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7r A MY — (allometry) X, AR, TOELHBOKE S ZRTHO
REFIZHHIT DL (R —V 7] EpEnsEEIENOHEGZ BIETFHT
o, BT, EMOREREBIZEEOIHD 2], RWEIERED 4450 3 F
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EYORESOBRIE, —2DOATFr—V v I7HEFalllos THESTONRD Z L
MBICRESNTE., ZOZLE, AMOREIDELRLIGEL, AERFED
oo (i) B, EMOREIOa BIZHHBILTZT 7 4V EHO FTHED
WiEE LD EEBERT L. 22T, TR RFEET R A NY v 7 H— 2
=D 7P LIRS KT TIX, TOXIRAr—U UL TR AR DT
BREEELT, TrAMN)I Y I ZERAF—V U7 HEHAL, REOBRY O K
RBBICZOXIIRBEENAOND 2R T. ZEAF— IV IURGFET D
Bt AERBEOSAEER, AWOREIITEKFLTELT S, £2LT, A7
— U U TEEIL, o= 2 A A (BEHMR) ITFELTELT 5.
KRFALGH L 6 BHERTH Y, UTFTICEEONFEZMHEICER D, 51 BT
EThDH. Ho2ETIE, 7TuAX b —IlZo5W\WT, TOEFNEBEZHHAT I & &
bz, B—2Ar =V 7, BIV, 2HEHAF—V U 7HOREELZEANT S,
ZITHATLIHER, SfRERESHALIEFETHY, 2 WLofmo%sm5h
MDA =V THREEH#ET D2 LT, 27—V v 7B 5 SARTENEZ T
fliss. HIETIE, FE2ETCRIMIT HEL, K7 A M) vy 7 25—V
JENTE LTHICEAT LS. LT, FELOHFRICKT DIRES M DLER
=V 7 MWERYT. CRET, REZHEO 2 T TH - 2 EEEE BN 23, +
RTOERMIZB WD THEEFMICH DN TE 72, BM OZF4HORMBE— X 7
— V7LD EEEML, LTI, KE- - FRBEKRICEERSZER 7 —
Vo ZWRRAONDZ LR, 2O EiE, 786 OEKIFEMO 7D Ok 5L 1%
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IR AR OB LA S, EREAECKE ST M~ NOREE & HEREOE
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HAG— VW EEBET L EOEEEICONTIHEND.
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F b OERBIEEM G EEZRMNT 2P TAHBLEZT B A NY v 7 £ ERA T —
V7 Molak, 25—V 7 BBRORIEICH D, B CHBEMNLREET IV
LWH ZTHETCOMBICRMZEDL, BRAZBITL2EMO X AT I 7 A&k
TOBRIC, BEHEOSHEEZERTH2LEELZEBHAT L. ZHER2EMTFHERICDE
Lk T A MYy 7R EERBIC, 2ERAS -V 7O R, S—
BUFANEORRDFEICWHEADEMIL, TRENERIREBRBEEHEMAL
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ABSTRACT

Allometry is the study of understanding the universal law called "scaling

'

property," in which biological properties are proportional to the power of
the organism size. For example, it is known that the body surface area of
an organism is proportional to the 2/3 power of its body weight, and its
metabolic rate is proportional to the 3/4 power of its body weight. In the
conventional allometric framework, it has been implicitly assumed that the
relationship between biological properties and organism size 1is
characterized by a single scaling exponent a. This implies that the
variation (distribution) of biological properties has a common structure
under an affine transformation proportional to the a-power of size, even for
different organism sizes. I call such a property allometric uni-scaling. In
this thesis, I introduce the allometric multi-scaling property as a new
concept different from such scaling property and show that such a property
is observed in the actual growth process of plants and animals. In the
presence of multi-scaling properties, the distribution structure of biological
characteristics changes depending on the organism size, and the scaling
index changes depending on the quantile of the distribution.

This thesis demonstrates the importance of objective and accurate
assessment of children's body size, as thinness and obesity in children are
detrimental to their subsequent growth and health. The thesis also points
out the shortcomings of allometry, which is the original concept behind the
currently standardized body mass index (BMI). In other words, the validity
of BMI, which has been adopted in many situations as the standard for
human body size assessment, 1s questionable. Therefore, the purpose of
this thesis is to verify the validity of BMI as a standard for assessing
thinness and obesity in children and to present a methodology for this
purpose.

To derive the methodology, the mathematical basis of allometry is
explained, and methods for verifying wuni-scaling and multi-scaling
properties are introduced. The technique introduced here is based on
quantile regression. It evaluates the quantile dependence of the scaling
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index by estimating the scaling index for each quantile of a two-
dimensional distribution. This analysis method is newly introduced as an
extended allometric scaling analysis. The results showed that children
showed multi-scaling of the weight distribution concerning height,
although uni-scaling was observed at ages similar to adults. The body mass
index (BMI), which is weight divided by height squared, has been used to
assess body size at all ages. I point out that the validity of BMI is based on
single scaling, indicating that children show significant multiple scaling in
welight for height relationship. This means that conventional criteria for
assessing body size in children may not be valid.

I applied this method to allometric relationships found in other animals
and plants. I show that multi-scaling is present in the relationships
between body and brain size in mammals, trunk diameter and height in a
wide range of trees, and leaf weight and leaf area in tomatoes grown on a
commercial scale. Finally, I discuss the importance of understanding multi-
scaling.

The concept of allometric multi-scaling, created in the course of studying
methods for assessing children's body size, questions the conventional
notion of a single, universal growth model underlying the scaling index and
emphasizes the need to consider the distribution of variables when
investigating the dynamics of organisms in nature. In contrast to uniform
allometric relationships across diverse biological backgrounds, the finding
of multi-scaling nature means that individual organisms at different points
on the percentiles may adopt different growth processes. This has
Important implications for our understanding of growth processes in plants
and animals. The analytical approach proposed in this thesis may provide

the basis for future allometry-related assessment methods.
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T AN —EE, EPWORETIELEEZOABYE, BT, LAY FEOAIERE
DMl & & DB AN T H2FMTH Y, KBEOFHER £ 1T~ = B %
y=Cx% %3, 22T, PIRECEEZalZtbICERTHD. EWicEHT
505 DO ExLE —DOEEy DM RREZIOLBEIT) HIETHD.
FL,EMOREIDEWVIZHES BESCHEDZLE X7 — U 7 (scaling) & I
SlL2]l. 7aA M) —O— BB AETIE, 2200B%RH L. 120X, Yo
BRICX T2 KEIOEBICET LR, b9 120, AWK EZeo—i
DR L 725 & 59 [2].

KENGH L ORNEIE, MEHREOTFICEZNY, 7Tar AU —FFEOZ Y%
AR, KVIRWVIREEZED D HiEERET 5. ZOREE, ZNET2Oo08
Bonpmicx L, EI215Th LT RMEEBRIZ L - TREHEAITHOALTE 2,
RAEHHR 2T TR, 2 DOBBEOHMAICEIT D /3—F 2 & A VRO 28I
bz i+ 2 HiEERETHLOTH L. N—kr XA (Ao, %
ANEBND )TN EVEFNO RERLFICHEA_REZZFAEDRNT, £2
WALET 2O ERET HHENMERT. BET 28 LWVilM HiElEX, B bt &
bOEKE, EOXDICFMTIVUER KK LS 20 EBRHFT DR TIED L
FTEHELRY, KEFMOBEENOHIAT L.

FTP, RAMXTRTFELERTSEOER L LT, AR, AR (M
ENSEHBIBTAET), AR AP»PAPL 1EET), IR 1E»S 4 E T),
R 5nb 10ET), 5 (1125 1T~19KE T) OFEMICELD 71—
TR B3], 11 b 13 a2 HFEMY, 1410 16 e FETH, 17K
Mo 19 EFERIET L. BRET, FLVHROMOLH Y, BEMNIHE
L2 ETHARLECN ER L, EENHHO DR Z R L, ZMIiX 10 KE, FBiE
L 12 ENOHREVRFEOFRZ I RWVW[4], £72, 18U EEZAE L TH
L, 1I8kizFEHELTET.

NERHLEERHOEEIX, BEOARRIS-T], MBRADOENI]S 8], KREXZ
SE[9, 10], AR O T [11,12]72 8, FEHLOREBRBORNTI EIERAR
Flzg e fER EHBIL T D, E7o, BMERE[LS, 14], f%Z K F[15, 16], &I
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F1E A
[17,18], MEE AR 42119,20], AIAOHE2], 2] DfERME LS EH LB MESH T
W5 T, AERAE[23,24], FPE[25-28], 2T OFLEKME EF [29-31] DK
K& 5.

— 7, MWL A L E [32-34], 2L AT m— L@ 5 [35,36], 2 BbE R [37-
397, Wi B <0 M IR IRF A B 0 R 8 BE 7R & 0 MR 2R K AR [40-42], BN R A o0 B E
[43-45] L BAE L TV 5.

ZoXow, MEMRLEENOEECIERIL, TO%OANEITE T Dk IR
RWORBESLHTEREZWRKESEDS. 2026, RO T EEKOFHIC
X, BECEBOREZ EMICHMT 2208 KDEETHY, ZOFRVE
BB ICEWT, kfgFEHOPL LR TWVD.

LH»L, 260 CHEICITOR TV A IRKBEMIZ, NEOKE & RER
RE % GF M9~ 2 7= 912, K452 (Body Mass Index : BMI, LA F BMI &9 .) O X
DRI R A A HERICEM 95 2 & Th 5 [46-52].

BMI X, R (kg) #H K (n) O 2FTH-fEELTHMB SN, NEZED
TRTOFEMBICDLIE>T, KOEEXLKY Z2FMT 27200 EE L TLELH
WHALTE . BML 1%, HRICIFEAEERAE L R WIREFEGIERE S LTI
THEY [63], FRICHR AT, BML L HROMHBIZIFLEALEERTHD Z & KR
EhTwWd [54]. BMI 1%, #%E 50 Flcbizb, AR (World Health
Organization : WHO, LLF WHO &5 .), frREa=th, EREE, REL, FERE
OFER, EH, KEHE, BEE, EHORELZFMT 572D OEELE L TR
L T&TW5%[46, 55-58].

UL, /MREMIZKT 2 B Oo@E A& W TIE, EirbE®@mAd 5. £
O REwIE, ANESRBER OZER [69-62], M5 [61,63-65], FimmE [61,66,67]
EEBETE TRV ERETFOND. 51T, BUL X AE, BEE, &KW
KR EOEZEEFEL TRV EZYD, KEBEOHEL LTEAREETH
LHEWOIHME H DH[68-70]. M T, BMI O EF L LMERBLIOELERD LF
OB BEMEIC OV TIREERN TS S [TL]. RGN = 0 F 51 o FH T,
BHEEZFELIE, BEREICHEINATH, BRMTIE2VWEAERSH D Z & BNIEHH
ENTWA[72]. 2%V, FELOEEEBMOEMIE, B0l KMz LT
T 69, EMICTMTI246ERNLS. Z0XH1C, b FOEKIEMOFKEL L
TELLOBEHTHEHAIN TS BML ZZ DO ZYHEIZERVWRH L. 2T, KRENM
WX OBEE, FEL~OEE A ERE L L ToO B O %Y A RAET 5 2
LiZhbY, TohEwmERATLHZEICH S.

ZZ T, BMI DIt & 22 2 H IR RF M O KL & 72 2 BB AR T 2 2 MY



— (Allometry) ToH L. BML &7 A U —DOBRMETH 2 HEAEH T 2 =T
WL, Tr AN =X, TOHERELT, DOWILAMORETIICEHL, %
MR BHUEREGEON D AP bEmMP IR E > TV L. FEMEICE T 5 &) DLk
FoFERIIATYV VATHS. TV VA, BEICHT HREMEOEFED FEITK
FELTET D EICESNT, AHZNHELENSLERGAITITFEIC, K&
DEI D EHEAME CTRRPZET HITEN RN E FRE L2 [73].

RESIPVELRY, RCRMFHNBREAT 2WKOREESIL, KEV D 2/3
T, DEDS « V3 Lnn. VICHEMTLATZAENO 7 vt ZESICHET D
LEENTWSED, 7rt 20@E LV &b THECHKEN LT S
VERNHD., ZOZ i, REHERNEHOEED 2/3 FIZHHIT D L0V TRl
DML, ZOREITMHE THY, BlEOT —F 2 N RICE ST D F T
Dl K, BEOBBRICET IV Y LAOREIE, HFMITITELWA, @
WREIVERRLIAEWIZL, RUBRORMPAEE I THEDRWVWZ LD, KBKRE
LAWETHEMTITY T EL 2V [2].

IRETOLEIE, TEALN)—OSBITET S EBNABRIL, B o EmH
CHREICHH T DLBEALNTELRMEEE X, Kleiver [FADRE INRAL
HRARAIMBLUVETOMA RBIYOFE A L U7 Re I, 81 o {4 0% B 23
BRED 3/4 FIZHFIT DL 0D [7 74 =D EH] (Kleiver’s low) (X 1.1] %
R L2 [74].
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ZoORRKRIE, HMRAMHSEIREY E ToO®M (10 © 27 F) £ TIEI N
TW2[76]. MY OSBHTYH, +4310 K& 22 E K TIEE AR &K ED 3/4 F
DB K Y T2 & SN[76-78], ZHIXFAHREBEN 77 74V THY, &
BEOXy hU— 7 HENEBEBATHL L0, AEHETBE < L (E
SROME) o VB (ki) o M3/t (IkE) LB SR TWVSLT6,79].

TuA MY —ORRIE, FEORLRE IR LW IR EMEN H D AT O
ThV, SHIZ2Oo00BEMOFEREMBEZEDICEETHDIL 1 >DO & R
ThdHEVIHIFIRETHDL. Lo, ZORMEN LA 2ER CRERBEL T 5 & W
HEINLDT—F B0

Bz X, HMAY, B, Yo TR#EORTF—U U 7 ERICEL X
MWD ENRHRESNTWVDI80,81]. £72, b M OEMIZEKICX IS L TAT —
Uo7 DENERLTWD[82,83]. S HIZ, Bk LR OM O %R 2RI,
SMERENY) L NIREIY O, LERR, BAMEEIR, EEIRR CoMFEREDOM T
LEBMBAOLND[84]. MARICETAMOERLEBEOMKL, FIE2ICLs¥
B(85], MEBEMBE[BIDERICEBEINDI EREINLTWVDS.

TIZETEFELEDDLE, ATV U THIOEREEDRINBRNER DD LD
X, WHIREEH D 2 DOFHBPEOF TR U RXEEEMLN A LN WATREEDN H
L. DFED, FEORATS—=V THIRBLOTHNIE, HOHRBEEZL I —DOD
DR E FCH o 72l GRS IXEMHEThLIRETHD. EL, Z
DOIEFBEAEX, xR HGEERBILLNI . BEMIC, 1.2 12779 BMI % 5] iC
LA Ts—2ty haE2THD.

BMI
BMI

Height h Height h

1.2 M EEDORR. B L HE OB EZ MR LTS,
(a)H (b)) b BMI & FEDOMICHEIZZR WA, ) DBEAE, FENKRWIEAEIZ,
INEWBMI & KEWBML D2 AT 2 ENIFEALLRVIREICR D



X 1.2(a) & (DICRTHEENLIBEECTH S BML L HFEOHBEGREKZHET D &,
WE OMBEREIZIEeIcE L. LirL, M1.2(0b)oslTix, FENMEWE
Ak, BMI AR L, /NS BMI &K&W BMI O 2 A9 D& BNIEIE L7 VIR EE
W27, i, BEBEL RDIC2O1TBML /NS WEN D K& WEE THA N
LTS, DF0, BMI OB RITKAFEL TWD. LR ->T, FAUE
MEATH, FROEKIC X EEoEREERTRVWEEREZOND. 2D
Loz ll2(a>®}:®5f§zf%ﬂLf\’a“?a%zz’»*ﬁﬂ&éznfb\éTIﬂ%I U—o
BERICE W EZ T, BHEEEEBEINDI RS ERGEEL, TEICONLIEMT S
FIEIZR Y M L EERD D .

REMFHILTIE, ZNETO2ODBEDOSMITK L, FITPRMEIMBICEL -
TIToTC&ET7r A N —OF NS, 2 DORBEOGMAICBIT D/ N—k L ¥4
N O RIS DT A=V U 7B AFM T 5 2 & T, flxiE, BMI L&
ROBERICHT 2 \HBEELZFM T 2 HFIEZ2RETL2b0THL. 2k, BR
RICBITDHEEBEOEMERMHEERIC VW THERESZRETI 2R
9 5.

AT A, Tr AN —OBRIE, CRETHEROS BIZ, 2 DORBED S
MIIFEOREHER THL B RESH, ZOBKERAMHILTIE TH—2
=V LR T, R A=V U TR ChD TTr AN v
H—=25 =V 7] b, "=t ZANVHMBTATr =V U TRENENLT D
BE, [ 7aXA b ) w7 ZEAF—V 7MW LS 2o 7ueX ) vy %E
A=Y 7 0, HRICEAT A TH D [87].

RZENFHIL, 5 BHERTHY, & 2 BUBROBMEZIROLEBY THD. 5F 2
BCE, 77X Ny -5 =07 &7 AN vy I EZEAXAF—Y
YU oW THERT S, BIETIHE, Ter AN —HBEOREFELT, 7
EHITRIT D BMI O RS HEDOMFEZL, & RIKFHEOFEIZESNTITI L L b
A - B O EBEAE - HNEELOLBRIEAIT). H4mTIE, HHLUEB
BTHDL (TuA NI ZEAFr—V 7] &, rlhTs—XICHAL, &£
MOBERONEFANCEZEERNSH DL Z L2 /RT. HHETI, 2hOE LD %
TV, K RORRERIEL, SBOREEZRT.






T2 7AANY)YHEZE
A—1) oD etdE

F2ETHE, 7TrA NI =i LTEZITOATER, 2 OOBE DN
WXL, FEICHREMEBICEDZAT =Y V7 BEOFMEEZITS [T A MY v
H—27 =Y v 7MW oW THlT5. ZLT, HILCRET D220 ED
DB D= ZANVIBRORERIZDIZY X —1 7 AEZ 7 L,
W=t ZANICEST, A=V THREBEPRERD [T XN vy I ZHRAT
— UM BT S SIS Y o TiE, BML &AW T, R & 5 U0 G AT
THREODHELLHONTERTDH. KFROFIELNEORMOIZDIZIX, 77
A N—=OERN S BUT OEH ), [BMI ICB T 2 H EHBEREEEOZ Sk, [7
BA N IHE—R—U T, BIW, 7oA Ny I ZEAF—U 7
PE) OBWERARICTILERSD. TZT, TNHLOMEICOWTHHAL, #F
TOHNEZ RS

2.1 954N —0FEBZAV- BN O &EH
BEAEY - EHFOHRKT, KEFRSMIIBTL270 XA N v 7 2 0—10
TR BML o w/h® L7 5B %77 . BML o gx L, FE R ICXHT 5
KEWRN, 7TaA )y 7 2r—U 7 w=Ch* LW 526, a=2T
bHZEEBWE LTS, abk ClTEnENMEMICHEEINTEAT—V 7
B ELFIRETH L. BRICHTIREDOAY—Y 7 woh? 1%, BFFkE=x
X —HEE (RHR) DEREOI/MARICHHATLIENI 7 T A4 =0 E
RS 5 Z &N T & 5 [88].
7T AN—DEANIINA, RESORLLMENFECERELMERT 256, €O
BPEAIIHRECTIE RS, ROAMBMIHEBRTZETELVn D KREHEOED] b4
bNTWD [89]. ZoEMNICESE, b b X F—{HEITIRE mAE S I HF
THEWRETDE, 72 I7AN—DEAMEEREKRRBEOEINOMAGDLEIE, RO
LEEW®TS.
S o« wi/4 (2.1)
7



B2rE TuAN) v IEERS—) 7RO REN

o, AMROERZHEROECIEMT I EMET DL, REHES Tw & h O
BTk L o215 260 5([88,90].

S « wl/z p1/2 (2.2)
K@ DEXC.2DEHNDE, KOXHIThD.

w3/t o« wl/2 p1/2 (2.3)

w o« h? (2. 4)
ZLTC, REEZHGED 2R THI S fEN BML & 72 5.

BMI = w/h? (2.5)

ZOEOIE, 7IA4ANRN—0EH], KIRE —EIRDTZOO T X)L F —{HE &I
REEHREICEHT D EVIRECESTIE, £ FOKEFIHFED 2 FBIZHHT D
ERHMYICEHTE S, ok, ToHEMIE, BMIL AKX (K2.1 (a)) OEMHEE
T a2 Tchbo, M2.1 (b)) BLOK2.1 (¢) IZ/R-T X DI, BMI IZBHH 9
HOMBEORMERZMET L EHRITEZEL TRV,

2.2 BNl IZE 5 BRABKRBIEREOR UM

BMI ICBH#E T 2MEZ@m L 556, 2.1 DXOICHBET LI ENTES.
(a)BMI KO, ) HFEEZOHHIENICE T HHEE - KVORBHREL LT
O BMI OFZ 4Pk, C)RBREAZ )V —=v T OO OHME XY 5E & 725 BMI
By A TEOZEEERETOND.

(a) (b) (c)
The formula Objective comparison BMI cutoff values
for body mass index (BMI) using BMI for assessing nutritional health

Comparison between different heights
weight (kg)
BMI=———"—7-
height’ (m?)
BMI

X 2.1 BMI ® YPB34 % R8O 5 5.

(a) BMI St E X0 R : CoRF Lo L L THEHINLIDON?

b)) HBEENDDIEMICE T 2 EBN 2 BHREEIREE LTo BML O %444 .
BMI 13 & RATRAF L2 W R AR 2> 2

(c)BMI 7> MAZEDOZ S M, B A XU LHMHE EDO XS ITRD DD

BMI




2.2 BMIIZET 25 ERBEARHEIEIED Y%

BMI @ &35 X o0 3 H I Al i Tk~ 7-. BMI ORI, FRICIEFET D Z L <,
LW E ERBLT2HREHEREEETCHL I ENTORYEORME 72 5.

—J5, BML Oy b A THEO YT, KIERZREOERMBEEEIZES A&
AR K > TESWTED DI D, RO AH R FE e L o R W &
LTEFHRLICESNTED bALTLMED?, HDHWIE, BEA (bLIE, —#&
ANRA) xR e LERBEARILIC X2 HBERICESETED b NTENT,
Ay A THEORELELEZDOERNERD.

