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ABSTRACT
Bone mineral density (BMD) is an established measure used to diagnose patients with osteoporosis. In clinical trials, change in BMD
has been shown to provide a reliable estimate of fracture risk reduction, and achieved BMD T-score has been shown to reflect the
near-term risk of fracture. We aimed to test the association between BMD T-score and fracture risk in patients treated for osteoporosis
in a real-world setting. This retrospective, observational cohort study included Swedish females aged ≥55 years who had a total hip
BMD measurement at one of three participating clinics. Patients were separated into two cohorts: bisphosphonate-treated and
bisphosphonate-naïve prior to BMD measurement, stratified by age and prior nonvertebral fracture status. The primary outcome
was cumulative incidence of clinical fractures within 24 months of BMDmeasurement, with other fracture types included as second-
ary outcomes. Associations between T-score and fracture risk were estimated using proportional hazards regression and restricted
cubic splines. A total of 15,395 patients were analyzed: 11,973 bisphosphonate-naïve and 3422 bisphosphonate-treated. In the
24 months following BMD measurement, 6.3% (95% confidence interval [CI], 5.9–6.7) of bisphosphonate-naïve and 8.4% (95% CI,
7.5–9.4) of bisphosphonate-treated patients experienced a clinical fracture. Strong inverse relationships between BMD T-score and
fracture incidence were observed in both cohorts. Among bisphosphonate-naïve patients, this relationship appeared to plateau
around T-score �1.5, indicating smaller marginal reductions in fracture risk above this value; bisphosphonate-treated patients
showed a more consistent marginal change in fracture risk across the evaluated T-scores (�3.0 to –0.5). Trends remained robust
regardless of age and prior fracture status. This real-world demonstration of a BMD–fracture risk association in both
bisphosphonate-naïve and bisphosphonate-treated patients extends evidence from clinical trials and recent meta-regressions sup-
porting the suitability of total hip BMD as a meaningful outcome for the clinical management of patients with osteoporosis. © 2021
The Authors. Journal of Bone and Mineral Research published by Wiley Periodicals LLC on behalf of American Society for Bone and
Mineral Research (ASBMR).
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Introduction

Osteoporosis is characterized by low bone mass, decreased
bone strength, and greater susceptibility to fragility frac-

tures, which are associated with a large economic and societal

burden, as well as a substantial direct burden on patients.(1-4)

There is international consensus that the overall goal of osteopo-
rosis treatment is to minimize fracture risk.(5,6)

Bone mineral density (BMD) is recognized as a key determi-
nant of fracture risk, with BMD accounting for 78% to 92% of
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whole-bone strength.(7-9) Change in BMD by dual-energy X-ray
absorptiometry (DXA) in both treated and untreated patients
provides a reliable estimate of fracture risk reduction, and
achieved BMD (T-score) in treated patients in clinical trials has
been shown to reflect the risk of near-term fracture.(10-12) Indeed,
earlier analyses have been extended to confirm the relationship
at the individual patient level from those clinical trials. Recent
meta-regressions each analyzing 75,000 to 111,183 patients
from multiple randomized control trials (RCTs) have demon-
strated that total hip, femoral neck, and vertebral BMD improve-
ments are strongly correlated with reduced fracture incidence
and may be a useful surrogate for fracture risk.(13-15) As a result,
percent change in total hip BMD is being evaluated by the US
Food and Drug Administration as a surrogate endpoint for
reduced hip and nonvertebral fracture risk in clinical trials.(16)

Recent evidence from two large RCTs demonstrate that the
higher the total hip BMD T-score reached with therapy in
patients with osteoporosis, the lower the observed fracture inci-
dence; data from these studies also showed a potential plateau-
ing improvement in fracture incidence between �2.0 and �1.5
of total hip BMD T-scores.(11,12)

To date, evidence of the BMD–fracture risk relationship in the
management of osteoporosis has largely derived from clinical tri-
als, which may not reflect clinical practice. Furthermore, the BMD–
fracture risk relationship in patients treated with bisphosphonates
(BPs)—themost common therapy for osteoporosis—has received
little attention. This raises an important research question,
because the application of BMD as a surrogate outcome for frac-
ture risk depends on the relationship being maintained in BP-
treated patients. The maintenance of the relationship in such
patients is not inevitable, as the association could be affected by
the potential effects of BP treatment on bone structure, strength,
andmineralization that may occur independently of BMD change.
The objective of this study was (i) to substantiate the relationship
between total hip BMD T-score and fracture risk in a real-world set-
ting and (ii) to compare the relationship between BMD and frac-
ture risk between patients grouped by recent BP treatment.

