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oA At FAlE wed Qe H
S Hold A% FF B AR 4H
At YU BE= gF5she ARES
T2 200495 @A7HA s @9 F
7] AZRL A oA 71 EAE S FHEA
AdE AE S A58 =¥s Holn
UTHEAFA T, 2023). 1t} o]H7 =¥
T Esta, 2023 fEvere] A ARt
FE AdEREG 83% 713 13,978 o7,
20134 ©]F 7MY B FXE 71EIhEA
A, 2024). E3], 202118 7]F 204 5B 3449
g Ad ALES AT 109 WE 2478
2 OECD H#¢l 108HHET} 230 & =
Al 1= RuFflen, o F 20tf AFgA
o] 527%7F AEE Qs AR 1o E e
U 20th o] Apikel] thdk AbEl A ZZAlo] Eof

ol MU Rl
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A P T BT A5 ofe
T ETetal 2@ 7I3E AR HEE FofollA
8% A7 FAE OEA gv 27 AT
So A4e Y Ao Hotahe A%
2 HEoW, oF QTTE AL AL
A} A (suicidal ideation)ol] Al A}4F € S (completed
suicide) 2 O] A= &2 HFow HYT

(Sveticic & De Leo, 2012). Nock 5(2008)2 A}
A 9bg o]A o] IS At Alalsuicide ideation),
At Al (suicide plan), A A E(suicide attempt)
2 RStk 1 A @A) A Alaes A
Ae dE e degAY dAE S5
AZteks Ae o rekHNock et al, 2008), ©]
= A dEY FEHeRE B ok A4
AbaleE Blad WIS BaEs Zlo] whal,
ol A¥ste dikrt AAl AL A=A
UolZtAl & gethe HolA, A A
WA I PFo R S WEs| FES}
o HE RV} AKlonsky et al., 2016).
ojojAl = @Al A4 Age 555 HHL
2 @ FAAY POt NE ASE o
A ZNock et al., 2008), T<=3F AA Abaro
Hsl e A4k A =29 o]f JhsAdo] BA
3] F2 Aotk dAlz ml= H4de A
2 s B Ao =W, A AgE T
Y3k Fdko] At Alunhe By FdEo
A NEE ojojd Eo] FostA =A |
EFCHWitte et al., 2008). BFA|EF A4 A=
SAE AL AaLet Alge] gFor HAed
GAR, FodE IRE /XA grHow
228 A= FE AoFTHNock et al,
2008). APAFES ZE A Alar) zp4ab
AEZ ololAE R ohAT A Atmsh
A dAE AP MU 28A ¥ A
ol v A A= g AR o] 5 f{jol
A3 s M-S Husla thKlonsky &
May, 2015; Nock et al., 2008; Nock et al.,
2016). WA A B APdT EFY B
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9, A% PE B AT F25)
EERE S ML A
(Non-Suicidal Self-Injury, ©]3} NSSI)7} <l t}.
NSSI&= 74k 9% glo] o= A4l AlA
z225 EFA7IE BAE APSH©Nock &
Favazza, 2009), DSM-594+& o] #H 353}
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Least Absolute Shrinkage and Selection Operator
Regression(LASSO)S Hl w3t A AZE
d3ett Aol YRYEE mEAHOT
(Van Vuuren et al., 2021), §|Z27]o t]stAY
= WEe R 3 A7 HA HAYd &
g Z(Logistic Regression[LR}, Support Vector
Machine[SVM], RF, Naive BayesINB)-S 83}
of, A AR ARPEE BREE 2l A4
o H S THBalll er al, 2025). BT o}
Uegt g, v, k2ol AAES ude
Z 3 g7t AT A= XGBoost(XGB), RF,
Light Gradient Boosting Machine(LightGBM) & 4
Fo FuElEE v Byl A Ax 9
drs BFske HH3E dauese =39
ATHKim et al, 2024). o] T AFEL A4
FE APT ol ol T daEFol 9
Ea7lun) Dee dueEe Mn 9 A
sk 2ol nuH AT WO A G
I Yes HoEh
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4% JUT £ A7 PRI 2L 3
o = Aade dem 3 AFdA=
LR, SVM, Artificial Neural Network(ANN), RF,
XGB 5 B3 daugse 8t HZ 1
9 o] A AR

—= 1=
239 A5S Hluw HZ38HIA(Lim et al,

2022), T - AHITE WFOE 3 AFdAE
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(N = 828)