BELSHWLRTWD B OB v A 7k, EHFEFRILIC X 5 H B
FIZEVEDLNTWD. T2bL, —fKARICBWT, &2REHBEMEEND
BRNWEEZOLND B O —k L ZANLEDOEN B OH v A 7l & LTEM
ENTWAD. BARIIE, EEFEMIE, 10%5, 3% A, 2% A2 ETHY, BT
flfilx 90% &, 97% &, 8% mAaENAVL N TE R (EHDMZRT REROF
BEN S OFNERTBETCHD 2 2AaT72HHAELHD.) [46]. 2% 0, =
DN I, L HET 2 BMELL T O BT 233 L7254, [ H SRR MK
HHRBTHD) LMRTED. vz, HEBBENMIWEERETHS TEH, —
ARIZBWT —EDHRTHRICHIR T 720, HESLKEREOMENH D 0
E YT HICiE, BMI ORI TEAT+STH B

CITR—b AN R ELIVFHELIMHT DL, BIEINET —F 2 AHIC
W72 A MTBT A=t T —VOMEZRTHEOZ L THD. #l2iT, 101
NODREBET—E1"HY, KREOBNENPLE_EZ LEHA, RAOEETE O3
— B HAILEDE T, BREEITE 100 3= ANV EOETHD. /IHEW
FFoe 3L, 1147, 514L, 91 0L, 99N DKREILX, ZRENFE 2 X—k XAV
OB 10N—R U B AV, B0 — U F AL, 0N —F U H AV,
BB NR— XA NHTHD.

A HF T, EHFFRILO 7 7 e —F X FEIC BML 2 X FFT 2 2L C
T, KEEFIT 2720 BML O Y PEICBEL, LTFD X 912 < D g2
BT NT o TWD. BML X, AFE - BRE, W, FWEICL5EBVEZEEL TV
BWZ &, KIEMEOAREMRAZNEME CHY, HEE, BEE, 2072 ALK
FERLTWRWI &L BML oL, %3 L6 0MEROAEHRESLKETEOH
MERE L TWRWZ & [49, 2] RETFT b TWD. 20Xk H 7%, EHFR, ¥
PR R T TR, FRXOBMICHTIHH LD 5.

22T, BMI BABAEOEKEFMOBEICEN SN TEREEHIAT 5. BUL
HERXAEMT L HMMBILE LT, BMI C Y EOEMEMNLL, AELHEDOT
AN 7 A= TWED 2008 H%. 1960 £ 1970 FUIT1X, BMI (2



B2rE TuAN) v IEERS—) 7RO REN

MMz T, body build#f%k (KE-HE: a=1) Lo— LV AHEKEZIT NI A
FIN<AEK (KE-HED3IE: a=3) OLo7% wh* AXROENEN
T &72[91-95]. 1972 121X, Keys HIZ K o TA T — U v ZHEE 2 HMGEE S 41[95]
BELOMBEARLEHE CEHMHEIEL LT B o E\EBEEN /RS-, 1993 £
WHO X, A HIAKFIAESN TS BML # v hA T EFEERESEA T LD, =
AL BMI & Y ROMABAN, BETEEEHNE WD EHBEROKLAEIZE SV TH
RS T&ER[96]. 2o a2 rT Ko, MR RER (BTHLL L)
EETLHM O TIE, WS OO RRDL N/ RIEOKRAN TV —TI2B TR
=V BN 2 ICENWI EBEFEIANATND[97,98]. kDT R AN v
7 DAL EES T IE, w = Ch® B 2oL &, w/h® [ ZH RICx T 5K ED
LRI 2 2t 2 L IRETX 5.

L»L, Coleid, A&7 —VU v 7k aEfe & bicZL, SHEHMITIE an
2L HEEMITIITIETERL, RAHIZ IRDHZEERLTE[96,99]. L7
Wo T, ZOMBIX, FEHICKFETD o ZHVTBMI REEET DL FA LW &
oML TE D [100], lRAELFHL BMI BoOFHEXTIEX, XL 0EE - BT
WUNCFI M T Z2WATREMEN H H. LirL, BML 2FEbIC@EMT 52 L&
HRBRAICONTIE, FEAERF ST RN, 22T, H2EBLOH
SEIZBWT,BML 2+ EbICHEHT 2 L0EAZRRBEEHALNICL, EHD
KK 2 BUNCREh T 2720 D FiEIC DWW TR RS, 22 £ TR$ K DI, BMI I,
TOWMMAICIRARHYV, HHPDLHMWIZK L TCHERIEELIZIRO WD, £
DRI & Z Y4 ERFET DR P FIEERNLT 5 RO CHEHEL R D.

ZIT, £F, BROBELRIEHZLB TELRBARTGREREEELLTO
BUI O %Y MAERET 5. T7habb, K2.2iRrshTndioic, K22 (a)
D AREBRIE, w=Ch? TREShIERMRET, FREXAEORARD 2
DDERLHMEANTH DN, 2.2 (b) TR BMIEE > TWD. ZDOHE,
[E ) i A L B RS T 2R EOSAMICEIT 2 i (5 50 S—& v X A LH) O
AR ICHR S 2. BMI & Ml 7o - B aE Al <k, X 2.2(b) D A g & B A& [FER
2, NAREB A, A REB "RIFFRLCE )RR THDL LIET D, KM 2.2()
WaARdT X9, ALB, AEB, "L B TOHEXRTIE, HRICHT HIKEO S
WZBWT, MU=t 2 A Vi E2@RiE T2 L MRT20BHEFHICIEL L
. oFD, X2.2(b)DBML Ay bATMHEIE, K2 2()DfEEINTZAA—F Y
2 ANVEBRICKIGT 51X T THDH. 2FEV, WUBMI OAE, ThZEhogE S
N—=TICBNWCTH L=t 2 A NVICHDEND Z LD, B, ZOREMN
HIZHR D LD LIRS T, ZORENMLE SN o E, FEN R RIE
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2.3 7uARN)yIH—=RAF—= T EZER = T

FEREEL L COBM OZUMEITIBREEINDZLICRD. KEMmILoOFER X
INFETHERM BRIl ZOMEEMET L ThD.

904

35 90
(a) 5 1(b) (c)
E ] -
80 — ] - 80 .
— . - E’ 30t B g 2 =
2 % 7 i | 58 2
70 e [3) -85 70 .
= T ] © A B 2 A B
— az_:,\ e £ . . - = A
o= AR 7] w b B 'g) L
260 e - wice h o _w/h_ :Eo_n_starlt_ - )
= o E 5] B N = A -4
504 . Z - 50 o
I:% 17i ,&u & é" 5 8 e -
20 15 wiht=17 gk 404 A W=
T T T T T T T T T >E T T T T
15 16 17 1.8 1.9 15 16 17 1.8 19 &£ 15 1.6 17 1.8 1.9
Height A [m] Height ~ [m] Height A [m]
2.2 HRMIMEESME T ER BUL 4541 O Bf%.

(a) RE-HRAMOHB. KELHEROBEGE (KEOPREMHR) 1L, KRB
cwoh® OREFRHUTEBTE 5.

(b) () MBEH LT BMI st & EmoAi. MOFERIL, THrOIAICHEYE, BE X
A, BIKE, B, B (LE) oby hA7fHEZRL TS,
(c) BRIZHTHEHREOD v bATZHRRIE, (IR LEZBM O v b4 7

fEIZX L TWD.

2.3 7AAMYVIE-RT—) I HESER TV TH

RKENRXICB T HAEMKHA 2T o —F 13, KE-BESHOEEO N—F
vEA NN, PREZT TR, AICAXr—V U 7 HRETERERFr—1

TR T mEIDICHESVTBIL ORYEELMIET LH. T XTORN—k L F AL
BN FE LA —) VI HREEF25E, ZoEOTe AN vy I A5 =0 7
ZZ I 7e ANy ==Y 7] LREDY, BMI O Y MHEORILE 2 5.
RREIZ, SR — XA NMBER R IBEETCT A N vy I A=) T %
RTHEE, [T A M) w7 ZERAF—Y 7MW LIEEZ LT 5. kDT
BARN) =T, 7 ANy 77—V 7] DEROFIRE > TE
D, 77X )y s ZEAS—V 7MW OFEEFRESNLTI RN T.
Gt oL DZEZ L, [T ANy 2 EEAS—0 7MW EARTE AT
T ANy 7 A= 7B 52HL0IEEZ XD FEMICHBA TS, 16k
DTEANY IG5, 2 SOEBOBRN, H—0Xr—U 7K all

STREZFHFBSTONDZ EEFERD S BLIZIRKEL TWD. BMI TlE, KE-H
ESMICBIABREODEEDO = XA Vli#RIL, RMCATFZr—1) v 7K ax

11



B2rE TuAN) v IEERS—) 7RO REN

FoXE R, wh) = Ch* TEPTL2ZLNTE L. ZoREZHTRBICH
FET 27201, K2.3D0FEMTRT qFHO N—& 2 A VIBRIZ, 5007 R
1% (quantile regression) [101]%& AW TR X FEEEEZ Y T, P RMEMHEN O I
T2 (RE3ECTHAT D). ZonrTix, 27—V v 7Hal@iLqlc ko

TEDLLAIRMERD D .

Bl2.4(@)iZmmasnd oI, #EERB a(@ ¥ qITRF LR WESE, ZoHEIX
THaARN) Yy IH R —=Y 7. ZO8E, BUL N—& & A L #RIX
Ez4wmm¥&¥ﬁﬁfﬁSMTméivm,%%ki%%@:~mkﬁb

—F4, K2.4 (b) IZr-T I, HEEHEK a(@ » qiZEkFET25A1E7 2 A
Uy 2 SEAF—Y 7 Eindh. ZOHAE, BUL X—t& & A LRI 2.4 (d)
AT EIDICHRICEKAFET . BUL O F BRI, BUL A EOM S & K& 0 &EHE
DO —MeRELE L TABEY THLLZLERLTWVD. K2.40)ICRT XD
W2, TrA )y 7B -7 =0 7054, [RLBM 285250 A & B
ML 90 N—k &ALl EICHY, BMI OFFHMRBEIESND.

MW, 7auxX M) vy 7 ZEASF—V 7084, K2.4 ) Zrahd &
I, FUBMI 222 0D R AB I OB, BAD -k ¥ A ViR EIChr
BEL, P OB 2MRT 5P RNETHL L EZE%RT D.

B 2.5 2" FT Lo, TrA M) w7 -7 —U 7 O%MAETIE, B O
W, FRORBRLIEHBMOEEDO N— U Z A NV HOLBIZHIET D L9,
BMI OFBH MR EZRMET 2N TED. —F, 7TaA NI vy 7 ZEAT —
U7 05METE, aB0) DXy —10 v ZiEkE R g4Ae, PRIEE 25 50 38
— kB F AR TR, BMI OFBRBEREZREMETE D0, ThUspo—k
ZANVRKRTIE, FROBRRLIEFHNPERL T, BUL IFBN MR L EETE 2
W

2.4 BE2EDFEED
AR OEBIE, FELOEBICEKFELEGRICH T DERESMAORHMEN S
ML, —ABIZBWTHEY SZOREARIL GREHERAD CESnWer b o
RS AEM R - B M) 2 EA T2 ThHhD. BUE, EENICEBHEEL
LTSN TWDHERE (kg) 2H K (n) © 2R TH o7 BML X, A2 TR
<, MRZEDRIEVEREOSLELIEMOFMICHwsTE. L, &
HLME & Vo o IR M O R EE & LT BMI O 4 o AR oW Tk
AR END L2125 TNDEZ D, BMI OZSHEORI L 72 2 HFH S
Exwm L, BN RIHEEKBEENm T RS EPFOLESLELELT, 7
12



2.4 F2EDELD

2AN) Yy IPH =R =Y U TWEBEANLE., ToARN) 7R —-XF7—1 7
I, FRICHTHIRENDAICEB T HEEOERESA— X A ViR, [T A
=D U TR A OREBEBAEANCEL TEDLZLE2EKRT S, 2K
L, KEAN—t XA VHBOMEICL > TRAT—V V" 7THEENELT D256 %,
TRARN) YV ZEAS =V THEELEZEE L. KETIE, ZOXH572X
=V 7R E, SR ERE W TR M T 2 S A L.

Weight-for-height distribution Schematic illustration
i = (double-logarithmic plot) 3 (linear plot) | J Power law model
w(h) =Ch
E é: Model for median
g 60 E 3
E 3 E £
fles) 3 E =)
@ B E @
= E E = \/
E e Extended power law
40 alq)
we(h) =Ch w
Model for gth quantile
e ARARERS S SS LR a Sans aon s Raa ey o
14 1.5 1.6 1.7 “\\‘_\\1 8 Heighth
Height [m] e
Cross-section at height h, BN Cross-section at height h, Cross-section at height h,
Weight distribution ~_ Median A -
S e
5 Median 5‘ y a T
u:) A ‘q:) b g e Med\an
3 o | / \ jun |
o o { A o
I < / \ 1
v gthicentile L qinfcentile = gth cen t\e/ \
ML L) W L L s ) AL L L s s e ) T , T | — |
40 60 i} 40 60 80

Weight [kg] Weight [kg] Welght [kg]

B 2.3 gl (Eo00) BEoRAK.
kT m A MY w7 A= U TR, KEW-FE W OMAD qF

AoA—Fr 240 (Fofn) Mz, ~xREK wy(h) =C, =h*D
L oTHINT 5.

13



FoE T n

AN v I ZEAr—Y IO RENE

Uni-scaling of centile curves Multi-scaling of centile curves

(a)

log w

wah)”

a(2) =a(10) =a(50) = a(90) = a(98) a(2) #a(10) # a(50) + a(90) # a(98)

log w

logh log h

Uni-scaling of centile curves Multi-scaling of centile curves

(c)

98th centile

ooth centile  /

BMI

50th ceniile
T

™
|/
BMI

(median)lc" 50th centile (median) ,". /

10th cenlile

- \ \ / b
\\ \ \\.
\ \ \
\ \ e/ / \
\ \ gom = / \ |
| [
|
|

\
s N
2nd centile ™.

K N =y j
\‘\ ¥_1/ / /j 10th cengi \, K /

X 2.4

(a)

(b)

(c)

(d)

THRAN Yy IHE RS —=Y T AN vy I ZEAS—Y
JPE OB
KE-HFESMIBTL70A M) v 7 BE—=27 =0 7. WxHE7n y
FNCIX, #XTOR—t XA VEBRITFATRERTSH S.
RE-HFRESMCBT LT A N v I ZEAr—U 7. Wixt#Hr ey
FCIE, R—t XA VRO EZ I A— YAV RICLoTRRS.
BMI-B BN AICBIT D HE—~A 7=V v 70—k ¥ A L llifR. BH—2
=07 O%4A, WU B 285 2 A, BARARUE 90 S—k o &4
iR Bl d B
BMI-H ENAICBITDEEA =V v 70—k ¥ AV, £EA
=V 7 O84A, FUBMI 285 2 8 A, BIZRZRZ—k & A Ll
MEch b,

14



2.4 F2EDELD

Comparison of three groups with different heights

2Znd centile 10th centile 50th centile 90th centile 98th centile
ingroup 3 ingroup 3 in group 3 ingroup 3 ingroup 3
2nd centile 10th centile 50th centile 90th centile 98th centile
ing rou 9 in groupZ in group 2 ingroup 2 in group 2
2nd centile 10th centile 50th centile 90th centile 98th centile
ingroup1 in gruup1 ! in groupz ! ! ! ! ! in group1 !m group1 ! I !
Weight
2nd centile 10t centnle 50th centile 90th cenme 98th ceninle
weight weig . weight weig
in each group in each group in each group in each group in each group

Urisealing ! ! | ! ’)

Body Mass Index (BMI)

50th centile
weight

; g
in each group o

1Ulh
90th 98th

|
Multi-scaling l !!! ! ! 1 ﬁ’ L

Body Mass Index (BMI)

2.5 H—-27—V o 7ERE0RK.

LB, 300RRDZFRIINV-T REmAR, ity E, FHEFER)
D 2, 10, 50, 90, 98 /N—k L X A VEKBEOKRESMOMAK. KE-H K5
O~ —U v ZEERHTZ SN TWDHEES, BUL I, FRoOBICH»NT
WBHEE, B N—TDORER— o XA NVEERUNME RO ZAF TR S
nNTWs) IZiETSH. Lo T, BMl Ok, FECHEIRZKE —
B ANV REORBICHE T 2. BEIC, ZEA S -V U 7O 4A, BUT T,
TRERICHAPNLTWD LT, IKEFE 0 S—t o & A L8 (PRfE) 1XFE CAE
WERET N, MO FTMNBLOEMONN— XA VR ELHETH I EIFTE
AN

15
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BIE (AEiEZ (BM) ORAL

ZZFET, BMI ol e, Zoxé b7 e A N —OK, KO, T AL
V—0F & Thsd, 7oA NI vy I7ZEAF—U V7OV TIRRTE
7=. F 7=, BMI IZ, WHO SEBEAEGG # A 7 7 4 — A (International Obesity Task
Force : IO0TF, LLF IOTF &5 .) 22 ETIX, &6 OERKFEMIC T, K&\
(kg) #HE (m) ® 2 FTHI oA EFRELD BML Z v, kAN &3R5 1 &8
HLHOFMEEMARET 22 LT, TELOME - BN A2 A E T 2 Vel %
ML TETETUWNAHI49,103]. KW OHBICNYEBERED &, +8 b OEMITIKLE
LB RICRTHERES MO EMEZR L IICL, —BA DBV TR Y LG
FIARBL (RERHERD) KRS W+ &b ORI M CEE - B M) 2 £+ 2
ZEThD.

EIBETIE, 500 ITHO T EH 7,863,520 N&2 & KT — &% X— 2 (Tx
L, 7TaA NV Y I ZERATF—IV v 70E2 M Torzir>. LT, B
LEITIX, fERkDOBMI Offb iz, 7Tr A M) v 7 ZEHEAZr— U v 7% Wik
B BMI IZ X 5 R E B L OHFF O RS FMIEIC DWW TR, 5 2 #i Tk, KA
DIz OEBRIEAE L ENEEOMBESIZ OV THERMT 5.

31 7AAMYYIBERT—) U ITERAVEFED OKRIEFTE
311 SAWICAWET—44ty b
HABICESE XHAEENER L TWVWD, FRICB T 4R, BEKOAEE
DHRBEROEEOCREEZHOLICT LI EEHMNE L FRABEHRET — &
ARV ZOF —Z %, 20084005 2019 DRICE D 1THO T £ % 7,863, 520
ANDFH, Y, R, KEZSLREAELREET -2y NEaahidgs L,
Bl 8,083,466 o TN R\IEEZZL 2. 12% DV Tz frit Lz, % - £
Rl oY I AEITERILICEEDODLNA TS, ZOREERFTAETIE, FKRIZ
BULDTELOHRBEEEZHLNCL, WKL D KBEK E CEEIEICET
2o (EVWH2E, HENONAREICHES R 2 s I720), &£ HENRD
FREMAEEERTEIMEL, Z0#%, S 7REKEN Tl AR % BIERIC
17



F3E AR FEE (BMD) ORREE

T2 v BEEAMHEAZRHAL TS, AAEMSRO - ELEBIE, F
i EMERNC X 2R B et T S FETERIEALTWS., ZOFREILES 4 A
N6 AT CEMESNTWS. Lo, COVIDI9 28 KififT L 7= 2020 4F LK
X, AEHHEZ4A206 HICRETDHIENTERLIRY, BETEBIND
Koo, 2020 FLUBEDOT — X XN BRI L TV D, JEA T HE O
RIgICE e, RF—2ORMITHEARBEIZAEL RV,

#3.1 REMEOHLIV L FILEBRELEZHOEER - ENOY TV

Age Number of samples

(years) Males Females
5 358,375 355,134
6 260,536 260,090
7 261,178 260,666
8 261,374 260,903
9 261,852 261,426
10 261,898 261,643
11 262,405 261,994
12 427,950 428,705
13 428,295 429,324
14 429,119 429,896
15 239,003 241,696
16 238,935 241,314
17 238,851 240,958
Subtotal 3,929,771 3,933,749
Total 7,863,520

T—HEy NTIE, FREEEETENLENELCF A =RV (em) X R T T A
(kg) ZHNLETHEHELE L CRESINTWVWDHIENDE, TOT — X OEEMO
BEw oy A & SEWA b L, SETREEEEZR ESE 520, FE{ET — MR NT v
T EEA L7 [103]. TOVEILT — N A NT v FETIE, YA XANOYIH T —
Ay DO A AXANOY TN E/GLIZOIZ, T—FEy NOTEEWH D T
FUALNICHHT S, To%, K3 1CRT O, ihshfTog kL KE

18



3.1 7uA RN I BEAT—Y T WA &b ORI

DEKIT, 2 BEATTDAND—FXNVEENPNLDT L) A X EMx 5. FEiglko
WHIE L, 2 BEY U A I —3 L O EIEERA[104] % HWTHE L. 4,
IOT—=F ATy FEE200EEVIEL, PSR AET - A NT v THER
DENERIZOWTHANHEEMEZFHE L. HRTIE, #HEME L CaERIc
DL RELZTTLTND.

