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A B S T R A C T

Background: Osteoporosis affects approximately one in five European women and leads to fragility fractures,
which result in poor health, social and economic consequences. Fragility fractures are a strong risk factor for
subsequent major osteoporotic fracture (MOF), with risk of MOF being elevated in the 1–2 years following an
earlier fracture, a concept described as “imminent risk”. This study examines risk of subsequent MOF in patients
with one, two or three prior fractures by age and type of fracture.
Methods: In this retrospective, observational cohort study, Swedish women aged≥50 years with≥1 any clinical
fragility fracture between July 1, 2006 and December 31, 2012 were identified from Sweden's National Patient
Register. Each patient was age- and sex-matched to three controls without history of fracture. Group 1 women
included those with one fragility fracture during the study period; Group 2 included those with two fragility
fractures; and Group 3 included those with three fragility fractures. “Index fracture” was defined as the first
fracture during the study period for Group 1; the second for Group 2; and the third for Group 3. Patients in each
cohort and matched controls were followed for up to 60months or until subsequent MOF (hip, vertebra, forearm,
humerus), death or end of data availability.
Results: 231,769 women with at least one fracture were included in the study and therefore constituted Group 1;
of these, 39,524 constituted Group 2 and of those, 7656 constituted Group 3. At five years, cumulative incidence
of subsequent MOF was higher in patients with a history of fracture as compared to controls (Group 1: 20.7% vs
12.3%; Group 2: 32.0% vs 15.3%). Three-year cumulative incidence for Group 3 was 12.1% (vs 10.7% for
controls). After adjusting for baseline covariates, risk of subsequent MOF was highest within 0–24months fol-
lowing an index fracture, then decreased but remained elevated as compared to controls. Having two prior
fractures, vertebral fractures and younger age at time of index fracture were associated with greater relative risk.
Conclusions: Women with a history of osteoporotic fracture are at increased risk of subsequent fracture, which is
highest during the first 24months following a fracture. Younger women and those with vertebral fractures are at
greatest relative risk, suggesting that treatment should target these patients and be timely enough to impact the
period of imminent risk.

1. Introduction

Osteoporosis, as defined by densitometric measurement, is a major

cause of fragility fractures, and affects approximately 21% of women
aged 50–84 in the EU and 15.4% of women aged 50 and older in the US
[1,2]. Fragility fractures not only lead to poor health and social
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outcomes such as pain and disability [3–5], but are also associated with
a significant economic burden. For example, in the EU, fragility frac-
tures accounted for €26 billion and 26,300 life-years lost in 2010 alone
[1].

Fragility fractures occur as a consequence of insufficient bone
strength due to deficits in bone mass and microstructure [6]. Risk
factors for fracture include increased age, low bone mineral density
(BMD), female sex and glucocorticoid use, amongst others [7–10].
Additionally, a history of fragility fracture has been identified as a
strong driver of subsequent fracture risk [7,9–14]. The risk of any
subsequent fracture was reported to be twice that of a first fracture
using pooled data from a large meta-analysis of studies published be-
tween 1966 and 1999 [15], and was even higher (approximately four-
fold) for subsequent vertebral fractures in women with a prior vertebral
fracture. Similar findings were observed by others; Ahmed et al. found
that an initial fracture was associated with 1.3–2.0 times the risk (for
women and men, respectively) as compared to patients without an
earlier fracture, with that risk concentrated within the first five years
post-fracture [14]. Additionally, van Geel et al. estimated that risk of
subsequent fracture within 15 years of a first fracture is approximately
double that of patients without a first fracture [16].

It is now clear that the increase in subsequent fracture risk following
an initial fracture is not linear over time. While van Geel et al. de-
monstrated a doubling of risk resulting from a prior fracture, the same
study found a five-fold risk of subsequent major osteoporotic fracture
(MOF) in the year following the first fracture [16]. Other studies have
reported that up to one-fourth of patients will sustain a second fracture
during the 1–2 years following an earlier fracture, depending on the
type of first fracture [17,18]. This pattern of elevated subsequent
fracture risk in the period immediately following a fragility fracture has
been described as “imminent fracture risk” [12,19–22]. What is less
clear is how the risk of a subsequent fracture changes following a
second or third fracture, and how a patient's age and prior fracture type
influence the level of imminent risk.

