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Background and methods: Fractures in elderly populations result from the combination of
falls and osteoporosis. We report a systematic review of studies indexed in PubMed reporting
annual rates of low-trauma falls and associated osteoporotic fractures among older community-
dwelling people (age = 50 years). An osteoporotic fracture was defined as either a fracture
resulting from a low-impact fall in subjects with clinical osteoporosis, a fall resulting in an
investigator-defined osteoporotic fracture, or a fall resulting in a low-trauma fracture. Rates are
presented using descriptive statistics. Meta-analysis was conducted for statistically homogeneous
data sets.

Results: The median (range) annual fall prevalence rates (median proportion of people
who experienced one or more falls during the past year) for cohorts of women and men
(10 determinations), women alone (seven determinations), and men alone (four determinations)
were, respectively, 0.334 (0.217-0.625), 0.460 (0.372-0.517), and 0.349 (0.284-0.526). In studies
that reported fall prevalence rates for Western men and women separately (four determinations),
the pooled risk ratio (95% confidence interval [CI]) for men versus women was 0.805 (95% CI
0.721-0.900). The ranges of fall prevalence rates in East Asian women (two studies) and East
Asian men (two studies) were, respectively, 0.163—0.258 and 0.087-0.184. The risk ratio (95%
CI) for fall prevalence in East Asian men versus women was 0.634 (0.479-0.838) in studies
(two determinations) reporting results for East Asian men and women separately. In cohorts
of Western women and men (five determinations), the pooled rate (95% CI) of low-impact
falls resulting in fractures was 0.041 (0.031-0.054). The proportion of low-trauma fractures
attributable to falls among the Western community-dwelling elderly was within the range of
0.860-0.950 for fractures at all sites or the hip (five determinations). A range of 0.716-0.924
of all fractures were osteoporotic (eight determinations).

Conclusion: Fall rates are higher in women than in men in Western community-dwelling
populations and lower in East Asian populations. Extrapolated to the US population, the statistics
imply that low-impact falls cause approximately 0.53 million osteoporotic fractures annually
among the US community-dwelling elderly.
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Introduction

Fractures in elderly populations arise predominantly from the combination of falls
and low bone density. The odds of a fracture are 7-9 times higher among community-
dwelling postmenopausal women with both a fall and osteoporosis or osteopenia,
compared with women having a fall or osteoporosis/osteopenia only.! Estimates of
rates of falls and resulting osteoporotic fractures are needed to guide health care policy,
but there is no recent overview of studies reporting these statistics. The objective of
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this report is to review evidence of the epidemiology of low-
impact falls and resulting osteoporotic fractures among older
community-dwelling adults.

Materials and methods

Literature search

Searches of PubMed were conducted in March 2012 for
primary studies of falls among older community-dwelling
populations. The last PubMed search was completed on
March 16, 2012. Two search algorithms were run. First,
“accidental falls”[MeSH Terms] AND “aged”[MeSH Terms]
AND “fall*”[Title word] AND (“community*”[All Fields]
OR “home*”[All fields] OR “population surveillance”[MeSH
terms]). Second, “aged”’[MeSH Terms] AND “fall*”[All
fields] AND ((falls[Title word] AND fractures[Title word])
OR (“osteoporosis*”’[MeSH terms] AND “fractures,
bone”[MeSH terms])). These searches included the fol-
lowing conditional terms: AND (“humans”’[MeSH Terms]
AND English[lang]) NOT Iletter[publication type] NOT
editorial[publication type] NOT review[publication
type] NOT “clinical trial”’[publication type] NOT “case
reports”’[publication type] NOT comment[publication type]
AND hasabstract[text]. These searches identified 459 unique
articles. In addition, primary studies were identified from
review articles.?® Articles were screened and included if
they were studies of older community-dwelling populations
(age = 50 years) and reported statistics on rates of falls and
osteoporotic fractures (see below). A total of 34 articles report-
ing one or more of the relevant statistics were identified.' ¢
In addition, studies of the costs of falls were searched for
with the algorithm: fall*[title word] AND cost[title word],
and articles reporting national costs identified.’” !

