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Abstract

Summary The role of recent fracture site in predicting the most detrimental subsequent fractures, hip and vertebral, is unclear.
This study found that most recent fracture sites were associated with an increased risk of both hip and vertebral fracture, a
finding that may impact the design of secondary prevention programs.

Background Hip and vertebral fractures are the most serious in terms of associated morbidity, mortality, and societal costs.
There is limited evidence as to which fracture types are associated with the highest risk for subsequent hip and vertebral
fractures. This study aims to explore the dependency of imminent hip and vertebral fracture risk on the site of the recent
index fracture.

Methods Conducted as a nationwide retrospective cohort study, we utilized Swedish national registers to assess the risk of
hip and vertebral fractures based on the site of the recent (<2 years) index fracture and an old (> 2 years) prevalent fracture.
This risk was compared to that observed in individuals without any prevalent fractures. This study encompassed all Swedes
aged 50 years and older between 2007 and 2010. Patients with a recent fracture were categorized into specific groups based
on the type of their previous fracture and were followed until December 2017, with censoring for death and migration. The
study assessed the risk of hip and vertebral fractures during the follow-up period.

Results The study included a total of 3,423,320 individuals, comprising 145,780 with a recent fracture, 293,051 with an old
fracture, and 2,984,489 without a previous fracture. The median follow-up times for the three groups were 7.6 years (IQR
4.0-9.1), 7.9 years (5.8-9.2), and 8.5 years (7.4-9.7), respectively. Patients with a recent fracture at almost all sites exhibited
a significantly increased risk of hip fracture and an elevated risk of vertebral fracture compared to controls.

Patients with recent fractures had an increased risk of subsequent hip and vertebral fractures, regardless of the index fracture
site. These results strengthen the notion that all patients with a recent fracture, regardless of fracture site, should be included
in secondary prevention programs, to improve the prevention of the clinically most serious fractures.
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Introduction

Fractures, particularly in the hip and spine, lead to consider-
able suffering, morbidity, and mortality, resulting in substan-
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There is recent evidence that a previous fracture regard-
less of site results in an elevated risk of any imminent frac-
ture [7]. However, it has yet not been demonstrated how the
index fracture site is associated with the two most detrimen-
tal incident clinical fracture types, hip and vertebral fracture.
Hip fractures often lead to decreased mobility, reduced qual-
ity of life, increased morbidity and mortality [8—10], while
vertebral fractures frequently result in chronic pain, reduced
physical function, and increased mortality although the mor-
tality increase occurs more gradually than what is observed
for hip fracture [11, 12]. This is of great importance to inves-
tigate, since currently available osteoporosis medications,
including bisphosphonates, denosumab, teriparatide, and
romosozumab, increase bone mineral density (BMD) and
are particularly effective in reducing the risk vertebral frac-
tures, with relative risk reductions (RRR) of approximately
45-70% and hip fractures with RRR of about 40% [13].

To allow the prevention of clinically very serious frac-
tures of the spine and hip, it is imperative to identify relevant
prognostic markers, of which previous fracture constitutes
one. If a recent fracture increases a risk factor for subsequent
fracture of the spine or hip, regardless of fracture site, it
would further emphasize the importance of including all
fracture sites in secondary prevention programs such as
Fracture Liaison Services (FLS) [14].

In a national, retrospective Swedish cohort study of all
adults, 50 years and older, we recently demonstrated that the
risk of any subsequent fracture, major osteoporotic fracture
(MOF), and non-MOF was increased regardless of recent
index fracture site [7]. The primary aim of the present study
was to investigate, in the same population, if the risk of hip
and vertebral fracture after a recent fracture is dependent on
the index fracture site. We further aimed to determine if such
associations were dependent on age and sex.

Fig. 1 Nationwide retrospective
cohort study design

Not included:
Age <50 years at baseline
Dead or emigrated before baseline

Methods
Study design

Using national registers in Sweden, we designed this
nationwide retrospective cohort study to assess the risk
of incident hip and vertebral fracture in patients with
recent fractures (<2 years) categorized by fracture site,
in patients with old fractures (> 2 years), and in control
patients without previous fractures (Fig. 1). As previously
reported [7], all men and women in Sweden who were born
in 1977 or earlier and were alive in 2005 were assigned a
random baseline date between 2007 and 2010. Individuals
aged 50 years or older and alive at baseline were included
in the study. Patients who recently (<2 years) suffered
a fracture were categorized into groups using ICD-10
codes with four characters. Clinically similar fracture sites
were grouped together to reach sufficient statistical power
(>80%) to detect an 82% increased risk, which was the
overall risk increase in a large meta-analysis investigat-
ing the association between previous fracture and risk of
subsequent fracture [15]. Due to differences in hip and
vertebral fracture incidence, the smallest possible group-
ing of recent fracture sites differed in the two analyses.
In the control group, the number of incident hip and ver-
tebral fractures were 99,671 (3.3%) and 20,510 (0.69%),
respectively. Therefore, to fulfill the same power assump-
tions, the minimum group size in the two analyses dif-
fered, 946 for the hip fracture analysis and 2581 for the
vertebral fracture analysis, respectively. The two catego-
rizations according to index fracture sites are specified in
Supplemental Tables S1 and S2, respectively. The study
was funded by the Swedish Research Council and the
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Sahlgrenska University Hospital Funds and received ethi-
cal approval from the Swedish Ethical Review Authority.