Simulated data (N 10000) Simulated data (N = 10000)
(a) . o* " . ‘. . . 15 (b)
70 ¢

[ ] .!. ..
.,. :! ifili
60+ * "‘! ii‘ > 10+
ok | 3
c
... .f;- ;
e’
. ) ‘ h
1.7

80

Weight [kg]

013
0 .
17 1.4 1.5 1.6
He|ght [m] Height [m]
Smoothed bootstrap sample Smoothed bootstrap sample

(d)

Weight [kg]

14 1!5 1!6 1.7 1.4 1.5 1.6 1.7
Height [m] Height [m]

3.1 JARXZMATCEILLET—bFANT vy TOY TV,
(a) FREFBEBOEE T -2 OV 7L Ty b,
(b) BEHRET —XD AN T A
() /JAREMAIZBEDOHEREEKEOY TV - Ty b,
(d) JAXEMATBEOHERT —F DL AT T 4.
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F3E AR FEE (BMD) ORREE

3.1.2 #ER7OA MY VI RY— 1 DY RIF
HRE-FREIMIBWT, FRICEFLEZERED q 8 —t > %A il w,(h)
WCAREEBEZY IS, IETeA N vy 7 A —U T EERLE.
w, (h) = C;h*@ (3.1)
ZIZT, al@ & CyiE, T, AT — VIRBEAIRETH D, XNT A
2 OHEEIZIE, Sl RBEUFREEZH W SR BRI, ISEEEOFKMEA & N —
v AN (BN ZHETEH[101]. 7axr ) v 7 «F L2025
AR EE T, EAMfEESEEOARR 2R/ NMET 5.
A= Z tlw, — f(hi; C, @)
iw;2f (h;C@)
+ z 1 - )lw; — f(hi: C, @), (3. 2)
iw;2f (hi;C@)
22T, w BRE, CEEBomE, f(h;la)=ChtrT R AN v ET
N, CROTEET VAT A= OHfEN, q SCRFBAER SN 258, T 1%
q/100 IZRERESND. ET AT A =X OHEICIX, KAMEMEICH L ToREDY
T, HEBLDR2VILERNTENTVWDEI Yy Ly 7 ZBERT LT Y X 4
(simplex search algorithm) [105]% fl\ 7z,

3.1.3 RELBRANICHLONBIRT—) VK

B 3.212, 17TmBM%E (a) L&tk (b), 8B () L&t (d o7 r A MY
v VRN OFEREZRT . KA DOEKKIZIE N 1T KB LD 2, 10, 50, 90, 98 /31—
U AN EORRIMRIL, A7 — U RN 2ICEW 1.8 G 2.1 OFFAIC
ANV, B2 —U v 7 HE2RL7EZK3.2 (a), (b). MBI, WEHO 8
BleomFigIL, 27—V 7R EN2 LY k&<, B a) 25 2.4, a(50)
2N2.7, a(98) 8 4.1, DO a(2) D 2.4, a(50) 728 2.7, a(98) 8 3.7 & —%
YEANVENERTDHICONT, A=V EREELVHEML, AELZERS —
Uy 7 EmRLE(S3.2 (o), (d).
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Weight [kg]

Weight [kg]

3.1

17—-years male

17-years female

1.5 1.8 1.7 18 19 1.4 15 16 17 1.8
Height [m] Height [m]

8-years male 8-years female

Ex 23

& &

1.1

M2 13 14 15
Height [m]

1.1

12 13 14 15
Height [m]

THaARN) I EERAS—Y T R WA E b O

3.2 7TuaX b ) v I SBEATr—Y 0 TE2HWERAr—10 0 7 OULiERE.

(a) 173EBM. (b) 17w, (¢) 8mBME. (d) 8.
FRT . E 2, 10, 50, 90, 98 /N —& X A LT % T D AL AR R O R R

EWRI AT — LV TCRLTVWD. HESNTEAr—V v 7 HEKE(Tay o
Hx), a2), a(50), a(98) NE N FNLITRLTWVD.
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F3E AR FEE (BMD) ORREE

— 98th centile

90th centile
—— 50th centile
—— 10th centile
2nd centile

Scaling exponent «(q)

15 T I I T I I T I T I I I I

5 6 7 8 9 10 11 12 13 14 15 16 17
Age [years]

4.0+ (b)Female —— 98th centile

90th centile

—— 50th centile

— 10th til

3.5 2nd cceenrlillee

Scaling exponent a(q)

1.5— T T T T

I T T T I T T T
5 6 7 8 9 10 11 12 13 14 15 16 17
Age [years]

3.3. A=V IR alq DEBKSNE. KE-FRSMDOH 2, 10, 50,
90, 98 N—kB U XA NHDOWEAT — IV U THRED Tro L7 n
vy ha3nTWnsg.

(a) B, (b) M. 5 RKO\MNENIEIZHNLIT, BH—2AF =V 7 Th
L2t %ERL, BENTEMNEICOHNITZEATS—V U 7HTHD T LENRRE
no.
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3.1 7TuaAR) v I EZERF—U 7 %W F 8 O

¥ 3.3 1%, g = 2, 10, 50, 90, 98 DIFE D A — U > J R a(q) O F k17
PEAERT.K3.3(a) & MIZART I, BhEbFERN1ITHICESIZONT,
TRTON—BU A NRICBTDIAT—V 7K al@ X 2 IZEWFE CHEIC
WKL, =27 =V 72 RLTWL. L2L, LOEVERTIIRARD A
=V 7K alQ RO EAS— ) I ERBEINZ. K3.3() & (b)D
MMTRLTCWD LI, RkOTE AN v 7 RA75—VU v 7HEBICHYT S
a(50) DFEEER AT, Cole RWE L7 X 912, b aitk Ta(0)=2 & &k L,
10 Rl T3 IC AL, RABICIE 2 ICESAEmZ L. LoL, a(2) (K
) La(98) GREM) O LI EMNBX O FMNO R~ X A )L EDO R —
Uo7, BHETIES ML 13 ET, METIHE ML 11 E T, a(50)
DELIFRESAERDLIBEEZR L.

ZORERIE, Wko BMI Z2/MNRICEM T 52 L1250V T, 2 DOMEEZREE L
TWb. 12 BMI OFAEKXICHO>VWTTHY, ) I 2FHEIITATF—V v
T a50) ICE SN T BN OFAEXZEELL%LTH, N2 EHERE
FIECRbRWnWZ L Thd., ZnboEEZFFL<imC 201, BMI A ED XD
RER TR OFBORE L L TEAL TS NEHH L, KA BMI
PDREMBEHOBERTHENTHL Z L EMMT 5.

AT xE T2 BMI O 2 S PEZ G T 27212, AT WGl & LT 17 skt o
RE & RO (X 3.4(a)) BUI & R OBLR (B 3.4(b)) OMEEZ KT 5.
M 3.4(a) TiX, X@. DEERE-HET —% (JKE) TKELLESE 2, & 50, & 98
Nt Z AN OE RN ER LB THRBRSIN TS, K 3.4(a) 121X, 51
AENFHBRIIMZ T, FROKEEICB T H2KEHMAOHES 2, 50, 98 /85—t
AANVKEEZNERA, =f, UMaTTay FLED, ZTbiExtecd D00 A
EUF AR & KT —F LTz, K3 4@ Iizmd Lo, FRICHT HKESAMAD
92, 50, 98 X—F U XA NIZHONTIE, T RTORIFHEMBMAEITICAZ, 1
Z7e ANy -2 =Y 7R RL TS, EHE( BMI % a(50)=1.85
DOw/hECD (kg/m* V) LiEET L L, FEICHT D BUL A DO 2, 50, 98 /3
— kB ANVEE, BRIEFETICEICRo7c. LR > T, K 2.5 (FE)
WaRT L9, B—R7 =V 7MHiE, BRIFEMON—k ANV EDME
ERBEIZHET D ENRRIESND.

4 3.4 (b) TIX, R L BII OBBEKREZRE Lo miblFmiie, FROA
JEIZH T2 BUL B OHEE NN — o XA R bIZiBL TS, HENER
WK EFEARIL, BMIL OR—% v XA VERFRICIEEACKEFELRZN
EERLTWS., SEOFITIE, 7ueA M)y Z7HE—-X7 =0 733612, ¥
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RICEKFELBRWALED BUL M OFEZERT 2. M3.4 (d) TrdTXoic, &
RO REBIZET S B O ESMAITIFIERCEREFHESN, K34 (c) 27T
IO B2 H5RBICBTOREOHESMIRRLIEREZRT. 2D Z LT,
EEICEBR LI N— XA VONER, FREBIZELTITWEEZRLTWVWS Z

END, BMI NEESCHIEM O MO DENZEBH AT A—FTHDLZ LD
FRAEPREICRT 2 LR 5. KIEFHEIRE LB T 2720 O 2K 72 BRI,
EHRKEIBOW TR UEES 2RO L TH-72[106]. ZOFEKT, KEHE
FREO2FTE D BMLITRAOKKFMIEIEL LTH2RRALLHY, AFHTH
5.

—fREIIT, BYEIZ 16~17 %, LM U~ ETICRENIEEY, RATE
WCET D, LEERn-7T, BML xBHETCIREFEZY, LETHREFETFHIIBNTYH
AHThorEHPEETEL L0, EHERFNRERIZE W T, B 3H &,
i, ERNICERKFE L2 WENLTZ S RFABEREORE L LT, B0 FFEZ LR,
ZMEOFEFEFHLUBRICEBW AN THD EHHETES.
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Weight [kg]

Density

3.1 7TuaAR) v I EZERF—U 7 %W F 8 O

17-years female 17-years female
100 - Bth quardle = % ] [ | @A® 142-147cm
: (a) bl & € ] (b) L | @A & 147-150cm
E & = £ 354 96th quanle | QA 150-152em
80 - ) - B 4 regressior. QA 152-155¢cm
3 At Mediang = ] r O A 155-1568cm
E A [EIGEn 30 o - | ©A¢ 158-160cm
E =2 1 I ©A$ 160- 163 cm
= m 1 i @A ¢ 163-166cm
E o 25+ ledian [~ @A ¢ 166-169cm
= 8 155 [Leiogsion @A 169-174cm
mtile = ] [
n B 20 -
2 ] 20d quai
] Atile-of-each rou nd quantile
% 15 - 2nd quantile-ef-eaeh-sub-group regressibn
14 15 16 17 18 1.4 15 16 1.7 1.8
Height [m] Height [m]
17-years female 179 223 31.3
0.08 0.20 — i
s (c) gk ()| | = - isoam
| | (friangles, | § =
g | R 150 - 152 cm
. 0.15 1 ! J 152 - 155 cm
Sile ; : - 155- 158 cm
i : 158 - 160 om
= | i —— 160- 163 cm
| @ | I I — 163 - 166 cm
o ik . . — 166~ 169cm
a) : ! — 169-174cm
2nd qt'J !
0.02 0.05 1 (cir:%}es . :
\ \\Sai% quanti 98th quantile
\ \%h;ﬁ';’gg,'e (diamings)
S P |
0.00 -t e 0.00 e R
40 60 80 100 15 20 25 30 35 40
Weight [kg] Standardized BMI [kg/ m*™]

X 3.4 17 @ MEDORE & EAEN BML. H— 247 —1 7 DO,

()% A r — VvV ORE-HENM (JKE).
(b) I L BMI ((50) =1.85) DL AT — o5 (JKE).

(a) & (b) TiE, FEMIIBOEBRTHINN, H 2, F50, F I8 -k X
A VO EEEBIE R TR, B RBICBTDERESMOE 2, 5 50,
B AN—tr A RITERENRE, =M, WATTry FLTWVD.
()% EJEoKRENAm.
(d) % & & J8 O #E ¥ {k BMT w/h8 /54 .

()& (d)TiE, H#HRBEIIBIT LMD 2, 50, 98 N—t F A VA%
rnENH, =A, WATTry FLTWS.
10D EEIZTR_AE+3SD DFHEETERINLTWVD.
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Weight [kg]

8-years female 8-years female

60 <
E é'_‘ 29 L @A® 111-116cm
50 4 (a) Y 98th quaitie B 1 (b) @A 116-119cm
3 regression £ 20 L OA$ 119-122cm
E S 98th quantile| @ A ¢ 122 - 124cm
40 3 5 ~ regresson | @ A ¢ 124 - 127 cm
3 Medidn = 187 T | A9 127-130cm
] regression s ” Q@A$ 130-133cm
30 3 m b @A® 133-136cm
] 2nd quantile © ] Vedian™ @A$ 136-138cm
- regression @ 14 4 fegression | @A @ 138-144cm
] 5 - |
o 1
J G 12
20 g "] :
] § 10 nd Guantile-of each. gy foup  2nd quaritile
- w 1 regressjion
1 8 e e e
1.1 12 1.3 14 1.5 1.1 1.2 13 1.4 15
Height [m] Height [m]
s-ygars female 1 1 1 1 34 183
1 1 1
i ! ! Median ! — 111-116cm
: (C) 0.35 : | (triangles) : (d) 5 10
0.20 A ! | 119 - 122 ¢m
W Medion 0.301 ! ! 122 - 124 cm
/|2 (triangles) : ! - 124 - 127 cm
015 |l(1/4 o, D25 ] : : 127- 130 cm
' = | i — 130-133cm
2 0.20 1 1 — 133-136cm
b I | — 136-138cm
0 0.15 : 4 : — 138-144cm
"‘:;\ |
0.104 1
: |
N\ 98th quantile
0.05 “SN{diaminds)
0.00 e
20 30 40 50 60 g8 10 12 14 16 18 20 22
Weight [kg] Standardized BMI [kg/ m™*]

X 3.5 S8 MEDIKELIEAENBIL. ZEAr—1U > 7 OfH.

()W A r — L ORE-HENM (JKE).
(b) #E #e{L BUI ((50) =2.73) OME A 7 — V04 (JKE).

(a) & (b) TiE, FEMIBOEBTHINAN, 2, F50, F B -t X
AN OEVE ML R CHr N, BFIRBICBT SERESMAOH 2, 5 50, 5H
WA=tV FITEREAN, =4, WATTey FLTWDS.

()% &g o KREN .
(d) 4 & B J@ O 42 AL BUT w/h®® 4375

()LD TE, FHFREIIB T DH0MDE 2, 50, 8 N—k U XA V& X
nEnMH, =M, Mg Tr7ey FLTWD.

10 o FEIEh i +3SD O#FHTERZ SN TWVSD
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3.1 7TuaAR) v I EZERF—U 7 %W F 8 O

Wz, WEIZADNEZEA T — ) U 7HICHO N TS, fEko BML X, X
3.3 ART LI, ITHWUTOB LA —0 v 7K alq NRHEMICT 2 16 TE
BEL, SOICEEAF—V I E2rRdT0, BRENREBIEMEZLE LT
FTLOWEETERW. ZZCTEH RE-FRDMIAOGNLDLEHRA T — U 7PN,
BMI B D2 W KBALLRICED XY IR BT L2028 ~% . ¥ 3.5 1%, 87%
THEOT =22 MV TH 3.4 LRAKROSHTFERZRT. K3 5(@IZFT LI
AT TR WERIIT, RE-ZFROMOLZEA =) U A RL TS, Z D)
TiE, PREVFEROHEEBE E a(50) =2.73 TH o= &b, AL BMI & L
Tw/R*P 2T 5 L9 ICBM OEREEIE L7 B U M- E 52, K 3.5
(b) THAH. M3.4(b) By, HEo2 = 24 lifReE I8 —k L &4
NWVHIFR B KFETR LS o TRV, L ST EHE BML O 454 BN H B I2AF L C
L TWDHZ LERLTWD., EEE, K3.5ICrT Loz, K3.4(d) & ik
THE, B2NRN—B U A AIELEFE I8 N— U XA NEDMENRELLIESLD
WTHEY, BONEEEREEEZRL TS, ZORKEIE, BUL O X 5 7 w/h® off—
Xix, FELOEELEEWMOM G OFMIZEZL RN LERLTWNS. DE D,
WEIZBIT 2T L EmMOFMICIE, ZNENERRDIFIRNLELRD I &Y
LT o Tz,

3.1.4 HL5R BMI Z AW EH & B D FE{E

AIEICHOLNCR o, WEKROBM 7 70 —FORBETHDLIELEAr—V 7
R BN LIRE-FESMERLEERE L FERY - PHICE T 28 & B
BT 57200 FEERHF TS, COBRMOEDIC, &R X OERICET D
KE-HFESADO TMNBLOEMAA— v Z A NVICKT DIEER A — Y 7
WCHS YRR BMI 2229 5. Z 0Lk B 1%, BB OREMIcB W T, &
R LIEEELsRIET LN TELIHELERD.

YL BMI I FORXTERT 5.

BMIext(q) = 1o (.9

2T, wikde T (kg) BMOKEZRL, hiZA— L (n) BoH R
ERT. ald 7T -2ty M T 2 gafiEFick-oTHELRLA (3.1) DR
%)/7%@?%6.Fﬁ@%ﬁLM%MM%ﬁ%?é%é,ﬁy%ﬁ7@mﬁ
(B.1) OFTNANRTA=F Cil Lo TRt D, HELREOFMICEIT S
BEODy NATZEERET D2 EIIEERMECTH L. EMAKHNFTETIE
By bATZEIF-RERICBT2RESESMO/NN—F 2 Z A VG SN TR
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EINTERL,. ZOREZERTHEDIC, ARMEHLET —F &y NMZEBIT 5 BMI
DR—F 2 ANVE%E, IOFTIZ X o CHESL SN EHEM 2 >~ A 7 & g5
%[46,94]. X 3.6 1%, Fex DT —Z0nOHEE S L7 BUL N—t ¥ A L (5
M) & IOFT O F v M A 7 (E#R) OFEERKFEEZ R LTS, ZOMRE, @ik
HEOH Yy A TEIL 8 D 90 N—k X A2, IBIEOH v N A 7EIE 97
598 N—BUHANIIMELTNDZERNbND. £z, EEOFMTIX, Y
FEL1Ohy hATMHITE 10 =% XA VA, BEE200 vy M4 T7HITH 1
ME 2= XA NVINMNELTWDL., ZOXI R X— XA NVDEED

N7 EOBBREREGET, AT -4 TCbEOT —% THIZIER LT TH -
. ZoOFiEE, —RARIZET S HEMEROE &M ERT, &Y 7R E%K
MAAEEIC/ARDZEERLTND.

LrL, 2OFETIE, BMI L EmOBRTH Y, FREKFEOFIEHBE S N
TEbLT, LOFEBTOLHERICKFLRAWKREFMESLETHDS., £2T, i€
K BMI O D IZHEGE BML 2 A W7o - B O LA R_ET 5. Z0FHik
X, Bz, —BEMOE 2 -k XA NVEEEBEON Yy bATHEERKEL T2
Bh, HEMBIEE L L THE BT BMIgy, Q) Z2HWs L nW) FETHD, 0
T7u—FiF, K3 TOFEZHM»M TVWDL X, BRr25E7 0 —7#T
FEHREINV—TOFE 21— Z ANV R ET DHREZILEBML & LT —%T
HIZEEBEWT L. ZOHA, KoTWbdAD BMI(2) 1X, FEIZL > TKRKEL
EH 2L 720, BMIg(2) Z K0+ E0FFMICHVWS Z X carn. —F, ¥
.TOTEICH PN TS L o2, BMI98) 2HAT 252t T, Rir5E 7
N—=TDOHRT, FEREBIZNV—TDFE 98 N—t XA VREITAET 5 KEZ LR
BUI & L C—HSHLZENTE, KVRXLT EOFMMAFRRICRD.
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Conventional BMI [kg/ m?]

Conventional BMI [kg/ m?]

3.1

Overweight and obesity assessment

40
(a) Male
35 /,
30+
25+
20 .
S - - |OFT standard
15+——T—T—T T T T T T T T T
56 78 91011121314 1516 17
Age [years]
Thinness assessment
19 (C) Male

- - |OFT standard

Age [years]

T T T T T T T
91011121314 1516 17

99.9th
99.8th
99.7th

99.5th

_|99th

a8

g _- Obesity

90th

— Overweight
- 7 85th
1 80th

st
__—Grade 3
0.5th

0.3th

0.2th

0.1th

Conventional BMI [kg/ m?]

Conventional BMI [kg/ m?]

TuARN) Y I ZERT—Y T NI F &b ORI

Overweight and obesity assessment

40

w
[8)]
|

w
o
|

N
w

20

=%
©

-
o]

-
—

=
()]

-
B

=X
w

1

=%
N

(b) Female

a - - |OFT standard

T T T T T T T T
1011121314 1516 17
Age [years]

(%]
N -
~ -
o -
«©

Thinness assessment

(d) Female |

- — |OFT standard

T T T T T T T T T T T T
567 8 91011121314151617
Age [years]

3.6 BMI N—t & AN EEHERERZR T v FF 7EO .

[E B yis # A 7 7 4 — A (10FT) [46,102]12 L » T

9

99.9th

99.8th

99.7th

99.5th

99th

P Obesity

—Overweight
0Oth

85th
80th

BOE SNV EHBER e

A TEE, HHT -2y O ENBIXOTHANDO A= % 4 V5% R

LTW5.

RE G B AMG > 5 (a) & 22 (b) TIE 80~99.9%,

(c) & M (d) TIE 0. 1~20% D iE THEEMKFEN L NS .

A R i o 55 Pk
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Comparison of three groups with different heights

2nd centile 10th centile 50th centile 90th centile 98th centile

in group 3 in group 3 in |roup 3 in group 3 ingroup 3

2nd centile 10th centile 50th centile 90th centile 9Bth centile

in roup? in groupz ingroup 2 in group 2 ingroup 2
2nd centile 10th centile 50th centile 90th centile 98th centile
ingroup1 in gruup1 ! in groupZ ! ! ! ! ! in group1 !m group1 ! I

Weight
2nd centile 10th centile
weight . weight
in each‘ group in each group =om asth
SUth ! 90th 98th |

Multi-scaling ! ! 1! ﬁ ”
>

Extended Body Mass Index with a(2)

90th centile 98th centile
weight _ weight
in each group in each group
2nd s0th |
Znd L 10th 50“1

2nd | 10th . 50th
Multi-scaling 1 ! !
-

Extended Body Mass Index with «(98)

3.7 ¥HEGE BMI @ E k.

EBIE, 3ODRRLIHEER (RPAmIRE. AT H R, FREEE) ©
%2, 10, 50, 90, 98 X—k U AL EHD N & DIEES A 2B ICHI VT
WL BT, RO A& ZLIR BMI( BMIgy (2) ) O i T~k 2 L 7=k BE
ThY, FITNV—TOF 28— ¥ A )V EONENE CHLRE BML T—#
LTWa (R=4). FEIX, EIZRLE AL ZHLGE BMI( BMIgy (98) )
ilf T _7ZIREET, KT —T D 98 N—% L X A )L HDONENR U IEE
BMI T—FH L CTW5 (R =f).
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3.1 7TuaAR) v I EZERF—U 7 %W F 8 O

LR BMI A ED X ITHERET 2202 N2 1, FEBITKHT HHERKD BT @
Km&ELVAMgIZRT. 22T, REOH 2 -t XAV Rz EEFMon
v A TEET S, K38 I BBMEOREETHY, KE-FESMTIX, AH
DHRE L 2 = 2 A 0T (3.1) TERESH, 27—V v 7HERiTz
NEI2.95 L 2.69 & 2nbTHEL TWVD. 3.8 (b) IZmT Xoic, HFEITH
T OB 2 @ BML 45 Ai TiX, BMI O P RAE L5 2 N—k o X A VO RIKFNE
PDEEINZ, 2OXI R RKFEMEZ, K3.8 () IER-TLHC, FROAR
LIEICHET D B OHEESMDE, FERELSRDICHONTHIZYZ ML, BMI 4
FoOFRAE (Zf) LHFE 28— X A8 () bACY 7 bT5. LiEno
T,BML O 2 X—t v XA NVDOAMEIZE RICHEKFT 572, BMIL 135E & FF Al
DIEDOHERRBERETIIRWY. £22C, RETLHWET AN vy I 27—
RN R DT HRIE BML X, ERDOBML O ZDOXREEZNET D ENARETH
5.

