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Prior fracture increases risk of future fracture in a time-dependent manner

Prior fragility fracture is a well-established risk factor for a future fracture [1, 2, 3, 4]. The 

population relative risk of having a subsequent hip fracture or other osteoporotic fracture is 

approximately 2-fold higher for most types of prior fracture. However, many studies suggest 

that the increase in risk is not constant with time or age. Indeed, the risk of a subsequent 

osteoporotic fracture is particularly acute immediately after an index fracture and wanes 

progressively over the next 2 years [4, 5, 6, 7, 8, 9], but thereafter remains higher than 

that of the general population (Figure 1). The early phase of particularly high risk has 

been termed imminent risk [9]. This transiency, which is not currently accommodated in 

any of the available fracture risk assessment tools, suggests that treatment given to patients 

immediately after a fracture might avoid a higher number of new fractures compared with 

treatment given at a later date.

Determinants of short-term risk also determine long-term risk

Confusion has arisen, however, about the use of the term imminent risk which has been 

variously used to imply a transient high risk or simply a high risk in the short term, 

regardless of transiency. Irrespective of its description, the view has arisen for the need 

for shorter timeframes over which to express fracture risk. This is illustrated by a number 

of studies, many of them recently published (Table 1), that seek to identify risk factors 

associated with incident fractures over a short time horizon, usually up to two-years after a 

sentinel fracture. Some derive associated risk prediction algorithms and, as expected, many 

of these studies confirm an increased fracture risk associated with a prior fracture, but in 

many the mean absolute risk at 2 years is low (<10%) while in others that considered 

patients with recent fractures, the mean absolute risks were still around 10-15% (see Table 

1). Apart from the known heterogeneity of fracture risk between countries [31], a source of 

heterogeneity may be the site of index fracture which in turn will be age-dependent [32]. In 

addition, some of the latter studies showed no convincing evidence of imminency of risk in 

that the relative risk at 2 years is no greater than the relative risk at 5 years [14, 27, 29].

Shorter time horizons yield lower magnitude absolute fracture risks

The rationale behind the need to express fracture risk over a two-year time horizon as 

opposed to a longer term to determine intervention requires examination. The most lucid 

arguments state that tools such as FRAX predict risk over the long term and do not 

explicitly provide short-term risk estimates necessary to identify patients likely to experience 

a fracture in the next 1-2 years [10]. This logic implies that there are special characteristics 

in individuals at high short term fracture risk not shared by those at long term risk [33]. 
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There is however no evidence that risk factors for short term recurrent fractures differ from 

those identified for fracture irrespective of the time horizon [12, 13, 14, 17, 21, 25, 34, 

35, 36, 37] though this is not easily assessed in studies using machine-learning techniques 

where the drivers of risk remain opaque [38]. Moreover, a plethora of studies indicates that 

a heightened risk at one or two years persists for 5 to 10 years after the event [6, 8, 11, 14, 

15, 16, 23, 27, 29, 39] (see Table 1). In other words, a high short-term risk aligns with a very 

high longer-term risk. Thus, the sole impact of choosing a one- or two-year time horizon 

is to decrease the magnitude of the absolute risk estimate produced by the algorithm (to 

oversimplify e.g., a 10-year risk of fracture of 50% can be expressed as a one-year risk of 

5%). The oversimplification is that the relationship between time horizon and fracture risk is 

not linear [39] (Figure 2). For example, in women with a prior fracture, the ratio between the 

10 and 2-year probabilities is much smaller at older ages than younger ages; for example, at 

the age of 50 years the 10-year probability is 8 times the 2-year probability, whereas at the 

age of 90 the ratio is 2.3:1. Note that neither of these ratios is 5:1, reflecting the non-linear 

relationships of fracture risk and death risk with age. For a 5-year timeframe, the respective 

ratios to 10-year probabilities are 3:1 and 1.25:1 at the same ages. The lower ratios at older 

ages are particularly important to appreciate and arises because the 10-year probability is 

calculated by taking into account the risk of fracture and the risk of death. As the latter 

exceeds the former at very old age, the probability of fracture actually decreases, while 

remaining high, and the 10-year probability approaches the 2-year and 5-year probabilities 

(Figure 2). At these advanced ages, the tool is calculating a ‘remaining life-time’ risk of 

fracture and, indeed, can usefully be expressed to patients and their carers in this way.

