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Abstract

Summary The risk of subsequent major osteoporotic and hip fracture following an initial fracture was increased in both sexes
over 25 years, with modest time-dependent attenuation. This risk was highest in men, underscoring the importance of targeted
treatment strategies particularly in this under-treated population.

Introduction The risk of subsequent fractures is increased following an index fracture, and declines over time. We aimed to
determine whether this risk was sustained over 25 years and evolved similarly in men and women.

Methods Using population-based databases, we performed a matched cohort study in 16,876 men and 39,230 women > 50 years
who sustained an index fracture during 1989-2006. Rates of subsequent major osteoporotic fractures (MOF) and hip fractures
until 2016 were compared to rates for matched controls (n = 160,983). Age- and sex-stratified cumulative incidences to 25 years
were estimated in the presence of competing mortality. Hazard ratios (HRs) with 95% confidence intervals (CI) for subsequent
fractures were estimated for each on the first 15 years of follow-up with a final category > 15 years, adjusted for comorbidities.
Results Risk for MOF and hip fractures remained elevated up to 25 years in both sexes. The cumulative incidence of fractures
was higher in cases vs controls in both sexes and across all age categories except in those > 90 years. Crude rate ratios for
subsequent MOF were 2.5 (95% CI 2.3-2.7) in men and 1.6 (95% CI 1.6-1.7) in women and were higher in the younger age
groups. Adjusted HRs (aHRs) for subsequent MOF were higher in men than in women in the first year (men aHR 2.6, 95% CI
2.1-3.3; women aHR 1.6, 95% CI 1.4-1.7).

Conclusions The risk of subsequent fractures following an initial fracture was increased over 25 years and the magnitude of risk
was initially greater in men than in women.
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previous fracture, notwithstanding its timing, as an important
clinical risk factor for future fracture. It is important to quan-
tify whether this risk of subsequent fracture is sustained over
the long term for accurate fracture risk assessment in older
men and women who would have sustained fractures in the
distant past.

Our objective was to determine the long-term risk of sub-
sequent major osteoporotic fractures (MOF) and hip fractures
following an initial fracture, in men and women separately,
and to examine the change in risk over a 25-year period.

Methods
Study design and population

Using the linked comprehensive healthcare databases of the
Manitoba Centre for Health Policy Data Repository (Canada),
we performed a matched historical cohort study of men and
women 50 years and older who sustained a first fracture be-
tween fiscal years 1989 and 2006. The Manitoba Centre for
Health Policy Data Repository includes the population-based
computerized databases of hospitalization discharge summa-
ries, physician claims for services (billings), and vital statis-
tics, which can all be linked through an anonymous personal
identifier. Virtually all residents of the Province of Manitoba,
Canada (population 1.3 million, 2016), receive health cover-
age through a publicly funded system and every encounter
with the healthcare system is recorded in these databases.
The accuracy and completeness of these databases for fracture
outcomes have been described elsewhere [13, 14]. This study
was approved by the Health Research Ethics Board of the
University of Manitoba and data access was granted by the
Health Information Privacy Committee of Manitoba.

We identified as cases all men and women aged 50 years
and older who sustained a first fracture between April 1, 1989,
and March 31, 2006. The entry date of an individual in the
cohort was the date of a first fracture (index fracture) after age
50 years, on the condition of having had medical coverage
from Manitoba Health for at least 5 years prior to the index
fracture and continuous coverage after the index date.

Hospital discharge abstracts and physician claims data-
bases were examined for the presence of fracture diagnostic
codes at any skeletal site (categorized as hip, forearm, clinical
spine, humerus, and other sites; excluding skull, hands, and
feet fractures) using previously validated algorithms based on
ICD-9-CM (prior to 2004) and ICD-10-CA codes [15, 16]. In
addition, hip and forearm fractures were required to have con-
current site-specific physician claims for fixation, reduction,
or casting to enhance specificity for an acute fracture event.
Traumatic fractures (1677 fractures) were identified as such
using trauma diagnostic codes and were excluded from the
analyses.
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Three controls for each case were selected and matched on
a fiscal year basis by sex and age (within 5 years) and assigned
the same index date as the matched case. Controls were re-
quired to have continuous health coverage for at least 5 years
prior to their case’s index date and their records be free of
fracture diagnosis codes during that period. Using a wider
caliper for age matching (5 years) allowed us to identify 3
controls for each case.

Cases and controls living in a long-term care facility at the
index date were included in the cohort (but were not matched
on residential status). Control selection was done without re-
placement within a fiscal year and with replacement for each
new fiscal year.

