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ZAHA AL 38 LA (A12023-300% )00 B E = M RF E2 A A ZF A5 (body
mass index; BMD 170l E3stoh [12]. =3 BMI ## vRF S8 {2t
= 3709d], o]= fat mass and obesity associated gene (F70),
melanocortin-4 receptor (MC4E), brain—derived neurotrophic factor
(BDNF)°ltF [13]. ol¢lel= A 84 d8 £24 (Genome Wide
Association Study, GWAS) 2 793 A (Genetic Risk Score, GRS) <1
7= %3] gastric inhibitory polypeptide receptor (GIPE), SEC16 homolog
B endoplasmic reticulum export factor (SECI6B), neurexin 3 (NEXNJS3)
kel BMI 1F Aol Bad bk gloy [14, 15, 16], ol&2 B A
o] aA] ol s A etk =l A S g (Korean Genome
and Epidemiology Study; KoGES) o€ & &<l A3 GIPR, SECI6B,
NRXN3%| dlolH= &8t sttt GIPR¥} SECI6BS] 735 &=l
East Asianel ®3gteto] xdgh =4 A= doy [17, 18], ==
o7 3 =y A= HRkHe AAMEel gAY FAg Aotk whehA
Skl A &o] oy GIPR, SECI6B, NRXN3E A 9sta FTO, MC4R,

BDNFE ¥ A9 4z HAA gdFow HFHog X3t skl

i
N

of AP MFRAAAL] TAS T AL A8 g% AAF DTC

e gAsske d 71o1d Aoleha ARt



2. DTC H|2+3 H 5449 SNP® Minor Allele Frequency

BMIg} #H® DTC vlwk SR FHAR] FTO, MC4R, BDNF, GIPR,
SECI6B, NRXN3| whate] & A4 F = tid dAdhd+, 28n
National Institutes of Health (NIH)¢] dbSNP A= & 7|Rto =2 7} {2t
9] single nucleotide polymorphism (SNP)® reference/minor allele®} minor
allele frequency (MAF)E ¥BlustHth (Table 1). & AFoA FT09
MAF+=  rs9939609 13.0%, 1s9939973 16.2%, rs8050136 13.0% ]S m
MC4R rs17782313°] MAF+ 27.1%°] At} o]+ ztzt A+, k=<l
AAAFKGP 4K, KRGDB) % National Center for Biotechnology
Information (NCBD9] East Asian dl°]El¢} fFAFeA . 2 A9 BDNF
rs6265°] MAF+= 474% = =< i A8 A9 2 Zol7t U e
KoGES 3! NCBI® East Asian Flo]E] et ZFo]7F (It} o] ef o]
A= 91 (European, African, Asian, Latin American)7}t} SNP ¥ MAF

A3k old ASE Qy] WEel @39 Ul wHetH 2AE vAse

L

7

Aol Az,

M)

ol BMIel =gtso] lo] vhddh nivte] des dAet= d A7 A4
UoH e Aol w8 UiAS ST AxE sded, €45 TG ¥
8

% leptin, 9442 AHAHAE AHE A4
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Table 1.

Ethnic differences in minor allele frequencies(MAF) of

FTO, MC4R, BDNF, GIPR, SEC16B, and NRXNJ3 Polymorphisms.

Gene FTO MC4R | BDNF
SNPS rs rs rs rs r's
9939609 9939973 8050136 | 17782313 | 6265
Ref Allele T G C T G(Val)
Risk Allele A A A C A(Met)
(Kzroetjrll o 131 15.4 12.7 25.2 39.2
S{fé; 13.0 162 13.0 27.1 47.4
Korean Psfflj(;;;s 136 125 125 246 19.8
KGP 4K 127 161 12.4 %5 4477
KRGDB 13.1 16.7 13.0 2377 448
( cgglt;ll) 39.9 42.8 39.7 23.0 189
European 41.0 439 40.9 23.1 194
African 474 425 43.6 284 4.2
éﬁ;ﬁ‘? 54.8 42.7 46.9 30.9 13
Aﬁgﬁiiﬂ 471 425 435 28.3 43
Others?  Asian 13.0 16.9 13.0 20.4 445
f;i 125 167 125 218 454
SA(;?;E 287 406 32.6 396 19.1
gi?aei 153 179 14.1 169 1.1
An%jlffcnanl 427 42.8 40.6 23.0 148
Arr%éll}iiélanz 95.3 20.1 24,6 12.7 16.7

(Continued)



Gene GIPR SEC16B NEXN3
SNPS rs rs rs rs rs rs
11671664 | 574367 543874 516636 591120 | 10146997
Ref Allele G G A C G A
Risk Allele A T G A C G
(Kzl?etjrll)n 533 947 247 247 427 0.1
This ) ) ) ) ) )
Korean Stuij
Previous B B B B B B
study?
KGP 4K 525 246 246 246 428 0.1
KRGDB 54.2 248 248 248 426 -
( (?12321) 112 | 171 187 175 436 | 209
European 10.8 184 18.3 18.1 43.8 21.1
African 114 97  B7 70 462 36.0
gﬁgi‘? 9.4 96 260 49 523 386
A‘ﬁggizn 115 97 27 71 459 359
,  Asian 457 188 185 191 377 0.7
Others
[f;ztn 50.2 230 206 25 412 06
/S;;T;E 10.3 150 138 145 391 12.3
Xgllae; 2.4 40 131 47 232 1.0
Anl;jrtfélanl 116 144 184 129 434 217
An%jr?cnanz 74 233 214 149 451 22.0

