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A fall in the previous 12 months predicts fracture in the subsequent
5 years in postmenopausal women
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Abstract
Purpose The purpose of this study was to evaluate if a history of falls predicts future postmenopausal fractures and if this
prediction variesaccording to frequency, mechanism, and severity of falls and site of fractures.
Methods This study used data from OSTPRE prospective cohort. Total study population consisted of 8744 postmenopausal
women (mean age 62.2 years) who responded to postal enquiry in 1999 (baseline) and in 2004 (follow-up).
Results Womenwere classified by frequency (non/occasional/frequent fallers), mechanism (slip/nonslip), and severity (injurious/
non-injurious) of falls and fractures by site (major osteoporotic/other). A total of 1693 (19.4%) women reported a fall during the
preceding 12 months in 1999; 812 a slip fall, 654 a nonslip, 379 an injurious fall, and 1308 a non-injurious fall. A total of 811
women (9.3%) sustained a fracture during the 5-year follow-up period (1999–2004); 431 major osteoporotic fractures and 380
other fractures. Compared with non-fallers, earlier falls predicted subsequent fractures with an OR of 1.41 (95% CI 1.19–1.67,
p ≤ 0.001), 1.43 (95% CI 1.14–1.80, p = 0.002) for earlier slip falls, and 1.35 (95% CI 1.04–1.74, p = 0.02) for earlier nonslip
falls. Earlier injurious falls predicted future fractures (OR = 1.64, 95% CI 1.21–2.23, p ≤ 0.01), especially other fractures (OR =
1.86, 95% CI 1.24–2.80, p ≤ 0.01), but not major osteoporotic fractures (OR = 1.37, 95% CI 0.89–2.10, p = 0.151). Fracture risk
predictions for earlier non-injurious falls was OR = 1.36, 95% CI 1.12–1.64, p = 0.002. These risk patterns remain same after
adjustments.
Conclusion History of falls (especially injurious falls) predicts subsequent fractures (mainly other fractures compared with major
osteoporotic fractures) inpostmenopausal women.
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Summary We aimed to investigate if history of falls (frequency, mechanism, and severity) is a predictor of future
fractures in postmenopausal women. Our results indicate that history of falls (especially injurious falls) appeared to
be an indicator for subsequent fracture overall. Earlier injurious falls were stronger predictors for future other fractures
than for typical major osteoporotic fractures.

Keywords Fall . Fracture . Injurious fall

Introduction

Falls in the elderly are common [1] and result in fractures and
other serious health consequences [2]. Among subjects aged
65 years or over, falls are the leading cause of injury-related
death and hospitalization [3]. Thus, fall-induced injuries result
in a substantial economic burden worldwide [4]. Research has
shown a history of falls to be associated with a higher proba-
bility for future falls and risk of subsequent fractures [5–9]. In
cold climate countries, slipping is a common fall mechanism
and results often in injuries (injurious falls) [10]. Thus far,
longitudinal studies on how history of falls predicts future
fractures have not been determined according to frequency,
mechanism (slip/nonslip), or severity (injurious/non-injuri-
ous) of the fall [11–13].

Previously, we have found that falling risks (especially
nonslip falls) increased in women with multimorbidity
(multiple chronic conditions) [14]. It is probable that
due to effects of health disorders, women who have mul-
tiple nonslip falls are more unwell and less physically
active compared with women with slip falls [15]. Falling
events resulting in injury also reflect the overall health
condition of the individuals [16]. The aim of the present
study was to determine if an overall history of falls (fre-
quency, mechanism, and severity) or its parts are useful
predictors of future fracture in postmenopausal women.

Materials and methods

Study design and subjects

This is a prospective cohort study. The study population origi-
nated from the Kuopio Osteoporosis Risk Factor and Prevention
Study (OSTPRE) initiated in 1989. The baseline self-
administered postal enquiry of OSTPRE was sent to all women
born in 1932–1941 (N = 14,220) aged 47–56 years and living in
Kuopio Province, Eastern Finland. Follow-up data has been
collected by subsequent postal enquiries at 5-year intervals.

