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Abstract
Summary  There is imminent refracture risk in elderly individuals for up to six years, with a decline thereafter except in 
women below 75 who face a constant elevated risk. Elderly men with fractures face the highest mortality risk, particularly 
those with hip and vertebral fractures. Targeted monitoring and treatment strategies are recommended.
Purpose  Current management and interventions for osteoporotic fractures typically focus on bone mineral density loss, 
resulting in suboptimal evaluation of fracture risk. The aim of the study is to understand the progression of fractures to 
refractures and mortality in the elderly using multi-state models to better target those at risk.
Methods  This prospective, observational study analysed data from the AGES-Reykjavik cohort of Icelandic elderly, using 
multi-state models to analyse the evolution of fractures into refractures and mortality, and to estimate the probability of 
future events in subjects based on prognostic factors.
Results  At baseline, 4778 older individuals aged 65 years and older were included. Elderly men, and elderly women above 
80 years of age, had a distinct imminent refracture risk that lasted between 2–6 years, followed by a sharp decline. However, 
elderly women below 75 continued to maintain a nearly constant refracture risk profile for ten years. Hip (30–63%) and 
vertebral (24–55%) fractures carried the highest 5-year mortality burden for elderly men and women, regardless of age, and 
for elderly men over 80, lower leg fractures also posed a significant mortality risk.
Conclusion  The risk of refracture significantly increases in the first six years following the initial fracture. Elderly women, 
who experience fractures at a younger age, should be closely monitored to address their long-term elevated refracture risk. 
Elderly men, especially those with hip and vertebral fractures, face substantial mortality risk and require prioritized moni-
toring and treatment.

Keywords  Osteoporosis · Fracture · Older People · Multi-state Models · Imminent Risk

Introduction

Osteoporotic fractures are placing an unequivocal strain 
on healthcare systems globally in terms of cost and health-
related quality of life. The annual incidence of new osteo-
porotic fractures alarmingly increased 23% from 3.5 million 
in 2010 to 4.3 million in 2019 in the European Union alone, 
and this number is expected to increase by a further 25% by 
2034 [1, 2]. The associated cost of osteoporotic fractures has 
also increased, and there is a rapidly increasing treatment 
gap, which reached as high as 71% in 2019. [2] This treat-
ment gap will exacerbate the public health burden of disabil-
ity, morbidity and mortality posed by osteoporotic fractures. 
Moreover, Iceland boasts one of the highest employment 
rates for senior workers, with a 65% employment rate for 
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individuals aged 55–74 years as of 2021 [3]. This high 
employment rate highlights the significant contributions 
that older adults make to Iceland’s workforce. This depend-
ency on the senior workforce underscores the critical need 
for improved intervention and management of osteoporo-
tic fractures, as the consequences of such fractures can be 
irreversible.

Sustaining osteoporotic fractures increases the likelihood 
of both refractures and mortality. The risk of refracture is the 
highest within the first year [4], and remains elevated for as 
long as 25 years after the first fracture [5]. Hip and vertebral 
fractures have particularly high risks of refracture [6–8], and 
refractures further exacerbate this excess mortality risk [9]. 
Unfortunately, healthcare settings tend to myopically focus 
on the loss of bone mineral density alone, leading to poor 
evaluation of the risk associated with osteoporotic fractures. 
The risk of refracture and mortality after the first fracture 
is not constant [10], and tends to cluster within the first five 
years [11]. This is commonly referred to as the 'imminent 
risk' phase. [12] Unfortunately, there is a paucity of data on 
this crucial period following a fracture.

The aim of this study is to determine the optimal time 
for intervention by assessing the progression of fractures to 
refractures and mortality in the elderly. The study investi-
gated three different multi-state fracture progression models 
with varying levels of complexity. The first model was a sim-
ple fracture-death model, followed by a fracture-refracture-
death model. The third model was a further refinement of the 
fracture-refracture-death model that considered the fracture 
location. Collectively, these models can predict the probabil-
ities of fracture, refracture and mortality events occurring in 
the elderly given specific prognostic factors. By accurately 
assessing the overall risk of osteoporotic fractures, effective 
prevention and intervention strategies can be implemented 
to better target the elderly at risk and to optimally mitigate 
the progression of fractures.