‘~" indicates data not available.
KGP 4K: Korean Genome Project 4K; KRGDB: Korean Reference Genome Database; F70:

fat mass and obesity associated gene; MC4R: melanocortin-4 Receptor; BDNFE:

brain—derived neurotrophic factor; G/PFR: gastric inhibitory polypeptide receptor; SECI6B:
SEC16 homolog B endoplasmic reticulum export factor; NEXNJ3. neurexin 3.
1) Calculated by average of Korean data.
2) Data extracted from previous studies in Korean populations. 70 [20, 21, 22, 23];
MC4R [24, 251, BDNF [26].
3) MAFs of each SNP were retrieved from the NCBI dbSNP database.
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SNP rs6265 | AACAC[G/A]TGATAG |
genetic variant Val/Met

Fig 1. Genomic structure and functional region of the human

BDNF gene (rs6265).

BDNF (Brain-Derived Neurotrophic Factor) %%+ neurotrophin
familyoll &ste= AAGFAAREA, ABAEY AL, £3}, AIHE 7HARA,
g 2 7199, duA FqEA FAC A dES v [27, 28] (Fig
D)< BDNFO| 29k rs6265° 2@ $12& ®olFi v 13kl BDNF
4 A= 11 chromosome®] pl4.l G Y Astar, F 1171 exon 9
Hel promoter o2 FAH A [29, 30]. BDNF #FdA= vt
x4 5ol# HAAE AAETE F U= 545 7HAvh Exon II, VIE ¥
A, exon I, IV, VE @x ZH A, 183 exon VI, IXE AAloA I ¢
stAl wd Y} [31]. BDNF rs6265 SNP2] Woli= pro-domain W 66 A
codonel A & (valine)©] W E] 2 (methionine) 2.2 X322 Val66Met
o7 =d9n [32]. ol® Q& AE W &AFAA BDONF @9l SIAA A

zo] BE oJEF Bulvt dAso] Ayzel oFe] Fadl [33]



4. Mechanism of BDNF

BDNF polymorphism< H]THETE ofye} $& 35 d=x3dlolw, AAA 2
EHAF, FAFT & thge di 2 ABAFANEE AFdA] Fa% vio]l e

At (Fig 2) [34].

al
we} o M Frbe AMA A #FE zAdHE 9

of] A Y EE FTEEQ leptin< Al /g 3kl Zh-g- 3} o
POMC(Pro-opiomelanocortin) - a-MSH(a-Melanocyte stimulating
hormone) - MC4R (Melanocortin-4 receptor) 4 2% &4 3slal, o= 23|
BDNF?| 2do]l sty 1 23, ¥us =71u &4 dis T4
Hoo YA AHl= F7bekA "u [36]. 1Y Met allele R A+ BDNE
Ao ool AA 5 AW, nawd AFE HAH7F Frbsta, o= <l
3 Hlwk & tiAbESke] AT FobAAl Hu [37].

3, BDNF #3172 BDNF @i d el Alx o] FHE 2ddto] Ay

off T3 IS dlH, Val66Met

BDNF?9 245 ZAaAA 25, d=steln 5 F8 Fildske] ¥y

A -FA Fo] A FAXQ AT v AEY S WSy 39S
A 2B S WS z sl [39]. 282 AAWA 7S Ase TrkB 4
MBI AT AAHNE FES FIATH,

3 gzstelWyel 27 wANA 7Y Asg Ay QYL AEstaE
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Prenatal stress,
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appetite mechanisms [34].
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5. 4447 @AE R 2 AT 24

BDNF 22 ©3 A (polymorphism) ¥ B 7F 7Fe] A2 tpeksk Q1+
Ao A &ibs] A5 o] gkth. Puetro Rican Q7oA BDNF rs6265
GG genotype®] A2 ¥ BMI, A4S =2 BMISF #do] ATt [44].
el wE Aole]  ddde wEHAA @skey, BDNF  alleledt
polyunsaturated fatty acid (PUFA) AHAZF 1+ Ax4§& UL &3
PUFA AH % Aolo #d Qv o2 YR [44] =2 IS E 7wk
Aol M= BDNF Val66Met ¥ o]7F BMIgE 9 e
A 9gaclor AT Met allele R fA= FA39 A4 o]
FA2= BMISF serum BDNF 0] FHasts 43ds BAd [26]. &
7S e E BDNF9 A28 9w 1 d3dS B4 dFddA«=,
Val/Met ¥ Met/Met genotype®] A2¥ Tx=He Y3y Lo AAAA=

Holm F oz W iz A FHe} gene - diet interactions 7Fthal B3]

K

t} [45]. £3] BDNF A2 minor allele frequency: €15 7+ 2ol 7} wj
G 23 JAFE FH4 919 a<lo] =] wd F=clelA S3td AT
7h &re] ol Fojx ok gt} [46, 47]. 1H Y wW AT A5 ok et 2
ol & FHA Iwke] il vrEd FLIF Anl= A&l A AT
AR, AN 2AE 7HA= F9 HRdAAE gdew dAst=

e FE WAL BEAL
=
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<Exclusion Criteria>
(1) Agdads g gasFaol = A
(2) AARE %=
(3) H< 378 ol 10kg °ld 7=
(4) &=3k71 A A oh At