The present study included a total of 8744 women who
responded to the fall questions in 1999 (baseline of the present
study) and fracture questions in 2004 with no other inclusion
criteria. At baseline, the mean age of the participants was 62.2
(range 57–66) years (SD 2.9) and all women were

postmenopausal. The ethics committee of Kuopio University
Hospital approved the OSTPRE study and participants pro-
vided a written informed consent.

Measurement of variables

Falls (exposure)

For the present study, we used self-reported falls. A def-
inition of a fall was not mentioned in the questionnaire,
due to the Finnish language having different words for
falls on the same level versus falls from height. At base-
line (May 1999), the participants were asked about history
of falls, via the question “How many times have you
fallen during the last 12 months?” If a fall was reported,
they were further asked “How did you fall last time” with
the following alternatives: (1) fall on stairs, (2) fall from
level, (3) slipping on level, (4) stumbling or tripping on
level, and (5) otherwise on level, specify. The severity of
the falling event was determined via the question “Did the
last fall result in medical attention?”

The women were classified according to frequency of falls,
i.e., (1) non-faller, (2) occasional faller, (one fall), and (3)
frequent faller (more than one fall). The falling mechanism
was categorized as (1) slip on the same level and (2) nonslip
(i.e., any other than slip) on the same level according to their
last falling event. Falls were also categorized by severity: (1)
injurious (self-reported medically attended falls) and (2) non-
injurious. Falls from a bicycle or while skiing were not count-
ed as falls. Women who reported no falls (non-fallers) were
considered as the reference group for all analyses (occasional,
frequent, slip, nonslip, injurious, or non-injurious).

Fractures (outcome)

At follow-up (in 2004), the participants were asked about
the occurrence of fracture: “Have you had fractures diag-
nosed by physician after May 1999?” Those who reported
a fracture were then asked, “which bone was fractured,
how it was diagnosed and where it was treated?” The
follow-up time for incident fractures was 5 years between
the 1999 and 2004 questionnaire. All self-reported frac-
tures were confirmed by patient records. In this analysis,
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the first fracture in each fracture site per person occurring
during this follow-up time was included.

According to the FRAX (fracture risk prediction mod-
el) tool, fractures occurring at the spine, hip, distal fore-
arm, and proximal humerus are considered major osteo-
porotic fractures [17], which by definition include low
trauma (i.e., fall from a standing height or less) [18].
Thus, we classified the fractures into (1) major osteopo-
rotic fracture (spine, hip, distal forearm, and proximal
humerus) and (2) other fractures (other than major osteo-
porotic fractures, including, e.g., chest region, hand,
forearm, and elbow; femur, knee and leg; ankle and foot;
skull, pelvis) fractures. We investigated future fracture
risk in these categories according to frequency (no/occa-
sional /frequent), mechanism (slip/nonslip), and severity
(injurious/non-injurious) of earlier falls.

Covariates

From the baseline enquiry, covariates and potential con-
founders were chosen based on literature and according to
their potential association with fractures and falls. They
included baseline age (years), body mass index (BMI; kg/
m2), dairy calcium intake (mg/day), number of prescribed
medications, number of chronic health disorders, current
smoking (no/yes), alcohol use (no/yes), leisure physical
activity (no/yes), restricted mobility (no/yes), falls during
the last 12 months, and use of estrogen hormone therapy
(no use/irregular use/continuous use) during 1999–2004.
Previously, we have found that the effect of hormone
therapy is transient so that only current but not past use
prevents fractures [19]. Therefore, we used follow-up hor-
mone therapy variable during 1999–2004 (instead of
baseline measurement). Dairy calcium intake was mea-
sured via the questions (1) How many deciliters (1glass =
2 dl; 1 dl = 120 mg of calcium) dairy products (milk,
sour milk, yogurt, sour whole milk) do you use daily?
(2) How many cheese slices (1 slice = 87 mg of calcium)
do you eat daily?

