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Abstract: [ Objective] To study the possible correlation between serum osteoprotegerin (OPG )/soluble receptor acti-
vator of the nuclear factor kB ligand (sRANKL) levels and the left ventricular diastolic dysfunction (LADD) in patients
with type 2 diabetes mellitus (T2DM).[Methods] Totally 68 T2DM patients and 37 healthy controls were selected. Serum
OPG and sRANKL were determined by solid—phase enzyme—linked immunosorbent assay (ELISA ). The left ventricular di-
astolic function of T2DM patients was measured by transthoracic echocardiography, where E/A < 1 were regarded as
LVDD. T2DM patients were further divided into two subgroups according to E/A ratio (E/A>1.0 and E/A<1). Spearman
correlation analysis, logistic regression and ROC curves were used to assess the possible correlation between serum OPG/

sRANKL and LADD in T2DM patients.[ Results] Compared with the healthy controls, serum OPG level in T2DM patients
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was higher with statistically significant difference (P <0.01), while serum sRANKL level was lower without statistically
significant difference (P =0.32). T2DM patients with E/A<1 had significantly higher OPG level and lower sRANKL level

than those with E/A>1 (P <0.01) in subgroup analysis. Spearman correlation analysis showed serum OPG level was nega-

tively correlated with E/A ratio, while sSRANKL was positively related with E/A ratio. In single factor logistic regression
analyses, serum OPG [OR (95% CI)=1.068 (1.031, 1.106), P<0.001] and sRANKL [OR (95% CI)=0.976 (0.959,
0.992), P=0.003 ] were significant correlation with LVDD in T2DM patients. ROC curve analysis showed that the sensitivi-
ty and specificity of combined OPG and sRANKL in diagnosing T2DM patients LADD were 78.13% and 88.3%, respec-
tively (area under the curve: 0.857; 95% CI=(0.768, 0.946) ; P<0.001).[ Conclusions] The elevated OPG and decreased

sRANKL levels may be associated with LADD in T2DM patients.

Key words: type 2 diabetes; left ventricular diastolic dysfunction; osteoprotegerin; receptor activator of the nuclear

factor kB ligand
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Table 1 Baseline characteristics of T2DM patients

[n(%), (mean +SD),M(P,,,P,) ]

Variables E/A>1.0(n=36) E/A<1.0(n=32) X/ P
Clinical indices

Male 19(52.8) 17(53.1) 0.001 0.977
Agelyears 49.6+3.7 50.8+3.4 -1.482 0.143
BMI/(kg/m®) 23.23+4.74 23.55+4.16 -0.283 0.778
SBP/mmHg 130.44+14.69 136.56+12.53 -1.824 0.074
DBP/mmHg 77.53+11.34 77.81+12.41 -0.097 0.923
HR/bpm 79.82+16.54 81.50+17.74 -0.397 0.692
Blood biochemical indices

Cr/(pmol/L) 60.84:+14.82 60.06+23.65 -0.046 0.964
UA/(umol/L) 337.41+117.22 307.12+212.62 1.022 0.311
TC/(mmol/L) 4.96+1.15 4.64+1.06 1.153 0.253
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2k
Variables E/A>1.0(n=36) E/A<1.0(n=32) X/ P
TG/(mmol/L) 2.39+1.36 1.83+1.22 1.510 0.136
HDL-C/(mmol/L) 1.10+0.26 1.08+0.29 0.425 0.672
LDL~C/(mmol/L) 3.25+0.93 2.96+0.94 1.299 0.198
Lifestyles
Smoking 9 (25.0) 6(18.8) 0.560 0.535
Alcohol 8(22.2) 5(15.6) 0.049 0.490
Diabetes—related variables
Diabetes duration/years 4.5 (2.0~8.2) 8.0 (3.1~ 13.2) -1.908 0.050
FBG/(mmol/L) 8.98+4.04 9.67+5.24 -0.604 0.548
HbAlc/% 8.24+2.18 8.54+2.87 -0.477 0.635
HOMA-IR 2.55 (1.59~ 4.06) 2.80 (1.32~5.09) -0.054 0.563
Medications
Insulin 22(61.1) 18(56.3) 1.067 0.684
Metformin 18(50.0) 18(56.3) 0.000 0.606
Glucosidase inhibitor 8(22.2) 8(25.0) 0.000 0.788
DPP4 inhibitors 2(5.6) 0(0) 2.065 0.176
GLP-1 analogs 6(16.7) 8(25.0) 0.366 0.396
Glinides 4(11.1) 0(0) 4.267 0.52
Sulfonylureas 6(16.7) 10(31.3) 1.333 0.157
TZDs 8(22.2) 4(12.5) 1.641 0.294
SGLT2 4(11.1) 0(0) 4.267 0.52
Anti—platelet 15(41.7) 22(68.8) 4.061 0.025
Statin 17(47.2) 23(71.9) 3.304 0.039
ACEI_ARB 11(30.6) 18(56.3) 3.822 0.032
B_blocker 8(22.2) 10(30.3) 0.495 0.400
CCB 12(33.3) 13(40.6) 0.199 0.534
Diuretic 3(8.3) 4(12.5) 0.235 0.573
Comorbidity
Hypertension 13(36.1) 15(46.9) 0.504 0.478
Cardiac structure and function
LA/mm 30.02+2.89 31.89+3.45 0.785 0.698
LVDd/mm 45.08+3.52 44.47+4.30 0.648 0.519
IVS/mm 12.22+1.27 12.66+1.62 -1.238 0.220
LVPW/mm 9.69+1.33 9.78+1.07 -0.295 0.769
LVEF/% 61.56+6.99 64.59+5.44 -1.983 0.052
E/A ratio 1.40+0.39 0.77+0.13 9.083 0.000