Overall, this study aims to provide further evidence that can
be used to assess the relevance of total hip BMD T-score as a sur-
rogate outcome in osteoporosis, contributing to the ongoing
debate on the applicability of a treat-to-target approach for the
management of patients with osteoporosis.

Patients and Methods

Patients and study design

This retrospective, observational cohort study included Swedish
females aged ≥55 years with a total hip BMD measurement
taken at one of three participating clinics during the patient
selection period (Fig. 1). The date of the first BMD measurement
was defined as the “index date” and any further BMD measure-
ments were ignored for the purpose of these analyses. Women
identified to have Paget’s disease or any malignancies during
the study period (January 1, 2001–December 31, 2015) were
excluded.

Two cohorts were defined for the primary analysis. Cohort
1 comprised patients who had not received BP treatment
between July 1, 2005 (inception of treatment records) and the
day before the index date (ie, BP-naïve for a minimum of
12 months before the earliest possible index date), hereafter
referred to as “BP-naïve” patients. Cohort 2 comprised patients
who received BP treatment at any point between July 1, 2005

and the day before the index date, hereafter referred to as “BP-
treated”. A list of BP treatments considered in this study can be
found in Supplemental Table S1.

For Cohort 2, the potential impact of prior BP treatment patterns
was explored further in a secondary analysis; specifically, by stratify-
ingwomen in Cohort 2 into thosewho had≥3 or <3 years of recent
(ie, since July 1, 2005 to the day before the index date) BP treatment
(medication possession ratio [MPR] ≥ 80%), and into those with ≥1
or no BP dispensation within the year prior to the index date.

The patient selection period for both Cohort 1 and Cohort
2 was July 1, 2006 to December 31, 2013. For the subgroups of
Cohort 2, the same date range applied for patients with one or
more BP dispensation within the year prior to the index date.
For the other BP treatment pattern subgroups of Cohort 2, the
patient selection period was July 1, 2009 to December 31, 2013.
Selection periods were set to allow for sufficient look-back to
establish eligibility for the respective cohorts and subgroups
based on prior treatment. For all groups, the diagnosis baseline
period in which patient characteristics, comorbidities, and previ-
ous fractures were retrieved was January 1, 2001 through the
day before the patient’s index date.

Patients were followed for 24 months from the index date or
until they experienced a fracture or died, whichever occurred first.

Data sources

Patients were identified from total hip BMD T-score measure-
ments collected at three participating clinics (Uppsala, Malmö,
or Linköping), which were then linked to fracture, treatment,
and cause of death data from Swedish national registries gov-
erned by the Swedish National Board of Health and Welfare.
Unique national person identification numbers based on birth
date were used to link data across sources. Fracture codes, diag-
noses dates, comorbidities, and other patient characteristics
were extracted from Sweden’s National Patient Register. Treat-
ment data (drug dispensations) were obtained from Sweden’s
Prescribed Drug Register; extracted data included patient identi-
fication numbers, Anatomical Therapeutic Chemical Classifica-
tion System (ATC) codes, prescription dates, dispensing dates,
defined daily doses per prescribed package, and number of
pills/injections, etc. Patients’ treatment records could be linked
to the other data sources from July 1, 2005 onward, as the
national person identification numbers were first implemented
in the Prescribed Drug Register on this date. Sweden’s Cause of
Death Register was used to establish patients’ dates of death.

The registries used in this study are known the have a high
degree of completeness, and the reporting of many extracted
variables is not voluntary in Sweden.(17-19) In cases where infor-
mation necessary for the analysis (eg, regarding dates, diagnosis
codes, or treatment) was absent, the patient was excluded from
the study. It was considered highly unlikely that a patient’s
health care visit or prescription would not have been captured
in the registries, although instances of such missing data would
not have been possible to identify.

Fracture types assessed

The primary outcome was incidence of any clinical fracture (ie,
reported clinical vertebral and nonvertebral fractures) within
0 to 24 months of the index date. Secondary outcomes included
any clinical fracture within 0 to 12 months and nonvertebral, ver-
tebral, hip, non-hip nonvertebral, and major osteoporotic frac-
tures, each within 0 to 12 and 0 to 24 months of the index
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date. Diagnosis codes for each fracture type are listed in Supple-
mental Table S2.