Statistical analyses

Statistical analysis was conducted using SPSS, version 25.0.
A t test (Student’s t test) for continuous variables and chi-
square tests for categorical variables were used to identify
the association between each study variable and fractures.
Logistic regression models were used to analyze the crude
and adjusted risk of future fractures according to frequency,
mechanism, and severity of earlier falls. The results were re-
ported as odds ratios (OR) with 95% confidence intervals
(95% CI) and p values.

Results

Baseline characteristics and incidences of falls
and fractures

At the time of fall enquiry in 1999, the mean age of the par-
ticipants was 62.2 (range 57–66) years (SD 2.9) and all wom-
en were postmenopausal. The women were on average
13 years since menopause as the mean age of menopause
was 49.2 years (SD 4.7).

As presented in Fig. 1, 7051 of 8744 women (80.6%) re-
ported no falls (non-fallers), 941 (10.8%) women at least one
fall (occasional fallers), and 752 (8.6%) women more than
one fall (frequent fallers) in the preceding 12 months. From
the total study population (n = 8744), a total of 227 women did
not answer the questions regarding mechanism of fall (slip/
nonslip) and a total of 6 women did not answer the question
regarding severity of fall (injurious/non-injurious). The num-
ber of women who reported slip or nonslip falls as the mech-
anism of their last fall were 812/8517 (9.5%) and 654/8517
(7.7%), respectively. A total of 379/8738 (4.4%) women re-
ported falls requiring medical attention (injurious falls), and
out of these 379 women, 131 (34.6%) women reported a frac-
ture as the outcome of the event.

In the 5-year follow-up (1999–2004), 811/8744 (9.3%)
women reported fractures which were confirmed via medical
records (Fig. 1). Of these 811 women, 431/811 (53.1%) re-
ported major osteoporotic fractures, 380/811 (46.9%) solely
other fractures, and 38/811 (4.7%) women had both types of
fractures. In general, the mean number of prescribed medica-
tions and number of chronic health disorders were higher
among women with at least one fracture than among women
with no fracture. History of previous falls was significantly
higher among women with fracture compared to women with
no fracture (Table 1). In addition, use of hormone therapy was
significantly lower among women with fracture (Table 1) and
continuous use of hormone therapy showed a preventive ef-
fect on future fracture risks (OR = 0.45, 95% CI = 0.41–0.72,
p values < 0.001) compared with irregular use or no use.

Future fracture risks by frequency, mechanism,
and severity of earlier falls

Compared with the 7051 women who reported no fall
(reference group) at the baseline enquiry in 1999, the
OR for fracture among women who reported a previous
fall was 1.41 (95% CI 1.19–1.67, p ≤ 0.001), women who
reported one fall (occasional fallers) was 1.38 (95% CI
1.11–1.71, p = 0.003), and women who reported more
than one fall (frequent fallers) was 1.45 (95% CI 1.15–
1.83, p = 0.002) (Table 2) in unadjusted analyses.

In fracture categories, the risk for other fractures related to
fall history was higher than the corresponding risk for major
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osteoporotic fractures. Women who reported a previous fall
were at higher risk of future other fractures (OR = 1.54, 95%
CI 1.22–1.95, p ≤ 0.001) than major osteoporotic fractures
(OR = 1.26, 95% CI 0.99–1.58, p = 0.052) compared with
non-fallers (reference group) (Table 2). With the same refer-
ence group, the corresponding ORs for future other fractures
in women with previous slip falls was 1.59 (95% CI 1.17–
2.17, p = 0.003) and in women with previous nonslip falls was
1.50 (95% CI 1.06–2.12, p = 0.02). Earlier injurious falls
strongly predicted the risk of future other fracture (OR =
1.86, 95% CI 1.24–2.80, p ≤ 0.01), but not the risk of major
osteoporotic fractures (OR = 1.37, 95% CI 0.89–2.10, p =

0.151). In addition, women who fell frequently (more than
one fall) were at greater risk of future fracture (major osteo-
porotic/other) than those who fell occasionally (one fall)
(Table 2). The future fracture risk estimation remained almost
same following adjustment for clinically relevant predictors
(age, BMI, dairy calcium intake, number of prescribed medi-
cations, number of chronic health disorders, use of estrogen
hormone therapy (1999–2004), current smoking, alcohol use,
leisure physical activity, and restricted mobility) (Table 2).