Methods

Study population

The study data was obtained from the Age, Gene/Environ-
ment Susceptibility-Reykjavik (AGES-Reykjavik) study, 
being conducted in Iceland since 2002. The full cohort con-
sists of 5764 elderly men and women. The current analy-
sis included all subjects for whom CT data at baseline was 
available. Participants, who either did not provide informed 
consent (n = 49), did not undergo a CT scan (n = 862), did 
not have height or weight measurements (n = 3) or did not 
meet any combination of the three criteria (n = 72), were 
excluded. Since this is an ongoing study, the last follow-
up for the purpose of this investigation was at 16.6 years. 

Subjects were not lost to follow-up during the study, except 
for cases of death and migration. However, the loss due to 
migration is expected to be insignificant. Demographic data 
such as age, gender, body mass index (BMI), prior fracture, 
and integral volumetric BMD (vBMD) derived from CT 
scans were collected. Information on osteoporotic status or 
comorbidities were not obtained.

Fracture and mortality ascertainment

Incident and prevalent fractures were verified from the 
Icelandic fracture registry according to the International 
Classification of Diseases version 9 (ICD-9) and 10 (ICD-
10) diagnostic codes that define low trauma fractures at 
the hip, spine, lower leg, and forearm (detailed in Online 
Resource 1). These fractures were then grouped into the four 
aforementioned fracture locations. Prior fractures were defined 
as prevalent fractures occurring before study enrolment. 
The first incident fracture was defined as an index fracture 
and a refracture was defined as any fracture event occurring 
after the index fracture. Subsequent fractures that occurred 
after the second incident fracture were not utilized for this 
investigation due to its low frequency. To avoid duplicate 
inclusions of similar events, the initial instance of a fracture 
is recorded as the earliest occurrence. Subsequent fractures at 
the same anatomical location are recognized as new fractures 
only if they occur at least 90 days after the prior occurrence. 
Mortality of the subjects enrolled into the study was recorded 
and verified from the Icelandic registry.

Statistical analysis

Baseline characteristics, reported as mean and standard devi-
ation, were calculated for all continuous variables, while 
ratios and percentages were calculated for nominal variables. 
T-tests were used to compare group differences between 
men and women for all the prognostic factors. Stratified 
multi-state Cox regression models were applied using the 
“clock-reset” approach [13]. Prognostic factors were strati-
fied into categorical covariates with transition-specific base-
line hazards and were used in the multi-state Cox regression 
models as covariates (see Table A2; Online Resource 2). 
Three multi-state models were evaluated (Fig. 1). These 
models were used to predict the transition-specific prob-
abilities of future events (fracture, refracture and death) 
for four reference men and women based on their age as 
follows; young-old man under 75 years old (Myoung), old-
old man over 79 years old (Mold), young-old woman under 
75 years old (Wyoung) and old-old woman over 79 years old 
(Wold). The first multi-state model (Model 1) was created 
with three states: (1) all subjects start at study enrolment 
in a healthy state, denoted as ‘Entry’; (2) after enrolment, 
subjects enter into ‘Fracture’ state upon sustaining incident 
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fracture; and (3) subjects who died during the course of the 
study follow-up with or without sustaining any fracture enter 
the absorbing state ‘Death’ (Fig. 1A). The second multi-state 
model (Model 2) had four states: (1) similar to the three-
state fracture-death model, subjects start from ‘Entry’; (2) 
upon entry, the first incident fracture sustained by subjects 
will lead them to the ‘Index Fracture’ state; (3) subjects 
then enter ‘Refracture’ state if they sustain the second inci-
dent fracture and (4) subjects can enter the absorbing state 
‘Death’ from any of the preceding three states (Fig. 1B). 
The third multi-state model (Model 3) was constructed with 
seven possible outcomes: (1) subjects start from ‘Entry’; 

(2–5) subjects that sustain their first incident fracture will 
enter either ‘Hip Fracture’, ‘Spine Fracture’, ‘Lower Leg 
Fracture’ or ‘Forearm Fracture’; (6) similar to the four-state 
model, they then enter the “Refracture’ state if they sustain 
a second incident fracture and (7) lastly enter the absorbing 
state ‘Death’ from any of the preceding states (Fig. 1C).

