
Supplementary Figures and Table 
 

Tibial cortical 

 

 
 

Radial cortical 

 
 

Supplementary Figure 1: WMD for pQCT measurements of cortical BMD in youth with type 1 

diabetes versus healthy controls 
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Supplementary Figure 2: WMD for QUS measurements in youth with type 1 diabetes versus 

healthy controls 

 

  



 
 

 

 

Supplementary Figure 3: Meta-regression of relationship between age, HbA1c, diabetes duration 

on total body BMD (g/cm2).  Regression line represents association between mean difference, study 

size, and variable.



Supplementary Table 1: Characteristics of Included Studies 

 
Study 

ID 

Author Year Design Location Cases M F Control M F BMD 

measure 

Age Duration 

(years) 

HbA1c (%) Critical 

appraisal 

1 Abd El Dayem (1)  2011 CS Cairo, Egypt 47 14 33 30 12 18 DXA 13.3 ± 3.4  6.3 ± 3.0 8.8 ± 2.1 5 

2 AboElAsr (2) 2012 CS Cairo, Egypt 60 18 42 40 14 26 DXA 14.7 ± 1.5 6.8 ± 1.3 9.1 ± 2.9 7 

3 Bahlous (3) 2013 CS, A Tunis, Tunisia 40 21 19 40 20 20 
 

10.4 
   

4 Brandao (4) 2006 CS± Bahia, Brazil 44 22 22 22 10 12 DXA 15.5 ± 2.4 6.6 ± 3.9  11.1 ± 2.4 7 

5 Chobot (5) 2010 CS Katowice, Poland 99 50 49 297 150 147 QUS  14.3 ± 2.5 4.8 ± 2.5  7.2 ± 0.9 7 

6 De Souza (6) 2016 CS Natal, Brazil 86 40 46 90 48 42 DXA  12.3 ± 4.2 5.6 ± 4.3  10.2 ± 3.0 7 

7 Dongare-Bhor (7) 2020 CS Pune, India 251 117 134 250 142 134 DXA, pQCT 10.8 ± 4.3  9.7 ± 2.1 7 

8 Ersoy (8) 1999 CS Izmir, Turkey 30 16 14 23 10 13 DXA  14.5 ± 3.1 3.3 ± 3.1 9.3 ± 3.1 6 

9 Faienza (9) 2015 CS Bari, Italy 106 53 53 80 43 37 QUS  12.2 ± 3.4 4.4 ± 3.1 8.1 ± 0.9 7 

10 Fuusager* (10) 2020 CS Odense, Denmark 84 45 39 55 33 32 HR-pQCT 13.0 [6.5-17.9] 4.2 [0.4-15.9] 7.8 [5.9-11.8] 7 

11 Galluzi (11) 2005 CS Florence, Italy 26 19 7 45 
  

QUS 9.9  5.5 ±3.2 8.4 ± 1.1 8 

12 Gunczler (12) 1998 CS Caracas, Venezuala 26 15 11 27 15 12 DXA 12.1 ± 3.1 4.3 ± 2.9 9.2 ± 2.3 6 

13 Gunczler (13) 2001 CS Caracas, Venezuala 23 7 16 17 7 10 DXA 9.5 ± 2.2 0.5 ± 0.1 8.9 ± 2.4 6 

14 Halper-Stromberg⁑ 

(14) 

