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[Abstract]

This study aimed to establish foundational data for a body-type classification system specific to elderly Koreans by identifying
the statistical characteristics of body-ratio indices, identifying prototype body types through exploratory clustering, and statistically
validating key classification variables. Ten body-ratio indices of 1,381 elderly Koreans (657 men, 724 women, aged 65-96) were
analyzed. The models were evaluated by comparing the performance of five clustering methods, including K-means, Gaussian
mixture model, agglomerative clustering, Density-based Spatial Clustering of Applications with Noise (DBSCAN), and
Autoencoder+K-means, using the silhouette coefficient and the Davies—Bouldin index. The results established baseline statistical
values of Korean elderly body ratio indices, exploratorily identified two DBSCAN-based prototype body types, and validated the
thigh/crotch-height and calf/thigh ratios as the key classification variables, with Waist-to-Height Ratio (WHtR) as an auxiliary

indicator.
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Table 1. Composite health risk score

Risk Component Criterion Score

Abdominal Obesity | WHtR—based abdominal obesity 1

Sarcopenia Risk Sarcopenia based on AWGS 1

Lower limb (calf/thigh) muscle
mass deficiency

Lower-Limb
Muscle Deficit

Composite Health

. Sum of the three—factor scores 0-3
Risk Score

o Corresponds to a composite _
High-Risk Group score of 2 to 3 points
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Table 2. Body ratio comparison by gender

T Male |Female b - Effect
(M) (M) Size
WHtR :
(Waist/Height) .558 592 | <.001 | .316 | Medium
Hip/Height 614 .661 <.001 | .433 | Medium
Thigh/Crotch Height | .684 774 | <.001 | .548 Large
Calf/Thigh .675 .626 | <.001 | .561 Large
Upper Arm/Height .190 .202 | <.001 | .339 | Medium
Thigh/Height .350 .383 | <.001 | .415 | Medium
Shoulder None
Width/Height 256 | 286 | n.s. (n.s.)
Calf/Height 229 | 232 | ns. | - '(“0”8
n.s.)
Crotch

Height/Height .483 .466 | <.001 | .237 Small
Upper Arm _ None
Length/Height 210 208 n.s. (n.s.)
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Table 3. Comparison of performance metrics by cluster
method x number of clusters (k)

Method k | Silhouette T | DB Index | | Noise Ratio
K-means 3 .287 1.242 0%
K-means 4 .294 1.096 0%
K-means 5 .264 1.240 0%

GMM 3 .253 1.208 0%
GMM 4 221 1.244 0%
GMM 5 .166 1.400 0%
Agglomerative 3 .256 1.372 0%
Agglomerative 4 275 1.180 0%
Agglomerative 5 .255 1.300 0%
AE+K-means 3 .289 1.265 0%
AE+K-means 4 .285 1.202 0%
AE+K-means 5 .255 1.350 0%
DBSCAN 3 514 .657 74.3%
DBSCAN 4 .348 .838 49.0%
DBSCAN 5 .289 941 58.4%
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Table 4. Comparison of key features by prototype body type

Type A. T B
.. | (Lower—Risk : -
Characteristic (Abdominal- | Transitional p
/Preserved— h
) Protrusion)
Limb)
Sample Size 225 812 344 -
(N)
Composition | M 36:4% M52.1% | M43.9% ~
P F 63.6% F 47.9% F 56.1%
Mean Age 70.6 71.2 71.6 -
WHR
+ + +
(M£5D) 554+.043 | .641+.065 | .590+.095 | <.001
Thigh/Croteh | 254 058 | 763+.064 | .728+.086 | <.001
Height

Calf/Thigh | .668+.045 | .631+.040 | .654+.048 | <.001

Abdominal o o o
Obesity Rate 91.1% 99.8% 82.0% | <.001
Sarcopenia 41.8% 59.0% 46.8% | <.001

Risk Rate

High-Risk 41.3% 64.7% 56.4% | <.001

Group Rate
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Fig. 2. DBSCAN prototype body type PCA visualization (left)
and Autoencoder latent space (right)
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Table 5. Logistic regression results for predicting high-risk
groups (based on related key variables)

: o Role In
Predictor OR 95% ClI p Classification
Auxiliary
(Wai\é\tn/—:—tig hy| 3636 | 1.208-44.3] | .306 | (nsufficient
g Alone)
Thigh/Crotch | _ - Core Body-Type
Height .000 | [.000-<.001] | <.001 Variable
) _ - Core Body-Type
Calf/Thigh | =.000| [.000-<.001] | <.001 Variable
Age
Age (Per1Yr) | 1.071 | [1.036-1.107] | <.001 Stratification
Variable
_ _ Sex Stratification
Sex (Male=1) | .121 [.078-.188] <.001 Variable

http://www.dcs.or.kr



C|X " 2El = &t5[=&X|(J. DCS) Vol. 27, No. 9, pp. 2547-2560, Sep. 2026

Z} o5 W] 9k A o2 AR, Thigh/Crotch
Height®} Calf/Thigh= 2.2H]7} 0ol 7P4ar p<.001% 2]
3}o] High-Risk Groupe TE3shs 4] W42 283519t
/ﬂbﬂ(u:l)/] QFH]= 121%, uL/&o] o%}doﬂ H&) g 19
3] Wl 58 gEo] WS ofm|gith Wi WHERS @ 22H]
3.63601 A# 7o) [.298-44.3]1 0% ml$- Hlal p=306°C%
FrofsiA] e, R o= QA oS R 7]ssHA] X
glo] Folr}

McFadden R?=0.456/AIC=1028.2/OR~0% 73 &
A(B=—42~—44)] A58} Fh OR=02 Eehde] o] 4l
Zolr®, #e] ZehFirth HAst 22|28 3]4]-VIFE X 6
off Mz AAjeto] 42 kg5 ghragict

> 1o

E6. 8l 05 ti5o| 22| FTkFirth WS 2R AL 57 2

Table 6. Separation diagnostics, Firth penalized logistic
regression, and VIF for key predictors

. Firth OR .
Predictor (per 1 SD) 95% ClI p VIF
WHIR
(Waitidight) 2.47 [2.00, 3.05] |<.001]| 1.05
Thigh/Crotch 0.058 [0.039, 0.086] | <.001 | 1.95
Height
Calf/Thigh 0.290 [0.222. 0.378] | <.001 | 1.84
Age 105 [1.05 1.49] | .01 | 1.06
Sex (Male=1)t 0.073 [0.043, 0.124] | <.001 | 1.73
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