Data sources

Diagnoses for fractures and comorbidity were obtained from
the National Patient Register, including both outpatient and
inpatient hospital visits. Medication data was collected from
the Swedish Prescribed Drug Register, which commenced on
July 1, 2005, and includes all prescribed medications from
both hospitals and primary care. The dates of deaths were
acquired from Statistics Sweden. In Sweden, all residents
receive a personal identification number at birth or upon
immigration, allowing swift linkage between the registers.

Variables

Apart from pathological fracture diagnoses, all fracture
diagnoses were included regardless of the trauma mecha-
nism. Hip fracture and vertebral fracture were assessed as
outcomes. Hip fracture included diagnoses of a fractured
femoral head, neck, trochanter, or subtrochanteric part of
the femur in combination with a code for surgical proce-
dure. Vertebral fractures included both cervical, thoracic,
and lumbar spine fractures. Covariates with a possible influ-
ence on fracture risk were selected; age, sex, inclusion year,
and the most recent year’s osteoporosis medication, multiple
recent fractures, and the Charlson comorbidity index, the lat-
ter quantifying comorbidity [16]. The osteoporosis medica-
tion data included hospitals and primary care prescriptions
during the last 12 months as well as codes for medications
administered via infusion (zoledronic acid) or injection
(denosumab) at healthcare facilities. Detailed descriptions
of vertebral and hip fracture outcomes are presented in Sup-
plemental Table S3, and definitions of other study subject
characteristics including Charlson comorbidity weights are
presented in Supplemental Table S4.

Statistical analyses

Baseline characteristics for the three groups (recent frac-
ture, old fracture, and no previous fracture) are presented
as counts with percentages for categorical variables and
averages with standard deviations (SD) for continuous vari-
ables. Event rates were computed as the number of events
per 1000 person-years and presented with exact Poisson 95%
confidence intervals (CI). To calculate hazard ratios for each
group of recent fractures compared to patients with no pre-
vious fracture, we used Cox regression models. The hazard
ratios were adjusted for age and sex (model 1) and multivari-
able adjustment (model 2). The follow-up was censored for
emigration, death, and at the end of the study (December 31,
2017). The assumption of proportional hazards was tested

using graphical methods. Forest plots were used to present
the multivariable-adjusted hazard ratios per group of recent
fracture. In the multivariable-adjusted Cox models, interac-
tion terms for the categorical group variable (recent fracture
group vs. no fracture) and age and sex, respectively, were
added and tested. For the interaction terms, we considered
p values less than 0.10 significant. We performed subgroup
analyses per sex and age group and sensitivity analyses with
censoring after 2 years. Due to the high and varying mortal-
ity in the cohort, the subdistribution hazard ratios for hip
and vertebral fractures were analyzed using a Fine and Gray
model to assess the potential impact of death as a competing
risk [17]. All patients with recent femur/hip fracture were
compared with a subset of 20,000 randomly selected persons
from the control group without a previous fracture. Statisti-
cal analyses were performed using R 4.2.2 and R-Studio
version 2023.03.0.

Results
Study population

As previously reported, the study population included
3,423,320 persons [7]. At baseline, 145,780 had a recent
fracture, 293,051 had experienced a fracture more than
2 years ago, and 2,984,489 persons had no previous frac-
tures. The mean (standard deviation (SD)) age for the groups
was 72.2 (12.7), 70.2 (12.3), and 65.5 (10.8), respectively.
Osteoporosis medication use in the last year was more com-
mon among patients with a recent fracture (13.1%) than in
patients with a fracture more than 2 years ago (10.4%) and
in study subjects without previous fractures (4.5%). Charl-
son comorbidity index was highest among patients with a
recent fracture, followed by patients with older fractures and
by those without a previous fracture (Table 1). The median
follow-up time for the three groups was 7.6 (IQR 4.0-9.1),
7.9 (5.8-9.2), and 8.5 years (7.4-9.7), respectively.

