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[ Abstract ] Objective To investigate the correlations of polymorphisms and mutations of osteoprotegerin (OPG)
gene 154355801 and rs6993813 loci with bone metabolism in postmenopausal women with type 2 diabetes mellitus (T2DM).
Methods From Oct. 2020 to Oct. 2021, 200 postmenopausal women who visited The First Affiliated Hospital of Shihezi
University were enrolled and divided into normal glucose tolerance and bone mass group (group A, n=52), normal glucose
tolerance but abnormal bone mass group (group B, n=43), T2DM with normal bone mass group (group C, n=47), and
T2DM with abnormal bone mass group (group D, n=58). The baseline data such as age, height, weight, and years since
menopause (YSM) were collected, and body mass index (BMI) and waist-hip ratio (WHR) were calculated. Biochemical
indicators such as triglyceride (TG), high density lipoprotein-cholesterol (HDL-C), low density lipoprotein-cholesterol
(LDL-C), blood calcium, blood phosphorus, alkaline phosphatase (ALP), and fasting blood glucose (FBG) were measured
by Roche automatic biochemical analyzer. Glycosylated hemoglobin (HbAlc) was measured by high-performance liquid
chromatography. Bone mineral densities (BMDs) of the lumbar spine (L,,) and neck of femur (NOF) were measured by
dual energy X-rays. Polymorphism and genotyping of OPG gene rs4355801 and rs6993813 loci were determined by time-
of-flight mass spectrometry. Multiple linear regression analysis was used to analyze the influencing factors of BMD.
Linkage disequilibrium analysis and haplotype analysis of single nucleotide polymorphism loci were performed using
SHEsis software. Results There were significant differences in age, BMI, and WHR among the 4 groups (P<<0.05).
Compared with groups A and B, the levels of FPG and HbAlc in groups C and D were significantly increased (all 2<<0.05).
Compared with group B, the level of HDL-C in group C was significantly increased, while the level of ALP was significantly
decreased (P<<0.05). Compared with group C, the level of ALP in group D was significantly increased (£<<0.05). The BMD
(L,,) and BMD (NOF) in groups B and D were significantly decreased compared with groups A and C (all <<0.05). The OPG
gene rs4355801 and rs6993813 loci were in line with Hardy-Weinberg equilibrium. There were no significant differences between
groups in rs4355801 genotype or allele frequency distribution (all >0.05). Compared with group A, there was a difference in
136993813 genotype distribution in groups C and D (both £P<<0.05), and there was no significant difference in allele frequency
distribution among groups (all 7>0.05). The FPG and HbAlc levels of the patients with rs4355801 mutant type were both
significantly lower than those with the wild type in group C (both P<<0.05). In group D, the BMD (L,_,) of rs4355801 mutant
type was significantly higher than that with the wild type (P<<0.05). The patients with rs6993813 mutant type in group D had
significantly lower blood phosphorus levels and higher BMD (NOF) compared to the wild type (both £<<0.05). Multiple linear
regression analysis showed that the increase of YSM and the decreases of BMI, TG, LDL-C, and HDL-C were the risk factors for
the decrease of BMD (L,,); the increase of YSM and the decreases of HDL-C and blood phosphorus were the risk factors for the
decrease of BMD (NOF); and rs4355801 AG genotype was a protective factor for the increases of BMD (L,,) and BMD (NOF)
in postmenopausal women (both £<<0.05). There was no significant difference in BMD between wild-type and mutant rs4355801
or rs6993813 loci in postmenopausal women (both P>>0.05). There was a significant linkage disequilibrium relationship between
the OPG gene 154355801 and 1s6993813 loci (D>>>0.9, #°>>0.3), and the risk of abnormal bone mass in postmenopausal women
with GT haplotype was significantly higher (P<<0.05) and the risk of abnormal bone mass in postmenopausal women with AT
haplotype was significantly lower (P<<0.05). The interactions of the OPG gene rs4355801 and rs6993813 loci had no effect
on BMD in postmenopausal women (both P>0.05). Conclusion OPG gene rs4355801 mutation may be involved in bone
metabolism and glucose metabolism of postmenopausal women, and rs6993813 mutation and polymorphism are involved in
bone metabolism of postmenopausal women. The significant linkage relationship of the OPG gene rs4355801 and rs6993813 loci
may affect the BMD of postmenopausal women.
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gene mutation
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Tab 1 Comparison of baseline data among 4 groups of postmenopausal women

M (O, Ov)
Variable Group An=52 Group B n=43 Group C n=47 Group D n=>58
Age/year 59.50 (48.25, 66.00) 64.00 (56.00, 72.00) 54.00 (49.00, 65.00) 71.50 (65.75, 75.25)" 4
YSM/year 12.00 (2.00, 17.00) 17.00 (6.00, 22.00) 5.00 (1.00, 16.00) 22.50 (14.50, 26.25)