Definitions

The formal definition of a fall is “a sudden, unintentional
change in position causing an individual to land at a lower
level, on an object, the floor, or the ground, other than as a
consequence of sudden onset of paralysis, epileptic seizure,
or overwhelming external force”.* In this review, a fall was
any type of fall, whether from a height, down a gradient, or
from standing height, and whether or not an injury resulted.
A low-impact or low-trauma fall was a fall from standing
height, such as from slipping, tripping, or stumbling on
the same level or on stairs, and not from a height, such as
from a ladder or scaffolding (specific definitions used in the
articles reviewed are presented in the Results section). An
osteoporotic fracture was: a low-trauma fracture occurring in
a person with osteoporosis, where osteoporosis was defined

by a T score = —2.5;* a fracture due to a low-impact fall,
excluding falls with traumatic impact that would result in a
fracture in a young, healthy person; a fracture defined by the
investigators as an osteoporotic fracture; or a fracture defined
by the investigators as a fragility fracture or, synonymously,
a low-trauma or low-energy fracture.**

Data analysis

The following statistics were extracted from prospective
cohort studies: annual prevalence of low-impact falls,
annual incidence of low-impact falls, and the proportion of
low-impact falls resulting in osteoporotic fracture (statistics
were extracted independently by AM and LW). Data were
analyzed for populations of women and men combined
(“women/men”), women alone, and men alone, and for
general Western populations and East Asian populations.
A descriptive analysis was conducted, and the results pre-
sented as a median and/or range of values from individual
studies, stratified by gender and race. Fall incidence rates
were calculated from the number of falls and number of per-
son-years. A meta-analysis was conducted for fall prevalence
and incidence rates and for the proportion of low-trauma
falls with fracture in prospective cohort studies using fixed-
effects and random-effects models, and the results presented
in forest plots. Ratios of fall prevalence and incidence rates
in men versus women were calculated from cohort studies
reporting results for both men and women, thereby con-
trolling for variability between studies. Pooled risk or rate
ratios were computed and stratified by race, using random-
effects models. Heterogeneity across studies was examined
using the P value of the Q statistic and I? values (for Q, a P
value < 0.10 was the threshold for statistical heterogeneity
between studies; an I value of 0.0 indicates the absence of
heterogeneity). Pooled statistics are reported within the text
only for statistically homogeneous data sets. Meta-analytic
calculations were conducted using Comprehensive Meta-
Analysis, version 2.

The proportion of low-trauma fractures attributable to
low-impact falls and the proportion of fractures that were
osteoporotic were extracted from cohort or cross-sectional
studies. The proportion of all fractures that are osteoporotic
was determined from studies in which investigators directly
reported this statistic, measured either by bone mineral den-
sity measurement in subjects with a fracture, or by degree
of trauma associated with the fracture event. A descriptive
analysis was conducted. Results were presented as ranges of
values from individual studies. Statistical outliers were iden-
tified by applying Dixon’s test at an alpha value of 0.10.%
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Results
Low-impact falls in prospective cohorts

of older community-dwellers

A total of 16 articles reported the prevalence and/or incidence
of low-impact falls in Western populations of older women/
men’4—8,10,12,14,15,17,20‘21,24,30,36 women alone’11,19,25,29,35 and men
alone," and three articles reported these statistics for East
Asian populations'®?”-?¢ (Supplementary Table A).

Definition of a low-impact fall

Most of the studies applied a standard definition of a fall that
excluded falls from a height, so that the fall was in effect
low-impact or low-trauma. Nevitt et al specified falling to
the floor or falling and hitting an object such as a chair or
steps, and excluded major impact.® Other definitions were:
landing on the floor or other lower level, including stairs, by
accident,'® “an unintentional change in position resulting in
coming to rest on the ground or another lower level, and not
as a result of a major intrinsic event (eg, stroke, syncope) or
overwhelming hazard (eg, car accident)”,**° “unintention-
ally coming down on the floor or to a lower level”,'*#*3 “an
unintentional change in position to the floor or ground”,'

“losing your balance such that your hands, arms, knees,
buttocks or body touch or hit the ground or floor”,'” “an
unexpected event when the person fell to the ground on the
same or from an upper level, taking the falls on stairs and
those onto a piece of furniture into account”,'* “an event in
which the participant unintentionally comes to rest on the
ground or at a lower level”,” “unintentionally coming to rest
on the ground, floor, or other lower level for reasons other
than sudden onset of acute illness or overwhelming external
force”,** or “an event which results in a person coming to
rest unintentionally on the ground or other lower level, not
due to any intentional movement, a major intrinsic event
(eg, stroke) or extrinsic force (eg, forcefully pushed down,
knocked down by a car)”.?

