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Abstract
Summary  Healthcare administrative (claims) data are commonly utilized to estimate drug effects. We identified considerable 
heterogeneity in fracture outcome definitions in a scoping review of 57 studies that estimated osteoporosis drug effects on 
fracture risk. Better understanding of the impact of different fracture definitions on study results is needed.
Purpose  Healthcare administrative (claims) data are frequently used to estimate the real-world effects of drugs. Fracture 
incidence is a common outcome of osteoporosis drug studies. We aimed to describe how fractures are defined in studies 
that use claims data.
Methods  We searched MEDLINE (Ovid), Embase (Ovid), CINAHL (EBSCO), and gray literature for studies published in 
English between 2000 and 2020 that estimated fracture effectiveness (hip, humerus, radius/ulna, vertebra) or safety (atypical 
fracture of the femur, AFF) of osteoporosis drugs using claims data in Canada and the USA. Literature searches, screening 
and data abstraction were completed independently by two reviewers.
Results  We identified 57 eligible studies (52 effectiveness, 3 safety, 2 both). Hip fracture was the most common fracture site 
studied (93%), followed by humerus (66%), radius/ulna (59%), vertebra (61%), and AFF (9%). Half (n = 29) of the studies 
did not indicate specific data sources, codes, or cite a validation paper. Of the papers with sufficient detail, heterogeneity in 
fracture definitions was common. The most common definition within each fracture site was used by less than half of the 
studies that examined effectiveness (12 definitions in 29 hip fracture papers, 8 definitions in 17 humerus papers, 8 definitions 
in 13 radius/ulna papers, 9 definitions in 15 vertebra papers), and 3 definitions among 4 AFF papers.
Conclusion  There is ambiguity and heterogeneity in fracture outcome definitions in studies that leverage claims data. Better 
transparency in outcome reporting is needed. Future exploration of how fracture definitions impact study results is warranted.
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Introduction

Osteoporosis therapeutic options have expanded greatly 
since the introduction of daily oral bisphosphonates in the 
mid-1990s [1–4]. Current options now include weekly, 
monthly and delayed-release formulations of oral bispho-
sphonates, as well as zoledronic acid, denosumab, ralox-
ifene, teriparatide, strontium, and romosozumab [1–3, 5, 
6]. Randomized controlled trials (RCTs) provide evidence 
of drug efficacy for drug approval and market entry [7, 
8]. However, observational methods are critical to provide 
evidence of drug safety and effectiveness in real-world 
settings [9–11].

Healthcare administrative claims (hereafter “claims”) 
data are commonly utilized to identify outcomes in real-
world settings. Claims data are produced when healthcare 
providers and organizations receive reimbursement for 
goods and services, and are often repurposed to estimate 
drug effects [9, 12]. Although the purpose of collating 
claims for billing is not estimating drug safety or effective-
ness, investigators access these data for research purposes. 
However, there are no standardized methods to define out-
comes in observational research studies. In contrast, rand-
omized controlled trials (RCTs) are carefully designed to 
estimate drug efficacy and safety. Primary outcomes are 
carefully adjudicated by a panel of experts, and thus RCT 
evidence serves as the basis for drug approval. Still, once 
drugs are available on the market, observational studies 
that use claims data are essential to estimate drug effec-
tiveness and safety in the real world. In particular, RCTs 
often restrict inclusion to healthy patients, and thus once 
on the market, many patients have comorbidities that may 
impact drug effects. In addition, sample sizes for RCT tar-
get efficacy and thus it can be challenging to identify rare 
safety concerns or long-term drug effects.