In regard to site-specific fractures, the risk for subsequent
fracture was also increased for most sites (mainly other frac-
tures) due to earlier falls; however, most failed to reach

Any fall 

(n=1693/8744, 19.4 %)

Any fracture 

(n=811/8744, 9.3 %)

Other

(n=380/811, 46.9 %)

Major osteoporotic

(n=431/811, 53.1 %)

Injurious 

(n=379/8738, 4.4 %)

Future fractures

(1999–2004)

OSTRE study population in 1989: all 14220 women born in 1932-41 and resident in Kuopio Province, Finland 

Fall information from 8777 women
Fracture information from 9759 women

No fracture 

(n=7933/8744, 90.7 %)

Responders: 11538 women
Responders: 10666 women

Postal enquiry was sent to 11918 women
Postal enquiry was sent to 12526 women

In 2004

The present study population, n= 8744 with available fall data in 1999 & fracture data in 2004

Non-injurious 

(n=1308/8738, 15%)

No fall 

(n= 7051/8744, 80.6 %)

Mechanism of fallFrequency of fall Severity of fall

Earlier falls

(1998–1999)

Missing information on 

fall mechanisms, n=227

Missing information 

on fall severity, n=6

In 1999 

Occasional

(n=941/8744, 10.8 %)

Slip

(812/8517 =9.5 %)

Nonslip 

(n=654/8517, 7.7 %)

Frequent

(n=752/8744, 8.6 %)

Fig. 1 Distribution of the study
population according to the
different type of falls and fractures
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statistical significance (Fig. 2). Of the fall’s categories (fre-
quency, mechanism, and severity), injurious falls tended to
be associated with the highest risk of site-specific fractures
compared with the other categories (Appendix Table 1).

Loss analysis

The cohort members responded better to fracture questions in
2004 (n = 9759) than to fall questions in 1999 (n = 8744) (Fig.
1). A total of 1015 women had fracture information but no fall
information. The percentages of women with incident frac-
tures during 1999–2004 were similar in women without and
with information on falls (94/1015) = 9.26% vs. (811/8744) =
9.27%, respectively.

Discussion

The present study shows that a history of falls (especially
injurious falls) is an important risk factor for future fracture,
in particular for other fractures compared to major osteoporot-
ic fractures among postmenopausal women. To our knowl-
edge, fracture risk (major osteoporotic vs other) according
to mechanism (slip/nonslip) and severity (injurious/non-

injurious) of previous falls has not been previously examined
in a prospective cohort study.

In the present study, the annual fall incidence rate (20%)
was less than previously reported (30%) in studies including
elderly women aged 65 years or over [1]. The mean age
[62.2 years (range 57–66)] of the included study population
likely explains the lower incidence rate, as rate of falls in-
creases with increasing age [5, 20]. Slipping was the most
common falling mechanism and the proportion of slip falls
was clearly higher than in most studies conducted in warmer
climates [21]. The long and icy winter season in the cold
climate countries leads to frequent outdoor slip falls, which
explains their higher occurrence compared to nonslip falls in
the present study population [22].The self-reported use of es-
trogen hormone therapy was higher among women with no
fracture and has a significant preventive effect on future frac-
tures. This observation is in alignment with our previous stud-
ies from the OSTPRE follow-up [19, 23]. Although, we pre-
viously found that the use of estrogen therapy appeared to
have a preventive effect on falls in early but not in late men-
opausal women [24]. It is possible that the effects of hormone
therapy on fall risk reduce with age.