Prevalence and incidence of low-impact falls in
Western populations

The median (range) annual fall prevalence rates for cohorts
of women and men (10 studies), women alone (seven
studies), and men alone (four studies) were, respectively,
0.334 (0.217-0.625), 0.460 (0.372-0.517), and 0.349
(0.284-0.526). All three of these data sets were statistically
heterogeneous (Figure 1).

Group by Study name Event rate and 95% ClI
sex

Total
F Campbell 1989° 184/465 o
F Lord 1994 134/341 o
F Berg 1997" 30/58 —
F Tromp 20012 244/656 a
F Bergland 2004% 155/307 -
F van Bemmel 2005 148/322 -
F Manty 2010% 201/428 ;:!
F
F, M Tinetti 1988* 108/336 o
F, M Campbell 1989° 268/761 =
F, M Teno 19907 127/586 o
F, M Hale 19928 37/102 e
F, M Luukinen 199412 294/979 m]
F, M Berg 1997 50/96 -
F, M Covinsky 20012 121/557 o
F, M Tromp 2001%' 428/1285 O
F, M Delbaere 2006%° 86/257 o=
F, M Sai 2010%® 70/112 —
F, M [)
M Campbell 19895 84/296 A
M Berg 19977 20/38 —
M Tromp 20012 184/629 O
M van Bemmel 2005  64/158 -
M ¢

-1.00 -0.50 0.00 0.50 1.00

Figure | Prevalence of low-impact falls in prospective cohorts of older community-based Western populations.

Notes: The event rate shown is the proportion of subjects with a low-impact fall per year. Abbreviations refer to women and men combined (F, M), women (F), and men
(M). The median (range) fall prevalence rates for women/men (10 studies), women (seven studies), and men (four studies) are, respectively, 0.334 (0.217-0.625), 0.460
(0.372-0.517), and 0.349 (0.284-0.526). The pooled mean fall prevalence rates (95% confidence interval) for women/men (10 studies), women (seven studies), and men
(four studies) are, respectively, 0.316 (0.303-0.329), 0.426 (0.407-0.445), and 0.316 (0.289-0.344) in the fixed-effects model and 0.343 (0.293-0.398), 0.437 (0.395-0.479),
and 0.351 (0.288-0.431) in the random-effects model. P values of the Q statistic for the pooled studies of women/men, women, and men were, respectively, 0.000, 0.000,
and 0.001; corresponding I values were 92.5%, 76.6%, and 81.2%.

Abbreviation: Cl, confidence interval.
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The median (range) fall incidence rates (95% confi-
dence interval [CI]) for women/men (eight studies), women
alone (five studies), and men alone (four studies) were,
respectively, 0.530 (0.229-0.948), 0.687 (0.536—1.028),
and 0.534 (0.368—1.630). The fall incidence rate of 1.630
per patient per year reported in a study of male veterans by
Studenski et al'? is a statistical outlier among the studies of
men; the median value (range) for studies of men excluding
the one by Studenski et al (three determinations) is 0.428
(0.368-0.64). All of these data sets are statistically hetero-
geneous (Figure 2).

