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Abstract

Objectives— A history of fracture is a strong risk factor for future fractures. The aim of the
present study was to determine whether the predictive value of a past major osteoporotic fracture
(MOF) for future MOF changed with time.

Methods— The study was based on a population-based cohort of 18,872 men and women born
between 1907 and 1935. Fractures were documented over 510,265 person-years. An extension of
Poisson regression was used to investigate the relationship between the first MOF and the second.
All associations were adjusted for age and time since baseline.

Results— 5039 individuals sustained one or more MOF, of whom 1919 experienced a second
MOF. The risk of a second MOF after a first increased by 4% for each year of age (95 % CI:
1.02-1.06) and was 41% higher for women than men (95% CI: 1.25-1.59). The risk of a second
MOF was highest immediately after the first fracture and thereafter decreased with time though
remained higher than the population risk throughout follow-up. For example, 1 year after the first
MOF the risk of a second fracture was 2.7 (2.4-3.0) fold higher than the population risk. After 10
years this risk ratio was and 1.4 (1.2-1.6). The effect was more marked with increasing age.

Conclusions— The risk of MOF after a first MOF is increased over the whole follow up but the
imminent risk is even higher. If the acute increment in risk in the few years following MOF is
amenable to therapeutic intervention, then immediate short-term treatments may provide
worthwhile clinical dividends in a very cost-effective manner, particularly in the elderly.
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Introduction

Methods

It is well established that fragility fractures increase the risk of a further fracture [1-4]. In a
meta-analysis performed by Klotzbuecher et al. [5], the relative risk of having a hip fracture
or a vertebral fracture was approximately 2-fold higher for most types of prior fracture. For a
prior vertebral fracture, however, the risk of a further vertebral fracture was increased more
than 4-fold. Most studies suffer from heterogeneous and incomplete retrieval of fracture
outcomes, a relatively short follow up and scant information on men so that risk estimates
lack accuracy.

Additionally, and importantly, the increase in relative risk may not be constant with time or
age. For example, a large meta-analysis showed that a prior fracture history was a significant
risk factor for hip fracture at all ages but was highest at younger ages and decreased
progressively with age [3]. Several studies have examined the time course of second
fractures by site following an index fracture [6—12]. Fracture at the hip, forearm, spine or
humerus (collectively termed major osteoporotic fractures) have been less frequently studied
but (apart from rib fractures) comprise approximately 90% of the morbidity due to fracture
[13,14]. In a small study of patients in Malmo over 5 years, prior fractures of the proximal
humerus, spine or hip were associated with higher subsequent fracture risks at the hip,
forearm, spine or humerus that were most marked in the year following the index fracture
[1]. A large study from Manitoba showed a similar phenomenon when these fracture sites
were combined [6]. There are no studies that have examined the age-dependency of the
immediate increase in fracture risk.

The time since prior fracture and age -dependency has clinical implications. An acute
increase in risk following an index fracture argues that treatment should be optimally
targetted as soon as possible after a fragility frature. Age-dependency may help target such
strategies to the more vulnerable sections of the community at high risk. The aim of the
present study was to determine the pattern of risk of major osteoporotic fractures (MOF) in
the years following a MOF. The patterns of interest included the time course of risk, effects
of gender and dependency on age.

The study cohort consists of 30,795 men and women, comprising all residents in the greater
Reykjavik Area on 1 December 1967 who were born between 1907 and 1935 (both years
included); this sample represented 55 % percent of the total Icelandic population in this age
range [15, 16]. Participants were selected at random from the Icelandic National Register.
The current study was based on 18,872 participants who enrolled during the recruitment
period in 1967-1991, with 9,116 men and 9,756 women, resulting in a 71.8 % recruitment
rate. Individuals were followed-up for a median time of 28 years until death, emigration or
December 3¥2012, a total of 510,265 person years.

The study was approved by the National Bioethics Committee and the Data Protection
Authority in Iceland. All participants gave informed written consent.