By understanding how frequency, mechanism, and se-
verity of previous falls modify the risk of future fractures
(major osteoporotic vs other), specific measures for

Table 1 Baseline characteristics
of the study population according
to fracture

Baseline characteristics No fracture
(n = 7933)

Any fracture
(n = 811)

p value*

Mean (SD) Mean (SD)

Age, years 62.2 (2.9) 62.3 (3.0) 0.29

Body mass index, kg/m2 27.49 (4.51) 27.52 (4.41) 0.83

Dairy calcium intake, mg/day 850 (370) 828 (361) 0.11

Number of chronic health disorders 2.32 (1.78) 2.45 (1.87) 0.05

Number of prescribed medications 1.97 (1.95) 2.16 (2.11) 0.01

Proportion as % Proportion as %
aUse of estrogen hormone therapy in 1999–2004

No use (n = 6845) 77.70 (n = 6167) 83.60 (n = 678)

Irregular use (n = 786) 9.10 (n = 721) 8.00 (n = 65) < 0.001

Continuous use (n = 1113) 13.20 (n = 1045) 8.40 (n = 68) < 0.001

Current smoking (yes, n = 611) 6.90 (n = 548) 7.80 (n = 63) 0.36

Alcohol use (yes, n = 4578) 53.10 (n = 4126) 56.90 (n = 452) 0.05

Leisure physical activity (yes, n = 6079) 71.90 (n = 5513) 72.60 (n = 566) 0.70

Restricted mobility (yes, n = 352) 4.20 (n = 314) 5.00 (n = 38) 0.30

Falling history (in the past 12 months)

No fall (n = 7051) 81.20 (n = 6440) 75.30 (n = 611)

Occasional fall (n = 941) 10.50 (n = 832) 13.40 (n = 109) < 0.001

Frequent fall (n = 752) 8.30 (n = 661) 11.20 (n = 91) < 0.001

SD standard deviation
a Use of estrogen hormone therapy in 1999–2004 was obtained from the 2004 enquiry as continuous use of
hormone therapy appeared to prevent falls in these women19

*t test (Student’s t test) for continuous and chi-square tests for categorical variables are used to find the difference
between no fractures and fracture groups
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fracture prevention can be developed accordingly [13,
25–27]. In the present study, we found higher future frac-
ture risk due to previous slip falls (OR = 1.43) compared
with previous nonslip falls (OR = 1.35). However, there

was no statistically significant difference between the
two (slip vs nonslip) risk predictions (Table 2). A plausi-
ble explanation for the observed increase in fracture risk
prediction due to slip falls could be that women who have

Table 2 Unadjusted and adjusted risks (ORs) of fractures related to history of falls in comparison to non-faller risk

Type of fall Any fracture
(an = 811)

Major osteoporotic fracture
(n = 431)

Other fracture (n = 380)

OR, 95% CI, p value

Any fall

Total (n = 1693) Unadjusted 1.41 (1.19–1.67) *** 1.26 (0.99–1.58) 1.54 (1.22–1.95) ***

Adjusted 1.38 (1.14–1.66) *** 1.15 (0.88–1.49) 1.61 (1.25–2.09) ***

Occasional (n = 941) Unadjusted 1.38 (1.11–1.71) ** 1.35 (1.02–1.80) * 1.36 (1.00–1.86) *

Adjusted 1.35 (1.07–1.72) * 1.28 (0.93–1.75) 1.40 (1.00–1.96) *

Frequent (n = 752) Unadjusted 1.45 (1.15–1.83) ** 1.14 (0.81–1.59) 1.77 (1.30–2.40) ***

Adjusted 1.42 (1.09–1.85) ** 0.98 (0.66–1.47) 1.89 (1.35–2.65) ***

Slip fall

Total (n = 812) Unadjusted 1.43 (1.14–1.80) ** 1.24 (0.91–1.70) 1.59 (1.17–2.17) **

Adjusted 1.47 (1.15–1.89) ** 1.25 (0.89–1.76) 1.67 (1.19–2.35) **

Occasional (n = 476) Unadjusted 1.38 (1.03–1.85) * 1.41 (0.96–2.06) 1.29 (0.84–1.98)

Adjusted 1.33 (0.96–1.85) 1.36 (0.90–2.06) 1.26 (0.78–2.03)