Risk of hip fractures

During follow-up, the 145,780 patients with a recent frac-
ture suffered a total of 12,692 (8.7%) hip fractures while
the patients with an old fracture at baseline sustained a
total of 20,516 (7.0%) hip fractures, and persons with no
previous fractures experienced 99,671 (3.3%) hip frac-
tures. Compared to controls without a previous fracture,
patients with a recent fracture had an increased risk of
hip fracture in the Cox model adjusted for age and sex
(model 1), with nearly all index fracture groups associated,
with significant hazard ratios for 33 out of 36 investigated
index fracture sites (Table 2). These hazard ratios were
only slightly affected by multivariable adjustment (Table 2
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Table 1 Baseline characteristics

Recent (<2 yrs) fracture

Old (> 2 yrs) fracture*

No previous fracture*

N=
Age, mean (SD)
50-64, n (%)
65-79, n (%)
>80, n (%)
Female sex, n (%)
Inclusion year
2007, n (%)
2008, n (%)
2009, n (%)
2010, n (%)
Osteoporosis medication the last year, n (%)
Multiple recent fracture sites (>2), n (%)
Multiple recent fracture sites (>3), n (%)
Charlson comorbidity index, mean (SD)
0,n (%)
1,n (%)
2,n (%)
>3, n (%)
Charlson comorbidity index, components
Dementia, n (%)
Ischemic heart diseases, n (%)
Congestive heart failure, n (%)
Cerebrovascular diseases, n (%)
Diseases of arterioles and capillaries, n (%)
Chronic pulmonary disease, n (%)
Chronic liver disease, n (%)
Tumor without metastasis, n (%)
Lymphoma or leukemia, n (%)
Diabetes, n (%)
With end organ damage, n (%)
Renal failure, mild, n (%)
Renal failure, moderate, n (%)
Hemiplegia, n (%)
Peptic ulcer disease, n (%)

Solid metastasis, n (%)

145,780

72.15 (12.72)
48,811 (33.5)
47,242 (32.4)
49,727 (34.1)
98,048 (67.3)

35,093 (24.1)
35,584 (24.4)
36,923 (25.3)
38,180 (26.2)
19,058 (13.1)
15,859 (10.9)
2394 (1.6)

0.99 (1.57)

83,006 (56.9)
23,602 (16.2)
20,125 (13.8)
19,047 (13.1)

8890 (6.1)
18,130 (12.4)
12,073 (8.3)
12,869 (8.8)
5079 (3.5)
10,474 (7.2)
1458 (1.0)
15,715 (10.8)
1453 (1.0)
14,205 (9.7)
5263 (3.6)
3240 (2.2)
140 (0.1)
597 (0.8)
3304 (2.3)
1533 (1.1)

293,051
70.19 (12.30)
111,682 (38.1)
103,417 (35.3)
77,952 (26.6)
182,880 (62.4)

59,857 (20.4)

2,984,489

65.47 (10.78)
1,582,059 (53.0)
1,012,925 (33.9)
389,505 (13.1)
1,522,107 (51.0)

750,958 (25.2)

69,479 (23.7) 750,795 (25.2)
77,803 (26.5) 743,404 (24.9)
85,912 (29.3) 739,332 (24.8)
30,610 (10.4) 132,933 (4.5)
(0.0) (0.0)

(0.0) (0.0)

0.74 (1.36) 0.51 (1.16)
193,032 (65.9) 2,264,609 (75.9)
39,144 (13.4) 280,034 (9.4)
34,952 (11.9) 282,976 (9.5)
25,923 (8.8) 156,870 (5.3)
9093 (3.1) 27,711 (0.9)
27,985 (9.5) 202,946 (6.8)
16,152 (5.5) 83,578 (2.8)
18,101 (6.2) 97,351 (3.3)
8176 (2.8) 55,951 (1.9)
15,046 (5.1) 86,947 (2.9)
2139 (0.7) 11,910 (0.4)
27,123 (9.3) 237,084 (7.9)
2198 (0.8) 17,102 (0.6)
23,171 (7.9) 171,679 (5.8)
9015 (3.1) 60,523 (2.0)
4064 (1.4) 25,192 (0.8)
226 (0.1) 1353 (0.0)
1243 (0.4) 4555 (0.2)
4593 (1.6) 27,687 (0.9)
2212 (0.8) 19,063 (0.6)

Baseline characteristics per group depending on fracture recency. Multiple recent fractures refer to the recent 2-year period. Charlson comorbid-
ity index and alcohol-related diseases were calculated using a historic window of 5 years. Osteoporosis medication use was recorded using a

historic 1-year window. For detailed definitions of variables, see Supplemental Table S4

“Baseline characteristics for the control groups (old fracture and no previous fracture) have been previously reported [7]

and Fig. 2). Patients with a recent humerus fracture (HR
2.19 (95% CI 2.08-2.31)) and with a recent thoracic ver-
tebral fracture (HR 2.18 (95% CI 1.88-2.52)) had among
the highest risk of hip fracture. Except for index fractures
at the femoral shaft, carpus, and lower end of the femur,
all other index fracture sites exhibited a significantly
increased risk of hip fracture in the model adjusted for
age and sex (Table 2).

