Supplementary table 2. Prospective studies of bone turnover markers to predict fracture in men and women not on treatment for osteoporosis.

	First Author/Year/Country(Ref)
	Population and setting
	Age (years)
	Sex
	Length of Follow up
	Storage of samples
	Fasting/time of urine collection
	Fracture outcome
	Assay used for biomarkers
	Biomarker
	Outcome measure
	p-value

	Szulc,P./1993/France(1)
	195 elderly institutionalized women
	70-101
	F
	18 months
	- 30 °C
	N/A
	Hip
	
	
	RR (95% CI)i
	

	
	
	
	
	
	
	
	
	Method based on different affinity of carboxylated OC and decarboxylated OC for hydroxyapatite
	s-γ0OCa
	5.59 (1.5-22.7)
	

	Åkesson, K./1995/Sweden(2)
	305 women of Scandinavian background, urban, randomly selected from city population files of Malmö
	40-80
	F
	5 years
	- 20  °C
	Yes
	All
	
	
	Odds ratioii
	

	
	
	
	
	
	
	
	
	Radioimmunoassay
(CEA Oris, Sacley, France)
	s-OCb
	1.3
	

	
	
	
	
	
	
	
	
	Radioimmunoassay 
(Orion Diagnostica, Finland)
	s-CTX-I-MMPb
	1.9
	0.043

	
	
	70-80
	
	
	
	
	
	Radioimmunoassay 
(Orion Diagnostica, Finland)
	s-PICPb
	1.8
	0.015

	
	
	
	
	
	
	
	
	
	
	2.4viii
	0.036

	Garnero, P./1996/France(3)
	109 patients with hip fracture and 292 controls form five French cities, volunteers from population- based listing, nested case control study, EPIDOS cohort and the OFELY study, nested case control study, EPIDOS cohort
	>75
	F
	22 months
	- 80°C
	Yes/morning
	Hip
	
	
	Odds ratio
( 95% CI)
	

	
	
	
	
	
	
	
	
	IRMA
(ELSA-OSTEO, CisBiointernational,Baglos/ckze, France)
	s-OCc
	1.0 (0.8-1.2)
	

	
	
	
	
	
	
	
	
	
	s-OCa
	1.0 (0.6-1.6)
	

	
	
	
	
	
	
	
	
	
	s-OCd
	1.1 (0.7-1.9)
	

	
	
	
	
	
	
	
	
	IRMA (Ostase, Hybritech, Inc., San Diego, CA, U.S.A.)
	s-BALPc
	0.9 (0.7-1.2)
	

	
	
	
	
	
	
	
	
	
	s-BALPa
	1.1 (0.7-1.7)
	

	
	
	
	
	
	
	
	
	
	s-BALPd
	0.9 (0.6-1.4)
	

	
	
	
	
	
	
	
	
	ELISA (Osteomark, Ostex International, Inc., Seattle, 
WA, U.S.A.)
	u-NTX-I/crc
	1.1 (0.9-1.4)
	

	
	
	
	
	
	
	
	
	
	u-NTX-I/cra
	1.4 (0.9-2.2)
	

	
	
	
	
	
	
	
	
	
	u-NTX-I/crd
	2.1 (1.3-3.3)
	

	
	
	
	
	
	
	
	
	ELISA(CrossLaps ELISA, OSTEOMETER Biotech A&Herlev, Denmark)

	u-β-CTX-I/crc
	1.3 (1.0-1.6)
	

	
	
	
	
	
	
	
	
	
	u-β-CTX-I/cra
	2.2 (1.3-3.6)
	

	
	
	
	
	
	
	
	
	
	u-β-CTX-I/crd
	2.1 (1.3-3.3)iii
	

	
	
	
	
	
	
	
	
	
	u-β-CTX-I/cra
	1.7 (1.1-2.2)iii
	

	
	
	
	
	
	
	
	
	ELISA(Pyrilinks-D, QuidelBiosystem, Mountain View, CA, U.S.A.)

	u-fDPD/crc
	1.4 (1.1-1.7)
	

	
	
	
	
	
	
	
	
	
	u-fDPD/cra
	1.5 (0.9-2.5)
	

	
	
	
	
	
	
	
	
	
	u-fDPD/crd
	1.6 (1.1-2.2)iii
	

	
	
	
	
	
	
	
	
	
	u-fDPD/cra
	1.9 (1.1-3.2)iii
	

	vanDaele,PLA./1996/The Netherlands(4)
	17 women residents with an incident hip fracture, nested case control study,Rotterdam cohort
	80.5 ±8.6
	F
	2.4 years (median)
	- 20  °C
	Overnight
	Hip
	
	
	Relative risk (95% CI)iv
	

	
	
	
	
	
	
	
	
	HPLC
	u-tPYD/cre
	1.6 (0.4-5.9)
	

	
	
	
	
	
	
	
	
	HPLC
	u-fPYD/cre
	1.9 (0.6-5.6)
	

	
	
	
	
	
	
	
	
	HPLC
	u-tDPD/cre

	1.0 (0.3-3.8)
	

	
	
	
	
	
	
	
	
	HPLC
	u-fDPD/cre
	1.2 (0.5-3.2)
	

	
	
	
	
	
	
	
	
	ELISA
	u-fDPD/cre
	4.5 (0.4-46.8)
	

	Vergnaud, P./1997/France(5)
	109 patients with hip fracture and 292 controls form five French cities, volunteers from population-based listing, nested case control study, EPIDOS cohort and the OFELY study†
	>75
	F
	22 months
	- 80°C
	Yes
	Hip
	
	
	Odds ratio 
(95%CI)
	

	
	
	
	
	
	
	
	
	IRMA
(ELSA-OSTEO, Cis Biointernational,
Baglos/ckze, France
	s-OCd
	1.3 (0.7-2.1)
	0.39

	
	
	
	
	
	
	
	
	ELISA
	s-γ0OCd
	2.0 (1.2-3.2)
	

	
	
	
	
	
	
	
	
	ELISA
	s-γ0OCd
	1.9 (1.1-3.1)iii
	

	
	
	
	
	
	
	
	
