
 

Supplementary material for “Effects of vitamin D on  
biochemical  markers  of  osteoporosis:  A  meta- 
analysis of randomised trials”  
 

Appendix 1:  Search Strategy…………………………………………………………………….2 
 
Appendix 2: Prisma 2020 Flow diagram of included studies………………………………….3   
 
Appendix 3: ROB Tool for included randomised trials………………………………………...4 
 
Supplementary Figure 1: Meta-analysis of randomised trials of vitamin D only versus 
vitamin D plus calcium on plasma levels of P1NP……………………………………………...5 

 
Supplementary Figure 2: Meta-analysis of randomised trials of vitamin D only versus 
vitamin D plus calcium on plasma levels of CTX………………………………………………..6 
 
Supplementary Figure 3: Meta-analysis of randomised trials of vitamin D on plasma levels 
of P1NP, by dose of vitamin D………………………………………………………………….....7 
 
Supplementary Figure 4: Meta-analysis of randomised trials of vitamin D on plasma levels 
of CTX, by dose of vitamin D……………………………………………………………………….8 

 
Supplementary Figure 5: Meta-analysis of randomised trials of vitamin D on plasma levels 
of P1NP, by trial duration……………………………………………………………………………9 
 
Supplementary Figure 6: Meta-analysis of randomised trials of vitamin D on plasma levels 
of CTX, by trial duration…………………………………………………………………………….10 
 
Supplementary Figure 7: Meta-analysis of randomised trials of vitamin D only versus 
placebo on plasma levels of P1NP, excluding Holmoy and Tedeschi trials…………………..11 
 
Supplementary Figure 8: Meta-analysis of randomised trials of vitamin D only versus 
placebo on plasma levels of CTX, excluding Holmoy and Tedeschi trials……………………12 
 
Supplementary Figure 9: Meta-analysis of randomised trials of vitamin D on plasma levels 
of P1NP, by baseline 25(OH)D levels…………………………………………………………….13 
 
Supplementary Figure 10: Meta-analysis of randomised trials of vitamin D on plasma levels 
of CTX, by baseline 25(OH)D levels………………………………………………………………14 
 
 

 

 

 

 

 

1



 

Appendix 1:  Search Strategy 

 
Table 1. Search Strategy 

Database Search Strategy 

PubMed #

1 

 

 

 

 

 “bone turnover marker*”[tw] OR “bone biomarker*”[tw] OR BTM[tw] OR CTX-1[tw]  OR 

CTX[tw]  OR s-CTX[tw]  OR “c-telopeptide of type I collagen”[tw] OR “c-terminal 

telopeptide of type I collage”[tw] OR “serum C-terminal telopeptide*”[tw] OR “C-

telopeptide”[tw] OR PINP[tw] OR s-PINP[tw] OR “procollagen type I N-terminal 

peptide”[tw] OR “N-terminal propeptide of type I procollagen”[tw] OR "procollagen Type 

I N-terminal peptide"[Supplementary Concept]  

#

2 

“Vitamin D supplement*”[tw] OR “Vitamin D”[tw] OR “ergocalciferol”[tw] OR 

“cholecalciferol”[tw] OR 25OHD[tw] or “25-hydroxy vitamin D”[tw] OR “25(OH)D”[tw] OR 

"Vitamin D"[Mesh] OR "Cholecalciferol"[Mesh] OR "Ergocalciferols"[Mesh] OR "25-

hydroxyvitamin D" [Supplementary Concept] 

#

3 

“Randomized control trial”[tw] OR “randomised control trial”[tw] OR “placebo-controlled 

trial”[tw] OR “placebo-controlled trial”[tw] OR “randomized”[tw] OR  "Randomized 

Controlled Trials as Topic"[Mesh] OR "Randomized Controlled Trial"[Publication Type]  

 

#

4 

#1 AND #2 AND #3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2



 

Figure S1: Prisma 2020 Flow diagram of included studies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Identification of studies via databases and registers 
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Records identified from: 
    PubMed (n = 408) 
    Ovid Embase (n = 734) 
    Cochrane (n = 531) 
 
Total (n = 1673) 

 
Records removed before screening: 
    Duplicate records removed (n = 466) 
    Records removed for other reasons (n = 0) 
     

Records screened 
(n = 1207) 
     

Records excluded 
(n = 1136) 
     

Records sought for retrieval 
(n = 71) 
     