@ Springer

Risk of vertebral fractures

During follow-up, the 145,780 patients with a recent frac-
ture suffered a total of 2596 (1.8%) vertebral fractures
while patients with an old fracture at baseline sustained a
total of 3925 (1.3%) vertebral fractures and persons with
no previous fractures had 20,510 (0.69%) vertebral frac-
tures. Compared to controls without previous fracture,
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Table 2 Risk of incident hip fracture per site of recent fracture

Fracture site Atrisk Events Incidence rate per 1000 py Hazard ratio (95% CI)

N n (%)

Model 1 Model 2

No previous fracture 2,984,489 99,671 (3.3%) 4.17 (4.14-4.19) 1 [REF.] 1 [REF]
Skull and facial bones 5358 358 (6.7%) 9.78 (8.79-10.8) 1.69 (1.52-1.88) 1.58 (1.43-1.76)
Cervical vertebra 1112 79 (7.1%) 11.5 (9.14-14.4) 1.53 (1.22-1.90) 1.45 (1.16-1.80)
Thoracic vertebra 1693 181 (11%) 18.0 (15.5-20.8) 2.18 (1.88-2.52) 2.05 (1.77-2.37)
Lumbar vertebra 2663 285 (11%) 17.9 (15.9-20.1) 2.05 (1.82-2.30) 1.92 (1.71-2.15)
Collapsed vertebra, unspec 6815 977 (14%) 33.8 (31.7-36.0) 2.15(2.02-2.29) 1.98 (1.86-2.11)
Rib 8482 668 (7.9%) 12.1 (11.2-13.1) 1.95 (1.81-2.10) 1.82 (1.69-1.96)
Pelvis 6184 908 (15%) 32.4 (30.4-34.6) 2.06 (1.93-2.20) 1.94 (1.82-2.08)
Clavicle 2914 203 (7.0%) 10.3 (8.97-11.9) 1.91 (1.66-2.19) 1.83 (1.59-2.09)
Scapula 946 51 (5.4%) 7.30 (5.44-9.60) 1.44 (1.09-1.89) 1.40 (1.06-1.84)
Upper end of the humerus 11,984 1471 (12%) 19.4 (18.4-20.4) 2.19 (2.08-2.31) 2.11 (2.01-2.23)
Shaft of the humerus 1227 126 (10%) 16.2 (13.5-19.3) 2.07 (1.73-2.46) 1.93 (1.62-2.30)
Lower end of the humerus 1238 127 (10%) 16.8 (14.0-19.9) 1.91 (1.61-2.27) 1.80 (1.51-2.14)
Upper end of the ulna 1638 160 (9.8%) 14.6 (12.4-17.1) 2.04 (1.74-2.38) 1.96 (1.67-2.28)
Upper end of the radius 2204 80 (3.6%) 4.46 (3.53-5.55) 1.39 (1.11-1.73) 1.35 (1.09-1.69)
Forearm shaft 1146 81 (7.1%) 9.83 (7.80-12.2) 1.54 (1.24-1.92) 1.49 (1.20-1.85)
Lower end of the radius 22,313 1811 (8.1%) 11.1 (10.6-11.6) 1.63 (1.56-1.71) 1.60 (1.53-1.68)
Lower end of the ulna and radius 2051 222 (11%) 15.5 (13.5-17.7) 1.82 (1.59-2.07) 1.78 (1.56-2.03)
Carpus 1957 68 (3.5%) 4.32(3.36-5.48) 1.15 (0.91-1.46)* 1.12 (0.88-1.42)*
Metacarpus 3590 229 (6.4%) 8.52 (7.45-9.70) 1.76 (1.54-2.00) 1.69 (1.48-1.92)
Finger 6237 304 (4.9%) 6.24 (5.56-6.98) 1.64 (1.47-1.84) 1.58 (1.41-1.77)
Neck of the femur 12,412 1406 (11%) 25.5(24.2-26.9) 1.58 (1.50-1.67) 1.49 (1.42-1.58)
Pertrochanteric fracture 8464 905 (11%) 26.8 (25.1-28.6) 1.36 (1.28-1.46) 1.28 (1.20-1.37)
Subtrochanteric fracture 1861 178 (9.6%) 21.1 (18.1-24.4) 1.18 (1.02-1.36) 1.11 (0.96-1.28)*
Shaft of the femur 1110 86 (7.7%) 14.8 (11.8-18.3) 1.10 (0.89-1.36)* 1.05 (0.85-1.29)*
Lower end of the femur 1058 76 (7.2%) 14.3 (11.2-17.8) 1.16 (0.93-1.45)* 1.09 (0.87-1.37)*
Patella 1803 179 (9.9%) 14.1 (12.1-16.3) 1.87 (1.62-2.17) 1.80 (1.56-2.09)
Upper end of the tibia 2730 201 (7.4%) 10.4 (9.05-12.0) 1.80 (1.57-2.07) 1.74 (1.52-2.00)
Shaft of the tibia 1010 49 (4.9%) 6.70 (4.96-8.86) 1.75 (1.32-2.31) 1.64 (1.24-2.17)
Lower end of the tibia 986 49 (5.0%) 6.89 (5.09-9.10) 1.58 (1.20-2.09) 1.52 (1.15-2.01)
Fibula alone 1274 65 (5.1%) 7.01 (5.41-8.94) 1.36 (1.07-1.74) 1.31 (1.03-1.67)
Ankle 7303 293 (4.0%) 5.13 (4.56-5.75) 1.17 (1.05-1.32) 1.14 (1.02-1.28)
Other parts of the lower leg 4340 249 (5.7%) 7.58 (6.67-8.58) 1.58 (1.40-1.79) 1.51 (1.33-1.71)
Tarsus 1183 61 (5.2%) 6.60 (5.05-8.48) 2.10 (1.63-2.70) 2.00 (1.56-2.57)
Metatarsus 3689 180 (4.9%) 6.29 (5.40-7.28) 1.44 (1.25-1.67) 1.38 (1.20-1.60)
Toe 2408 79 (3.3%) 4.09 (3.24-5.09) 1.32 (1.06-1.64) 1.27 (1.02-1.59)
Other recent fracture 2397 247 (10%) 16.7 (14.6-18.9) 2.23(1.97-2.53) 2.08 (1.83-2.35)
Any old (>2 yrs) fracture 293,051 20,516 (7.0%) 10.1 (9.99-10.3) 1.51 (1.49-1.53) 1.50 (1.48-1.52)