	HAP (binding assay)
	s-γ0OCc
	1.6 (0.9-2.7)
	0.07

	Ross, P.D./2000/Hawaii-(6)
	512 community-dwelling postmenopausal women, participating in the Hawaii Osteoporosis Study
	43-80 (mean: 69 years)
	F
	2.7 years
	- 70 °C
	Yes
	
	
	
	Odds ratio ( 95% CI)
	

	
	
	
	
	
	
	
	All
	IRMA(Tandem-R Ostase, Hybri tech, San Diego, CA, a subsidiary of Beckman Co)
	s-BALPb
	1.53 (1.18-1.98)
	

	
	
	
	
	
	
	
	Vertebral
	
	s-BALPb
	1.54 (1.12-2.12)
	

	
	
	
	
	
	
	
	Non-vertebral
	
	s-BALPb
	1.88 (1.34-2.65)
	

	
	
	
	
	
	
	
	All
	
	s-BALPb
	1.45 
(1.11-1.89)v
	

	
	
	
	
	
	
	
	Vertebral
	
	s-BALPb
	1.49 
(1.07-2.07)v
	

	
	
	
	
	
	
	
	Non-vertebral
	
	s-BALPb
	1.70 
(1.18-2.45)v
	

	
	
	
	
	
	
	
	All
	ELISA(CrossLaps, OsteometerBioTech, Herlev
	u-β-CTX-I /crb
	1.54 (1.19-1.99)
	

	
	
	
	
	
	
	
	Vertebral
	
	u-β-CTX-I /crb
	1.43 (1.04-1.98)
	

	
	
	
	
	
	
	
	Non-vertebral
	
	u-β-CTX-I /crb
	1.84 (1.31-2.58)
	

	
	
	
	
	
	
	
	All
	
	u-β-CTX-I /crb
	1.39 
(1.06-1.83)v
	

	
	
	
	
	
	
	
	Vertebral
	
	u-β-CTX-I /crb
	1.33 
(0.94-1.88)v
	

	
	
	
	
	
	
	
	Non-vertebral
	
	u-β-CTX-I /crb
	1.70
(1.18-2.45)v
	

	Chapurlat, RD/2000/France(7)
	848 women, including 212 patients and 636 controls, population based registers, a nested case control study within the EPIDOS prospective cohort and OFELY study‡
	>75
	F
	3.3 years (max 4.9years)
	- 80°C
	No (afternoonbloodsampling)
	Hip
	
	
	Hazard ratio (95%CI)
	

	
	
	
	
	
	
	
	
	Osteometer Biotech A/S, Herlev, Denmark
	s-β-CTX-Ia
	1.86 (1.01-3.76)
	

	
	
	
	
	
	
	
	
	
	s-β-CTX-If
	1.90 (1.05-3.4)
	

	
	
	
	
	
	
	
	
	CrossLaps ELISA; Osteometer Biotech A/S
	u-β-CTX-Ia
	1.67 (1.19-2.32)
	

	
	
	
	
	
	
	
	
	Chiron Diagnostic, Emeryville, CA
	u-fUDPa
	2.07 (1.49-2.90)
	

	Luukinen, H./2000/Finland(8)
	792 home-dwelling persons  who lived in five rural municipalities  in northern Finland
	>70
	F+M
	5 years
	- 72 °C
	N/A
	All
	
	
	Hazard ratio (95%CI)
	

	
	
	
	
	
	
	
	
	two-site immunofluorescent assays. The method is reported in another study.(9)
	s-OCg
s-γ3OCg
	1.22 (0.68-2.17)
1.77 (1.10-2.68)
	

	
	
	
	F+M
	
	
	
	
	
	s-OCg
	1.09
(0.57-2.07)vi
	

	
	
	
	
	
	
	
	
	
	s- γ3OCg
	2.00 
(1.20-3.36)vi
	

	
	
	
	F
	
	
	
	
	
	s-OCg

	1.23 (0.60-2.1)
	

	
	
	
	
	
	
	
	
	
	s- γ3OCg
	1.53 (0.82-2.88)
	

	Garnero, P./2000/France(10)
	435 Healthy untreated postmenopausal women from the OFELY study
	50-89
	F
	5yrs
	- 80°C
	Yes/24h
	All
	
	
	RR ((95% CI)vii
	

	
	
	
	
	
	
	
	
	IRMA(ELSA-OST-NAT; Cis Bio-international, Gif Yvette, France)
	s-OCa
	1.5 (0.8-2.7)
	0.20

	
	
	
	
	
	
	
	
	
	s-OCf
	1.5 (0.8-2.7)
	0.20

	
	
	
	
	
	
	
	
	IRMA (Ostase; Hybritech, Inc., San Diego, CA, U.S.A)
	s-BALPa
	1.9 (1.3-3.4)
	0.03

	
	
	
	
	
	
	
	
	
	s-BALPf
	2.4 (1.3-4.2)
	0.005

	
	
	
	
	
	
	
	
	ELISA (Prolagen-C; Quidel Biosystems, Palo Alto, CA, U.S.A)
	s-PICPa
	1.7 (0.7-2.5)
	0.43

	
	
	
	
	
	
	
	
	
	s-PICPf
	1.3 (0.7-2.5
	0.40

	
	
	
	
	
	
	
	
	RIA(Intact PINP; FarmosDiagnostica, Upsalla, Finland)
	s-iPINPa
	1.6 (0.8-3.4)
	0.22

	
	
	
	
	
	
	
	
	
	s-iPINPf
	1.3 (0.7-2.4)
	0.42

	
	
	
	
	
	
	
	
	ELISA (Serum Crosslaps one step; Osteometer Biotech, Ballerup, Denmark)
	s-β-CTX-Ia
	1.9 (1.05-3.6)
	0.04

	
	
	
	
	
	
	
	
	
	s-β-CTX-If
	2.1 (1.2-3.8)
	0.01

	
	
	
	
	
	
	
	
	ELISA (CrossLaps ELISA; CIS Biointernational)
	u-β-CTX-Ia
	2.3 (1.3-4.1)
	0.008

	
	
	
	
	
	
	
	
	
	u-β-CTX-If
	2.3 (1.3-4.1)
	0.008

	
	