Statistical analyses

To examine fracture risk, cumulative incidence of each fracture
type was assessed at 24 months (primary analysis) and
12 months (secondary analysis) following the index date,
accounting for the competing risk of death for each cohort as a
potential confounder. Additionally, sensitivity analyses were
conducted to account for age and prior fracture status as poten-
tial confounders. Specifically, Cohorts 1 and 2 were stratified by
age (≥75 years or <75 years)(20) and prior nonvertebral fracture
status (yes or no), and fracture incidence was also assessed
within these groups. Stratification by prior nonvertebral fracture
follows Ferrari and colleagues(12) and reflects the weaker associ-
ation between hip BMD T-score and vertebral fractures, in part
due to the underdiagnosis of vertebral fractures.

The association between T-score and fracture risk was esti-
mated using proportional hazards regression; Pearson’s correla-
tion coefficients were also calculated. Because the difference
between T-scores (eg, �2.5 and �1.5, and �2.0 and �1.0) may
not carry the same implication in terms of fracture risk,(12)

restricted cubic splines were then added to the regression
models to investigate and illustrate any potential nonlinear rela-
tionship between T-score and fracture risk. Five knots were used
for the splines, with the placement of the knots based on
Harrell’s recommendation; ie, at percentiles 5, 27.5, 50, 72.5,
and 95.(21) All statistical analyses were performed in MySQL
(Oracle Corporation, Austin, TX, USA) and STATA 16 (StataCorp
LLC, College Station, TX, USA).

Results

Patient characteristics at index date

A total of 15,395 patients were included in this study: Cohort
1 included 11,973 BP-naïve (BP-naïve for a minimum of 12 months
prior to index date) patients and Cohort 2 included 3422 BP-treated
patients, with a mean age of 68.2 and 71.5 years, respectively
(Table 1). Mean � standard deviation (SD) total hip BMD T-score
was higher in Cohort 1 (�1.4 � 1.2) compared to Cohort
2 (�1.7 � 1.1). The proportion of patients with a history of prior
nonvertebral fracture was greater in Cohort 1 (4138/11,973;
34.6%) than in Cohort 2 (1012/3422; 29.6%). The mean number of
days since the most recent nonvertebral fracture before the index
date was lower in Cohort 1 than Cohort 2 (611 versus 1315 days).
The proportion of patients using glucocorticoids within the
12 months preceding the index date was lower in Cohort
1 (1374/11,973; 11.5%) than Cohort 2 (864/3422; 25.3%).

Cumulative fracture incidence

The proportion of patients experiencing a clinical fracture within
24 months following the index date was lower in Cohort 1 than
Cohort 2 for all fracture types (Table 2), though differences were
not significant for vertebral and hip fractures. During the
24 months following the index date, cumulative fracture inci-
dence was 6.3% (95% confidence interval [CI], 5.9–6.7) in Cohort
1 and 8.4% (95% CI, 7.5–9.4) in Cohort 2. Cumulative fracture inci-
dence in Cohort 1 and Cohort 2 at 12 months (Supplemental
Table S3) showed similar patterns to those at 24 months. In
Cohort 1 (patients who were BP-naïve at index date), 35.0%
(4188) of patients initiated BP treatment during follow-up.
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aTaken at any of the three participating clinics in Uppsala, Malmö, or Linköping;
bDate of the first total hip BMD measurement during the patient selection period;
cPatients were followed for 24 months from the index date or until they experienced a fracture or died, whichever occurred first;
dFor the subgroups of Cohort 2, the same date range applied for patients with ≥1 BP dispensation within the year prior to the index date; for the other 

BP treatment pattern subgroups, the patient selection period was 01 July 2009–31 December 2013 to allow sufficient look-back at treatment history;
ePatients were assigned to cohorts and subgroups based on BP treatment between 01 July 2005 and the day before the index date. 
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Fig. 1. Study design.
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Relationship between total hip BMD T-score and
fracture risk

Strong inverse relationships between T-score and fracture inci-
dence were observed in both cohorts at 24 months (Table 2).
For any clinical fracture, the hazard ratios (95% CI) associated
with a 1-SD greater T-score at 24 months were comparable
between Cohort 1 (BP-naïve patients) and Cohort 2 (BP-treated
patients), at 0.63 (95% CI, 0.59–0.67) and 0.69 (95% CI, 0.62–
0.77), respectively.