Data are presented as mean (SD), M(P.

52 Pos) or n (%) . BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure;

FBG: fasting blood glucose; HOMA-IR: homeostasis model assessment—insulin resistance; Cr: plasma creatinine; UA: uric acid; TC: total choles-
terol; TG: triglycerides; HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol; DPP4: dipeptidyl peptidase—4;
GLP1: Glucagon-like peptide—1; TZDs: Thiazolidinediones; SGLT2: sodium—-dependent glucose transporters 2; ACEI-ARB: angiotensin converting
enzyme inhibitor—angiotensin receptor blocker; CCB: calcium channel blockers; LA : left atrium; LVDd: left ventricular internal end-diastole dimen-

sion; IVS: interventricular septum; LVPW : left ventricular posterior wall thicknesses; LVEF': left ventricular ejection fraction.



CH ] IRFRAE, 45 2 BB DR J RAP 3 M NPk B 32 TE AL DY 7 O MR 5 72 S 6 SR DD RE R IO AR OGAT TS 995

22 T2DM & & #0142 BF xf BB & I 7 OPG #n
sRANKL 7k

T2DM 35 1L OPG Mk &k (57.26+28.01) pg/
mL, {3 = TR B [ (39.80+12.49) pg/mL, ¢’
=-4.399 3, P<0.01; & 1], 1M T2DM & & A9 I 3%
sRANKL ¥ JiF /7 125.7(90.14~148.2) pmol/L, & T fi
FEXT B35 [136.2(84.60~204.0) pmol/L, z=—0.994 , P=
0.320], HESTGZIT2=E L.
2.3 T2DMiF4H & 15 OPG #1 sSRANKL 7k

E/A<1.0 () T2DM H 3% I35 OPG ¥ 5 T E/A>
1.0 [ (72.81+29.39) vs (43.43+17.85) pg/mL, 1=
5.043, P<0.01;[&12], #A1fi,E/A<1.004 T2DM & 1%
sRANKL ¥ % T E/A>1.0 ) T2DM £ % [ (108.91+
38.20) vs (139.67+35.85) pmol/L,ti=—3.426,P<0.01] .
2.4 T2DM EE &5 OPG 1 sRANKL /K E 5 E/A
FELEMX R

Spearman A S 73 1 7 (B 3) , 76 T2DM &
H, LT OPG 7K F 5 E/A Ll 2 A1 ¢ (r=
-0.476,P<0.001) , 1fif Ifi. 75 sSRANKL /K °F- 5 E/A H(H
EEAH 26 (r.=0.436, P<0.001) . LK 2 logistics [1]
IH 50 H7 f7R , L3 OPG 7K [OR (95% C1)=1.068
(1.031, 1.106) , P<0.001 ] Al IfiL 7§ sSRANKL 7K *F-[OR
(95% C1)=0.976 (0.959,0.992) , P=0.003] 5 T2DM
B ATRELVDD I EAH G . 2N EBA L IE T4
1% A B )5, OPG [OR (95% CI)=1.068 (1.031,
1.107) , P<0.001 ] fil sSRANKL[OR (95% CI)=0.976
(0.959,0.993) , P=0.006] 5 T2DM & % LVDD 7 57
A o B 2 HE— 2P 4 IE BMIT B JR 9 12 . TG |
HDL-C . LDL-C ., /& Ifil & . W00k 25 W RS 5 A L
HbAlc 1 HOMA-IR J5 , IliL 7% OPG [OR (95% C1)=
1.184 (1.069, 1.310) , P=0.001] 1l sRANKL [OR
(95% CI) =0.965 (0.939, 0.992) , P=0.013] 1/} 5
T2DM 54 A B LVDD 37 AH G (R 2 FIEK 3) .
2.5 ROC HZ&a#r

K H ROC Hh £ 43 Hr P4 1L 7 OPG il sSRANKL
XFT2DM & LVDD 2 il . 4553 s, OPG
IKF->59.32 pg/mL 2 Wi LADD B U K 71.9%,
R 5 80.6% (it £ F 1 A - 0.823;5 95%Cl=
(0.762,0.919) ; P<0.001) ; Ifif Ifil & sSRANKL 7K - <
107.57 pmol/LZ Wi LADD AYHUENE R 56.3% , #5571k
988.9% (£ FiAL:0.711;95%C1=(0.584,0.838) ;
P<0.005;&14A) . BXA OPG 5 sRANKL 2 LADD
BB R 78.13% , K 5P 88.3% [ 2 T IHIFR :
0.857;95%CI1=(0.768,0.946) ; P<<0.001; K1 4B ] .,

~ =

3 =

: g

e &

& g ns

—

< z

o S 400

£ -

2 £

; e

2 7]

= 2 200

2 : h..-:'!