Stacked transition probability plots over a 15-year hori-
zon were generated to predict patient-specific probabilities 
for each transition for the simple fracture-death model. 
The ‘death’ state was further stratified into two states; 
death after a fracture and death by other causes to better 
visualize the effects of fracture on death. For the second 
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Fig. 1   (Model 1) Fracture-death multi-state model, (Model 2) fracture-refracture-death model and (Model 3) fracture-refracture-death model 
stratified by fracture location
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(fracture-refracture-death model) and third model (second 
model stratified by fracture location), the transition prob-
abilities over a 10-year horizon were plotted. These prob-
abilities were plotted. A p-value of 0.05 was considered to be 
significant. Multi-state modelling was executed with the R 
‘mstate’ package. All other data management and statistical 
analyses were performed using Python (version 3.8.5) and 
R (version 3.4.5 for Windows) programming environments.

Results

The current analysis included 4778 subjects aged 65 years 
and older at study entry (mean age 76.3 ± 5.5 years old), 
with a median follow-up of 12 years for participants who 
died before the end of study. Index incident fracture occurred 
in 29.3% (n = 1404) and refracture in 12.0% (n = 572) of the 
subjects (Fig. 2). 45.1% (n = 2154) of the subjects died with-
out sustaining incident fractures prior to the end of follow-up 
and 25.5% (n = 1220) did not have either event (fracture or 
death) (Fig. 2). Baseline characteristics of subjects showed 
no significant differences in age, BMI or vBMD between 
alive and dead groups or between men and women (see 
Table A3; Online Resource 2). On the contrary, the presence 
of prior fractures was significantly higher among deceased 
subjects and in women (see Table A3; Online Resource 2). 

To better understand the factors contributing to fracture and 
mortality rates, the impact of individual prognostic factors 
was also analyzed in detail (Tables A4-5; Fig. A1 ; Online 
Resource 2).

Model 1: Impact of fracture on mortality

The probability of experiencing fractures increased for 
Myoung and Wyoung, plateauing around 8% and 11% respec-
tively by the end of 15 years (Fig. 3). However, for Mold and 
Wold, the fracture risk peaked at approximately 10% after 
6.4 years and at 23% after 6.4 years, respectively, before 
gradually decreasing to 1% and 6%, respectively, by the 
end of 15 years (Fig. 3). The probability of mortality both 
due to other causes and due to fracture increased over time 
for the young-old subjects (Myoung and Wyoung). However, 
for older subjects, the increase in probability of mortality 
slowed down after 10 years towards the end of follow-up. 
The survival of Myoung and Mold were relatively poorer than 
the respective female counterparts, with a greater probability 
of overall mortality over the 15 years. Additionally, older 
subjects (Mold and Wold) had a worse survival than younger 
subjects (Myoung and Wyoung), such that the probability of 
being alive at 15 years was approximately 5–10% (Fig. 3). 
The probability of mortality due to fracture remained 

Fig. 2   Flowchart of subjects 
from study entry to death Subjects n = 4778

(2676 women; 2102 men)

No fracture n = 3374
(1659 women; 1715 men)

Deaths n = 2154
(1215 women; 939 men)  

Index fractures n = 1404 
(1017 women; 387 men)

- Hip (378 women; 195 men)

- Spine (244 women; 84 men)

- Lower leg (89 women; 39 men)

- Forearm (306 women; 69 men)

Refractures n = 572
(440 women; 132 men)

Second fractures n = 362
(269 women; 93 men)

Deaths n = 234
(167 women; 67 men) 

Third+ fractures n = 210 
(171 women; 39 men)

Deaths n = 124
(95 women; 29 men) 

Deaths n = 549
(358 women; 191 men) 
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relatively lower than the mortality due to other causes for 
all four reference subjects.