Variables Frequency (%) Variables Frequency (%)
A 323(39.0) £+ 214(25.8)
Al AA X5 A
o] A 505(61.0) = 614(74.2)
RT 577(69.7) X=N 376(45.4)
_ Agae A8
Fis ik 157(19.0 o fe
o (150 i-3 452(54.6)
IS ZRe 11(1.3)
A=A - o]
T8 ?_]l,];ﬂ 202) uy "3 m= T 161(19.4)
Ho7|# 2(0.2) CaUR = 667(80.6)
71ek 799.5) AAALAL 263(31.8)
A 1d o _
T 3 762(92.0) } _ AAA 8 68(8.2)
AFA Y A e 4D
+ 9, g 66(8.0) AN & 36(4.3)
=Skl HHNB), A 7|WHKNN) ¢ig]Es BRHLe
2 BAEIY BA4LS R 4428 53 3y
B ATolAE o) AdFe] A2 1d o]  glop], WS e az Aolg SAstIA

04 AE AGE LR 2L TEA)
ol A Ax, A B AR e
WeE dgsEt A% AL 3% 9y
oo the olFB0, 1) FH3} el HF
A A Y w9 2 AASET
olg oz A 12709 ol A AT
g Z4¥% AN AL AT 4B HHe
2 gojstgon, A% A 2 A% Wl o
A FYE BB B BRIAGG. & A7
o4 BEH FAH Ll E 29 Utk
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2 ATlAE 200 AdE A2 AE A
7 Bdl A28 m3S 78] d A
& 7]WKLR, LASSO, Ridge, Elastic Net), EZ| 7]
HKRF, GRRF, XGB), #d 7|9kSVM), A 7|

e SYUTE ZArdete] 2Egekinh
Y A A B /\]‘: blolEle] e~ B
78 EAZ 237 98] SMOTE(Synthetic
Minority Oversampling Technique) 7]'H-& 2]-8-3}
220 HIFAHS }4/\3?:}8]-9}11:]-
Zﬂ__,—_mh,} gz_]u]-p:lr Ml—_g 7&
:rLoﬂ/“]‘:* 10-fold W2} 7 =(cross-validation)
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(Accuracy), " Z(Precision), A H E(Recall), E-©|
E(Specificity), F1 Z<=(F1-score), G- vHG-mean),
T18]31 AUC(Area Under the Curve)S A /‘431]-
ATE Adek] 24 Vel @
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Random Forest o easl . - =
T ERE T I E RUE, gRksl o] Holg
Guided Regularized A TP 2Eo| FAE st FESAY GFHo| e

Eg 7]¥k Random Forest HE4E g3z o g AAST AA HeEe =

NEAE wRHoz duolEste BaE Mol A%

eXtreme Gradient B _
A2E o), WE e ST 09w BR JUES
Boosting

Ehd

tole It AE HAdislshs HAo 2A AAE Fot &
7Ad 7]4k Support Vector Machine _ 3 N _ - _

Fobe, 1A F3e] B9 vy BA Aol a3

Z+ W7l SYolge TPgste] 218 SES AlLteiH,
A 7]\k Naive Bayes _ B

A4k Blgo] A 34 oy Ao A3

AZE dolE et AHT KN 71F Holg Ato]o] AelE
Azl 7]t k-Nearest Neighbors 2%t 71 HErt =8 HEE didst= APGAQ HE

% Q E(Feature Importance)  7|HHKNN) ¢18|&S 53207 &35
a|

4 dagFe R 7+ oW, I A%e & 494 At

zo) F9EA @1 Y AELT WE AL AT JPT BF wde) Axe W)
o 7Id=E HtE g e B¥ 593 3 2, 1ASSO darElge] 2P AR
(Model-agnostic)y W< QT H7| #FA2 o] 5 38494 7P Hojd A= R