X 3.91%, M3.8LMAUFT—%%&M\T, EE B & BMIyw(2) = w/h*® ©
ERLEGEOEETHSD. 3.9 (a) ITARTEIIT, BMIgy(2) D5 2 454 A
EE AR (R#) ZAKFETHY, FRIEKFLRWI LzRLTWD. £, ¥
RIBIZEIT 5 BMlg Q) DA DOH 2 /X—F v & A L5 (X 3.9(a) ®ILHA) 1EKF
WA TWD 2, 5 50 N—fr ¥ A aid (X 3.9(a) ® =AHNIE, AL
T, ®3.9 (b) WFETEIIC, BRARLZ2H5EBICHT D BMIgy(2) ©HE i
D 2 K=t B AV AITIFIEE R > TEY, BMlgy(2) 2 & i iic & » T2
WY EMERETCHLIEERLTWVD.

F3.2LK33F, HBELIEWOFMMICBIT IR =Y v 7 ey VAT
EEELDTWND., RAICBT 20K BML EXRAeY, BREBSIOHFEICBIT
DA =Y T Ly A TEICIE, FEFICRE R X OWEBIE M 28
Bohiz., ZoZenb, 5%, BE - FELZT TIPRBEICE T 2 EHEEE
EORBELRILETHDLIEZEZOLND.
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Alk

11-years male

80 - -
70 5 (a) Median  E
regressiong
60*5 . ?
P 50 3
= 3 2
E 40 2nd quantile
D 3 regression
o E F
R -
204 .7 -
T T T T T [T T T
1.2 1.3 1.4 15 16 17
Height [m]
11-years male
0.15 c
Median ( )
{triangles)
@
c
D
a]
0.05
2nd augntile
(circles) f \
0.00 -
20 30 40 5 60 70 80
Weight [kg]
3.8 11 m A MEDRTE & FERE(L BMI.

()X BAr—VOKRE-FEDONA (
)tk BMI L HEnH (JKB) A7y —1LTRLTWD.

Conventional BMI [kg/ m?]

Density

11-years male

1 b A @ 123-130cm
1 (b) A0 130-134cm
20 4 A Q 134-138cm
i A QO 138-141cm
A @ 141-145¢m
] A Q 145-148cm
25 A @ 148-152¢cm
. v A @ 152-155¢cm
] Median [ | A @ 155-159cm
i FEOEFSON L | A @ 159 - 166 cm
20 N
%1, - uantile
0N
nd quam‘“"’dﬁ'e i
12 13 14 15 16 17
Height [m]
14
11-years male
0.30 l‘
— 123-130¢cm
] (d) 130 - 134 cm
0.25 o ! % 134 - 138 cm
| Median 138 - 141 cm
1 (5 (triangles) 141 - 145 cm
0204 1f//la 145 - 148 cm
| — 148-152¢cm
i — 152-155¢cm
0.15 4 — 155-159cm
— 159 - 166cm
0.10
2ndjquantile
(circles)
005 4 4!
0.00 - T |~ {

15 2 25 30
Conventional BMI [kg/ m?]

ZEA—V T OH.
JR£2) .

(a) &) TIRH.ZEHRITEVERTHI» N, E2 - XA L EFE 50X
— kAN EOEFIHBIIE TN, FFEBICBITAEKRESMOE 2,
BEONRN—F A AV EIT TN TR ILE ZATHRLTND.

() FHEEOKRED

Afi .

() %Y RBOREED BML w/h 454 .
() DTIE, FHEEBICBITIINDMADE 2 X— 2 XAV EE 50 X—

AN REERLEARNL =ZMATRLTNDS.

£3SD DFEH TERL TV D.

10 {8 o & & k& id el
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3.1 7uA RN wIZEAr—Y 72 HWEFE S OB

11-years male 11.0 11-years male
& = | i 4@ 128 - 136 cm
_ 1@ 0.0 NN o (b) | a0 13- 1200m
g a(2) = 2.69 ' ' %\ A Q 140 - 144cm
E ! A &-O- 144 - 148 cm
= 20— L 0.25 - I { A-Q- 148 - 152 ¢m
o [ A-Q- 152 - 156 cm
= - | A-@- 156 - 160 cm
S 20207 -A—@- 160 - 154 cm
m c | =@ 164 - 168 cm
e Ko -A-@- 168 - 177 cm
g 15 regrassion I
o I 0.10 5 2nd qyantile ‘
T 2nd Huantle (cirgles) Y
[11] reg ESSIOF_ 0.05 - \
x
10 — ! ~
L G L i it [EEITT T 000~ !
12 13 14 15 18 17 10 15 20 25
Height [m] Extended BMI [kg/ m"@]
B4 3.9 11 ik %M DAL BMI BMIgy (2) 53 i .
(a) H EAT %4 5 BMlgy (2) DHRRIE A o7 — L4547
(b) % H EJE D BMloyw (2) 4. (a) & (D) dHERIE, T ENK3.8 (b) &
(D ERLTHDN, 56D BM OV IZHEEBML ZH T\ 5.
F 3.2 BMEOH 2, H 10, 90, H IS NN—v U F A NHOHENRT A =X
a(@ & Cq4.
Age 2" Percentile | 10" Percentile | 90" Percentile | 98" Percentile
[years] a (2) C; a (10) Cio a (90) Coo a (98) Cos
5 2.06 13.09 2.13 13.90 2.61 17.10 3.17 19.05
6 2.21 13.13 2.30 13.95 3.10 17.65 3.72 20.60
7 2.34 13.24 2.40 14.07 3.45 18.24 3.98 21.71
8 2.39 13.36 2.49 14.26 3.76 19.36 4.05 23.24
9 2.49 13.55 2.57 14.50 3.95 20.55 4.08 24.61
10 2.57 13.75 2.67 14.78 3.92 21.47 3.91 25.64
11 2.69 14.04 2.73 15.14 3.59 22.14 3.63 26.45
12 2.68 14.52 2.71 15.72 3.23 22.94 3.27 27.68
13 2.70 14.98 2.72 16.20 3.16 22.71 3.24 27.74
14 2.60 15.54 2.61 16.82 2.93 23.30 3.00 28.53
15 2.36 16.01 2.34 17.41 2.43 25.04 2.51 30.44
16 2.17 16.42 2.13 17.85 2.10 24.87 2.26 30.41
17 2.06 16.72 2.02 18.19 2.02 25.42 2.13 31.00
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#* 3.3 MEDOHE 2, 510, 5H 90, H 98 N—k U HX ANV RKOHEENT A —H

a(q) & Cq.
Age 274 Percentile | 10" Percentile | 90™ Percentile | 98™ Percentile
[years] a(2) C a (10) Cio a (90) Coo a (98) Cos
5 2.04 12.95 2.12 13.79 2.54 17.13 2.94 18.95
6 2.19 12.95 2.28 13.81 3.01 17.65 3.47 20.25
7 2.32 13.07 2.38 13.92 3.22 18.12 3.64 21.06
8 2.38 13.17 2.47 14.08 3.39 18.95 3.70 22.23
9 2.50 13.33 2.58 14.30 3.41 19.82 3.60 23.29
10 2.67 13.54 2.74 14.58 3.34 20.59 3.45 24.23
11 2.81 13.92 2.87 15.10 3.33 21.55 3.41 25.34
12 2.74 14.50 2.77 15.83 2.91 22.64 3.12 26.69
13 2.50 15.26 2.42 16.64 2.28 23.17 2.54 27.14
14 2.15 15.97 2.02 17.40 1.97 23.81 2.29 27.84
15 1.87 16.32 1.84 17.77 1.89 24.56 2.14 29.02
16 1.89 16.71 1.88 17.13 1.83 24.65 2.07 29.06
17 1.92 16.77 1.91 17.17 1.79 24.75 1.95 29.31

3.1.5 RE, EFICEFAT7AA M) YIEBERT— ) VINERTEK
THRAN I EZEAS =V TOMRRIZHONTIERS. #£ 3.2, £ 3.3I[T7F

TEORZEATS -V VB ERIKFLTRELRD LS ZEIE, FELO
EBREEEHZICHEEL WL EZXOND. 22T, A=V v 7HKalx
BEOICIE, 7ax ) v 7 A5 —0 7 Bt%R w=Ch* Oy FRNoME L
TkowprZenTx, LFDKX

_dw/w _ {REBEIIER

" dh/h  HEBINE
ELTRHRETES. G HORXNTENT, dw/widiEEBINEKEE2E L, dh/hizH EH
MEEET. LEB-T, A=V 7EKIFREMNELFEMNEOLE E
BT 2HEBELEAOND. 22T, KEHENKRL LIV, FEHNBEIAR, £
i —EOLAEOMHTH LN, FELOMEBEBETIE, FAEliz L 2E b Rk
DM Ao D & BT, al@ TREBRICKTHERERMEYEH/INOANT

(3. 4)
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3.1 7TuaAR) v I EZERF—U 7 %W F 8 O

ARTHELMNTE 5.

REBLOER BT 2FRICHT 2HESMOZEA S —V 7T, R
CHREOREN, EHRBICBTLIREONN— U XA NVIIHMIIKETHZ L%
HHRLTWD., ZoRN—trZ A RFEET, FCER - FRFICBWVWT, L
K-> TWDFELDOEREBMER, FHHREEDOFLLOZNLIY HF L
REWZLEZEWRT S.

o, K 3.3 TRTEOICHMETIE 15 AR, oM TIE 12 AR T
ETHDLHIED, TNHOEMmTHEBEHKS THWDFEHIE, KV 3 Mm% N
SHERLTVEBEZLND.

I, WK E R b OEREHMEIT, Bl b 12 Rl I EYRE
DFEHLEIVEW., LERST, TZOXIRFMTORERNZITIRERIEL 5] X
MFTAREMENDHD. 20X HIhEE - BMICEEREART 2D EZ, KA
WV 1T FRIZIEHEE L TN D.

INHOEOEKIE, RQ@ DAALR(Q.5)ICEVEN L, b MRS
RANLTTe, 77ANN—0ENERREBOENOREENFEHICITETITELR
WIZEEBERLTCWD EEZZO6ND. ZOZLZR3T L8 0R#HRIT
I IAN—DEHMTTFHINALIELIDEREN ERMOEN TS [109]. + &
HLORBERNEGOIL, BEHHERBFRICRESFLET 2RO 72l EFEIC
B L CWD 2 ENRBEEINTWD107]. #l 2 1E, 5 DOl (M, Ok, B,
HFlge, W) 1%, AEH 10kg OF b DORIKED 14.6% 2 5 52, (KH T0kg Dk
ANTIE, BIEKED 6.3% L2227 [108]. S 612, MMIZAEE 10kg O &b Tk
KED 9.2%, MRBMED 456% % HD L DIZxt L, KE 7T0kg DA TITHREED
2%, WARAPWED 21%%2HDDH. ZH LEZEWVCMZ, TELERADEKEOE
Wb, WBE, FHEORE-FRESANESERATS -V 7 ERIFAREZEZOND.
BraAERSLLIR, IR TIE, BRHMEAT RO EM AN, ZEAFr—1) 7L
7D AREME R B 5 .

Mz T, ZERAT7 =V 7 REOERKANES, REBREO MM & %I
BLTWDEBxLND. KEEFICAF—Y U 7L, ERRBEBLNEC
DMK 310 ICRT . Bl d 27— U v Z RO FERKAER 72 R 210X
BEHOREANN— F-H RO — 7 F (peak height age), #1#, HEOREME

& & R lin (final heightage) 72 &, MO EMBRICH T 5 FHR B EBR G
CHHE LTV O AEER S L. KO ERRE TIX, BEMOMRE A= M2k
25 11 bty s, ﬁ@é%E@A—ty&4wﬁﬁ®¢&T@x&
— VU TREBBY LD, MIREROEEFER (12%EH) 2@8E5&, 27—
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Uy ZHEBET - EOEICGESER A —U v 7 HIcEb Lk 5. BREOMY
WIEE D 15T, 27—V U ZRBEIMWEMICHE X 7r—1) v 7IciE3&, %
=V r7EEFT2EnD. BT, B2, 10—k ANV ERDL L, 12K
W OLMEDKEEDS, FHHREREOFELICHARTREZELE D Z & 2R
LTWb., FRlZ, 25—t XA LOERIKEMHIMBIL, 850/ 85—kr % AL

(HRfE) OZENEERTBLZIFOENEZRLTND. 2O XD, 12K
Wil D Mk o Wi 72 AR R H 1, RAEEMBEEREEL TW L AR DH L. &6
2, 5 98 /N— v H A L ORI IX, 17 m% AT TR N A N E 4 B AE 17 23 FR
THZEERBELTNDS.

FELORBREZBEUICEHRTLIZDICE, BELEHCII2HEELRED
MENT LV ADEDEFERZHONIZTOILE DD, TOERFENEBLHERIZSH
D00, 05 WVERAEIFICHET LIHSHNERICHL2ONEHLNIZT S I LI,
FEBITHT RO RERERWMTHRERAEST ZsiconsE¢ELLND.
Fz, ST Lok, —WADICE T D FEEMED O E IR % 7E M3 5 #
FERINT e —F T, AR, BERNT T e —F Rl E 2 NRO
AT AY =BT LY R & OO EEL BT OMNEND D
EEZHND.

4.0 Acceleration of Adolescent growth spurt Female
weight gain rate 2 (peak height age)
Sty
—_ Ce”z‘/]e Menarche
% 3:55
WOth Height growth stop

~ a(98) Oth centilg (final height age)
O]
c 3.0
o
o
)
o 2:574(50)
£
S
0 2.0, (2)

1.5 T | T T

I | | [ | | | |
5 6 7 8 9 10 11 12 13 14 15 16 17
Age [years]

¥ 3.10 LMEicHs T A7 — U v 7 a(50) D 4 ik 77 1% .
ERFEERENEZ H2FMEX 3.3D0)ICEFLLRLTNSD.
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3.2 HRBRFMO-OOEREELENEEDORER

3.1 HiT, FELOMRMBLEEHZEICHEL TWVWDLILEEZONDLIZERAS—
VIR ERICEFELTADNDZ L E R L. 2O L, b 0K
DIZDDBEAFDOIEEDZ LRI ONTTFRICHAET ILEER DL LEIADND.
Flo, ZEATS-V IR LNDHERIZ, BOWEHERKEENH D Z & P A1H
WCEVHLNICR S TS SHTICH W 28 S ik O %Y EORMA RO F
F, ONEREREIE, BolrfRethScmTABRER S H. 2T, AHT
(%, IOTF 238X E L 7= BMI (2D < (KGR A AL 2 (46, 941 &, T3 [ D 24 P f
FFAER O THWON T D IREFMALE 721125V T, £ O MM ROR %
FARDZENERERD.

3.2 HERAVLWLATWEIEKRES L UVBKREDTMEE

IOFT 28 F% & L7z BMI O EHBREME &, PR ERIHA CRAERHA I TV 8
iiti B (Percentage of Overweight : POW, LLF POW &\ 5. ) ZH W EWEAENZ
DETH%. I0FT 23F%E L7z BMI D EEHEfE L, 1963 05 1993 F D R IZILE &
N6 nE (77U, KE, FH, 704, YU AR—N, KEH) OF—#
(%D 26 ETOHYE 97,876 N, &Pk 94,851 N) DOHHIZHEIETRIES
NTIHEMETH 5 [46,94]. T O RHET, BN O BMI EEEIZH ST D3 —k 2 Z A
NVRBHERF S D KO, RERMICIEESATZEETH Y, MW, FElic,
BMI O RN 52 b TWn5. 2.2 CRLIZ#EmbEE X, HBLEO KR,
MR EORIMWE /oo TS, ZOREHEL, FICEFZHHRICE W TEEMIC

IR R &4 T 5 [49].

H A O A0 R AR e 7 H AR A O % 1 E L ME O R E T, MERI, FEilmB o gk - K
HOMN ZERERSMACTHELUTED EMRESNTWD[109]. £ LT, FHERLR
KE L HROMBMRIT, £ I5%MRFEMAANOT — Z 12 Y TIE D 7 B BRI
T%%»%éﬂfwé.%@ﬁ%%?wmwT%%éMK%EWE&,%%@%
HEOTRPEIC I, EE ML BN E S D.

TbbL, UFTEZRIND POV

POW — %;?E'J{zté(lfg) — HEVE(RH (kg) 100 _
FEYEIRE (kg)
2, —20% LN F O 8 I3 S L CHE S, +20% 80 E o 8 b V3 i e A
EHEEND.
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322 N—tw 34 I)IHBEELVREN—C I3/ ILRADHETE
STV — 21, 3.1.1 LR CFERRERGRAET — 22wk, 22
TIE, RE-FRO0AM OS2 FEMICREEAMA T 572010, FRICHT HEESAMD
N—tr ANVl E, EEOT—ZHMIC3REBELEYETITHDL I L THEL
7= [ro1]. X (3.6)1%, 3 WEEKZEFRH Lo siEmlE o B 891 E &2 X Mx ik =
DEFERMET D
A= Z tlw; — f(hi; €, @)
iwizf (hi{@Y=o)
> A=Dlw— (i € (@))
iwi<f(h;CR)
T 2T, flhi{a}io) = ao+ashy + ahf + azh} 1Z 3 KEBDOET L TH S.
PRBREEHRAEOT -2 T, FEM BV F A — KL (em), KENF B ST
L (kg) HALOBEHBMECEHRHEINTVWDIZ ENG. 311 RIS, ©TT —#IZ
TUHELAT—FEMAEL, HEMROFEHILEIToTe. o, KEAA—E X4
VL, L1 Hi TIT o e HiE & FER, Vb7 — A T v BTV ERZ 200
MARL, ZAbomRfEeE LCHEL[103].

, (3.6)

3.2.3 BHKE - BAREFMOSEK - FEikEFN

3.1112, R D FAL 2.5~25%, bAL 7156~97.5% DK EDFMmV 7 7 —7
ZoWT, BhrzMbPFREELBEEOHEGEZHT LIEREZRLTWVWD. &
BHREER2TNIE, K3. 11O AR ALD 3 >OiiE %+ 35 Thbsd. =
DEMIL 16 L EDOBML 14U LD LMETHR BN, B RRE% O S EKAEF
HEEBMLTCWDZ ERRBIND, L2rL, REBIOCFEOSHLRKEHIC
X, EAEER X CBEEOMICE W THER X OERKFENREL TV 5.

HARWIIZIE, TOFT AE¥E 2 F W AR EGEM 1, 11 225 13 m B (X 3.11 a,
b) BEIOI NS 11kt (K3.11 g,h) CBWTHEFELRATEKGEEEZRL, &
B2 RXR—=UFANVTFNOTFEBIE, B2 X—E A LDFEL LD L 5
HFELIBEEICGEINTWS . 12 B (K 3.11 a) 3L 11wt (X 3.11
h) Tix, REEVY 7 /7 Vv—T3®EEY 77 —7Iclk, JL—F20EEO
HENHFETHoT.

[FIARIZ, TOFT JEHEZ F W7o R BTN Ci, 8 206 11D B (X 3.11 d, e)
BIORT~10mOLME (K311 kI, RELHFREKFEARD LN,
HREW R ZANVTMNOFEBIL, B2 = 2 A VDFE L LD 4,
5AFRETICREME S vz, 9m B (3. 11 e) B 6 MM (¥ 3.11 k) T,
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HEOBWT T IV —=TI3RE N T IV =TI R T, J L —F 208D
AN8ETHo7. M3 11ICR SN RKAMIT, 2008 4725 2019 %18 L
T—HL Wk,

POW ZHWTCENEEIZ L D2FMTIE, FROBFEWVWEARNT LI LR AT —
ZERSFLESAETH, BHERERKEEN RO, LaL, KEELSEHO
HEDOHREY T 7V —THOREL & T 3HFRMICMZ N TV, POV IS
SRl TIE, SRR o L BMoOFEN"FELIES (K311 ¢, f,1,1), Zh
% IOFT D MAE R &L FET L. KEEOFMICHONTIE, 11 ZBHEOEE
5 mBEMED 10fFTHY (B3.11 ¢), 12kt e skt oMICH FRE
Ok ENBEIN (K311 1).

POW Z FH W73l &, 2008 £ 5 2019 O I 238 U T, — B L =Wk fF ik
MBI, o T, ZOFEMMICHEELZBEIL, KEAEFOEEG L EfflCE
LTWbDTERL, By "AT7DOMEBZRLTWDAREERHD. FEHDE
HEMEm BT S BMI 2 ooic L7 AR A ML T 510T, FrE oMl LU = R
— MNZBT 5B OWMHERLZET HLENH 5H[46,102]. ZhIZ XV, BIEH
HKOBNAKELFROMAEDLEICBTOIWENREELRET LI LENTES.
ZOFHEERIET 2720, M3 1212”7 X951, JL—F1BXOBZL—F20
A, WAEE, BWMoly AT EERL, M- EEDI O B M EFE L.
o, INOONy FATZITHIET DHEMER (N—k T —Y) bR K312
TIE, B ERMERIZIBEET L5 3.5%, KETLAND2.2%THY, #
KEO LRERITEET 7.1 6 15.7%, KT 9.3 716 12.3% Tho7. Z
D EMNS, Bk bz, MO LRMERITK 2%, A E O LRMESRITK 10%
E—BLTW E, BEHETIE, BRI, EEEZL—F1TIEN10%,
HEEEZL— R 2 TEHN2%E VI REHERE R L.

Fo, H3.131T, POW A& ME - FElmlIc oL, RKELBRWON Y M4 7
A&7 L7, POW 3 OFEKAEIT - RESERVWE IR 2 208, FElC
Lo THERIZKERENVERDZ NS, BEOSHE, BMO ERIX 2.7
725 11.8% THV, HEDOFRIT0.4200563.3% Tholz. LHETHE, EHo E
FRIZ 2.7 15 9.2%, HHEIX0.520054.2% Thote. HEET XL, POWO—F
DH Y MAZEIZES Tl TE, WBERICERWEREKFEENRD b, KKE
EEGE ORI 1T D BE R IEXSFREN B B 0T o 72 POW % H W 72 S 1R PR At
MERTAH A O B HEIL, POW S A A FERICEKAFAE T & T2 L 2fifgE LTWD &
fER T HDOMNIEL WD, TOX I RATTRIIEY Lo T ol

POW Z W7o PR ARG A O FEHE D RS, WiERAEM D2 L7, JE
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WHERE LI LICHD. 202 LD, PR IEUEZ 72 5F il 2=
2, BEEREREKFESLAONDIFRKNEEZE X bND.

