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We evaluated whether the hip structure analysis (HSA), a geometric assessment of the proximal
femur, could be used to predict hip fracture risk in subsequent 15 years in Japanese women. We
analyzed 1438 women who were aged 40 years and older at the time of the JPOS baseline study,
whose HSA values were extracted from their hip DXA image obtained at baseline, and whose
incidence of hip fracture during the 15 years of follow-up was determined. 36 women suffered from
hip fractures. The section modulus at the narrow neck of the femur was significantly associated
with hip fracture risk independently of age and estimated volumetric bone density (adjusted hazard
ratio: 1.92 (95% confidence interval: 1.17, 3.14)). HSA indices may be used as a risk assessment
method for hip fractures.
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Table 1. Fractures occurred during the follow-up period. The JPOS Cohort Study.

Number of Incidence rate

Fracture site participants with per 1000 h:gg:ﬁ;gf
fractures person-year

Hip fractures 36 1.59 41
Spine fractures 31 1.37 32
Forearm fractures 63 279 65
Proximal upperarm fractures 9 0.40 9
Major osteoporotic fractures 131 5.80 147
Osteoporotic fractures 159 7.04 185
Any fractures 296 13.11 361
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Table 2. Characteristics at baseline of the participants with and without incident hip fracures.
The JPOS Cohort Study.

Incident hip fractures

vanavlesat  ToI(NTASE) o (N36)  Absent (N=1402)
baseline p value
Mean _ SD__ Mean _ SD _ Mean _ SD

Age (year) 576 105 701 78 573 104 <0000t
Weight (kg) 545 83 518 90 545 82 oo
Height (cm) 1510 59 1462 57 1512 58 <0001
BMI 239 34 242 38 239 34 05
LSBMD (gom?) 0900 0167 0793 0142 0902 0167 0.0001
THBMD (gom?) 0807 0131 0687 0108 0810  0.130 <0001
FNBMD (gom’) 0711 0120 0603 0086 0.713 _ 0119 <0000t

N: number of participants, SD: standard deviation, BMI: bondy mass index, LS: lumbar spine
BMD: bone mineral density, TH: total hip, FN: femaral neck
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Table 3. Hip structure indices at baseline in the participants with and without incident hip fracures.
The JPOS Cohort Study.

Incident hip fractures

varablesat  Toll(N1438) T proseni(N=36)  Absent (N-1402) |
baselne Mean SD Mean SD Mean SD pvalue
“NN aBMD 0855 0164 0705  0.123 0859  0.163 <0001
VBMD 0372 0082 0306 0.070 0374 0082 <0001
CSA 239 045 1.98 0.31 2.40 0.44  <00001
csMI 1.69 041 141 0.32 1.69 041 <00001
SM 1.03 023 0.83 0.16 1.03 0.23  <0.0001
PD 295 021 2.97 023 2.95 021 06778
BR 1047 286 13.15 299 10.40 2.82  <0.0001
T aBMD 0810 0.161 0655  0.128 0814  0.160 <0.0001
VBMD 0290  0.062 0233 0.049 0291 0062 <0.0001
CSA 3.93 078 320 062 3.95 0.78  <0.0001
csMI 9.58 228 804 1.89 9.62 227 <00001
SM 3.30 0.70 274 0.58 3.32 0.70  <0.0001
PD 511 029 513 0.29 5.11 029 0.3008
o BRO 88429 M3 250 878 215 <0000
FS aBMD 1387 0.201 1258 0497 1390 0200 0.0059
VBMD 0648  0.111 0585  0.102 0649 0110 0.0006
CSA 362 054 330 054 363 054  0.0003
csMmI 263 060 247 054 263 0.60 0.1100
sM 185 031 174 029 185 031 00478
PD 2.75 0.19 275 018 275 019 08317
BR 2.80 0.70 3.16 0.71 2.79 0.69 00016
Neck-Shaftangle ~ 127.5 58 1289 65 1274 58 0139
Hip axis length 98.4 5.7 97.2 4.8 98.4 5.7 02102

NN: narrow neck region IT: Intertrochanter region FS: femoral shaft region

aBMD: areal bone mineral density (g/cm?)

