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                    Abstract
The aim of this report was to summarize the clinical performance of two reference bone turnover markers (BTMs) in the prediction of fracture risk. We used an updated systematic review to examine the performance characteristics of serum procollagen type I N propeptide (s-PINP) and serum C-terminal cross-linking telopeptide of type I collagen (s-CTX) in fracture risk prediction in untreated individuals in prospective cohort studies. We excluded cross-sectional studies. Ten potentially eligible publications were identified and six included in the meta-analysis. There was a significant association between s-PINP and the risk of fracture. The hazard ratio per SD increase in s-PINP (gradient of risk [GR]) was 1.23 (95 % CI 1.09–1.39) for men and women combined unadjusted for bone mineral density. There was also a significant association between s-CTX and risk of fracture, GR = 1.18 (95 % CI 1.05–1.34) unadjusted for bone mineral density. For the outcome of hip fracture, the association between s-CTX and risk of fracture was slightly higher, 1.23 (95 % CI 1.04–1.47). Thus, there is a modest but significant association between BTMs and risk of future fractures.
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From HR between quartiles to GR
If the hazard function of a type of event is exp(α + β · x), where the risk variable X has a normal distribution with mean 0 and standard deviation 1, then the value of the hazard function of an individual chosen by random in the interval a to b of X is\( \begin{aligned} & \exp (\alpha ) \cdot \int\limits_{a}^{b} {\exp (\beta \cdot x) \cdot \exp ( - x^{2} /2)/\sqrt {2 \cdot \pi } dx} /(\varPhi (b) - \varPhi (a)) \\ & \quad = { \exp }(\alpha + \beta^{2} /2) \cdot \int\limits_{a}^{b} {{ \exp }( - (x - \beta )^{2} /2)/\sqrt {2 \cdot \pi } dx} /(\varPhi (b) - \varPhi (a)) \\ & \quad {\text{ = exp}}(\alpha + \beta^{2} /2) \cdot (\varPhi (b - \beta ) - \varPhi (a - \beta ))/(\varPhi (b) - \varPhi (a)) \\ \end{aligned} \)
                           
If we consider four quartiles of the distribution of BTMs, Q1, Q2, Q3, and Q4, then the limits a and b will be −∝, −0.67458, 0, 0.67458, and ∝.
Thus, the following relationships are fulfilled:
$$ \begin{aligned} {\text{Q}}_{ 4} /\left( {{\text{Q}}_{ 1} + {\text{ Q}}_{ 2} + {\text{ Q}}_{ 3} } \right) \, & = \, \left[ { 1- \varphi \left( {0. 6 7 4 5 8 { }{-} \, \beta } \right)} \right]/[ 3\cdot \varphi \left( {0. 6 7 4 5 8 { }{-} \, \beta } \right)] \\ {\text{Q}}_{ 4} /{\text{Q}}_{ 1} & = \, \left[ { 1- \varphi \left( {0. 6 7 4 5 8 { }{-} \, \beta } \right)} \right]/\varphi \left( {{-}0. 6 7 4 5 8 { }{-} \, \beta } \right) \\ {\text{Q}}_{ 3} /{\text{Q}}_{ 1} & = \, \left[ {\varphi \left( {0. 6 7 4 5 8 { }{-} \, \beta } \right) \, {-} \, \varphi \left( { - \beta } \right)} \right]/\varphi \left( {{-}0. 6 7 4 5 8 { }{-} \, \beta } \right) \\ {\text{Q}}_{ 2} /{\text{Q}}_{ 1} & = \, \left[ {\varphi \left( { - \beta } \right) \, {-} \, \varphi \left( {{-}0. 6 7 4 5 8 { }{-} \, \beta } \right)} \right]/\varphi \left( {{-}0. 6 7 4 5 8 { }{-} \, \beta } \right) \\ \end{aligned} $$


                           If such a quotient is put equal to a number R, then it is not trivial to solve b (with a possible exception for the first quotient). One of two possibilities is to use an iterative procedure. Let us consider
$$ {\text{Q}}_{ 3} /{\text{Q}}_{ 1} = R. $$

Then we get
$$ \varphi \left( {0. 6 7 4 5 8 { }{-} \, \beta } \right) \, {-} \, \varphi \left( {{-}\beta } \right) \, {-}R \cdot \varphi \, \left( {{-}0. 6 7 4 5 8 { }{-} \, \beta } \right) \, = \, 0 $$


                           We have the general relationship f(x) ≈ f(x
                              0) + f′(x
                              0) · (x − x
                              0). To solve f(x) = Z, we use the relationship
$$ x = x_{0} + \, \left[ {Z{-}f\left( {x_{0} } \right)} \right]/f\prime \left( {x_{0} } \right) $$

 repeatedly. In the special case considered, we have Z = 0. The derivative of φ(0.67458 − β), for example, is −exp[−(0.67458 − β)2/2]/(√2 · π).
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