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Objective: This study aimed to derive the subtype of late preterm infants (gestational age, 34 to 36
weeks) according to their developmental outcomes.

Methods: We retrospectively investigated the medical records of premature infants who had
undergone developmental testing and were discharged from a single regional newborn intensive
care center. We used 5 domains (motor, language, cognition, social-emotional, adaptive behavior)
of the Korean version of the Bayley scale of infant and toddler development Il (K-Bayley Ill) to group
subjects. K-means clustering (KM), hierarchical clustering, and density-based spatial clustering of
applications with noise were used. We used the average silhouette index (ASI) and Calinski-Harabasz
(C-H) score as evaluation metrics.

Results: KM showed the best performance (ASI, 0.25; C-H score, 58.83) and revealed 3 clusters.
Cluster 1 (need observation) showed low normal scores in K-Bayley Il Scales, and cluster 2 (excellent
development) showed high normal scores. In contrast, cluster 3 (global delay) showed delayed or
borderline scores other than the social-emotional scale. Maternal age (P<0.01), number of fetuses
(P=0.03), prenatal steroid use (P=0.01), pH (P<0.01), and base excess (P=0.03) showed a statistical
significance among the 3 clusters.

Conclusion: The authors found 3 phenotypes with distinct developmental outcomes among late
preterm infants and discovered variables necessary for their prediction. If the target group, requiring
developmental testing, can be screened early by using these predictors, it may be beneficial in
improving the developmental prognosis of late preterm infants.
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Fig. 1. Heat map for 5 scales of Korean Bayley scales of infant development Il (K-Bayley-Ill). Except for the social-
emotional scale, the remaining scales of K-Bayley Ill showed a moderate correlation with each other.
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Fig. 2. Dendrogram of hierarchical clustering. The hierarchical clustering algorithm showed the best performance

on 3 clusters.
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Fig. 3. t-distributed stochastic neighbor embedding (t-SNE) plot with cluster by k-means clustering.
Three clusters classified using the k-means clustering algorithm are displayed on the t-SNE plot drawn
using 5 scales of Korean Bayley scales of infant development lIl.
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Table 1. Patient Characteristics Stratified by Gestational Age Group

2022 September;33(3):127-135

Characteristic Missing (%) G34 G35 G36 P-value
Total 75 54 26
Age of mother (yr) 32(29,36) 31(30, 35) 34 (30, 38) 046
Sex (boy) 40(53.3) 30 (55.6) 13 (50. O) 0.90
No. of fetus 1(1,2) 1(1,2) 1(1,2 0.82
Premature rupture of membrane 45 14(18.9) 9(17.6) 2(8.7) 051
Pregnancy induced hypertension 45 9(12.2) 11(21.6) 2(87) 023
Gestational diabetes mellitus 45 16(21.6) 5(9.8) 3(13.0) 0.19
Prenatal steroid 58 60 (81.1) 32 (64.0) 13(59.1) 0.04
Prenatal MgSOa 58 40 (54.1) 21(42.0) 4(18.2) 0.01
Birth weight (g) 2,160 (1,790, 2,380)” 2,290 (2,050, 2,550) 2,370 (2,080, 2,680)” 0.01
Birth weight (z score) -04323+1.0838 -0.5479+09153 -0.8327+0.8295 021
Vaginal delivery 8(10 ) 9(16.7) 3(11 ) 0.59
Apgar score (1 min) 19 6(5, ) 7(6,8) 8(6, ) 0.01
Apgar score (5 min) 19 8(7,9 9(8,10) 9(7,10) 0.16
Body temperature (1st) 369 (36.7,37.0) 36.8(36.5,37.0) 36.8 (36.6,37.0) 031
pH (1st) 73+0.1 7.340.1 73+0.1 0.50
Base excess (1st) -45(-6.0,-29) -4.8(-6.9,-3.3) -3.7(-64,-1.7) 0.28
White blood cell (1st) 11,106£2,989 11,622+3,439 11,249+3,834 057
Red cell distribution width (1st) 16.0(153,17.3) 16.2(154,17.5) 159(155,17.1) 0.76
Mean platelet volume (1st) 06 9.6+0.7 9.7+0.7 9.6+0.6 0.76
Respiratory distress syndrome 12(16.0) 5(9.3) 2(7.7) 038
Intracranial hemorrhage 6.5 0(13.9) 5(10.2) 5(20.8) 047
Length of admission (day) 17(11,26) 11(8,15) 10(7,14) <0.01
Age at K-Bayley-Ill (mo) 9(9,10) 9(8,10) 9(8,10) 0.71
K-Bayley-IIl
Cognition scale 90.0 (82.5,95.0) 90.0 (85.0,95.0) 90.0 (85.0, 95.0) 0.30
Language scale 97.0(91.0,100.0) 97.0(91.0,97.0) 97.0(91.0,100.0) 044
Motor scale 97.0(91.0,107.0) 97.0(91.0,103.0) 94.0 (86.5,103.0) 0.57
Social-emotional scale 100.0 (95.0, 110.0) 95.0(85.0,110.0) 95.0(85.0,105.0) 0.02
Adaptive behavior scale 95.0+9.3 94.9+9.6 91.8£89 033