2020 CS Colorado, USA 116 67 49 91 40 51 DXA M: 14 ± 3 

F: 13 ± 3 

M; 8 ± 4 

F: 7 ± 4 

M: 8.5 ± 1,7 

F: 8.7 +/- 1.8 

6 

15 Heap (15) 2004 CS Utah, USA 55 30 25 95 42 53 DXA, pQCT  
  

6 

16 Heilman (16) 2008 CS Tartu, Estonia 30 19 11 30 19 11 DXA 13.1 ± 3.6 5.4 ± 3.4  9.8 ± 1.5 8 

17 Ingberg (17) 2003 CS Obrero, Sweden 18 0 18 18 0 18 DXA 17.3 ± 0.6 9.3 ± 3.2 8.0 ± 1.1 6 



18 Karaguzel (18) 2006 CS Altalya, Turkey 58 29 29 44 21 23 DXA 11.7 ± 3.1 
  

8 

19 Karaguzel (19) 2006 CS Altalya, Turkey 49 26 23 37 20 17 DXA 11.3 ± 2.8 4.1 ± 3.3  7 

20 Karavanaki (20) 2015 CS, A Athens, Greece 40 
  

40 
  

DXA 13.0 ± 3.5 5.2 ± 3.3  
 

21 Kaur (21) 2018 CS  Colorado, USA 125 60 65 80 28 52 
  

6.9 
 

7 

22 Khoshhal (22) 2015 CS Al Madinah Al 

Munawwarah,        Saudi 

Arabia 

36 
  

39 
  

QUS 8.0 4.5 ± 0.3 10.7 ± 0.4 7 

23 Leao (23) 2020 CS Parana, Brazil 34   17   DXA 13.1 ± 1.9  6.4 ± 1.8 9.8 ± 1.5  7 

24 Leger (24) 2006 CS, A Paris, France 127 73 54 319 162 157 
 

12.9 5.6 
  

25 Lettgen (25) 1995 CS Essen, Germany 21 13 8 21 13 8 pQCT 12.6 ± 3.7 5.3 ± 4.3 8.9 ± 1.8 7 

26 Loureiro (26)  2014 CS Natal, Brazil 75 36 39 100 43 57 DXA 12 5.0 ± 3.5 10.1 [8.1-

17.3] 

6 

27 Maggio (27) 2010 CS Geneva, Switzerland 27 13 14 32 16 16 DXA 10.5 ±2.4 3.2 ± 2.3 7.9 ± 0.7 6 

28 Mastrandrea (28) 2008 C Buffalo, USA 37 0 37 36 0 36 DXA 18.4 ± 1.8  8.2 ± 1.2  7 

29 Mitchell (29) 2019 CS Massachusetts, USA 62 0 62 61 0 61 DXA 13.6 ± 1.7 4.8 ± 3.2 8.6 ± 1.3 7 

30 Mosso⁑ (30) 2016 CS Santiago, Chile 30 21 9 56 42 14 DXA M: 14.3 ± 4.1 M: 7.6± 4.5  M: 8.4 ± 1.5 6 

            F:  16.6 ± 3.4 F:  6.3 ± 3.8 F:  9.0 ± 1.0  

31 Moyer-Mileur (31) 2004 C Utah, USA 42 26 16 203 92 111 DXA, pQCT  4.2 ± 3.1  8.2 ± 1.2 7 

32 Moyer-Mileur (32) 2008 CS Utah, USA 11 0 11 10 0 10 DXA, pQCT 12.9 ± 1.0 5.9 ± 3.7 8.1 ± 1.0 7 

33 Okumus (33) 2006 CS Ankara, Turkey 31 
  

32 
  

DXA 13.1 ± 3.2 4.2 ± 3.1 9.7 ± 2.8 7 

34 Pascual (34) 1996 CS Madrid, Spain 55 26 29 282 142 140 DXA 10.4 ± 4.1 3.1 ± 2.6 9.8 ± 1.2 8 

35 Roe (35) 1991 
 

Los Angeles, USA 48 25 23 48 25 23 pQCT  12.8 ± 3.4 5.2 ± 3.6  5.2 ± 3.6  7 



36 Roggen⁑ (36) 2013 CS Brussels, Belgium 56 33 23 47 14 32 pQCT  M: 10.6 ± 3.9 

F:  10.0 ± 2.7  

 7 

37 Roh (37) 2018 CS Seoul, Korea 29 16 13 92 49 43 DXA 7.6 ± 1.4 0.02 
 

7 

38 Saha (38) 2008 CS Tampere, Finland 48 22 26 48 22 26 DXA, pQCT  6.8 [1.0-13.5] 9.2 7 

39 Saki (39) 2017 CC Shiraz, Iran 87 
  

87 
  

DXA 12.0 ± 4.4  
 

6 

40 Salvatoni (40) 2004 CS Varese, Italy 57 36 21 57 36 21 DXA 11.1 ± 4.5 2.0 ± 3.1 8.1 ± 1.1  7 

41 Sav (41) 2017 CS Meilikgazi/Kayseri, 

Turkey 

50 26 24 130 67 63 DXA  11.6 ± 2.2 
  

7 

42 Sherif (42) 2011 CS Cairo, Egypt 60 18 42 40   DXA 14.7 ± 1.5 6.9 ± 3.1 8.1 ± 2.0  

43 Tahir (43) 2013 CS Lahore, India 30 30 0 30 30 0 Bone profiler  
 

11.1 ± 3.3 1 

44 Tsentidis (44) 2016 CS Athens, Greece 40 18 22 40 18 22 DXA 13.0 ± 3.5 5.2 ± 3.3 8.2 ± 1.8 7 

45 Vazquez Gamez (45) 2006 CS Seville, Spain 66 26 40 327 204 123   4.6 ± 2.9 8.8 ± 1.3   

46 Vina Simon (46) 2000 CS Madrid, Spain 45 18 27 246 111 135 DXA 13.1 4.9 
 

7 

 
CS (cross-sectional study); C (cohort study), CC (case-control study) A (abstract) 

Data for age, duration and HbA1c are mean ± SD (where provided) or *median [interquartile range] 
⁑ Totals for age, duration and/or HbA1c not provided – separated by gender 
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