Rates of low-impact falls in VWestern men versus
women

The median fall rates for men were lower than those for
women, although ranges of values overlapped. However,
in the four studies that reported data for both genders sepa-
rately, fall rates in men and women were significantly differ-
ent.>7?!2* The pooled risk ratio (95% CI) for fall prevalence
in men versus women was 0.805 (95% CI1 0.721-0.900; four
determinations).>!”*!? The pooled rate ratio for fall incidence
in men versus women was 0.757 (95% CI 0.578-0.991; three
determinations).>1%-12

Group by Study name
sex

Total
F Campbell 1989° 329/465
F O'Loughlin 1993  138/257
F Luukinen 19942 368/602
F Brown 2000"° 4156/6049
F Manty 2010% 440/428
F
F,M Tinetti 1988* 272/336
F, M Campbell 1989° 520/761
F,M Hale 19928 56/102
F,M O’Loughlin 1993  203/409
F,M Luukinen 1995 518/1016
F,M Tinetti 1995 513/1103
F,M Berg 19977 91/96
F,M Stalenhoef 2002  66/287
F,M
M Campbell 1989° 189/296
M O'Loughlin 1993  65/152
M Luukinen 19942 139/377
M Studenski 1994 499/306
M

Prevalence and incidence of low-impact falls in older
East Asian populations

Three studies reported fall statistics for East Asian popula-
tions (Hawaiian Japanese, mainland Chinese, and Hong
Kong Chinese, Supplementary Table A).'®*"® The ranges of
fall prevalence rates in East Asian women (two studies) and
East Asian men (two studies) were, respectively, 0.163—0.258
and 0.087-0.184 (Figure 3). These ranges are lower than and
do not overlap the corresponding ranges for Western women
(0.372-0.517) and Western men 0.284—0.526.

The fall incidence rates in East Asian women (two studies)
and East Asian men (three studies) were 0.276—0.324 and
0.434-0.771 (Figure 4). The range of values for fall incidence
in East Asian women is lower than and does not overlap that
for Western women (0.536—1.028). The range for East Asian
men overlaps that for Western men (0.368-1.630).

Two studies reported fall prevalence rates for East Asian
men and women separately.'®?” The risk ratio (95% CI) for
fall prevalence in East Asian men versus women was 0.634
(0.479-0.838). Two studies reported fall incidence rates for
East Asian men and women separately.'®?® The rate ratio
(95% CI) for fall incidence in East Asian men versus women
was 0.597 (0.447-0.798, P of Q 0.10).

Event rate and 95% CI

O
'—Q—

i=4

[

¢ u’

O

-2.00 -1.00 0.00 1.00 2.00

Figure 2 Incidence of low-impact falls in prospective cohorts of older community-based Western populations.

Notes: The median (range) fall incidence rates (95% confidence interval) for women/men (eight studies), women (five studies), and men (four studies) are, respectively,
0.530 (0.229-0.948), 0.687 (0.536—1.028), and 0.534 (0.368—1.630). Among studies of men, the fall incidence rate of 1.630 per patient per year reported by Studenski et al'®
(a study of male veterans) is a statistical outlier. The median (range) for studies of men excluding Studenski et al'? (three determinations) is 0.428 (0.368-0.640). The pooled
fall incidence rates (95% confidence interval) for women/men (eight studies), women (five studies), and men (four studies) are, respectively, 0.498 (0.476-0.519), 0.688
(0.669-0.706), and 0.557 (0.51-0.601) in the fixed-effects model and 0.574 (0.453-0.694), 0.710 (0.601-0.820), and 0.763 (0.327—1.199) in the random-effects model. P values
of the Q statistic for the pooled studies of women/men, women, and men were, respectively, 0.000, 0.000, and 0.000; corresponding I? values were 93.9%, 96.4%, and 98.9%.
The pooled fall incidence rate (95% confidence interval) in studies of men with Studenski et al'® excluded (three determinations) was 0.448 (0.402-0.494) in the fixed-effects
model and 0.477 (0.309-0.645) in the random-effects model; P of Q 0.000, I> 91.6%.

Abbreviation: Cl, confidence interval.
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Group by Study name Event rate and 95% CI
sex Total

F Davis 1997 104/637 O

F Zhang 20047 115/445

F ¢

F,M Chu 2005% 296/1517

F, M )

M Davis 19971 38/436 ]

M Zhang 20042 80/434 Od

M ¢

-0.50-0.25 0.00 0.25 0.50

Figure 3 Prevalence of low-impact falls in prospective cohorts of older community-
based East Asian populations.