Non-parametric variables are presented as median (interquartile range) and statistical testing performed using Kruskal-Wallis test. Parametric variables are presented as
meanzstandard deviation and statistical testing performed using one-way ANOVA. Categorical variables are presented as number (%) and statistical testing performed
using the chi-square test. The percentage of missing values is zero unless otherwise shown.

(34, gestational age 34 weeks 0 days to 36 weeks 6 days; G35, gestational age 35 weeks 0 days to 35 weeks 6 days; G36, gestational age 36 weeks 0 days to 36 weeks 6
days; K-Bayley-Ill, Korean version of Bayley scale of infant and toddler development Il.
9<0.05 in Bonferroni post hoc test. ”<0.05 in in Wilcoxon-Mann-Whitney test followed by manual adjustment for P-value by Bonferroni method.

2He 1782 AT 15579 did=tol 4ol 2= ti(Table 1).

G342 75%8(48.4%), G357 54%8(34.8%)°1%12

o, G362

26%8(16.8%)°121tt. G343} G353, G306+ AROlofAl A 2]
ZOJ= ARH(P=0.04), A Attt
(P=0.01), 1% oFZL7} 35=(P=0.01) & K-Bayley-I119] At& A3

Z=(P=0.02)°014 SARH Q] 2fol & K
I G306 AtolollA 2AEH 1+
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ARH(P=0.01), A%

k. AR Ao G4
of7} Y47t EAH 0.2 Hol

Table 2. Evaluation Metrics of each Approach

No. of excluded

Approach No. of clusters  ASI  C-H score outliers
K-means clustering 3 0.25 5883 NA
Hierarchical clustering 3 0.25 58.79 NA
DBSCAN 1 0.59 1847 2

ASl, average Silhouette index; C-H score, Calinski-Harabasz score; DBSCAN, density-
based spatial clustering of applications with noise; NA, not applicable.
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Table 3. Patient Characteristics Stratified by Cluster by K-means Clustering