Model 2: Impact of index fracture on refracture 
and mortality

Myoung generally exhibited a higher risk of refracture than 
Mold except in the first two years (Fig. 4A). The risk of 
refracture for Myoung consistently increased for three years, 
until it plateaued for the next 4 years (15–16%) before 
declining over the remaining period (Fig. 4A). For Mold, 
the risk peaked at two years (15%) before declining steadily 
(Fig. 4A). The imminent risk of refracture was 3 and 2 years 
for Myoung and Mold respectively. Despite the declining risk 
over time, Myoung was at a 9% higher risk of refracture than 
Mold at 10 years. Like Myoung and Mold, Wold was also at 

highest risk of refracture for the first 2 years after index 
fracture at 19%, plateaued for the next 2 years and lastly 
decreased to 7% at 10 years (Fig. 4B). Wold faced a higher 
risk of refracture than Wyoung in the first 5 years and a rever-
sal of trend occurred in the remaining 5 years (Fig. 4B). 
In contrast, Wyoung showed an increasing refracture profile 
for 6 years before plateauing at an elevated risk of approx-
imately 20% at 10 years (Fig. 4B) The imminent risk of 
refracture for Wyoung and Wold was 6 and 2 years respectively.

The risk of mortality after both index fracture and refrac-
ture monotonically increased with time and was higher for 
the older counterparts (Mold and Wold) (Fig. 4C-F). The 
risk of mortality in the first-year post-index fracture was 
close to twice as high between Myoung (13%) and Mold (25%) 
(Fig. 4C), while it was almost three times higher for Wold 
(16%) than Wyoung (6%) (Fig. 4D). A similar trend was 
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observed for the first year post-refracture mortality between 
Mold (35%) and Myoung (16%) (Fig. 4E) as well as Wold (26%) 
and Wyoung (9%) (Fig. 4F). In addition, males were also at a 
higher risk of mortality than their respective female counter-
parts. Following refracture, the 5-year mortality was 54% in 
Myoung and 35% in Wyoung (Fig. 4E-F) and was much higher 
in their older counterparts respectively (Mold: 86% and Wold: 
74%) (Fig. 4E-F). This trend persisted consistently through 
the tenth year, where mortality following refracture became 
remarkably pronounced at 98% and 94% for Mold and Wold 
respectively (Fig. 4E-F).

Model 3: Impact of index fracture location 
on refracture and mortality

In Myoung, the risk of refracture after a lower leg fracture 
was highest, compared to other fracture locations over the 
observed 10-year period (Fig. 5A). The imminent risk of 
refracture persisted up to 2 years following hip fractures 
(14%), up to 3 years following vertebral fractures (18%), 
up to 4 years following lower leg fractures (24%) and up to 
6 years following forearm fractures (19%) (Fig. 5A). Fol-
lowing this imminent risk, refracture risks decreased for 
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all fracture locations, except for forearm fractures. Con-
versely, in the case of Wyoung, the risk profiles for refrac-
ture exhibited a persistent heightened risk throughout the 
entire 10-year period for all fracture locations. There were 
minimal declines in the risks of refracture, resulting in a 
plateau of risk by the end of 10 years. The highest risks of 
refracture before plateauing for Wyoung occurred at 7 years 
for hip (27%), at 6 years for vertebral (29%), at 4 years for 
lower leg (25%) and at 8 years for forearm fractures (18%) 
(Fig. 5B). The 5-year risks of refracture were 14%, 17%, 
21% and 17% for hip, vertebral, lower leg, and forearm 
fractures for Myoung (Fig. 5A) while those for Wyoung were 
22%, 25%, 24% and 14% (Fig. 5B) respectively. While 
forearm fractures had the lowest likelihood of refracture, 
all other fracture types had the highest likelihood in Wyoung 
(Fig. 5B).

