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Abstract

Summary A simple question construct regarding number of falls in the previous year, ascertained by a single question, was
strongly associated with incident fractures in routine clinical practice using a population-based dual-energy X-ray absorptiometry
(DXA) registry.

Introduction There is conflicting evidence from research cohorts that falls independently increase fracture risk. We examined the
independent effects of falls on subsequent fractures in a large clinical registry of bone mineral density (BMD) results for the
Province of Manitoba, Canada that has been systematically collecting self-reported falls information since September 1, 2012.

Methods The study population consisted of 24,943 women and men aged 40 years and older (mean age 65.5 + 10.2 years) with fracture
probability assessment (FRAX), self-reported falls for the previous year (categorized as none, 1, 2, or > 3) and fracture outcomes.
Adjusted hazard ratios (HR) with 95 confidence intervals (CI) for time to fracture were estimated using Cox proportional hazards models.
Results During mean observation time of 2.7 + 1.0 years, 863 (3.5%) sustained one or more major osteoporotic fractures (MOF), 212
(0.8%) sustained a hip fracture, and 1210 (4.9%) sustained any incident fracture. Compared with no falls in the previous year (referent),
there was a gradient of increasing risk for fracture with increasing number of falls (all P < 0.001). Results showed minimal attenuation
with covariate adjustment. When adjusted for baseline fracture probability (FRAX score with BMD) the HR for MOF increased from
1.49 (95% CI 1.25-1.78) for one fall to 1.74 (1.33-2.27) for two falls to 2.62 (2.06-3.34) for >3 falls. HRs were similar for any
incident fracture and slightly greater for prediction of hip fracture, reaching 3.41 (95% CI 2.19-5.31) for >3 previous falls.
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Conclusions Self-report number of falls in the previous year is strongly associated with incident fracture risk in the routine
clinical practice setting, and this risk is independent of age, sex, BMD, and baseline fracture probability. Moreover, there is dose—
response with multiple falls (up to a maximum of 3) conferring greater risk than a single fall.
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Introduction

Osteoporosis is characterized by low bone mass and
deterioration of bone tissue, leading to an increase in
bone fragility and susceptibility to fracture, with sub-
stantial health consequences for the individual and soci-
ety [1]. Fracture risk algorithms that combine clinical
risk factors and bone mineral density (BMD) are now
widely used in clinical practice to target high-risk indi-
viduals for treatment [2]. The fracture risk assessment
tool (FRAX®) was developed to predict an individual’s
10-year probability of major osteoporotic fracture
(MOF; a composite of the hip, humerus, forearm, and
clinical vertebral fractures) and hip fracture from readily
assessed clinical risk factors [3], with over 100 clinical
practice guidelines including FRAX in their recommen-
dations [2].

A frequent criticism of the FRAX model has been the lack
of inclusion of falls or fall risk in predicting fractures [4, 5]. In
contrast, fall history is an input variable to other risk calcula-
tors. For example, the Garvan fracture risk calculator con-
siders number of falls in the previous year, from 0 to maxi-
mum 3 [6, 7]. The QFracture calculator considers prior falls,
without a defined time frame, as a dichotomized measure [8,
9]. Recent evidence derived from carefully conducted re-
search cohort studies in men found that falls increase fracture
risk independent of FRAX probability [10]. However, data
are inconsistent with a paucity of evidence demonstrating
usefulness of self-reported fall data as collected in routine
clinical practice. Falls in the previous year did not contribute
to MOF risk assessment in a small cohort from Rochester,
Minnesota (250 women and 249 men), or a large cohort of
2000 older Chinese women, and was excluded from the
Fracture INDEX tool based upon the Study of Osteoporotic
Fractures (SOF) [11-13]. Since risk from falls may be respon-
sive to pharmacologic and non-pharmacologic interventions,
it is important to determine if falls predict fractures indepen-
dently of currently accepted risk factors [14, 15].

