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A combined cross—sectional and mendelian randomization analysis of the
association between abdominal obesity and bone mineral density in

different age groups
Camilo Alberto Pinzon Galvis", JIANG Yu-hong, HUANG Xian—hao, LI Ning, LU Ling—yun
“Division of Internal Medicine, Institute of Integrated Traditional Chinese and Western Medicine, West China Hospital,
Sichuan University, Chengdu, Sichuan 610041, China

Abstract: Objective To investigate the correlation and potential causal association between abdominal obesity and bone
mineral density (BMD) in people of different age groups. Methods This study combined a cross —sectional study with
Mendelian randomization (MR) analysis. Cross—sectional study data were derived from the U.S. National Health and Nutrition
Examination Survey (NHANES) 2011—2018. A total of 7 452 participants aged 20-60 years were included. Weighted linear
regression analysis was employed to investigate the association between a body shape index (ABSI) and total body less head
bone mineral density (TB-BMD). The MR study utilized a two—sample MR analysis to explore the causal relationship between
genetically predicted waist circumference-adjusted for body mass index (WCadjBMI), an index of abdominal obesity, and
TB-BMD. Results Cross—sectional analysis revealed a significant negative correlation between ABSI and TB-BMD (8=-3.53,
95% CI: -4.146~-2.915, P<0.001), which was more pronounced in males and individuals aged 45-60 years. In the 45-60
age group, an “inverted U-shaped” non—linear relationship was observed between ABSI and pelvic BMD (inflection point=
0.076). MR analysis indicated a negative causal relationship between WCadjBMI and TB-BMD (3=-0.16, 95% CI: -0.26~-0.07,
P<0.01), which was significant across age groups of <15 years, 30-45 years, and >60 years. Conclusion Abdominal obesity is
clearly associated with bone loss, and this negative effect varies among different age and sex groups. Maintaining abdominal
fat at a low level before significant bone loss occurs is crucial for preserving skeletal health.
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Figure 1 Flowchart of study participant inclusion
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Table 1 Baseline characteristics of the population by ABSI tertiles (M (Py, Ps), n(%) ]

B B(n=7 452) K(n=2 484) 1 (n=2 484) i (n=2 489) i
(0.058 ~ 0.099) (0.058 ~ 0.078) (0.078 ~ 0.082) (0.082 ~ 0.099)
IR (%) 35.59 31.38 35.69 40.24 — 0001
(35.34,35.84) (31.02,31.75) (35.28,36.11) (39.79,40.68)
20 ~29 2257 (30.29) 1139 (45.85) 707 (28.46) 411 (16.55)
30 ~ 44 3029 (40.65) 947 (38.12) 1101 (44.32) 981 (39.49)
45~59 2 166 (29.07) 398 (16.02) 676 (27.21) 1092 (43.96)

LA <0.001

AP AEREA 1210 (16.24) 296 (11.92) 445 (17.91) 469 (18.88)
HAWPGPEF 775 (10.40) 248 (9.98) 262 (10.55) 265 (10.67)
BRI fS PN 2348 (31.51) 661 (26.61) 811 (32.65) 876 (35.27)
EPHHET R A 1597 (21.43) 812 (32.69) 434 (17.47) 351 (14.13)

HoAb A% 1522 (20.42) 467 (18.80) 532 (21.42) 523 (21.05)

FIPR 1.88(1.84,1.93) 1.85(1.78,1.92) 1.96 (1.89,2.04) 1.84(1.77,1.91) 0.046
BKT <0.001
LR 1365 (18.32) 360 (14.50) 463 (18.64) 542 (21.82)

L 1652 (22.17) 519 (20.91) 549 (22.10) 584 (23.51)
KR 4433 (59.50) 1 603 (64.59) 1 472 (59.26) 1358 (54.67)

W A <0.001
= 2661 (35.73) 756 (30.43) 890 (35.86) 1015 (40.89)

4 4787 (64.27) 1728 (69.57) 1592 (64.14) 1467 (59.11)

AR <0.001
Pt 820 (13.58) 221 (10.77) 274 (13.47) 325 (16.64)