This study examines the risk of subsequent MOF, defined as those at
the hip, vertebra, forearm or humerus, in patients with a history of one,
two or three prior fractures of any type, compared with age- and sex-
matched controls without history of fracture.

2. Methods

2.1. Patients and study design

In this retrospective, observational cohort study, Swedish females
aged ≥50 years with at least one fragility fracture occurring during the
study period of July 1, 2006–December 31, 2012 were identified from
the Swedish National Patient Register (Fig. 1). Women with clinical
fragility fractures at the hip, vertebra, shoulder, upper arm, pelvis,
femur, lower leg, wrist, hand, rib and/or sternum were included.
Women identified to have a fracture during the period of January 1,
2001–June 30, 2006 were excluded. Women identified to have Paget's
disease or any malignancy (other than basal cell carcinoma) at any time
during the study were excluded from the analysis.

Three separate analysis cohorts were identified. Group 1 included
all women with at least one fragility fracture during the study period;
Group 2 was constituted of the women in Group 1 who sustained a
second fragility fracture during the study period; and Group 3 was
constituted of the women in Group 2 who sustained a third fragility
fracture during the study period. “Index fracture” was defined as the
fragility fracture that classified a patient in a given Group. Therefore,
the index fracture for Group 1 was their first fragility fracture to occur
during the study period. For Group 2, the index fracture was their
second to occur during the study period, and for Group 3, the index
fracture was their third fracture during the study period. The date of the
index fracture was defined as the index date.

The baseline period during which patient characteristics data were

retrieved was defined as the 12-month period before the index fracture
date. For each group, each woman was age- and sex-matched with re-
placement to three controls without a history of fracture on, or before
(dating back to January 1, 2001), the index fracture date. Controls were
randomly selected from a population of 260,401 women ≥50 years old
included in the Swedish Total Population Register and were assigned
the index date of their matched counterpart. Patients in each cohort and
their matched controls were followed for up to 60months or until
subsequent MOF, death or end of data availability. Index fracture was
defined as any fragility fracture because all types are associated with
increased fracture risk [15]. For the outcome fracture, we selected
MOFs as they represent the group of fractures with the greatest burden.

2.2. Data sources

The National Patient Register was used to identify patients for in-
clusion; extracted data included sex, patient identification numbers,
diagnosis codes, dates of diagnosis, duration of hospitalization and
specialist visits. Diagnosis codes for each index and subsequent fracture
type are listed in Supplementary 1. Patient dispensed drug data were
obtained from Sweden's Prescribed Drug Register; extracted data in-
cluded patient identification numbers, Anatomical Therapeutic
Chemical Classification System (ATC) codes, prescription dates, dis-
pensing dates, defined daily doses per prescribed package and number
of pills/injections, etc. Sweden's Cause of Death Register was used to
establish patients' dates of death using the national person identifica-
tion numbers based on birthdate. Clinical and demographic character-
istics were collected at the date of each index fracture or in the 12-
month period prior to the index fracture date. Matched data were re-
trieved for controls from the Swedish Total Population Register.

2.3. Identifying fractures

To avoid counting the same index fracture more than once, fractures
at the same site in the body and identified during an inpatient hospi-
talization were counted only if they occurred at least six months after
the index fracture. Fractures at the same site of an earlier fracture and
identified during an outpatient visit were counted only if they occurred
at least 12months after the index fracture. Hip fractures required an
inpatient hospital admission.

2.4. Data analysis

MOFs included hip, vertebral, forearm and humerus fractures.
Incidence of subsequent MOF was calculated for Groups 1, 2 and 3 and
compared with the respective control group. The relationship between
having an index fracture and risk of subsequent fracture was assessed
via the Royston-Parmar parametric spline model with MOF as a single
failure event [23]. Data were right-censored at time of death or end of
follow-up. Hazard ratios were assessed in separate time windows:
0–6months, 7–12months, 13–18months, 19–24months,
25–36months, 37–48months and 49–60months after index fracture.
The time windows were chosen after iteratively testing the proportional
hazard assumption by different windows. These analyses were per-
formed on each group overall and by age (50–59, 60–69, 70–79 and
≥80 years).