Given uncertainty regarding the usefulness of fall informa-
tion collected in routine clinical practice, we examined the
independent effects of falls and FRAX for predicting fracture
outcomes in a large clinical registry of patients with BMD data
for the Province of Manitoba, Canada. This registry has been
systematically collecting self-reported fall information since
September 1, 2012.
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Methods
Study population

In the Canadian Province of Manitoba (population 1.3 million
in 2017), health services are provided to virtually all residents
through a public healthcare system. Dual-energy X-ray ab-
sorptiometry (DXA)-based BMD testing has been managed
as an integrated clinical program since 1997; criteria for test-
ing have been published and include screening at age 65 years
for women and in men and younger women with additional
risk factors [16]. The program maintains a database of all
DXA results which can be linked with other provincial
population-based computerized health databases through an
anonymous personal identifier. The DXA database has com-
pleteness and accuracy in excess of 99% [17].

The study population consisted of all women and men aged
40 years and older with self-reported fall information and
DXA scans from September 1, 2012 and March 31, 2016.
We excluded those not registered for health care in
Manitoba, without coverage after the baseline BMD, or with
missing baseline measurements required for FRAX. For those
with more than one qualifying examination, only the first was
included. The study was approved by the Health Research
Ethics Board for the University of Manitoba.

Self-reported falls

All patients receive an intake questionnaire by mail approximate-
ly 24 weeks prior to their BMD appointment. The questionnaire
collects important information required for reporting, including
FRAX risk factors. Since September 1, 2012, it has included a
fall question. There is no uniform question construct regarding
fall history; therefore, we asked about number of falls in the
preceding year. We adapted language from previous studies, par-
ticularly the baseline questionnaire for the Canadian Multicentre
Osteoporosis Study (CaMos) [18], with language adapted for
ease of understanding and self-reporting. The final wording was
“Have you fallen in the last year? (Do NOT include minor slips or
from sports.) If Yes, how many times? o No o Don’t know.”
Completeness of the information was reviewed by the BMD
technologist at the time of BMD testing and there were no miss-
ing data. Responses were captured in a web-based BMD
reporting tool, with uncertain coded as no falls.
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Bone mineral density measurements and fracture
probability

Hip DXA scans were performed and analyzed in accordance
with manufacturer’s recommendations. Femoral neck T-
scores (number of SDs above or below young adult mean
BMD) were calculated from NHANES III white female refer-
ence values [19]. The program’s quality assurance is under
strict supervision by a medical physicist [16]. The six cross-
calibrated instruments used for this study (3 Prodigy and 3
iDXA, GE/Lunar Healthcare, Madison WI; between-scanner
differences < 0.1 T-score) exhibited stable long-term perfor-
mance (coefficient of variation < 0.5%). All reporting physi-
cians and supervising technologists are required to maintain
DXA certification with the International Society for Clinical
Densitometry (ISCD).

Ten-year probability of a major osteoporotic fracture risk
was calculated using the World Health Organization fracture
risk assessment tool, Canadian version (FRAX® Desktop
Multi-Patient Entry, version 3.7) [20, 21]. Briefly, age, body
mass index (BMI), femoral neck BMD, and other data re-
quired for calculating fracture probability with FRAX were
assessed from measurements (height and weight) and infor-
mation collected directly from subjects through the intake
questionnaire which was reviewed at the time of DXA scan-
ning [22]. Questionnaire information was supplemented with
population-based healthcare data (hospital discharge abstracts,
medical claims diagnoses, province-wide retail pharmacy da-
tabase) as previously described, thereby ensuring complete
information in virtually all subjects [23-25]. The Canadian
FRAX tool was calibrated using nationwide hip fracture and
mortality data as previously described [21]. Predictions agree
closely with observed fracture risk in our population [26, 27].