Osteoporos InAuthor manuscript; available in PMC 2017 September 01.
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Assessment of fractures

The Reykjavik Study fracture registration collected all fractures of the participants from
entry into the study up to December 31st 2008 [15-17]. All residents of Iceland have a
unique personal identification number allocated at birth or when taking up residence in the
country, which facilitates identity and examination of hospital records. Fractures treated on
an outpatient basis in Reykjavik were always referred to the only outpatient trauma clinic at
the Landspitalinn University Hospital. Both inpatient and outpatient reports, from all
hospitals in Reykjavik, including different departments, e.g., the trauma, radiography, and
outpatient departments, were manually examined and verified for fractures until 1983.
Beginning in 1983, hospitals and the private radiology clinics used by the general
practitioners in the Reykjavik Area introduced a computerized registration system, including
fracture diagnostic codes. All medical records for the participants, including referral letters
if needed, were manually examined and verified. The medical records from the main
hospitals outside Reykjavik (Akureyri and Akranes) were searched in the same way. The
same two orthopaedic surgeons were consulted if any doubt arose about the fracture
diagnosis. All fractures were registered according to the International Classification of
Diseases (ICD version 10 or ICD version 9). Avulsions less than 5x6 mm were excluded.
The Reykjavik Study fracture registration has been shown to have a capture rate of about
97 % for hip, forearm, and clinical vertebral fractures [17]. The circumstances of the trauma
leading to the fracture were assessed as well as the date of the fracture. However, all
fractures were counted regardless of trauma. If reports for a participant contained records of
two identical fractures on the same day, only the first fracture was included, and 30 days had
to pass between fractures at the same site for the second event to be included in the
calculation as a separate fracture.

Cases with major osteoporotic fractures comprised vertebral fracture (ICD 10 codes S12.0-
S12.2,S12.7, S22.0-22.1, S32.0), humeral fractures (S42.2-42.3), distal forearm fracture
(S52.5-52.6) and hip fracture (S72.0-S72.2) which were identified throughout the follow-up.
Any participant who experienced one or more incident major osteoporotic fractures (MOF)
was eligible for inclusion in the analysis of a second MOF.

In order to eliminate any risk of double counting, we reanalysed the data where the second
MOF was excluded if it occurred at the same site as the first fracture. For example, if the
index fracture was a forearm fracture, only fractures at the hip, spine and humerus were
counted as a second MOF.

Statistical methods

We calculated the incidence of the first major osteoporotic fracture, in order to compare this
with the incidence of the second fracture. A modification of the Poisson regression model
was used to study the relationship between sex, age, and the time since previous fracture on
the one hand and on the other hand, the risk of the first fracture (n=18,872) and the second
(n=5039) [18]. Note that the model determines the hazard function for fracture and not
fracture probability. Follow up was measured in person years and the observation period of
each participant was divided in intervals of one month. In the case of recurrent fractures, the
first recurrent MOF was counted. The hazard function was assumed to pg-€gp(- sex

Osteoporos InAuthor manuscript; available in PMC 2017 September 01.
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+ B2 - current time from fracture B3 - current age). The beta coefficients reflect the

importance of the variables, afid= 0 denotes that the corresponding variable does not
contribute to fracture risk. All associations were thus adjusted for age and time since
baseline. The fracture risk with the time after previous fracture was investigated both with
linear, piecewise linear and with spline functions. Time since previous fracture was
investigated as a continuous variable and examples given at specific timesWhen analysing
time to fracture (second or first) only the first fracture after baseline was counted. The
association between risk of a second fracture and the time since first fracture, spline
functions were fitted using knots at 0.5, 2.5 and 15 years after the first fracture. The splines
were second-order functions between the breakpoints and linear functions at the tails
resulting in a smooth curve. The final model assessed the dependence of the spline functions
with, age and sex to determine if the time to subsequent fracture was affected in the presence
of these variables.

During follow up, a total of 6895 major osteoporotic fractures occurred, comprising 1365
single or multiple clinical vertebral fracture, 2074 hip fractures, 2364 forearm fractures and
1092 humeral fractures. These fractures occurred in 5039 individuals (Table 1). For MOF,
the risk of a first fracture was 2-3 fold higher for women than for men and the fracture risk
increased progressively with age in both men and women (Table 2).

Of the 5039 men and women sustaining at least one incident MOF, 1919 individuals went on
to sustain a second fracture (Table 1). Women were more likely to sustain first and
subsequent fractures. During follow up, the number of individuals who sustained two or
more clinical vertebral fractures was 289. For hip, distal forearm and humerus the numbers
were 352, 489 and 138, respectively. The pattern of major fractures was very similar to the
pattern for the first MOF. For example, clinical vertebral fractures accounted for 19% of
fracture cases in the case of first MOF and 21% in the case of second fracture (Table 1).