Claims data generated from clinical encounters among 
patients with osteoporosis often provide detail on the 
location of the fracture, concomitant diagnoses, and treat-
ments provided. With the exception of vertebral fractures 
which often go undiagnosed [13], most fractures tend to 
be identified in claims because they require prompt medi-
cal attention and treatment. The use of claims data is thus 
an ideal method for identifying fractures as an outcome 
in real-world settings [14]. Data used to identify fracture 
diagnoses and procedures can be sourced from diagnosis 
and procedural codes from emergency department, inpa-
tient (hospitalization), and outpatient settings. Although 
fracture validation studies exist [15–18], we recently noted 
inconsistency in the use of fracture outcome definitions in 
real-world fracture outcome studies [19]. Indeed, we have 
modified our own definitions over time based on clinical 
expertise. For example, we initially followed a validation 

study and required hip fracture diagnostic and procedural 
codes [15, 20]. Yet, upon discussion with orthopedic sur-
geons, we came to appreciate that requiring a procedural 
code would miss inoperable hip fractures (e.g., if a patient 
is too frail or dies before surgery) and thus started to omit 
the need for an inpatient procedural code [21, 22].

Differences in outcome definitions have led to calls for 
transparency and agreement among outcome definitions in 
studies that use claims data to increase rigor in real-world 
evidence [23]. Consistent and accurate definitions are criti-
cal to minimizing outcome misclassification and thus biased 
estimates of fracture risk [18]. We conducted this scoping 
review to better understand how fracture outcomes are 
defined in osteoporosis drug effects studies that use claims 
data. We aimed to answer the research question, “How do 
osteoporosis drug effects studies that use claims data in Can-
ada and the United States of America (USA) define fracture 
outcomes?”[19]

Methods

This scoping review was conducted in accordance with JBI 
methodology [24], was registered on Open Science Frame-
work [25], and followed an a priori protocol [19]. Detailed 
methods have been previously published [19]. In brief, we 
considered observational studies (e.g., cohort, case–control) 
that estimated the effects of osteoporosis drugs on fracture 
risk (Table 1). We targeted studies that utilized claims data 
from Canada or the USA, due to their similarities in coding 
systems to define fractures [19]. Studies were excluded for 
the following reasons: Abstract-only, osteoporosis medica-
tions were not the primary exposure, fracture was not a main 
outcome, non-eligible study design (experimental or descrip-
tive study), claims data were not used to define fractures, and 
claims data from Canada or the USA were not used.

We searched for studies published in English, the lan-
guage of the authors and the most common official language 
in the USA and Canada, from January 1, 2000, to Decem-
ber 31, 2020, in MEDLINE (Ovid), Embase (Ovid), and 
CINAHL (EBSCO). An initial search was conducted on 
June 29, 2020, and updated June 24, 2021, to include papers 
published through to December 31, 2020 [26]. The search 
strategies are provided in the published protocol [19]. We 
also searched gray literature for pharmacovigilance stud-
ies to inform our safety outcome (atypical fracture of the 
femur) in the following sources: Food and Drug Administra-
tion (FDA) Sentinel [27], Canadian Agency for Drugs and 
Technology in Health (CADTH) [28], American Society for 
Bone and Mineral Research (ASBMR) [29], Public Health 
Agency of Canada (PHAC) [30], and National Foundation 
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of Osteoporosis[31] websites. The reference lists of eligible 
articles were also screened for additional papers.

Two authors (AMR, NK) separately completed literature 
searches, screened abstracts, and extracted data [19]. Since 
the publication of our protocol [19], we modified our data 
extraction tool to enable us to record trauma codes [32]. Any 
disagreements that arose between the reviewers with respect 
to screening or data extraction were resolved through dis-
cussion or by a third reviewer (SMC) if consensus among 
primary reviewers was not reached through discussion. The 
extracted data included publication information and detail 
about data sources (inpatient, outpatient, emergency depart-
ment), fracture sites (e.g., hip, humerus), number and types 
of codes (diagnostic or procedural) used to define fractures, 
use of washout windows, trauma codes, and citations for cho-
sen fracture definitions. Study data were collected and man-
aged using REDCap electronic data capture tools [33, 34].

Study characteristics and fracture definitions were sum-
marized in tabular form. We stratified results by fracture site 
and whether studies indicated the data sources utilized for 
each code (e.g., diagnostic code from inpatient data versus 
diagnostic code from emergency department data).