Records not retrieved 
Full text unavailable (n = 7) 
Trial ongoing/Results not published (n = 5) 
published 

Records assessed for eligibility 
(n = 59) 
     

Trials included in meta-analysis 
with mean levels of P1NP or CTX  
(n = 17) 
     

 
Reports excluded: 
 
Missing data on P1NP or CTX (n = 34) 
Trials with median levels of CTX or P1NP (n = 
8)     
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Figure S2: Risk of Bias tool for included randomised trials 

 
 

 

Study  

1 Aloia 2013(3)  

2 Aloia 2018(4)  

3 Angellotti 2019(5)  

4 Barnes 2006(6)  

5 Bjorkman 2008(7)  

6 Chel 2007(8)  

7 Gariballa 2022(9)  

8 Ghasemifard 2022(10)  

9 Grados 2003(11)  

10 Holmoy 2017(12)  

11 Macdonald 2013(13)  

12 Madar 2015(14)  

13 Nahas-Neto 2018(15)  

14 Tedeschi 2016(16)  

15 Von Hurst 2010(17)  

16 Yao 2018(18)  

17 Zhu 2008(19)  
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Figure s3: Meta-analysis of randomised trials of vitamin D only versus vitamin D plus calcium on plasma levels of P1NP
  

K:/v ep/Jim/v itamin D/meta-analy sis/2025-10-20/f igures/f ig_p1np_by _calc.R     20OCT2025 12:48

40 30 20 10 0 10 20

 % change
  Study Vitamin D Control

Number
randomised Weight, %

Absolute
% decrease

Absolute
% increase

Difference (95%CI)
(Vitamin D minus control)

Difference (95%CI)  

Vitamin D v placebo

     Tedeschi, 2016 -3.7 (28.1) 2.5 (20.8) 43 2.4   -6.2 (-20.9;   8.6)  

     Gariballa, 2022 -4.0 (35.8) -2.2 (41.5) 269 3.1   -1.8 (-15.0; 11.3)  

     Madar, 2015 -2.0 (35.0) 3.3 (39.5) 250 4.5   -5.4 (-16.2;   5.5)  

     Nahas-Neto, 2018 -13 (31.6) -0.6 (36.7) 160 4.7  -12.9 (-23.5;  -2.3)  

     Aloia, 2013 -3.9 (25.9) -8.8 (30.5) 159 4.9    5.0 (  -5.4; 15.4)  

     MacDonald, 2013 -3.7 (31.4) -0.4 (38.5) 305 5.4   -3.2 (-13.1;   6.7)  

     Bislev, 2018 2.4 (21.6) 0.7 (15.7) 81 7.8    1.7 (  -6.6;   9.9)  

     Yao, 2018 -9.8 (32.2) -10 (36.1) 448 12.1    0.3 (  -6.3;   6.9)  

     BEST-D -2.2 (28.8) 0.9 (17.8) 304 18.1   -3.0 (  -8.4;   2.3)  

     Jorde, 2019 -2.7 (23.8) 3.4 (25.9) 406 22.1   -6.1 (-10.9;  -1.2)  

Subtotal     2086    -3.2 (  -5.7;  -0.7)  

p = 0.01 Heterogeneity: 
9

2
= 9.9; p=0.36

Vitamin D+calcium v placebo+calcium

     Valimaki, 2016 -0.5 (106) -22 (96.1) 60 0.2   21.2 (-35.1; 77.4)  

     Gariballa, 2022 -14 (31.7) 4.4 (48.6) 276 3.0  -18.4 (-31.8;  -5.1)  

     Bjorkman, 2008 -14 (35.2) -3.6 (42.1) 218 3.4  -10.5 (-22.9;   1.9)  

     Zhu, 2008 -4.0 (44.4) -2.8 (50.7) 302 3.9   -1.2 (-12.8; 10.5)  

     Holmoy, 2017 7.9 (19.5) -1.3 (26.6) 68 4.3    9.2 (  -1.9; 20.4)  

Subtotal     703    -3.6 (  -9.6;   2.4)  

p = 0.2 Heterogeneity: 
4

2
= 12.3; p=0.02

Subtotal     2735    -3.3 (  -5.6;  -1.0)  

p = 0.005
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Figure s4: Meta-analysis of randomised trials of vitamin D on plasma levels of CTX, alone or with calcium
  