2 AFA8skah w=e, AAAS, dAHAL,

it BE At A9 AR A Aol digk AME =X
Hatgow, A7 ZREZH dAxe AAAxdgEn a8 &9 93]
(Institutional Review Board, IRB)Y Ao 2 F0S& wol HAISA

I 5 SSWUIRB-2024-008).
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Population : Healthy Korean adults (19~64y)
[ IRB Approval ]—' *  Period : March~May. 2024
\- Method : Nearby school, company, and online community )
r- Exclusion criteria : Cardiovascular disease or metabolic
. . " Jse 1cati g o :: Vel Qe
Subject Recruitment syndrome, Use of medications for treatment, Weight loss
(n=274) 10kg within the past 3 months, Gastrointestinal disorders,
Alchohol/smoking/drug abuse
. 1 /
Exclusion by screening
(n=22) \
Anthropometric measurements
A Biochemistry markers
Data Collection i ;
Genetic variant analysis
(n=252) . . .
*  Health & nutrition questionnaire
Exclusion by Dietary intake analysis y,
consent withdrawal
/ rejection blood test
(n=21)

Statistical Analysis by SPSS

N~ -/
L (1=231)

Fig 3. Flowchart of the study subjects.

2. Collection of Anthropometric and Biomarker Data

1) Anthropometric Measurements

EE AAASES T8 8AIZE o] % gttt tidAe] Al (Height, Ht),
A F (Weight, Wt), 38 & #d(Waist Circumference, WC), %44 o]E @ (Hip
Circumference, HC), &% 7] % o]2t7] &< (Systolic Blood Pressure, SBP;
Dystolic Blood Pressure, DBP; Omron Healthcare Korea Co., Ltd., Seoul,
Republic of Korea)2 =43ttt BMI, =7 % (Skeletal Muscle Mass,
SMM), AAW#F (Fat Mass, FM)2 AAH7] dddx B
(Bioelectrical Impedance Analysis, BIA) 7] 7]%F¢] InBody 770 (InBody
Co., Ltd., Seoul, Republic of Korea)® Z=A3}dtt. dgl-ddo] H&
(Waist-to-Hip Ratio, WHR)< 3l =#H(cm)E dPol=#d(cm=Z Y79

AAbslAtl. o= Resting Metabolic Rate (RMR)E Harris—Benedict
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(H&B) 4] (&4, 66.5+13.8Wt+5.0Ht-6.8A, o] 4,
655.1+9.6Wt+1.9Ht-4.7A) 2 &2 A4tstdth o] dFolA RMRES % oy X
oo 60%°l <% FdstRe,

2 ZFFEol B Ao B WLz FEEHAY (48] vl A9 A
AR A7 F(WHO)Q] ofAlol-ejH ¥ 7)o wel BMI 23kg/m’ ©|8tE A
A, 23-249kg/m*= A F, 20kg/m? o)L Hwtom pERIow, A4
Heol s Fet= nOBw# #AlFS 2383 OBwr o= 733t

Aol 7w w919 a9le

o ps

=

FIN

2) Biochemical Markers

Whole blood and serum sample< 3% 8A17F & tsA7E A A8 s}

Aat, AHE ¥ SA EF

=

2

Z+7Zy EDTA-tube®} SST-tubeo] 3
AEFste] B4 A7kA -80TCeo] w3t
sampleS &3l FTHY

(Hemoglobin Al1C, HbAlc), A% (Triglyceride, TG), ZF=#ZH

(o

Atk Whole blood % serum

OE

(Fasting Blood Glucose, FBS), 93}& A
=

(Total Cholesterol, TC), 318 %=X = ~H & (High-Density Lipoprotein
Cholesterol HDLc), AR Z=AhdlZg~H & (Low-Density Lipoprotein
Cholesterol, LDLc), o} 2~ 3} g o] Eoln] 1= o] & A (Aspartate
aminotransferase, AST), &g} olv] x4 o] & A (Alanine aminotransferase,
ALT), ¥ (Leptin)& %7}t t}. Whole blood sample?] HbAlc %+
Enzyme Colormetric Assayel W=z} Cobas ¢513 Chemistry Analyzer
(Roche Diagnostics, Germany)®2 439t} Serum sample®] FBS, AST,
ALT, TG, TC, HDLc, LDLc= Enzyme Colormetric AssaysS 7|WFo 2
Cobas ¢c502 Chemistry Analyzer (Roche Diagnostics, Germany)Z A}-&3}
o EA35tt. Leptin %+ Commercial ELISA kits (Millipore
EZHL-80SK, Human Leptin "Dual Range” ELISA, Sigma-Aldrich, Seoul,

_15_



Republic of Korea)Z 43ttt BE B4L A xAe ZREFZS F47)
o] SCL Healthcare (Seoul Clinical Laboratories, Seoul, Korea)ol A <=3} 3}
ATt