Results

Of 9728 unique publications based on the relevance of their 
titles and abstracts, 345 full-text articles were screened, and 
57 publications were included: 54 from our initial search 
and 3 from screening the reference lists of articles identified 
from our initial search (Fig. 1). We identified 147 additional 
sources by searching gray literature, yet no gray literature 
qualified for inclusion.

Characteristics of included studies

Most studies (91%, n = 52) examined medication effec-
tiveness, 2 (4%) evaluated safety, and 3 (5%) evaluated 
both (online resource: Appendix I). The majority of stud-
ies (n = 53, 93%) examined the effect of bisphosphonates 

(alendronate, etidronate, ibandronate, pamidronate, rise-
dronate, or zoledronic acid) on fracture risk and up to 30% 
considered other drugs; raloxifene (28%), calcitonin (30%), 
teriparatide (26%), denosumab (14%), estradiol/estrogens, or 
hormone replacement therapy (11%). No studies examined 
the effects of strontium or romosozumab.

Half (n = 29, 51%) of the studies did not provide a cita-
tion for their fracture definition. Among the 28 studies that 
included a citation for their fracture outcome definitions, 13 
cited validation articles [15, 16, 18, 35, 36], 3 cited guidance 
on which fracture sites are due to osteoporosis [37], and 15 
cited other primary research articles. Ray et al. [15] was 
the most commonly cited validation article for non-vertebral 
fractures (n = 10, 36%), while Curtis et al. [18] was the most 
commonly cited article for vertebral fractures (n = 7, 25%).

Less than half of the studies across each fracture site 
excluded traumatic fractures (hip: n = 21, 40%; humerus: 
n = 17, 45%; radius/ulna: n = 14, 41%; vertebra: n = 14, 40%, 
atypical fracture of the femur: n = 2, 40%). Washout win-
dows across fractures ranged from 30 to 180 days and were 
most common for humerus fractures (n = 12, 32%), followed 
by vertebra (n = 9, 26%), radius/ulna (n = 8, 24%), and hip 
(n = 8, 15%). A washout window of 180 days was used for 
atypical fracture of the femur (n = 1, 20%). Methods on how 
washouts were implemented were not described.

Half (n = 29) of the studies did not indicate specific data 
sources for the codes in at least one of their outcome defini-
tions. In fact, 4 studies (7%) did not provide any descriptions 
of their fracture definitions [22, 38–40]. The definitions and 
codes for each fracture site are shown in the online resource 
(Appendix II, III). In the following sections, we provide 
descriptions of the definitions used to identify each fracture 
site among studies that indicated the data sources utilized 
for each code.

Hip fractures

Of the 53 articles that studied hip fractures, half (n = 29, 
55%) indicated their data sources, and 76% (n = 22) used 
only inpatient data (Table 2). A total of 12 definitions were 

Table 1   Eligibility criteria Component Description

Participants • Adult populations (≥ 18 years) receiving osteoporosis drugs
• Osteoporosis drugs include: alendronate, etidronate, rise-

dronate, ibandonate, zoledronic acid, raloxifene, denosumab, 
calcitonin, teriparatide, strontium, romosozumab, estradiol

Concept • Observational studies that aim to estimate osteoporosis drug 
effectiveness (hip, humerus, radius/ulna, vertebrae) or safety 
(atypical fracture of the femur)

• Fractures must be the primary outcome and defined using 
claims data

Context • Studies conducted using claims data from Canada or the USA
• Studies published in English
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identified, with the most common being: 1 inpatient diagnos-
tic code (41%) and 1 diagnostic plus 1 procedural code dur-
ing the same inpatient stay (14%). Other definitions include 
1 diagnostic code from inpatient or emergency department 
(3%) and 1 inpatient or outpatient diagnostic code (3%).

Humerus fractures

Of the 38 studies that considered humerus fractures, 17 
(45%) indicated their data sources, Table 2. Among these 
17 studies, 8 different definitions were used. The most com-
mon definitions were 1 inpatient or outpatient diagnostic 
code (29%), and 1 inpatient diagnostic code or 2 outpatient 
diagnostic codes within 90 days (18%). Additional defini-
tions include an unspecified number of diagnostic code(s) 
from inpatient data (11%).