K:/v ep/Jim/v itamin D/meta-analy sis/2025-10-20/f igures/f ig_ctx_by _calc.R     20OCT2025 13:48

40 30 20 10 0 10 20

 
 

  Study
% change

Vitamin D Control
Number

randomised Weight, %

Absolute
% decrease

Absolute
% increase

Difference (95%CI)
(Vitamin D minus control)

Difference (95%CI)  

Vitamin D v placebo

     Tedeschi, 2016 -3.8 (82.5) -40 (84.6) 43 0.3   36.3 (-16.4; 88.9)  

     Zitterman, 2017 9.3 (86.7) 10.0 (114) 332 0.8   -0.7 (-32.4; 31.0)  

     Ghasemifard, 202 0.2 (28.4) 8.8 (55.3) 99 2.0   -8.6 (-29.1; 11.9)  

     Angellotti, 2019 -12 (27.0) 3.0 (18.9) 25 2.6  -15.1 (-33.2;   3.0)  

     Aloia, 2013 9.4 (28.9) 11.8 (34.0) 78 3.1   -2.3 (-18.9; 14.2)  

     Gariballa, 2022 -27 (42.5) -30 (45.1) 269 3.8    2.6 (-12.3; 17.5)  

     Yao, 2018 109 (62.1) 105 (65.1) 448 5.6    3.6 (  -8.7; 15.9)  

     Madar, 2015 5.3 (43.4) 5.3 (42.4) 250 5.7    0.0 (-12.1; 12.2)  

     Nahas-Neto, 2018 -24 (34.5) -6.9 (41.4) 160 6.1  -17.3 (-29.2;  -5.5)  

     Grados, 2003 -25 (35.2) -6.6 (46.6) 192 6.2  -18.8 (-30.5;  -7.1)  

     Von Hurst, 2010 -5.1 (26.2) 6.3 (26.9) 81 6.3  -11.4 (-23.0;   0.1)  

     Bislev, 2018 2.1 (20.6) 4.3 (24.3) 81 8.8   -2.1 (-11.9;   7.7)  

     MacDonald, 2013 -1.2 (30.9) 2.6 (34.1) 305 10.4   -3.9 (-12.9;   5.2)  

     BEST-D -0.2 (40.1) -1.4 (33.6) 305 10.9    1.2 (  -7.6; 10.0)  

Subtotal     2176    -5.0 (  -8.4;  -1.6)  

     
 Heterogeneity: 

13

2
= 22; p=0.06

Vitamin D+calcium v placebo+calcium

     Holmoy, 2017 4.5 (40.0) 15.0 (60.7) 68 1.4  -10.5 (-35.1; 14.2)  

     Barnes, 2006 -15 (34.6) -16 (29.3) 30 1.4    0.6 (-24.0; 25.2)  

     Aloia, 2013 -4.3 (27.5) -7.4 (36.8) 81 3.0    3.2 (-13.8; 20.1)  

     Gariballa, 2022 -16 (53.9) -28 (46.9) 276 3.1   11.6 (  -5.0; 28.3)  

     Chel, 2007 1.3 (36.5) 4.3 (33.8) 338 12.3   -3.1 (-11.3;   5.2)  

Subtotal     574    -0.3 (  -6.6;   6.0)  

     
 Heterogeneity: 

4

2
= 2.9; p=0.57

Vitamin D+calcium v placebo

     Grados, 2003 -25 (35.2) -6.6 (46.6) 192 6.2  -18.8 (-30.5;  -7.1)  

Total     2750    -3.8 (  -6.8;  -0.8)  
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Figure s5: Meta-analysis of randomised trials of vitamin D on plasma levels of P1NP, by dose of vitamin D
  

K:/v ep/Jim/v itamin D/meta-analy sis/2025-10-20/f igures/f ig_p1np_by _ddose.R     20OCT2025 12:54

40 30 20 10 0 10 20

 % change
  Study Vitamin D Control

Number

randomised Weight, %

Absolute
% decrease

Abnsolute
% increase

Difference (95%CI)
(Vitamin D minus control)

Difference (95%CI)  

Vitamin D <1500 IU

     Bjorkman, 2008 -14 (35.2) -3.6 (42.1) 218 3.4  -10.5 (-22.9;   1.9)  

     Zhu, 2008 -4.0 (44.4) -2.8 (50.7) 302 3.9   -1.2 (-12.8; 10.5)  

