Supplementary 1. Data Processing
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Supplementary Figure 1. Datasets preprocessing workflow. The form of (i, j+k) represents

the number of samples (i), the number of dataset 1 variables (j), and the number of

polygenic scores of dataset 2 (k).

Supplementary 2. Algorithm of variables clustering and selection

To optimize data cleansing while preserving as many entries as possible, we developed a

variable clustering and selection algorithm, applied after Step 6: “Convert weight and

height into BM| z-scores, encode parental race” (as shown in Figure 1). This algorithm
consists of three main stages: Step A (“Deep Clean”), Step B (“Cluster Variables”), and
Step C (“Select Important Clusters™). Detailed descriptions of these steps are provided in
Figure 1. The input data for this algorithm corresponds to the dataset obtained from Step 6

in Figure 1.
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Supplementary Figure 2. Workflow of variables clustering and selection of Dataset 1 and 2.
The form of (i, j+k) represents the number of samples (i), the number of Dataset 1 variables
(j) and the number of Dataset 2 PGS (k)

In Step A (“Deep Clean”), we refined the dataset by removing variables with more than 20%
missing values, imputing categorical variables with over 80% similarity, and dropping data
entries with missing values in the remaining variables. Additionally, constant variables
were eliminated. As shown in Figure A.l.1, this process significantly reduced the number of
data entries. While such a reduction could adversely impact machine learning model
development if used directly for training, we utilized this “clean” data solely for clustering
and selection to identify important factors and eliminate redundant variables.

The implementation of Step B (“Cluster Variables”) is illustrated in Figure 2. First, we
computed the correlation matrix of the input variables. For any pair of items with a
correlation coefficient (r(A, B)) exceeding the threshold value (r_cutoff), we replaced them
with a single component (X) derived through Principal Component Analysis (PCA). Each
item could represent either a single variable or a cluster of multiple variables. The r_cutoff
value was tuned during model training and selected from options of 0.6, 0.7, 0.8, and 0.9.

After clustering, we obtained both the cluster patterns and the clustered dataset for Step C
(“Select n_cluster, n_variable, r_cutoff”) and subsequent analyses. These clusters were
treated as independent units, exhibiting minimal dependency on one another.
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Supplementary Figure 3. Correlated-based clustering algorithm.

In Step C (“Selection”), we employed Recursive Feature Elimination (RFE) integrated with
Extreme Random Forest (ERF) to identify potential predictors. The optimal number of
predictors was determined by tuning among 10, 20, 30, and 40.

Supplementary 3. Model performance
3.1 Root Mean Squared Error (RMSE)

RMSE were calculated in the following formula:

1
st = 500"

where y;represents the actual values, and y; represents the predicted values.

Age (year)
Dataset ~ Model 8 10 14 17 20 23 27
EN 12 214 284 278 3.7 38 464
ERF 113 2.06 3 302 413 339 462
1 GBM 1.14 21 276 312 372 355 483
KAN 111 209 292 341 371 373 478
lasso | 115 215 285 3.06 376  3.56 4.8



Ridge 1.17 217 2.85 3.07 3.67 3.59 4.62

XGB 117 215 297 31 382 401 473
EN 238 317 385 412 470 487 533
ERF 238 317 387 412 472 489 532
GBM 239 318 394 418 480 494 541
2 KAN 239 317 386 412 470 490 531

lasso | 238 317 385 412 470 487 533
Ridge | 238 317 385 411 469 487 532

XGB 239 319 392 420 478 493 540
EN 119 199 291 305 356 343 463
ERF 109 209 265 299 359 399  3.76
GBM 107 2.08 264 312 366 339 459
ando KAN 11 2.01 2.7 3 396 3.7 446
KAN-f« | 1.1 202 259 299 396 345  4.46
lasso | 117 207 281 273 4 352 459
Ridge 119 207 273 311 362 366 444
XGB 113 211 293  3.08 3.7 342 469

*formularized model result.

Supplementary Table 1. Model performance (RMSE) across the seven age groups and the
seven models, by using Dataset 1, 2 and the combination datasets.