The risk of subsequent MOF was adjusted for several baseline cov-
ariates known to be associated with increased risk of fragility fracture:
attained age; use of osteoporosis medication in the past 12months; use
of drugs known to increase the risk of falls in the past 12months;
glucocorticoid use in the past 12months (defined according to the
FRAX® algorithm as past or present exposure of ≥5mg daily dosage of
prednisolone or equivalent for ≥3months [24]); number of different
medications prescribed in the past 12months; secondary osteoporosis;
rheumatoid arthritis; Charlson comorbidity index measured two years
prior to index date [25], and pre-packaged drug dispensing (defined as
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use of the ApoDos system within the past 12months), which was used
as a proxy for being “dependent”.

3. Results

3.1. Baseline characteristics

A total of 231,769 women with at least one index fracture during
the study period were included in the study and constituted Group 1. Of
these, 39,524 women experienced at least two fractures during the
study period and constituted Group 2; of those, 7656 had at least three
fractures during the study period and constituted Group 3 (Fig. 1). The
mean ages for women in Groups 1, 2 and 3 were 74.1, 79.3 and
81.8 years, respectively (Table 1). In Group 1, 22.8% of index fractures
were at the hip and 14.7% were vertebral. In Group 2, 28.0% of index
(second) fractures were at the hip and 24.5% were vertebral (Table 1).
Group 3 index (third) fractures were not analyzed by fracture type due
to small sample size. At least three-quarters of women were not re-
ceiving any osteoporosis treatment in the 12months prior to index
fracture, even when they had suffered three prior fractures (Table 1).

The proportions of patients with fracture risk factors (e.g. co-
morbidities, glucocorticoid use, recent hospitalization, outpatient spe-
cialist visits) were larger in Groups 1, 2 and 3 than in controls. These
proportions increased with each additional prior fracture. For example,
the proportions of patients with glucocorticoid use within the last
12 months were 3.6%, 5.1% and 6.2% in Groups 1, 2 and 3, respectively
(Table 1). Generally, the proportion of patients with fracture risk fac-
tors increased with age across all Groups and their respective controls
(Supplementary 2).

3.2. Cumulative fracture incidence

These descriptive data demonstrate that at all time points, cumu-
lative incidence of subsequent MOF was higher in patients with a his-
tory of fracture as compared to controls with no history of fracture
(Fig. 2). One-year cumulative incidence of subsequent MOF was 5.1%
for Group 1 as compared to 2.5% in matched controls. For Group 2 and
matched controls, cumulative incidence was 8.6% and 3.3%, respec-
tively. For Group 3 and matched controls, cumulative incidence was
5.4% and 3.5%, respectively.

Two-year cumulative incidence of subsequent MOF was 9.7% for
Group 1 as compared to 5.0% in matched controls. For Group 2 and
matched controls, cumulative incidence was 15.5% and 6.4%, respec-
tively. For Group 3 and matched controls, cumulative incidence was
9.0% and 7.0%, respectively.

The five-year cumulative incidence of any subsequent MOF in
Group 1 was 20.7% as compared to 12.3% in matched controls. In
Group 2, five-year cumulative incidence was twice as high compared to
controls (32.0% vs 15.3%). Cumulative incidence of subsequent MOF at
five years for Group 3 is not reported due to limited follow-up for this
group.

Cumulative incidence of subsequent MOF differed based on index
fracture type. In Group 1, five-year cumulative incidence of subsequent
MOF in women with an index vertebral fracture was 44.2% versus
27.3% in women with an index hip fracture. In Group 2, five-year cu-
mulative incidence of subsequent MOF was 51.8% in women with an
index vertebral fracture versus 29.1% in women with an index hip
fracture (not shown).