Notes: The event rate is the proportion of subjects with a low-impact fall per
year. Abbreviations refer to women and men combined (F, M), women (F), and
men (M). The prevalence rate for the single study of women/men is 0.195. The
ranges of prevalence rate values for women (two studies) and men (two studies)
are, respectively, 0.163-0.258 and 0.087-0.184. The pooled mean fall prevalence
rates (95% confidence interval) for women (two studies) and men (two studies) are,
respectively, 0.206 (0.183-0.232) and 0.143 (0.121-0.169) in the fixed-effects model
and 0.206 (0.128-0.315) and 0.129 (0.006-0.256) in the random-effects model.
P values of Q statistic for the pooled studies of women, and men were, respectively,
0.000 and 0.000; corresponding I? values were 93.1% and 94.0%.

Abbreviation: Cl, confidence interval.

Osteoporotic fractures resulting from

low-impact falls

Proportion of low-impact falls resulting

in osteoporotic fractures

Most of the data on fractures caused by low-impact falls
comes from Western populations of community-dwelling
women and men combined (Figure 5). In five cohorts of
women and men (excluding one by Tinetti et al,”” which
is an outlier), the pooled event rate (95% CI) was 0.041
(0.031-0.054) in the fixed-effects analysis (P of Q 0.15,

Group by Study name Event rate and 95% CI

sex
Total

F Davis 19978 176/637

F Chu 20052 242/746 O

F ¢

F, M Chu 20052 400/1517

F,M

M Davis 19971 61/436 )

M Zhang 2004%" 188/434 -

M Chu 20052 170/771

M U

-0.50 -0.25 0.00 0.25 0.50

Figure 4 Incidence of low-impact falls in prospective cohorts of older community-
based East Asian populations.

Notes: The fall incidence rates in the two studies of women were 0.276 and 0.324;
the median (range) of values in the three studies of men are 0.436 (0.434-0.771). The
pooled fall incidence rates (95% confidence interval) for women (two studies) and
men (three studies) are, respectively, 0.300 (0.271-0.347) and 0.215 (0.192-0.237)
in the fixed-effects model, and 0.300 (0.253-0.347) and 0.261 (0.126-0.397) in the
random-effects model. P values of Q statistic for the pooled studies of women
and men were, respectively, 0.104 and 0.000; corresponding I values were 62.3%
and 97.0%.

Abbreviation: Cl, confidence interval.

Study name Event rate and 95% CI
Total
Berg 19977 5/91 -
Tinetti 1988+ 17/272 o
Nevitt 1989¢ 15/490 o
O’Loughlin 19931 5/197 o
Tinetti 19951 143/1300 ]
Stalenhoef 20022 6/197 o
'

-0.50 -0.25 0.00 0.25 0.50

Figure 5 Proportion of low-impact falls resulting in fractures in prospective cohorts
of older community-based Western populations.

Notes: Shown is the proportion of falls resulting in fracture(s) in prospective
community-dwelling cohorts of women and men, where both the numbers of falls
and resulting fractures were reported. The attribution of fractures as osteoporotic
is based on a fall defined as low-trauma in an elderly population. The pooled
event rate (95% confidence interval) for the six cohorts of women/men is 0.085
(0.074-0.098) in the fixed-effects analysis and 0.048 (0.026—0.087) in the random-
effects analysis; P of Q 0.000, I 88.8%. For the five cohorts of women/men after
excluding Tinetti et al,'s which is a statistical outlier, the pooled event rate (95%
confidence interval) is 0.041 (0.031-0.054) in the fixed-effects analysis and 0.040
(0.027-0.058) in the random-effects analysis; P of Q 0.154, 12 40.1%. Note that all
the fractures in the Berg et al'7 cohort occurred in women, and none occurred
in men.

Abbreviation: Cl, confidence interval.

12 40.1%). In the Study of Osteoporotic Fractures, the largest
(n = 6049) cohort study of (non-black) Western women,
the proportion of falls resulting in nontraumatic, nonspinal
fractures was 0.0445."