The relationship between BMD T-score and fracture risk is illus-
trated over 24 months (Fig. 2). This figure shows that in both cohorts,
higher BMD T-scores were associated with lower incidence of any
clinical fracture at 24 months. In Cohort 1 (BP-naïve patients), this
relationship appeared to plateau around a BMD T-score of –1.5,

indicating a smaller marginal reduction in fracture risk with BMD
T-score improvements above this value (Fig. 2A). In Cohort 2 (BP-trea-
ted patients), any change in slope around BMD T-score �1.5was less
evident, and marginal change in fracture risk appeared to be more
consistent across the evaluated range of BMD T-scores (Fig. 2B).

Similar trendswereobservedat12 months (Supplemental Table S3;
Supplemental Fig. S1). Trends also remained robust in both cohorts
when stratified by age (Supplemental Fig. S2) and prior fracture status
(Supplemental Fig. S3), as well as among patients with ≥3 years of
recentBP treatment andpatientswith aBPdispensationwithin the last
year (data not shown). Furthermore, the same observations were
made when nonvertebral fractures were analyzed separately (data
not shown). The remaining two subgroups of Cohort 2 could not be
adequately assessed due to the small sample size of patients and frac-
tures in these subgroups (data not shown).

Table 1. Patient Characteristics at Index Date

Characteristic

Cohort 1: BP-naïve
patients

Cohort 2: BP-treated
patients

(n = 11,973)a (n = 3422)

Age (years), mean (SD), IQR 68.2 (8.5), 13.0 71.5 (8.6), 13.0
Age groups, n (%) – –

<75 years 9009 (75.2) 2066 (60.4)
≥75 years 2964 (24.8) 1356 (39.6)

BMD T-score, mean (SD), IQR – –
Total hip �1.4 (1.2), 1.5 �1.7 (1.1), 1.4
Lumbar spineb �1.4 (1.6), 1.9 �1.7 (1.5), 1.8

Total hip BMD T-score < �2.5, n (%) 1874 (15.7) 772 (22.6)
Total hip BMD T-score range, n (%) – –

< �4.0 122 (1.0) 61 (1.8)
≥ �4.0 to < �3.5 214 (1.8) 87 (2.5)
≥ �3.5 to < �3.0 510 (4.3) 215 (6.3)
≥ �3.0 to < �2.5 1028 (8.6) 409 (12.0)
≥ �2.5 to < �2.0 1660 (13.9) 588 (17.2)
≥ �2.0 to < �1.5 2113 (17.7) 687 (20.1)
≥ �1.5 to < �1.0 2080 (17.4) 588 (17.2)
≥ �1.0 to < �0.5 1750 (14.6) 382 (11.2)
≥ �0.5 2496 (20.9) 405 (11.8)

History of prior fracture, n (%) – –
Any 4407 (36.8) 1176 (34.4)
Nonvertebral 4138 (34.6) 1012 (29.6)

Time since most recent fracture (days), mean (SD), IQR – –
Any 586 (867), 619 1238 (1046), 1659
Nonvertebral 611 (886), 681 1315 (1057), 1645

Osteoporosis treatment within 12 months before index date, n (%)c 790 (6.6) 2810 (82.1)
Assisted drug dispensing within 12 months before index date, n (%)d 313 (2.6) 98 (2.9)
Exposure to drugs that increase the risk of falls within 12 months before index date, n (%) 8137 (68.0) 2446 (71.5)
Glucocorticoid use per FRAX definition within 12 months before index date, n (%)e 1374 (11.5) 864 (25.3)
Initiation of BP-treatment during follow-up, n (%) 4188 (35.0) –
Initiation of BP-treatment during follow-up before occurrence of first fracture, n (%) 4090 (34.2) –
Charlson-Quan comorbidity index score, n (%) – –

0 8100 (67.7) 2028 (59.3)
1 3523 (29.4) 1316 (38.5)
≥2 350 (2.9) 78 (2.3)

Percentages may not sum due to rounding.
BMD = bone mineral density; BP = bisphosphonate; FRAX = Fracture Risk Assessment Tool; IQR = interquartile range; SD = standard deviation.
aPatients had not received BP treatment for at least 12 months prior to index date.
bn = 11,891 for Cohort 1 and n = 3393 for Cohort 2.
cIncludes all prior osteoporosis treatments (not exclusively BPs) within the specified timeframe.
dUsed as a proxy for dependency.
eExposure to ≥450 mg prednisone (or equivalent dose of other glucocorticoids).
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Discussion

In this real-world study from a large, representative Swedish
cohort, higher total hip BMD T-scores were associated with lower
incidence of fracture within 12 and 24 months of the BMD
measurement. This relationship was observed in both patients
with and without recent BP treatment. Furthermore, there was
close alignment in 24-month fracture risk across the range of
evaluated total hip BMD T-scores, irrespective of recent BP treat-
ment status.