Fractures outcomes

Manitoba Health records were assessed for the presence of
fracture diagnostic codes following the BMD assessment.
Fractures that were not associated with trauma codes were
assessed through a combination of hospital discharge abstracts
(diagnoses and procedures coded using the International
Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) prior to 2004 and International
Classification of Diseases, Tenth Revision, Canadian
Enhancements (ICD-10-CA) thereafter) and physician billing
claims (coded using ICD-9-CM). The primary analysis was
based upon incident non-traumatic hip, clinical vertebral, fore-
arm, and humerus fracture diagnostic codes (collectively des-
ignated “major osteoporotic” fractures) using previously val-
idated algorithms [28, 29]. We required that hip and forearm
fracture codes be associated with site-specific fracture reduc-
tion, fixation, or casting codes to enhance specificity for an
acute fracture event. Secondary analyses examine hip fracture

alone or any incident fracture (excluding head/neck, hands,
feet, and ankle). To minimize potential misclassification of
prior incident fractures, we conservatively required that there
be no hospitalization or physician visit(s) with the same frac-
ture type in the 6 months preceding an incident fracture diag-
nosis. Administrative fracture data is collected independent
from and after the collection of falls data, thereby avoiding
ascertainment bias.

Statistical analysis

Statistical analyses were performed with Statistica (Version
13.0, StatSoft Inc., Tulsa, OK). Descriptive statistics for de-
mographic and baseline characteristics are presented as mean
+ SD for continuous variables or number (%) for categorical
variables. We estimated Spearman’s correlations between
number of falls and baseline characteristics. Time to incident
fracture following the DXA scan (index date) was studied
using Cox proportional hazards regression. Observations were
censored for death (vital statistics), migration out of province
(Manitoba Health registry file), or end of follow-up
(March 31, 2017). The primary analysis examined incident
MOF as the outcome of interest with numbers of falls in the
previous year as a categorical measure (levels 1 fall, 2 falls, >
3 falls; referent no falls). We reported hazard ratios (HRs) with
95% confidence intervals (CIs) adjusted for age and sex
(Model 1); age, sex, BMI, and femoral neck BMD (Model
2); or baseline fracture probability (MOF fracture probability
for incident MOF or any fracture, hip fracture probability for
incident hip fracture) using the FRAX score with BMD
(Model 3), log-transformed to correct for a skewed distribu-
tion. Proportionality of hazards was confirmed by testing
scaled Schoenfeld residuals versus time. As supplementary
analyses, we stratified by sex and age (<65 years vs >
65 years, < 65 years vs 65-79 years vs > 80 years) and exam-
ined previous falls as a risk factor for mortality, and tested for
two-way interactions with falls. Furthermore, we tested for
two-way interactions between age and sex with number of
falls and we also categorized number of falls in the previous
year from 1 through >5 as a previous report has proposed an
adjustment of FRAX output based upon number of falls to a
maximum of five [5].

Results

Figure 1 summarizes the population selection process. In
the period 2012-2016 when previous falls information
was collected, there were 27,544 individual visits for
BMD assessment. After exclusions (2601, 9.4%), the an-
alytic cohort consisted of 24,943 individuals with com-
plete information regarding falls, FRAX risk factors, and
fracture follow-up. One or more falls was reported by
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DXA scans 2012-2016
N=27,544

Exclusions, N=2,601 (9.4%):
Age <40 y, N=839
Non-resident, N=301
Incomplete FRAX data, N=415
Follow-up scans, N=1,046

Analytic cohort
N=24,943

Fig. 1 Population selection flowchart

20.6% of the study cohort (12.4% one fall, 4.3% two falls,
3.9% >3 falls in the previous year). Mean age of the
cohort was 65.5+10.2 years with a large majority of fe-
males (89.7%), typical for the population undergoing
BMD screening. Average BMI, femoral neck T-score,
and fracture probability are summarized in Table 1.

The association between number of falls in the previous
year and age, sex, BMI, femoral neck T-score, and fracture
probability are summarized in Table 2. In general, these asso-
ciations were very weak and number of falls explained < 1%
of the variance.

During mean observation time of 2.7+ 1.0 years, 863
(3.5%) sustained one or more MOF, 212 (0.8%) sustained a
hip fracture, and 1210 (4.9%) sustained any incident fracture.
Figure 2 shows the unadjusted fracture-free Kaplan—-Meier’s
survival curve according to number of self-reported falls in the
previous year. There was a significant divergence in the curves
(log-rank P <0.001) regardless of whether the outcome was
incident MOF, hip fracture, or any incident fracture.
Individuals with no previous falls were consistently at lower
risk than individuals with falls, with individuals experiencing
>3 falls consistently at greatest risk.