Subsequent fracture outcomes

We assessed longitudinal records for the presence of non-
traumatic hip and major osteoporotic fracture (MOF: hip, clin-
ical spine, forearm, and proximal humerus) diagnostic codes,
as previously described, following the index date up to
March 31, 2016, allowing for at least 10 years and up to 25
years of follow-up.

To minimize misclassification of incident and subsequent
fractures, a 15-day washout period was applied to cases and
their controls for subsequent fractures at any sites to avoid
double counting. Furthermore, a 12-month washout was ap-
plied for a subsequent non-hip fracture affecting the same site
(e.g., forearm fracture after forearm fracture) and a 3-month
washout was applied for a subsequent hip fracture after a
previous hip fracture. All individuals were followed until the
occurrence of subsequent fractures, death, termination of pro-
vincial healthcare coverage due to relocation, or the study end
date of March 31, 2016.

Covariates

The John Hopkins Ambulatory Care Group (ACG) system
(version 9) was used to develop a comorbidity index for cases
and controls [17]. Ambulatory diagnostic groups (ADGs) rep-
resent 32 comorbidity clusters. The number of ADGs for each
subject at the time of entry into the cohort was documented
from the hospital and physician medical records and catego-
rized as none, 1-2, 35, and 6 or more.

Statistical analysis

Continuous variables were reported as means with standard
deviations (SDs), and counts with percentages. Annual crude
rates in cases and in controls per 1000 person-years of obser-
vation and cumulative incidence for subsequent MOF or hip
fractures were estimated, accounting for competing risk of
mortality [18], and stratified by sex and age groups (50-59,
60—69, 70-79, 80-89, and 90+ years). Crude relative rate
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ratios (RRs; cases/controls) for subsequent MOF or hip frac-
ture were generated separately for men and women, by index
fracture site. Unadjusted and comorbidity-adjusted hazard ra-
tios (HRs) with 95% confidence intervals (CI) for subsequent
MOF and hip fractures (cases versus controls) following an
initial fracture were estimated for men and women from Cox
proportional hazard models for each on the first 15 years of
follow-up with a final category for > 15 years. Number of
ADG comorbidities was entered into the model as a time-
fixed covariate. All analyses were conducted using SAS soft-
ware, version 9.4 (SAS Institute, Inc., Cary, NC).

Results

During the study period, there were 16,876 initial fractures in
men and 39,230 (70%) in women, for a total of 56,106 cases
to whom we matched 160,983 controls. Initial fractures were
identified at the following skeletal sites: 11,028 (20%) fore-
arm, 9313 (17%) hip, 5799 (10%) humerus, 3554 clinical
spine (6%), and 28,089 (50%) at other sites (Table 1). The
cohort was followed for up to 25 years (cases: mean 9.9 [SD
7.1] years, range 0-27.0 years; controls: mean 11.0 [SD 7.0]
years, range 0-27.0 years).

The overall annual rate, per 1000 person-years of observa-
tion, of subsequent MOF following an initial MOF among
cases was 18.5 (95% CI: 17.3-19.8) in men and 29.6 (95%
CI: 28.28.8-30.4) in women, and following an initial hip frac-
ture was 26.2 (95% CI: 23.3-29.6) in men and 34.8 (95% CI:
32.9-36.7) in women. For subsequent hip fracture, the rate
was 9.2 (95% CI: 8.4-10.0) in men and 13.8 (95% CI:
13.3-14.3) in women following a MOF, and 14.5 (95% CI:
12.5-16.8) in men and 18.3 (95% CI: 17.1-19.7) in women
following a hip fracture. Subsequent fracture rates were
highest in the older age groups (over the age of 70 years)
following an initial fracture at all sites (Supplemental
Table 1). Absolute risk differences in MOF and hip fractures
in men and women, by age groups, are shown in
Supplemental Table 2; in the older age groups (age 60 years

and older), absolute differences in rates of MOF and hip frac-
ture were higher in men than in women.

The cumulative incidence to 25 years of subsequent MOF
and hip fractures following an initial MOF was higher in cases
vs in controls for both sexes and across all age categories
except for > 90 years where this relationship reversed due to
competing mortality (Fig. 1). The highest cumulative inci-
dence of subsequent fracture was observed in women in the
age groups 60—69 years and 70—79 years for subsequent MOF
and in age groups 70-79 years for subsequent hip fractures.
The cumulative incidence of subsequent MOF and hip frac-
tures was highest after a humerus, forearm, and spine fracture.