     Madar, 2015 -2.0 (35.0) 3.3 (39.5) 250 4.5   -5.4 (-16.2;   5.5)  

     Nahas-Neto, 2018 -13 (31.6) -0.6 (36.7) 160 4.7  -12.9 (-23.5;  -2.3)  

     MacDonald, 2013 -3.7 (31.4) -0.4 (38.5) 305 5.4   -3.2 (-13.1;   6.7)  

Subtotal     1046    -6.5 (-11.4;  -1.6)  

p = 0.009 Heterogeneity: 
4

2
= 3.4; p=0.50

Vitamin D 1500+ IU

     Tedeschi, 2016 -3.7 (28.1) 2.5 (20.8) 43 2.4   -6.2 (-20.9;   8.6)  

     Holmoy, 2017 7.9 (19.5) -1.3 (26.6) 68 4.3    9.2 (  -1.9; 20.4)  

     Aloia, 2013 -3.9 (25.9) -8.8 (30.5) 159 4.9    5.0 (  -5.4; 15.4)  

     Gariballa, 2022 -9.0 (33.1) 1.3 (45.1) 545 6.1  -10.3 (-19.6;  -1.0)  

     Bislev, 2018 2.4 (21.6) 0.7 (15.7) 81 7.8    1.7 (  -6.6;   9.9)  

     Yao, 2018 -9.8 (32.2) -10 (36.1) 448 12.1    0.3 (  -6.3;   6.9)  

     BEST-D -2.2 (28.8) 0.9 (17.8) 304 18.2   -3.0 (  -8.4;   2.3)  

     Jorde, 2019 -2.7 (23.8) 3.4 (25.9) 406 22.2   -6.1 (-10.9;  -1.2)  

Subtotal     1689    -2.4 (  -5.0;   0.2)  

p = 0.07 Heterogeneity: 
7

2
= 12.5; p=0.08

Total     2735    -3.3 (  -5.6;  -1.0)  

p = 0.005
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Figure s6: Meta-analysis of randomised trials of vitamin D on plasma levels of CTX, by dose of vitamin D
 
 

K:/v ep/Jim/v itamin D/meta-analy sis/2025-10-20/f igures/f ig_ctx_by _ddose.R     20OCT2025 14:08

40 30 20 10 0 10 20

 
 

  Study
% change

Vitamin D Control
Number

randomised Weight, %

Absolute
% decrease

Absolute
% increase

Difference (95%CI)
(Vitamin D minus control)

Difference (95%CI)  

Vitamin D <1500 IU

     Barnes, 2006 -15 (34.6) -16 (29.3) 30 1.4    0.6 (-24.0; 25.2)  

     Ghasemifard, 202 0.2 (28.4) 8.8 (55.3) 99 2.1   -8.6 (-29.1; 11.9)  

     Madar, 2015 5.3 (43.4) 5.3 (42.4) 250 5.8    0.0 (-12.1; 12.2)  

     Nahas-Neto, 2018 -24 (34.5) -6.9 (41.4) 160 6.2  -17.3 (-29.2;  -5.5)  

     Grados, 2003 -25 (35.2) -6.6 (46.6) 192 6.3  -18.8 (-30.5;  -7.1)  

     BEST-D 5.3 (39.9) -1.4 (33.6) 203 8.0    6.7 (  -3.7; 17.1)  

     MacDonald, 2013 -1.2 (30.9) 2.6 (34.1) 305 10.6   -3.9 (-12.9;   5.2)  

     Chel, 2007 1.3 (36.5) 4.3 (33.8) 338 12.5   -3.1 (-11.3;   5.2)  

Subtotal     1389    -5.1 (  -9.1;  -1.0)  

p = 0.01 Heterogeneity: 
7

2
= 17.3; p=0.02

Vitamin D 1500+ IU

     Tedeschi, 2016 -3.8 (82.5) -40 (84.6) 43 0.3   36.3 (-16.4; 88.9)  

     Zitterman, 2017 9.3 (86.7) 10.0 (114) 332 0.9   -0.7 (-32.4; 31.0)  

     Holmoy, 2017 4.5 (40.0) 15.0 (60.7) 68 1.4  -10.5 (-35.1; 14.2)  

     Angellotti, 2019 -12 (27.0) 3.0 (18.9) 25 2.6  -15.1 (-33.2;   3.0)  