Frequent (n = 336) Unadjusted 1.51 (1.08–2.10) * 1.01 (0.61–1.69) 2.04 (1.34–3.09) ***

Adjusted 1.67 (1.17–2.39) ** 1.09 (0.63–1.90) 2.26 (1.45–3.53) ***

Nonslip fall

Total (n = 654) Unadjusted 1.35 (1.04–1.74) * 1.18 (0.83–1.68) 1.50 (1.06–2.12) *

Adjusted 1.30 (0.98–1.73) 1.05 (0.70–1.56) 1.62 (1.11–2.36) *

Occasional (n = 383) Unadjusted 1.30 (0.93–1.81) 1.17 (0.75–1.85) 1.41 (0.89–2.22)

Adjusted 1.30 (0.91–1.85) 1.10 (0.67–1.80) 1.51 (0.93–2.45)

Frequent (n = 271) Unadjusted 1.41 (0.97–2.06) 1.19 (0.70–2.02) 1.63 (0.98–2.69)

Adjusted 1.31 (0.84–2.02) 0.88 (0.45–1.75) 1.77 (1.02–3.06) *

Injurious fall

Total (n = 379) Unadjusted 1.64 (1.21–2.23) ** 1.37 (0.89–2.10) 1.86 (1.24–2.80) **

Adjusted 1.64 (1.18–2.29) ** 1.38 (0.87–2.20) 1.85 (1.18–2.90) **

Occasional (n = 299) Unadjusted 1.58 (1.12–2.24) ** 1.45 (0.91–2.31) 1.65 (1.02–2.66) *

Adjusted 1.54 (1.06–2.25) * 1.41 (0.85–2.35) 1.61 (0.95–2.73)

Frequent (n = 80) Unadjusted 1.86 (1.00–3.46) * 1.07 (0.39–2.93) 2.70 (1.29–5.65) **

Adjusted 2.05 (1.06–3.97) * 1.29 (0.46–3.60) 2.78 (1.24–6.23) **

Non-injurious fall

Total (n = 1308) Unadjusted 1.36 (1.12–1.64) ** 1.23 (0.95–1.59) 1.46 (1.12–1.89) **

Adjusted 1.31 (1.06–1.62) ** 1.08 (0.81–1.46) 1.55 (1.16–2.07) **

Occasional (n = 640) Unadjusted 1.29 (1.00–1.68) * 1.31 (0.93–1.85) 1,24 (0.85–1.81)

Adjusted 1.27 (0.95–1.69) 1.21 (0.83–1.77) 1.31 (0.87–1.98)

Frequent (n = 668) Unadjusted 1.41 (1.10–1.81) ** 1.15 (0.81–1.64) 1.67 (1.20–2.33) **

Adjusted 1.36 (1.02–1.80) * 0.95 (0.62–1.46) 1.79 (1.25–2.57) **

a n, number of women; any fall, slip/nonslip/unknown falls

OR odds ratio, 95% confidence interval

*p ≤ 0.05
**p ≤ 0.01
***p ≤ 0.001
Adjusted for age, BMI, dairy calcium intake, number of prescribed medications, number of chronic health disorders, use of estrogen hormone therapy
(1999–2004), current smoking, alcohol use, leisure physical activity, and restricted mobility
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had previous slip falls are more physically active and
capable of moving outdoors more often than women with
a previous history of nonslip falls. These women would
have greater exposure to slippery conditions which is a
known risk factor for fracture [14, 15].

We observed that previous slip and nonslip falls were
associated with other fractures but not major osteoporotic
fractures. In addition, the risk of other fractures was con-
siderably greater in relation to previous (injurious) falls.
The greater other fractures risk related to previous history
of falls (frequency, mechanism, and severity) could indi-
cate that these women are healthier; they may have stron-
ger bones and less risk factors for major osteoporotic
fractures. In addition, for individuals considered frail or
falls out of the ordinary caused by an unavoidable exter-
nal cause (such as traffic accident or slipping outside),
fracture may be inevitable and, in this sense, the fall per
se may not have any significant role on such fractures.