Risk of incident hip fracture per site of recent fracture. Event rates were calculated as the number of events per 1000 person-years and are pre-
sented with exact Poisson 95% confidence intervals. The multivariable Cox model was adjusted in two steps: model 1 for age and sex; model 2

with added adjustment for inclusion year, osteoporosis medication, multiple recent fractures, and Charlson comorbidity index

*p value > 0.05

patients with a recent fracture had a substantially increased
risk of vertebral fracture in a Cox model adjusted for age
and sex (model 1), regardless of fracture group investi-
gated (Table 3). These hazard ratios were only slightly
affected by multivariable adjustment (Table 3 and Fig. 3).

Any recent vertebral fracture was associated with the
greatest elevation of subsequent vertebral fracture risk
(HR 8.33,95% CI 7.45-9.31), while a recent distal radius
fracture conferred the lowest risk increase (HR 1.64, 95%
CI 1.46-1.85).
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Upper end of humerus, n=11984 ——
Other recent fracture, n=2397 —_——
Thoracic vertebra, n=1693 —_—
Tarsus, n=1183 <
Collapsed vertebra, unspec., n=6815 —_—
Upper end of ulna, n=1638 —_——
Pelvis, n=6184 —
Shaft of humerus, n=1227 —_——
Lumbar vertebra, n=2663 —_——
Clavicle, n=2914 —_——
Rib, n=8482 —
Patella, n=1803 —_——
Lower end of humerus, n=1238 _——
Lower end of ulna and radius, n=2051 —_——
Upper end of tibia, n=2730 —_——
Metacarpus, n=3590 —_——
Shaft of tibia, n=1010 4
Lower end of radius, n=22313 ——
Finger, n=6237 —_—
Skull and facial bones, n=5358 —_——
Lower end of tibia, n=986 g
Other parts of lower leg, n=4340 —_——
Neck of femur, n=12412 ——
Forearm shaft, n=1146 —_——
Cervical vertebra, n=1112 —_——
Scapula, n=946 —_——
Metatarsus, n=3689 —_—
Upper end of radius, n=2204 _——
Fibula alone, n=1274 _—
Pertrochanteric fracture, n=8464 ——
Toe, n=2408 _—
Ankle, n=7303 —_—
Carpus, n=1957 —_——
Subtrochanteric fracture, n=1861 —_——
Lower end of femur, n=1058 —_—
Shaft of femur, n=1110 —_——
0.0 0.5 1.0 15 2.0 25 3.0

Fig.2 Adjusted HR for incident hip fracture, all patients

Risk of hip and vertebral fractures per sex

Sex interacted significantly (p value <0.10) with 20 of 36
recent fracture sites for incident hip fracture and with 6 of
17 recent fracture sites for incident vertebral fracture (Sup-
plemental Table S5A and S5B). For most fracture sites, the
risk of hip and vertebral fracture was elevated in patients
with recent fracture compared to controls with no previous

@ Springer

Hazard ratio
Adjusted HR for incident hip fracture, all patients

fracture, regardless of sex (Supplemental Fig. 1-2, A-B).
The relative risk increase was most pronounced among men,
regardless of fracture site. For example, the risk of incident
vertebral fracture was increased more than sevenfold for
men with a recent vertebral fracture and almost sixfold for
women, and the risk of incident hip fracture was more than
tripled among men with a recent proximal humerus fracture
and nearly doubled for women.
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Table 3 Risk of incident vertebral fracture per site of recent fracture