BMI/(kg*m °) 26.00 (23.44,27.57)
WHR 0.90 (0.84, 0.97)

24.65 (22.67, 27.06)
0.88 (0.85, 0.93)

24.67 (22.41,28.48)""
0.91 (0.88, 0.95)"

24.31(23.37,27.79)
0.90 (0.85, 0.94)*

Group A: Normal glucose tolerance and bone mass group; Group B: Normal glucose tolerance but abnormal bone mass group;

Group C: T2DM with normal bone mass group; Group D: T2DM with abnormal bone mass group. "P<<0.05 vs group A; “P<<0.05 vs
group B; #P<<0.05 vs group C. YSM: Years since menopause; BMI: Body mass index; WHR: Waist-hip ratio; T2DM: Type 2 diabetes

mellitus; M (Q,, Oy ): Median (lower quartile, upper quartile).
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Tab2 Comparison of biochemical indexes and BMD among 4 groups of postmenopausal women

Variable Group An=52 Group B n=43 Group C n=47 Group D n=58
FBG/(mmol+L "), M (Q,, Ov) 5.11 (4.39, 5.52) 491 (4.72, 5.66) 8.83(7.35,10.40)"  7.87(6.91,9.81)"
HbA1c/%, M (O, Ov) 5.90 (5.60, 6.10) 6.00 (5.60, 6.60) 8.50(7.20,9.30)*  7.55(7.00, 8.80)""
TG/(mmolL "), M (0,, O,) 1.29 (1.05, 1.93) 1.14 (0.80, 1.47) 1.39 (1.00, 2.75) 1.45 (1.00, 1.92)
HDL-C/(mmol-L "), M (Q,, Ov) 1.37 (1.08, 1.59) 1.27 (1.00, 1.56) 1.45 (1.17,2.38)" 1.31 (1.13, 1.87)
LDL-C/(mmol-L "), M (Q,, O,) 2.76 (2.09, 3.13) 226 (1.68,2.93) 1.90 (1.59, 3.18) 2.41(1.43,3.53)
Calcium/(mmol*L™"), M (Q,, Oy) 2.28(2.23,2.33) 2.27(2.21,2.32) 2.30 (2.20, 2.36) 229 (2.18,2.41)
Phosphorus/(mmol<L "), M (0, O,)  1.11 (1.07, 1.25) 1.19 (1.00, 1.29) 1.18 (1.09, 1.25) 1.10 (0.97, 1.20)
ALP/(U-L™"), M (O,, Ov) 72.50 (59.00, 88.50)  79.00 (64.00, 91.00)  58.0 (66.0, 78.0)"  76.00 (64.00, 91.25)*
BMD (L,.)/(g*cm ), X*s 1.161.20 0.93+0.13" 1.15£0.20° 0.954+0.10"*
BMD (NOF)/(g*cm %), x+s 1.02+0.25 0.78+0.13" 1.02+0.15° 0.7740.10"*

Group A: Normal glucose tolerance and bone mass group; Group B: Normal glucose tolerance but abnormal bone mass group;
Group C: T2DM with normal bone mass group; Group D: T2DM with abnormal bone mass group. "P<<0.05 vs group A; “P<0.05
vs group B; AP<0.05 vs group C. BMD: Bone mineral density; FBG: Fasting blood glucose; HbAlc: Glycated hemoglobin; TG:
Triglyceride; HDL-C: High density lipoprotein-cholesterol; LDL-C: Low density lipoprotein-cholesterol; ALP: Alkaline phosphatase;
BMD: Bone mineral density; NOF: Neck of femur; T2DM: Type 2 diabetes mellitus; M (Q,, Op): Median (lower quartile, upper quartile).
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Tab 3 Distribution of genotypes and alleles of OPG gene rs4355801 and rs6993813 loci in each group of

postmenopausal women

n (%)
Index Group A Group B Group C Group D
r$6993813 genotype”
cC 15 (28.85) 6 (13.95) 15 (31.91) 25 (43.10)
TT 12 (23.08) 12 (27.91) 5(10.64) 8 (13.79)
TC 25 (48.08) 25(58.14) 27 (57.45) 25 (43.10)
2 value 2.869 118.960 150.877
P value >0.05 <0.05 <0.05
1$6993813 allele”
T 49 (47.12) 49 (56.98) 37 (39.36) 41 (35.34)
C 55 (53.88) 37 (43.02) 57 (60.64) 75 (64.66)
2 value 1.833 1.208 3.143
P value >0.05 >0.05 >0.05
1s4355801 genotype”
AA 22 (42.31) 16 (37.21) 23 (48.94) 34 (58.62)
GG 5(9.62) 5(11.63) 2 (4.26) 7(12.07)
AG 25 (48.08) 22 (51.16) 22 (46.81) 17 (29.31)
2’ value 0.351 0.726 4.175
P value >0.05 >0.05 >0.05
154355801 allele”
A 69 (66.35) 54 (62.79) 68 (72.34) 85 (73.28)
G 35 (33.65) 32 (37.21) 26 (27.66) 31 (26.72)
2 value 0.261 0.832 1.254
P value >0.05 >0.05 >0.05