Radius/ulna Fractures

Of the 34 studies that considered radius/ulna fractures, 13 
(38%) indicated their data sources (Table 2). Among these, 
9 (69%) used codes from inpatient or outpatient data. Out of 
the 8 definitions used across the 13 studies, the most com-
mon was 1 inpatient diagnostic code or 2 outpatient diagnos-
tic codes within 90 days (23%), followed by 1 inpatient or 

outpatient diagnostic code (15%), and an unspecified number 
of inpatient diagnostic code(s) (15%).

Vertebra fractures

Of the 35 studies that examined vertebral fractures, 15 
(43%) indicated their data sources (Table 2). Among these, 
12 (80%) used inpatient or outpatient data and 9 definitions 
were used. The most common definition was 1 inpatient 
diagnostic code or 2 outpatient diagnostic codes with a 
maximum period of 90 days between outpatient diagnoses 
(20%). Additional definitions include 1 diagnostic code plus 
1 procedure (from inpatient or outpatient data) (13%) and 1 
inpatient or outpatient diagnostic code (13%).

Atypical fractures of the femur

Of the 5 studies that considered atypical fracture of the 
femur, 4 (80%) indicated their data sources (Table  2). 
Among these 4, three definitions were used: 2 studies 
(50%) used 1 inpatient diagnostic code, 1 study (25%) used 
an unspecified number of inpatient diagnostic codes, and 1 
study used 1 diagnostic code from inpatient or emergency 
data. Three studies provided a citation for their definition, 
with each providing a different source [16, 41, 42].

Records identified (N=14,703):
CINAHL (n=1,363)
MEDLINE (n=3,927)
EMBASE (n=9,413)

Records removed before screening:
Duplicate records removed (n=4,975)

Records screened (n=9,728) Records excluded based on title/abstract screening
(n=9,383)

Reports sought for retrieval (n=345) Reports not retrieved (n=0)

Reports assessed for eligibility (n=345)

Reports excluded based on full-text screening:
Abstract-only or no full-text (n=133)
Osteoporosis medications not primary exposure (n=48)
Fracture not primary outcome (n=21)
Non-eligible study design (n=18)
Claims data not used (n=11)
Not American/Canadian data (n=60)

Studies included in review (n=57)

Identification of studies via databases
Id

en
tif

ic
at

io
n

Sc
re

en
in

g
In

cl
ud

ed

Records identified from citation searching (n=3)

Reports identified through literature searching (n=54)

Fig. 1   Study inclusion and exclusion flow
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Discussion

We identified little transparency in osteoporosis fracture 
outcome studies that use healthcare claims data. First, 
less than half of the studies provided references for their 
fracture definitions. Among studies that did, the most 
commonly cited paper for non-vertebral fractures was 
Ray et al. [15]. Ray and coauthors assessed the validity 
of Medicare hospitalization (inpatient), outpatient, and 
emergency department data to identify fractures and devel-
oped definitions with positive predictive values ranging 
from 95 to 98% and sensitivities ranging from 90 to 97% 
to identify fractures of the hip, radius/ulna, and humerus 
[15]. The validation paper by Curtis and colleagues [18] 
was most commonly cited for vertebral fractures. Curtis’ 
recommended definition identified vertebral fractures as a 
diagnosis followed by a procedural code for a spine imag-
ing test within 10 days, or a hospitalization with a primary 
diagnostic code, and had a positive predictive value of 
61% [18]. Despite being commonly cited, we noted that 
fracture definitions were not always used as described in 
the original validation articles. However, it is possible that 
this finding reflects lack of details in reporting. Detailed 
reporting of fracture definitions is critical to allow repro-
ducibility and comparison in the field. In addition, several 
studies cited various other articles, rather than validation 
papers, making it difficult to know the actual codes and 
data sources used, especially when the cited paper(s) cites 
other studies for their fracture definition.