Proportion of low-impact fractures attributable to
falls

The proportion of low-trauma fractures attributable to falls
among the community-dwelling elderly was reported for the
Study of Osteoporotic Fractures and Osteoporotic Fractures
in Men Study cohorts of, respectively, women and men,
and in several cross-sectional studies of women and men
(Supplementary Table B). The range of values for low-trauma
fractures at all sites, pelvis, or femoral neck was 0.860—0.950
(five studies, excluding the value of 0.623, which is a statisti-
cal outlier, Table 1).3* The value for fractures at all sites in the
Study of Osteoporotic Fractures cohort was 0.940. The range
was 0.71-0.75 in the two Study of Osteoporotic Fractures
studies of fractures of the arm.

Proportion of fractures that are osteoporotic

Ten studies reported the proportion of fractures that are osteo-
porotic in women and men,*2%32 women alone, 22313 and
men alone.*' These studies varied in design, in fracture site
classification, and in osteoporotic fracture definition (Supple-
mentary Table B). Fractures were defined as osteoporotic
by investigators in several large cohort studies.?**’#¥ Other
studies reported the proportion of subjects experiencing a
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Table | Proportion of low-trauma fractures attributable to low-impact falls in older community-based populations®

Citation Design Sex Fracture site N with fracture Proportion of fractures
due to low-impact falls

Nyberg 1996'¢ Cross-sectional F/M Femoral neck 123 0.950

SOF! Cohort F All sites 3,211 0.940

Breuil 2008* Cross-sectional F/M Pelvic 60 0.892

van Helden 20083 Cross-sectional F All sites 406 0.872

MrOS*! Cohort M All sites 346 0.860

SOF° Cohort F Proximal humerus 79 0.750

SOF Cohort F Distal forearm 171 0.710

van Helden 20083 Cross-sectional M All sites 162 0.623°

Notes: *Populations = 65 years, except > 50 years in van Helden et al** and mean age 80 years in Breuil et al.** Studies ranked in decreasing order of percent fractures
attributable to low-impact falls; bstatistical outlier among fracture sites excluding upper extremities.
Abbreviations: SOF, Study of Osteoporotic Fractures; MrOS, Osteoporotic Fractures in Men Study.

fracture who had low bone mineral density (osteopenia and/or
osteoporosis).'?>3 The degree of trauma involved in fracture
was reported in some studies.?*=!32

A range of 0.716-0.924 for fractures at all sites were
osteoporotic (Table 2, eight studies, excluding the value
of 0.530, which was a statistical outlier, from a registry in
Sweden??). The range of values for four studies of women
was 0.800—0.924 and the range for four studies of women/
men or men (at all sites) was 0.716—0.786. The range for two
studies reporting fractures of the arm was 0.613-0.615.

Discussion

In Western cohorts of older women and men, annual
prevalence rates of low-impact falls were within the range
of 0.217-0.625. Fall prevalence rates were 20% lower in
men than in women. A median of 4.1% of low-impact falls
resulted in fractures in cohorts of Western women and men.
The percentages of all low-trauma fractures attributable to
low-impact falls and all fractures that were osteoporotic
were similar, ranging from 86.0% to 95.0% and 71.6% to

92.4%, respectively. Corresponding rates of fractures of the
arm were lower.

The data set for fall rates in East Asians was small (three
studies). Because our analysis was restricted to articles
in English, it is possible that some studies were missed.
Nevertheless, fall prevalence rates for East Asians in the
studies analyzed were consistently lower than corresponding
rates for Western populations. A lower rate of falls among
East Asians than among Western populations was first noted
by Davis et al, who suggested that this could explain the
lower rate of hip fractures in East Asian populations than in
White populations.'3#

With minor exceptions, fall incidence rates showed
the same demographic differences as those seen with fall
prevalence. The individual studies of both fall prevalence and
incidence rates were highly statistically heterogeneous. We
examined the contribution of two variables, ie, gender ratio
and age, to this heterogeneity in meta-regression of cohorts
of Western women and men (AM, LW, unpublished data).
There was no statistically significant relationship between fall

Table 2 Proportion of all fractures that are osteoporotic in older community-based populations®