In general, the crude relative RRs of subsequent MOF and
hip fractures in cases compared to controls over the entire
study period of 25 years were higher in men and in younger
age groups (Table 2). Over all ages, RRs were 2.5 (95% CI:
2.3-2.7)inmen and 1.6 (95% CI: 1.6—1.7) in women for MOF
following a MOF, and 2.1 (95% CI: 1.9-2.3) in men and 1.5
(95% CI: 1.5-1.6) in women for a hip fracture following a
MOF. RRs were highest in younger men after a hip fracture
(6.0 [95% CI: 3.4-10.6]), humerus fracture, and MOF, and
were lowest in older men and women (over the age 80 years)
following a fracture at most skeletal sites.

Unadjusted HRs (cases versus controls) for subsequent
MOF or subsequent hip fracture following an initial MOF
were higher in men than in women in the first year following
the index fracture (MOF following MOF: HR 3.3, 95% CI:
2.6-4.1 in men and 1.8, 95% CI: 1.7-2.0 in women; hip frac-
ture following MOF: HR 2.8, 95% CI: 2.1-3.8 in men and 2.0,
95% CI: 1.8-2.3 in women) (Figs. 2 and 3). Following adjust-
ment for number of comorbidities, the risk in the first year was
slightly attenuated, but retained a similar pattern for subse-
quent MOF following a MOF: aHR 2.62, 95% CI: 2.1-3.3
in men and 1.6, 95% CI: 1.4-1.7 in women; and for subse-
quent hip fracture following MOF: aHR 2.1, 95% CI: 1.7-3.2
inmen and 1.7, 95% CI: 1.5-1.9 in women. The risk declined
in both men and women over time but remained elevated even
more than 15 years after the index fractures (MOF after initial
MOF: aHR 1.7,95% CI 1.2-2.2 in men; 1.4, 95% CI 1.3-1.6
in women; and hip fracture after MOF: aHR 1.7, 95% CI 1.2—

Table 1 Characteristics of men

and women at the time of index Initial fracture Total Men Women
fracture by initial fracture site
N =56,106 N =16,876 Age, years N =39,230 Age, years

Hip 9313 (17) 2606 (15) 78.2 (10.3) 6707 (17) 81.2(9.1)
Humerus 5799 (10) 1414 (8) 69.5 (11.5) 4385 (11) 72.6 (11.3)
Spine 3554 (6) 1431 (8) 71.2 (12.1) 2123 (5) 75.8 (11.1)
Forearm 11,028(20) 2138 (13) 65.9 (11.6) 8890 (23) 69.1 (11.3)
Other site® 28,089 (50) 9287 (55) 67.4 (12.3) 17,125 (44) 70.8 (12.6)

Age is mean and standard deviation; N are counts and percentages

# Other sites include the rib, sternum, pelvis, clavicle, patella, tibia, fibula, and ankle
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Fig. 1 Cumulative incidence, with 95% confidence intervals, of major osteoporotic fracture (MOF) following a MOF and of hip fracture following a
MOF in cases and controls in years following the index date, stratified by sex and age group

2.4 inmen; 1.5, 95% CI 1.3—1.7 in women). A similar pattern
was seen for subsequent MOF following any low-trauma frac-
ture (MOF + other sites) in men in the first year with an aHR
2.6 (95% CI: 2.2-3.1)and aHR 1.5 (95% CI: 1.3-1.9) for> 15
years, whereas in women, the aHR in the first year was 1.8
(95% CI: 1.7-1.9) and was 1.3 (95% CI: 1.2-1.4) for > 15
years.

Discussion

Following an initial fracture at any skeletal site, the risk of
subsequent MOF and hip fracture was elevated compared to
age- and sex-matched controls in both sexes over 25 years,
with a modest time-dependent attenuation. The cumulative
incidence over the study period of subsequent MOF and hip
fractures was higher in cases vs in controls for both sexes and
across all age categories even after accounting for the compet-
ing risk of mortality, with the exception of the very elderly
group (> 90 years). This risk of subsequent fracture was higher
in men, even after adjustment for number of comorbidities,
particularly in the years immediately after the index fracture.
Low-trauma fractures have been linked to increased risk of
subsequent fractures in previous studies, including our own
[1,9, 19]. The risk of subsequent fractures has been extensive-
ly researched, particularly in women, and observed in the first
10 years’ post-fracture [20, 21]. In the Dubbo Osteoporosis
Epidemiology study (1989-2010, 343 initial fractures in men
and 952 in women, 60 years and older), the relative risk of
subsequent fracture was increased two- to four-fold following
an initial fracture of the hip, the spine, or a non-vertebral-non-
hip skeletal site [22]. Furthermore, the risks were particularly
elevated in the younger age groups (60 to 74 years) and in men
following a hip and spine fracture (relative risk [RR] 4.01;
95% CI, 1.48-10.87, and RR 6.95; 95% CI, 3.64-13.25,
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respectively). In the Study for Osteoporotic Fractures of
8049 women (mean age 73, SD 5 years), a proximal humerus
fracture was associated with an 83% increase in the risk of
subsequent fracture, compared with women without a humer-
us fracture, over an average period of observation of 10 years
[11]. In a study among 377,561 US women 65 years and
older, 10%, 18%, and 31% of women fractured again within
1, 2, and 5 years following their initial fracture, regardless of
the initial fracture site [23]. Finally, Soreskog and colleagues
documented a 3-fold risk of subsequent MOF following an
index hip fracture over a 60-month period in a cohort of
231,769 Swedish women aged 50 years and older, with a
time-attenuation effect similar to what we have presented [24].

