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Risk Assessment of the Incidence of Osteopenia and Osteoporosis
according to Body Size Phenotype in Korean Adults Men:
Analysis of 10-Years Community-Based Cohort Data

Im, Ye seul” - Moon, Chan Mi" - Park, Seung Yeon" - Kim, Eun Young?

DPhD Candidate, College of Nursing, Jeonbuk National University, Jeonju, Korea
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Purpose: We evaluated the impact of body size phenotypes in Korean adult men on incidence of osteopenia and
osteoporosis using data from the Korean Genome and Epidemiology Study (KoGES). Methods: Bone mineral densities
at the femoral neck and lumbar spine were assessed using dual-energy X-ray absorptiometry. We analyzed the baseline
occurrence of osteopenia and osteoporosis from 2001 to 2002, and during the follow-up period from 2011 to 2012. Odds
ratios (ORs) of osteopenia and osteoporosis for each body size phenotype were analyzed using a logistic regression
model. Results: In total, 2,769 participants without osteopenia and osteoporosis at baseline were included in this national
cohort study using KOGES community-based(Ansan/Ansung) data. The respective ORs (95% Cls) for osteopenia and
osteoporosis were 1.29 (95% CI 1.09-1.53, p<.001) metabolically abnormal obesity (MAO) compared to metabolically
healthy normal weight (MHNW). The ORs (95% Cls) for osteopenia and osteoporosis were 1.42 (95% Cl 1.21~1.66,
p<.001) in the obesity group, 1.16 (95% CI 1.02~1.32, p=.025) in the hypertriglyceridemia group, and 1.32 (95% CI
1.16~1.50, p<.001) in the hypertension group. Conclusion: Metabolically abnormal obesity (MAO) in males increase the
risk of osteopenia and osteoporosis compared with Metabolically healthy normal weight (MHNW). Management of obesity
and metabolic syndrome should be considered in patient plans to prevent osteopenia and osteoporosis.
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229 A7 7Aool woF 7] ¥ 4 Byt Fasitt
(Jung et al., 2023). T 45 R Fh35 T = vA
£ aRle=z AG65A o), B ke Ao, 7158,
AAE, 17, 24 B, FAET e D A, BE
DZ%, 9, 2F 5°] E1 51 Ith(Nuti et al., 2019).
5] o149 B HAB7] o] F A AERT pA PR FE
HES 2ol @/ JA 558 7 1L P3= &) =3t
9 3032 20 ToR 2wy gt Sehte
654 04} Q171 20204 15.7% | 4] 2025 20.3%, 20601 o]
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220179 919FH o) A] 2021 1149HE 0 2 24.6% Z7}8H4
T, 2R A Eu 201749 2,152 Yol A] 202149 3,268
Qo2 51.9% 27}t THNHIS, 2023). E3 Zrigzoa
Q1) HHSHE 2 EL AR Aghit ol i, AlE
7}, 0] A Atz o]0} d 4= 9lrh(Nuti et al., 2019).

A A 2A 717-(World Health Organization [WHO], 2025)
H|ThE 4749] $1d alo] H= A4 el e et A
F &2 o2 Zostar glon, G d A e 5
1819 1 agle g X &35k QIthWHO, 2025). E3t H] gk
TSR ol B4 9 BThES W) £H 9
daa F stz g A ek 20199 S =28 AR
(Global Burden of Diseases Study 2019)9]] w2 H 314|152}t
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i, OJFAAE T, B Hvt A2 AT @ el
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Korean Genome and Epidemiology Study (KoGES) population n-based studies:
Age 40~69 years (KoGES-Ansan and Ansung Study, N = 10,030)

n = 5,430 excluded

Reasons for exclusion:
< - Female (n=5,272)
- BMI < 18.5 kg/m?2 (n=105) or missing data (n=53)

Included in this study (n = 4,600)

n = 135 excluded

Reasons for exclusion:
- Metabolic syndrome components missing data (n=135)

Included in this study (n = 4,465)

n = 1,096 excluded

Reasons for exclusion:
< - T-score of radius or tibia is less than -1.0 in bone
densitometry(n=933) or missing data(n=163)

Included in this study (n = 3,369)

n = 600 excluded

Reasons for exclusion:
- Missing value in baseline (n=180)
- Never participated in follow-up survey (n=420)

Included in this study (n = 2,769)

Figure 1. Selection process of participants in this study.
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Table 1. Descriptive and Hazard Ratios of Osteopenia and Osteoporosis according to Participant's Characteristics and

