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Effects of different doses of metformin on biochemical parameters of bone metabolism in patients with type 1
diabetes mellitus

MA Yu-ping, LU Hai-hong’, XU Xia, LIU Chun-hua, TAN Jiao-jiao, WANG Chen-yi, LI Qian
Department of Endocrinology, The First Hospital of Lanzhou University, Lanzhou 730000, Gansu, China

[ Abstract ] Objective To observe the effects of different doses of metformin combined with insulin and insulin
alone on bone metabolism-related biochemical parameters in patients with type 1 diabetes mellitus, and to explore the effect
of metformin on bone metabolism. Methods In this retrospective study, 128 adult patients with type 1 diabetes mellitus
were assigned to observation group or control group according to the treatment methods. Among them, 67 patients in the
observation group were treated with metformin combined with insulin to control blood glucose, while 61 patients in the
control group were treated with insulin alone. Blood glucose, glycosylated hemoglobin, 25-hydroxyvitamin D (25(OH)D),
bone specific alkaline phosphatase (BALP), N-terminal mid-fragment of osteocalcin (N-MID OC), serum calcium, serum
phosphorus, urinary calcium to creatinine ratio and lumbar vertebra bone mineral density (BMD) were collected before and
after treatment for 72 weeks in the 2 groups to analyze the effect of metformin combined with insulin on bone metabolism.
According to the dose of metformin, the patients in the observation group were divided into low-dose (0.5 g/d) group (n=
20), medium-dose (1.0 g/d) group (n=23) and high-dose (1.5 g/d) group (n=24). The effects of different doses of metformin
on bone metabolism parameters of patients were analyzed. Results Before treatment, there were no significant differences
in blood glucose, glycosylated hemoglobin or bone metabolism-related parameters between the observation group and the
control group (all P>0.05). After 72 weeks of treatment, blood glucose and glycosylated hemoglobin in the 2 groups were
significantly lower than those before treatment (all P<<0.05), but there was no significant difference between the 2 groups
(both P>0.05). After treatment, BALP, N-MID OC and lumbar vertebra BMD in the observation group were higher than
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those before treatment and those after treatment in the control group (all £<<0.05), while 25(OH)D, serum calcium, serum

phosphorus and urinary calcium to creatinine ratio had no significant differences compared with those before treatment

or those in the control group (all >0.05). In the control group, there were no significant differences in lumbar vertebra

BMD or bone metabolism-related parameters before and after treatment (all >0.05). In the observation group, BALP and

N-MID OC in the high-dose group were significantly higher than those in the medium-dose group and low-dose group after

treatment (all #<<0.01). Multiple linear regression analysis showed that metformin dose was positively correlated with BALP
(#=0.266, P=0.035) and N-MID OC (f#=0.355, P=0.008), and negatively correlated with urinary calcium to creatinine
ratio (f=—0.296, P=0.026). Conclusion Metformin used for controling glucose in patients with type 1 diabetes mellitus

has a protective effect on bone tissue, and may inhibit the occurrence of osteoporosis.

[ Key words | type 1 diabetes mellitus; metformin; biochemical markers of bone metabolism; bone mineral density
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Tab 1 Comparison of baseline data of patients with

type 1 diabetes mellitus between 2 groups

Observation group Control group

Index N=67 N=61

Agelyear, x 48.90+13.76 48.87+13.46
Male, 7 (%) 35(52.2) 26 (42.6)
Course of disease/year, x s 6.30£3.10 7.20£2.80
Body height/cm, x+s 165.54+7.94 166.52+7.78
Body weight/kg, X+ s 57.61£10.06 58.48-+8.83
BMI/(kg*m ), x+s 20.834+1.80  20.97+1.87
GFR/(mL'minfl),Eis 121.18+30.99 116.094+30.27
FT;/(pmol'L_]), xEs 3.244+1.29 3.404+1.20
FT,/(pmol-L '), x+s 27.93+10.68 28.06+10.55
TSH/(mIU'LfI),?CJ_rS 3.50+1.76 3.88+1.81

Observation group: The patients received insulin
combined with metformin therapy; Control group: The patients
received insulin alone therapy. BMI: Body mass index; GFR:
Glomerular filtration rate; FT;: Free triiodothyronine; FT,: Free

thyroxine; TSH: Thyroid-stimulating hormone.
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Tab 2 Comparison of blood glucose and bone metabolism-related parameters of patients with type 1 diabetes mellitus

between observation group and control group

xts
Index Before treatment After treatment for 72 weeks
Observation group n=67 Control group n=61 Observation group #=67 Control group n=61