The time dependency of fracture risk has drawn attention,
since the early phase of highest risk might create an opportu-
nity for early intervention [25-27]. Time interval since the
initial fracture has been documented to impact the risk of
subsequent fracture conveying a higher immediate risk in
those who have sustained a more recent fracture [4, 11, 28].
In the Funen County Hip Fracture Study, the risk of sustaining
a second hip fracture was found to be highest in the first 12
months following a first hip fracture, with 50% of recurrent
fracture occurring within 12 months in men and within 19
months in women [29]. In another population-based study of
4140 postmenopausal women (aged 50 to 90 years), subse-
quent fractures after an initial fracture were documented: the
relative risk of re-fracture was 5.3 (95% CI: 4.0-6.6) within 1
year following the initial fracture, 2.8 (95% CI: 2.0-3.6) with-
in 2-5 years, 1.4 (95% CI: 1.0-1.8) within 6-10 years, and
0.41 (95% CI: 0.29-0.53) after > 10 years [30]. The Reykjavik
Study fracture registration study provides insight into the time
dependency of the recurrent fracture risk in a larger population
of 18, 872 Icelandic men and women with a sentinel fracture,
assessed over a period of 27 years [5]. In those who experi-
enced a subsequent fracture, at least 30% of these fractures
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Table 2 Sex- and age-stratified

fracture crude relative rate ratios Age, Hip Humerus Spine Forearm MOF Other sites

(cases/controls) and 95% confi- years

dence intervals (CI) of subsequent

major osteoporotic fractures and Subsequent major osteoporotic fractures, rate ratio and 95% CI

hip fractures by initial fracture 50-59

site, over the study period Men 60(3.4,106) 44(28,7.1) 33(20,56) 30Q241) 3602945 28(23,33)
Women 2.3(1.5,3.4) 3.1(25,39) 2501.7,3.8) 2.0(1.8,2.3) 23(2.1,2.5) 1901.4,1.7)
60-69
Men 35(23,53) 472,700 24(1.6,37) 26(19,35 315,37 20(1.7,24)
Women 20(1.7,2.5) 20(1.8,24) 22(1.7,29 16(14,1.7) 1.7(1.6,1.9) 1.6(1.4,1.7)
70-79
Men 23(17,29)  38(28,5.1) 3.6(2551) 18(13,26) 262230 19(1.622)
Women 14(13,1.6)  1.8(1.6,2.0) 19(1.6,2.3) 14(13,15 15(14,1.6) 14(1.3,15)
80-89
Men 14(08,24) 27(19,40) 19(1.2,27) 2.1(15,29) 2.1(1824) 19(1.6,22)
Women L1(1.0,12)  1.6(14,1.9) 18(1.6,22) 14(12,1.6) 13(13,14) 14(13,1.5)
90+
Men 0.8(0.7,1.0) 06(0.1,23) 12(05,3.1) 42(1.1,163) 15(1.0,1.1) 22(1.6,3.1)
Women 0.7(0.6,09) 12(09,1.7) 15(1.0,23) 12(08,1.6) 1.0(08,1.1) 14(1.2,1.7)
Overall
Men 23(2.0,27)  36(3.0,44) 25020,30) 241,28 25(23,27) 2.1(1.9,23)
Women 1.4(1.3,1.5) 2.0(1.9,2.2) 23(2.1,2.6) 1.6(1.5,1.7) 1.6(1.6,1.7) 1.6(1.5,1.6)

Subsequent hip fractures, rate ratio and 95% CI

50-59
Men
Women
60—69
Men
Women
70-79
Men
Women
80-89
Men
Women
90+
Men
Women
Overall
Men
Women

42(1.8,9.8)
4.7(24,9.2)

3.3(1.9,5.9)
2.0(1.5,2.7)

2.1(1.6,2.8)
1.3 (1.2, 1.6)

1.8 (1.4,2.4)
1.0 (0.9,1.1)