Group A: Normal glucose tolerance and bone mass group; Group B: Normal glucose tolerance but abnormal bone mass group; Group C:
T2DM with normal bone mass group; Group D: T2DM with abnormal bone mass group. 5 values and P values were calculated by comparison
with group A. *: The total numbers of genotypes in groups A, B, C, and D were 52, 43, 47, and 58, respectively; *: The total numbers of alleles
in groups A, B, C, and D were 104, 86, 94, and 116, respectively. OPG: Osteoprotegerin; T2DM: Type 2 diabetes mellitus.
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Tab 4 Comparison of biochemical indexes between wild-type and mutant postmenopausal women with T2DM
at SNP of OPG gene

rs4355801 (group C)

Variable

Wide type (AA) n=23

Mutant (GG+AG) n=24

FBG/(mmol*L "), x+s
HbA1c/%, x %5
TG/(mmol-L™"), M (Q,, Oy)
HDL-C/(mmol*L "), X+
LDL-C/(mmol*L™"), x*s
Calcium/(mmol*L "), X+
Phosphorus/(mmol-L "), X*s
ALP/(U-L™ "), x+£s

BMD (L,,)/(g*cm °), x+s
BMD (NOF)/(g*cm ), x+s

9.78+2.68 8.33+1.90°
9.05+1.86 7.70+1.83"
1.34 (0.77, 1.60) 1.43 (1.03, 2.82)
1.97+1.19 1.884+0.91
2.20+1.03 2.46+0.96
2.2540.27 2.2940.09
1.1940.21 1.1740.15
69.56+14.97 64.55+17.60
1.16+0.23 1.1440.17
1.0340.16 1.01+0.14

Variable

rs4355801 (group D)

Wide type (AA) n=34

Mutant (GG+AG) n=24

FBG/(mmol*L '), x+s
HbAlc/%, x*s
TG/(mmol*L™"), M (Q,, Oy)
HDL-C/(mmol*L™"), x+s
LDL-C/(mmol-L™"), x*s
Calcium/(mmol*L™"), Xt
Phosphorus/(mmol*L "), x+s
ALP/(U-L ), x+s

BMD (L,)/(g*cm ), x+s
BMD (NOF)/(g*cm %), x+s

8.494+2.70 8.52+2.45
8.151+2.04 8.15+1.64
1.64 (1.03,2.12) 1.38 (0.86, 1.81)
1.4840.50 1.6040.74
2.51+£1.07 2.61+1.40
2.28+0.14 2.28+0.22
1.11+0.16 1.06£0.14
69.56114.97 73.704+19.33
0.98+0.12 1.16+0.23"
1.03+0.16 0.78+0.76

r$s6993813 (group D)

Variable

Wide type (TT) n=28

Mutant (CC+TC) n=50

FBG/(mmol*L "), x*s
HbAlc/%, xEs
TG/(mmol*L™"), M (Q,, Oy)
HDL-C/(mmol*L™"), x+s
LDL-C/(mmol*L "), X=*s
Calcium/(mmol-L "), X£s
Phosphorus/(mmol*L "), x+s
ALP/(U-L™"),X+s

BMD (L,_)/(g*cm ), X*£s
BMD (NOF)/(gecm %), x*s

9.01+3.06 8.23+2.08
8.53+2.01 7.9340.73
1.32(0.83, 1.95) 1.42 (1.03, 1.90)
1.45+0.57 1.60+0.65
2.5540.20 2.53+1.23
2.24+0.20 2.31£0.14
1.1340.16 1.054+0.13"
80.64+17.07 73.64418.36
0.94+0.10 0.93+0.12
0.74+0.12 0.80+0.09"

Group C: T2DM with normal bone mass group; Group D: T2DM with abnormal bone mass group. P<<0. 05 vs wide type

at the same locus. OPG: Osteoprotegerin; SNP: Single nucleotide polymorphism; T2DM: Type 2 diabetes mellitus; FBG: Fasting
blood glucose; HbAlc: Glycated hemoglobin; TG: Triglyceride; HDL-C: High density lipoprotein-cholesterol; LDL-C: Low density
lipoprotein-cholesterol; ALP: Alkaline phosphatase; BMD: Bone mineral density; NOF: Neck of femur; M (Q,, Oy): Median (lower

quartile, upper quartile).
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Tab 5 Multiple linear regression analysis of influencing factors of BMD in postmenopausal women