     Yao, 2018 109 (62.1) 105 (65.1) 448 5.7    3.6 (  -8.7; 15.9)  

     Aloia, 2013 3.2 (28.3) 1.5 (35.5) 159 6.1    1.7 (-10.2; 13.5)  

     Von Hurst, 2010 -5.1 (26.2) 6.3 (26.9) 81 6.4  -11.4 (-23.0;   0.1)  

     Gariballa, 2022 -22 (48.2) -29 (46.0) 545 7.0    7.1 (  -4.0; 18.2)  

     BEST-D -5.7 (40.3) -1.4 (33.6) 203 7.8   -4.4 (-14.8;   6.1)  

     Bislev, 2018 2.1 (20.6) 4.3 (24.3) 81 9.0   -2.1 (-11.9;   7.7)  

Subtotal     1456    -1.9 (  -6.2;   2.4)  

p = 0.4 Heterogeneity: 
9

2
= 10.6; p=0.31

Total     2750    -3.8 (  -6.8;  -0.8)  

p = 0.01

8



Figure s7: Meta-analysis of randomised trials of vitamin D on plasma levels of P1NP, by trial duration
  

K:/v ep/Jim/v itamin D/meta-analy sis/2025-10-20/f igures/f ig_p1np_by _duration.R     20OCT2025 13:00

40 30 20 10 0 10 20

 % change
  Study Vitamin D Control

Number

randomised Weight, %

Absolute
% decrease

Absolute
% increase

Difference (95%CI)
(Vitamin D minus control)

Difference (95%CI)  

Trial duration <= 6 months

     Tedeschi, 2016 -3.7 (28.1) 2.5 (20.8) 43 2.4   -6.2 (-20.9;   8.6)  

     Madar, 2015 -2.0 (35.0) 3.3 (39.5) 250 4.5   -5.4 (-16.2;   5.5)  

     Bislev, 2018 2.4 (21.6) 0.7 (15.7) 81 7.8    1.7 (  -6.6;   9.9)  

     Yao, 2018 -9.8 (32.2) -10 (36.1) 448 12.1    0.3 (  -6.3;   6.9)  

     Jorde, 2019 -2.7 (23.8) 3.4 (25.9) 406 22.2   -6.1 (-10.9;  -1.2)  

Subtotal     1148    -3.2 (  -6.5;   0.1)  

p = 0.06 Heterogeneity: 
4

2
= 4; p=0.41

Trial duration >6 months

     Bjorkman, 2008 -14 (35.2) -3.6 (42.1) 218 3.4  -10.5 (-22.9;   1.9)  

     Zhu, 2008 -4.0 (44.4) -2.8 (50.7) 302 3.9   -1.2 (-12.8; 10.5)  

     Holmoy, 2017 7.9 (19.5) -1.3 (26.6) 68 4.3    9.2 (  -1.9; 20.4)  

     Nahas-Neto, 2018 -13 (31.6) -0.6 (36.7) 160 4.7  -12.9 (-23.5;  -2.3)  

     Aloia, 2013 -3.9 (25.9) -8.8 (30.5) 159 4.9    5.0 (  -5.4; 15.4)  

     MacDonald, 2013 -3.7 (31.4) -0.4 (38.5) 305 5.4   -3.2 (-13.1;   6.7)  

     Gariballa, 2022 -9.0 (33.1) 1.3 (45.1) 545 6.1  -10.3 (-19.6;  -1.0)  

     BEST-D -2.2 (28.8) 0.9 (17.8) 304 18.2   -3.0 (  -8.4;   2.3)  

Subtotal     1587    -3.4 (  -6.6;  -0.2)  

p = 0.04 Heterogeneity: 
7

2
= 14; p=0.05

Total     2735    -3.3 (  -5.6;  -1.0)  

p = 0.005
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Figure s8: Meta-analysis of randomised trials of vitamin D on plasma levels of CTX, by trial duration
  

K:/v ep/Jim/v itamin D/meta-analy sis/2025-10-20/f igures/f ig_ctx_by _duration.R     20OCT2025 13:55

40 30 20 10 0 10 20

 % change
  Study Vitamin D Control

Number

randomised Weight, %

Absolute
% decrease

Absolute
% increase

Difference (95%CI)

(Vitamin D minus control)

Difference (95%CI)  

Trial duration <= 6 months

     Tedeschi, 2016 -3.8 (82.5) -40 (84.6) 43 0.3   36.3 (-16.4; 88.9)  