1.1 (0.6, 1.9)
0.6 (0.5, 0.8)

2.0(1.7-2.4)
1.2 (1.1-1.3)

43(2.1,87) 27(1.1,68) 23(13,39) 3.0(2.1,43) 28(2.1,37)
53(35,82) 26(12,56) 21(1.6,28) 29(23,35 2.1(1.7,2.6)

462.7,79) 24(14,43) 25(1.6,39) 3.0(23,3.8) 2.0(1.6,2.6)
22(1.7,277)  22(14,34) 14@12,1.7) 1.7(1.5,1.9 1.5(1.3,1.7)

33(23,48) 3.0(1.9,47) 13(09,20) 22(1.9,27) 1.9(1.6,2.4)
1.8(1.6,2.1) 1.9(1.5,23) 13(12,15 15(14,1.6) 14(1.2,1.5)

26(1.7,41) 1.6(1.0,23) 20(13,3.1) 19(1.6,23) 1.9(1.6,2.3)
16(14,19) 1.8(14,22) 13(1.1,1.5) 12(12,1.3) 14(13,1.5)

04(0.0,3.0) 07(0.2,2.5) 2.1(05,87) 1.0(06,1.6) 22(1.5,32)
13(09,1.9 1.6(10,2.7) 1.1(08,1.6) 09(0.8,1.1) 14(1.1,1.7)

28 (25400 201525 200624 21(19-23) 20(1.823)
20(19-22) 20(1.723) 1.5 (1.4-1.7) 1.5 (1.5-1.6) 1.6 (1.5-1.6)

MOF: major osteoporotic fractures (hip, humerus, forearm, clinical spine)

Other sites: fractures of the rib, sternum, pelvis, clavicle, patella, tibia, fibula, and ankle

occurred within the first year. As in our study, the annual  follow-up, similarly to what we have documented. Though the
incidence of subsequent fracture was higher in women than  pattern of fracture risk over time was similar to what we report
in men and increased with age. The risk for MOF was highest  in this study, the risks for any subsequent osteoporotic fracture
immediately after the first fracture and decreased overtimebut ~ were up to two-fold higher than those we computed, specifi-
remained higher than that of the population at risk throughout  cally in men. These differences could be in part due to
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(MOF) following an initial MOF, in men and women

population-specific characteristics (for example, in our
models, we adjusted for comorbidities) and baseline fracture
risk, ascertainment of fracture events including methods, and
time windows used to avoid double counting of subsequent
fractures.

The reasons behind the increased risk in fracture are many
and include loss of muscle strength and impaired balance,
increased risk of falls, change in cognition, presence of co-
morbidities, and bone loss following in the period following
the fracture [25, 31]. Higher complication rates and mortality
have been documented in men following fractures, even after
adjusting for the presence of comorbidities [32, 33].

The strengths of this study include the use of a population-
based comprehensive registry that includes virtually the entire
population of the Manitoba and many fracture outcomes in
men and in women allowing for robust sex- and age-
stratified analyses, a period of follow-up that spans over two
decades, and consideration of the presence of comorbidities
and of competing risk of mortality in the analyses. There are
limitations to observational studies such as outcome
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ascertainment leading to misclassification of some fractures,
particularly vertebral fractures. To minimize this bias, we have
used fracture definitions that have previously been validated
[16, 34]. Furthermore, to avoid double counting of fractures in
the short time frame, we have used a period of 6 months
(washout) before counting a second fracture at the same site.
Similarly, all comorbidities may not be captured by claims
coding or may be miscoded. We did not have access to anti-
osteoporosis medication use in cases and controls, and could
not account for their potential protective effect on subsequent
fracture risk. However, in a similar population-based study in
Manitoba in fiscal years 2000-2014, we have documented
that only 14.3% of men and women who had sustained a
major osteoporotic fracture received anti-osteoporosis medi-
cation in the 14 months following the fracture, making it un-
likely that medication use would have a significant impact on
our results [35].

The risk of subsequent MOF and hip fracture following an
initial MOF was increased in both sexes over a 25-year period.
Our results support the importance of a previous fracture in
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Fig.3 Unadjusted (A) and adjusted (B) hazard ratios with 95% confidence intervals (cases versus controls) of subsequent hip fracture following an initial

major osteoporotic fracture, in men and women
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fracture risk assessment, even if sustained in the distant past.
As others have also shown, the risk for subsequent fractures
was highest in men and in the younger age groups. These
results underscore the importance of timely recognition of
fracture events and effective interventions that reduce fracture
risk, especially in men, a population in whom secondary pre-
vention is under-implemented.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00198-021-06028-9.
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