3. Genetic Variant Analysis

DNA F=3¥ TagMan % SnaPShot AssayS %3 genotype #41&

DNA Link Inc. (Seoul, Korea)oll A <=3 3}]

1) DNA extraction

Whole blood®] -+ A DNA+ QuickGene DNA Whole Blood Kit S
(Kurabo, Osaka, Japan)& A}F-&83te] A=A wlwdo wet F&3FA 0. 7+
gl A1E 300uLE 1.5mL A e FHO 53 ¥ enzyme digestion
buffer 40uL<} lysis Buffer 300uLE #H7IstAth A&+ dlo] o€~ g
%, 56°Cel A 153t incubation dF$Th. o] % 100% ethanol 300uLE %7}t
st £ &, AEFS FFEZAC &7 QG-Mini80 ] (Kurabo,
Osaka, Japan)& ©|-&3slo] &7|S 7Fst ¥ k. Wash buffer ImLE 33] w1t
Balo] AFslon, HEFEHORE elution buffer 50uLEs H7F & A2

(15725°C)oll A 183 WA 7 5 F7|¢o 2 DNAE 35353

2) SNP 34 &4

FTO (rs9939609)+ TagMan assay o2 FTO (rs9939973 rs8050136),
BDNF (rs6265), MC4R (rsl17782313)% SNaPShot assay® +43l3d 11 &
AU &2 o (Table 2)9F &t}

FTO (rs9939609) polymorphism< TagMan &3 5 nuclease assay

_16_



(ABI, Foster City, CA, USA)s Z&3}o] £33t} Polymerase Chain
Reaction (PCR) Wrg &£dE&2& % bHulL®, oo gDNA 10ng, TagMan
Universal PCR Master Mix 2.5uL, 40X Assay Mix 0.13uL (Assay ID:
rs9939609, C_30090620_10)¢] 2E3t¥ Attt Thermal cycle Z=31-> 95°Col A
153 271 @43 5, 95°C 156%, 60°C 19 45 cycles®= AA UG
PCR2 Dual 384-Well GeneAmp PCR System 9700 (ABI, Foster City,
CA, USA)S o] &3] 384-well platedl Al 3= A, FF A&+ ABI
PRISM 7900 HT Sequence Detection System (ABI, Foster City, CA,
USA)e = FAHAJY. &4 Agd=E 98 T8 A8 3 4 dxos
E ksl

FTO (rs9939973, rs8050136), BDNF (rs6265), MC4R (rs17782313)
polymorphism< SNaPShot Multiplex Kit (ABI, Foster City, CA, USA)E

o] &3 Single Base Primer Extension Assayo ® #A13¢tt. PCR w$

rfo

FE> F luLE FFHR e, 7h whgeoli= gDNA 10ng, zH7he] =z}
olwl  0.5pM, 10X PCR buffer 1pL, 250uM dNTP, i-StarTaqg DNA
Polymerase 0.25 unit (iNtRON Biotechnology, Korea)e] *3%%lt}l. PCR
22 95°Col A 1023 =7] WA %, 95°C 30%, 60°C 1i, 72°C 19
35 cycles¥? wpAl9t 72°C 10+ 9% GAZ AAFHAJT. PCR A ES
Shrimp Alkaline Phosphatase (USB Corporation, Cleveland, OH, USA) %
exonuclease I (Z} 1 unit) (USB Corporation, Cleveland, OH, USA)S. & &
Astda, AAE AdE 1luLe SNaPShot WHg =3 =3 4 A% ws
27 96°C 10x, 50°C 5%, 60°C 30%, % 25 cycles)oll A& AT} ¥k
T ol AT ARE AAG] S SAPRE 37°Col A 1A1ZE, 72°Cell A 15
B2 Ageder. HF AAE 1uLs Hi-Di formamide (ABI, Foster City,

CA) 9uLe} &3t3lo] 95°Co A 5%7F incubation & SA] dgo 5870 Y

—~
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Zrsl o™ ABI Prism 3730x] DNA Analyzer (ABI, Foster City, CA)E

o]

ofo
off

ol dA7|d s BT FAAE A2 GeneMapper software

(Version 4.0, Applied Biosystems)E AF-&3lo] =3 5 2t}
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Table 2. TagMan assay,

used for SNP genotyping.

primer sequences,

and PCR conditions

Tagman probe type & assay ID

Gene | rs number Conc. Assay ID Type
FTO | rs9939609 40X C_30090620_10 Functionally Tested
Primer sequence & PCR condition (SNaPshot)
Gene | rs number | Strand Primersequence
Forward Primer | ttacaggtgtgagcctctg
FTO | rs9939973 | Forward Reverse Primer | ggctttaacccatcaccta
) ) gcaccYaaggRaccatca
Genotyping Primer
Ragag
) GCCAGCTTCATAG
Forward Primer
CCTAGT
FTO | rs8050136 | Forward Reverse Primer | gaccttggacaaaccactt
) ) CAGTYGCCCACTK
Genotyping Primer
TGGCAAT
) TGATGACCATCCT
Forward Primer
TTTCCTT
) CACTGGGAGTTCC
MC4R | rs17782313 | Forward Reverse Primer
AATGC
) ) GCTGACACTTTCG
Genotyping Primer
AACAC
. GGATAGGGGAAA
Forward Primer
CATGAAA
, AATCCCAGATGCT
BDNF rs6265 Forward Reverse Primer
AAAATGA
, , TTTAAAGCAGGA
Genotyping Primer
GAGATTGTATCC