TOFT R, B L, “RBEEFRECAONDIFREEKGF AL T 2AORIN % H
B0, GEICHTHERE S MO N—& 2 & A VEh# O HEE R 5% BTN
3.14, &PEIXM 315 12”9, X 3.14 £ [X 3.15 >, TOFT £#E (HE#), B &
VY, ARSIR s sl oW (GBAE) &, S—k v Z At (RER) NEFTH
FUIE, BMI ° POW B EEME A H BRI L CHREISRLTWA Z 2 BT 5. 11 3. 14,
3. DA TFTD 2 oD% VvERDLE, 1THEOBETIE, ZOKMEMEIEMRY
SN, Al RO REKMAEITIZEEAEERTER L. L2L. 2R UANAD
FhETIE, By M T7HOHEERKGFERBEEICR-TND. 202D, —
N AIC 3T 2 HBLESE O R/ O BT, ZYR KT MEEL LT 572
DI, N—kv 2 A NVHBOMEEZFE LI oL, TiLEd Lo EEEEE
ERTOIVLENODLEZZDOND.

Fi I POW 2 U 72 52 B O B 6 3 9 A o0 (R B REA 0 R /1R, — R A RICEBIT S
FRICHTHERESMOMBELZ +FICEREBTE TRV LIZHD. X314,
BLIB W R Le N —k v Z A VMl GRER) 2, TXTEMRTHD Z &N, (KH -
HEDHAN2ERERNACEHELUTEDZLORELRETH L. HlIE, 17K
PETIE (¥ 3.16 TERA), ZOEORIEUNHLIBERLETH DN, 9 mEMET
X (K 3.15 FBA), FR -KENMME 2EBEERSMACELTE AW, AT,
RESMIEBRSMICEDRNZ E[TI0ARBROICALNTND 2D, 2B &IE
BAoMaREST D LITEOTRWATREENHD. L ->T, POW ZERT D
AIER N TWD EEZX NS, £, BITHRICE VT, POV 2 HWIZF 1l C
X, KEEROEMHER, @RS s2EmBARES N TWD[72]. DL EZE
F 2 E, POW 2 AW EREIEHICONT, FORZYME RAICHRIET S LE
BhoHEEZXLND.
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Percentage of underweight [%]

Percentage of underweight [%)]

Percentage of underweight [%]
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Male Male Female Female
30 A 30 30
(a} —o- 25-675% height | () —0- 2.5-57 5% height = @ —o— 25-075% heght|| . i o~ 25-97.5% height
o5 = = 5%, = g5,
- Grade 1 thi 2.5-25% height =g 0 o = - Grade 1 thi 2.5-25% height = 540 iah 25 Zainhe\gm
rade 1 thinness T5-07 5% height || = verweight z rade 1 thinness = verweight 75-97.5% height
IOTF cutoff 2 I0TF cutoff 5 IOTF cutoff 2 IOTF cutoff
04 % 20 2 20- g 20 -
€
2 b1 2
4 G ERT 730% 515
W 3 3 g -
rot) @ @
T o = - 2 1p 4 £ 10 SEi=t . 7_27 =4
9.8% t o g £
8 £ 8
] & 2.5-25% height £ &9 5 °7
------------------------------- 75-87.5% he ght [ 75-97.5% height R !
T T T T T T T T T T T T T 0———T T T T T T 1 T T 7T [ e e e e e L
5 6 7 B 9 101112 13 1415 16 17 56 7 8 9 10 1112 13 14 15 16 17 56 7 B 9 1011 1213 1115 16 17 56 7 B 81011 1213 1115 18 17
Age [years] Age [years] Age [years] Age [vears]
10 10 10
) ~szmme] 5 [@ = = O = = |7 SRS
0  5-25% height il . 5-25% heigt = 0 ~25% height B 5-25% height
Grade 2 thinness 507 s haght | ¢ o | Obese 75-67 53 ha ght £ 8- Grade 2 thinness horswnaght | & o- Obese 75-07.5% height
10TF cutoff 2 I0TF cutoff T I0TF cutoff E— 4 10TF cutoff
g : 2
5 S 6- 6
g ] H
3 < 5
B 3 5 |
o 4 4% % * o 4
g W % 28% 2
1.8% g = F
5 g f”ﬁ ................. 57 W o
& £ £
e I L e e L L e L B e e e e N I
5 6 7 B 9 1011 12 13 14 15 16 17 5 6 7T 8 9 10111213 1415 16 17 56 7 B 9 1011 1213 1415 16 17 56 7 8 91011 1213 1415 16 17
Age [years] Age [years] Age [years] Age [years]
20 [ 20
— 2.5-97 5% hei = . = a7 % hel
© g |0 B - T 5 0 T
7 Underweight z Obese 75-67.6% heght £ 7 Underweight s z Obese 75-97.5% helght
POW cutoff 215 | pOW cutoff 2 POW cutoff S 157 pOW cutoff
4 2 1.3% z o4- 2
- o 5 H
2 2 E
LRl E e R o 5 34 X B |
o ‘S k=)
o $ o g‘ﬁu-c/\v/a
______________________ =3 L o BRI R R =3
g E: g
£ 5 - | £ s-
—o- 2697 8% haight | B, g, —— asorshnegn| B
2.5-25% height P e e ey 5 2.5 25% height K B |
T5-97 5% height & s 75 97.5% height
e e U L e B S L e e LI s I L S e e o
56 7 8 Y 101112 13 1415 16 17 56 7 8 9 10111213 1415 16 17 5 6 7 B 9 1011 12 13 14 15 16 17 5 6 7 B 91011 1213 1415 18 17
Age [years] Age [years] Age [vears] Age [years]

3011 R{AHE B X OEEREO T E & FE O FIE O & i ik 77 M
(F 2O BEOHRKFME (3200 3 E#R).
(a) BB 2HEE L —F 1O I0FT & v b4 7 fA.
b)BHIZHITHrHEE L — R 20 I0FT v M4 7 fH.
() BMICHB T DIRMAEED POW A v A4 7 fH.
(BB T 2WMEED I0FT I v A4 7 fE.
(e) BYEIZ I T 2 BT @ I0FT #7 > kA 7 .
(£) B BT 2B O POW A v h A 7 A,
() KMEIZHB T HHEE 7L —F 1O I0FT v b4 7 ff.
(W) ZHEICB T 2EE 7L —F 20O I0FT & v b4 7 4.
() TR T DIERARED POW I v b A 7 fH.
() &Mz HB T 2T 10FT & v N4 7 fH.
(k) ZMEIZ F5 1) D 0B T0FT 4 > b4 7 fH.
(D) &Mz HB T 2B 0 POW A v b A 7 .
HEH 25005 97.5% (&), 2.5 25% (RHKEVY 77 Nr—7), 1505
97.5% (ME RV 77 Vv—7) 25T T, TAENOFWMKFEEERLTND
(E2B) I0FT K2 HlWicih 6. (TBR) FEEAEERIEEZ WL a.
T KGR WA, SRBKFEICRY, FRIEGFERZVWEAIX, 3AD
FRMNERD.
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kN 5-year | 6-year | 7-year | 8-year | 9-year | 10-year | 11-year | 12-year | 13-year |14-year |15-year |16-year | 17-year

male 1 male male 4 male male male 1 male male male male male male male

® Obesity -
@ Overweight 20 ST
4 Grade 1 thinness.
4 Grade 2 thinness.

0
%

BMI [kg/m?]

s s
E =
357 S-year ] 6-year ] 7-year ] 8-year ] 9-year 7 10-year ] 11-year ] 12-year ] 13-year 7 14-year 7] 15-year ] 16-year 7 17-year
female female female female female | female female female female female female female female
= Obesity 4 q
30 | @ Overweight 5 9 9 9 9 b " Y 1% A
@ Grade 1 thinness. R
& Grade 2 thinness ] 18%

BMI [kg/m?]

A
22%

010+
000
oLo -
000
0L0
000
0Lo -
000
0L'0
000
010+

&

\:
7

3.12 £ - F Bl O 10TF & v M 7Tk d 5 F T4 b
BB, T ERM.
FARNVOME (%) X, E»6 e, @EE, gEs7r—RF1, g7 10—
R2Dhy b T7MEICHIET D4 BML DAADRN—8 v X A )V ERT.
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150+ 5-year 3 6-year 7 7-year 7 8-year J 9-year 7 10-year  11-year I 12-year J 13-year J 14-year 7| 15-year 3 16-year 7 17-year
140' male i male 3 male 3 male 3 male imale : male male  jJmale jmale jmale 3 male male
| © Obesity 3 E ] E
4 Underweig
1304 E E E E
E RO RGEVIE & (2T D CLIA ( iTA% {118%  { \104% 11.1%
56.2% 57.8% 57.5% 58.9% 569% 53.4% 4B.8%
E St ) Varl o vakis i
704 E E E E E
T T e e s T T
6 c 5 o o o o o oo o oo o o o oo o o o o o
& 82 88 &8 88 R8 R 28 8§ 88§ 88 B 8 B 8 &8
1507 5-year | 6-year ] 7-year | 8-year ] 9-year | 10-year : 11-year ] 12-year ] 13-year ] 14-year 7§ 15-year ] 16-year ] 17-year
140' female 3 female 3 female 3 female 3 female 7 female : female 3 female 3 female 73 female 3 female 3 female 3 female
| @ Obesity E E E E
130 | 2 undorweigh E E E i i
N47% &5 7% ERVZ I b VA7 (7 I €L B (K TR B T VA L VA B P B P
T 545% Y 1 THA6% ) ] B7% | 582% Y\ 1 1 554%\ ] 53%]) 1
E EL Ao Ak 1/ 28%
709 3 3 5 ] 5
T Tt e T A
s o5 6 5 oo o 606 o oo o s s o & s o o e
g 8 B 8 8 B8 8 B8 8 &8 R® g =8 g B 8 = g =B
Density
B - I SE 0,
% 3.13 £ - FEBIO POW Iy bATZICHIET 2 ETFHEMEE (%).

BB, TE A&
FHANFNDE (%) 1,

kb,

T 7R T B E POW S AT DR — X A VS ERT.

M g, KRVEMRE, EHMEE O v b
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5-year male 90.5% 5-year male 99.5% 9-year male " 9-year male .

45 < 45 . 80 =" 80 £

40 | - - 'OFT cutofis // ; [.98% 40| - - POow cutefis ¥ [.98% 704" I0FT cutoffs /,f/"iBE% 704" POW cutoffs o Eos
i/ i/ 95% / s E 9% E . /

/77 Boon 604
E 0% 50

Weight [kg]

20%
oy 40
o e E

L. __D’;:+ 30 4
E 20 o

g 35 R A a1 T AR A aar AR
110 1.20 120 130 140 1.50 120 1.30 140 1.50

—
1.00

Height [m] Height [m] Height [m] Height [m]
13-year male 13-year male 17-year male 17-year male
120 995%120 99.5% 140 = 140 e
3| — Centile curves it 3| — Centile curves / & 5| = Centile curves /-'7"' v 4| — Centile curves ./ e
- = [OFT cutoffs J i 3| - - POW cutofts b 8% - = I0FT cutoffs / - - POW cutoffs 3
3 -, 100 4 120 - | 98% 120 / %

20 .

14 15 16 17 18 14 15 16 17 18 155 165 175 185 155 165 175 185
Height [m] Height [m] Height [m] Height [m]

3.14 B BMI (T3 < TOFT JL#E (FMkat) F6 K O POW JE#E (Rkfkar) (2
KOS KRE-ESM (RER) O— 2 A nthfteh v b4 7 i
D L.
FEBE bk, BB 9O, TEAE 13k, TEA 17TRK.
AR & RN T CThHIE, BEMPFRICH L TCHEIRTWDLZ &%
BEW®T 5.
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¥ 3.15 M BMI (T35 < TOFT JE#E (FMk#) 6 K O POW JEHE (Rkfkar) I
KOS HKRE-ESM (RER) O— 2t eh v b4 7 i
D L.
FEBE bk, BB 9O, TEAE 13k, TEA 17TRK.
AR & RN T CThHIE, BEMPFRICH L TCHEIRTWDLZ &%
BEW®T 5.
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F3E AR FEE (BMD) ORREE

3.3 LEIEDFELD

FELDERICKF LG RICHT 2EESMOREREH LT L, —KAD
BV TR Y LOMFHRIL (FEFHERD) TS Wi+ &b OB (O -
B BEA) & BT 52 & & BRI, B - BRE O -0 O RB e i KR
FBIEREEEZ TR L., FEABERKEZEOZYMYEIL, GREORL DL N4 OEK % [F
—HRHNORN—F XAV ETHBRTELZE2B®RT 5.

AETIE, RE, HEIHLZD 5~1THOFRIRERFTHET —F 2, K
H-HRENMICBTILEBEORES— XA VRO X7 —Y v 7 faE HEE
FTOWERT R AN v A= U ZEAL, BEAIZEW 1T KA B 7
LDH—2—Y v 7 EEOEHEE L, WE, FRICBTL2ZEATS—U 7D
fFExE R L. o, 2EBAS =V v 72T HE6, EEON—t % 1l
MOAT—V v 7B ERAWVEIEEBIL 2 AT 524 TC, FEOERDLI AL D
K zR —FEHEANON— XA VR THKRTELZLEZRLE. ZDOZ L
X, —MADICBTAHFERELY KW, #Y, EEFHOZD0REN Ry
EHBEEE LR,

IHiZ, 7TuA M) —BRIZZEA =V U ITHEREOND E VWD 2 &1X, BE
OB MEED Z Y EEZMFET 2L ENR SV, BML & H 7z T0FT &4, Pow
RO E AR A A L A O I RS RS, R, B VIiE, £
IR LI ERTERWVHERAL T ARAE LN, TR ORKRIT, ftkiEyE
DHEAMEZERICEET HRTIEARLS, BHIEATE, FELORKELBAREL
MO DFMBEERGFE LRV I EICOVWTHEEERT DO TH L. T &
HLIZBWTIE, MAEMICEEESCEHSEOL AT, MHREEZ AV HERED

IH D O TIH R, AEHOE RN Ot oA SR 2 B E x 7o 1 22
DLETHDLEZEZOLND.

b Elnn, TuRA M)y 2 ZERAF =Y U IR DIET AN v
7 A=V v TN X IhETOTEA M) —FEFEORNIAE S AT
7=, B ek R &@@%%%ﬁ%ﬁ@%%:Eﬁ?%éﬂ%ﬁ%mbk.
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F£4E FEYPY~AOTOAOALN)YHOZE
Ry—1) o5 mE

2HEICKVERLE, 7R AN v I EZERTF -V I HOBEX T EHWT,
35f<ﬁé%£%éiyt®51m1® FAPEDREEEAIT D 2T, L EBICIELHE
A=V TN DL T ERHLNITRoTo. KE T, BML OFEMm T Tk <,
BEMICA LN Ax 770 A M) —OBBIZONT, JEET A RNY v 27
— VU TR DOBEZFEHNT, ZEAT =V TR L0E > 0iFMT 5.
DT i, e esy BIFL270 XN vy 7R —U 7 Om T, HED
ﬁx7~)Vﬁ%ﬁ#%ﬁ%ﬁﬁ%m&%%ﬁﬁ%énéﬁﬁ?,%@@%é%
ST 52 LT, BRAMICEKIT DR & HRE DB M2 M B AE IS W T o B AR
WELZ ENMFFEIND.

4.1 HEIBORKELINEE
4.1.1 704 FY vy BEE
HABICBTARBEBLNMEEO T e A N v 7 25—V 7%, =3 LF¥—K
HOEMEALEBIRT 2 A =X nlp CEMEREmARIEL TS [111]. K&
LB RO A — Y v BRI MERE =CcRR® o~ R 22T, C
Eald, RERERXLHEHKICLEEE, ThZThU R tHE 2RI EHLE RS,
I TIE, BfFT 2 28 DRRLIDERICELND 1,562 flie WO KRR ak
— b AWM L2 BATHEEDY, 0.75 D FE D 3/4 ORIV U ITREEICRDL L
WIS > TWwb[112]. 2, 0.66[113, 114] & WO R AEZRE Lo
JATHRE & 1X B2 B0, 3/4 FOAF— ) V7B ERET 2oL~ L
TW5[115-117].
REHEMEENI/ARTHERET L0 ZOERERATF—V U 701F, KEENR
HERARZEZ IR T L2AHFTORMBEABOEARANLRNEZKKBL T D
[111,118,119]. L2 L, MERELR#EOX T —U 7 ORMFKIZ, KK S L Tk
DEETHD. —HRKIIZIE, AR ZRNEEERBROMICIEDOREKNH 5 [120,
121]. L2 L, ZOMBEBEREAYTRSLN, imgnEmchb s &2
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MEancnwanli2z], £72, ZOMHBEOBENF IS EFHBBEIC L > TR > TV
% [123].

Bl zE, FTHMFEOTFEEZRA O L@ BEON T, 2EF EOBICET 5
EN, BRAxRBELUETLOHRMELY BN RBEMERTOR RN TH D L&
WO B ZICHESE[T8], 0.5 L WVWHI AT —U U ITIRENRHRE I TS [124].

L22L, ZO—RMRMEMICEFNARHY, a0 ) RLERFITLIVARRAS
— V7 oEERTR, UFPXHESL NI HIE, WHLBETHEIND BT
REx T % 3/4 DA —V v ZiE¥%ERT.

FATHF TR, RE L MEREEZFRRICHRT 2 2K 8 REICE L TIRAV#ER
PN TEY, HETLIEEOEIZOWVWTEL DEENRENTWVS [124-
127]. L L, 2L TR TOMETHEIVEINLTNWDLT —vIE, MEELIKE
DE/BN—kTHD, D2EVHE -7 =V ITHTHLLENIZETHS.

ZIZTIE, BT D 28 ORBDIGHEBICERLND 1,662 FEET, B
DIRFER LV Ea—MoHG bl RKoEELAGET—%y b2 HW, 7T A
N w2 ZBA—U T HHWEIEETa A MY v 7 XA — U TN % E i
T 5.

4.1.2 HMICAVET—42ty k

Google Scholar & datadryad. org {238\ T, mammal brainsize] O F—U — K
THRLEMEEICETIART -2y POMEEOHEREEZHRELTND
B O FREE2EEDEREOAMT %y hEEHALEZILI2]. 20T —%
oy MIWEWEHBI O/ ONTMEAROEETHERL, BifFET L 28 DRR
HEFEORICELZRDAF L2 EAEBINTWS. 7 — X X IALED )
Mol e I, EE Ko (] : 1 <n < 10), FEHNE &
(g), FHERE(MPTLEHINTVWD., HEICIIREIDO ZEEEL T Z &08Mm
HBINTWVDRMITOWTIL, ML SN2 HIERICWES T, WEDOREDOEY L,
FRARHE D ME & S RE O EAEHR STV 5 116, 128] . fRE ST — X I,
SETFHREERREREAR T, SBERCHSTENE Lo TS [129]. Z D
HAbix, WABEOEIGE AR FEN NI A =X 2RO ML SN T — % < —
Z[130, 1311 O H#MEAZRET D2 -DICAARTH L. BREFERIFELE S N5
A, BEAKRAZZRL CHMOMEFLELZEN L. ZERQMERMDFLET D
e id, BENCHE - 2 e Targe(116] & AR, 132 ® s F A — b (len’) %
1775 (1g) ICEHBMLEZMEEMEMN L.
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4.1 WFLHEOKRE & NG &

4.1.3 #BREER

B 4.1, WHABEOKRELIKNEROEMLZ RT. K41 (a) DRI LI, &H
10, 50, 90 N—k ¥ A L OEFEBRIL, FATICHBEE T, AENEI LDICO
T, MEEOSMTIEN > T\, Tbb, WLEOMM O K E-INE &5 4
TIE, ZEAZF—V 72 RLTWS., TREOHTH L a(50)1£0.76 TH -
P12, FEVEALFEAE &, B /107 128+076logk T L =26 1 7= q(50) 28 0.76 TdH -
e &b, PRMAEITETHR64]E —H LTS, LaL, K4 1) Iicrnd &
N, KREEEENIEE S MIZIB T D, 510, 90 X—t& ¥ A L O [al 5 dh R 12k
FTEARP ot LR T, stEZEMIcE T 2 MER « KE° 0L 5 2l—x
=V 7 oBRIE, WABEORBE O = 2L X - ELDO X AT I X
RS T AL TERVWEEZIOND. ZOMRBINTCLERATr—U 7
X, RELMEED R — U VBB OEMRME AN 2B Mm L, Z 0EARH
m7m AN —FEREFEMCONTOMNEERH L LERLTELDTH L. Fr
W, AT —U 2 THRENE 10— XA LD 0.71 DHH 90 RX—F X A )b
DO0.85 ~EMLTND ZEITHKEWSATHDL. ZOZLERATF—V 70, /N—
B A AN B DICONT, KREICHESRTHEEN LY RELS 2 REL
RELTWD., 2F0, RENELT LI ERIMEENRELS ZoTND. =
DERIL, FTATHFZE[63,70, TII THEINTWVD LI 72, KRELNAHEROH -2
GV rAiRE LS A EB TR THD.

REHEMEEOREZOLZEAS—V 7ML, RS ERL2ER T 2K O6E
IO LT, MOREIZSORDHKPSLZLERLTWVDS. HDHWVIL, K
MRETE, DEWERIY FRRBREBRCAREGLAIERICRD, Kot
fLIZFEEREET DO E L7121, 132, 133].

ZOE2IE, TrA NI I RZEAS -V U TICELBIMETEA N v T RS
— VT LY, Fl ARSI, SR IDRLMEICEY, EHHLR
A=V T RE— AL T ARARR 72 A B O R B DY D T e R Y BT A
SND.
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Nie= o~ i ~
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v - w7 3 VA = 573 — 2
X 4.1 WALEEARELHEEOMMGR. ZEAF—VU > 7 OH.

(a) RBAT—NVOERE-MEED M GlERL).
(b) PRI R ML A« METHE/107 1280700 Sy (MiiR) A RIE A S — T
RLTWVS.

(a) & (b) TIX, %2, % 50, 5 90 /X—+& & A Lo [alJf th #1357 #R T H# )
h, REEEICBT2MEENMORE 2, H50, HFI0 -k XAV RITE
NENME =M LNUMATRLTND.

(c) AIREEOME &55Af.
(d) 4 E g oA FE RS« JE /107 128+076l0g KR /5

()& ()T, HKHREEICBITDHMDE 2, 550, IO N—kF AL
EENENAE ZALUMATRLTND. 9EOKERE TP RE 2. 55D O#
PHCTEZRL TS,

X
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4.2 RIROEEE & & S OREFR

4.2 BAOBERLESOBER
4.2.1 7oOoibkYyvsBEE

BARDEEELCEDOMIRIT, 7I7 7 ZNAVEELZRL, EWEOAEREYER VA
RO WT, EERMEESCHA EDOT XX — B E B2 EE M
wm et L Tng.