Fig. 1. Patient population.
aGroup 3 index (third) fractures were not analyzed by fracture type due to small sample size.
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3.3. Risk of subsequent MOF

Risk of subsequent MOF in patients with an index fracture, after
adjusting for baseline covariates and as compared to controls, are
stratified by age and index fracture type in Table 2. Excess relative risk
was highest in the year following the index fracture and decreased
thereafter in all Groups. In Groups 1 and 2, risk of subsequent MOF for
most age groups and time periods was elevated as compared to controls.
In patients younger than 80 years in Group 3, risk was generally ele-
vated for 0–24months as compared to controls, while for patients
≥80 years it was lower than in controls at 7–12months and beyond.

When comparing index fracture types, vertebral fractures were as-
sociated with the greatest amount of excess risk relative to controls,
particularly during Months 0–24 following the index fracture. The ex-
cess risk then decreased over time, but risk remained elevated
throughout the five-year follow-up period (Table 2). The excess risk of
MOF following an index vertebral fracture was higher in the unadjusted
model throughout the five-year follow-up period than in the adjusted
model which accounted for covariates, though adjusted risk remained
elevated as compared to any other index fracture (Fig. 3). In patients
with an index hip fracture, excess risk was also elevated but was more
stable than in patients with an index vertebral fracture (Table 2).

4. Discussion

The descriptive data reported in this study suggest that amongst

women with one fragility fracture, one in five will sustain a subsequent
MOF within five years; amongst women with two fragility fractures,
this increases to one in three. Cumulative incidence of subsequent MOF
was higher following an index vertebral fracture than following an
index hip fracture or any other index fracture. In women with three
fragility fractures, 12.1% sustained subsequent MOF within three years.
After adjusting for covariates, relative risk of subsequent fracture fol-
lowing a vertebral fracture for a woman aged 70 years or older with two
previous fractures is approximately 50% greater as compared to a
woman of the same age but with one previous fracture. This suggests
that prevention of the first and/or second fracture could alleviate the
recurrence of fractures that are indicated by these data and emphasizes
the importance of early treatment after a fracture.

4.1. Fracture history and age impact subsequent fracture risk

Women<80 years of age with a history of one or more fractures
demonstrated increased risk of subsequent MOF as compared to con-
trols at all time points. However, in women aged ≥80 years with a
history of three fractures, relative risk of subsequent MOF between 7
and 24months was lower than in women with no prior fractures. It was
not possible in this study to determine the reason for the reduced risk of
subsequent MOF in women aged 80 years and older and three fractures,
but a possible reason is limited mobility (and thereby reduced exposure
to falls); 42% of women in this group utilized assisted drug dispensing,
indicating some level of dependence. Additionally, older patients are

Table 1
Baseline patient characteristics.

Patient characteristicsa Group 1 Group 2 Group 3

1 fracture during
study period
(n= 231,769)

Controlsb

(n= 231,769)
2 fractures during
study period
(n= 39,524)

Controlsb

(n= 39,524)
3 fractures during
study period
(n= 7656)

Controlsb

(n= 7656)

Mean age at index fracture date, years (95% CI) 74.1
(74.1–74.2)

74.1
(74.1–74.2)

79.3
(79.2–79.4)

79.3
(79.2–79.4)

81.8
(81.5–82.0)

81.8
(81.5–82.0)

Secondary osteoporosis, % (95% CI) 9.4
(9.3–9.5)

6.3
(6.2–6.3)

11.9
(11.6–12.2)

6.3
(6.1–6.4)

13.8
(13.0–14.6)

6.1
(5.8–6.4)

Rheumatoid arthritis, % (95% CI) 2.4
(2.4–2.5)

1.6
(1.6–1.7)

2.9
(2.7–3.0)

1.6
(1.6–1.7)

3.2
(2.8–3.6)

1.6
(1.4–1.7)

Charlson comorbidity index, mean (95% CI) 0.4
(0.4–0.4)

0.3
(0.3–0.3)

0.6
(0.6–0.6)

0.4
(0.4–0.4)

0.7
(0.6–0.7)

0.4
(0.4–0.4)