Conc: concentration; F70: fat mass and obesity associated gene;

Receptor;, BDNF' brain—derived neurotrophic factor.
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4. Dietary Intake Data

Aol "oy wH& f&, T FEATE EAENA 244 3

o,
o
S
>
N
)
)
o
_|>i
)
10
ro,
i
Ju
il

1 5
3 Ad WEs HFAHoR s on, Aol ol A3 HESA
t}. CAN-Pro 6.0 (The Korean Nutrition Society, Seoul, Korea)S A}-& 3}
of FHHE Aol 7|FE 7Woe g JYAE AF BN 2+ 4 A
HEFe 2020 Dietary Reference Intakes for Koreans (The Korean

Nutrition Society, Seoul, Korea)E #1138} t}.

5. Statistical analysis

AAAZ, ddsA, Aol dHeolH & AHE ARs FHEEL THA

L [e]

Fr

(Independent sample t-test), dHulx] F2HEA (one-way Analysis of
Variance; one-way ANOVA), ol¥ulx ZAFEA (two-way Analysis of
Variance; two-way ANOVA) o= H7lstga 1 23S HA+EF=HA
(Mean=SD)= Al Al et th. olw F4lo] s d3stth= 7FA Sholl Student’s
t-test® AR, TEAte] WMHHHA| FES A Fol= Welch's t-testE 4
gttt gAY dwrx 54, dAds #d 54, AN 54,
genotype?t #S WFE Ame= IF e EXE vusry] H9)
chi-square test® RHIXE(n)¢t FHAE(%)ZE YEFHI Pearson’s chi-square
test =& Fisher's exact test® F9&ES A A Y. BDNFE genotype

A%, AA genotype? HlZ=7F 7] wFo] FAA HAHES & A allele
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HA2HGA+AA)E stue] 2o =2 ZAdssi.

A A4 (genotype; W vs. H+M, allele; w vs. m)¥ H| % o] X2 (nOB vs.
OB)oll W& U i+ 9] #olE EA3E7] 93519 one-way ANOVAE A3
3t th; wild-nOB, wild-OB, hetero+mutant-nOB, hetero+mutant-OB. A}

%
24 == Scheffe’s testE A 839 Y. Genotypedt HlWHE IF A3 28
S Fst7] 98l two-way ANOVAE o] &3t {2t HadA A=

A gl A, A9, 19 oA AHAZ(GEL dolEvt A 8)S
BAS o a5 7+ HolE Hustr] fs] FEAHEA (Analysis  of
Covariance, ANCOVA)& 333t BDNF genotyped ¥# g HvE A
Fol FFE F= 2AdS sty A FAA AP I AR (Stepwise
linear regression analysis)< AM&3tAth HF 3| ARFY AFe= ZAA
F(R?*) 2 +A ZAAF(adjusted R?, adj.R®>)E &3l H7lstoh.

A5 BAL SPSS ver 29.0 (Statistical Package for Social Science;
SPSS Inc.,, Chicago, IL, USA)S o]&3ldt. S48 HFoAH HF2S
p<0.05(%), p<0.01(x*), p<0.001Gkxx*) F<=ol A T3St
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Lot 9ws 54

A7 #-d 542 AAASHt, Wt, BMI, RMR, RMR/BW, WC, SBP,
DBP), ¥4 (AST, ALT, FBS, HbAlc, TG, TC, HDLc, LDLc)E HI®F
Bou e JFOR 247 RBaste] ANsATh v oy, ue] u

B ERA FREQ@TAGTA B4, A5, A% A ABEE, 4G

d

D AAAS & d&5A

(1) ¥Rk o Fo mE Hl A

nOB(n=103)7 OB« (n=128) ke AAASE Hlag diH(Table 3),
OB nOBwel Hla] =

I

A3 (BMI, Weight, RMR, RMR/BW, WC,

WHR)ON A feletA =2 g= Btk 53 RMR2 B4 A5 E5F 79
stA E=3d W RMR/BW= OBwolA O 2 43e B, AFo] &

tetg gt @9 AlsEd A ZAastE 540 BEE A

2 2 Ay, "9t OB SBP DBP EF nOBi HUt}
oA Edou, ¥ B AW 2P FdE Fode] i e
T} (Table 3). 7+ &2 A%<l ASTS ALT+ OBwel A, AST/ALT H] &2
nOBwoll Al BA #, & BF fFolaiA =okvh. T F7]40 Ax
HbAlcE OBol A folaAl =gtk E9 AAAF F TG, TC, LDLcO]
OBl A folatAl e Wi, HDLce OBTolA 987 e Fx2
Bk =3 leptin X OB oA nOBol Hl&] #9384 =
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(2) 4de g v

A4, n=200; &4, n=3Del W& AAAF F AYFAE v

W, HFE] MFelA SAH R ok xolrt #EH AT (Table 4). &
A5, A ETG R AdE AEBMI, Height, Weight, RMR,