Incident fracture prediction assessed from Cox proportion-
al hazards models with adjustment for baseline covariates is

@ Springer

Table 1  Baseline characteristics of the study population
Characteristic N=24,943
Self-reported falls in the previous year
None 19,800 (79.4)
1 3085 (12.4)
2 1078 (4.3)
>3 980 (3.9)
Age (years) 67.5+10.2
Sex (female) 22,366 (89.7)
Body mass index (kg/m?) 27.4+6.6
Femoral neck T-score -1.5+1.0
Fracture probability for MOF (%) 11.7+7.7
Fracture probability for hip (%) 3.0+4.7
Observation time (years) 27+1.0
Incident MOF 863 (3.5)
Incident hip fracture 212 (0.8)
Any incident fracture 1210 (4.9)
Death 1022 (4.1)

Data expressed as mean (SD) or N (%). Major osteoporotic fracture
(MOF) and hip fracture probability computed with bone mineral density
(BMD)
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summarized in Table 3. Compared with no falls in the previ-
ous year (referent), there was a gradient of increasing risk for
fracture with increasing number of falls (all P<0.001).
Results showed minimal attenuation with covariate adjust-
ment. When adjusted for baseline fracture probability
(FRAX score with BMD), the HR for MOF increased from
1.49 (95% CI 1.25-1.78) for one fall to 1.74 (1.33-2.27) for
two falls to 2.62 (2.06—3.34) for > 3 falls. HRs were similar for
any incident fracture and slightly greater for prediction of hip
fracture, reaching 3.41 (95% CI 2.19-5.31) for >3 falls. In
supplementary analyses, we tested for linear trend related to
number of previous falls and this was significant in all models
(P <0.005). Mortality also showed a gradient increase in risk
with increasing number of falls, though the HRs for death
were lower than the HRs for fracture.

Sex and age stratified analyses are provided in
Supplementary Table 1. Tests for interactions between age
(stratified as <65 years vs >65 years and as <65 years vs
65—79 years vs > 80 years) and sex with number of falls and
were non-significant (all P interaction > 0.1). Supplementary
analysis according to number of previous falls up to a maxi-
mum of 5 did not show any further increase in risk after three 3
falls (Supplementary Table 2).

Fracture probability

for hip (%)

2.9 (2.8:3.0)
3.8 (3.6:4.0)
3.5(3.2:3.8)
3.1(2.8:3.4)
0.06 (< 1%)

Fracture probability
for MOF (%)

11.3 (11.2:11.4)
13.6 (13.3:13.9)
11.9 (11.4:12.4)

12.9 (12.4:13.4)
0.09 (< 1%)

Femoral neck T-score
-1.5-15-1.5)
-1.6 (—1.6:—1.6)
-1.5-1.6-—-1.5)
-1.5(-15-14)

—0.03 (< 1%)

Discussion

BMI (kg/m?)
273 (27.2:27.3)
27.7 (27.4:28.1)
28.4 (28.1:28.8)
28.5 (28.1:28.9)
0.05 (< 1%)

We documented that a simple question regarding self-reported
falls in the previous year could be easily collected during
routine clinical practice and that this information was strongly
predictive of short-term fracture risk independent of multiple
clinical risk factors including fracture probability using the
FRAX tool with BMD. Moreover, there was evidence of
dose-response with increasing risk as a function of the num-
ber of previous falls. One in five individuals reported a fall in
the previous year, with one in twelve reporting multiple falls.
This prevalence of falls is within the range of previous reports,
providing face validity for the information collected [6, 10, 18,
30]. There was very low correlation between number of pre-
vious falls and other baseline characteristics, including age,
sex, BMI, femoral neck T-score, and fracture probability.
This is consistent with the minimal attenuation observed in
the covariate-adjusted models and independent information
provided by falls history.