BARICHIT 2BOEE () L&) ORI, YRR LY ER- T,
ME = CROER" OREFTRICNKI. 220, CLalF~xEX2mxIcLE
LBt, ThENUR EEEERTERE D, ZOBMRIT—KRAIZ, A S
NTmERE &I DRIEHAREEZ AL, xRRE FICblzo T—HLZMEE
WHEFR S LD &) B R EIC S W T 5 [134,135,136]. & 512, KA
DHENSALDLZENICHT D2 NFHLERICLD, 2/3FDOX T —VU TR,
S5E D ho dP LV HIRBT R COBBICEBWICHT SN D L5 E X A
— B TH H[137-139] . LarL, NREB X OHFHRY A4 O TIX 2/3 F D3
TcanenZ & bmbinTuvs [140].

COXOIREROLE, BOBERLBESEZLERNPOHKTDIT TE, 7oA b
Uy ZJHE—=27 =Y U TOBEBIZONT, TOZUUOFMELERr—V 7
PEOFEIZONWTHERLZ., 2L, FICEOBEWEARE SWEB ALK LY
BT, BOEREBEOBGRE L2 2 8MFP0 - IFEOFHBERIZ, LTokzdYy
THZEEHMELTWD.

4.2.2 HWmICAWVET—42ty k

ML AR RO D OB E B ATLEO YV RTY MY Th D
“Tallo database” Z MW 7=[141]. Z D7 — % & v % 498, 838 1 D Hu ¥ 2 M50 $%
MO SN TEY, FICMEx OB RICERZY T, SBEFHICERELLEATY
. BOESLE (m), @S (n), BEFEE () REDORNTA=FREHEKINL TV
5. Elo, MIBAIICZHE 61,856 MR DI KBS HAFRL S 41, Ak KO
MO R AEBREMEWESHEBEL TS, £ LT, 1,453 @, 18T B b 7z
LDOBFNERICOMT 55, 163 MOFHRA/ENS L TND. 22T, A3
X Bt (Betulaceae), & / ¥t (Cupressaceae), ~ A £t (Fabaceae), 7 7 # (Fagaceae) ,
7 A ) %F (Lauraceae), 7 FEEF (Myrtaceae), ~ >V F (Pinaceae) ® 7 OO
B2 L.
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4.2.3 #REER

X 4.2 127 2ORNCB T DH = ZA DR —1 v 7 alq) O k3
. AN xR (FR), v AR GER), 7 27 8 (F#), 7 FEER OK
@), <R (KR © 56 FHE, al(@Q) PELLTL A7 =T v 7K O LS R
NS, =27 =V v W ERL, A=V U 78I 0.5 5 0.75 OHEPHO
RNT, TNENORNIY —ICHER L. BRI, v 8 R, 78 (&
M) WXEEAF—V I MERL, BT TRITBEEREZEA - v IO R
WaERLE.

Eésm,$*17—nyﬁ%%bkvyﬂ®7mfFUV?%%%%?.
B 4.3(a) THAT L HIC, EBERICH T 58O BERICKT D8 &SmO E 10,
50, 90 R—B U HA AN HOT X TORFEMRPFEITLRoT. 22T, ¥R
% i/ sorE Y L g Lz, alg)=0.73 OF TEHEL S o EE L
EOBFRIE, K43 ITHIrNTWD R, BOEROEEHIH LT, HOHE

REME DA DO 10, 50, 90 X=X A N OEFHBRITIKFEL RS2, 2D
LiE, BB TS, RoEREEHEO T o A MY —FERICENT, BOERE
KHEERENZ EERLTND., &6, SEIFEFRBOEREICDE 5 EEE(L
BENMERD L, M4.3C@)DFBOREN A= ¥ A Vg L3 xRAIZ, X
4.3 ) THER—B U FANVRIEIBEELTBY B2 =V I LRoTND.
INLORRIE, v VHROBMAORELZFMT 270 DE@MAREREE LT, #o0

ICIRIFE T, BRAZBOERLEBEOT e A M) —BEERSFHTHDL Z L
oL TW5D.

WIZ, 4.4 c2EAS -V I7W%ERrLEE7TROoTar A N v 7 BARER
T K425 00E, 25—V 7R al@ THAHE 0.66 25 KIEIC TR - T
BV, qIEVEHLTNWD. T 2bb, MkoBROEE-FEmO7Ta X N v
BRI, 7T R TIE, BMAORRAZFMT 2% B2 REE L CTITBEEL R,
B 4.4(a) TART X DI, MAEEBICKT28HOERICKT 28 SMHOE 10,
50 /N—t X A VO RVFEMBILEATEZ ST, & 90 S—F X A )LD [EF iR
O XXM L, 6 10, % 50 NX—kv o X A L OEFHEBE L X FITIC R 2o
k.aG@ﬂﬁ?@%?ﬁﬁ%éﬂk%@ﬁ“kﬁﬁ@%@i 4 4.4 (b) IZH 7>
NTWH LI, BOBEROLEEHIH LT, SOBEE-BESMOE 10, 50 /8—
ty&%ww@w%ﬁm,mﬁtkw@%%mﬁéﬁﬁﬁwﬂ%ty&4w®ﬁ
ﬁ@ﬁﬁﬁ@@%%%bt.E4A@H®K&%hé£5t,“ﬁ@ﬁ%mﬂ~
BUAANRIE, BEEBROERSANBOERICL > TERRLIZLETFELT
WhH, IhboZ NG, TTHOBROERICHT OIMEO ML, ZERXT—
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Vo rMERL, 7TRNOBAROKEIX, h/d*O XS5BT A RNY —
BRBHFEE LRI L ERLTWS.

INDLDORERND, ERFREFMSBEIE T TR, KELREOFEHETLIR
LITEANRIBRE L SN DB RO @O ER & B & 0% RELR (134, 135, 136] 1%
TDORD IR D R A F RN T ER IS E M T & DR 5 IE TRV AT RE
MERHD. TOMGIE, BMAOREXY A T2 OERICEFSND. i
MBI, HaRECOBERICEBEINERDIREBRIEZ T, HEaLE RO

WAL, BFOPRESREOBVWB ALK L T, b7 X ) v s 27
— VT ZEND L. BIAE, TTRICEEND A — 7 T HE R E D E
<, HFMBEVWILETHATHD. METHEHLLAAM EEVWRAEZFKESE DL Z
IR AT —RNHEASATNDE., ZORKBICE > T, =23 fifics bz
STHRRBREOPZMA 208 TE, LELERALEZRKROSGMERD. —
i, BT, KVAREARRREEAERAL, MEalsEo R EELELIE, T
BEoEAE L HRABEVNEG S . HIEL RO LRAKFH A = X LI0%, ke REEES
HTFCTEETL2OICHEL TV, ~VICWAH 2 KR H O EFGE X, B2
Fro il OB ICEMMEEWSLT DI E2ARBICT LS. =27 &~ Y ORIk
REIGIE, BREICHEDOIETHY, TAENOHENFEDREO RN THATE
HLDTELHHTHHAEEFN=v T L, RUMNAEFAHEICESE, TOK
RAam#El L TWDH[142,143]. 2O XD RAEHEMEN D, HRARAERER 2 #L i L&
T5ET, 7a A MY —BROWEAMEZFEMT 5 EICE, FFEOBARO ALY F -
ARFNEREZBZRTILERD DL EEZDND.

LmEl, v~ VRETTFRIICEVESELYT, TaA NI vy I EEAF—J 70
BRZFWCESWIET e A N v 7 25—V U ITMITICE > T, BHMAZRT 1
A MY —BRICK L, BR2EMBOMT—HLTHRIZLARWNWI ERRINTZ.

ZOMRE, ARFHEREBMAOEBEICHFAORERKEZET L LOEE
MEREBL WD, £, BIROREICKIT2HENRT o A U —B4RIZEEH
AT NG, e RSBV THEICR b LY e —F2RBHAT L2 L0
LEERHD EEZEZOND. IHIZ, BAROKREICETLT7T AN v 7 B%kE
HEST 5 LT, ARFHEREREBRIENABO CTEERERTHDL Z ENTRERE
hWic. 5%, B2, R AL 4~ AHEEM [144] O FEEAMIZ BN 2 2 & 2
BIhb.
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16 Multi-scaling across plant families
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=
T
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gth centile

X 4.2 7T OOROBOERELBESTOENA—E I ANVICEBTDLAT Y
v R

7123 7 % Bt (Betulaceae : F #%), ~ A B (Fabaceae : ¥ #t), 7 A/ FF
(Lauraceae : $%#%), 7 b EEF (Myrtaceae : KEaH), ~ > F (Pinaceae : 75 #})
D5 RE, AT =V TR BOEBR NS, oA r—V v I EERLT
W5, &/ X8 (Cupressaceae : ##%), 7 FF (Fagaceae : 5:#3%) D A r — 1 v
THRBEIEH LZERA—V U I7HER LTS, 27—V U 7HEHERNZE
HThHNIE BE—Ar—V 7 Thbrturl, BnEEEAr—1) 7
HETHDLZEBREND.
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B 4.3 ~YF (AF, £I, vV, FUVEEGL) BT L2HOERLHE

O, BH—2 70—V > 7D,

(a) WA — L OEOER-#B &M (k).
(b) fEHE(LIEAE : Bid/ Mol Lo BARN A (HEikE) MBS — LT
ALTWD.

(a) & (b) TiE., F@EmMITEVERTHIAN, 510, % 50, 5 90—k
S A VO EYE M FRIERR TR, SROEREICR T SEESMOE 10,
H50, HION—kUr XA NLRIEFTENENLRE=ZALMUMATRLTNSD.

(c) % 8 O E2 & O 8 8 43 A .
(d) %8 OGO ELIE - B/ goEE "5 1m.

(c) L () TiE, HFHOERBITHIT D0MOH 10, % 50, 5 90 X—tk
AANVREEZNENIE =ALUMATRLTND.

8l Dk D EAEJE 1T P Y fE £2. 55D OHEPH TEFRLTWND
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(a) WA — OO ER-B&E M (k).
(b) fEHE(LIEHE « M/ BoER™ Lo EERNM BikE) 2ME A, — LT
ARLTEHOD.
(a) & (b) TiX., HEEMBITEVERCTHI N,
S A O EYE M FRIERR TR, SROEREICR T SEESMOE 10,
H50, HION—kr XA NLREFTENENLRE=ZALMUMATRLTND.
(c) £ 5 O E A& O Bt R 53 i .
(d) %8 OGO IE - B/ morEE ™ 516,
(c) () T, BEHOERBITIHIT 201D 10, 5 50, 5 90 X—&
AANVREZNENIE =AM LUMATRLTND.
8l >t D E LB I T S £2. 5SD OHIPATEFZEL TV D

10, % 50, %5 90 NX—&

56



4.3 FEREBLCHIG SN b~ FOBEE L HEmRE

4.3 EREHRBECHESIALZ NI INOEELERTRE
4.3.1 7R ARy Y%K

MW OMAEEE EHREOMFRIE, EEMICT7 77 2 VREERRT LT, A
=0 Y IHEEN2/3<a<l b ERMEEINTWD[145]. 2, K&k
8 A B C AR R B2 1 A [145], ERREWOR BE [T6] 0 525, Ao — VU o 4% 3/4
FONEIFRATHELTELLEHESINTWVD. I HITHERKIT, KRBT A
EHERICHBERERPETARLARVGSICEEERBEICHE T2 EREL,
HARED 3/4 FIZHHTHETHENTNDI76,79]. T72bbh, AGER) «
MIERE)*, RAEKRIER) o M3/%, PAEMEKEHR) o« M¥/* RSN 5. Z OBHEMKE
I EEREOT —2 ThDMN, BEERICH MWK E TS 2 & Mhik %
i EETLEY. 202D, b~ b (Solanum lycopersicum L)FEE D i@ e T
79, MBEFECL o TRESNZEZHAY, BEO FTREIEDOREOIFMICEY
WA

IhETIE, e RoT—2E2HnieT7Te A M) —BRICXHTELERS
— VI HOFMTh -7, T T, WMPO—H 028077 —XDH
W2, ZEAS =V ITHERALONDNHERT S, ZHETOREEZITIT, IR
BEFTOM MZBWTY, SATFRATG—V 7 WERHLZERBEINDN,
EIN7HWE T2, 207 7e—FF, LFEHMHETORELEZEORr—1 v
JHEE RS LT, EEEE AR (ERMER) I XK D EORBEAM A7, M
VOB EBBESCINHEALHEN T2 LICHEREHRERDIATEERHFGBLNADNE I N
EHERT AL NEME RS,

4.3.2 SMICAWET—42ty b+
fER T 2 O %ET, B (b 34 B 37 43 51 #0, AR 136 [ 29 49 39 )
WD ZHIREENIEFOREE (R mfE 500 of, & :3.7m) THELAEZ M~
FEMHwWe (X 4.5) [146]. 3 2O b~ MdhFE, 7 27 7 (Rijk Zwaan Zaadteelt en
Zaadhandel B.V.), $nE (EZAFZERFEIEN BR¥E - & MEEINKR AU EHE),
CFRERES S — 27 (ZFAFEAKNEH) 2HWE., 2o 38T, 2t
YA, AT oML BARMMEOZHERNRLTE, BALRETHY, T ORI
DiEWZ G T 5 72 DI Lo, BEFHIRH A 2015 405 2018 23T, 3
OOFIEHM ; 201549 H 18 H (EM) 25 2016 457 H 12 H, 2016 49 H 1 H
(ERE) 725 201746 H 6 H, 201748 H 9 H (M) 75 20184 7 A 18 H) O H
MoMmKZ AW, Wi i d ~F% > 7+ — b H A (De Ruiter/Monsanto) (2
BERLEWAEMA L., BENTIE, AHEMRICL LIy 7 VARV RT
57



HAE BEY~OTE AN v I ZEAS—Y T OWG

LA UZ[147]0 BMEBEL, 2.4/ L, WTFhofERL 1 A FAIC
BR/m? & 722 KoL, HAERIT 1020006 ISETEH L. ML HIcHED
7osF i (N : 16me/L, P : 4me/L, K : 8.0me/L, Ca: 8me/L, Mg: 4me/L) % EC 1.0
~3.0mS/cm D OPETH 2 7=, IRENOREH#EIX, Maximiser (PrivaBV) %
Ay, EROKIRIT 13206 2TCOFPAICHIE L7z, HEEREIX 80%E Liz. €O,
T8 TR SR O HA K REIC 400ppm, PAEH RIS 800ppm & HAE & L, #REEX co, R A %
HWwThHExbhi.
INRLOKESFMEICBNT, 3 SDOEKEHMEFICITOhE FEOREEE, T
b bRMELE Cirbhz, ~F 277 B4V 7)), &k (583 %7 ), CF
PERAR S — 2 (415 o 7)) 2R Lz, fELRIE 1 EMIC 1 BTy, 1~3
ERRESNTZ(X4.6). BELZEOAER (g), KOWEE (g) 2B FRKBE
(kA EEAERT, ED2000) THHAIL, @A (em®) X, HEiffEEF (LI-COR,
LI-3100) TEHM L7, 1 EH TV OB E L ERHEOMBICHL, ZEHAF—V
TN G D MR L.

4.3.3 EREEE

M 4.71%, ~F 277, g8E, CFHERES I — 27 3 MFEIC IS 1T £ I8 5 5 i £ & 8 %
W EOT R AN v 7 B AEERERR) « MUEEZHE)* @D DR —k v & o
WHID A r— U U T ERT . T I TIE, N— Z AN EMLICR DTS,
A=V THRENMETT 208, g8 15056 90 O#FEATIX, BXZ0.6205 0.75
DDA —U v T Lo T

BEGBFREE, X=X ANBEMICRDIFE, A=) U ZREEUIERT L.
CFHERER S —271Zqd 506 20 2T AT =V 7HHEN EA L, IBETL
7. g5 80 DHEIH TRy —U U 7HEEITB L £ 0.6 206 0.75 OHiH & 72
ST, AEICHWE 3 ML, N—B U A AN TAEEO X7y — 1 o ZREKIC %
WHER SN, ZORENL, KEHHET OO —HOEKTH, ZERXT —
Vo 7HPMHER I, MEICIVEmMPIERLZ N TRINT.

K 4.81%, ~F /7RI IHEELYE L FHEEGEOBEFRE T, X 4.8(a)
D KD T T Ee oo (8 BE R A S R S I SEIE AR 9 AT O %5 10, 50, 90 N—E X
AN OEF#BRIE, FEEGZYEOHMIC s TINRTHIHEEZRLTND. K
4.8 (b) 13 HE ML 46 1 % (AEsEmRE/ M E “C0 L ER SN EER Y & L
{LHEEO A THY, FH50X— XA LOEIGFHBRIZAEZRTH, F 10 8
— B A ANVIFTEDOHE, HFI0OR— XA NVITADHEEZEZ R L. T2bb,
AT CTRWVWERERIT~LVF A=Y v 7 EE2R LTS, ZOERIT, MEG

58



4.3 FEREBLCHIG SN b~ FOBEE L HEmRE

MEDO/NSWRFIICMEEERBOSBARENEO THDH. K 4.80C) (DICHBN
DX, HBOREN =t F AV R0F, EIEE RS & Y E 5 A6 E
EHERBICL--TRAEDZLEEZRBRLTWVWS. Thbb, ZOHEbLILF AT
— V7 MHERLTND. M4.91F, WEICBTSEELZYEL, HEERBEO
R EZRL, v~ F 77 O LFEROSMAENZ R L. #EIE a50) =0.72 Th
o7, K410 (X, CFHEKESI —Z IcRBI A HEEEME L, FELHEOBGE
AP, CEHERES T — 271X a(50) =0.71 Tho7o. KM 4.10Mb)ICHABIND CF PEK
A —270%, ~F 7 70mEL R, F 10 85—k X AL RO 3O EEG
WISk A EEEGR DA OE 10 X—& & A Lo [al ) dhf o @ X 135 50 3
—R AN VAT E R oT. B L EEZWEO S b R, KFEER
L7z, B4.10() (DAL LI, ZBORE W AN—® 2 A pid, 8%
W EEEEEGHROMAMEERBICI > TRRDZ I LEZRBLTND.
West, Brown, Enquist %, HARRETCEHEINAHETMEWO T a XA N v 7
A=V T OMBRE, KMO7 77 2%zl L CREBELITE, 1 oED
KRBT R E SCRFET, BMICATZr—Y v 7SN D2R1ETH D, West b D HGH
IR E L2 < ORFFEHE N B 2 2 L T\ 5148, 14917238, West ® FHll1X, FEFEM
BRBEIZ L > THRIES N ZF SN TWDH79,150]. £72, Mori I, ®EM T v
YRN—F HWAREEEC LY, NEIOMWIZ A — D RN LIiEL, K
BORPIZ AT —V o 7N 3/4 TN D Z & aRmL TW5[78].
2L, AEATo7 b~ FOEELYE L FHEEGHEOMKIZ, ChEToOT
mx%U~%%f%§éhfmé@%é%@%%k£ﬁé.:@ﬁé,ﬁm%ﬁ
LT L, KREITERBEEAIE R, REEEERED 2/3FOKMF R —
ARZHBELEZONRD. ZRET, FETOMYOFEME LT, MELIEL L
DT A N v 7 A=V TWEFMMLIEMITIEE AL ERPoTe. Fox O
BT, AL~ 77T, 86E, CFHKIRI —7 O OERE & ZEYWED A
=0 7 EEIIPRMET, ~F 77 0.66, $6E 0.72, CFHkKES= —2 0.71 T
ol T, ~FT V7 EMERFAT—V  THREN 2/3 006 3/4 OFHIZKF:
DONR—F B AN TAD, CF HEREEE — 27 T 0% DB EEN TN &
MH, BEHMORET HEICENTY, ZLOMELZEIBEFOR Ty — 1 &~
JETFNLTHHATE L EEZONZ. L2, = Z A0 LR FALTIE
2/3 b 3/AFAT—VOFEHSATHY (K4.7). ZOZ&iX, ZEATF—U
THERLTNS.

COLEAS—V X, 4.8, 4.9, 4.10(a), (D IZE SN D L O, MiE
W EN 26 BEDEN /NS WEEOEHERBOIBEARENWILDEEZEZILNLD.

59



HAm BEEY~OTERA N v ZEAS—Y T OHS

EARERE L EEZYEOBBRICE VT~ 27T, LHEITE 10, 90 S—F A
VR THEUFR O Z N ENIZIEA OME & B fER 4, CFHEKRES I — 7 TIXEH 90 )
— kU AN TEFHAICAOEENERINT. 26D LI, H 10—t
YHAANOMEEL, EFHETICENFSICRERA LR THERE 2. 590 N
— A ANVDOBEE L, EDFSICERLEZIC, LERENEVEENICIE L,
EOBENRTLEEEZEZLND.

— 07, AR, WEMZE, HAWIHTHTECL-T, 7rA NI v 7 27—
VIRBICEREE XD ENREINTWS[149]. FEH LT %y b TIX
P T IH A XN 400005 500 DY A XA TH Y, iV &75>6§Ex/7~
Vo TR ONTZARBEIIRETERNY, 7oA NI Yy I ZEHERT—U 7
ERHWEIRET A NY v 7 20— U TMATIC LD, EOREFMA T 5 0]
BEVEDN R ST, FLT, ZOZ LT, BxWMEEERTLIP CRAET HEE
ZRAHLT, MY OFRELHEEO R OWEEMN 2T T LISk 3 5 REHL 2 77 1E
LAAWARNT, MY OREN K OBENEZHEMTT2REFELELTOTE A b
Vo 7 ZEHAr—Y 72RO MATELA@BEEERT S,

AT ORERBITEEEFZ2HEHA L2, EREERIS, EEREE2HEET S
FEPWL Db B [151,152]. 2O Z b, (EYORENY —RIBEREO -
DI, MEBNORESRGEZEUICERE LT 57200 TR, HYOBERN KUK
RERIRIERICE ST RIBEH T LML S 5.