Given the difficulty that many patients (and indeed healthcare professionals) have in the 

interpretation of risk, being presented with a fracture risk which is low simply because it 

is over 2 years, may well be rather less convincing with regard to the need to commence 

treatment, compared with a substantially larger value pertaining to a 10-year time horizon. 

Despite a large literature on communication of risk [40, 41], there is relatively little 

empirical information on the optimal time horizon for expressing risk. The available 

information would suggest that longer rather than shorter time horizons are preferred in 

postmenopausal women [41, 42].

Adjusting 10-year probability to account for fracture recency

As stated previously, none of the current fracture risk calculators take account of the 

heightened fracture risk associated with a recent major osteoporotic fracture. However, 

recent analyses demonstrate that estimates of 10-year fracture probability derived from the 

FRAX tool can be adjusted according to the recency and site of sentinel fractures; this is 

shown for the outcome of major osteoporotic fracture in Table 2 [43]. For example, a woman 

age 70 years from the UK with aprior fragility fracture and no other clinical risk factors has 

a 20% 10-year fracture probability for a major osteoporotic fracture calculated with FRAX. 

Where the prior fracture was recent (within 2 years) and was a clinical spine fracture, the 

adjusted fracture probability would be upward adjusted to 30% (20 x 1.50). Thus, many 

but not all such adjustments substantially increase fracture probability and could change the 

category of risk from high to very high, depending on the thresholds selected, and thereby 

merit consideration of anabolic interventions [44].
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Summary and conclusion

Multiple studies of short-term fracture risk have identified similar risk factors to those 

already well-established in fracture prediction tools over the longer term. High short­

term risk is usually associated with a very high long-term risk. Although tools that 

calculate short term risk may be superficially attractive, the substantially lower absolute 

risk generated compared with a 10-year time horizon and the absence of guidelines 

through which to interpret these outputs are clear limitations to their use in clinical 

practice. In contrast, the uplift in risk arising from recent discrete events such as fracture 

can be readily accommodated in FRAX over a 10-year time horizon and linked to 

established national intervention thresholds, that are already widely embedded in clinical 

guidelines for the management of osteoporosis. That very high risk requires rapid and 

effective intervention, with combinations or sequences of pharmacological approaches 

and/or physical interventions (e.g. falls risk reduction), is also easily appreciated.
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Fig. 1. 
Risk 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 the whole population (n=18,872) for a woman 75 years at baseline [9] (with kind 

permission from Springer Science+Business Media B.V).
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Fig. 2. 
Probabilities of a major osteoporotic fracture (MOF) in Icelandic women with a prior 

fracture (of any recency) by age and time horizon [39] (with kind permission from Springer 

Science+Business Media B.V).
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Table 2

Multipliers for the adjustment of conventional estimates of 10-year probability of a major osteoporotic fracture 

for a recent fracture (within 2 years) in men and women at the sites shown [43].

Age (years) Spine Hip Humerus Forearm

Men Women Men Women Men Women Men Women

40 4.18 7.14 5.31 6.77 3.08 4.79 2.61 3.53

50 1.92 2.62 2.28 2.38 1.56 1.96 1.33 1.46

60 1.57 1.84 1.73 1.60 1.42 1.54 1.23 1.16

70 1.48 1.50 1.46 1.23 1.45 1.39 1.33 1.09

80 1.24 1.23 1.08 0.95 1.25 1.26 1.22 1.01

90 0.89 1.01 0.72 0.74 0.85 1.08 0.80 0.81
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