Fracture site Atrisk Events Incidence rate per 1000 py Hazard ratio (95% CI)
N n (%) Model 1 Model 2

No previous fracture 2,984,489 20,510 (0.69%) 0.851 (0.839-0.862) 1 [REF] 1 [REF]

Skull and facial bones 5358 75 (1.4%) 2.01 (1.58-2.51) 2.09 (1.66-2.62) 1.82(1.45-2.29)
Rib 8482 178 2.1%) 3.17 (2.72-3.67) 3.13 (2.70-3.63) 2.76 (2.38-3.20)
Any vertebra 5468 315 (5.8%) 9.61 (8.58-10.7) 8.33 (7.45-9.31) 6.65 (5.93-7.46)
Collapsed vertebra, unspec 6815 259 (3.8%) 8.57 (7.55-9.67) 5.38 (4.76-6.09) 3.80(3.35-4.31)
Pelvis 6184 120 (1.9%) 4.01 (3.33-4.80) 2.61 (2.18-3.12) 2.13 (1.77-2.55)
Upper end of the humerus 11,984 229 (1.9%) 2.89 (2.52-3.29) 2.49 (2.19-2.84) 2.22 (1.95-2.53)
Upper arm, other 6466 114 (1.8%) 2.60 (2.14-3.12) 2.60 (2.16-3.12) 2.28 (1.89-2.74)
Lower end of the radius 22,313 276 (1.2%) 1.64 (1.46-1.85) 1.64 (1.46-1.85) 1.50 (1.33-1.69)
Forearm, other 7548 119 (1.6%) 2.12 (1.76-2.54) 2.26 (1.89-2.71) 2.02 (1.69-2.42)
Carpus/metacarpus 5547 90 (1.6%) 2.09 (1.68-2.57) 2.44 (1.99-3.01) 2.23 (1.82-2.75)
Finger 6237 75 (1.2%) 1.52 (1.20-1.91) 1.87 (1.49-2.34) 1.73 (1.38-2.17)
Hip 22,737 337 (1.5%) 3.27 (2.93-3.64) 1.96 (1.76-2.18) 1.71 (1.54-1.91)
Knee 5591 84 (1.5%) 2.19(1.74-2.71) 2.10 (1.70-2.60) 1.84 (1.48-2.28)
Ankle 7303 83 (1.1%) 1.44 (1.15-1.78) 1.71 (1.38-2.13) 1.60 (1.29-1.98)
Lower leg, other 7734 92 (1.2%) 1.58 (1.27-1.93) 1.85(1.51-2.27) 1.65 (1.35-2.03)
Foot 7432 105 (1.4%) 1.78 (1.46-2.16) 2.30 (1.90-2.79) 2.10(1.73-2.54)
Other recent fracture 2581 45 (1.7%) 2.99 (2.18-4.00) 2.38(1.78-3.19) 1.96 (1.46-2.63)
Any old (>2 yrs) fracture 293,051 3925 (1.3%) 1.90 (1.84-1.96) 1.88 (1.81-1.94) 1.79 (1.73-1.86)

Risk of incident vertebral fracture per site of recent fracture. Event rates were calculated as the number of events per 1000 person-years and
are presented with exact Poisson 95% confidence intervals. The multivariable Cox model was adjusted in two steps: model 1 for age and sex;
model 2 with added adjustment for inclusion year, osteoporosis medication, multiple recent fractures, and Charlson comorbidity index. All p

values <0.001

Risk of hip and vertebral fractures per age group

Age interacted significantly (p value <0.10) with 33 of 36
recent fracture sites for incident hip fracture and 14 of 17
recent fracture sites for incident vertebral fracture (Sup-
plemental Table S5A and S5B). For most fracture sites,
compared to controls without previous fracture, the risk
of both hip fracture and vertebral fracture was higher in
patients with recent fracture regardless of age group (Sup-
plemental Fig. 1-2, C-E). The relative risk increase was
most pronounced among the youngest age group. For both
the age group 50-64 and 65-79 years, most index fracture
sites exhibited a significantly elevated risk of subsequent
hip and vertebral fracture than what was observed for the
most common index fracture site, i.e., the distal radius
(S525). For instance, among those 50-64 years of age
with a recent subtrochanteric, pertrochanteric, and femo-
ral neck index fractures, the risk of incident hip fracture
was increased more than sevenfold compared to controls
with no previous fracture.

Risk of fractures with follow-up censored
after 2 years

With a shortened follow-up time, the risk of hip and verte-
bral fracture was consistently higher in those with a recent
fracture (Supplemental Figure S1F, S2F), regardless of the
recent index fracture site, though with broader Cls.