	
	
	
	
	
	
	ELISA (Osteomark; Ostex International, Inc., Seattle, WA, U.S.A.)
	u-NTX-I/cra
	1.7 (0.9-3.2)
	0.09

	
	
	
	
	
	
	
	
	
	u-NTX-I/crf
	1.7 (0.9-3.2)
	0.09

	
	
	
	
	
	
	
	
	ELISA (Pyrilinks-D;Quidel Biosystem)
	u-fUPD/ cra
	1.8 (0.9-3.6)
	0.07

	
	
	
	
	
	
	
	
	
	u-fUPD/ crf
	1.8 (1.0-3.4)
	0.07

	Greenfield, DM./2001/UK(11)
	375 women recruited be age-stratified randomization from general populations in Sheffield
	50-85 (mean 64.5)
	F
	5 years
	
	
	
	
	
	Relative risk (95%CI)
	

	
	
	
	
	
	
	
	Vertebral
	
	u-PDY/crq
	1.2 (1.2-1.3
	

	
	
	
	
	
	
	
	Non-verterbral
	
	u-PDY/crq
	1.3 (1.1-1.5)
	

	
	
	
	
	
	
	
	Vertebral
	
	u-NTX-I/crq
	1.2 (1.0-1.5)
	

	Tromp, AM./2000/The Netherlands(12)
	348 Caucasian women, recruited from apartments for elderly people and from homes for the elderly in Amsterdam and its vicinity
	70-96 (mean 80.3)
	F
	5 years upto 7.6 years
	- 20  °C
	Yes
	
	
	
	Relative risk (95% CI)viii
	

	
	
	
	
	
	
	
	Hip
	ELISA (NTx, Osteomark, Ostex, Seattle, WA
	u-NTX-I/crf
	2.6 (0.8-8.1)
	<0.05

	
	
	
	
	
	
	
	Osteoporotic
	
	u-NTX-I/crf
	1.9 (0.8-4.6)
	>0.05

	
	
	
	
	
	
	
	Non-vertebral
	
	u-NTX-I/crf
	2.6 (1.3-5.0)
	<0.05

	
	
	
	
	
	
	
	
	
	
	Odds ratio 
(95%CI)
	

	Bruyere, O./2003/Belgium(13)

	603 osteoporotic women corresponding to the placebo arm of a 3-years prospective, double-blind study
	50-80
	F
	3 years
	N/A
	Yes/morning
	Vertebral
	
	
	Odds ratio 
(95%CI)
	

	
	
	
	
	
	
	
	
	IRMA (ELSA-Osteoporosis, CIS-Bio International, France)
	s-OCh
	10.92 
(2.22-53.78)
	

	
	
	
	
	
	
	
	
	
	
	Relative risk (95%CI)
	

	
	
	
	
	
	
	
	
	
	s-OCi
	1.12 (0.62-2.04)
	

	
	
	
	
	
	
	
	
	
	
	Relative risk (95%CI)
	

	
	
	
	
	
	
	
	
	
	s-OCj
	0.31 (0.15-0.65)
	

	
	
	
	
	
	
	
	
	
	
	Odds ratio 
(95%CI)
	

	
	
	
	
	
	
	
	
	ELISA (Crosslaps Tm EIA, CIS-Bio International, France)
	u-β-CTX-I/crh
	1.37 (1.00-1.87)
	

	
	
	
	
	
	
	
	
	
	
	Relative risk (95%CI)
	

	
	
	
	
	
	
	
	
	
	u-β-CTX-I/cri
	0.88 (0.53-1.53)
	

	
	
	
	
	
	
	
	
	
	
	Relative risk (95%CI)
	

	
	
	
	
	
	
	
	
	
	u-β-CTX-I/crj
	0.60( 0.34-1.09)
	

	
	
	
	
	
	
	
	
	
	
	Relative risk (95%CI)
	

	
	
	
	
	
	
	
	
	IRMA(‘Tandem’-R Ostase Beckmann Coulter, USA)
	s-BALPi
	0.66 (0.37-1.17)
	

	
	
	
	
	
	
	
	
	
	s-BALPj
	0.89 (0.51-1.54)
	

	Melton, LJ./2003/USA(14)
	225 postmenopausal women,  including both free-living and institutionalized individuals,  selected using the medical records linkage system of the Rochester Epidemiology Project
	68 ±13.6(mean)
	F
	14 years (mean ) up to 20 years
	N/A
	N/A
	
	
	
	Hazard ratio (95%CI)viii
	

	
	
	
	
	
	
	
	All
	Radioimmunoassay
	s-OCb
	0.92 (0.78-1.10)
	>0.05

	
	
	
	
	
	
	
	Hip
	
	
	1.16 (0.75-1.81)
	>0.05

	
	
	
	
	
	
	
	Vertebral
	
	
	0.80 (0.65-0.98)
	<0.05

	
	
	
	
	
	
	
	All
	automated methods (Multistat III Plus; Instrumentation Laboratories, Lexington, MA, USA
	s-ALPb
	1.06 (0.84-1.34)
	>0.05

	
	
	
	
	
	
	
	Hip
	
	
	1.07 (0.80-1.42)
	>0.05

	
	
	
	
	
	
	
	Vertebral
	
	
	1.09 (0.80-1.47)
	>0.05

	Gerdhem, P./2003/Sweden(15)
	Serum was available in 1024 women and urine was available in 1019 women, identified at random from them from the city files of Malmö
	75
	F
	3-6.5 (Mean 4.6years)
	- 80°C
	No/morning
	
	
	
	Odds ratio 
(95%CI)
	

	
	
	
	
	
	
	
	All
	Quidel BAP immunoassay (Quidel Corp., San Diego, CA, USA)
	s-BALPf
	1.25 (0.61-2.54)
	

	
	
	
	
	
	
	
	Hip
	
	s-BALPf
	0.94 (0.46-1.93)
	

	
	
	
	
	
	
	
	Vertebral
	
	s-BALPf
	1.43 (0.78-2.71)
	

	
	
	
	
	
	
	
	All
	(S-Total OC; N-MID; Roche Diagnostics, Mannheim, Germany)
	s-OCf
	0.68 (0.30-1.58)
	