. BMD (L, ) BMD (NOF)
Variable b SE t value P value b SE t value P value
Age —0.092 0.013 —0.919 >0.05 —1.503 0.010 —1.503 >0.05
YSM —0.221 0.016 —2.142 <<0.05 —2.732 0.012 —2.732 <<0.05
BMI 0.140 0.031 1.990 <0.05 0.823 0.023 0.823 >0.05
WHR 0.023 0.014 0.323 >0.05 1.157 0.011 1.157 >0.05
FBG 0.095 0.059 0.957 >0.05 0.180 0.044 0.180 >0.05
HbAlc 0.029 0.090 0.278 >0.05 0.657 0.068 0.657 >0.05
TG 0.143 0.066 1.997 <0.05 0.781 0.049 0.781 >0.05
HDL-C 0.170 0.179 2.103 <0.05 2.124 0.134 2.124 <0.05
LDL-C 0.167 0.124 2.159 <<0.05 0.989 0.093 0.989 >0.05
Calcium —0.030 0.754 —0.438 >0.05 —1.241 0.566 —1.241 >0.05
Phosphorus 0.002 0.616 0.023 >0.05 1.995 0.462 1.995 <0.05
ALP 0.013 0.002 0.194 >0.05 —0.956 0.002 —0.956 >0.05
rs4355801 genotype (vs AA)
GG 0.092 0.432 1.278 >0.05 0.020 0.338 0.273 >0.05
AG 0.207 0.238 2.860 <0.05 0.163 0.186 2.236 <0.05
16993813 genotype (vs TT)
CcC 0.006 0.344 0.058 >0.05 0.004 0.270 0.045 >0.05
TC 0.124 0.318 1.269 >0.05 0.040 0.249 0.407 >0.05

BMD: Bone mineral density; YSM: Years since menopause; BMI: Body mass index; WHR: Waist-hip ratio; FBG: Fasting blood
glucose; HbAlc: Glycosylated hemoglobin; TG: Triglyceride; HDL-C: High density lipoprotein-cholesterol; LDL-C: Low density
lipoprotein-cholesterol; ALP: Alkaline phosphatase; NOF: Neck of femur; b: Regression coefficient; SE: Standard error.

2.5 OPGHA B SNPAL b RELEBZGEHEETEF 154355801 {37 £ 1 rs6993813 {37 4 1 A 761 5 5 7
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SRNEEIEFA (99 4] ) K RHad (101 4]) . 0.05) . L3k 6.

R 6 OPG EMA rsd355801 if miF rs6993813 L mFF AR, REBEHZFLMBERENXR
Tab 6 Relationships between wild type and mutant OPG gene rs4355801 and rs6993813 loci and abnormal bone mass in

postmenopausal women

n (%)

Genotype Normal bone mass 7=99  Abnormal bone mass n=101  y* value OR (95% CI) P value

rs4355801 0.329  0.850(0.488,1.481) >0.05
Wide type (AA) 45 (45.45) 50 (49.50)
Mutant (GG+AG) 54 (54.55) 51 (50.50)

rs6993813 0.229  0.840(0.410,1.718)  >0.05
Wide type (TT) 17 (17.17) 20 (19.80)
Mutant (CC+TC) 82 (82.83) 81 (80.20)

OPG: Osteoprotegerin; OR: Odds ratio; CI: Confidence interval.

2.6 OPG A K SNPi# 4 & -F #r 9 47 & F 4k & BESHHAP MRS TEREERH, R
4-#t il FH SHEsis #1447 OPG JE X SNP # 8l A 7 GT BRI 248 28 J5 oM i i S i AU 3 1 ( P <
oA BRI, G5, OPG IR 24~ 0.05) 5 1 AT BT AE 1 S5 8 4 P 20 A3 AR
SNP 13/ 14 154355801, 1s6993813 22 [AI 777 I o i 4 WAL T E R IEF A, fREEH AT PR RI4 2 5 4
R FR (D>09, ¥>03) o GTHIARTES  MEEERH KGRI (P<0.05) . W& 7.
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Tab 7 Haplotype analysis of loci in OPG gene rs4355801 and rs6993813

Theoretical frequency (proportion/%)

Haploid Normal bone mass Abnormal bone mass Z value OR (95% CI) P value
AT 61.81(54.2) 37.88 (40.3) 4.005 1.755(1.010, 3.051) <0.05

AC 24.19 (21.2) 16.12 (17.2) 0.545 1.301 (0.646, 2.618) >0.05

GT 1.19 (1.0) 9.12(9.7) 8.209 0.098 (0.014, 0.676) <0.05

GC 26.81 (23.5) 30.88 (32.8) 2.236 0.629 (0.341, 1.158) >0.05

OR: Odds ratio; CI: Confidence interval.
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