WC, WHR)IA ®A A, & BF fFoaA =2 FA& Yedllt 579,

RMR wAo] i 1796.06kcalz= o/ d Kt AA 3] #9tom, RMR/BWE

rok

2

gAAoz dAol ofdret & AAdFAE Bon F(SBP, DBP),
£ AF(AST, ALT), @9 AE(FBS % HbAle), A& A E(TG, TC,
LDLc) 5ol tixAeltt. 53 A d3 § 25 dANA FoHom =
4%+ SBP, DBP, AST, ALT, FBS, HbAlc ¥ TG Solt}t utd oA

flo

| YART =& dAExE AST/ALT H$(1.54), HDLe %2 leptin 5 0]
E3] AA o] B Ao dF leptin 7 (23.14ng/mL)+= /3%
(11.27ng/mL) Xt} ¢F 249 =kow OBw(26.87ng/mL)°¢] nOB+(14.94ng
/mL)E v 29 =2 I FAS AT (Table 4).

ST}

2) AE=A

(1) "= o R g v
el Mol A nOBa# O

(Table 5). 89, &5 &, AdHHES 759

) .
Al
o >~ =
S$F WE, FUA, obAAA NE G4 2 A 94 NE FPE 9 2
=
.
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(2) 4 ©E v

(Table 5). W& F=F9 BXE 43 Ay FAHO2 F93 o7} I
5 A tH(x?=0.865, p=0.034). 1AL “AEoi/hetnl £4°(54.8%)3} ‘a1
A E47(289%) Hl ol EA, FAL HEd/du &
‘e o)A Hlgo] 226%E A HTF EZgTh 3

5 (55%)°l Bl FA 1578 (48.4%)°] gt
3 ol & H oM (x?=41.369, p<0.001), ©]
A3 =S AT 8, &5 HEAME Fo% xbol7t vERE =,
g 3779 SFE&S 287%(n=12)2 914 (10.6%, n=21)Et} Etomn H
&7 SHS oA 472%(n=94), ¥ 161%n=H)=E T HolE HATHX
2-20.905, p<0.001).

bR AL AA MEe A

rir
ot R
ox
o
e
oX,
T
o
Eloll
re
=
o
)

G, A FoAd Aols HATHX=9.774,
p=0.044). FAL wd oS A2y §HS v & 355%n=11)=, 44
o] 26.5%(n=53) 2t} =kt HA 94 Rk zFel7k gil=H, ¥4 9
T 33 ol A Hl &2 53.6%(n=15)%, 4(30.5%, n=61)Et} F]42
2 EA Y4ERTHX*=4503, p=0.041). 3H, &L5FF, 7H5H(0B, CVD,

DB), A%, &5 52 AE 3 #FoF Aolvk gl

i

AT A ulw ol yst Yol mE AAAZ U JYEA ol F #
Ng Aot e AmAA fo@ Aolsh wFH A,

AAAZ D AgEA] A, HB oRo] we BANE W OBTS

nOBto] H] &) weight, BMI, WC, WHR % ti{ &9 AAE A FA H9
SHAl =2 #S Yetdon, ol AT Axet vlvk A 913 he] A

_24_



Aol 98-S A3 Cho 5(2018) ¥ Liang 5(2018)9] Ao} & wigto]
ot [49, 50]. RMR= OB<-oll Al #9latAl = %A% RMR/BWE W& 3=
wof AF F7F Al AP EEo] HAT 5 S AAE . Gitsi 5(2024)
of Waw, ol By Al AXFRG AR vEo] B E7] wioln o
= Qe oA &ule] RlasAdoel UEd 4 vt [61] A A AL A E oA
+ OB oA TG, TC, LDLc7F =3 HDLcE Yo}, Bays 5(2024)¢] X1
g mpel o] ol FAAEFT HAPA IAgHS BATh w3, AGAE f
S 229 leptine] OBwelAl FolstAl ok, ol AAY 4o wE

=
& ongnt [52, 53] A S Vleow AT A, @Al A4

rlo

=il F7
B Axe 1 =4 AFAA BT T2 e B om Peters 5(2018)

2 Qiu 5(2023)e] Antel dA ATt [54, 551 RMR/BW+= HAo] AR
t} wiet=dl, RMRE el s A7 Zhou (2024)¢] Hie 7
Ve = A3E B [56]. HDLee /8ol A B #=9kal, leptine o A ol A
oF 28] =Sk, ol JAdEZZe gFoR M HET [57, 58]

o] =9kt ol HmyF Hwkel AS 2yl wjglte] B FFo| 6u] Eolr
U= Evensen 5(2017)¢] Aol dAght} [59]. =3 FH4 292 == 7
= oWl Ao gFo] mivt EAo] Fad o

o 2 AT FAe vEo] ofAde RlERY A vgok =gtk
of doll Hla FAE, &F WE, oA

(202D)¢] =RAGQFFEAL A7 Adete dA = FdFeE yEidA A

AEATzIW AL A G AN BB wFol @ w4
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Table 3. Anthropometric characteristics and biochemical markers by

obesity status.