Second, only half of the studies identified their data 
sources for fracture definitions. Of the studies that 
described their definitions in detail, we observed hetero-
geneity among definitions (e.g., 12 definitions used among 
29 studies that considered hip fracture, with 15% using 
a washout window and 40% using trauma codes), mak-
ing comparisons of drug effectiveness and safety between 
studies challenging. For example, a study requiring a diag-
nosis and procedure for hip fractures from inpatient data 
will not capture the frail, older patients who pass away 
prior to surgery, while another study requiring a diagno-
sis from inpatient or emergency department claims would 
theoretically capture all hip fracture patients that survive 
until they reach the emergency department. Differences in 
outcome coding can lead to outcome misclassification and 
biased estimates of fracture risk [18]. Indeed, Curtis and 
colleagues found that definitions with low positive predic-
tive values underestimate the true relative risk reduction 
in vertebral fracture risk by up to 50% [18].

Our study has strengths and limitations worth noting. 
Our review employs the robust JBI methodology for scop-
ing reviews, which has allowed us to conduct our review 
in accordance with an a priori published protocol [19]. 

Additionally, even though numerous validation studies 
have been published, our review is also the first study to 
document fracture outcome definitions used in osteoporo-
sis drug effects studies. However, our study also has limi-
tations. Although we were limited to studies in English 
that utilized claims data from Canada or the USA claims 
data, we expect the lack of transparency in fracture out-
come definitions to be applicable to other regions and data 
sources. We also recognize limitations in our interpreta-
tion of fracture definitions due to ambiguity in reporting. 
We describe fracture definitions as reported by the authors 
of each paper. A notable example involves studies that 
specified the use of “diagnostic code(s)ˮ to identify frac-
ture. In this case, there was often no specification of the 
number of codes used. This definition was recorded as 
either a single diagnostic code or “number of diagnostic 
codes not indicated,ˮ based on the presence of a singular 
article (i.e., the, a) preceding the code description. We 
recommend that detailed fracture outcome coding always 
be available in text or supplemental material.

In conclusion, claims data are a rich resource for phar-
macoepidemiologic research and allow for the observa-
tion of drug outcomes from thousands of patients, which 
may not be possible using other data sources. However, we 
found large variation in the reporting and methods used to 
identify fractures. We provide specific examples of frac-
ture outcome definitions for studies examining the effects 
of osteoporosis medications, yet similar inconsistencies 
may be found in studies examining the effects of other 
medications on fracture risk (e.g., diabetes medications). 
Consistency in fracture definitions across studies is key to 
making study results readily comparable. Yet, the first step 
for achieving consistency is transparency [23]. The report-
ing of fracture definitions must be improved to enhance 
clarity and promote consistency [23]. Furthermore, our 
findings highlight that although there is a considerable 
amount of literature dedicated to the development and 
validation of definitions to define fractures in osteoporo-
sis, in practice, many osteoporosis drug effect studies do 
not utilize this literature to its fullest capacity, resulting in 
heterogeneity in fracture definitions used across studies. 
Future studies that explore the differences in fracture iden-
tification and impact on study results using the definitions 
identified in this review are warranted.
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tary material available at https://​doi.​org/​10.​1007/​s00198-​022-​06395-x.

Acknowledgements  The authors thank Dr. Sara Guilcher and Glyneva 
Bradley-Radout, MI, for their methodological guidance during devel-
opment of the search strategy used in this scoping review.

Author contributions  Protocol[19] development and refinement: NK, 
AMR, SMC, AMB, AMC, PG, SK; Screening and Data collection: 

1842



Osteoporosis International (2022) 33:1837–1844

1 3

NK, AMR; Manuscript preparation: NK, AMR, SMC; Revisions: NK, 
AMR, SMC, AMB, AMC, PG SK.