	
	
	
	
	
	
	
	Hip
	
	s-OCf
	0.52 (0.21-1.25)
	

	
	
	
	
	
	
	
	Vertebral
	
	s-OCf
	1.33 (0.71-2.50)
	

	
	
	
	
	
	
	
	All
	In-house assays
	s-γ3OCf
	0.83 (0.37-1.85)
	

	
	
	
	
	
	
	
	Hip
	
	s-γ3OCf
	0.88 (0.41-1.87)
	

	
	
	
	
	
	
	
	Vertebral
	
	s-γ3OCf
	1.51 (0.81-2.81)
	

	
	
	
	
	
	
	
	All
	Elecsys β-CrossLaps immunoassay (Roche Diagnostic, Mannheim, Germany)
	s-β-CTX-If
	1.16 (0.55-2.45)
	

	
	
	
	
	
	
	
	Hip
	
	s- β-CTX-I f
	1.01 (0.48-2.11)
	
	

	
	
	
	
	
	
	
	Vertebral
	
	s- β-CTX-I f
	1.94 (1.95-3.58)
	

	
	
	
	
	
	
	
	Vertebral
	
	s- β-CTX-I f
	1.53 
(0.79-2.97)ix
	

	
	
	
	
	
	
	
	Vertebral
	
	s- β-CTX-I f
	1.58 
(0.83-2.98)x
	

	
	
	
	
	
	
	
	All
	S-TRACP5b by a solid-phase, immunofixed, enzyme activity assay
	s-TRACP5bf
	1.95 (098-3.86)
	

	
	
	
	
	
	
	
	Hip
	
	s-TRACP5bf
	1.54 (0.78-3.05)
	

	
	
	
	
	
	
	
	Vertebral
	
	s-TRACP5bf
	2.28 (1.26-4.15)
	

	
	
	
	
	
	
	
	Vertebral
	
	s-TRACP5bf
	2.21 
(1.17-4.17)ix
	

	
	
	
	
	
	
	
	Vertebral
	
	s-TRACP5bf
	1.78 
(0.95-3.33)x
	

	
	
	
	
	
	
	
	All
	Quidel DPD immunoassay (Quidel Corp., San Diego, CA, USA
	u-DPD/crf
	1.21 (0.59-2.48)
	

	
	
	
	
	
	
	
	Hip
	
	u-DPD/crf
	1.02 (0.50-2.12)
	

	
	
	
	
	
	
	
	Vertebral
	
	u-DPD/crf
	1.48 (0.80-2.76)
	

	Meier, C./2005/Australia(16)
	Case cohort control study of 151 elderly men, the Dubbo Osteoporosis Epidemiology Study
	70.4
	M
	a median of 6.3 years (range, 2–13 years)
	- 80°C
	No
	
	
	
	Relative risk (95%CI)
	

	
	
	
	
	
	
	
	All
	Radioimmunoassay (Orion Diagnostica, Espoo, Finland)
	s-PINPl
	1.4 (0.8-1.6)
	

	
	
	
	
	
	
	
	
	
	s-PINPk
	1.1 (0.9-1.4)
	

	
	
	
	
	
	
	
	
	Radioimmunoassay (Orion Diagnostica, Espoo, Finland)
	s-CTX-I-MMPl
	2.8(1.4-5.4)
	

	
	
	
	
	
	
	
	
	
	s-CTX-I-MMPk
	1.8 (1.4-2.3)
	<0.001

	
	
	
	
	
	
	
	
	
	s-CTX-I-MMPi
	1.4 (1.0-1.9)xi
	<0.05


	
	
	
	
	
	
	
	Hip
	
	s-CTX-I-MMPi
	1.7 (1.2-2.6)xi
	<0.01

	
	
	
	
	
	
	
	Non-vertebral
	
	s-CTX-I-MMPi
	2.1 (1.3-3.3)xi
	<0.05

	
	
	
	
	
	
	
	Non-vertebral, non-hip
	
	s-CTX-I-MMPi
	1.7 (1.1-2.4)xi
	<0.005

	
	
	
	
	
	
	
	All
	Enzymeimmunoassay (NordicBioscienceDiagnostics, Herlev, Denmark

	s-β-CTX-Il
	1. (0.8-3.3)
	

	
	
	
	
	
	
	
	
	
	s-β-CTX-Ik
	1.2 (0.98-1.6)
	

	Sornay-Rendu, E./2005/France(17)
	671 postmenopausal women for the OFELY study randomly selected from the affiliates of a large health
insurance company§
	62.2 ± 9(mean)
	F
	a median  of 9.1 years
	- 70 °C
	Yes
	All
	BALP; Ostase Beckman-Coulter, San Diego, CA, USA(BALP; Ostase Beckman-Coulter, San Diego, CA, USA)
	s-BALPn
	Hazard ratio (95%CI)viii
	

	
	
	
	
	
	
	
	
	
	
	2.2 (1.4-3.8)
	

	Dobnig, H./2007/Austria(18)
	960 elderly female patients above age 70 years from 95 nursing homes in four counties in Austria
	>70
	F
	2 years
	- 70 °C
	No
	
	N/A
	
	Hazard ratio (95%CI)xii
	

	
	
	
	
	
	
	
	Hip
	
	s-OCm
	0.99 (0.97-1.00)
	0.21

	
	
	
	
	
	
	
	Non-vertebral
	
	s-OCm
	0.99 (0.99-1.00)
	0.80

	
	
	
	
	
	
	
	Hip
	
	s-β-CTX-Im
	1.27 (0.45-3.60)
	0.57

	
	
	
	
	
	
	
	Non-vertebral
	
	s-β-CTX-Im
	1.41 (0.77-2.60)
	0.26

	Bauer, DC./2009/USA(19)

	949 randomly selected participants from the Osteoporosis in Men, recruited  local advertise ments and mass mailings, a prospective study (MrOS)
	<65 (mean 73.7 ±5.9)
	M
	5 years
	- 190 °C
	Yes
	
	
	
	Relative risk 95%CI
	

	
	
	
	
	
	