It is noteworthy that other cohorts, including the original
Dubbo cohort used for developing the Garvan algorithm and
the validation study using the CaMos cohort, modeled fracture
risk per fall [18]. Neither of these studies had sufficient statis-
tical power to examine numbers of falls as discrete categories
(1, 2, 3, or more). Assumptions that falls risk would be addi-
tive in the model are confirmed in the current analysis where
there is clear evidence of dose—response. Our findings also
complement data from the Norwegian Nord-Trondelag

Sex (female)
90.0 (90.5:89.6)
88.7 (89.8:87.6)
88.6 (90.5:86.7)
86.2 (88.4:84.1)
0.03 (< 1%)

67.3 (67.2:67.4)
68.5 (68.2:68.9)
68.7 (68.1:69.4)
66.6 (65.9:67.3)
0.02 (< 1%)

3,085)
1078)
980)

N

Spearman’s  (explained variance)

Data shown as mean or percent with 95% confidence interval. BMI, body mass index. Major osteoporotic fracture (MOF) and hip fracture probability computed with bone mineral density (BMD)

Table 2 Baseline characteristics according to number of self-reported falls in the previous year
Age (years)

Falls in the previous year
None (N =19,800)

IV

2 (N

>3

@ Springer
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a Incident Major Osteoporotic Fracture (M OF)

1.00 1
w 0.95 - No falls
o
=
‘g ! 1 fall

-

% 0.90 1 - _ 2 falls
c - = >3falls
kel
©
S
L 0.85 1

0.80 T T T T 3

0 1 2 3 4 5

Time (years)

b Incident Hip Fracture

1.00

0.99 +

0.97 +

Fraction without hip fracture

0 1 2 3 4 5

Time (years)

¢ Any Incident Fracture

1.00 -
2
=)
T 0.95 4
g
< No falls
C
©
3 0.90 -
2 U qfal
g v
S 1t 2falls
T 0.85 - H
©
T == >3 falls
0.80 . . . . .
0 1 2 3 4 5

Time (years)

Fig. 2 Kaplan—Meier curves for fracture-free survival according to number of self-reported falls in the previous year
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Table 3
previous year

Adjusted hazard ratio (HR) with 95% confidence interval (CI) for incident fracture and death according to number of self-reported falls in the

Falls in the previous year ~ HR for MOF (95% CI)

HR for hip fracture (95% CI)

HR for any fracture (95% CI) HR for death (95% CI)

Model 1: age and sex adjusted
1.67 (1.40-1.99)
1.83 (1.40-2.40)
2.76 (2.16-3.51)
Model 2: age, sex, BMI, and femoral neck T-score adjusted
1.58 (1.32-1.89)
1.80 (1.37-2.35)
>3 (vs none) 2.71 (2.12-3.45)
Model 3: fracture probability adjusted
1.49 (1.25-1.78)
1.74 (1.33-2.27)
2.62 (2.06-3.34)

1 (vs none)
2 (vs none)
> 3 (vs none)

1 (vs none)

2 (vs none)

1 (vs none)
2 (vs none)
>3 (vs none)

1.63 (1.14-2.32)
1.81 (1.07-3.05)
331 (2.12-5.16)

1.49 (1.04-2.12)
1.72 (1.02-2.90)
3.22 (2.06-5.03)

1.51 (1.06-2.15)
1.88 (1.12-3.16)
341 (2.19-5.31)

1.60 (1.37-1.86)
1.75 (1.39-2.20)
2.63 (2.14-3.24)

1.21 (1.01-1.43)
1.64 (1.30-2.07)
1.73 (1.34-2.22)

1.52 (1.31-1.77)
1.71 (1.36-2.16)
2.59 (2.10-3.19)

1.18 (0.99-1.40)
1.61 (1.27-2.04)
1.71 (1.33-2.20)

1.44 (1.23-1.67)
1.65 (1.31-2.08)
2.52 (2.05-3.11)