Funding  This research was supported by the Connaught Global Chal-
lenge Award and the World Health Organization (WHO) Collaborat-
ing Centre for Governance, Accountability, and Transparency in the 
Pharmaceutical Sector. Natalia Konstantelos and Anna M Rzepka are 
supported by Canadian Institutes of Health Research (CIHR) Canada 
Graduate Scholarships, Dean's Graduate Entrance Awards from the 
Leslie Dan Faculty of Pharmacy, University of Toronto, and the  CIHR 
Drug Safety and Effectiveness Cross-Disciplinary Training (DSECT) 
program. Natalia Konstantelos was also supported by a Pfizer Fellow-
ship for Health Outcomes Research. The professorship of Andrea M 
Burden is partially supported by the ETH Foundation and the National 
Association of Pharmacists (PharmaSuisse). The opinions, results, and 
conclusions reported in this paper are those of the authors and are 
independent from the funding sources.

Declarations 

Competing Interests  Natalia Konstantelos, Anna M Rzepka, Andrea 
M Burden, Angela M Cheung, Sandra Kim, Paul Grootendorst, and 
Suzanne M Cadarette  declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any 
non-commercial use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other 
third party material in this article are included in the article's Creative 
Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article's Creative Commons 
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, 
visithttp://​creat​iveco​mmons.​org/​licen​ses/​by-​nc/4.​0/.

References

	 1.	 Papaioannou A, Morin S, Cheung AM et al (2010) 2010 clinical 
practice guidelines for the diagnosis and management of osteo-
porosis in Canada: summary. CMAJ 182:1864–1873. https://​doi.​
org/​10.​1503/​cmaj.​100771

	 2.	 Jeremiah MP, Unwin BK, Greenawald MH, Casiano VE (2015) 
Diagnosis and management of osteoporosis. Am Fam Physician 
92:261–268. https://​doi.​org/​10.​1093/​innov​ait/​ins123

	 3.	 Kanis JA, Cooper C, Rizzoli R, Reginster JY (2018) European 
guidance for the diagnosis and management of osteoporosis in 
postmenopausal women. Osteoporos Int 30:3–44. https://​doi.​org/​
10.​1007/​s00198-​012-​2074-y

	 4.	 Cosman F, de Beur SJ, LeBoff MS et al (2014) Clinician’s guide 
to prevention and treatment of osteoporosis. Osteoporos Int 
25:2359–2381. https://​doi.​org/​10.​1007/​s00198-​014-​2794-2

	 5.	 Osteoporosis Canada 2021 Romosozumab. https://​osteo​poros​is.​
ca/​romos​ozumab/. Accessed 13 Dec 2021

	 6.	 Bone Health and Osteoporosis Foundation 2021 Medication and 
treatment adherence: The hows and whys of osteoporosis medica-
tions. https://www.bonehealthandosteoporosis.org/patients/treat-
ment/medicationadherence/. Accessed 9 Oct 2021

	 7.	 Health Canada 2015 How Drugs are Reviewed in Canada. In: Fact 
Sheets - Drug Prod. https://​www.​canada.​ca/​en/​health-​canada/​servi​
ces/​drugs-​health-​produ​cts/​drug-​produ​cts/​fact-​sheets/​drugs-​revie​
wed-​canada.​html. Accessed 8 Nov 2021

	 8.	 US Food & Drug Administration 2019 Development & Approval 
Process | Drugs. https://​www.​fda.​gov/​drugs/​devel​opment-​appro​
val-​proce​ss-​drugs. Accessed 8 Nov 2021

	 9.	 Cadarette SM, Wong L (2015) An introduction to health care 
administrative data. Can J Hosp Pharm 68:232–237. https://​doi.​
org/​10.​4212/​cjhp.​v68i3.​1457

	10.	 Cadarette SM, Ban JK, Consiglio GP et al (2017) Diffusion of 
Innovations model helps interpret the comparative uptake of two 
methodological innovations: co-authorship network analysis and 
recommendations for the integration of novel methods in practice. 
J Clin Epidemiol 84:150–160. https://​doi.​org/​10.​1016/j.​jclin​epi.​
2016.​12.​006

	11.	 Corrigan-Curay J, Sacks L, Woodcock J (2018) Real-world evi-
dence and real-world data for evaluating drug safety and effec-
tiveness. JAMA 320:867–868. https://​doi.​org/​10.​1001/​jama.​2018.​
10136