Missing (%) Cluster 1 Cluster 2 Cluster 3 P-value

Summary Need observation Excellent development Global delay
Total 63 83 9
Age of mother (yr) 35(30, 37) 31(29, 35) 29 (25, 35) <0.01
Gestational age (wk) 35.1(34.4,35.7) 349 (343,354) 35.3(34.5,36.1) 042
Sex (boy) 35 (55. 6) 43 (51. ) 5 (55. 6) 0.90
No. of fetus 171, ) 1(1, ) 1(1,1 ) 0.03
Premature rupture of membrane 45 10(16.9) 14(17.5) 1(11.0) 0.89
Pregnancy induced hypertension 45 10(16.9) 10(12.5) 2(222) 063
Gestational diabetes mellitus 45 13(22.0) 9(11.3) 2(222) 021
Prenatal steroid 58 43 (74.1) 60 (75.0) 2(25.0) 0.01
Prenatal MgSO« 58 27 (46.6) 37(46.3) 1(12.5) 0.17
Birth weight (g) 2,227.0+4345 2,224.6+456.9 2435643937 039
Birth weight (z score) -0.5989+0.9438 -0.5390+1.0226 -0.1320+1.0563 042
Mode of delivery (vaginal delivery) 6(9.5) 12 (14.5) 2(22.2) 047
Apgar score (1 min) 19 7(6,8) 6(5,8) 5(4,8) 023
Apgar score (5 min) 19 9(8,9 9(8,10) 86,9 0.15
Body temperature (1st) 36.8 (366 37.0) 36.8(36.7,37.0) 36.8 (365 37.2) 0.26
pH (1st) 7.310.1 7.3+0.1 7.210.1 <001
Base excess (1st) 40(-55,-22)” -49(-64,-29) 62(-83,-48)” 003
White blood cell (1st) 11,198+3,208 11,406£3,418 11,004+2,759 090
Red cell distribution width (1st) 16.2(15.3,17.5) 9(153,17.3) 16.6 (15.7,18.0) 0.61
Mean platelet volume (1st) 06 6(9.2,10.2) 6(9.3,10.0) 8(9.3,10.5) 0.76
Respiratory distress syndrome 5(79) 13(15.7) 1(11.1) 037
Intracranial hemorrhage 6.5 7(123) 3(16.5) 0(0) 036
Length of Admission (day) 15(10,21) 2(9,18) 11 (10, 24) 040
Age at K-Bayley-Ill (mo) 9(8,10) 9(8,10) 119, 14) 0.11
K-Bayley-IIl

Cognition scale 85.0(80.0,90.0)" 95.0(90.0,95.0)" 650 (57.5,745)° <0001

Language scale 91.0(89.0,97.0)" 1000(97.0,103.0)” 77.0(755,79.0)" <0001

Motor scale 940 (880,97.0)" 1000 (97,1100 64.0(505,73.0)” <0001

Social-emotional scale 850 (80.0,95.0)” 105.0 (100, 115.0)" 90,0 (82.5,100.0)” <0001

Adaptive behavior scale 88.0(83.0,94.0)" 1000 (96.0,103.0)” 75.0(69.5,86.0)" <0001

Non-parametric variables are presented as median (interquartile range) and statistical testing performed using Kruskal-Wallis test. Parametric variables are presented as
meansstandard deviation and statistical testing performed using one-way ANOVA. Categorical variables are presented as number (%) and statistical testing performed
using the chi-square test. The percentage of missing values is zero unless otherwise shown.

K-Bayley-Ill, Korean version of Bayley scale of infant and toddler development ll.

920,05 in in Wilcoxon-Mann-Whitney test followed by manual adjustment for ~-value by Bonferroni method with every other group. ”<0.05 in in Wilcoxon-Mann-Whitney
test followed by manual adjustment for A-value by Bonferroni method with one other group. 9<0.05 in Bonferroni post hoctest.
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A v oA = ALY oj]Eﬂ(P<O 01), BioFe] 42(P=0.03), 4P &
g Zo]&= AR(P=0.01), &4 & 1417t o]W BGAY] pH (P<0.01) &
BE (P=0.03)0ll4 SAIA Q1 Zpol& Btk AR HAolA= T2 2
[atah o g+t W E Q3 ANk A A Afol 9] AR AF
3} efjo} S0l A BAIFQI 2He](P<0.05)8 E¥oH, T d g4yt
ZHEA 2| A Aol A pHEF BEAIA BAA Q1 2}o](PL0.05)E
K HTable 3).