w 5219 (86.42) 1831 (89.23) 1760 (86.53) 1628 (83.36)
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" B (n=7 452) K (n=2 484) 1 (n=2 484) 5 (n=2 489)
FHIE P&
(0.058 ~ 0.099) (0.058 ~ 0.078) (0.078 ~ 0.082) (0.082 ~ 0.099)
rh AT RS 0.585
= 2 987 (40.08) 1011 (40.70) 1000 (40.26) 976 (39.29)
1 4465 (59.92) 1 473 (59.30) 1484 (59.74) 1508 (60.71)
WA <0.001
P 385 (5.25) 58 (2.36) 103 (4.21%) 224 (9.23)
T 6954 (94.75) 2 404 (97.64) 2346 (95.79) 2204 (90.77)
63.75 60.25 63.22 68.00
ALP (U/L) <0.001
(63.30,64.20) (59.55,60.96) (62.47,63.97) (67.15,68.85)
22.17 20.04 22.79 23.85
ALT (U/L) <0.001
(21.91,22.44) (19.65,20.44) (22.33,23.27) (23.35,24.36)
22.94 22.40 23.00 23.41
AST (U/L) <0.001
(22.75,23.12) (22.10,22.71) (22.69,23.30) (23.06,23.78)
JLHF (me/dl) 0.82(0.81,0.82) 0.84(0.84,0.85) 0.82 (0.81,0.82) 0.80 (0.79,0.80) <0.001
. 185.25 177.11 186.56 192.35
BB FERE (mg/dl) <0.001
(184.36,186.14) (175.67,178.56) (185.06,188.07) (190.75,193.96)
50.11 53.25 49.48 47.78
HDL-C (mg/dl) <0.001
(49.78,50.45) (52.66,53.85) (48.92,50.05) (47.24,48.33)
T (me/dl) 3.67 (3.66,3.68) 3.69 (3.67,3.72) 3.66 (3.64,3.68) 3.66 (3.63,3.68) 0.038
H5 (mg/dl) 9.36 (9.35,9.37) 9.38 (9.37,9.40) 9.35 (9.34,9.37) 9.35(9.34,9.36) 0.002
53.97 52.92 54.24 54.77
25(0H)D(nmol/L) 0.118
(53.45,54.50) (51.99,53.87) (53.36,55.14) (53.87,55.69)
27.66 26.98 27.69 2831
BMI (kg/m?) <0.001
(27.52,27.79) (26.75,27.22) (27.46,27.92) (28.07,28.55)
N 167.66 167.37 167.82 167.79
B (em) 0.079
(167.44,167.88) (167.00,167.74) (167.44,168.20) (167.41,168.18)
94.47 87.51 94.80 101.64
JEEFE (cm) <0.001
(94.13,94.82) (86.99,88.03) (94.26,95.34) (101.04,102.24)
TB-BMD(g/cm?) 0.97(0.97,0.98) 1.00(0.99,1.00) 0.97(0.97,0.98) 0.95(0.95,0.96) <0.001
PE-BMD (g/cm?) 1.24(1.24,1.24) 1.26(1.25,1.26) 1.24(1.24,1.25) 1.22(1.22,1.23) <0.001
LS-BMD(g/em?) 1.02(1.02,1.03) 1.07(1.07,1.08) 1.02(1.02,1.03) 0.98(0.98,0.99) <0.001

12 FIPR R ZRBEWCAFTIR L s ALP WP IR I ; ALT S D9 SR I FE RS I 5 AST Ry R T4 SR I AL Il s HDL—C Sy o %% J3 i 2 1 I e
BMI A AR WC IR s AR ABSI AR 3 MG L =45 S i 3o NI E(95% CI) 4328 3R R [ n(%) 15 PAE I TR 4 REAE
TE A~ ABSI AL G228 5%

&2 ABSI 5 TB-BMD [tk 145347
Table 2  Linear regression analysis of ABSI and TB-BMD

A 10 LAY 2 LAY 3¢
Rl - Pt Pt - Pt
B(95% CI) B(95% CI) B(95% CI)
‘ -4.345 -3.923 -3.531
ABSI (%:4%) <0.001 <0.001 <0.001
(-4.897 ~ =3.792) (-4.42 ~ -3.421) (-4.146 ~ —2.915)
ABST (Z437)
ik Ref Ref Ref
-0.018 -0.017 -0.017
h <0.001 <0.001 <0.001
(=0.023 ~ -0.012) (=0.022 ~ -0.012) (=0.023 ~ -0.011)
N -0.038 -0.035 -0.032
=1 <0.001 <0.001 <0.001
(=0.044 ~ -0.033) (-0.040 ~ -0.030) (=0.038 ~ -0.026)
P for trend <0.001 <0.001 <0.001

TE AR 1 ORTERE ;P AR 2 TR AR R s RS 3 R AR IR S TTIR L R KT R IR | P AR Sl R
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Figure 2 Smooth curve fitting plots of the relationship between ABSI and BMD
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Exp e O Method B (95% CI) P.adjust
WCadjBMI TB IVW(MRE) = -0.16 (-0.26~-0.07) 0.005
WCadjBMI TB MR Egger —— -0.29 (-0.68~0.10) 0.369
WCadjBMI TB Weighted median - -0.17 (-0.27~-0.07) 0.005
WCadjBMI TB Simple mode —"— -0.10 (-0.36~0.17) 0.607
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Figure 3 Forest plot of the causal association between WCadjBMI
and TB-BMD
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