	12.	 Shull MJ, Azimaee M, Marra M et al (2020) ICES: Data discovery 
better health. Int J Pop Data Sci 4:14. https://​doi.​org/​10.​23889/​
ijpds.​v4i2.​1135

	13.	 Delmas PD, Van Langerijt L, De WNB et al (2005) Underdiagno-
sis of vertebral fractures is a worldwide problem: The IMPACT 
study. J Bone Miner Res 20:557–563. https://​doi.​org/​10.​1359/​
JBMR.​041214

	14.	 Cadarette SM, Jaglal SB, Raman-Wilms L et al (2011) Osteoporo-
sis quality indicators using healthcare utilization data. Osteoporos 
Int 22:1335–1342. https://​doi.​org/​10.​1007/​s00198-​010-​1329-8

	15.	 Ray WA, Griffin MR, Fought RL, Adams ML (1992) Identifica-
tion of fractures from computerized medicare files. J Clin Epide-
miol 45:703–714. https://​doi.​org/​10.​1016/​0895-​4356(92)​90047-Q

	16.	 Narongroeknawin P, Patkar NM, Shakoory B et al (2012) Vali-
dation of diagnostic codes for subtrochanteric, diaphyseal, and 
atypical femoral fractures using administrative claims data. J 
Clin Densitom 15:92–102. https://​doi.​org/​10.​1016/j.​jocd.​2011.​
09.​001

	17.	 Lix LM, Yogendran MS, Leslie WD et al (2008) Using multiple 
data features improved the validity of osteoporosis case ascertain-
ment from administrative databases. J Clin Epidemiol 61:1250–
1260. https://​doi.​org/​10.​1016/j.​jclin​epi.​2008.​02.​002

	18.	 Curtis JR, Mudano AS, Solomon DH et al (2009) Identification 
and validation of vertebral compression fractures using adminis-
trative claims data. Med Care 47:69–72. https://​doi.​org/​10.​1097/​
MLR.​0b013​e3181​808c05

	19.	 Konstantelos N, Rzepka AM, Cadarette SM (2021) Fracture cod-
ing in observational studies of osteoporosis drug effects on frac-
ture risk: a scoping review protocol. JBI Evid Synth 20:907–916

	20.	 Cadarette SM, Katz JN, Brookhart MA et al (2008) Relative 
effectiveness of osteoporosis drugs for preventing nonvertebral 
fracture. Ann Intern Med 148:637–646. https://​doi.​org/​10.​7326/​
0003-​4819-​148-9-​20080​5060-​00003

	21.	 Nikitovic M, Wodchis WP, Krahn MD, Cadarette SM (2013) 
Direct health-care costs attributed to hip fractures among seniors: 
a matched cohort study. Osteoporos Int 24:659–669. https://​doi.​
org/​10.​1007/​s00198-​012-​2034-6

	22.	 Cadarette SM, Levesque L, Mamdani M et al (2013) Comparison 
of orally administered bisphosphonate drugs in reducing the risk 
of hip fracture in older adults: a population-based cohort study. C 
Open 1:E97–E105. https://​doi.​org/​10.​9778/​cmajo.​20130​036

	23.	 Wang SV, Schneeweiss S, Berger ML et al (2017) Reporting to 
improve reproducibility and facilitate validity assessment for 
healthcare database studies V1.0. Pharmacoepidemiol Drug Saf 
26:1018–1032. https://​doi.​org/​10.​1002/​pds.​4295

1843



Osteoporosis International (2022) 33:1837–1844	

1 3

	24.	 Aromataris E, Munn Z 2020 JBI manual for evidence synthesis. 
In: Adelaide JBI. https://​synth​esism​anual.​jbi.​global. Accessed 16 
Oct 2020

	25.	 Konstantelos N, Rzepka AM, Cadarette SM 2020 Fracture coding 
in observational studies of osteoporosis drug effects on fracture 
risk: a scoping review. In: OSF. https://​osf.​io/​7ruk8