Study Country Sex Age Fracture site N fractures Proportion of fractures
that are osteoporotic
SOF 2007* USA F =65 All sites 3475 0.924
Sheffield 2004 UK F =75 All sites 291 0.832
van Helden 2008%* Netherlands F >50 All sites 406 0.825
Geusens 2002 Belgium F =45 All sites 45 0.800
MrOS 20073 USA M =65 All sites 440 0.786
Rotterdam 2004 Netherlands F/M =55 All sites 989 0.776
DOES 2004 Australia F/M =60 All sites 405 0.743
van Helden 2008 Netherlands M >50 All sites 162 0.716
Melton 2002% USA F/IM =35 Distal forearm 496 0.615
EPIDOS 20022 France F =75 Proximal humerus 98 0613
Bergstrom 2008% Sweden FIM >50 Al sites 13,279 0.530

Notes: Studies ranked in decreasing order of osteoporotic fracture rate. Study descriptions and definitions of osteoporotic fracture in Table B (Supplementary material).
Abbreviations: SOF, Study of Osteoporotic Fractures; MrOS, Osteoporotic Fractures in Men Study; DOES, Dubbo Osteoporosis Epidemiology Study; EPIDOS,

Epidémiologie de I'Ostéoporose Study.
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prevalence and gender ratio. Note also that the fall rate data
sets for the individual genders were heterogeneous. There
was a statistically significant inverse relationship between
fall prevalence and mean age. A possible explanation for this
counterintuitive finding is that individuals more likely to fall
tend to leave the community. Consistent with this, rates of falls
were higher in studies of the institutionalized elderly. Means
of annual fall incidence rates reported in studies of the hospi-
talized elderly and those in long-term care were 1.4 and 1.6,
respectively, compared with a median of 0.53 reported here
for studies of community-dwelling populations.?

Values for rates of low-impact falls and fractures may be
applied to national statistics in illustrative calculations of the
burden and cost of falls in the US. Point estimates for women
and men indicate that 1.4% of the community-dwelling
elderly experience a fracture annually due to a low-impact
fall (0.334 % 0.041 x 100). Extrapolating to the 39 million US
population = 65 years living outside of skilled nursing facili-
ties in 2010°° yields a total of 0.53 million such fractures per
year. The value of 1.4% is similar to an estimate from the 1997
US Medical Expenditure Panel Survey, which indicated that
7.1% of the community-dwelling elderly (=65 years) received
medical care for a fall-related injury and that 24.6% of these
injuries were fractures.’® These figures suggest that 1.7%
(product of 7.1% and 0.246%) of the community-dwelling
elderly experienced a fall-related fracture.

The most recent estimates of costs of fall-related injuries
in US adults > 65 years are for the year 2000.* Fall-related
major injuries can include fracture, joint dislocation, lacera-
tion requiring suture, and head injury resulting in loss of
consciousness and hospitalization.>'> Nonfatal fall-related
fractures cost approximately $12 billion in direct medical
expenditure. Estimates from the present analysis indicate
that 71.6%-92.4% of fractures in community-dwelling older
populations are osteoporotic, so the estimated cost of fall-
related osteoporotic fractures would range from 8.6 billion
(71.6% of $12 billion) to 11.1 billion (92.4% of $12 billion)
in 2000 dollars, translating to $12.9 to 16.6 billion in 2010
dollars (inflated using the medical component of the Con-
sumer Price Index). This estimate does not include nursing
home stays attributable to fractures, which are an important
contributor to costs,>*>** or the costs of nonfatal falls in the
institutionalized population.