Despite the overall similarities between cohorts, a difference
was apparent around BMD T-score �1.5, above which a notable
plateauing of fracture risk reduction was observed in the
BP-naïve cohort. In comparison, the BP-treated cohort showed

a weaker change around T-score �1.5, and more consistent
marginal decreases in fracture risk across the range of T-scores.
The difference between the cohorts was also apparent when
patients were stratified by age and prior nonvertebral fracture
status. The plateauing of fracture risk reduction around BMD
T-score �1.5 reflects comparable observations on nonvertebral
fracture risk above T-scores between�2.0 to�1.5 in women from
the Active-Controlled Fracture Study in Postmenopausal Women
With Osteoporosis at High Risk (ARCH) and Fracture Reduction
Evaluation of Denosumab in Osteoporosis Every 6 Months
(FREEDOM) clinical trials.(11,12) The cause of these step changes
in the BMD–fracture risk relationship are unclear, but they could
be linked to the effects of BPs and other treatments on bone struc-
ture and strength that may not be captured by BMD.(22)

Table 2. Cumulative Fracture Incidence and Correlations With Hip BMD T-Score at 24 Months

Cohort 1: BP-naïve patients (n = 11,973)a Cohort 2: BP-treated patients (n = 3422)

Fracture type

Cumulative fracture
incidence

Correlation between
cumulative fracture

incidence and
hip BMD T-score

Hazard ratio
(95% CI)

for hip T-score

Cumulative
fracture
incidence

Correlation between
cumulative fracture

incidence and
hip BMD T-score

Hazard ratio
(95% CI)

for hip T-score% (95% CI)

(Pearson’s
correlation
coefficient) % (95% CI)

(Pearson’s
correlation
coefficient)

Any 6.29 (5.86–6.73) �0.92 0.63 (0.59–0.67) 8.39 (7.49–9.35) �0.94 0.69 (0.62–0.77)
Nonvertebral 5.41 (5.02–5.83) �0.93 0.65 (0.61–0.70) 7.31 (6.47–8.21) �0.94 0.69 (0.61–0.77)
Vertebral 1.02 (0.85–1.21) �0.79 0.50 (0.43–0.58) 1.34 (1.00–1.77) �0.92 0.68 (0.53–0.88)
Hip 1.20 (1.02–1.41) �0.72 0.45 (0.39–0.52) 1.40 (1.05–1.84) �0.61 0.45 (0.37–0.55)
Non-hip nonvertebral 4.32 (3.96–4.69) �0.96 0.73 (0.68–0.78) 6.02 (5.26–6.85) �0.98 0.79 (0.70–0.90)
Major osteoporotic 4.53 (4.16–4.91) �0.89 0.58 (0.54–0.62) 6.08 (5.31–6.91) �0.94 0.70 (0.62–0.79)

BMD = bone mineral density; BP = bisphosphonate; CI = confidence interval.
aPatients had not received BP treatment for at least 12 months prior to index date.
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Fig. 2. Relationship between total hip T-score and risk of any clinical fracture at 24 months (%) in (A) Cohort 1 (BP-naïve patients)a and (B) Cohort
2 (BP-treated patients). aPatients had not received BP treatment for at least 12 months prior to index date. Pale blue lines show the 95% confidence inter-
val. BMD = bone mineral density; BP = bisphosphonate; SD = standard deviation.
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More broadly, the relationship between BMD and fracture risk
observed in this study is consistent with findings from recent
studies that have assessed the potential value of BMD as a surro-
gate for fracture risk.(13-15) A meta-regression by Black and col-
leagues(15) found that a 2% and 6% improvement in hip BMD
was predictive of a 10% and 59% reduction in hip fracture inci-
dence, respectively (p < 0.0001). Moreover, recent reports from
two RCTs involving other osteoporosis treatments have demon-
strated relationships between BMD and fracture risk very similar
to those observed here. In the FREEDOM trial, a relationship
between total hip BMD T-score and nonvertebral fracture in
women treated with denosumab was documented.(12) Similarly,
in the ARCH trial assessing efficacy of romosozumab versus alen-
dronate in postmenopausal women, higher 12-month total hip
BMD T-score achieved with both romosozumab and alendronate
was associated with lower incidence of nonvertebral fracture
over the remainder of the study (p < 0.001).(11)

