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Abstract: Objective To investigate the changes of bone mineral density (BMD) and the bone metabolism markers at different
stages of diabetic nephropathy (DN) in patients with type 2 diabetes mellitus (T2DM). Methods Fifty-one T2DM patients with
normal albuminuria, 40 DN patients with microalbuminuria, 28 DN patients with clinical albuminuria, and 20 DN patients with renal
insufficiency were selected. BMD and the bone metabolism markers in all these patients were detected. Results The concentration
of 25-hydroxy vitamin D3 (25-OH-D3) was the highest in normal albuminuria group, and it decreased gradually with the
deterioration of renal function in DN groups (P <0.05). The serum concentrations of bone <y-caboxyglutamic acid-containing
protein (BGP) and total N-terminal propeptide of type I collagen ( T-PINP) in DN groups were lower than those in normal
albuminuria group (P <0.05). The concentration of B-C-terminal telopeptides of type I collagen (CTX) in DN group was higher
than that in normal albuminuria group (P < 0.05). Serum level of parathyroid hormone ( PTH) in renal insufficiency was
significantly higher than that in the other 3 groups (P <0.05) , and no significant difference among the other 3 groups were observed
(P>0.05). BMD of each part in the macroalbuminuria group and renal insufficiency was lower than that in normal albuminuria
group (P <0.05). Multiple correlation analysis showed that BMD of the lumbar vertebrae and the femoral neck was negatively
correlated with age, serum Cr, BUN, urinary MA/Cr, BCTX, and PTH. It was positively correlated with serum Ca, 25-OH-D3,
BGP, and T-PINP. BMD of the lumbar vertebrae and the femoral neck in female patients was negatively correlated with the duration
of menopause. Conclusion Along with the gradual decline of renal function in T2DM patients, the extent of bone loss gradually
aggravates. The bone metabolic markers, such as T-PINP, BGP, BCTX, and 25-OH-D3, are more sensitive than BMD to reflect
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the changes of bone metabolism at the early stage of DN. BMD of DN patients is associated with various factors including age,

duration of menopause, urinary MA/Cr, and 25-OH-D3.

Key words: Type 2 diabetes mellitus; Diabetic nephropathy; BMD; Bone metabolism markers
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6.7) % FrA B TCIF IR , JC HUR B D s e i
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MA/Cr 30 ~300 mg/g, (3)C £ 28 %l (H/ L. 16/
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Table 1 Biochemical indexes of T2DM patients in DN groups

and normal albuminuria group

TiH A B C D
Ca(mmol/L) 2.21£0.10 2.25+0.14 2.09+0.12% 1.96=0.18"*
P(mmol/L)  1.14%0.17 1.15£0.19 1.22+0.15  1.63 £0.70 **
Mg(mmol/L) 0.82+0.09 0.81£0.08 0.780.06  0.960.18 *
HbAIC(%)  7.9%1.6 9.3+2.8% 9.9:20% 7.3:2.0

W5 ABNLE, “P<0.05,™P <0.01; 5 B 4 L#,*P <0.05,"P <
0.01;5 C 41L&, 2P <0.05, %P <0.01,5 D 4114, 4P <0.05, 44 p <
0.01; T

FT2 2 BB ERALS 2 BUBEIRAR IE R
AR B
Table 2 Bone metabolism markers of T2DM patients

in DN groups and normal albuminuria group

YiH A B C D
25OHD;(ng/ml) 12,42+ 3.06  10.37+3.60% 7.30:3.22%  4.84+3.45 %"
BGP(ng/mL) 15.12£7.37 12,99 +4.81% 10.63£4.34 " 10.37£2.57"
PTH( pg/mL) 34.88+12.78  37.0716.12 37.52+7.4  46.75+12.41 %2
BCTX(pg/mL)  395.16+96.58 402.61 +59.19 * 435.01 £79.58 * 489.29 +51. 14 *
PINP(ng/mL) 35.73£12.73 29.75+7.54% 27.63:7.47" 24.18£6.68 "

F3 2 BRI E AL 2 RUBERORIE R
BRI (g em’)
Table 3 BMD of T2DM patients in DN groups

and normal albuminuria group (g/cm’)

A B c D
L(2~4)  0.968+0.149 0.961 £0.208 0.872+0.160* 0.853 +0.191*
Neck 0.8140.141  0.7850.108 0.723 £0.09 * 0.688 0.116 ™
G.T 0.742+0.155 0.683 +0.120 0.648 £0.127* 0.618 x0.129 *
Hip jiont  0.951 +0.144 0.891 +0. 110 0.853 +0.128 * 0. 846 +0. 108 *

R4 2 BIBEIRIN A B BUBRE AR
LM BMD AHSCHE ST
Table 4 Correlational analysis between BMD of the lumbar
vertebrae and other indexes

of T2DM patients at different stage of DN

Target r(Lyy) P r( Neck) P
Age -0.115" 0.002 -0.321" 0. 000
Menopause -0.418" 0. 000 -0.675™ 0. 000
Cr -0.085" 0.001 -0.174" 0. 004
BUN -0.184" 0.032 -0.177" 0.018
Ca 0.249 ™ 0.001 0.272" 0. 001
MA/Cr -0.318™ 0. 000 -0.351" 0. 000
25-0HD; 0.266* 0. 009 0.272" 0. 001
BCTX -0.299 " 0.022 -0.104" 0. 045
BGP 0.275" 0.035 0.014 " 0.037
PTH -0.214" 0.011 -0.276 " 0. 000
T-PINP 0.223 " 0. 026 0.125" 0. 038

. P<0.05,™P<0.01
3 he
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