Conclusion

Osteoporotic fractures largely result from the combina-
tion of two factors, ie, low bone mass and a fall. In this
review, we have updated epidemiologic statistics for rates of

low-impact falls in older community-dwelling populations
and estimated rates of fractures that can be considered to
be osteoporotic. Application of these statistics to published
analyses of national survey data on falls and fractures in
2000 suggests that there were 0.53 million fall-related
osteoporotic fractures among the community-dwelling
elderly in 2010.
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Supplementary tables

Table SA Description of prospective cohort studies of falls in older community-based populations

Citation Population/ Sex Age Sample Outcomes reported
location size Fall prevalence/ Fall incidence/1000 Falls with osteoporotic
year person-years fracture (%)*

Western populations

Women/men
Tinetti, 1988* Yale, CT FFM =75 336 + + +
Campbell 1989° Mosgiel, F,M =70 761 + +
New Zealand
Nevitt 1989 San Francisco, CA® F,M =60 325 + + +
Teno 19907 Medicare patients, RI ~ F, M =65 586 +
Hale 19928 Greensboro, NC F,M =65 102 + +
O’Loughlin 1993'° Montreal, CA FFM =65 409 + +
Luukinen 1994'2 N Finland FEM =70 979 +
Luukinen 1995' N Finland F,M =70 1,016 + +
Tinetti 1995' Yale, CT FEM =72 1,103 + +
Berg 1997"7 Oxford, OH F,M =60 96 + + +
Covinsky 20012 Clearwater, FL F,M =70 557 +
Tromp 20012 LASA, Netherlands F,M =65 1,285 +
Stalenhoef 20022 Maastricht, F,M =70 287 + +
Netherlands
Delbaere 2006*° Ghent, Belgium FFM =60 257 +
Sai 2010% Omaha, NE FFM 6585 12 +
Women
Lord 1994" Sydney, Australia F =65 34l +
Brown 2000"° Non-black, SOF F =72 6,049 + +
Bergland 2004* Oslo, Norway F =75 307 + +
van Bemmel 2005% Leiden, Netherlands F, M 85-86 480 +
Manty 2010% Central Finland F 63-76 428 + +
Men
Studenski 1994' Veterans, NC M =70 306 +
East Asian populations
Chu 2005% Chinese (Hong Kong) F,M =65 1,517 + +
Davis 1997'® Japanese (Hawaii) FFM =60 1,073 + + +
Zhang 2004% Chinese (Nanjing) FM =60 879 +

Notes: *Attribution of fractures as osteoporotic based on a fall defined as low trauma in an elderly population; *subjects with a prior fall.
Abbreviations: LASA, Longitudinal Aging Study Amsterdam; SOF, Study of Osteoporotic Fractures.
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Table SB Description of studies of fractures in older community-based populations, by study design

Study Sex Age Fracture site N fractures Fractures due to Fractures that are Definition of
low impact falls (%) osteoporotic (%) osteoporotic fracture

Prospective cohort

EPIDOS* F =75 Proximal humerus 98 + A
DOES?* F/IM =60 All sites 405 + B
Rotterdam? F/M =55 All sites 989 + B
Sheffield? F =75 All sites 291 + B
MrOS3! M =65 All sites 440 + + C
SOF?3! F =65
All sites 3,475 + + C
Distal forearm 171 +
Proximal humerus 79 +
Cross-sectional
van Helden 2008** F,M  >50 All sites 568 + + D
Nyberg 1996'¢ F/IM =65 Femoral neck 123 +
Breuil 2008% F/M 80E Pelvic 60 +
Retrospective
Geusens 2002 F =45 All sites 45 + F
Melton 2002% F/M >35G Distal forearm 496 + C
Registry
Bergstrom 2008 F/M  >50  Allssites 13,279 + C

Notes: A: Osteoporotic fracture defined as facture with low bone mineral density (T score < —2.5); B: Osteoporotic fracture determined by investigator; C: Osteoporotic
fracture defined as low-trauma fracture; D: Osteoporotic fracture defined as fracture and low bone density (T score << —1.0 on dual X-ray absorptiometry of hip or spine);
E: Mean age; F: Osteoporotic fracture defined as a non-high trauma fracture in women with low bone density (T score < —1.0 on single-energy X-ray absorptiometry of
proximal radius); G: Mean age 65 for women (N = 303) and 52 for men (N = [91).

Abbreviations: DOES, Dubbo Osteoporosis Epidemiology Study; EPIDOS, Epidémiologie de I'Ostéoporose Study; MrOS, Osteoporotic Fractures in Men Study; SOF, Study
of Osteoporotic Fractures.
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