     Barnes, 2006 -15 (34.1) -16 (28.9) 30 1.5    0.6 (-23.6; 24.8)  

     Ghasemifard, 202 0.2 (28.4) 8.8 (55.3) 99 2.2   -8.6 (-29.1; 11.9)  

     Angellotti, 2019 -12 (27.0) 3.0 (18.9) 25 2.7  -15.1 (-33.2;   3.0)  

     Yao, 2018 109 (62.1) 105 (65.1) 448 6.0    3.6 (  -8.7; 15.9)  

     Madar, 2015 5.3 (42.7) 5.3 (41.6) 250 6.3    0.0 (-11.9; 12.0)  

     Aloia, 2013 3.2 (27.8) 1.5 (34.9) 159 6.6    1.7 ( -10.0; 13.3)  

     Nahas-Neto, 2018 -24 (33.9) -6.9 (40.8) 160 6.7  -17.3 (-29.0;  -5.7)  

     Von Hurst, 2010 -5.1 (26.2) 6.3 (26.9) 81 6.7  -11.4 (-23.0;   0.1)  

     Gariballa, 2022 -22 (47.4) -29 (45.3) 545 7.6    7.1 (  -3.8; 18.1)  

     Bislev, 2018 2.1 (20.6) 4.3 (24.3) 81 9.4   -2.1 (-11.9;   7.7)  

     Chel, 2007 1.3 (35.8) 4.3 (33.2) 338 13.6   -3.1 (-11.2;   5.1)  

Subtotal     1808    -3.1 (  -6.7;   0.5)  

p = 0.09 Heterogeneity: 
11

2
= 17.8; p=0.09

Trial duration >6 months

     Zitterman, 2017 9.3 (86.7) 10.0 (114) 332 0.9   -0.7 (-32.4; 31.0)  

     Holmoy, 2017 4.5 (42.7) 15.0 (63.5) 68 1.3  -10.5 (-36.3; 15.4)  

     Grados, 2003 -25 (35.2) -6.6 (46.6) 192 6.6  -18.8 (-30.5;  -7.1)  

     MacDonald, 2013 -1.2 (33.0) 2.6 (36.3) 305 9.8   -3.9 (-13.5;   5.8)  

     BEST-D -0.2 (40.1) -1.4 (33.6) 305 11.7    1.2 (  -7.6; 10.0)  

Subtotal     942    -5.4 (-10.8;   0.1)  

p = 0.05 Heterogeneity: 
4

2
= 8.7; p=0.07

Total     2750    -3.8 (  -6.8;  -0.8)  

p = 0.01
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Figure s9: Meta-analysis of randomised trials of vitamin D only versus placebo on plasma levels of P1NP

excluding Holmoy and Tedeschi trials
 

K:/v ep/Jim/v itamin D/meta-analy sis/2025-10-20/f igures/f ig_p1np_excl_hol_ted.R     20OCT2025 13:19

40 30 20 10 0 10 20

  
  Study Vitamin D Control

% change Number
randomised Weight, %

Absolute
% decrease

Absolute
% increase

Difference (95%CI)
(Vitamin D minus control)

Difference (95%CI)  

     Bjorkman, 2008 -14 (35.2) -3.6 (42.1) 218 3.7  -10.5 (-22.9;   1.9)  

     Zhu, 2008 -4.0 (44.4) -2.8 (50.7) 302 4.2   -1.2 (-12.8; 10.5)  

     Madar, 2015 -2.0 (35.0) 3.3 (39.5) 250 4.8   -5.4 (-16.2;   5.5)  

     Nahas-Neto, 2018 -13 (31.6) -0.6 (36.7) 160 5.0  -12.9 (-23.5;  -2.3)  

     Aloia, 2013 -3.9 (25.9) -8.8 (30.5) 159 5.3    5.0 (  -5.4; 15.4)  

     MacDonald, 2013 -3.7 (31.4) -0.4 (38.5) 305 5.8   -3.2 (-13.1;   6.7)  

     Gariballa, 2022 -9.0 (33.1) 1.3 (45.1) 545 6.6  -10.3 (-19.6;  -1.0)  

     Bislev, 2018 2.4 (21.6) 0.7 (15.7) 81 8.4    1.7 (  -6.6;   9.9)  

     Yao, 2018 -9.8 (32.2) -10 (36.1) 448 13.0    0.3 (  -6.3;   6.9)  