Components of Metabolic Syndrome (N=2,769)
Osteopenia and osteoporosis
Characteristics Categories n (%) Incidence  Person Incidence HR 95% CI p
case -year  rate per 1,000
n (%) Incidence person-years
Age (year) 40~49 1,502 (54.2) 380(25.3)  11,098.1 34.24 1
50~59 702 (25.4) 292 (41.6) 4,880.6 59.83 1.76 151~2.05 <.001
60~69 565 (20.4) 267 (47.3) 3,422.0 78.20 237  2.02~277 <.001
50.9+8.5
Spouse Yes 2,666 (96.3) 894 (33.5)  18,711.0 47.78 1
No 103 (3.7) 45 (43.7) 689.7 65.25 137  1.01~1.85 .040
Education < High school 2,142 (77.4) 776 (36.2)  14,858.1 52.23 1
> College 627 (22.6) 163 (26.0) 4,542.6 35.88 0.68 0.57~0.80  <.001
Occupation Employed 2,764 (99.8) 936 (33.9)  19,371.7 48.32 1
Unemployed 5(0.2) 3 (60.0) 29.0 103.45 218 0.70~6.79 177
Monthly income <200 1,579 (57.0) 663 (42.0) 10634.6 62.34 1
(10,000 won) 200~ < 400 908 (32.8) 215 (23.7) 6699.4 32.09 0.51 0.44~0.60  <.001
>400 282 (10.2) 61 (21.6) 2066.7 29.52 0.46 0.36~0.60  <.001
Religions Yes 1,636 (59.1) 573 (35.0)  11,458.8 50.01 1
No 1,133 (40.9) 366 (32.3) 7,941.9 46.08 0.93 0.81~1.06 .250
Self-reported Healthy 1,045 (37.7) 332 (31.8) 7,383.1 44.97 1
health status Average 1,094 (39.5) 385 (35.2) 7,814.3 49.27 1.09 0.94~1.26 247
Unhealthy 630 (22.8) 257 (40.8) 4,203.3 61.14 118 1.00~1.40 055
Sleep duration <6 hours 1,045 (37.7) 317 (30.3) 7,358.3 43.08 1
(per night) 7~8 hours 1,517 (54.8) 542(35.7)  10,650.7 50.89 1.19 1.04~1.37 014
>9 hours 207 (7.5) 80 (38.6) 1,391.7 57.48 1.36 1.06~1.73 015
6.8611.29
Chronic diseases/ No 2,332 (84.2) 785(33.7) 164188 47.87 1
Cancer Yes 437 (15.8) 154 (35.2) 2,981.9 51.64 1.09 0.91~1.30 350
Cigarette smoking Non-smoking 512 (18.5) 168 (32.8) 3,605.2 46.6 1
Former smoking 892 (322) 295(33.1) 6,416.1 4598 0.99 0.82~1.19 .880
Current smoking 1,365 (49.3) 476 (34.9) 9,379.4 50.75 1.10 0.92~1.31 .309
Alcohol consumption ~ Non- drinker 468 (16.9) 162 (34.6) 3,282.8 49.35 1
Former drinker 269 (9.7) 110 (40.9) 1,783.3 61.68 1.25 0.98~1.59 .070
Current drinker 2,032 (73.4) 667 (32.8)  14,334.6 46.53 0.94 0.79~1.11 446
Physical activity Yes 1,113 (40.2) 380 (34.1) 7,719.1 49.23 1
No 1,656 (59.8) 559 (33.8)  11,681.6 47.85 097  0.85~1.11 .683
Fatigue Yes 1,509 (54.5) 493 (32.7)  10,680.0 46.16 1
No 1,260 (45.5) 446 (35.4) 8,720.7 51.14 111 0.98~1.27 101
Components of MS
Obesity BMI <25 kg/m? 1,709 (61.7) 573 (33.5)  11,995.9 4777 1
BMI >25 kg/m’ 1,060 (38.3) 366 (34.5) 7,404.8 49.43 1.04 0.91~1.18 595
Abdominal obesity WC <90 cm 2,287 (82.6)  741(324)  16,292.0 45.48 1
WC >90 cm 482 (17.4) 198 (41.1) 3,108.7 63.69 142  121~1.66 <.001
Hypertriglyceridemia  Triglyceride 1,454 (52.5) 470(32.3)  10,394.7 45.22 1
<150 mg/dL
Triglyceride 1,315 (47.5) 469 (35.7) 9,006.0 52.08 116 1.02~1.32 .025
>150 mg/dL
Low HDL-cholesterol No 1,769 (63.9) 583 (33.0) 12,517.6 46.57 1
Yes 1,000 (36.1) 356 (35.6) 6,883.1 51.72 11 0.98~1.27 109
Hyperglycemia No 2,390 (86.3) 822(344) 16,8428 48.80 1
Yes 379 (13.7) 117 (30.9) 2,557.9 45.74 0.94 0.78~1.14 542
Hypertension No 1,528 (55.2) 468 (30.6)  10,978.2 42.63 1
Yes 1,241 (44.8) 471 (38.0) 8,422.5 55.92 1.32 1.16~1.50  <.001

CI=Confidence interval; DM=diabetes mellitus; HR=Hazard ratio; HTN=hypertension; MS=metabolic syndrom; WC=waist circumference.
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son-year)<19,400.7d 0]H, 1,00091 -
£2 48407402 eyt AAEE Y
243 A1}, MAOZS AA di/dAHe] 17.4%E X
o, MAO gld#H(59.27)8] S43 B S5 SAES
MHNWZ thakzHa6.41) ke $AH o2 gl ot
(p <.001)(Table 2).