	
	Hip
	(β-CTX; RocheDiagnostics, Mannheim, Germany)
	s-β-CTX-If
	1.76 
(1.04-2.98)xiii
	

	
	
	
	
	
	
	
	Non-vertebral
	
	s-β-CTX-If
	1.29 (0.99-1.69)
	

	
	
	
	
	
	
	
	Hip
	
	s-β-CTX-If
	1.04 
(0.55-0.97)iv
	

	
	
	
	
	
	
	
	Non-vertebral
	
	s-β-CTX-If
	1.07 
(0.80-1.42)iv
	

	
	
	
	
	
	
	
	Hip
	(PINP;Roche Diagnostics, Mannheim, Germany)
	s-PINPf
	2.13 
(1.23-3.68)xiii
	

	
	
	
	
	
	
	
	Non-vertebral
	
	s-PINPf
	1.57 
(2.21-2.05)xii
	

	
	
	
	
	
	
	
	Hip
	
	s-PINPf
	1.16 
(0.57-2.36) iv
	

	
	
	
	
	
	
	
	Non-vertebral
	
	s-PINPf
	1.31 
(0.98-1.74) iv
	

	
	
	
	
	
	
	
	Hip
	(SBA-Sciences, Turku, Finland)

	s-TRACP5bf
	0.92 
(0.50-1.71) xiii
	

	
	
	
	
	
	
	
	Non-vertebral
	
	s-TRACP5bf
	0.17 
(0.88-1.55) xiii
	

	
	
	
	
	
	
	
	Hip
	
	s-TRACP5bf
	0.66 
(0.32-1.39) iv
	

	
	
	
	
	
	
	
	Non-vertebral
	
	s-TRACP5bf
	1.05 
(0.77-1.42) iv
	

	Tamaki, J./2013/Japan(20)
	527 postmenopausal women were randomly selected using resident registrations in seven municipalitiesthroughout Japan from the prospective Japanese Population-basedOsteoporosis (JPOS) Cohort Study
	15-79
	F
	6 years
	N/A
	No/between 9:00 a.m. and 2:00 p.m.
	Vertebral
	
	
	Relative risk(95%CI)
	

	
	
	
	
	
	
	
	
	two-site immunoradiometricassay (BGPIRMA kit Mitsubishi, MitsubishiKagaku Iatron Inc., Tokyo, Japan)
	s-OCe
	0.96 
(0.73-1.26)xv
	

	
	
	
	
	
	
	
	
	
	s-OCe
	0.81 
(0.60-1.10)xvi
	

	
	
	
	
	
	
	
	
	(IRMA Tandem-R Ostase; Hybritech, San Diego, CA, USA)enzyme-linked immunosorbentassay (ELISA)
	s-BALPe
s-BALPe
	1.33 
(1.01-1.74)xv
1.25 
(0.92-1.71) xvi
	

	
	
	
	
	
	
	
	
	(CrossLaps ELISA, Osteometer A/S, Rødovre,Denmark)
	u-β-CTX-Ie
	0.88 
(0.66-2.16) xv
	

	
	
	
	
	
	
	
	
	
	u-β-CTX-Ie
	0.74 
(0.53-1.02) xvi
	

	
	
	
	
	
	
	
	
	ELISA (Pyrilinks-D;Quidel Biosystems, Mountain View, CA, USA)
	u-fDPD/cre
	1.23 
(0.93-1.64)xv
	

	
	
	
	
	
	
	
	
	
	u-fDPD/cre
	1.20 
(0.87-1.64) xvi
	

	
	
	
	
	
	
	
	
	ELISA (Pyrilinks-D; Quidel Biosystems, Mountain View, CA, USA)
	t-uDPD/cre
	1.17 
(0.88-1.56) xv
	

	
	
	
	
	
	
	
	
	
	t-uDPD/cre
	1.06 
(0.77-0.147) xvi
	

	Shidgel, R./2015/Norway(21)
	A nested case–control study  of 443  Women participating in the in Tromsø study, a single-center population-based health study
	>50
	F
	6.6 years
	N/A
	Yes
	Non-vertebral
	
	
	Odds ratio 
(95%CI)
	

	
	
	
	
	
	
	
	
	Electrochemiluminescence immunoassay (Elecsys 1010Analytics, Roche Diagnostics, Germany
	s-PINPo
	1.49 
(1.20-1.85)xvii
	<0.001

	
	
	
	
	
	
	
	
	
	s-PINPo
	1.31 
(1.05-1.63)xviii
	0.016

	
	
	
	
	
	
	
	
	
	s-β-CTX-I p
	1.22 
(1.0-1.49) xvii
	0.047

	
	
	
	
	
	
	
	
	
	s-β-CTX-I p
	1.08 
(0.88-1.33)xviii
	0.448

	Dai, Z./2016/China(22)
	A nested case control study in the Singapore Chinese Health Study, a population based cohort of chinese men and women
	45-74
	F+M
	5 years
	- 80°C
	21.5% of all subjects were fasted/liquid nitrogen tanks at −180°C until year 2001 and - 80°C
	



	Hip
	
	
	Odds ratio
(95%CI)xix
	

	
	
	
	
	
	
	
	
	two-site immunoenzymatic sandwich assay on the Roche Cobas e411,Roche Diagnostics, Indianapolis, IN
	s-OCb
	1.55 (1.04-2.31)
	0.001

	
	
	
	
	
	
	
	
	
	s-OCi
	8.23 
(2.26-30.03)
	

	
	
	
	
	
	
	
	
	Immunoassay (Quidel Biosystems, Mountainview, CA)
	s-BALPb
	1.40 (0.95-2.07)
	0.004

	
	
	
	
	
	
	
	
	
	s-BALPi
	2.41 (0.84-6.95)
	

	
	
	
	
	
	
	
	
	Orion Diagnostica, Espoo, Finland: distributed by Diasorin, Stillwater, MN
	s-PINPb
	1.62 (1.10-2.37)
	0.002

	
	
	
	
	
	
	
	
	
	s-PINPi
	6.63 
(2.02-21.81)
	

	
	
	
	
	
	
	
	
	A two-site immunoenzymatic sandwich assay, Roche Diagnostics, Indianapolis, IN
	s-β-CTX-I b
	1.78 
(1.24-2.56)
	0.006