FPG/(mmol-L ") 11.98+3.08 10.95+3.03 8.92+2.33" 9.56+2.38
2hPG/(mmol+L ") 16.54+4.99 15.03+4.12 10.97+2.35 11.4042.28"
HbA1c/% 11.26+3.29 10.68£3.15 8.58+2.37 9.05+2.26"
25(OH)D/(nmol-L™") 42.69116.41 38.68+17.12 4432+16.95 40.80+17.47
BALP/(pg-L™") 23.46+7.55 23.20+7.80 27.42+8.43" 21.99+7.43%%
N-MID OC/(ngemL ") 14.62+6.11 15.69+6.87 19.50+7.25 15.324+6.57°"
Serum calcium/(mmol*L ") 2.40+0.38 2.2910.41 2.38+0.36 2.30£0.40
Serum phosphorus/(mmol*L™") 1.4440.34 1.554+0.32 1.424+0.31 1.4940.33
Urinary Ca/Cr" 0.14%0.07 0.1440.07 0.12%0.06 0.14%0.07
Lumbar vertebra BMD Z value —1.54+0.78 —1.454+0.90 —1.2340.89" —1.5940.82"

Observation group: The patients received insulin combined with metformin therapy; Control group: The patients received
insulin alone therapy. “: The ratio was calculated in ng/mL. 'P<<0.05 vs the same group before treatment; £P<0.05, ““P<0.01
vs observation group after treatment. FPG: Fasting blood glucose; 2hPG: 2 h postprandial blood glucose; HbAlc: Glycosylated
hemoglobin; 25(OH)D: 25-hydroxyvitamin D; BALP: Bone specific alkaline phosphatase; N-MID OC: N-terminal mid-fragment of
osteocalcin; Ca/Cr: Calcium to creatinine ratio; BMD: Bone mineral density.

F3 FEFIEZFEWAX 1 BHER R EE B R GEXIERA R0

Tab 3 Effects of different doses of metformin on bone metabolism-related parameters of patients with type 1 diabetes mellitus

xts
Index Low-dose (0.5 g=d ") Medium-dose (1.0 g=d™") High-dose (1.5 g*d ") P value
group n=20 group n=23 group n=24

25(OH)D/(nmol-L ") 41.71+18.78 46.381+16.80 44.53+1591 0.672
BALP/(ug-L™") 25.85+7.08 23.86+9.58 32.134+6.077°" 0.001
N-MID OC/(ng*mL™") 17.7447.52 16.624+7.11 23.744+5.107°4 0.001
Serum calcium/(mmolsL™") 2.42+0.33 2.37£0.44 2.37£0.29 0.887
Serum phosphorus/(mmol-L ") 1.38+0.33 1.41£0.34 1.45+0.25 0.789
Urinary Ca/Cr" 0.14+0.06 0.12+0.07 0.11%0.06 0.219
Lumbar vertebra BMD Z value —1.1740.99 —1.044+0.93 —1.4540.76 0.292

* The ratio was calculated in ng/mL. "P<C0.01 vs low-dose group; ““P<C0.01 vs medium-dose group. 25(OH)D:
25-hydroxyvitamin D; BALP: Bone specific alkaline phosphatase; N-MID OC: N-terminal mid-fragment of osteocalcin; Ca/Cr:
Calcium to creatinine ratio, BMD: Bone mineral density.

x4 BRGHEXEREZNERN S TSR ESH

Tab 4 Multiple linear regression analysis of influencing factors of bone metabolism-related parameters

Factor | 2S(OH)D BALP N-MID OC  Serum calcium ph(f:;ll?ms Urinary Ca/Cr Lumb;;;’;“ebra
p Pvalue fp Pvalue f Pvalue S Pvalue f Pvalue f Pvalue p P value

Age —0.068 0.613 0.040 0.745 —0.171 0.178  0.030 0.821 0.036 0.788  0.226 0.081 —0.820 <<0.001
BMI —0.112 0.410 —0.109 0.377 —0.051 0.690 —0.060 0.658  0.019 0.889 0.101 0.436 0.097 0.226
2hPG —0.099 0.454  0.364 0.003 0.119 0.340 —0.114 0.393  0.122 0.365 0.096 0.449 —0.028 0.721
HbAlc 0.013 0.981 —0.014 0.905 —0.028 0.819  0.226 0.084 —0.165 0.208  0.114 0.355  0.080 0.292
GFR 0.132 0.317  0.101 0.398  0.097 0435 —0.015 0909 0.018 0.892 —0.095 0.449 —0.017 0.827
TSH —0.146 0.270 —0.047 0.693 —0.015 0.901 0.033 0.802 —0.024 0.857 —0.091 0.468 —0.070 0.365

Metformin _ 0.095 0.488  0.266 0.035  0.355 0.008  0.005 0.973  0.040 0.772 —0.296 0.026 —0.117  0.149

BMI: Body mass index; 2hPG: 2 h postprandial blood glucose; HbAlc: Glycosylated hemoglobin; GFR: Glomerular filtration
rate; TSH: Thyroid-stimulating hormone; 25(OH)D: 25-hydroxyvitamin D; BALP: Bone specific alkaline phosphatase; N-MID OC:
N-terminal mid-fragment of osteocalcin; Ca/Cr: Calcium to creatinine ratio, BMD: Bone mineral density; f: Standardized regression

coefficient.
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