Days of all-cause hospitalization during the
12months before index fracture date, mean
(95% CI)

2.7
(2.7–2.7)

1.4
(1.4–1.4)

7.2
(7.0–7.3)

1.7
(1.6–1.7)

10.8
(10.4–11.3)

1.8
(1.7–1.9)

Number of outpatient physician specialist visits
during the 12months before index fracture
date (all-cause), mean (95% CI)

1.5
(1.5–1.6)

1.1
(1.1–1.1)

2.5
(2.4–2.5)

1.2
(1.2–1.2)

3.1
(3.0–3.3)

1.2
(1.2–1.3)

No osteoporosis medications during the
12months before index fracture date, %
(95% CI)

81.8
(81.6–81.9)

82.4
(82.4–82.5)

77.8
(77.4–78.3)

83.4
(83.2–83.6)

74.9
(73.9–75.9)

83.3
(82.8–83.8)

Glucocorticoid use during the 12months before
index fracture date, % (95% CI)c

3.6
(3.6–3.7)

2.5
(2.5–2.6)

5.1
(4.8–5.3)

2.9
(2.8–3.0)

6.2
(5.7–6.8)

3.3
(3.1–3.5)

Exposure to drugs increasing the risk of falls
during the 12months before index fracture
date, % (95% CI)

73.7
(73.6–73.9)

68.2
(68.1–68.3)

85.7
(85.4–86.1)

75.1
(74.9–75.4)

90.8
(90.1–91.4)

78.6
(78.1–79.1)

Pre-packaged drug dispensing, % (95% CI) 15.3
(15.2–15.5)

9.7
(9.6–9.8)

30.0
(29.5–30.4)

14.2
(14.0–14.4)

42.6
(41.4–43.7)

16.6
(16.1–17.1)

Number of different medications prescribed
within the 12months before index fracture
date, mean (95% CI)

6.2
(6.2–6.2)

5.3
(5.3–5.3)

8.2
(8.2–8.3)

5.9
(5.9–5.9)

9.6
(9.5–9.7)

6.3
(6.2–6.3)

Index fracture type Hip, n (%) 52,381
(22.6)

NA 11,054
(28.0)

NA NRd NA

Vertebral, n (%) 33,965
(14.7)

NA 9675
(24.5)

NA NRd NA

CI: confidence interval; NA: not applicable; NR: not reported.
a Index fracture refers to the first fragility fracture during the study period for Group 1; the second for Group 2; and the third for Group 3. Index fracture date was

defined as the date of index fracture.
b Sampled from a pool of 260,401 women from the general population without a history of fracture at the index date.
c Glucocorticoid use defined by the FRAX® algorithm.
d Not shown due to insufficient sample size.
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Fig. 2. Cumulative incidence of subsequent MOF after one, two and three fractures during study period compared to no-fracture controlsa.
aShaded areas show 95% confidence intervals. MOF: major osteoporotic fracture.
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Table 2
Adjusted risk of subsequent MOF after one, two and three fractures compared with no fractures, by index fracture site and time since index fracture.a

Index fracture site Age (years) Months after index fracture

0–6 7–12 13–18 19–24 25–36 37–48 49–60

Group 1: Risk of MOF after one fracture during study period compared to no fractures, HR (95% CI)
Hip 50 3.4 (2.7–4.2) 3.9 (3.1–4.8) 3.7 (2.9–4.5) 3.1 (2.4–3.8) 3.0 (2.3–3.7) 2.9 (2.2–3.6) 2.8 (2.0–3.6)

60 2.8 (2.5–3.1) 3.2 (2.8–3.6) 3.0 (2.6–3.4) 2.5 (2.2–2.8) 2.4 (2.1–2.8) 2.3 (1.9–2.7) 2.3 (1.8–2.8)
70 2.0 (1.8–2.1) 2.3 (2.1–2.5) 2.1 (1.9–2.4) 1.8 (1.6–1.9) 1.7 (1.5–1.9) 1.7 (1.4–1.9) 1.6 (1.3–2.0)
80 1.4 (1.3–1.5) 1.6 (1.5–1.7) 1.5 (1.4–1.6) 1.2 (1.2–1.3) 1.2 (1.1–1.3) 1.2 (1.0–1.3) 1.2 (0.9–1.4)
All ages (n= 52,831) 1.6 (1.4–1.9) 1.8 (1.6–2.1) 1.7 (1.5–2.0) 1.4 (1.2–1.7) 1.4 (1.2–1.6) 1.3 (1.1–1.6) 1.3 (1.0–1.7)