	
	
	
	
	
	
	
	
	
	s-β-CTX-I i
	4.92 
(1.67-14.51)
	

	
	
	
	
	
	
	
	
	Enzyme-linked immunosorbent assay, Ostex International, Seattle, WA
	s-NTX-Ib
	1.95 (1.29-2.93)
	

	
	
	
	
	
	
	
	
	
	s-NTX-Ii
	4.32 
(1.39-13.45)
	

	Crandall, CJ./2018/USA(23)
	A prospective  nested case control study of 400 women from the Women’s Health Initiative (WHI)
	50-79
	F
	0.7-9.3 (Mean7.13 years)
	- 80°C
	Yes
	Hip
	Two-site immunoassay,Elecsys, Roche Diagnostics,Mannheim, Germany)
	
	Odds ratio 
(95%CI)
	

	
	
	
	
	
	
	
	
	
	s-β-CTX-I f
	1.33 (0.91-1.96)
	

	
	
	
	
	
	
	
	
	
	s-iPINPf
	1.09 (0.73-1.63)
	

	
	
	
	
	
	
	
	
	
	s-β-CTX-I f
	1.25 
(0.68-1.30)xx
	

	
	
	
	
	
	
	
	
	
	s-iPINPf
	1.24 
(0.65-2.35)xx
	

	Ivaska,KK./2022/Sweden(24)
	a population-based cohort of 1044 elderly women from the Malmö OPRA study¥
	75
	F
	5 years
	- 80°C
	No/morning
	
	
	
	Hazard ratio(95%CI)
	

	
	
	
	
	
	
	
	All
	
	s-OCr
	1.26 (0.90-1.77)
	

	
	
	
	
	
	
	
	Osteoporotic
	
	s-OCr
	0.99 (0.68-1.43)
	

	
	
	
	
	
	
	
	Vertebral
	
	s-OCr
	1.27 (0.72-2.21)
	

	
	
	
	
	
	
	
	All
	
	s-BALPr
	1.13 (0.81-1.56)
	

	
	
	
	
	
	
	
	Osteoporotic
	
	s-BALPr
	1.29 (0.90-1.85)
	

	
	
	
	
	
	
	
	Vertebral
	
	s-BALPr
	1.78 (0.99-3.18)
	

	
	
	
	
	
	
	
	All
	
	s-β-CTX-Ir
	1.45 (1.04-2.03)
	

	
	
	
	
	
	
	
	Osteoporotic
	
	s-β-CTX-Ir
	1.60 (1.10-2.34)
	

	
	
	
	
	
	
	
	Vertebral
	
	s-β-CTX-Ir
	1.21 (0.68-2.12)
	

	
	
	
	
	
	
	
	All
	
	s-intact PINPr
	1.21 (0.86-1.70)
	

	
	
	
	
	
	
	
	Osteoporotic
	
	s-intact PINPr
	1.25 (0.86-1.82)
	

	
	
	
	
	
	
	
	Vertebral
	
	s-intact PINPr
	1.23 (0.69-2.20)
	

	
	
	
	
	
	
	
	All
	
	s-TRACP5br
	1.36 (0.98-1.89)
	

	
	
	
	
	
	
	
	Osteoporotic
	
	s-TRACP5br
	1.24 (0.87-1.79)
	

	
	
	
	
	
	
	
	Vertebral
	
	s-TRACP5br
	1.48 (0.83-2.63)
	

	
	
	
	
	
	
	
	All
	
	u-OC/crr
	1.49 (1.07-2.08)
	

	
	
	
	
	
	
	
	Osteoporotic
	
	u-OC/crr
	1.51 (1.04-2.17)
	

	
	
	
	
	
	
	
	Vertebral
	
	u-OC/crr
	1.99 (1.10-3.60)
	

	
	
	
	
	
	
	
	All
	
	s-OCr
	1.34 
(0.94-1.90)xxi
	

	
	
	
	
	
	
	
	Osteoporotic
	
	s-OCr
	1.25 
(0.85-1.85)xxi
	

	
	
	
	
	
	
	
	Vertebral
	
	s-OCr
	1.61 
(0.87-2.99) xxi
	

	
	
	
	
	
	
	
	All
	
	s-BALPr
	1.21 
(0.86-1.69) xxi
	

	
	
	
	
	
	
	
	Osteoporotic
	
	s-BALPr
	1.39 
(0.95-2.01)xxi
	

	
	
	
	
	
	
	
	Vertebral
	
	s-BALPr
	1.91 
(1.04-3.49)xxi
	

	
	
	
	
	
	
	
	All
	
	s-β-CTX-Ir
	1.59 
(1.11-2.26)xxi
	

	
	
	
	
	
	
	
	Osteoporotic
	
	s-β-CTX-Ir
	1.75 
(1.17-2.61)xxi
	

	
	
	
	
	
	
	
	Vertebral
	
	s-β-CTX-Ir
	1.16 
(0.64-2.09)xxi
	

	
	
	
	
	
	
	
	All
	
	s-iPINPr
	1.34 
(0.94-1.90)xxi
	

	
	
	
	
	
	
	
	Osteoporotic
	
	s-iPINPr
	1.37 
(0.92-2.03)xxi
	

	
	
	
	
	
	
	
	Vertebral
	
	s-iPINPr
	1.31 
(0.71-2.39)xxi
	

	
	
	
	
	
	
	
	All
	
	s-TRACP5br
	1.44 
(1.03-2.02) xxi
	

	
	
	
	
	
	
	
	Osteoporotic
	
	s-TRACP5br
	1.31 
(0.90-1.89) xxi
	

	
	
	
	
	
	
	
	Vertebral
	
	s-TRACP5br
	1.52 
(0.85-2.74) xxi
	

	
	
	
	
	
	
	
	All
	
	u-OC/crr
	1.55 
(1.10-2.19) xxi
	

	
	
	
	
	
	
	
	Osteoporotic
	
	u-OC/crr
	1.53 
(1.10-2.25) xxi
	

	
	
	
	
	
	