1.25 (1.05-1.49)
1.86 (1.47-2.36)
1.86 (1.45-2.40)

Results from Cox regression models. BMI, body mass index. Major osteoporotic fracture (MOF) and hip fracture probability computed with femoral

neck bone mineral density (BMD)

Health Study (HUNT 3) which included 3687 women and
3025 men age 70-90 years [30]. This study confirmed that
self-reported falls were an independent risk factor for fracture
in women (HR 1.64, 95% CI 1.20-2.24) but not among men
(HR 1.09, CI 0.65-1.83). Falls prevalence in this study
(22.1% among women, 17.5% among men) was similar to
our study. However, the HUNT3 study did not have informa-
tion regarding BMD or non-hip fractures and did not collect
fall information in individuals aged < 70 years. Our findings
expand the age range over which falls history is useful and did
not identify significant interaction with age or sex.

A previous report from the International Society for
Clinical Densitometry/International Osteoporosis Foundation
Task Force suggested that FRAX probability could be modi-
fied to account for falls history using a multiplication factor of
1.3 for each past fall (up to 5 falls) [5]. This would imply risk
adjustments of 1.3 for a single fall, 1.7 for two falls, and 2.2
for three falls, values that are within the confidence limits of
our study (Table 3). The multiplication factor of 1.3 was based
upon the univariate HR for incident hip fracture in White
women with a past fall derived from the Study of
Osteoporotic Fractures, which had a wide confidence interval
(1.1-1.5), and became statistically non-significant after adjust-
ment for poor health and markers of poor mobility [31]. Our
data show a gradient of risk up to 3 previous falls but not
beyond that, suggesting that this adjustment should be limited
to a maximum of 3 falls. This may be a reflection of a small
number of individuals with 4 and 5 or more falls, or an indi-
vidual’s difficulty to precisely recall numbers of fall events in
the prior year after they exceed 3.

Strengths of our study include broad inclusion criteria,
which are representative of women and men seen in routine
clinical practice for assessment of bone health [17]. Our results

are therefore likely to be of direct applicability to clinical prac-
tice and complement existing data from prospective research
cohorts and clinical trials. We also acknowledge several limita-
tions. Falls information is intrinsically dynamic, and we do not
have information on falls that occurred more than 1 year before
BMD testing or during follow-up. Previous studies have sug-
gested that there is a significant interaction between previous
falls and observation time for both prediction of incident falls
and prediction of incident fracture, such that this risk diminishes
over time [10, 32]. Since the mean follow-up in our cohort was
relatively brief (2.7 years), it was not possible to assess this
interaction. Similarly, previous falls are associated with in-
creased mortality which may attenuate long-term risk; this is
an important consideration in modeling 10-year fracture prob-
ability in the presence of competing mortality. Our assessment
of falls was based upon a relatively simple question construct,
and it is possible that more detailed questioning within the
framework of a research protocol might have extracted more
detailed information such as the mechanism and severity of the
fall or fall-related injuries [33]. However, inaccurate recording
of falls would likely bias our results towards the null, which are
therefore conservative. Moreover, the question construct is like-
ly to be of greater relevance for routine clinical practice where
data collection processes must be simple. The frequency of self-
reported falls that we observed is comparable to many other
cohorts, providing face validity for the measurement [6, 10,
18, 30]. We did not detect significant interactions between sex
and age, but power to detect weaker interactions may be limited
by the small number of men and individuals aged > 85 years.
Finally, fracture outcomes were assessed through population-
based healthcare data sources rather than X-ray review.
However, we have previously shown that the definitions used
have high validity when compared with X-ray [28, 29].
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In summary, a simple question construct regarding number
of falls in the previous year is strongly associated with incident
fracture risk in routine clinical practice. This risk is independent
of age, sex, BMD, and baseline fracture probability. Moreover,
there is dose—response with multiple falls (up to a maximum of
3) conferring greater risk than a single fall. These data provide
further impetus to incorporate fall history into future iterations
of FRAX so that this information can guide clinical manage-
ment of patients at high risk for incident fracture.
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