=40 LASSOE= A d1gE T HE=08169 A

RS 337t A o F%H R 4%
& 08622 AWV Vebgh Ak Ag
Ade &
2 3 zeo] A)
How HIYe

=FEY H5 Eot ol mdg 39l

ZOEH ‘415_% X]'}é' ‘ESg%— -“Hf—gﬁ Tl]:_]—'ﬁ‘oﬂ 34;*(‘1] /\E]Zﬂ Z]'}é-
se mHe A A8l MY AR Aais ARSI 07812
LASSO, Ridge, Elastic Net), E2] 7|HHRF, GRRF, o382 2 A3 A%< Jehdt &
XGB), A4 7IHSVM), A4 ZIHNB), AT Gumean AZoIA 08158 71Z3 o] lolEle]
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#H 4 0AEd ¥02E5E 2R8s
Slank=t =S Z4WOl Accuracy  Precision  Recall  Specificity  Fl-score  G-mean AUC
A kAL AL 0.759 0.632 0.595 0.835 0.609 0.703 0.795
IR 2H4A 8 0.858 0.274 0.419 0.898 0.333 0.591 0.689
AN = 0.906 0.181 0.316 0.933 0.295 0.459 0.699
AAr 0.816 0.798 0.572 0.930 0.662 0.727 0.862
LASSO AA g 0.857 0.346 0.770 0.864 0.473 0.810 0.885
AN = 0.791 0.156 0.836 0.789 0.262 0.805 0.873
A AL 0.796 0.745 0.551 0.910 0.629 0.705 0.861
Ridge AHAA 8 0.856 0.346 0.776 0.864 0.474 0.813 0.900
AN = 0.852 0.185 0.676 0.860 0.290 0.746 0.863
AAr 0.810 0.797 0.546 0.933 0.644 0.711 0.864
Elastic Net AA g 0.854 0.342 0.781 0.861 0.471 0.815 0.902
AN = 0.842 0.181 0.721 0.847 0.288 0.767 0.878
AV Akl 0.800 0.737 0.581 0.901 0.646 0.721 0.855
RF AdA 0.926 0.597 0.391 0.974 0.467 0.595 0.903
AN = 0.958 0.606 0.137 0.995 0.449 0.238 0.873
AAr 0.785 0.701 0.574 0.884 0.627 0.709 0.826
GRRF AA 18 0.922 0.550 0.433 0.965 0.474 0.626 0.867
AN = 0.942 0.328 0.259 0.973 0.395 0.400 0.787
AV Akl 0.807 0.741 0.612 0.897 0.664 0.737 0.849
XGB AdA 0.923 0.575 0.320 0977 0.430 0515 0.886
AN = 0.958 0.563 0.204 0.993 0.520 0.311 0.820
AeAr 0.796 0.707 0.624 0.876 0.660 0.738 0.858
SVM A G 0.931 0.598 0.529 0.967 0.544 0.696 0.890
AN = 0.954 0.250 0.025 0.996 0.400 0.050 0.803
A AL 0.714 0.877 0.117 0.992 0.209 0.322 0.847
NB 2H4A 0.920 0.975 0.023 1.000 0.259 0.058 0.892
AN = 0.957 1.000 0.001 1.000 0.400 0.002 0.860
AAL 0.759 0.886 0.278 0.983 0.417 0516 0.842
KNN AA g 0.918 NA 0.000 1.000 NA 0.000 0.872
AN = 0.957 NA 0.000 1.000 NA 0.000 0.821
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5 AY WS gD 2F 49 107 /e 8

M5 e S
Ak (LASSO) Ak (Elastic Net) A4k (Elastic Net)
Abar ]2 AlE W2 A= W2
el N el 3 N el 3 N
8= A 8=
1 e 741 1 A A5 A 113 1 243 Azte 157
(Aol & (Aol &
2 A A =2 .600 2 A ) .100 2 Al A5 A 119
A wide] A viefo] w
A3l A5 2 2 s BE) & 2
AEH H=Ed ) 372 EHo G2 EHes
3 . 365 3 097 3 098
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4 .349 4 _ .087 4 095
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o5 KA SE EaE 22 A9 107 Y ol GES)
WAl WAl WA
A2k (LASSO) Ak (Elastic Net) A4k (Elastic Net)
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Development of Machine Learning-Based Models for Classifying
High-Risk Groups for Suicidal Behaviors and Identifying Key
Predictors Among Young Adults in Their 20s

Deok Hee Lee Dong Hun Lee Jae Wook Shin  Zhi Hui Yuan

Sungkyunkwan University

This study aimed to develop machine learning-based classification models for suicidal behaviors (suicidal
ideation, planning, and attempt) among young adults in their 20s and to provide empirical evidence for
establishing tailored prevention strategies by exploring major risk factors at each stage. To this end, data
from 828 young adults in their 20s were analyzed, incorporating variables from diverse domains such as
sociodemographic factors, health-related variables, substance abuse, sleep, trauma, self-harm, interpersonal
relationships, and psychological variables. A total of ten machine learning algorithms-including Logistic
Regression, LASSO, Ridge, Elastic Net, Random Forest, GRRF, XGB, SVM, Naive Bayes, and KNN-were
utilized to construct the classification models, and their validity was verified through ten repetitions of
10-fold cross-validation. The performance evaluation of the predictive models revealed that LASSO showed
the best performance for classifying suicidal ideation, while Elastic Net demonstrated superior performance
for classifying suicidal planning and attempts. From the exploration of major variables, 20 core risk factors
were identified across four categories: suicide contagion-related factors, non-suicidal self-injury related
factors, psychological factors, and sociodemographic and medical history factors. This study is significant in
that it established precise machine learning-based classification models by subdividing suicidal behavior
stages and provided empirical evidence for young adults in their 20s. In particular, by confirming that the
optimal algorithms and core risk factors may vary according to the stage of suicidal behavior, these
findings are expected to contribute to the construction of stage-specific, tailored suicide prevention

strategies and crisis intervention systems for the young adult population.
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