Mortality and competing risk of death

During follow-up, there were 593,369 (19.9%) deaths in the
patients with no previous fracture, 101,759 (34.7%) among
the patients with old fractures, and 66,380 (44.2%) among
the patients with recent a fracture. In particular, patients with
recent femoral fractures, the number of deaths was 9296
(74.9%, neck), 6937 (82%, pertrochanteric), 1398 (75.1%,
subtrochanteric), 714 (64.3%, shaft), and 683 (64.6%, lower
end). When performing competing risk of death analyses
with Fine and Gray comparing patients with different recent
femoral fractures with patients with no previous fracture, the
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Any vertebra, n=5468 —_——
Collapsed vertebra, unspec., n=6815 —_——
Rib, n=8482 ——
Upper arm, other, n=6466 —_—
Carpus/metacarpus, n=5547 —_——
Upper end of humerus, n=11984 ——
Pelvis, n=6184 —
Foot, n=7432 —_——
Forearm, other, n=7548 —
Other recent fracture, n=2581 —_—
Knee, n=5591 —
Skull and facial bones, n=5358 —_—
Finger, n=6237 —
Hip, n=22737 -
Lower leg, other, n=7734 ——
Ankle, n=7303 —
Lower end of radius, n=22313 —-—
0 1 2 3 4 5 6 7 8

Fig.3 Adjusted HR for incident vertebral fracture, all patients

subhazard ratios for incident hip fracture differed slightly
from the corresponding Cox hazard ratios (Supplemental
Table S6). Three hazard ratios in Cox adjustment model 1
were non-significant whereas nine subhazard ratios (both
models 1 and 2) were non-significant (recently fractured
cervical vertebral, upper end of radius, carpus, lower end
of femur, shaft and lower end of tibia, fibula, and toes). The
equivalent subhazard ratios for incident vertebral fracture
in patients were all significant and highly similar to the cor-
responding Cox hazard ratios regardless of recent fracture
group (Supplemental Table S7).

Discussion

This nationwide cohort study followed 3,423,320 men and
women, all 50 years or older in Sweden, for over 7 years.
Patients with almost all different types of recent fractures
at baseline had a higher risk of both hip and vertebral frac-
tures. These risk increments were most pronounced in analy-
sis with short follow-up time (2 years) and in the young-
est age group. These results show that the risk of both hip
and vertebral fracture is consistently elevated and to a large
extent independent of the index fracture site, indicating that
secondary fracture prevention programs should target all
patients with recent fractures, which will likely enable the

@ Springer
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prevention of the clinically most serious fractures, those of
the spine and hip.

There were some noteworthy dissimilarities in risk
between the patients with different index fracture sites. The
risk of incident hip fracture appeared to be close to neu-
tral in patients with recent femur fractures in the analysis
with all included study subjects. However, the age-stratified
analysis demonstrated that the risk of subsequent hip frac-
ture was very high in those with previous hip fractures in
the youngest age group, an association not found in older
patients, in which the risk tended to be reduced, compared
to controls. This discrepancy could be due to a considerably
higher competing risk of death in the oldest age group, in
which patients with hip fracture are more likely to die before
having another hip fracture. When considering the compet-
ing risk of death, the subhazard ratios were indeed higher
than the corresponding hazard ratios. An additional reason
for the lack of association between previous femur fracture
and subsequent hip fracture could be due to the protective
effect of surgery on the fractured hip, putting only one hip at
risk for subsequent hip fracture. Another intriguing finding
was that a recent carpus fracture exhibited no association
with incident hip fracture, but a recent fracture in carpus/
metacarpus was strongly associated with incident vertebral
fracture, with a significant hazard ratio above 2. Some of
the recently fractured groups (cervical vertebral, upper end
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of radius, carpus, lower end of femur, shaft and lower end
of tibia, fibula, and toes) lacked significance when analyz-
ing subhazard ratios for incident hip fracture. However, the
equivalent recent fracture groups showed strong associations
for incident vertebral fracture, both hazard and subhazard
ratios.

We recently found that recent MOF and non-MOF as well
as most recent fractures, regardless of index fracture site,
were associated with an increased risk of any fracture in
the herein investigated population [7]. However, for several
reasons, the clinical utility of identifying which recent index
fracture sites confer the highest risk for vertebral and hip
fractures specifically is large. Both clinical spine fractures
and hip fractures frequently lead to severe consequences
in terms of disability, increased morbidity, and mortality,
for the affected patients and for society and the healthcare
system, in terms of substantial costs for surgical interven-
tion, hospital care, rehabilitation, and nursing home care
[18, 19]. Thus, prevention of these very serious fractures
is key to combating adverse health outcomes and fracture-
associated costs. The results from this study demonstrate
that almost all recent fractures result in an increased risk of
subsequent clinical spine fracture or hip fracture, indicating
that selecting only patients with the most frequent osteo-
porotic fractures (usually spine, hip, proximal humerus, and
distal radius) in FLSs will result in a missed opportunity to
prevent spine and hip fractures in many high-risk patients
with other types of recent fractures [20, 21].