The risk of a second MOF after a first increased by 5% for each year of age (95% CI: 2-7%)
and was 25% more likely for women than men (95% CI: 9-44%). The incidence of a second
MOF was highest immediately after the first fracture and decreased with time though
remained higher than the population risk throughout follow-up (Figure 1). For example, 1
year after the first MOF the risk of a second fracture was 2.7 (2.4-3.0) fold higher than the
population risk. After 10 years, the risk ratio was 1.4 (1.2-1.6) and remained above unity for
the subsequent 15 years. In individuals with an incident fracture that were examined over a
10-year time horizon, 20% of 1311 cases re-fractured within 1 year and 34% within 2 years.

When the second MOF fracture was not allowed to be at the same site as the first MOF the
imminent risk was still higher than after 5-10 years, although as expected, the magnitude of
the effect was less. Extending the 30-day window (during which second fractures were
excluded) up to 2 years had little effect on the pattern with time (data not shown).

There were statistically significant interactions between age and the spline functions for time
since first fracture (p<0.004), i.e. the pattern of a second MOF with time fidracture

Osteoporos InAuthor manuscript; available in PMC 2017 September 01.
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was age dependent. The very high risk of second fracture immediately after the first
increased with increasing age (Fig. 2).

The time-dependent shape of the curve was similar when only counting second fractures if
they occurred at a separate skeletal site than the first fracture. The interaction, however, fell
short of statistical significance (p=0.11), likely related to the lower number of fractures in
the secondary analysis (1381 vs 1919) and the associated loss of power.

There were no statistically significant interactions between sex and the spline functions for
time since first MOF (p>0.30), i.e. the pattern of a second MOF with time was the same in
men as in women.

Discussion

The present study confirms many observations, summarized in meta-analyses, that the risk
of fracture is approximately doubled after a first fracture [3, 5]. For all prior fractures
combined the relative risk of any subsequent fracture was 2.2 (95% CI: 1.9-2.6) in the meta-
analysis of Klotzbeucher [5]. This estimate is very consistent with the long-term
observations in the present study.

The principal aim of the present study was to document the change in risk after MOF with
time. Our findings suggest that the risk is initially high and declines thereafter, though not to
the levels of the general population with a follow up of up to 25 years. The same relative
risks were found in men and women, though the absolute risk was higher in women. This
transient phenomenon will be missed in long-term follow-up studies where the pattern of
risk with time is not studied [2, 19-21]. Several previous studies have found that a recent
occurrence of fracture was a greater risk factor for subsequent fracture than a history of
earlier fracture, demonstrated for vertebral fracture [6, 11], hip, humeral and forearm
fractures [3, 6] and all fractures combined [12].

A novel finding was that the high risk in the immediate post-fracture interval was age-
dependent in that the marked transient increase in risk was not found at the age of 60 years
and became progressively evident with advancing age. Many randomised studies have
shown the early onset of effectiveness of pharmaceutical intervention for spine fractures and
in some cases for appendicular fractures [22]. These benefits are particularly well
documented in individuals with one or more prior vertebral fracture. If the same holds true
for appendicular fractures, then our findings suggest that treatment should be commenced
immediately after the occurrence of a fracture, in order to reduce the high immediate risk of
further fracture. Moreover, the dividends of early intervention are particularly marked in the
elderly, so that physicians should be encouraged to treat the very old with fracture
prevention medication immediately after a fracture.

The reason for the transient marked increase in risk is not known, but immobilisation and
impaired coordination are potential factors [23—25]. Indeed, a recent study of US claims
databases identified falls related factors such as age, poor mobility, neurological comorbidity
and psychoactive medication use as associated with increased risk of first fracture over
12-24 months [25]. Since the study did not examine relationships over longer timescales (or

Osteoporos InAuthor manuscript; available in PMC 2017 September 01.
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from first to second fracture), it is impossible to evaluate whether the short term
relationships were of greater magnitude than they would have been long-term associations,
or whether the associations documented over 1-2 years simply demonstrated markers of
generally increased fracture risk. A further complication of such analyses is that many risk
factors will persist over time, example the propensity to fall is usually a long-term attribute.
Whilst dissecting out true risk factors for imminent as opposed to long-term risk presents an
investigative challenge, our demonstration of an increased fracture risk in the first year after
an index fracture suggests a relatively straightforward requirement for the targeting of
assessment and therapy immediately following such an event.