	
	Vertebral
	
	u-OC/crr
	1.78 
(0.96-3.30) xxi
	



N/A: not available, s-γ0OC: serum undercarboxylated fraction of circulating OC, s-OC: serum total osteocalcin, s-γ3OC:serumcarboxylated osteocalcin, uOC: urine osteocalcin, s-CTX-I-MMP: MMP-generated carboxy-terminal crosslinking telopeptide of type I collagen, s-PICP: Procollagen type C propeptide, s-BALP: Serum bone-specific alkaline phosphatase, u-NTX-I :Urinary amino-terminal cross-linking telopeptide of type I collagen, u-β-CTX-I: Urinary β-isomerized carboxy-terminal cross-linking telopeptide of type I collagen, u-fDPD: Urinary free deoxypyridinoline, u-PYD Urinary pyridinoline (total/u-tPYD and free/u-fPYD), HPLC: high performance liquid chromatography, HAP: hydroxyapatite binding assay ELISA: enzyme linked immunosorbent assay, IRMA: Immunoradiometric assay 
† Participants from the same cohorts: the EPIDOS and the OFELY study. (3)
‡ Participants from the same cohorts: the EPIDOS and the OFELY study, but with different follow–up time. (3)
§ Participants from the OFELY study
¥Participants of the Malmö OPRA study
Expression of risk:
a>2 SD premenopausal women
bOR per SD change in BTM
cOR per 1 SD increase in BTM and 1SD decrease in FN BMD (femoral neck Bone mineral density)
dThree highest quartiles versus lowest quartile
eRR per SD increase in BTM
fHighest quartiles versus three lowest quartiles
gcases x controls Z-score >1 SD 
hOR per 3 months change in BTM level (log transformed)
iHighest versus lowest quartiles
jHighest versus lowest 3 month change in BTM
kUnivariate analysis, RR for 1 SD change (s-PINP +15 g/L, (s-CTX-I-MMP+1.5 g/L), (s-CTX-I + 0.15 ng/mL)
lMultivariate analysis, RR for 1 SD change (s-PINP +15 g/L, (s-CTX-I-MMP+1.5 g/L), (s-CTX-I + 0.15 ng/mL)
mPer increment of 1 of the respective unit.
nHighest quartile but fail to explain the comparator
oOR per SD PINP +16.5 ng/mL
pOR per SD β-CTX-I +0.18 ng/mL
qcases versus controls in upper quartile
rHR per SD change in BTM 
Covariate adjustment
i. The group (Ca +vitamin D versus placebo), cardiovascular and neurological diseases, poor vision and treatment with psychotropic drugs
ii. Age and Bone Mineral content by single photon absorptiometry
iii. Gait speed and femoral neck BDM
iv. Age, BMD and disability
v. Age and time of sample collection
vi. Age, sex, habit of doing heavy outdoor work, ability to go out unassisted, ability to carry a 5-kg load 100 m, body mass index, fear of falling, stroke, knee extension strength, cognitive status, visual acuity, PEF, use of psychotropic medication, and use of anti-Parkinson medication
vii. Age, presence of prevalent fractures, and physical activity
viii. Age
ix. Femoral neck aBMD
x. Lumbar spine aBMD
xi. Age, weight, height, FNBMD, ΔFNBMD/year, prevalent fracture, calcium intake, smoking habits, s-CTX-I-MMP, s-β-CTX-I, s-PINP, s-creatinine, and s-albumin
xii. Age, BMI, mobility score, past fractures, and creatinine clearance rate
xiii. Age and clinic
xiv. Age, BMI, race, diabetes, grip strength, clinic, and baseline total hip BMD
xv. Age and femoral neck bone mineral density (FN BMD) T-score
xvi. Age and lumbar spine bone mineral density (LS BMD) T-score
xvii. Age, height, and weight
xviii. Age, height, weight and femoral neck areal bone mineral density
xix. Age at study enrollment (±3 yrs), sex, dialect group (Hokkien, Cantonese), date of study, BMI (kg/m2, continuous), level of education (no formal education, primary school, secondary school or higher), smoking status (never smokers, ex-smokers, current smokers), physical activity (none, 0.5–3.9 hrs weekly, ≥ 4 hrs weekly), soy isoflavones (mg/1000 kcal/day in quartile), pyridoxine (mg/1000 kcal/day in quartile), β-carotene (µg/1000 k enrollment (±2 year), and date of biospecimen collection (±6 months);self-reported history of physician-diagnosed diabetes mellitus (yes, no) at baseline;
xx. Body mass index, yrs of education, whether living with a partner, parity, smoking, fall history in past year, history of previous fracture, family history of hip fracture, past use of menopausal hormone therapy, Centers for the Epidemiologic Study of Depression score, use of antidepressant medication, frailty index, self-reported health status, RAND 36-Item Health Survey score, corticosteroid use, and dietary and supplemental calcium and vitamin D intake.
xxi. Baseline smoking, bisphosphonate use and prior osteoporotic fracture (between ages 50–75 years)