In Mold, the imminent risk of refracture persisted up to 
2 years following hip (15%), up to 3 years for vertebral 
(13%) and forearm (19%) fractures, and at 1 year for lower 
leg fractures (19%) (Fig. 5C). Compared to Myoung, the 
highest risks of refracture occurred earlier in Mold for hip 
and vertebral fractures. The 5-year risks of refracture were 
generally lower in Mold compared to Myoung for all fracture 
locations (8% vs 14% for hip, 9% vs 17% for vertebral, 10% 
vs 21% for lower leg, and 14% vs 17% for forearm fractures) 
and these risks continued to steadily decline over the course 
of 10 years (Fig. 5C). In Wold, the imminent risk of refracture 
persisted up to 2 years following hip fractures (19%), up to 
3 years following vertebral (18%) and forearm (26%) frac-
tures, and up to 4 years following lower leg fractures (25%) 
(Fig. 5D). A similar trend was exhibited by Wold, as observed 
in Mold, whereby the refracture risks steadily declined over 
the remaining period. The 5-year risks of refracture in Wold 
were 16%, 16%, 20% and 25% for hip, vertebral, lower leg, 
and forearm fractures respectively (Fig. 5D), which were 
substantially higher than the 5-year risks of refracture in 
Mold.

The risk of mortality following a fracture increased over 
time for all subjects. In Myoung, the 5-year mortality risks 
after hip, vertebral, lower leg, and forearm fractures were 
48%, 46%, 18% and 20% respectively (Fig. 5E). In Wyoung, 
the highest 5-year mortality risk was associated with hip 
fractures (30%), followed by vertebral (24%), lower leg 
(19%), and forearm (11%) fractures (Fig. 5F). In Mold, the 
risks increased significantly after hip, vertebral, lower leg, 
and forearm fractures, resulting in 5-year mortality rates of 
63%, 55%, 46%, and 30% respectively (Fig. 5G). In Wold, 
the 5-year mortality risks after the same fractures were 48%, 
39%, 14%, and 14% respectively (Fig. 5H). Wyoung experi-
ences the least mortality burden (< 41%) regardless of the 
fracture location. While hip and vertebral fractures posed 
the highest mortality burden for all subjects, mortality risk 
associated with lower leg fractures was notably high in Mold. 

In general, men (Myoung and Mold) have a greater risk of 
mortality compared to women (Wyoung and Wold).

Discussion

This study is the first to evaluate three models exploring 
fractures, refractures, and associated mortality in the elderly. 
Based on the baseline characteristics of the AGES cohort, it 
was found that 43% of women and 34% of men, who experi-
enced an incident fracture, suffered a refracture, while 35% 
of women and 49% of men died during the follow-up period 
of 17 years. For those who had a refracture, approximately 
42% of women and 33% of men experienced more than two 
fractures, and 77% of women and 88% of men died thereaf-
ter. The mortality rate associated with refractures was sig-
nificantly higher than that of incident fractures, highlighting 
the elevated mortality risk with refractures. [14]

Model 1: Impact of fracture on mortality

Expectedly, elderly individuals aged 80 and older exhibit 
notably poorer survival prospects compared to their rela-
tively younger counterparts, emphasizing the influence of 
age on mortality outcomes. Elderly men experience substan-
tially elevated mortality risk over time, even after a decline 
in fracture risk. This emphasizes the negative impact of frac-
tures on men's survival. Meanwhile, elevated fracture risk 
persists in elderly individuals below 75 years of age and is 
particularly pronounced among elderly women aged 80 and 
above. The findings from this model highlight the impor-
tance of regularly monitoring elderly men and women for at 
least 10 years, who are particularly susceptible to long-term 
elevated mortality and fracture risk respectively [9, 15].

Model 2: Impact of index fracture on refracture 
and mortality

Model 2 demonstrates that the risk associated with refrac-
ture and mortality post-index fracture is not linear [10]. The 
imminent risk of refracture following an incident fracture 
was found to be 2–6 years, but it remained elevated over 
follow-up in this study. Imminent risk has been typically 
reported to last for 1–2 years [11, 16, 17], but some of these 
studies had short follow-up times [18]. A study demonstrated 
that the elevated refracture risk did not change from the first 
2 years to 5 years for both men and women [17], which 
suggests that imminent risk may last longer. Furthermore, 
that study also found that the risk did not change for women 
for up to 10 years but decreased for men [17]. This is in 
line with our finding that elderly women under 75 years old 
have a persistently elevated risk of refracture for up to ten 
years. This model emphasizes the urgent need for targeted 



