)

2M 218K 40500 6600

Taiwan National Health Insurance Database 
(NHID)

25M 3.5M 
(14%)

3.5M 
(14%)

774K 231K 15750 7000

Australia Linked hospital databases in the State of 
Victoria

90,000 hip fracture 
episodes

(17%) (16%) -- -- -- --

New Zealand Ministry of Health national databases 36,000 episodes of care (70%) (30%) -- -- -- --

Thailand Hospital databases or central data from 
National Health Security Office

47M 8.8M
(19%)

7.4M
(16%)

1.9M 485K 39608 14705

Singapore  Singapore Ministry of Health Central 
Claims Processing System

TBD (16%) (17%)

Western Europe
UK Clinical Practice Research Datalink 

(CPRD) 
4.6M 874K 

(19%)
782K 
(17%)

193K 52K 3933 1564

Netherlands Integrated Primary Care Information (IPCI) 
database

2.4M 480K
(20%)

432K
(18%)

106K 29K 2160 864

Italy Pool of databases from 5 different regions 
(Lazio, Napoli, Umbria, Piemonte, Marche

10M 2.3M 
(23%)

1.9M 
(19%)

508K 125K 10350 3800

Germany German sickness funds (WIG2) 4.5M 1.0M 
(23%)

0.9M 
(20%)

229K 59K 4658 1800

Spain Spanish Centralized Hospital Discharge TBC 1.2M 1.02
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Database (CMBD) (20%) (17%)
France SNDS 66M 14M 

(21%)
11M 
(17%)

3.1M 0.74M 63000 22440

Northern Europe
Denmark Danish National Prescription Registry, 

Danish National Patient Register
5.8M 1.2M 

(20%)
1.0M 
(18%)

256K 69K 5220 2088

Finland Finnish Prescription Register, Care 
Register for Health Care, Causes of Death 
Register

5.4M 1.2M 
(22%)

1.0M 
(19%)

264K 68K 5346 2052

South & North America
Brazil DATASUS 209M 25M

(12%)
21M
(10%)

5.5M 1.4M 1.1M 0.4M

Canada The Canadian Chronic Disease 
Surveillance System (CCDSS)

36.7M 7.3M 6.8M 1.6M 450K 32K 13K

US Medicare fee-for-service 20% TBD (18%) (16%)
US Optum TBD (18%) (16%)

457 TBD To be determined

458 *Proportions taken from 2015 data from https://www.populationpyramid.net/

459 **Based on Hernlund et al, Archives of OP 2013. Table 24 Estimated number of men and women with osteoporosis (defined as a T-score of −2.5 SD or less at 

460 the femoral neck) and prevalence in the population aged over 50 years in the EU27, 2010

461 ***Based on Hernlund et al, Archives of OP 2013. Table 27: Estimated number of incident fractures stratified by age and fracture type in the EU27, 2010
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Figure 1 Study design schema 
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Supplementary Table Ethics approvals in each participating site 

Country/Region Ethics statement  Reference 

number, if any 

Asia-Pacific   

Australia The study using Victorian linked health data has been 

approved by the Australian Institute of Health and Welfare 

and will be reviewed by the Monash University Human 

Research Ethics Committee 

 

Hong Kong The study is approved by the Institutional Review Board of 

the University of Hong Kong/Hospital Authority Hong Kong 

West Cluster (HKU/HA HKW IRB) 

UW 19-154 

Japan The study protocol is approved by the Ethics Committee of 

the Nihon University School of Pharmacy 

 

South Korea The study protocol is approved by Institutional Review Board 

of Sungkyunkwan University (SKKU IRB) 

SKKU 2020-

07-017 

Singapore Ethics approval is not required for the analysis of anonymised 

administrative data under Singapore’s Human Biomedical 

Research Act 

 

New Zealand The study was reviewed on the NZ Health and Disability 

Ethics Committee online site and considered out of scope for 

review given the retrospective nature of the database study 

and use of de-identified health information 

 

Taiwan The study protocol is approved by The National Cheng Kung 

University Hospital 

B-EX-109-030 

Thailand The study protocol is approved by the  Ethical Review Board 

of Ubon Ratchathani University 

UBU-REG-

39/2563 

Western Europe   

UK The protocol is approved by an Independent Scientific 

Advisory Committee (ISAC) for access to CPRD data 

 

Netherlands The study protocol is approved by the IPCI Review Board IPCI 5/2020 

Italy The study protocol is approved by the Comitato Etico 

Interaziendale A.O.U. Città della Salute e della Scienza di 

Torino - A.O. Ordine Mauriziano - A.S.L. Città di Torino 

 

Germany Ethics approval is not required  

France The study protocol is approved by the National Institute of 

Health Data (INDS) and pending approval by the French data 

protection commission (Commission Nationale de 

l'Informatique et des Libertés - CNIL) 

921079 

Spain The study protocol is under review by the ethics committee  

Northern Europe   

Denmark The study protocol is approved by Danish Data Protection  
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Agency 

Finland The study protocol is approved by the Health and Social Data 

Permit Authority Findata 

REMS 

2020/503 

South & North 

America 

  

Brazil The study protocol is under review by The National 

Commission for Research Ethics (CONEP) and Institutional 

ethics committees (CEP) 

 

Canada Ethics approval is not required  

US (Optum) The study protocol is under review by the ethics committee  

US (Medicare) The study protocol has be approved by Office of Human 

Subjects Research, Hennepin Healthcare Research Institute 

20-2342X 
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