= HMg =)

]

lo

FHE ol o] AR
AT AN EER °ﬂ
= 71E02 MHEBESA
=3} sheic). e, 2 gy
A7 (Log-rank test)S E3f &2lstct 1 AT
2 AETHL TFYE §oI7 glol flgon]
T3 ol o] webME SAH LR ol

2L g v, o

Z 5 ‘Q‘E /\V*

=2 A

(p=599), ot
Aol7} Lekich

g -

o

oln

(p<.001). A EA P o T BESAIS] LS 24
ol 4= MHNW, MHO, MANW, MAO< Ztol| 5
2 943 2|7t YATH(p=.001). o} & N2 E hASF
AR FE P vt 24T E S R U EO
FosHA th2ths A AlAFetTH(Figure 2).

l

hJ
I'.J

ZAHY HE SHEM At
A EHAG o 2 S7g4Z LD SohFgZ= LA 98 o] Zo|
shola}r] 98] 22 2|93 3]7) 84 (Cox proportional

hazards regression analysis)S =33} th WA, 2+ SHH

.§_

ol T WY B A A4, 2E /T 0% 5E 25
o, vl Al Th B ) S W) ARl

of| -§-2J5} x}o|7} Q)SItH(Table 1). A&H 2L 40t) tju] 50t]
o)A 1.764(95% confidence interval [CI]=1.51~2.05, p <.001),
60| ol 4] 2.374}1(95% CI=2.02~2.77, p <.001)2 30| Z7}
skl o, Wj-9AL7} gl di/dRtell A 1.374) & kh(95% Cl=
1.01~1.85, p=.040). 25 5=3=0f kA= o8k 28} o4l
AFR el A 0.684](95% CI=0.57~0.80, p <.001)Z Y& o] H
OeHA WAL, &5 ol webal = 2009H v THQl 73} H]
ashod 2009H] o] 4} 400%H mlFkQIFEo] 0.518(95% Cl=
0.44~0.60, p <.001), 4007+ o]AFel 2 0.464[(95% Cl=
0.36~0.60, p <.001) & -9J3HA] W& 1S EAth 1 A
7re] A, 6A1ZF o]3t’l ol Bl 7~8A17FQl w2 1.194)

Table 2. The Cumulative Incidence of Osteopenia and Osteoporosis according to the Body Size Phenotype and Number of

Metabolic Syndrome Components (N=2,769)
Osteopenia and osteoporosis
Classification Categories n(%) Incidence Person-year Incidence HR 95% CI p
case . rate per 1000
o Incidence
n (%) person-years
Total 2,769 (100.0) 939 (33.9) 19,400.7 48.40
Body size phenotype MHNW 1,522 (55.0) 498 (32.7) 10,730.4 4641 1
MHO 578 (20.9) 179 (31.0) 4,249.7 4212 0.90 0.76~1.07 228
MANW 187 (6.7) 75 (40.1) 1,265.5 59.27 1.27 1.00~1.62 .054
MAO 482 (17.4) 187 (38.8) 3,155.1 59.27 1.29 1.09~153  <.001
Number of MS 0 576 (20.8) 169 (29.3) 4,2439 39.82 1
components 1 819 (29.6) 269 (32.8) 5,896.8 45.62 1.14 0.94~1.39 175
2 743 (26.8) 255 (34.3) 5,092.6 50.07 1.27 1.04~1.54 017
3 432 (15.6) 165 (38.2) 2,882.5 57.24 1.46 1.17~1.80 .001
4 172 (6.2) 66 (38.4) 1,117.3 59.07 1.49 1.12~1.99 .006
5 27 (1.0) 15 (55.6) 167.6 89.50 2.35 1.38~3.98 .002
MS (>3) No 2,100 (75.8) 677 (32.2) 14,980.1 45.19 1
Yes 669 (24.2) 262 (39.2) 4,420.6 59.27 1.32 1.15~153  <.001

MANW=Metabolically abnormal but normal weight; MAO=Metabolically abnormal obesity; MHNW=Metabolically healthy normal weight;

MHO=Metabolically healthy obesity; MS=Metabolic syndrome.
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Figure 2. Cumulative survival curve of osteoporosis and osteopenia according to obesity, metabolic syndrome, bodysize

phenotype in adults.