Although the weight of existing evidence strongly supports
the beneficial effects of increased BMD on fracture risk, previous
analyses have focused on patients enrolled in clinical trials who
may not be representative of the wider population of patients
with osteoporosis. Clinical trials may also not reflect the quality
of BMD measurements in the real world; indeed, the rigorous
quality controls that are implemented in BMD assessments
within clinical trials may not be followed in clinical practice.
These factors brought into question the applicability of the
BMD–fracture risk relationship among patients in real-world set-
tings. The present study fulfilled the goal of addressing this ques-
tion, demonstrating that the BMD–fracture risk relationship
documented in clinical trials is also observed in a real-world set-
ting. Our findings are supported by recent real-world evidence
from a smaller cohort of patients with osteoporosis in Canada,
in which change in total hip BMD also was associated with frac-
ture risk over a longer mean follow-up period of 12.1 years.(23)

Our results support the notion of total hip BMD T-score as an
operational surrogate for fracture risk. Our findings, in combina-
tion with existing real-world evidence demonstrating the bene-
fits of osteoporosis treatments on BMD and fracture risk,(24-27)

also support total hip BMD T-score as a potentially useful treat-
ment target in themanagement of patients in a clinical setting.(6)

Although several studies have shown that change in BMD from
baseline provides useful context for treatment decisions, its use
in a treat-to-target or goal-oriented treatment strategy is prob-
lematic.(10,12,15) This is because the relationship between change
in BMD and fracture risk reduction is not linear and can be further
impacted by therapy or lack of therapy, as well as type and dura-
tion of treatment, as evaluated in this study. Importantly, an
equal change in BMD results in a different degree of relative
and absolute fracture risk reduction for patients with different
baseline BMD T-scores.(28) As a result of these issues, absolute
BMD rather than change in BMD remains the most pragmatic
measure when making clinical recommendations for individual
patients.

Current evidence does not permit the identification of a spe-
cific T-score to be defined for use as a therapeutic target, and this
was not the goal of our study. Although it was observed in the
BP-naïve cohort, the plateau in fracture risk reduction with
T-score improvements above�1.5 in this and other studies sug-
gests that treatment aimed at improving BMD score may have
the greatest benefit on fracture risk when targeting T-scores
below this value. Further investigation is required to critically test
this hypothesis in other patient populations. Regardless of the
outcome of future testing, it is important to recognize that a

standardized T-score target value may not be attainable for all
patients, highlighting the need for treatment strategy to be per-
sonalized to the individual. Applying personalized, goal-
orientated treatment strategies may benefit patient care by
improving the assessment of treatment effectiveness and
encouraging treatment modifications where appropriate, while
also potentially enhancing shared decision making and improv-
ing treatment adherence.

This study evaluated a large and highly complete dataset
using robust and replicable analyses, utilizing real-world data
to gain insights that are relevant for everyday clinical practice
and that may lead to meaningful improvements in patient care.
The study benefitted from the assessment of imminent fracture
risk at 24 months—a highly clinically relevant outcome.(29)

Study limitations included the fact that it was not possible to
validate fractures as low-energy fractures, because data were
drawn from real-world databases. To offset this, only fractures
typically associated with osteoporosis were included in our ana-
lyses. A second limitation was the likely underreporting of frac-
tures, particularly for vertebral fractures, which often go
unnoticed and unrecorded; hence, the observed incidence of
fractures is likely to be an underestimate. Additionally, patients’
BMD may have changed between the index and fracture dates,
hindering the evaluation of the BMD–fracture risk relationship.
The homogeneity of the patients included in this study was also
a limitation, because Swedish womenmay not be fully represen-
tative of other populations. Finally, another limitation of using a
real-world dataset was that younger patients were overrepre-
sented, possibly because BMD measurements are less common
in themanagement of very old patients in Sweden. Although this
study showed that the BMD–fracture risk relationship held across
patients stratified by age or prior fracture status, future studies
should aim to further explore the effects of these factors on the
relationship.

Conclusion

In conclusion, irrespective of recent bisphosphonate treatment,
total hip BMD T-score was associated with fracture incidence over
12 and 24 months, with the relationship maintained across
patients stratified by age or prior fracture status. This study pro-
vides the first real-world evidence of the relationship between
BMD and short-term fracture risk, and supports the adequacy of
total hip BMD T-score as a meaningful and relevant clinical out-
come in the management of patients with osteoporosis. Further
studies in other real-world populations are required to confirm
our findings and test whether the plateauing of fracture risk at
T-scores above �1.5 is indicative of a therapeutic target T-score
value.
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