Vertebral 50 8.2 (6.5–9.8) 5.9 (4.7–7.2) 5.5 (4.3–6.7) 4.8 (3.8–5.9) 4.3 (3.3–5.3) 3.6 (2.6–4.6) 2.4 (1.5–3.3)
60 6.5 (5.6–7.4) 4.8 (4.0–5.5) 4.4 (3.7–5.1) 3.9 (3.3–4.5) 3.5 (2.8–4.1) 2.9 (2.2–3.5) 1.9 (1.3–2.6)
70 5.1 (4.6–5.6) 3.7 (3.2–4.2) 3.4 (3.0–3.9) 3.0 (2.6–3.4) 2.7 (2.3–3.1) 2.2 (1.8–2.7) 1.5 (1.0–2.0)
80 3.9 (3.6–4.1) 2.8 (2.5–3.1) 2.6 (2.3–2.9) 2.3 (2.0–2.5) 2.0 (1.7–2.3) 1.7 (1.4–2.0) 1.1 (0.8–1.5)
All ages (n= 9675) 4.1 (3.4–5.0) 3.0 (2.5–3.7) 2.8 (2.3–3.4) 2.5 (2.0–3.0) 2.2 (1.8–2.7) 1.8 (1.4–2.4) 1.2 (0.8–1.7)

Any 50 2.8 (2.7–3.0) 2.8 (2.6–3.0) 2.6 (2.4–2.7) 2.3 (2.2–2.4) 2.2 (2.0–2.3) 2.0 (1.9–2.2) 2.0 (1.8–2.2)
60 2.4 (2.3–2.5) 2.3 (2.2–2.4) 2.1 (2.0–2.2) 1.9 (1.8–2.0) 1.8 (1.7–1.9) 1.7 (1.6–1.8) 1.7 (1.5–1.8)
70 2.2 (2.1–2.2) 2.1 (2.0–2.2) 2.0 (1.9–2.1) 1.8 (1.7–1.8) 1.6 (1.6–1.7) 1.5 (1.4–1.6) 1.5 (1.4–1.7)
80 1.9 (1.8–1.9) 1.9 (1.8–1.9) 1.7 (1.6–1.8) 1.5 (1.5–1.6) 1.4 (1.4–1.5) 1.3 (1.2–1.4) 1.3 (1.2–1.4)
All ages (n= 231,769) 2.1 (1.9–2.2) 2.0 (1.9–2.2) 1.9 (1.7–2.0) 1.7 (1.6–1.8) 1.6 (1.5–1.7) 1.5 (1.3–1.6) 1.5 (1.3–1.6)

Group 2: Risk of MOF after two fractures during study period compared to no fractures, HR (95% CI)
Hip 50 2.6 (0.7–4.5) 3.9 (1.4–6.4) 3.0 (1.1–5.0) 3.1 (1.1–5.1) 3.2 (1.1–5.4) 2.3 (0.5–4.1) 2.2 (−0.4–4.8)

60 3.9 (2.8–5.1) 3.6 (2.5–4.8) 2.8 (1.8–3.7) 2.9 (1.9–3.8) 3.0 (1.9–4.1) 2.1 (0.9–3.3) 2.0 (−0.1–4.2)
70 2.7 (2.2–3.2) 2.5 (1.9–3.1) 1.9 (1.4–2.4) 2.0 (1.5–2.5) 2.1 (1.4–2.7) 1.5 (0.7–2.2) 1.4 (−0.1–2.8)
80 1.7 (1.5–1.8) 1.5 (1.3–1.8) 1.2 (0.9–1.4) 1.2 (1.0–1.4) 1.3 (0.9–1.6) 0.9 (0.4–1.3) 0.8 (0.0–1.7)
All ages (n= 11,054) 1.6 (1.1–2.5) 1.5 (1.0–2.3) 1.2 (0.7–1.8) 1.2 (0.8–1.8) 1.2 (0.8–2.0) 0.9 (0.5–2.6) 0.9 (0.3–2.5)