One of the strengths in this study was the random sampling of a large population and the
detail placed on fracture ascertainment and the long duration of observation. As participants
were identified from nation-wide registers representing 34% of the mid-life Icelandic
population born between 1907 and 1935 [15,16], selection bias seems unlikely. However,
there were also some limitations to this study. First, the fracture ascertainment was collected
retrospectively but was based on all available records and x rays from the main hospitals in
Iceland. Second, there are known to be substantial differences in age- and sex-specific
fracture incidence across Europe, with rates in northern Europe greater than those in the
south. Although the absolute incidence values we observed may not be representative of
other populations, there is no reason to suppose that there would be any difference in the age
and temporal relationships. Third, we were not able to include radiographically defined
vertebral fractures. This would have increased the rates, but we aimed to assess clinical
fractures, and temporal evaluation of radiographic vertebral fractures would have required
multiple sequential radiographs. Fourth, as with all such studies, the possibility of under-
ascertainment and misclassification exists, but as both capture and classification of fractures
has been shown to be highly reliable in this cohort [17], it is unlikely that this would alter

the results materially.

A problem that potentially confounds most studies of incident fractures is the risk of double
counting, and this can be of major relevance in studies examining rates of re-fracture within
short timeframes. This is particularly problematic for vertebral fractures since the diagnosis
is confirmed by radiography and the deformities are persistent over time, at least in adults. In
the present study, we used a 30-day window before counting a second fracture at the same
site which would diminish but not eliminate the risk that it was the same fracture. Extending
the window further up to 2 years had little effect on the pattern with time. The most robust
sensitivity analysis was to only count the second MOF when the site of the second fracture
differed from the site of the first MOF. The imminent risk was still higher than after 5-10
years. These findings indicate that the concept of imminent risk is a reality rather than an
artifact of double counting.

The risk of MOF after a first MOF is increased over the whole follow up but the imminent
risk is even higher. Many randomised studies have shown the early onset of effectiveness of
pharmaceutical intervention for spine fractures and in some cases for appendicular fractures
[22]. These benefits are particularly well documented in individuals with one or more prior
vertebral fracture. If the same holds true for appendicular fractures, then our findings
suggest that treatment should be commenced immediately after fractures to reduce the high

Osteoporos InAuthor manuscript; available in PMC 2017 September 01.
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immediate risk of further fracture. Moreover, the finding that the imminent risk increases

with age has several important implications in developing treatment strategies. In this regard,
it will be of value to determine the pattern of fracture events with time following a sentinel
fracture at the hip, spine, forearm or humerus to determine the potential gains in fractures
avoided and cost-effectiveness of early treatment.
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Mini Abstract

The risk of MOF after a first MOF is increased over the whole duration of follow up b
the imminent risk is even higher. If the acute increment in risk in the few years follow
MOF is amenable to therapeutic intervention, then immediate short-term treatments
provide worthwhile clinical dividends in a very cost-effective manner.
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Fig. 1.

Rigsk per 100 000 (95% CI) of a second major osteoporotic fracture (MOF) after a first MOF
for a woman at the age of 75 years at her first fracture. Knots for the spline function are set
at 0.5, 2.5 and 15 years of follow up after the first fracture. The dashed line is the risk of first
MOF in whole population (n=18,872) for a woman 75 years at baseline.
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Fig. 2.

Tr?e effect of age on the risk of subsequent major osteoporotic fracture at 6, 24 and 60
months following a first major osteoporotic fracture. The hazard ratio (HR) compares the
risk against that of the general population when allowing the population to age with time
(e.g. the 80-year-old individual after 60 months is compared with the population age 85
years).
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Table 1

Baseline characteristics and fracture outcomes.

NoMOF First MOF  Second MOF

Number of individuals 13,833 5039 1919
Age (years) = SD 52.7+89 53.1+87 53.5+8.5
Women (%) 43 74 83

BMI (kg/m?) + SD 257+3.9 249+38 24.6+3.7

Incident fractures
Vertebral fracture 0 952 (19%) 395 (21%)
Hip 0 1305 (26%) 336 (18%)
Distal forearm 0 2053 (41%) 881 (46%)
Humerus 0 729 (14%) 307 (16%)

BMI, body mass index: MOF, major osteoporotic fracture
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Table 2

Annual incidence of first major osteoporotic fracture per 100 000 and 95% confidence intervals (Cl) for men
and women according to age, determined at 5 years after baseline assessment.

Age(Years) Men Women

Mean 95% CI Mean 95% ClI
40 49 30-80 138 85-225
50 234 209-261 655 591-726
60 361 336-388 1012 957-1070
70 558 509-611 1564 1447-1690
80 1077 966-1201 3018 2740-3325
90 2076 1819-2369 5816 5155-6562
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