     BEST-D -2.2 (28.8) 0.9 (17.8) 304 19.5   -3.0 (  -8.4;   2.3)  

     Jorde, 2019 -2.7 (23.8) 3.4 (25.9) 406 23.8   -6.1 (-10.9;  -1.2)  

Total     2624    -3.8 (  -6.2;  -1.4)  

p = 0.002 Heterogeneity: 
10

2
= 13.3; p=0.21
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Figure s10: Meta-analysis of randomised trials of vitamin D versus placebo on plasma levels of CTX,

excluding Holmoy and Tedeschi trials
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 % Change
  Study Vitamin D Control

Number
randomised Weight, %

Absolute
% Decrease

Absolute
% Increase

Difference (95%CI)
(Vitamin D minus control)

Difference (95%CI)  

     Zitterman, 2017 9.3 (86.7) 10.0 (114) 332 0.9   -0.7 (-32.4; 31.0)  

     Barnes, 2006 -15 (34.1) -16 (28.9) 30 1.6    0.6 (-23.6; 24.8)  

     Ghasemifard, 202 0.2 (28.4) 8.8 (55.3) 99 2.2   -8.6 (-29.1; 11.9)  

     Angellotti, 2019 -12 (27.0) 3.0 (18.9) 25 2.8  -15.1 (-33.2;   3.0)  

     Yao, 2018 109 (62.1) 105 (65.1) 448 6.1    3.6 (  -8.7; 15.9)  

     Madar, 2015 5.3 (42.7) 5.3 (41.6) 250 6.4    0.0 (-11.9; 12.0)  

     Grados, 2003 -25 (35.2) -6.6 (46.6) 192 6.7  -18.8 (-30.5;  -7.1)  

     Aloia, 2013 3.2 (27.8) 1.5 (34.9) 159 6.7    1.7 ( -10.0; 13.3)  

     Nahas-Neto, 2018 -24 (33.9) -6.9 (40.8) 160 6.8  -17.3 (-29.0;  -5.7)  

     Von Hurst, 2010 -5.1 (26.2) 6.3 (26.9) 81 6.8  -11.4 (-23.0;   0.1)  

     Gariballa, 2022 -22 (47.4) -29 (45.3) 545 7.7    7.1 (  -3.8; 18.1)  

     Bislev, 2018 2.1 (20.6) 4.3 (24.3) 81 9.6   -2.1 (-11.9;   7.7)  

     MacDonald, 2013 -1.2 (33.0) 2.6 (36.3) 305 9.9   -3.9 (-13.5;   5.8)  

     BEST-D -0.2 (40.1) -1.4 (33.6) 305 11.9    1.2 (  -7.6; 10.0)  

     Chel, 2007 1.3 (35.8) 4.3 (33.2) 338 13.8   -3.1 (-11.2;   5.1)  

Total     2639    -3.8 (  -6.9;  -0.8)  

p = 0.01 Heterogeneity: 
14

2
= 25.1; p=0.03
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Figure s11: Meta-analysis of randomised trials of vitamin D on plasma levels of P1NP, by baseline 25(OH)D levels
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% Change

Study Vitamin D Control
Number

randomised Weight, %

Absolute
% Decrease

Absolute
% Increase

Difference (95%CI)
(Vitamin D minus control)

Difference (95%CI)  

Baseline 25(OH)D <50nmol/L

     Tedeschi, 2016 -3.7 (28.1) 2.5 (20.8) 43 2.4   -6.2 (-20.9;   8.6)  

     Bjorkman, 2008 -14 (35.2) -3.6 (42.1) 218 3.4  -10.5 (-22.9;   1.9)  

     Zhu, 2008 -4.0 (44.4) -2.8 (50.7) 302 3.9   -1.2 (-12.8; 10.5)  

     Madar, 2015 -2.0 (35.0) 3.3 (39.5) 250 4.5   -5.4 (-16.2;   5.5)  

     Nahas-Neto, 2018 -13 (31.6) -0.6 (36.7) 160 4.7  -12.9 (-23.5;  -2.3)  

     MacDonald, 2013 -3.7 (31.4) -0.4 (38.5) 305 5.4   -3.2 (-13.1;   6.7)  

     Bislev, 2018 2.4 (21.6) 0.7 (15.7) 81 7.8    1.7 (  -6.6;   9.9)  