7 2742 BRI d Agsk 7

W40 f3} 517]9] BA|A

EBE/t w2 &9 A7|&EH 1 o 24 2:-0.92, 8 1 o &4 3:
-0.91, 4 2 o 74 3: -0.98)2 BolF9lon pHE #4 2 ) &
A 304 =2 g3} 37](0.81)F EolFHTable 4).

k|

57] AAJotS tAFo 2 gt B QoA SAY Fgof whet BEsh
TIE(G34, G35, G36) AtololAl= K-Bayley-1119] = % A3]g 4]

Table 4. Estimated Effect Size According to Cluster by K-means Clu-
stering

Reference: cluster 1 Reference: cluster 2

Cluster 2 Cluster 3 Cluster 3

Age of mother” 026 045 0.21
Number of fetus” 0.17 037 0.19
Prenatal steroid” 0.25
pH (1s9° 0.19 0.13 081
BE (1s)” 092 -091 -0.98
K-Bayley-lIl

Cognition” 049 0.94 1.00

Language” 054 097 1.00

Motor” -0.54 0.94 099

Social-emotional” 075 -0.18 065

Adaptive behavior” 078 0.69 099

BE, base excess; K-Bayley-Ill, Korean version of Bayley scale of infant and toddler
development IIl.
ICliff's delta (range -1 to 1). "Cramer’s V. “Cohen’s d (range 0 to 1).
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Sh= A7-E0] @o| o]Fof| 1 et wjLotol A A A &
BAFE 52 AeA 57 715 <ol thgtt BiaE AR&SiA Al
 #HFS FohfiEe o] Lt Qe 010 7120 s
4l & Yol HHOR FE A Abd
3} gjofe] F4H] B‘éé% WHpE ARG E57F Wolkth X2
njsote] Wige] 23S Y B AE TR ARG o,
obde 11 47 UK gt B B Oq:rLQ]' Z ]'O] XHEH A= 34—;1301]
Al 36 Alo] 37| mlsote] Wl
A= QoA T o] it 7]—‘— njgop drd ‘1]]—1— ?ﬂ‘—rL

HuomE o of
bomo
[e]
)
u:E'
_g
OI

A

=~
Y
ofy

l

sl
i)

M o rlo AT
N
fru
k=
o
i)

se %494 A 02 B AFE ROl
% 315 o|5t9] 27] v|%0h8 PO 3 ¢vvl holglon,

e‘“ ZHFH A 32504 335 Apo]2] F7] H]GotE e R S
:rL%Ol AT % WSx(outcome)Q] ZHOAE A&7 £429|
B ATE Yol F2 ofe] i} HEE F ol o idollA 24
A5 Aok 2YS HEAY, o d E‘iér L

= HFgS UsE o*—.% F‘-’“’P A7} o] QL}. " o]
S5 AAH o o} B S

. TollA 7H Eol ARG AL = A
—Eé‘ﬂi EQ% HIA = 7| AskE} A S EA T 22
W HE A7) nle A AsHA]

O]'_l"—j-"_——i oq:rLEﬂ"o} S BRI} olF #Ashs A
(similarity)l] 2Ast HEES FHOE FEsto] Fe HAE
71ASE HO R Y] HlojHofx A8 4= glo] X AR
o] &1 it} oA &3t F4E EH(principal component
analysis)o|4t Q21EA(factor analysis)o] HSLES HolA A=
Sacts Wolghd, 23k AH 52 #EES FolA &
BE E45R= ok’ o]d A7 £4E B Ele A=
9] B34S £o0l1, EE 7 TA9] HieE tS gEotA et