Vertebral 50 7.4 (4.2–10.7) 6.3 (3.4–9.2) 4.3 (2.3–6.3) 3.6 (1.9–5.3) 4.9 (2.5–7.4) 5.0 (2.1–7.8) 2.8 (0.1–5.5)
60 6.2 (4.7–7.8) 5.3 (3.8–6.8) 3.6 (2.5–4.7) 3.0 (2.1–3.9) 4.2 (2.7–5.6) 4.2 (2.2–6.1) 2.3 (0.2–4.5)
70 4.7 (3.8–5.5) 4.0 (3.1–4.9) 2.7 (2.0–3.4) 2.3 (1.7–2.8) 3.1 (2.1–4.1) 3.1 (1.8–4.5) 1.8 (0.2–3.3)
80 3.5 (3.1–3.9) 3.0 (2.4–3.5) 2.0 (1.6–2.5) 1.7 (1.3–2.1) 2.3 (1.7–3.0) 2.3 (1.4–3.3) 1.3 (0.2–2.5)
All ages (n= 9675) 4.2 (3.0–5.9) 3.6 (2.5–5.2) 2.4 (1.7–3.6) 2.0 (1.4–3.0) 2.9 (1.8–4.3) 2.8 (1.7–4.7) 1.6 (0.6–4.0)

Any 50 4.6 (3.9–5.3) 4.1 (3.4–4.8) 3.5 (2.9–4.1) 3.3 (2.7–3.8) 3.2 (2.6–3.8) 2.9 (2.2–3.7) 3.0 (1.7–4.2)
60 3.8 (3.4–4.2) 3.3 (2.9–3.8) 2.9 (2.5–3.3) 2.7 (2.3–3.0) 2.6 (2.2–3.0) 2.4 (1.9–2.9) 2.4 (1.4–3.4)
70 3.2 (2.9–3.4) 2.8 (2.5–3.1) 2.4 (2.2–2.7) 2.3 (2.0–2.5) 2.2 (1.9–2.5) 2.0 (1.6–2.5) 2.0 (1.2–2.9)
80 2.2 (2.1–2.4) 2.0 (1.8–2.2) 1.7 (1.6–1.9) 1.6 (1.4–1.7) 1.6 (1.3–1.8) 1.4 (1.1–1.7) 1.4 (0.9–2.0)
All ages (n= 39,524) 2.4 (2.0–2.8) 2.1 (1.8–2.6) 1.8 (1.5–2.2) 1.7 (1.4–2.0) 1.7 (1.3–2.0) 1.5 (1.2–2.0) 1.5 (1.0–2.4)

Group 3: Risk of MOF after three fractures during study period compared to no fractures, HR (95% CI)
Any 50 4.7 (2.4–7.0) 3.3 (1.5–5.1) 2.8 (1.2–4.4) 2.3 (1.0–3.6) NRb NRb NRb

60 4.0 (2.9–5.2) 2.8 (1.8–3.8) 2.5 (1.5–3.4) 2.0 (1.2–2.8) NRb NRb NRb

70 2.6 (2.0–3.3) 1.8 (1.3–2.4) 1.6 (1.0–2.2) 1.3 (0.8–1.7) NRb NRb NRb

80 1.1 (0.9–1.3) 0.8 (0.6–1.0) 0.7 (0.5–0.9) 0.5 (0.4–0.7) NRb NRb NRb

All ages (n= 7656) 1.8 (1.0–3.1) 1.2 (0.7–2.2) 1.1 (0.6–2.0) 0.9 (0.5–1.6) NRb NRb NRb

CI: confidence interval; HR: hazard ratio; MOF: major osteoporotic fracture; NR: not reported.
a Table shows the predicted HRs (95% CI) for a woman aged 50, 60, 70 or 80 years old based on parametric survival models adjusted for baseline covariates. All

women in the study were included in the models. Index fracture refers to the first fragility fracture during the study period for Group 1; the second for Group 2; and
the third for Group 3. Index fracture date was defined as the date of index fracture.

b Not shown due to insufficient sample size.