3.2 Mean Absolute Percentage Error (MAPE)

RMSE were calculated in the following formula:

MAPE = 3, P24 x 100,
n Vi

Age (year)

Dataset  Model 8 10 14 17 20 23 27
EN 496 836 948 889 1118 1117 1279

ERF 464 813 981 962 1189 984 12.08

GBM 471 824 92 984 1101 1068 12.84

1 KAN 457 836 977 1041 11 1098 12.61
L 2ss0 48 848 953 967 1138 1066 12.66

Ridge | 498 86 955 983 1117 1089 1268

XGB 4.75 83 989 981 1142 1148 12.92

,  EN 976 1257 1296 1253 1344 1393 1427
ERF 974 125 1298 1254 1349 1403 14.18



GBM 9.75 1252 1324 1278 1375 1415 14.41
KAN 9.75 1243 12.88 1255 1351 13.89 14.29
Lasso | 9.76 1254 1297 1251 1343 1395 14.29
Ridge | 976 1253 1296 125 1341 1394 14.27
XGB 972 125 1314 1271 1369 1412 14.35
EN 492 792 96 958 107 1031 123
ERF 457 829 899 954 1053 1091 10.35
GBM 453 809 907 966 1072 10.05 12.03
ando KAN 452 812 917 953 1124 1058 11.79
KAN-f+ | 459 816 898 951 1124 1036 11.79
Lasso | 4.93 8.3 9.5 86 1129 1027 12.01
Ridge | 495 825 918 976 107 1067 11.91
XGB 472 828 984 971 1093 1032 12.08

*formularized model result.

Supplementary Table 2. Model performance (MAPE) across the seven age groups and the

seven models, by using Dataset 1, 2 and the combination datasets.

3.3 Confusion matrix for age 17, 20, 23 and 27 years
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Supplementary Figure 4. Confusion matrix for age 17, 20, 23 and 27 years

Supplementary 4. Pruned tree plots of the KAN models

The bottom black points represent the selected factors used in model development, the
middle layer points represent the first-layer nodes of the KAN models, and the top point
corresponds to the target BMI value for the specific age. The colour intensity of the
connecting lines reflects the impact of the lower node on the upper node. Additionally, nail
plots in the middle of the connecting lines represent the activation functions used in the
models, with the most significant ones highlighted for further discussion in subsequent
sections.

’
p >
e o o o o o o o e o o o o o e o o o o o o o o o o o o o o
X g hv]
U . X X L X
v = ¥ L B v [ I ] g ¢ (0]
& Ec g & % ® [ S B W 9w g S Q
S o @ E 4 2 2 £ £ o6~ 1n 8 VO w £ ©w & ¢ N S g 88
S £ ¢ £ 98 3 EEF QL Q Yy L S w w E 2= £ = 8 K B g 3 g &
3 £ 2 3 £ Y 5 8 B 9 9 O g @ o 0 8 £ $ v 8 6 ® 0 0 0O & & m &
< 2 £ a ° a & &4 X un on Iv) s 2 & 0n I
8 "R=zE 8§ 33° i 88 g S Esgge s 2533
3 0
= 2 = 0 O
>'>_>-QO O ;‘>-£§, @ & o
0 > > >



Y17 BMI

Y14 BMI

o o

759d 159d

¥S9d €59d 1€9d 959d 759d 159d
GS9d
£S5d ®  ¥S9d €59d
959d
ZIWETA ] 25 dndd0
zZInayuiq
ZINGSA T MISAYDUWIYSA ZIWESA

PIS|eullopqySA

e oiyuyyuig

PIS2
® pisie|ndedsqnsgy —
PISSdadlGA = . PISSA
m /
SUIDWIVPINGA < / . -
PISWAPYTA m
PISHASTA N e  mbaid
mbaud >
22 . 5594
pijos
DJPeaHYyMIq ° moerd
JAUMIq
44 ] Jebde
4Im
Wy [ ] 4m
Anabe
owdnado ° Wy
759d 159d
¥52d E3)d ® [59d 259d 159d
DPE3HGPUYTA -
Imbaud ® ¥S9d £59d
baigrus ~
5S9d $152UDULYSA ZINESA
i . ZINGTA
959d
ZINgTA - PISSA
ZINGSA
PiS|eulwopqysa w y ° 25" pwdnodo
PisoeljiesdnsgA
pssdoough 0 ®  mbad
ADULYPINGA O o 65
211D159YDGA N
» > . 959d
oulyy
moed [ X85
Ex] 4 o -
4m
4dn220 o A
Kinjgapow
ue|dbaid — Jnpa
pwabe

owdnaoo . Wiy



occupMO

Supplementary 5. BMI estimation and the expression of the key variables
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Supplementary Figure 5. Pruned tree plots of the KAN models
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Supplementary Figure 6. BMI estimation and variable formularization on Y5BMIz across the
age groups of 8, 10, 14,17, 20, and 23 years. Orange dots — estimated BMI; blue crosses -
real BMI; red dashed lines — formulas of the factor including Y5BMIz; “x” in the legend of
function indicates Y5BMlz.
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Supplementary Figure 7. BMI estimation and variable formularization on PGS7 across the
age groups of 8, 10, 14, 17, 20, 23, and 27 years. Orange dots — estimated BMI; blue
crosses —real BMI; red dashed lines — formulas of the factor including P0921; “x” in the
legend of function —the factor containing PGS7.
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