	26.	 Bramer W, Bain P (2017) Updating search strategies for sys-
tematic reviews using endnote. J Med Libr Assoc 105:285–289. 
https://​doi.​org/​10.​5195/​jmla.​2017.​183

	27.	 US Food & Drug Administration 2021 FDA Sentinel. https://​
www.​senti​nelin​itiat​ive.​org/. Accessed 10 Sep 2021

	28.	 Canadian Agency for Drugs and Technology in Health 2021 CADTH: 
Evidence Driven. https://​www.​cadth.​ca/. Accessed 10 Sep 2021

	29.	 American Society for Bone and Mineral Research 2021 ASBMR. 
https://​www.​asbmr.​org/​Defau​lt.​aspx. Accessed 20 Sep 2021

	30.	 Public Health Agency of Canada Public Health Agency of Can-
ada. https://​www.​canada.​ca/​en/​public-​health.​html. Accessed 10 
Sep 2021

	31.	 National Osteoporosis Foundation 2021 National Osteoporosis 
Foundation. nof.org. Accessed 10 Sep 2021

	32.	 Bowman SM, Aitken ME 2011 Assessing external cause of injury 
coding accuracy for transport injury hospitalizations. Perspect 
Health Inf Manag 8:epub ahead of print

	33.	 PA Harris R Taylor BL Minor et al 2019 The REDCap consortium: 
Building an international community of software platform partners 
J Biomed Inform 95 https://​doi.​org/​10.​1016/j.​jbi.​2019.​103208

	34.	 Harris PA, Taylor R, Thielke R et al (2009) Research electronic 
data capture (REDCap)-A metadata-driven methodology and 
workflow process for providing translational research informatics 
support. J Biomed Inform 42:377–381. https://​doi.​org/​10.​1016/j.​
jbi.​2008.​08.​010

	35.	 LM Lix M Azimaee BA Osman et  al 2012 Osteoporo-
sis-related fracture case definitions for population-based 

administrative data BMC Public Health 12 https://​doi.​org/​10.​
1186/​1471-​2458-​12-​301

	36.	 Wright N, Daigle SG, Melton ME et al (2019) The design and 
validation of a new algorithm to identify incident fractures in 
administrative claims data. J Bone Min Res 34:1798–1807. https://​
doi.​org/​10.​1002/​jbmr.​3807

	37.	 Warriner AH, Patkar NM, Curtis JRJR et al (2011) Which frac-
tures are most attributable to osteoporosis? J Clin Epidemiol 
64:46–53. https://​doi.​org/​10.​1016/j.​jclin​epi.​2010.​07.​007

	38.	 Yun H, Delzell E, Saag KG et al (2015) Fractures and mortality in 
relation to different osteoporosis treatments. Clin Exp Rheumatol 
33:302–309

	39.	 Eisenberg DF, Placzek H, Gu T et al (2015) Cost and conse-
quences of noncompliance to oral bisphosphonate treatment. J 
Manag Care Spec Pharm 21:56–65

	40.	 Briesacher BA, Andrade SE, Yood RA, Kahler KH (2007) Conse-
quences of poor compliance with bisphosphonates. Bone 41:882–
887. http://dx.doi.org/10.1016/j.bone.2007.07.009 

	41.	 Park-Wyllie LY, Mamdani MM, Juurlink DN et al (2011) Bis-
phosphonate use and the risk of subtrochanteric or femoral shaft 
fractures in older women. JAMA 305:783–789. https://​doi.​org/​10.​
1001/​jama.​2011.​190

	42.	 Wang Z, Bhattacharyya T (2011) Trends in incidence of subtro-
chanteric fragility fractures and bisphosphonate use among the 
US elderly, 1996–2007. J Bone Miner Res 26:553–560. https://​
doi.​org/​10.​1002/​jbmr.​233

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

1844


	Fracture definitions in observational osteoporosis drug effects studies that leverage healthcare administrative (claims) data: a scoping review
	Abstract
	Summary 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Characteristics of included studies
	Hip fractures
	Humerus fractures
	Vertebra fractures
	Atypical fractures of the femur

	Discussion
	Acknowledgements 
	References