Total nOB OB

Variables (n=231) (n=103) (n=128) P P9

Anthropometric Characteristics
Age 3093 +1051 28.73 +9.24 3270 £11.16 000427 0.052
BMI (kg/m?) 2421 +4.30 20.68 +1.60 27.05 +363  <€0.001”" €0.001""
Ht (cm) 16354 +720 16261 £592 16428 +803 0070  0.691
Wt (kg) 6498 £1364 5475 £592 7321 +1248 <0.001" €0.001""
RMR  (kcal) 1472.76 £190.30 1360.61 +86.09 1563.01 +203.03 <0.001”"" <0.001""
RMR/BW 23.08 +241 2501 +1.73 2154 +165 <0001 €0.001""
WC (cm) 7932 £11.62 7077 £6.05 86.20 +10.40 <0.001°"" €0.001""
WHR 0.80 +0.07 0.76 +0.05 0.83 £0.07  <0.001°"" €0.001""

SBP (mmHg) 11718 1346 11352 +12.09 120.13 +13.83 <0.001*™" 0.010"
DBP (mmHg) 7048 +10.52 69.12 +9.68 7157 +11.06  0.078" 0575
Biochemical Markers

AST (IU/L) 1848 +552 17.07 +4.02 1962 £627  <0.001°"" 0.047
ALT (IU/L) 1454 £9.35 10.69 +4.91 1764 +£10.82 <0.001”"" <0.001""
AST/ALT 149 +0.46 1.73 £0.42 1.30 +041  <0.001¥" <0.001""
FBS (mg/dL) 90.35 £1540 8382 £1583 9159 +1495 0173  0.833
HbAIC (%) 5.37 +0.39 5.29 +0.30 544 £043 00037 0.153

TG (mg/dL) 107.30 +82.59 8161 +44.25 12798 +99.07 <0.001”"" 0.001"
TC (mg/dL) 19298 +3312 18683 +2931 19792 +3523 0.0117"  0.066

HDLc (mg/dl) 6272 £1540 7041 £14.09 5654 £1355 <0.001Y" <0.001
LDLc (mg/dl) 11674 +30.80 10866 +2573 12324 +33.18 <0.001”™" 0.002"
Leptin 2155 +1544 14.94 £9.00 26.87 +17.40 <0.001”""<0.001""

Mean+SD, P values are determined by Student’s t-test” or Welch's t-test”.

Adjusted P values are determined by ANCOVA adjusting by age.

“P<0.05, "P<0.01, *P<0.001.

Abbreviation: BMI, body mass index; Ht, height; Wt, weight; RMR, resting metabolic
rate; RMR/BW, resting metabolic rate/body weight; WHR; waist-to-hip ratio; SBP,
systolic blood pressure; DBP, dystolic blood pressure; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; FBS, fasting blood glucose; HbA1C, Hemoglobin A1C;
TG, triglycerides; TC, total cholesterol;, HDLc, high-density lipoprotein cholesterol; LDLc,
low-density lipoprotein cholesterol.
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Table 4. Anthropometric characteristics and biochemical markers by

SeX.

Variables o) G | e P PY

Anthropometric Characteristics
Age 3093 £1051 2971 +9.87 3881 +11.28 <0.001¥" -
BMI (kg/m?) 2421 £430 2387 £419 2642 £439 00027 0.020°
Ht (cm) 16354 +720 16177 £578 17491 £466 <0.001Y"" <0.001""
Wt (kg) 6498 +1364 6248 +1157 8108 +1511 <0.001¥"" <0.001""
RMR (kcal) 147276 +190.30 1422.65 +117.06 1796.06 = 248.99 <0.001”""" <0.001™"
RMR/BW 2308 £241 2319 £250 2237 £+161 0018”7 0692
WC (cm) 7932 £11.62 7742 £1038 9158 +11.89 <0.001"" <0.001"
WHR 0.80 +0.07 0.79 £0.06 0.87 £0.07 <0.001¥"" <0.001""
SBP (mmHg) 117.18 +1346 11518 +12.26 130.13 +13.90 <0.001*"" <0.001™"
DBP (mmHg) 7048 +1052 69.37 +990  77.65 +11.68 <0.001*"" 0.001"

Biochemical Markers
AST (IU/L) 1848 +552 1771 +487 2345 £635 <0.001”"" <0.001""
ALT (IU/L) 1454 £935 1316 £810 2345 £11.83 <0.001”"" <0.001™"
AST/ALT 149 +0.46 154 +0.44 1.19 £050 <0.001¥"" 0.004™
FBS (mg/dL) 90.35 £1540 8373 1041 100.87 +31.09 0.039”" <0.001 "
HbAIC (%) 5.37 +0.39 532 £0.27 568 072 0.011"" <0.001"
TG (mg/dL) 10730 £8259 9891 £7380 16145 +112.56 <0.005”"" 0.004"
TC (mg/dL) 19298 £3312 19149 £31.38 20261 +42.02 0166” 0488
HDLc (mg/dL) 6272 +1540 6420 +1556  53.19 £10.19 <0.001”"" 0.003”
LDLc (mg/dL) 11674 £30.890 11560 £2953 12410 £3831 0.245” 0536
Leptin(ng/mL) 2155 +1544 2314 £1559 1127 £9.46 <0.001”"" <0.001""

Mean+SD, P values are determined by Student’s t-test” or Welch's t-test”.
Adjusted P values are determined by ANCOVA adjusting by age.

“P<0.05, “P<0.01, "P<0.001.