	 Osteoporosis International

14.3

17.2

20.5

17.4

0

5

10

15

20

25

30

35

40

0 2 4 6 8 10

P
ro
b
ab
il
it
y
(%

)

Years from Index Fracture

Refracture after Index Fracture (Myoung)

Hip Vertebral Lower Leg Forearm

5 years

A

7.68.6

.0

14.0

0

5

10

15

20

25

30

35

40

0 2 4 6 8 10

P
ro
b
ab
il
it
y
(%

)

Years from Index Fracture

old)

Hip Vertebral Lower Leg Forearm

5 years

C

15.6

16.0
19.8

24.6

0

5

10

15

20

25

30

35

40

0 2 4 6 8 10

P
ro
b
ab
il
it
y
(%

)

Years from Index Fracture

Refracture after Index Fracture (M Refracture after Index Fracture (Wold)

Hip Vertebral Lower Leg Forearm

5 years

D

47.5

45.7

18.2

20.5

0

10

20

30

40

50

60

70

80

90

0 2 4 6 8 10

P
ro
b
ab
il
it
y
(%

)

Years from Index Fracture

Mortality after Index Fracture (Myoung)

Hip Vertebral Lower Leg Forearm

5 years

E

63.3

55.4

46.4

.8

0

10

20

30

40

50

60

70

80

90

0 2 4 6 8 10

P
ro
b
ab
il
it
y
(%

)

Years from Index Fracture

Mortality after Index Fracture (Mold)

Hip Vertebral Low r eg Forearm

5 years

G

29.6
23.8

19.3

11.1
0

10

20

30

40

50

60

70

80

90

0 2 4 6 8 10

P
ro
b
ab
il
it
y
(%

)

Years from Index Fracture

Mortality after Index Fracture (Wyoung)

Hip Vertebral Lower Leg Forearm

5 years

F

48.3

39.4

13.6

.0

0

10

20

30

40

50

60

70

80

90

0 2 4 6 8 10

P
ro
b
ab
il
it
y
(%

)

Years from Index Fracture

Mortality after Index Fracture (Wold)

Hip Vertebral Lower Leg Forearm

5 years

H

22.2

24.8
23.8

14.2

0

5

10

15

20

25

30

35

40

0 2 4 6 8 10

P
ro
b
ab
il
it
y
(%

)

Years from Index Fracture

Refracture after Index Fracture (Wyoung)

Hip Vertebral Lower Leg Forearm

5 years

B



Osteoporosis International	

interventions in all post-fracture patients, regardless of age 
for at least six years following the initial fracture and a need 
for ongoing post-fracture management in younger elderly 
women. Furthermore, it is important to note that there is a 
substantial increase in mortality rates following refracture 
with increasing age. The progressively escalating trend in 
mortality rates, especially after refracture, demonstrates 
not only the immediate consequences of fracture itself, but 
the compounding effects of age-related comorbidities. The 
interplay between fracture or refracture events and age-
related comorbidities contribute to the overall mortality in 
the elderly and this should be taken into consideration to 
effectively mitigate mortality risk.

Model 3: Impact of index fracture location 
on refracture and mortality

The risk of refracture and mortality after an index frac-
ture varies with age, gender, and fracture location. Among 
elderly women below the age of 75, refracture risk generally 
remained elevated, whereas elderly men and elderly women 
aged above 80 exhibited a distinct imminent risk of refrac-
ture. The refracture risk after sustaining lower leg fractures 
was relatively high in elderly men below the age of 75, with 
an imminent risk of up to 4 years. In addition, there was a 
relatively high mortality risk observed in elderly men aged 
over 80 who experienced lower leg fractures. It is important 
to note that lower leg fractures can lead to severe functional 
impairment in the elderly population [19]. Studies have 
shown that changes in functional ability are closely linked 
to the probability of refracture [20]. Given the heightened 
imminent risk and potential functional impairment associ-
ated with lower leg fractures, there is a clear need to pri-
oritize monitoring and treatment in elderly men who have 
sustained lower leg fractures.