(95% CI=1.04~1.37, p=.014), 9A|7} 0|42l & 1.368(95%
CI=1.06~1.73, p=.015) & 9|3 0] Z7}5}= A Bt of
AT A8 A FolAE BRuT] Yl 7 1424
(95% CI=1.21~1.66, p <.001), TEHALEZo] Q= AL
1.164H(95% CI=1.02~1.32, p=.025), L& o] Y= AL 1.32
1 (95% CI=1.16~1.50, p <.001) & Z}z} 9|3 o] 49314 &
7FstAtH(Table 1). AA| 2@ F o webd= MAO 150
MHNW 282t} 1.298](95% CI=1.09~1.53, p <.001) &<
-‘?—]7‘542 HHcHTable 2).

F AN FARE el AF, A £ s
% T TH AR SAMs 2 BAste] F4 u]E §
S| A4S sk 24 23 AAEE Y, vt of
Stof| meEt AT H S-S 2 Y v

bf
5

7

ool N

o
x
o

S~
o

G2l 2ol7t AT, AAEHAF o] Wk = MAO 180l
MHNW 12 0] 1|3} 1.424}(95% CI=1.19~1.68, p <.001), ¥]
uk 282 1.194(95% Cl=1.04~1.36, p=.011), JAIZZZ 1
£.21.328(95% Cl=1.14~1.52, p <.001) & ZFz} & 0] -9
817 Z7ksh AT (Table 3).

= 29

2 a7E 4
3790l Hol2 951 ﬁoP@l AP A5 E
1% B8 ol LHATOIT $ 27695 S U4 3 12
9 F A2 5 BAAS W BUBF0] BT thyX

93978 (33.9%) 0 A, TAF W SohgE W E2 11,0001

=
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Table 3. The Hazard Ratios of Osteopenia and Osteoporosis according to the Body Size Phenotype (N=2,769)

Variables HR  95% CI HR  95% CI r HR  95% CI p
Age (year) 40~49 (ref.)

50~59 1.54 1.32~1.80 <.001 1.56 1.33~1.82 <.001 153 1.31~1.79 <.001

60~69 194 1.64~2.30 <.001 195 1.64~2.30 <.001 191 1.62~2.26 <.001
Spouse Yes (ref.)

No 121 090~1.64 .210 124 092~1.68 .157 121 090~1.64  .207
Education level College (ref.)

<High school 1.05 0.88~1.26  .589 1.07 0.89~1.28  .468 1.05 0.88~1.26 578
Monthly income >400 (ref.)

(10,000 won) <200 1.69 1.28~222 <.001 1.67 1.27~219 <.001 1.68 1.27~2.21 <.001
200~ <400 1.06 0.80~142  .669 1.05 0.79~140 .745 1.07 0.80~1.12  .662

Sleep duration <6 hours (ref.)

(per night) 7~8 hours 115 1.00~1.33
>9 hours 1.17 0.91~1.50
Body size MHNW (ref.)
phenotype MHO 117 0.88~1.25
MANW 1.05 0.91~1.49
MAO 142 1.19~1.68
Obesity BMI <25 kg/m’ (ref.)
BMI >25 kg/m’
Metabolic No (ref.)
syndrome Yes

0.044 116 1.01~1.33  .041 115 1.00~1.32 .049
0.214 117 0.92~150  .208 115 0.90~1.47 .268

215
577
<.001

119 1.04~1.36 .011

1.32 1.14~152 <.001

Adjusted for age, education level, monthly income, sleep duration, spouse; MANW=Metabolically abnormal but normal weight;
MAO=Metabolically abnormal obesity; MHNW=Metabolically healthy normal weight; MHO=Metabolically healthy obesity.
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2 AT A7 Z7ho] wet 2gaZ
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A Aol fofstA woA e Ao & Yehgth ol dA2 A
ol F7I3tel whet S =7t g 2L Aaste] Z2H gl F
7hetths 712 A3 ntels A X3 (Zhang et al., 2023).
Zhang $(2023)& 232 404 o)A} YA <] 4;— 25 E E0E

5 118E0]48.65% °]2H, 60t o] A F 5> 40~50t] |

Hl3 E7aF $dol 1624 wohar Rustqich S Jung
5(2023)9] “4?0%5 Y 85 9 diEEolA =3
i%%‘% F FHEol F41% 2 ekttt Tl = Yyt
20 2 /2] 73 20t o] H T R| o] =S}, o] & HF o
L e Al& 5ho] 504 o] 35 7| o2 wjd k1% &
o] &A= Aoz FHHTHKSBMR, 2015). o] 23 A
T IS 3 TE2EQ HARAHZEY HAoH AR
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