4.5 ZHERBREMEFTEEICIETD b~ FREOKT
(a) IR=E DS B B 3. Tm
(b) b~ FRIEEDOHF - "A T A ¥ =TT KV HEE.

60



4.3 SHEEBETHES SN b~ P OREE L R

defoliation

X 4.6 FEEICHEHLZ b~ MEEELH O KX
KBEFEFENEOETETRL TS,
WEEWE T, ZOoHRAE I EE2HERFIT DL, & 12, 13, 14 E = FLE

LTW5%.
Multi-scaling across tomato variety

<

- — Managua
S o | — Ringyoku
= o —— CFMomotaroYork
<
§ o
| o
o
= e
2 ©
o
= ©
© o
O
w

w0 ]

o

| I I [
0 20 40 60 80 100
gth centile

B 4.7 350 b~ MLFEOERMBLELEIIH T OIHE - XA 1T
Fo5AF—U v TR
~F 77, 8E, CFHRESI—7 DT nomfES 27—V v ZTHEN N —
B ANTENL, ZEAF—V L IHEERLTND. A7 —U V7B
NDECMETHNIE, B—RX 7=V I HTHI I LrrL, BRAENITLEX
=V ITHTHLIENREND.

61



AR BEM~OT R AN Y I EZERAT— U T O
p 1000 -
2000 - F (b)
g _: i F_@ 8007 90th til
e o quantile L
8 1000 7 m 5 regréssion . 9oy g o y
o " 4 Toe-=dme nti +
£ by 600 mediafie? S %s D-Ei?f_‘aacﬁ§gb-g£%
'g' 2 regresslon ;= median of eacf sub-group Poe_F
g 9007 © B 400 (o X R -
I ] e =10t quAtile " 4o quantilerof edch suo-grouP B
3 % 200 regression |
2 L
200 ®
0 - | -
T T T T T T T T T T
05 1.0 2.0 5.0 10.0 0 2 4 6 8 10
leaflet dry weight[g] leaflet dry weightg]
000257 0g-23 0.008 7 — 430768 ot
23-379 c 768-1105 cm
00020 | 37-32¢9 ©) 1105-1443 o’ (d)
— 52-67g 0006 | — 1443-1781cm
median
(triangles)
£0.0015 7 z median
G @ ’
é . é 0.004 7 10th quantile (tiangles)
0.0010 90th quantile (circles)
squares) 90th quantile
0.002 - (squares)
0.0005
00000 7= T T T T T T T T T T TTI T TTT T TT] 0000 7 = L O B B B Y I
0 500 1000 1500 2000 2500 0 200 400 600 800 1000
leaflet area[cmzlleaﬂet] Standardized index [cmzig”'m)]
(4.8 ~F 772D EIELYE &5 mEBER.

ZEAr—1U T DOH.
(a)

A — o ERY E-EEERE M (KE).

(b) AL HEAE « (ELEIEF R IE 8 0 L HIE G E A R B) 2 HIE A

r— VTR L TW5D.

(a) & (b) TIX, % 10,

50, 90 X—t & A4 LD EF IR THI N,

FREmMAEE BT D ELESAMORE 10, 50, 90 "= U XA VDO RITZENT

nHE=ZALUATRLTND.

(c) 4 {IE 3w iy 7 g 1) oD {8 34 22 16 % 4> A
(d) 4 H 3w W) 5 8 o 48 YAV Fe b (EERE s /Mgy O 4 i .

() & () TiF, HIEEEEBEEICBIT D 0M0% 10,

7 50,

VEAANREENLENNE =ZALUATRLTND.
4 8 D E FEFL R I R E £2. 0SD O#HIPH TER L TV D.

% 90 /X—%

6 2



leaf area[cmzlleaflet]

Density
0.0010

1000 2000

500

200

0.0020

0.0000

4.3 FEREBLCHIG SN b~ FOBEE L HEmRE

o
E 2 8 7
J - _ o 90th quantile (b)
] B =S . | : L
3 L ?& = ‘_rf%ressmn gomq
28 | T My L
| g @ : ok e S YT
. médian o _Qfggp
é 2 regressiog & y Wt~ [
£ 5 median of each sub-group _
_ L B 2 oup s F
e A
§ S - ---"aTle Aol L
% £ 10th quantile
% 8 regression L
B o~
o
8 L
1 T [ & 5dey \ L \ \ T \ T
05 1.0 2.0 5.0 10.0 200 0 2 4 6 8 10
leaflet dry weight[g] leaflet dry weight [g]
o otlo — 483-877 cm’
Y () 8771271 om’ d
— 58-73¢g 8 1271-1666 cm, (d)
median g B 1666-2060 cm
N (tnangles) g
. median
- A = 3 (triangles)
10th quantile . c Q7 .
(circles 90th quantile 3 ° 10th quantile
(squares) N (circles) > h quantile
o
g
N o
(=)
o
7 FTTTTTTTTTTTITTITI T T T T T 37 T rrrr1r T T T T T T T
0 500 1000 1500 2000 2500 0 200 400 600 800 1000
leaflet area[cmzfleaﬂel] Standardized index [cmzf’g“(su)]

4.9 WEICBT D EIERY E &5 55 m AR

ZERXT—V 7 Of.
(a) XFECA & — v o8 e B -8 SE SE i R oy A (JK 1) .
(b) PEAE(L S (EUEREERL/ME R E " L R E W A K MA) % RIE A
=)V TRLELD.

(a) & (b) TiX, % 10, 50, 90 /S—+& % A Lo EFE R IZ R TH >N,
FIERBEICB T DELESADOE 10, 50, 90 X— X A LD RITZTNZ
A E=AHLUATRHRLTNDS.

(c) 4 M8 % iz 76 g 1) oD {18 3% 3% 1 i 40 A1
(d) 451 32 W 40 T o0 WAL 4 RS - (B SE mA / BSE R T 72 45 A

()& () Tix, HEMEREEMEICH T 20M0% 10, # 50, 5 90 —+&
VHEANVREENENMNE A LNUMATRLTNSD.

48 ORI EE X R £2.0SD OFEPH TER L TV D

6 3



TAE B ~DOT AN v I LERr—1 T O

] 1000 —
2000 - - (b)
= B [ %, 800 -
= 1 o 90th quantile
E 1000 r § regression
o~ 1 % 6004 oo | a2 Guani r
3 3 mediad: oA v _e_Ofeach Sub-
T 1 £ ; Tel s 90y
0 £ regression z i L
@ 900 7 T § 400 i =
- | 8 medlag of each.'sub-group
o k=) R TR e s o e e
E g 200 - 10th quantileﬁh quantile of each sub-group |
- 5 regression
200 ®
0 — =
T \ T T \ \ \ \ \
0.5 1.0 2.0 5.0 10.0 0 2 4 6 8
leaflet dry weight[g] leaflet dry weight[g]
07 08-23g 0.010 4 — 271594 cm’
23-37g (c) 594-918 cm’
00020 4  >I-52¢0 918-1241 e’
: -~ 52-87g 0.008 | — 1241-1564 cm’
median
(triangles)
£00018 7 2 0.006 - (d)
% % 10th quantle  median
fa) g a] (circles) triapgfe
0.0010 4 90th quantile 0.004 | (triap
squares) : .
B 90th quantile
(squares)
0.0005 0.002
00000 7= T T T T T T T TTT T T I T I T T 1Tl 0.000 1
0 500 1000 1500 2000 2500 0 200 400 600 800
2 - . 2, a(50)
leaflet arealcm”/leaflet] Standardized index [em™/g™ ]

X 4. 10 &6 EICI 1T 2 MHIE R Y B & 8 38 38 i A B4R

ZEAT—VU 7 OH.

(a) XA — L OEELYE-MEERR M (KE).
(b) KEYE(LHE AR . (EIEIEmA/ M E T L EEG M ES A R A) 2R A
F—ITxrLESLD.

(a) & (b) TlX, % 10, 50, 90 /X—-k& % A L O EIF B IZHRGE CTHi D1,
KRB ICHB T D ELENMOH 10, 50, 90 X—E L XA LD LIFENZ
NALE=ZHLEUATRELTVD.

(c) 4% 1 45 i 49y T J 310 0D {1 245 362 1 5 49 A1 .
(d) %A% &8 O L is I B/ EEm E 7 5 4.

(c) & (d) ClE., #MHEEGRIBICEB T 254 0% 10, % 50, & 90 <—+%
VAL NEEFNTRIE ZAENATRELTND.

4 1 O R 45 1 4 7R 1 R 2. 0SD O FEPI TER L TV 5.
6 4



4.4 BFBAEDOE LD

44 FEAEDFELD

BMI O %4 EZRFET 57202 T, HZICAHLET 8 A N v 7 ZEAX TS —
YIDEZHFERAY, BRxRBEHOTa A N v VBB ERTT X B8 L
2l ZAh, TrAMN) y ZHBR—RTIERLS, ZEASF-V T HERT L
WHER Sz, i W FEE, SMERAERZH NS Z LT, ~EREKE
BB 227 —=V U THREN, FEREODMIMET /53— 2 A VITKAF
LTWALZERHLMNIRoT. T bbb, FE N LIEETr AN v 7
A= TNIE, kexZe7a A MY v 7 REBRICEWT, #iSTE D RN
MENWEEBEZDLND.

65



6 6



FOE I

[l

KPR L, FES~OFEEMFEMEARE L L To B O Z 4L KRAET 5
FiEwmERA T2 EERMOOBEEICLE. fEk, BMI XMW E 257 2 £ K
Uy 7R (KEEHREOZA,—V 7)) THR—-—OXEHFEHTRBIND & F
HITERBRTEALERESNTEE. 22T, 20X REEZTuA MY v
B2 =0 7] &MY, SfiaEizHnWicitETrTae 2 N v 7 20—
VIENTEEATH LT, TORYUMERIET DI FERERE L. S5,
B2 7=V TR T2 WGAEZI T e XA N v 7 ZEAr—U v 7]
DY, FELORE-FREMERICIFIZEAS -V IMERALNRLZ LERL
oo SATICIE PR RAE CHAEINLZ 5 6 17 5D 7,863,520 ADT —
ZaMfnile, BLLEBRATENITHIZENT, KRE-FREKICE-Z7—V
VIMERROND L EMER L, M6k BML A, FEMN L EHHBAEKEELE L
THlThdZadxrLiz. —F, LVEVFERORE, FFEICHN L, BHE
REEAS—V TR AONT. KRE-FRBERICZERTST—V UV I7HRED
NDZ lid, ko B AEG LY RFEREHBEE IRV EE2E%T 2. £
DEIZBM ORBHELET DO, REOSX— XA VRO IERE
FAWTHEE BMI Z48 R L7, LEBML Z#H Wb 2 & T, FREGFELZVEY - B
T AF Al 23 FTRE LS 72

AL T, #%THfh)/ﬁx&%)/7Mﬁ% A O E -5 & R
T, WAEOKE L MEROMSR, BAOTHOERLE B EOBKR, R
For~ FOFEEmGBEFEECYEOBBICLISAL, TALOEBICELER
=V IR GEETHZEER L. SRR EYMFNERICDIED KT 8
ARU w7 BEFREERRNL, SEAF—) 7 HEORLIE, BIEDICALND
REBBEOBEMICE > TEHERBEREZFOARBENRS L. RFEMm L TREL
T —FiX, Te A M) —ORE, BIO, Y OKEERREOBEFECKE
HMT2b0Th 5.

6 7



i B

KA LEELOD Y, HBEREBEELEGS2HEWZ KIRKF KR
PP LRSS BRI LI OEH N LET. EHEAICE, R
D ERBRLHMMER DO AT LT, FHEMNGE & OBEBRBEEOWASITRL, BEEN
EEHFHICEDET, WHAEZWLETIHEFIIZLOZH REZWEEEE L. £
7o, KRFEMimXDED EFLDIIHy, HBELREEELHYS2HEE, BlA%
THY W EE L N ERERE D NSRBI IR E#HEB L BT E
N

JR S RFRFBE NSRRI R O & SR, E RS KR AR
TR KRR EBRICIT, EEMEEEVWEEEELE.

HIFREOERICIE, HiIZbllh{BELTWELEETE L. &TEBBH
(Bl UINKF v AT AERF AR Be e Bz ], mAR KB B (B - 1L A R¥EKRY
B Al Ak B F A JE B e B 1120, PRI S 2L O T H R E W EE L
To. AN ABEAFRIFREICIE, Z<OWMBE WL EE L.

ABFFE O RATICR U, = 5 2 30T 78 BT A & [ A B G, /AT = HE 4 7 1 12,
HAEANTHY RO IO LI RERELEEY L. BFEIAINERIZE,
BN ZDO X a2 HELZIY, 2 LTELL oMz EXE L. 72,
iy EOE 45 BT 28 R R AR I I e, SR RN R AR - BREE R A 28 T L g RN
Bz, RIRASLRFZEHNR T AT ABFM AR R CBRICIE, 2 < oW
TAEB DR KOG THE F L. RPN A PE > X 7 2 0F 50 1 dol i IR 2 % 1
T, ZERFPREGEEYE R FO R4 B2 E0Z, JA B i e 2 i
X, Z<OWhETEE £ L.

WROERIZHZY, ZHRRBENIFTEERNMAEER/NFEEER, ATE
BA L&, cERPHEEK, BEEZMARMEIBEEZRK, EBPdrGh
K, FEMBEERK, EEEMLHRK, BEOEAREERMKICE, TR0 EE %
TICx 4+ 22 OXBEWZTEE £ Li-. KFFRORMLE, —EREEHE
FTOENN L K DM Hha2THE £ L.

T, UEoBRAMIZHEALTHEALHE L BT ET.

6 8



2 EB N

2% 3 R

[1] Schmidt-Nielsen K. Scaling: Why Is Animal Size so Important? Cambridge
University Press, New York (1984)

[2] Niklas. K.J. Plant Allometry: The Scaling of Form and Process. University
of Chicago Press, Chicago (1994)

[3] Evan G. Graber. KEH X UOHEZFICHIT 2Fiwm. MSD~v==27 1707 v
= F k. (2019) R&T 7 & 2 2024.8.10.
https://www.msdmanuals.com/ja-jp/professional/authors/graber-evan

[4] —MAEMEANBANEA ML, BEPEREIE KK T 7 22 2024.8.10.
http://jspe.umin.jp/public/sishunnki.html

[5] Abubakar A, Holding P, Van de Vijver FJ, Newton C, Van Baar A. Children
at risk for developmental delay can be recognised by stunting, being
underweight, i1l health, little maternal schooling or high gravidity. J Child
Psychol Psychiat. (2010) 51:652—-659.

[6] Prentice AM, Ward KA, Goldberg GR, Jarjou LM, Moore SE, Fulford AJ, et
al. Critical windows for nutritional interventions against stunting. Am
Clin Nutr. (2013) 97:911-918.

[7] Rogol AD, Clark PA, Roemmich JN. Growth and pubertal development in
children and adolescents: Effects of diet and physical activity. Am J Clin
Nutr. (2000) 72:5215-5288.

[8] Kulin HE, Bwibo N, Mutie D, Santner SJ. The effect of chronic childhood
malnutrition on pubertal growth and development. Am J Clin Nutr. (1982)
36:527-536.

[9] Akseer N, Al-Gashm S, Mehta S, Mokdad A, Bhutta ZA. Global and regional
trends in the nutritional status of young people: a critical and neglected
age group.Ann N Y Acad Sci. (2017) 1393:3-20.

[10] Deka MK, Malhotra AK, Yadav R, Gupta S. Dietary pattern and
nutritional deficiencies among urban adolescents. J Family Med Primary
Care. (2015) 4:364-368.

[11] Bisset S, Fournier M, Pagani L, Janosz M. Predicting academic and

cognitive outcomes fromweight status trajectories during childhood. Int J

69



23 3k

Obes. (2013) 37:154-159.

[12] Gunstad J, Spitznagel MB, Paul RH, Cohen RA, Kohn M, Luyster FS, et
al. Body mass index and neuropsychological function in healthy children
and adolescents. Appetite. (2008) 50:246-251.

[13] Bialo SR, Gordon CM. Underweight, overweight, and pediatric bone
fragility: Impact and management. Curr Osteoporos Rep. (2014) 12:319-
328.

[14] Hanafy NM, Elsehaimy LA, Alzokm SM, Abd El-Raheem SI. Bone mineral
density and risk factors of osteoporosis in children. Egyptian Rheumatol.
(2022) 44:257-260.

[15] Cunningham-Rundles S, McNeeley DF, Moon A. Mechanisms of nutrient
modulation of the immune response. J Aller Clin Immunol. (2005)
115:1119-1128.

[16] Dobner J, Kaser S. Body mass index and the risk of infection-from
underweight to obesity. Clin Microbiol Infect. (2018) 24:24-28.

[17] Christian P, Smith ER. Adolescent undernutrition: global burden,
physiology, and nutritional risks. Ann Nutr Metabol. (2018) 72:316—-328.

[18] Mason J, Bailes A, Beda-Andourou M, Copeland N, Curtis T, Deitchler M,
et al. Recent trends in malnutrition in developing regions: vitamin A
deficiency, anemia, iodine deficiency, and child underweight. Food Nutr
Bull. (2005) 26:59-108.

[19] Chen MY, Yang YJ. Being underweight is an independent risk factor for
poor outcomes among acutely critically ill children. Nutr Clin Pract.
(2018) 33:433-438.

[20] Do JG, Park CH, Lee YT, Yoon KJ. Association between underweight and
pulmonary function in 282,135 healthy adults: a cross-sectional study in
Korean population. Sci Rep. (2019) 9:14308.

[21] Kao AM, Arnold MR, Prasad T, Schulman AM. The impact of abnormal
BMI on surgical complications after pediatric colorectal surgery. J
Pediatr Surg. (2019) 54:2300-2304.

[22] O’Byrne ML, Kim S, Hornik CP, Yerokun BA, Matsouaka RA, Jacobs JP,
et al. Effect of obesity and underweight status on perioperative outcomes
of congenital heart operations in children, adolescents, and young adults:
an analysis of data from the society of thoracic surgeons database.

70



2 EB N

Circulation. (2017) 136:704-718.

[23] Jokela M, Kivimidki M, Elovainio M, Viikari J, Raitakari OT, Keltikangas-
Jarvinen L. Body mass index in adolescence and number of children in
adulthood. Epidemiology. (2007) 18:599-606.

[24] Laru J, Nedelec R, Koivuaho E, Ojaniemi M, Jarvelin MR, Tapanainen J,
et al. BMI in childhood and adolescence is associated with impaired
reproductive function— a population-based cohort study from birth to age
50 years. Hum Reproduct. (2021) 36:2948-2961.

[25] Goldenberg RL, Culhane JF, Iams JD, Romero R. Epidemiology and causes
of preterm birth. Lancet. (2008) 371:75-84.

[26] Han Z, Mulla S, Beyene J, Liao G, McDonald SD. Maternal underweight
and the risk of preterm birth and low birth weight: a systematic review
and meta-analyses. Int J Epidemiol. (2011) 40:65—-101.

[27] Han Z, Lutsiv O, Mulla S, McDonald SD, Group KS, et al. Maternal height
and the risk of preterm birth and low birth weight: a systematic review
and meta-analyses. J Obstetr Gynaecol Canada. (2012) 34:721-746.

[28] Pedersen DC, Bjerregaard LG, Rasmussen KM, Nohr EA, Baker JL.
Associations of maternal birth weight, childhood height, BMI, and change
in height and BMI from childhood to pregnancy with risks of preterm
delivery. Am J Clin Nutr. (2022) 115:1217-1226.

[29] Bjorge T, Engeland A, Tverdal A, Smith GD. Body mass index in
adolescence in relation to cause-specificmortality: A follow-up of 230,000
Norwegian adolescents. Am J Epidemiol. (2008) 168:30-37.

[30] Olofin I, McDonald CM, Ezzati M, Flaxman S, Black RE, Fawzi WW, et
al. Associations of suboptimal growth with all-cause and cause-specific
mortality in children under five years: a pooled analysis of ten prospective
studies. PLoS ONE. (2013) 8:e64636.

[31] Strand BH, Kuh D, Shah I, Guralnik J, Hardy R. Childhood, adolescent
and early adult body mass index in relation to adult mortality: results
from the British 1946 birth cohort. J Epidemiol Commun Health. (2010)
66:225-232.

[32] Falkner B. Children and adolescents with obesity-associated high blood
pressure. J Am Soc Hypertens. (2008) 2:267-274.

[33] Paradis G, Lambert M, O’Loughlin J, Lavallée C, Aubin J, Delvin E, et al.

71



23 3k

Blood pressure and adiposity in children and adolescents. Circulation.
(2004) 110:1832-1838.

[34] Ribeiro J, Guerra S, Pinto A, Oliveira J, Duarte J, Mota J. Overweight
and obesity in children and adolescents: relationship with blood pressure,
and physical activity. Ann Hum Biol. (2003) 30:203—-213.

[35] Boyd GS, Koenigsberg J, Falkner B, Gidding S, Hassink S. Effect of
obesity and high blood pressure on plasma lipid levels in children and
adolescents. Pediatrics. (2005) 116:442-446.

[36] Williams DP, Going SB, Lohman TG, Harsha DW, Srinivasan SR, Webber
LS, et al. Body fatness and risk for elevated blood pressure, total
cholesterol, and serum lipoprotein ratios in children and adolescents. Am
J Public Health. (1992) 82:358-363.

[37] Bjerregaard LG, Jensen BW, Angquist L, OslerM, Serensen TI, Baker JL.
Change in overweight from childhood to early adulthood and risk of type
2 diabetes. New Engl J Med. (2018) 378:1302—1312.

[38] Hannon TS, Rao G, Arslanian SA. Childhood obesity and type 2 diabetes
mellitus. Pediatrics. (2005) 116:473-480.

[39] Goran MI, Ball GD, Cruz ML. Obesity and risk of type 2 diabetes and
cardiovascular disease in children and adolescents. J Clin Endocrinol
Metabol. (2003) 88:1417-1427.

[40] Narayanan A, Yogesh A, Mitchell RB, Johnson RF. Asthma and obesity as
predictors of severe obstructive sleep apnea in an adolescent pediatric
population. Laryngoscope. (2020) 130:812—-817.

[41] Tauman R, Gozal D. Obesity and obstructive sleep apnea in children.
Paediatr Respir Rev. (2006) 7:247-259.

[42] Verhulst SL, Aerts L, Jacobs S, Schrauwen N, Haentjens D, Claes R, et
al. Sleepdisordered breathing, obesity, and airway inflammation in
children and adolescents. Chest. (2008) 134:1169-1175.

[43] Kessler JI, Jacobs JC, Cannamela PC, Shea KG, Weiss JM. Childhood
obesity is associated with osteochondritis dissecans of the knee, ankle,
and elbow in children and adolescents. J Pediatric Orthopaedics. (2018)
38:€296-299.