Despite forearm fractures showing the lowest refracture 
burden among elderly women below 75 years of age, it is 
essential to note that the risk remained elevated through-
out the entire 10-year period. In addition, elderly women 
over 80 years old had the highest refracture burden follow-
ing forearm fracture, with an imminent risk that lasted up 
to 3 years. A US-based population study involving patients 
with forearm fractures revealed that women aged 70 and 
above had a higher risk of hip fracture compared to younger 
women [21]. Since elderly men also exhibited relatively high 
refracture risk following forearm fractures, it becomes cru-
cial to identify and provide treatment for elderly individuals 
with forearm fractures, particularly those aged over 80, in 

order to reduce refracture risk. Our study indicates that fore-
arm fractures carry the lowest mortality risk, compared to 
other fracture locations. While some studies have reported 
an association between distal radial fractures and increased 
mortality [22], the relationship between forearm fractures 
and excess mortality is still not fully understood and further 
research is needed.

Furthermore, refracture risk after vertebral fracture was 
relatively high in elderly women under 75 years old, com-
pared to elderly men, and elderly women above 80 years of 
age. Similarly, although hip fractures exhibited a relatively 
lower refracture burden than lower leg and vertebral frac-
tures, the associated elevated refracture risk persisted, with 
minimal decline over the 10 years. These findings suggest 
that preventive strategies should focus on elderly women 
who sustain hip and vertebral fractures early as they may be 
plagued by a long-term elevated refracture burden. In line 
with previous studies, hip and vertebral fractures carried the 
highest mortality burden, particularly in elderly men, in our 
study [23–26]. The 1-year post-hip fracture mortality, rang-
ing from 12–36% aligned with findings from previous stud-
ies [27–29]. The 10-year mortality after hip and vertebral 
fractures were 60–69% and 60–67% in men, and 41–57% 
and 39–54% in women respectively, indicating a higher risk 
of mortality among elderly men as observed in other studies.
[15, 22], which emphasizes the need for early diagnosis of 
poor bone health in this demographic.

This study had several notable strengths. Firstly, it had a 
representative sample of the community-dwelling general 
elderly population in Iceland, which increases the generaliz-
ability of the findings. Moreover, the fracture records were 
obtained from electronic health records, ensuring their reli-
ability and accuracy. The study also had a long follow-up 
period of 20 years with no loss to follow-up, which increases 
the validity of the results. However, the study also had some 
limitations. One major limitation was the lack of statistical 
power to determine the association between prior fracture 
occurrences and fracture, refracture, and mortality. Addi-
tionally, the low number of refractures made it difficult 
to determine the impact of the index fracture location on 
refracture location.

In conclusion, our study reveals two distinct phases in 
refracture risk following an initial fracture. The first phase 
entails an imminent risk spanning up to six years, followed 
by a phase marked by diminishing risk. Despite this decline, 
the refracture risk persists at an elevated level for a sub-
stantial span of a decade. The progression of mortality risk, 
following fracture or refracture, with age emphasizes the 
intricate interplay between aging and fracture consequences. 
Older women, who sustain fractures relatively early and 
live long enough to undergo the consequences of fracture 
and refracture events, are subjected to a vicious cycle of 
refracture vulnerability. Elderly men regardless of age, 

Fig. 5   Predicted transition probabilities from index fracture to refrac-
ture in Myoung (A), Wyoung (B), Mold (C) and Wold (D) and from index 
fracture to mortality Myoung (E), Wyoung (F), Mold (G) and Wold (H) 
stratified by fracture location (Model 3)

◂
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particularly those with hip and vertebral fractures carry the 
highest mortality burden. Further research should focus on 
defining imminent risk in the elderly for effective resource 
allocation. This study emphasizes the pressing need for tar-
geted strategies to identify refracture and mortality risk in 
different fracture scenarios in the elderly. Such strategies 
can include regular monitoring and targeted interventions, 
such as fall prevention programs, fracture liaison service 
and pharmacological treatments. By focusing these targeted 
preventative strategies within the first six years following the 
initial fracture or towards more vulnerable elderly popula-
tions, cost-effective management strategies that improve the 
quality of life among the elderly population in Iceland can 
be developed.
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