References

1.	Szulc P, Chapuy MC, Meunier PJ, Delmas PD. Serum undercarboxylated osteocalcin is a marker of the risk of hip fracture in elderly women. The Journal of clinical investigation. 1993;91(4):1769-74.
2.	Akesson K, Ljunghall S, Jonsson B, Sernbo I, Johnell O, Gardsell P, et al. Assessment of biochemical markers of bone metabolism in relation to the occurrence of fracture: a retrospective and prospective population-based study of women. Journal of bone and mineral research : the official journal of the American Society for Bone and Mineral Research. 1995;10(11):1823-9.
3.	Garnero P, Hausherr E, Chapuy MC, Marcelli C, Grandjean H, Muller C, et al. Markers of bone resorption predict hip fracture in elderly women: the EPIDOS Prospective Study. Journal of bone and mineral research : the official journal of the American Society for Bone and Mineral Research. 1996;11(10):1531-8.
4.	van Daele PL, Seibel MJ, Burger H, Hofman A, Grobbee DE, van Leeuwen JP, et al. Case-control analysis of bone resorption markers, disability, and hip fracture risk: the Rotterdam study. Bmj. 1996;312(7029):482-3.
5.	Vergnaud P, Garnero P, Meunier PJ, Breart G, Kamihagi K, Delmas PD. Undercarboxylated osteocalcin measured with a specific immunoassay predicts hip fracture in elderly women: the EPIDOS Study. The Journal of clinical endocrinology and metabolism. 1997;82(3):719-24.
6.	Ross PD, Kress BC, Parson RE, Wasnich RD, Armour KA, Mizrahi IA. Serum bone alkaline phosphatase and calcaneus bone density predict fractures: a prospective study. Osteoporosis international : a journal established as result of cooperation between the European Foundation for Osteoporosis and the National Osteoporosis Foundation of the USA. 2000;11(1):76-82.
7.	Chapurlat RD, Garnero P, Breart G, Meunier PJ, Delmas PD. Serum type I collagen breakdown product (serum CTX) predicts hip fracture risk in elderly women: the EPIDOS study. Bone. 2000;27(2):283-6.
8.	Luukinen H, Kakonen SM, Pettersson K, Koski K, Laippala P, Lovgren T, et al. Strong prediction of fractures among older adults by the ratio of carboxylated to total serum osteocalcin. Journal of bone and mineral research : the official journal of the American Society for Bone and Mineral Research. 2000;15(12):2473-8.
9.	Hellman J, Kakonen SM, Matikainen MT, Karp M, Lovgren T, Vaananen HK, et al. Epitope mapping of nine monoclonal antibodies against osteocalcin: combinations into two-site assays affect both assay specificity and sample stability. Journal of bone and mineral research : the official journal of the American Society for Bone and Mineral Research. 1996;11(8):1165-75.
10.	Garnero P, Sornay-Rendu E, Claustrat B, Delmas PD. Biochemical markers of bone turnover, endogenous hormones and the risk of fractures in postmenopausal women: the OFELY study. Journal of bone and mineral research : the official journal of the American Society for Bone and Mineral Research. 2000;15(8):1526-36.
11.	Greenfield DM, Hannon RA, Eastell R. The association between bone turnover and fracture risk (Sheffield Osteoporosis study). Bone markers—biochemical and clinical perspectives Martin Dunitz, London. 2001:225-36.
12.	Tromp AM, Ooms ME, Popp-Snijders C, Roos JC, Lips P. Predictors of fractures in elderly women. Osteoporosis international : a journal established as result of cooperation between the European Foundation for Osteoporosis and the National Osteoporosis Foundation of the USA. 2000;11(2):134-40.
13.	Bruyere O, Collette J, Delmas P, Rouillon A, Roux C, Seidel L, et al. Interest of biochemical markers of bone turnover for long-term prediction of new vertebral fracture in postmenopausal osteoporotic women. Maturitas. 2003;44(4):259-65.
14.	Melton LJ, 3rd, Crowson CS, O'Fallon WM, Wahner HW, Riggs BL. Relative contributions of bone density, bone turnover, and clinical risk factors to long-term fracture prediction. Journal of bone and mineral research : the official journal of the American Society for Bone and Mineral Research. 2003;18(2):312-8.
15.	Gerdhem P, Ivaska KK, Alatalo SL, Halleen JM, Hellman J, Isaksson A, et al. Biochemical markers of bone metabolism and prediction of fracture in elderly women. Journal of bone and mineral research : the official journal of the American Society for Bone and Mineral Research. 2004;19(3):386-93.
16.	Meier C, Nguyen TV, Center JR, Seibel MJ, Eisman JA. Bone resorption and osteoporotic fractures in elderly men: the dubbo osteoporosis epidemiology study. Journal of bone and mineral research : the official journal of the American Society for Bone and Mineral Research. 2005;20(4):579-87.
17.	Sornay-Rendu E, Munoz F, Garnero P, Duboeuf F, Delmas PD. Identification of osteopenic women at high risk of fracture: the OFELY study. Journal of bone and mineral research : the official journal of the American Society for Bone and Mineral Research. 2005;20(10):1813-9.
18.	Dobnig H, Piswanger-Solkner JC, Obermayer-Pietsch B, Tiran A, Strele A, Maier E, et al. Hip and nonvertebral fracture prediction in nursing home patients: role of bone ultrasound and bone marker measurements. The Journal of clinical endocrinology and metabolism. 2007;92(5):1678-86.
19.	Bauer DC, Garnero P, Harrison SL, Cauley JA, Eastell R, Ensrud KE, et al. Biochemical markers of bone turnover, hip bone loss, and fracture in older men: the MrOS study. Journal of bone and mineral research : the official journal of the American Society for Bone and Mineral Research. 2009;24(12):2032-8.
20.	Tamaki J, Iki M, Kadowaki E, Sato Y, Chiba Y, Akiba T, et al. Biochemical markers for bone turnover predict risk of vertebral fractures in postmenopausal women over 10 years: the Japanese Population-based Osteoporosis (JPOS) Cohort Study. Osteoporosis international : a journal established as result of cooperation between the European Foundation for Osteoporosis and the National Osteoporosis Foundation of the USA. 2013;24(3):887-97.
21.	Shigdel R, Osima M, Ahmed LA, Joakimsen RM, Eriksen EF, Zebaze R, et al. Bone turnover markers are associated with higher cortical porosity, thinner cortices, and larger size of the proximal femur and non-vertebral fractures. Bone. 2015;81:1-6.
22.	Dai Z, Wang R, Ang LW, Yuan JM, Koh WP. Bone turnover biomarkers and risk of osteoporotic hip fracture in an Asian population. Bone. 2016;83:171-7.
23.	Crandall CJ, Vasan S, LaCroix A, LeBoff MS, Cauley JA, Robbins JA, et al. Bone Turnover Markers Are Not Associated With Hip Fracture Risk: A Case-Control Study in the Women's Health Initiative. Journal of bone and mineral research : the official journal of the American Society for Bone and Mineral Research. 2018;33(7):1199-208.
24.	Ivaska KK, McGuigan FE, Malmgren L, Gerdhem P, Johansson H, Kanis JA, et al. Bone Turnover Marker Profiling and Fracture Risk in Older Women: Fracture Risk from Age 75 to 90. Calcified tissue international. 2022;111(3):288-99.