[44] Krul M, van der Wouden JC, Schellevis FG, van Suijlekom-Smit LW, Koes
BW. Musculoskeletal problems in overweight and obese children. Ann

72



2 EB N

Family Med. (2009) 7:352-356.

[45] Taylor ED, Theim KR, Mirch MC, Ghorbani S, Tanofsky-Kraff M, Adler-
Wailes DC, et al. Orthopedic complications of overweight in children and
adolescents. Pediatrics. (2006) 117:2167-2174.

[46] Cole TJ, BellizziMC, Flegal KM,DietzWH. Establishing a standard
definition for child overweight and obesity worldwide: International
survey. BMdJ. (2000) 320:1240.

[47] Conde WL, Monteiro CA. Body mass index cutoff points for evaluation of
nutritional status in Brazilian children and adolescents. J Pediatr. (2006)
82:266-272.

[48] Li Z, Kim R, Vollmer S, Subramanian S. Factors associated with child
stunting, wasting, and underweight in 35 low-and middle-income
countries. JAMA Netw Open. (2020) 3:e203386.

[49] Lister NB, Baur LA, Felix JF, Hill AJ, Marcus C, Reinehr T, et al. Child
and adolescent obesity. Nat Rev Dis Prim. (2023) 9:24.

[50] Phelps NH, Singleton RK, Zhou B, Heap RA, Mishra A, Bennett JE, et al.
Worldwide trends in underweight and obesity from 1990 to 2022: a pooled
analysis of 3663 population-representative studies with 222 million
children, adolescents, and adults. Lancet. (2024) 403:16—22.

[51] Rachmi CN, Agho KE Li M, Baur LA. Stunting, underweight and
overweight in children aged 2. 0-49 years in Indonesia: Prevalence trends
and associated risk factors. PLoS ONE. (2016) 11:e0154756.

[52] Wang Y, Lobstein T.Worldwide trends in childhood overweight and
obesity. Int J Pediatr Obes. (2006) 1:11-25.

[53] He Q, Karlberg J, BMI. in childhood and its association with height gain,
timing of puberty, and final height. Pediatr Res. (2001) 49:244-251.

[54] Han T, Seidell J, Currall J, Morrison C, Deurenberg P, Lean M. The
influences of height and age on waist circumference as an index of
adiposity in adults. Int J Obes. (1997) 21:83-90.

[55] Centers for Disease Control and Prevention (CDC). About child & teen
BMI. (2022). Available online at:
https://www.cdc.gov/healthyweight/assessing/bmi/childrens_bmi/about_c
hildrens_bmi.html (accessed February 14, 2024).

[56] Dietz WH. Health consequences of obesity in youth: childhood predictors

73



23 3k

of adult disease. Pediatrics. (1998) 101:518-525.

[57] Ogden CL, Flegal KM, Carroll MD, Johnson CL. Prevalence and trends in
overweight among US children and adolescents, 1999-2000. JAMA. (2002)
288:1728-1732.

[58] World Health Organization (WHO). Growth reference data for 5-19 years.
(2022). Available online at: https://www.who.int/toolkits/growth-reference-
data-for-5to19-years (accessed February 14, 2024).

[59] Flegal KM, Ogden CL, Yanovski JA, Freedman DS, Shepherd JA,

Graubard BI, et al. High adiposity and high body mass index-for-age in
US children and adolescents overall and by race-ethnic group. Am J Clin
Nutr. (2010) 91:1020-1026.

[60] Freedman DS, Wang J, Thornton JC, Mei Z, Pierson Jr RN, Dietz WH, et
al. Racial/ethnic differences in body fatness among children and
adolescents. Obesity. (2008) 16:1105-1111.

[61] Gallagher D, Visser M, Sepulveda D, Pierson RN, Harris T, Heymsfield
SB. How useful is body mass index for comparison of body fatness across
age, sex, and ethnic groups? Am J Epidemiol. (1996) 143:228-239.

[62] Heymsfield SB, Peterson CM, Thomas DM, Heo M, Schuna Jr J. Why are
there race/ethnic differences in adult body mass index-adiposity
relationships? A quantitative critical review. Obes Rev. (2016) 17:262—
275.

[63] Camhi SM, Bray GA, Bouchard C, Greenway FL, Johnson WD, Newton
RL, et al. The relationship of waist circumference and BMI to visceral,
subcutaneous, and total body fat: sex and race differences. Obesity. (2011)
19:402-408.

[64] Power ML, Schulkin J. Sex differences in fat storage, fat metabolism, and
the health risks from obesity: possible evolutionary origins. Br J Nutr.
(2008) 99:931-940.

[65] Staiano A, Katzmarzyk P. Ethnic and sex differences in body fat and
visceral and subcutaneous adiposity in children and adolescents. Int J
Obes. (2012) 36:1261-1269.

[66] Johnson W, Li L, Kuh D, Hardy R. How has the age-related process of
overweight or obesity development changed over time? Co-ordinated
analyses of individual participant data from five United Kingdom birth

74



2 EB N

cohorts. PLoS Med. (2015) 12:¢1001828.

[67] Silva AM, Shen W, Heo M, Gallagher D, Wang Z, Sardinha LB, et al.
Ethnicityrelated skeletal muscle differences across the lifespan. Am J
Hum Biol. (2010) 22:76-82.

[68] Meeuwsen S, Horgan G, EliaM. The relationship between BMI and percent
body fat, measured by bioelectrical impedance, in a large adult sample is
curvilinear and influenced by age and sex. Clin Nutr. (2010) 29:560—-566.

[69] Miiller MJ, Braun W, Enderle J, Bosy-Westphal A. Beyond BMI:
conceptual issues related to overweight and obese patients. Obesity Facts.
(2016) 9:193-205.

[70] Rothman KJ. BMI-related errors in the measurement of obesity. Int J
Obes. (2008) 32:556-59.

[71] Flegal KM, Graubard BI, Williamson DF, Gail MH. Cause-specific excess
deaths associated with underweight, overweight, and obesity. JAMA.
(2007) 298:2028-2037.

[72] Matsuda T, Kuroyanagi Y, Okasora K, Takitani K, Takaya R, Ashida A.
Percentage of overweight is overestimated in children of short stature.
Pediatrics International (2022) 64: €14985.

[73]. Galileo.G. (1638) Discorsi e dimostrazioni mathematiche, intro a due
nuove scienze (Dialogues concerning two new sciences). Trans. H.Crew
and A.De Salvio. New York. (1914)

[74] Kleiber M. Body size and metabolism. Hilgardia, (1932) 6:315-353.

[75] /NLBEF ANARSEHE EARE N RENAR# 27—V v 78 WRAE
EEARZOBRCHRANT 7u —F. HAREEF 2 (2013) 63:85-89.

[76] West GB, Brown JH, Enquist BJ. A general model for the structure and
allometry of plant vascular systems. Nature (1999) 400:664-667.

[77] Enquist BJ, Kerkhoff AJ, Stark SC, Swenson NG, McCarthy MC, Price
CA. A general integrative model for scaling plant growth, carbon flux, and
functional trait spectra. Nature, (2007) 449:218-222.

[78] Mori S, Yamaji K, Ishida A, Prokushkin SG, Masyagina OV, Hagihara A,
et al. Mixed-power scaling of whole-plant respiration from seedlings to
giant trees. Proceedings of the National Academy of Sciences, (2010)
107:1447-1451.

[79] West GB, Brown JH, Enquist BJ The fourth dimension of life: Fractal

75



23 3k

geometry and allometric scaling of organisms. Science, (1999) 284:1677-
1679.

[80] Glazier DS. Beyond the ‘3/4-power law’: variation in the intra-and
interspecific scaling of metabolic rate in animals. 469 Biol. Rev. (2005)
80:611-662.

[81] Muir CD and Meret TH. Constraint around quarter-power allometric
scaling in wild tomatoes (Solanum sect. Lycopersicon; Solanaceae). Am
Nat. (2015)186(3):421-433.

[82] Miiller M. J. et al. Effect of constitution on mass of individual organs and
their association with metabolic rate in humans—A detailed view on
allometric scaling. PloS One (2011) 6:e22732.

[83] NAKKWE, KIIGE. EVoOESF A X Tr AP Y = =4 F—{HE LK
YA X WEAEBAE{LE (2008) 25:68-72.

[84] White CR, Cassey P, Blackburn TM. Allometric exponents do not support
a universal metabolic allometry. Ecology. (2007) 88:315-323.

[85] Dai J, H Liu, Y Wang, Q Guo, T Hu, T Quine, S Green, H Hartmann, C
Xu, X Liu, Z. Jiang. Drought-modulated allometric patterns of trees in
semi-arid forests. Commun. Biol. (2020) 3:405.

[86] Osada N. Height-dependent changes in shoot structure and tree allometry
in relation to maximum height in four deciduous tree species. Funct. Ecol.
(2011) 25:777-786.

[87] Ogata H, Isoyama Y, Nose-Ogura S, Nagai N, Kayaba M, Joao, et al.
Allometric multi-scaling of weight-for-height relation in children and
adolescents: Revisiting the theoretical basis of body mass index of
thinness and obesity assessment. PLoS ONE. (2024);19(7):e0307238.

[88] Florey CdV. The use and interpretation of ponderal index and other
weight-height ratios in epidemiological studies. Journal of Chronic
Diseases. (1970) 23(2):93-103.

[89] Agrawal D. Metabolic rate M 0.75 in human beings. Physics Education.
(2014) 49(6):685.

[90] Heymsfield SB, Peterson CM, Thomas DM, Heo M, Schuna Jr JM, Hong
S, et al. Scaling of adult body weight to height across sex and race/ethnic
groups: relevance to BMI. The American Journal of Clinical Nutrition.
(2014) 100(6):1455-1461.

76



2 EB N

[91] Wiederhold BK. The Weight of It: Tech Tools to Manage Obesity.
Cyberpsychol Behav Soc Netw. (2023) 26(8):577-578.

[92] Abramowitz MK, Hall CB, Amodu A, Sharma D, Androga L, Hawkins M.
Muscle mass, BMI, and mortality among adults in the United States: A
population-based cohort study. PloS One. (2018);13(4):e0194697.

[93] Visaria A, Setoguchi S. Body mass index and all-cause mortality in a 21st
century US population: PloS One. (2023);18(7):e0287218

[94] Cole TJ, Lobstein T. Extended international (IOTF) body mass index cut-
offs for thinness, overweight and obesity. Pediatric Obesity. (2012)
7(4):284-294.

[95] Keys A, Fidanza F, Karvonen MJ, Kimura N, Taylor HL. Indices of
relative weight and obesity. Journal of Chronic Diseases. (1972) 25(6-
7):329-343.

[96] World Health Organization. Physical Status: The use and Interpretation
of Anthropometry, Report of a WHO Expert Committee (Technical Reports
Series No 854). WHO: Geneva. (1995).

[97] Benn R. Some mathematical properties of weight-for-height indices used
as measures of adiposity. British Journal of Preventive & Social
Medicine.(1971) 25(1):42—50.

[98] Watson PE, Watson ID, Batt RD. Obesity indices. The American Journal
of Clinical Nutrition. (1979) 32(4):736-737.

[99] Cole T. Weight/heightr compared to weight/height? for assessing adiposity
in childhood: influence of age and bone age on p during puberty. Annals
of Human Biology. (1986) 13(5):433-451

[100] Heymsfield SB, Childers D, Beetsch J, Allison DB, Pietrobelli A. Body

size and human energy requirements: reduced mass-specific resting
energy expenditure in tall adults. Journal of Applied Physiology. (2007)
103(5):1543-1550.

[101] Koenker R, Bassett Jr G. "Regression quantiles. Econometrica: journal

of the Econometric Society. (1978) 33-50.
[102] Cole T, Flegal KM, Nicholls D, Jackson AA. Body mass index cut offs to
define thinness in children and adolescents: international survey. Bmj
335. (2007):194.

[103] Silverman B, Young G. The bootstrap: to smooth or not to smooth?

77



23 3k

Biometrika. (1987) 74(3):469-479.

[104] Scott DW. Multivariate density estimation: theory, practice, and
visualization.John Wiley & Sons. New York. (2015)

[105] Nelder JA, Mead R. A simplex method for function minimization. The
computer journal. (1965) 7(4):308-313.

[106] Nuttall FQ. Body mass index: obesity, BMI, and health: a critical review.
Nutrition Today. (2015) 50(3):117—.128

[107] Hulbert AJ. A sceptics view: “Kleiber’s Law” or the “3/4 Rule” is neither
a law nor a rule but rather an empirical approximation. Systems. (2014)
2(2):186-202.

[108] Holliday M, Potter D, Jarrah A, Bearg S. The relation of metabolic rate
to body weight and organ size. Pediatric research. (1967) 1(3):185-195.

[109] A GEM)E, AN T, FHEOCE. "ARARIC I T 28 L v EksHE
HWORE." B HEEO R, B X ORI X 2 M0 m JE L ot ic
R o HMBBEEIC A b5 1980 FLp b 2006 FEICH T TOIE
RAEB T2 T/ANRREEDTFE 69.1 (2010): 6-13.

[110] Silverman MP. Exact Statistical Distribution of the Body Mass Index
(BMI): Analysis and Experimental Confirmation. Open dJournal of
Statistics (2022) 12:3.

[111] Sibly RM, Brown JH, -Brown K, A. Metabolic Ecology: A Scaling
Approach. John Wiley & Sons, New York. (2012).

[112] Burger JR, George Jr MA, Leadbetter C, Shaikh F. The allometry of
brain size in mammals. J. Mammal. (2019) 100:276-283.

[113] Jerison, H. Evolution of the Brain and Intelligence. Academic Press, New
York. (2012).

[114] Sol D, Bacher S, Reader SM, Lefebvre L. Brain size predicts the success
of mammal species introduced into novel environments. Am. Nat.
(2008)172:63-71.

[115] Boddy AM, McGowen R, Sherwood CC, Grossman LI, Goodman M,
Wildman DE. Comparative analysis of encephalization in mammals
reveals relaxed constraints on anthropoid primate and cetacean brain
scaling. J. Evol. Biol. (2012)25:981-994.

[116] Isler K, van Schaik CP. The expensive brain: A framework for explaining
evolutionary changes in brain size. J. Hum. Evol. (2009) 57:392—400.

78



2 EB N

[117] Stankowich T, Romero AN. The correlated evolution of antipredator
defences and brain size in mammals. Proc. Royal Soc. B: Biol. Sci. (2017)
284:20161857.

[118] Brown JH, Gillooly JF, Allen AP, Savage VM, West GB. Toward a
metabolic theory of ecology. Ecology (2004) 85:1771-1789.

[119] Brown JH, Hall CA, Sibly RM. Equal fitness paradigm explained by a
trade-off between generation time and energy production rate. Nat. Ecol.
& Evol. (2018) 2:262-268.

[120] Armstrong E. Relative brain size and metabolism in mammals. Science
(1983) 220:1302-1304.

[121] Martin RD. Relative brain size and basal metabolic rate in terrestrial
vertebrates. Nature. (1981) 293:57-60.

[122] Isler K, Van Schaik CP. Metabolic costs of brain size evolution. Biol.
Lett. (2006) 2:557-560.

[123] Sobrero R, May-Collado LJ, Agnarsson I, Herndndez CE. Expensive
brains: “Brainy” rodents have higher metabolic rate. Front. Evol.
Neurosci. (2011) 3:2.

[124] Tsuboi M, Bijl W, Kopperud BT, Erritzee J, Voje KL, et al. Breakdown
of brain—body allometry and the encephalization of birds and mammals.
Nat. Ecol. & Evol. (2018) 2:1492-1500.

[125] Pagel MD, Harvey PH. The taxon-level problem in the evolution of
mammalian brain size: Facts and artifacts. Am. Nat. (1988)132:344-359.

[126] Lande R. Quantitative genetic analysis of multivariate evolution,
applied to brain: Body size allometry. Evolution (1979) 33:402—416.

[127] Smaers JB, Dechmann DK, Goswami A, Soligo C, Safi K. Comparative
analyses of evolutionary rates reveal different pathways to
encephalization in bats, carnivorans, and primates. Proc. Natl. Acad. Sci.
(2012) 109:18006-18011.

[128] Isler K, van Schaik CP. Allomaternal care, life history and brain size
evolution in mammals. J. Hum. Evol. (2012) 63.

[129] Wilson DE, Reeder DM. Mammal Species of the World: A Taxonomic and
Geographic Reference, vol. 1 Johns Hopkins University Press, Baltimore.
MD (2005).

[130] Jones KE, Bielby J, Cardillo M, Fritz SA, O'Dell J, Orme DL, et al.

79



23 3k

PanTHERIA: A species-level database of life history, ecology, and
geography of extant and recently extinct mammals: Ecological Archives
E090-184. Ecology (2009) 90:2648-2648.

[131] Myhrvold NP, Baldridge E,Chan B, Morgan SK, et al. An amniote life-
history database to perform comparative analyses with birds, mammals,
and reptiles: Ecological Archives E096-269. Ecology (2015) 96:3109—
3109.

[132] Fonseca-Azevedo K. Herculano-Houzel S. Metabolic constraint imposes
tradeoff between body size and number of brain neurons in human
evolution. Proc. Natl. Acad. Sci. (2012) 109:18571-18576.

[133] Piersma T, Van Gils JA. The Flexible Phenotype: A Body-centred
Integration of Ecology, Physiology, and Behaviour. Oxford University
Press. New York (2011).

[134] West GB, Brown JH, Enquist BJ. A general model for the origin of
allometric scaling laws in biology. Science (1997) 276:122—126.

[135] Feldpausch TR, Banin L, Phillips OL, Baker TR, Lewis SL, et al. Height-
diameter allometry of tropical forest trees. Biogeosciences (2011)
8:1081-1106.

[136] Hulsho CM, Swenson NG, Weiser MD. Tree height—diameter allometry
across the United States. Ecol. Evol. (2015) 5:1193-1204.

[137] Bertram JE. Size-dependent differential scaling in branches: The
mechanical design of trees revisited. Trees (1989) 3:241-253.

[138] McMahon TA, Kronauer RE. Tree structures: Deducing the principle of
mechanical design. J. Theor. Biol. (1976) 59:443—-466.

[139] Norberg RA. Theory of growth geometry of plants and self-thinning of
plant populations: Geometric similarity, elastic similarity, and different
growth modes of plant parts. Am. Nat. (1988) 131:220-256.

[140] Niklas KJ, Spatz HC. Growth and hydraulic (not mechanical) constraints
govern the scaling of tree height and mass. Proc. Natl. Acad. Sci. (2004)
101:15661-15663.

[141] Jucker T, Fischer FJ, Chave J, Coomes DA, Caspersen J, et al. Tallo: A
global tree allometry and crown architecture database. Glob. Chang. Biol.
(2022) 28:5254-5268.

[142] Mor4an-Lépez T, Poyatos R, Llorens P, Sabaté S. Effects of past growth

80



2 EB N

trends and current water use strategies on Scots pine and pubescent oak
drought sensitivity. Eur. J. For. Res. (2014) 133:369-382.

[143] Martin-Gémez P, Aguilera M, Pemdan J, Gil-Pelegrin E. Ferrio JP.
Contrasting ecophysiological strategies related to drought: The case of a
mixed stand of scots pine (Pinus sylvestris) and a submediterranean oak
(Quercus subpyrenaica). Tree Physiol. (2017) 37:1478-1492.

[144] Goodman RC, Phillips OL, Baker TR. The importance of crown
dimensions to improve tropical tree biomass estimates. Ecol. Appl.
(2014) 24:680-698.

[145] Enquist BJ, Allen AP, Brown JH, Gillooly JF, Kerkhoff AJ, Niklas KJ,
Price CA, West GB. Biological scaling: does the exception prove the rule?
Nature. (2007) 445:9-10

[146] HH%E, WIREE, HAE, NNEEF. HY THEINONE - s LU -
KA - o - HEWS (10) ZEEAR A, MEYERE T (2013) 25(2):70-
76.

[147] WEIRE 5L, Koo, APafE e, BEHwA, EBE T, W HEBR, fAREE,
A —A, BJIIE. EFHAK <= P RECcCOPFRBMNAAr Yy 27 -1 2
7L OH MO BREE G EE - (FR) RHEFT (2006) 5(2):135-140.

[148] Coomes DA, Allen RB. Testing the metabolic scaling theory of tree
growth. Journal of Ecology (2009) 97:1369-1373.

[149] Dodds PS, Rothman DH, Weitz JS. Re-examination of the “3/4-law” of
metabolism. Journal of Theoretical Biology. (2001) 209(1):9-27.

[150] Anfodillo T, Carraro V, Carrer M, Fior C, Rossi S. Convergent tapering
of xylem conduits in different woody species. New Phytologist. (2006)
169:279-290.

[151] KBVLHE B, Ok, T2, EIEL, EBEIC XD b~ b o ZEmE
ZHEE T B M E T v OREE K CREE. B RAHUTE. (2018) 50:19-
26.

[152] Koyama K, Smith DD. Scaling the leaf length-times-width equation to
predict total leaf area of shoots. Annals of Botany.(2022) 13(2):215-230.

81



WFFEER U A b

MEERHKF) X b

= 17 &R X
1.Y. Isovama, S. Nose-Ogura, M. J. Ijitsu, J. Kruse, N. Nagai, M. Kayaba, H.

Ogata, M. Mangalam, K. Kiyono “Age- and height-dependent bias of
underweight and overweight assessment standards for children and

adolescents”, Frontiers in public health 12 (2024)1379897.

.M. Mangalam, Y. Isoyama, H. Ogata, S. Nose-Ogura, M. Kayaba, N. Nagai,

K. Kiyono “Diverse growth strategies: Multi-scale allometry in human
development, tree growth, and mammalian morphology”, Scientific Reports.

(in press)

.H. Ogata*, Y. Isovama¥*, S. Nose-Ogura, N. Nagai, M. Kayaba, J. Kruse, I.

Seleznov, M. Kaneko, T. Shigematsu, K. Kiyono “Allometric multi-scaling
of weight-for-height relation in children and adolescents: Revisiting the
theoretical basis of body mass index of thinness and obesity assessment”
PLoS ONE. (2024) 19(7): e0307238.

*equal contribution

EfFai#mX
1. Y. Isovama, M. Nakashima, M. Kaneko, K. Kiyono “Evaluation of heat stress

of workers using wearable biosensors in protected horticulture” AHC2023
The 4th Asian Horticultural Congress 51 (2023)

(in press)

2. Y. Isoyvama, K Kiyono, “Heat Stress Assessment using a Wearable Biosensor

Network in Workplace Environments” IEEE 4th Global Conference on Life
Sciences and Technologies (LifeTech) (2022) 421-422.

82