B3} 719 (partition based),

= =
=

https://doi.org/10.14734/PN.2022.33.3.127 133



Kim H, et al. Late preterm clustering

Z 7¥Hlinkage based), ¥ 7|¥H(density based) 522 &3
2= ik’ B 719 AR BaEghKM) 32 37k k-medoids
clustering)e S4H2&E A7t 7Pk HEES T2 2302 &
FeITE’ 0% KM EuElEe of A7k Agkele oz, 7it
g Y E ol &l HRgHE skl 1hAet P 0= wie- fAst
A A FES S ks AL 7Y o] Yo KM g
Fo| /IdH o] o= F3} 72 FEs] Y YA, KM Y
T2]|EL o A3] 71 wo) AR E= T3} 7] Ho| o B qltof A
= KM ¢8| ARS8 Bt AF9l A4 H Calinski-
Harabasz A4E S0 & 1P o 7MY 2t d5= Ko
Fom, o] FHES 7t 7HK Ao = & B = Qi) o4 7]
vt F3819] skl HC= A& ©Aol A= Z442H9] #1252 51t
SH3E FHOE 5L, o] F H|[FAMIo] 7MY W F = o
UE St o] % HE o] she] 3o g FtE w7k ¢
o] BHL HHEgy’ U 79k £5511 DBSCANS -4 Qtof] &
SHE RE O] Vg & AR E HEo R #E A ogit) 94 o9
Sl A78E A e (CehHi 9] o]-2Z FE3itt. of7]of A
% FA < AH{minimum points, Ny, ©1AS] FEo| Este o] QIth
H Ao E HYgstal, A BPZO] #22 ol/d A (noise)E A7 7E
ot A2 HYdH F2of oA 5L L =Eolsto] £ 9] o
o

2

b

A9 7t} o] 8 LE BES YRS uf7hA] §HEgict #39
2] - et QAT 69 ny AFAE ZA7gsHoF g
tt.” DBSCANS &118&2] B4 4 t-SNE 1A F3lo] &
== 71518HA Q] BYgRS HolFs ARl £2 458 Hols A
oz dA glon, B dAFoHE f-89 #HS EHHA HH
o}, & Aol Al KMIF HC &5 Al 7He] #3022 E53e o 7}
FE2 S HoFglor, ol & AoA HFH o= At
Al 7] @Yol o2 L E|FolA = GBEA Yepdths W50l
2} st

71& Ao} dhd |5 Aol A ofl& W 25 ARSE QI pH
2 BE, AH29] ¢iFgo] B Ao M ZF E@Y Zho] 2jo|E Hol=
Ao UYepgon] E5| o|F BESL pHO| &3 7|7 & Z 02
Ebgeh uhd e A, 2841%, okt A4 52zt £EF 719
BAZHOE Fo3t ol & HolA] ghorom, of= 7] ul&ote] A
g Adgolut EAAZ, oLyt A4 ol vl gdsta, i o %
Aoz gzyeEct ! shAk giako] Blw A 22 B Ao E4
g 7 Y 7H9] v ol ARSS vl 4 W o] hAl
ol 7]1gt Y 7Fe A= FFo] Folof shzle, ol 23 o
TR ZSE Ao|A Eelo] sk 7 o g AzhHrt,

20184 Johnson 572 1,13989] w|&ol el A 32-36%)
£ o E WA 247099 e 2 P& EA 59 #ol &
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WASEG S A-&ste] AJFgE Aol 3709 A AS(healthy
outcome, term-born phenotype, preterm phenotype)& H1il
SIQATE oli= 747t 2 AtollA] Zobd 3710 BERF (P WY,
ZH Q. AvkA A A o35k SHo] Wk Z2TA o WHE
I} did<to] thE AollA . & Aot vt EE P ol THH A
o= ol 4= 1o, & AT ZIE s R sk= S
2=

2 AFE T 7|89 97 7SS Bl o §F 99k | A
29 SIS 7Tt Eg A o2 th o] 7t FEoHA] ot
S 0] HpE RS} ARG SHA] ERlthe A= AJdH 11
23 SF FHATY] A A AFHoE £33 FriHolHE
ARRSE AAAZ(clinical validation) T3 o] 50] 2| X Z-gith. T35k
AR AR Aol A" 671 EolA 1671 Afe] 2 L
A FLSHA] Ytk A E3F Ao, sHA|TE 27] Aot e
of| A F513E 2ol & Kol Al 7HA] RAFS Fotwlen, o]9
of agt HpES IEdfdlths Ao & A7 A9E = &
ULt o] A& WS SEsto] W HAPF B/ tid+-E 271
A 4= ok, $7] wgoto] Whg of| & gRio] ol 2 A oR
JZHEch Yot B AdFE vl o 2 25 g IS E A7 E o]
B3 A9} FESE ATl o] Fol AT, = 7HA Q1 Ao gt
g AE o & E2o] € Aolt}.
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