5 o)

o 5 0 . —IB

= NC T2DM B NC T2DM
=

A: the level of the OPG between healthy controls (n=37) and
T2DM patients (n=68); B: the level of sSRANKL between healthy con-
trols (n=37)and T2DM patients(n=68); YP <0.01,ns: P=0.320.

E1 T2DM B EFE R xR E M5 OPG 1 sRANKL
KFE LB
Fig.1 Comparison of serum OPG and sRANKL levels
between healthy controls and T2DM patients

1) =)
o 120 n &
< 100 v,
2 z
S 80 %9 =
E £
g 5
) 40 =
o =
B 20 &
5 <
g 0 A E
o E/AZ1 E/A<1 2 E/AZ1 E/A<1
R &
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sRANKL levels with E/A ratio in T2DM patients



996 HlR AR 2 (R A2 ) 5544 %

&2 Logistics B35 #iTf4 OPG #1 T2DM £ &
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Table 2 Logistics regression analysis assessing the
relationships of OPG with LVDD in T2DM patients

Variable P OR OR 95% CI
Model 1

Constant 0.357 = =

OPG 0.000 1.068  (1.031, 1.107)
Gender 0.804 0.862 (0.267, 2.787)
Age 0.969 1.003  (0.849, 1.185)
Model 2

Constant 0.823 = =

OPG 0.001 1.184 (1.069, 1.310)
Gender 0.716 0.653  (0.066, 6.468)
Age 0.231 0.834 (0.621, 1.122)
HOMA-IR 0.264 1334 (0.805, 2.210)
HbAlc 0.765 1.075 (0.668, 1.731)
TG 0.479 0.751 (0.341, 1.657)
HDL_C 0293  13.701 (0.104, 1 806.924)
LDL_C 0.517 0.585 (0.115, 2.965)
Smoker 0.351 0.284  (0.020, 3.994)
Alcohol 0.935 1.116  (0.078, 15.909)
Duration .162 1.107  (0.960, 1.276)
BMI 0.734 0.961 (0.763, 1.210)

Hypertension ~ 0.082 7.676  (0.773, 76.203)

HOMA-IR: homeostasis model assessment—insulin resis-
tance; TG: triglycerides; HDL-C: high density lipoprotein choles-
terol; LDL-C: low density lipoprotein cholesterol; BMI: body

mass index.
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OPG Il RANKL J2& 5 5 f I AH G 14 28 B 240 Jifg
T RANKL ZEAAR P LR 45 75 AU RN 0] 35 14 720 R b
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%3 Logistics )3 #riTfl SRANKL #1 T2DM £ &
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Table 3 Logistics regression analysis assessing the
relationships of SRANKL with LVDD in T2DM

patients
Variable P OR OR 95% CI
Model 1
Constant 0.893 = =
sRankl 0.006 0976  (0.959, 0.993)
Gender 0.633 1.307  (0.435, 3.926)
Age 0.376 1.069  (0.922, 1.239)
Model 2
Constant 0.144 = =
sRankl 0.013 0.965  (0.939, 0.992)
Gender 0.339 2.068  (0.466, 9.180)
Age 0.399 0910  (0.730, 1.134)
HOMA-IR 0.183 1215 (0912, 1.618)
HbAlc 0.854 1.026  (0.780, 1.349 )
TG 0.150 0.664  (0.380, 1.160)
HDL_C 0.458 2.584  (0.210, 31.765)
LDL_C 0.353 0.647 (0258, 1.622)
Smoker 0.802 0.798  (0.136, 4.668)
Alcohol 0.631 0.582  (0.064, 5.289)
Duration 0.224 1.056  (0.967, 1.152)
BMI 0.742 0.974  (0.834, 1.138)

Hypertension 0.615 0.684  (0.156, 3.006)

HOMA-IR: homeostasis model assessment—insulin resis-
tance; TG: triglycerides; HDL~C: high density lipoprotein choles-
terol; LDL-C: low density lipoprotein cholesterol; BMI: body

mass index.
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A: OPG and sRANKL evaluate the diagnostic values of LVDD in

T2DM patients respectively, n=68; B: the combination of OPG and
sRANKL to evaluate the diagnostic values of LVDD in T2DM patients,
n=068.
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Fig. 4 ROC curve analysis to evaluate the diagnostic
values of serum OPG and sSRANKL for LVDD in T2DM

patients
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