VBMD: estimated volumetric bone mineral density (g/cma) CSA: cross-sectional area (cmz)
CSMI: cross-sectional moment of inertia (om*) SM: section modulus (om?)

PD: subperiosteal diameter (cm) BR: buckling ratio
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Table 4. Comparisons of adjusted mean values of hip structure indices at baseline
vetween participants with and without incident hip fracures. The JPOS Cohort Study.

Variables at Incident hip fractures
baseline Adjustments Present (N=36) Absent (N=1402) o value
LSM SE LSM SE
NN CSA Age 227 0.08 240 0.01 0.0406
Age and vVBMD 231 0.05 2.40 0.01 00613
CsMi Age i85 007 169 001 o0o0ats
Age and vBMD 1.56 0.07 1.69 001 0.0548
SM T TAage T 095 004 103 001 00228
Age and vBMD 0.96 0.03 1.03 000 0.0397
BR Age 1120 039 1045 006 00609
Age and vVBMD 10.85 0.16 10.46 0.03 0.0154
T CSA Age 3.69 0.11 3.94 002 0.0290
Age and vBMI 3.83 0.07 3.94 0.01 0.1466
T Y S B e o B (03 By
Age and vVBMD 9.06 0.35 9.60 0.05 0.1258
SM  Age 307 011 331 002 00318
Age and vBMD 3.16 0.10 3.31 001 0.1226
BR  Age 963 030 882 005 00076
Age and vVBMD 9.21 0.15 8.83 002 0.0125

LSM: least square mean SE: standard error

NN: narrow neck region IT: Intertrochanter region

CSA: cross-sectional area (cm?)  CSMI: cross-sectional moment of inertia (cm®)
SM: section modulus (cm®) BR: buckling ratio

vBMD: estimated volumetric bone mineral density (g/cmS)
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Table 5. Comparisons of validity among prediction models for hip fractures incorporating
conventional aBMD at the femoral neck and hip stracture indices. The JPOS Cohort Study.

Models ROl Variables Units Hazard ratio  95% confidence interval ~ AIC
Reference  FN aBMD 18D decrease 1.57 ( 097 , 254 ) 455.4
Age  Syearincrease " 1.80 (7140 , 231 )
Model1 NN SM 15D deorease 192 (123 , 299 ) 4502
Age  Syearincrease " 1.82 (" 145 , 230 )
Model 2 NN SM 1 8D decrease 1.92 ( 117 , 314 ) 452.2
VBMD 1D decrease 1.00 (061, 164 )
® rerlfidees palle LA 200 et o
Model 3 NN BR 18D increase 1.22 ( 092, 162 ) 457.2
oo Lo cAge  byemticresse ] 1,89 04148, 1240 Jud
Model 4 NN BR 18D Increase 1.12 ( 056, 228 ) 459.1
VBMD  1SDdecrease " 1.15 (" 039, 345 )
.| I _Age |[oyewwcrase | 187 | (| 148], 1240 ) | __ |
Model5 T BR 1S increase 136 (7101, 183 7) T 4550
Age  Byear increass 1.82 (142,231 ) L
Model 6 m BR 18D increase 0.96 ( 047 , 196 ) 455.8
VBMD  1SDdecrease 178 (" 061,518
Age S-year increase 1.78 ( 139 , 228 )

AIC: Akaike' information criterion
FN: femoral neck

ROI: region of interest

NN: narrow neck region [T: Intertrochanter region
aBMD: conventional areal bone mineral density (g/cm7)

SM: section modulus (cm®) BR: buckling ratio

VvBMD: estimated volumetric bone mineral density (g/cma)
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