Fig. 3. Risk of subsequent MOF after index vertebral fracture
by time since index fracture.a
aModels adjusted and unadjusted for potentially confounding
demographic and clinical covariates are shown. Hazard ratios
are calculated versus non-fracture controls. Shaded areas
show 95% confidence intervals. MOF: major osteoporotic
fracture.
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inherently at greater risk of death. Therefore, competing mortality risk
may have reduced the time at risk of subsequent MOF for this group,
leading to fewer subsequent MOFs experienced by this age group and
contributing to the lower risk seen for women ≥80 years, whereas
younger women did not exhibit a reduction in relative risk.

This study accounts for several factors that increase fracture risk, yet
still the excess risk in women with a history of fracture remains, in-
dicating that prior fracture represents an independent risk factor for
future fracture for at least five years. However, while our results echo
earlier findings that show increased subsequent fracture risk in women
with a history of fracture [15,26], and specifically in the two years
immediately following a fracture, the magnitude of this increase was
not as dramatic as that reported elsewhere [12,16]. This may be a result
of other studies only adjusting for age and not for other potential risk
factors, which may have led to higher estimated risk in those analyses.

4.2. Strengths and limitations

This study compared the risk of subsequent fractures in a large
sample of patients with a history of fracture versus non-fractured con-
trols of the same age while adjusting for key clinical and demographic
characteristics. Gehlbach et al. also compared groups of patients with
one or more previous fractures, controlling for age and type of previous
fracture; however, unlike our study, the Gehlbach study was ques-
tionnaire-based and excluded patients who declined, or were unable, to
complete the survey [27].

Additional strengths of our study derive from the large datasets, the
robustness and completeness of the registries, and the fact that all in-
patient and specialized outpatient visits associated with fractures oc-
curring in Sweden between 2006 and 2012 were included, improving
the reliability of the fracture counts. This study also compared data
with a large random sample from the total population. Furthermore,
unlike previous studies [12,16], adjustments were made in this study
for several potentially confounding clinical and demographic variables,
though not all potential risk variables were universally available (e.g.
BMD, body mass index). In this study, the statistical adjustments had a
clear impact on the results, suggesting that adjusting for covariates is
important for these types of analyses and should be included in future
research.

This study also has limitations. Despite a large initial study sample,
fracture data for women with three prior fractures were only reportable
up to three years due to limited follow-up. In addition, fracture data
were based on diagnostic coding and were not adjudicated. To avoid
counting the same incident fracture more than once, fractures at the
same site in the body were counted only if they occurred at least six
months (inpatient) or 12months (outpatient) after the index fracture.
This may have resulted in either underestimation or overestimation of
fracture incidence but is difficult to determine with the available data.
In addition, asymptomatic vertebral fractures are often undiagnosed
and therefore may have been undercounted. This may have led to either
an overestimate or underestimate of the hazard ratios, depending on
the population (fractured patients versus controls) that sustained an
undiagnosed fracture. Lastly, high-trauma and pathological fractures
were not specifically excluded, though all included fractures were as-
sociated with osteoporosis, so this is unlikely to have had a large impact
on the results.

4.3. Conclusions

The results from this study indicate that women with a recent
fracture are at increased risk of MOF as compared to age- and sex-
matched women without history of fracture. The relative risk increased
with each subsequent fracture and was highest in the two years fol-
lowing the fracture; for younger women, it remained high within
2–5 years. These results support treatment initiation early after a frac-
ture and beyond, suggesting that treatment timing should be accounted

for in health economic assessments of fracture prevention.
Supplementary data to this article can be found online at https://

doi.org/10.1016/j.bone.2020.115286.
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