     Yao, 2018 -9.8 (32.2) -10 (36.1) 448 12.1    0.3 (  -6.3;   6.9)  

     Jorde, 2019 -2.7 (23.8) 3.4 (25.9) 406 22.3   -6.1 (-10.9;  -1.2)  

Subtotal     1980    -4.2 (  -7.0;  -1.3)  

p = 0.004 Heterogeneity: 
8

2
= 8.6; p=0.38

Baseline 25(OH)D 50+nmol/L

     Holmoy, 2017 7.9 (19.5) -1.3 (26.6) 68 4.3    9.2 (  -1.9; 20.4)  

     Aloia, 2013 -3.9 (25.9) -8.8 (30.5) 159 4.9    5.0 (  -5.4; 15.4)  

     Gariballa, 2022 -9.0 (33.1) 1.3 (45.1) 545 6.1  -10.3 (-19.6;  -1.0)  

     BEST-D -2.2 (28.8) 0.9 (17.8) 304 18.2   -3.0 (  -8.4;   2.3)  

Subtotal     755    -1.6 (  -5.6;   2.3)  

p = 0.4 Heterogeneity: 
3

2
= 8.5; p=0.04

Total     2735    -3.3 (  -5.6;  -1.0)  

p = 0.005
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Figure s12: Meta-analysis of randomised trials of vitamin D on plasma levels of CTX, by baseline 25(OH)D levels
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 % Change
  Study Vitamin D Control

Number

randomised Weight, %

Absolute
% Decrease

Absolute
% Increase

Difference (95%CI)

(Vitamin D minus control)

Difference (95%CI)  

Baseline 25(OH)D <50nmol/L

     Tedeschi, 2016 -3.8 (82.5) -40 (84.6) 43 0.3   36.3 (-16.4; 88.9)  

     Zitterman, 2017 9.3 (86.7) 10.0 (114) 332 0.9   -0.7 (-32.4; 31.0)  

     Holmoy, 2017 4.5 (40.0) 15.0 (60.7) 68 1.5  -10.5 (-35.1; 14.2)  

     Yao, 2018 109 (62.1) 105 (65.1) 448 6.0    3.6 (  -8.7; 15.9)  

     Madar, 2015 5.3 (43.4) 5.3 (42.4) 250 6.1    0.0 (-12.1; 12.2)  

     Nahas-Neto, 2018 -24 (34.5) -6.9 (41.4) 160 6.5  -17.3 (-29.2;  -5.5)  

     Von Hurst, 2010 -5.1 (26.2) 6.3 (26.9) 81 6.7  -11.4 (-23.0;   0.1)  

     Bislev, 2018 2.1 (20.6) 4.3 (24.3) 81 9.4   -2.1 (-11.9;   7.7)  

     MacDonald, 2013 -1.2 (30.9) 2.6 (34.1) 305 11.1   -3.9 (-12.9;   5.2)  

     Chel, 2007 1.3 (36.5) 4.3 (33.8) 338 13.1   -3.1 (-11.3;   5.2)  

Subtotal     1726    -4.5 (  -8.3;  -0.6)  

p = 0.02 Heterogeneity: 
9

2
= 11.4; p=0.25

Baseline 25(OH)D 50+nmol/L

     Barnes, 2006 -15 (34.6) -16 (29.3) 30 1.5    0.6 (-24.0; 25.2)  

     Ghasemifard, 202 0.2 (28.4) 8.8 (55.3) 99 2.2   -8.6 (-29.1; 11.9)  

     Angellotti, 2019 -12 (27.0) 3.0 (18.9) 25 2.7  -15.1 (-33.2;   3.0)  

     Aloia, 2013 3.2 (28.3) 1.5 (35.5) 159 6.4    1.7 (-10.2; 13.5)  

     Grados, 2003 -25 (35.2) -6.6 (46.6) 192 6.6  -18.8 (-30.5;  -7.1)  

     Gariballa, 2022 -22 (48.2) -29 (46.0) 545 7.3    7.1 (  -4.0; 18.2)  

     BEST-D -0.2 (40.1) -1.4 (33.6) 305 11.7    1.2 (  -7.6; 10.0)  

Subtotal     1024    -2.8 (  -7.6;   2.1)  

p = 0.3 Heterogeneity: 
6

2
= 15; p=0.02

Total     2750    -3.8 (  -6.8;  -0.8)  

p = 0.01
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