The National Osteoporosis Guideline Group in the UK
includes recommendations of an intervention threshold for
pharmacological therapy equivalent to the 10-year fracture
probability of a postmenopausal woman with a previous
fracture [22, 23]. This treatment threshold definition and the
observed elevated risk for hip and spine fracture observed
for most index fracture sites in this study suggests that a
large proportion of patients with recent fractures in this
study would qualify for pharmacological intervention. Com-
monly available osteoporosis medications such as zoledronic
acid and denosumab are particularly effective at reducing
the risk of both vertebral and hip fractures, with relative
risk reductions of approximately 70% and 40%, respectively
[24, 25]. Furthermore, head-to-head trials using osteoana-
bolic medications, such as romosozumab and teriparatide,
have demonstrated superior prevention of vertebral fractures
and for romosozumab also for hip fractures, compared to
oral bisphosphonates [26, 27]. Thus, effective medications
are available to treat fracture patients highly vulnerable to
suffering subsequent vertebral and hip fractures, and the
results from the present study indicate that almost all frac-
ture patients should be screened and offered osteoporosis
medications if suitable.

The results herein indicate that almost all patients with
a recent fracture have an elevated risk of incident hip and

vertebral fracture. However, it should be noted that, since
the study does not take BMD into account, the increased risk
for some index fracture types could be due to more severe
trauma or other factors than low BMD. However, a previous
study found that almost all types of fractures are associ-
ated with low BMD [28]. Furthermore, also patients with
diagnosed osteopenia, in addition to osteoporosis, benefit, in
terms of lower fracture rates, from the osteoporosis medica-
tion zoledronic acid [24, 29]. Still, some patients with cer-
tain index fracture types may have relatively normal BMD
and will not benefit from osteoporosis medication, empha-
sizing the need for BMD testing before treatment decisions
are made.

In the present analysis, we opted to adjust the analyses
for a minimal number of potential confounders, since the
aim was to investigate how hip and vertebral fracture risk is
determined by the site of index fracture and not to attempt to
explain underlying mechanisms. However, models adjusted
for age, sex, osteoporosis medication, multiple recent frac-
tures, and comorbidity did not dramatically change the found
associations between recent fracture and the risk of subse-
quent hip or spine fractures.

Importantly, the risk of subsequent hip and vertebral frac-
ture was also considerably elevated for patients with frac-
tures that occurred more than 2 years prior to baseline. This
suggests that in addition to implementing Fracture Liaison
Services (FLSs) for recent fractures, strategies to identify
patients with old fractures may be justified to facilitate the
prevention of subsequent fractures.

The risk of both subsequent hip and vertebral fracture
was higher in younger patients, than in older, and in men
than in women, for those with a recent fracture, indicating
that imminent fracture risk is complex and to some extent
age and sex-dependent. We find it noteworthy that, in most
fracture sites, the risk of subsequent hip and vertebral frac-
ture was higher than that observed for wrist fracture, which
is the most common fracture type.

Among the strengths of the study is its mere size. To our
knowledge, it is the largest investigation of subsequent hip
and vertebral fracture risk in patients with a recent frac-
ture depending on fracture site. The large size allowed the
investigation of different index fracture sites with adequate
statistical power. Extensive adjustment for age, sex, inclu-
sion year, repeated fractures, osteoporosis medications, and
Charlson comorbidity index did not materially change the
found associations, which suggests that there was limited
bias in the analysis.

However, there are also limitations. It is important to
note that due to the observational design, it is not possi-
ble to establish causality. Also, the baseline characteristics
of patients with recent fracture, old fracture, and no previ-
ous fracture differed substantially in terms of sex, age, and
comorbidity. However, the observed associations remained
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consistent after multiple adjustments and in sensitivity anal-
yses performed by subgroups of age and sex. Furthermore,
BMD data was not accessible, and both American and Brit-
ish guidelines consider fracture risk to be the key compo-
nent in determining treatment indication [22, 30]. Thus, not
having BMD in the risk evaluation is a limitation. However,
an association between low BMD and fractures at almost
all sites has been reported [28], implying that patients with
all index fractures in this study may have low BMD, but
due to the lack of BMD data, we could not test whether the
associations between previous and incident fractures were
BMD independent. Last, it is worth mentioning that reg-
ister studies may have limitations in accurately capturing
fracture events. However, the positive predictive value for
capturing fractures in the inpatient register is high, ranging
from 85 to 95% [31]. Specifically for humeral fractures, the
National Patient Register has a high level of completeness
(97%), though with lower accuracy (70%) a concern partially
addressed by the herein used wash-out period of 5 months
for fractures occurring at the same skeletal site [32].

To conclude, patients recently suffering from a fracture
exhibited an increased risk of subsequent hip and vertebral
fractures, regardless of the index fracture site. These results
strengthen the notion that all patients with recent fractures,
regardless of the fracture site, should be included in second-
ary prevention programs such as FLSs, to improve preven-
tion of the clinically most serious fractures.
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