To shed more light on these findings, we analyzed the
associations between history of falls (frequency, mecha-
nism, and severity) and site-specific fractures. According
to the point estimates, previous falls (especially injurious
falls) tended to increase the risk of future fractures of each
of the specific sites, in particular the other fractures.
However, the associations were often not statistically sig-
nificant; the relatively small numbers of individual frac-
ture types likely limited the power to detect statistical

differences. Adjustment for mobility could have further
clarified the findings and remains an idea for further ex-
ploration. Also, the classification of fractures into major
osteoporotic vs others is not necessarily justified, since
the risk for all types of fracture is increased in women
with osteoporosis.

Finally, our finding, suggesting that earlier injurious
falls is a strong predictor for future fracture especially
for other fractures compared with major osteoporotic frac-
tures, could be a good candidate for inclusion in fracture
prediction algorithms. The current FRAX (fracture risk
prediction model) screening tool includes falls; however,
the inclusion of previous injurious falls in particular is
likely to improve predictive power [28].

The main strength of our study was its prospective
population-based design and the large study population
with an overall high response rate. Some limitations are
also evident. There may be possible recall biases as falls
are based on self-reports [29]. In addition, we classify the
mechanism of fall based on the last falling event which
might affect future fracture risk estimates. Therefore, fur-
ther fracture risk studies with more exact fall reporting
methods and detailed information on fall mechanism
would have needed to confirm the results. In the current
study, the self-reported fractures were confirmed via med-
ical reports. The former validation study of self-reported
fractures in OSTPRE cohort observed the sensitivity of

Fig. 2 Specific future fracture
risks (odds ratios with 95% CIs)
related to all and injurious earlier
fall in comparison with women
with no earlier falls. *No future
skull fractures were observed for
women with earlier injurious fall
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self-report to detect fracture to be 78% and specificity
96% [30]. So, it is true that some fractures may have been
missed, but when a fracture was reported, it had a positive
predictive value of 84% truly to be a fracture. Thus, we
can assume that there was no severe recall bias involved
in the self-reported fracture rates. Even further, there is no
reason to believe that self-reporting would have been sys-
tematically different between the compared groups mean-
ing that relative risks remain unbiased even though we
certainly have lost some power to detect differences and
therefore the study results are likely to be rather conser-
vative. This study includes those women who responded
to the fall and fracture questionnaires. The incidence of
future fractures in non-responders to fall questions was
same as in responders suggesting that the fracture risks
related to fall history were similar in responders and
non-responders. Thus, non-response to fall questions has
not severely affected the future fracture risk estimations.
Non-response to fracture questions is not biasing our
comparisons, but generalizations beyond the population
capable of answering the questionnaires should not be
made without careful justifications. The current study
used the major osteoporotic fracture site criteria
established by FRAX and was not aiming to separate
fractures due to true status of osteoporosis or trauma en-
ergy. This approach was chosen to make our finding more
comparable with other similar studies using the same clas-
sification criteria. To verify osteoporotic fracture, we
would have ultimately needed BMD values, but unfortu-
nately timely BMD measurements were available only for
a small fraction of this population-based cohort and de-
tection for truly osteoporotic fractures was impossible. In
order to classify women into categories of major
osteoporotic and other fractures, we considered any wom-
en who had reported at least one fracture in sites of major
osteoporotic fractures to belong in major osteoporotic cat-
egory and women with solely other fractures to belong in
other category. So, our approach allowed us to report site-
specific fracture risks in a consistent and comparable way.
But as it is certainly possible that some women may have
more than one fracture event, we recognize that it would
be interesting to focus on that aspect in future research but
that is out of scope of the current study.

In conclusion, history of falls (especially injurious
falls) appeared to be an indicator for subsequent postmen-
opausal fracture overall. Earlier injurious falls are a stron-
ger predictor for other fractures than for typical major
osteoporotic fractures. Early identification of those at a
greater risk for future fracture is the key to minimizing
the associated health burden. With this knowledge, clini-
cians could identify those at a greater fracture risk. These
findings are relevant in improving screening and preven-
tion strategies for fractures.
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