Abbreviation: BMI, body mass index; Ht, height; Wt, weight; RMR, resting metabolic

rate;

RMR/BW, resting metabolic rate/body weight;

WHR; waist-to-hip ratio;

SBP,

systolic blood pressure; DBP, dystolic blood pressure; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; FBS, fasting blood glucose; HbA1C, Hemoglobin A1C;
TG, triglycerides; TC, total cholesterol; HDLc, high-density lipoprotein cholesterol; LDLc,
low—density lipoprotein cholesterol.
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Table 5.

Sociodemographic,

dietary,

characteristics by obesity status and sex.

and health behavioral

. OB Sex
Variables Total OB OB P Femlae Male P
Sociodemographic Characteristics
Education Level
<High school 1(04) 0(0.0) 1008 0.086" 0(0.0) 132 0.034
High school 62(272) | 34(340) 28(21.9) 57(289)  5(16.1)
College/University 126(55.3) | 54(54.0) 72(56.3) 108(4.8)  18(58.1)
Graduate degreee’ 39(17.1) | 121200 27(21.1) 32(162)  7(22.6)
Economic Income’
<1 million 10(45) 7(7.2) 324) 036V | 1062 000 06037
1-2.99 million 25(11.2) | 99.3)  16(12.7) 2(115) 3097
3-4.99 million 59(265) | 25(25.8)  34(27.0) 50(260)  9(29.0)
>5 million 12957.8) | 56(57.7)  73(57.9) 110(57.3)  19(61.3)
Family History
OB
No 136(59.1) | 71(696) 65(50.8) 0.005”* | 113(56.8) 23(742) 0078
Yes 9(409) | 31(304) 63(49.2) 86(432)  8(25.8)
CVD
No 92(39.8) | 43(41.7) 49(383) 06357 | 77(385) 15(484) 0.327”
Yes 139(60.2) | 60(583)  79(61.7) 123(615)  16(51.6)
DB
No 126(54.8) | 59(578) 67(523) 0426” | 106(533) 20645 0.332”
Yes 104(452) | 43(422)  61(47.7) 9B46.7)  11(355)
Dietary Habits
Skipping Breakfast
None 22096) | 11108) 11(86) 0779 | 1575  7(226) 004
1™2days 31(135) | 11(108)  20(15.6) 29(146)  2(65)
34days 42(183) | 19(186)  23(180) 38(191)  4(129)
5 6days 71(309) | 34(333) 37(289) 64(322)  7(226)
all days 64(27.8) | 27(265)  37(289) 53(266)  11(355)
Eating out for Lunch
0™2days 142(64.0) | 64(66.0) 78(624) 0673” | 12866.7) 14(46.7) 0.041”"
37days 80(36.0) | 33(340) 47(376) 64(33.3)  16(53.3)
Eating out for Dinner
0™2days 132(59.7) | 58(586)  74(60.7)  0.784" | 117(61.3) 15(50.0) 0.317”
37days 89(40.3) | 41(41.4)  48(39.3) 74(38.7) _ 15(50.0)
(Continued)
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Variables Total | o 9 OB P mlaesex Nale P
Health Behaviors
Smoking
No 200087.3) | 9209L1)  108(&4.4) 0162”7 | 184(929) 16(51.6) <0.001”*
Yes 29127 | 989  20(156) 14(7.1)  15(484)
Alcohol Consumption
None 90(43.0) | 44431 55(430) 0987 | 94472  5(161) <0001V
1™2days 9R(426) | 43(422)  55(43.0) 4(42.2)  14(45.2)
37days 33(14.3) | 15147)  18(14.1) 21(106)  12(387)
Sleeping time
<5h 22096) | 1098)  12094) 04307 | 17(85)  5(16.1) 0.192¥
6-7h 152(66.1) | 65(637)  87(68.0) 132(66.3)  20(64.5)
8-9h 5A(235) | 25(245)  29(22.7) 49(246)  5(16.1)
>10h 2(0.9) 2(2.0) 0(0.0) 1(05) 1(32)
Exercise
Aerobic
—Moderate Intensity
None 60(262) | 26(255) 34(268) 06477 | 51(258)  9(29.0) 0579
1™2days 91(39.7) | 33(37.3) 53(41.7) 71(389)  14(45.2)
>3days 78(34.1) | 33(37.3)  40(315) 70(354)  8(25.8)
Aerobic
-High Intensity
None 124(539) | 56(549) 63531 04657 | 110(55.3) 14(45.2)  0.124%
1™2days 69(30.0) | 27(265)  42(32.8) 55(276)  14(45.2)
>3days 37(16.1) | 19186)  18(14.1) 171D 3097
Weight Training
None 133(583) | 60(59.4) 73(575) 0631Y | 119(60.4) 14(45.2)  0.199"
1™2days 60(26.3) | 24(238)  36(28.3) 47(239)  13(41.9)
>3days 3H(154) | 17168)  18(14.2) 31157 4(129)

n(%); subjects numbers (percentages).

P values were determined by Pearson’s chi-square test” or Fisher’s exact tes
“P<0.05, 7P<0.01, *P<0.001.

¥ ; Individuals with master’s, doctoral, or Ph.D. degree.

¥ ; Refers to KRW, the official currency of the Republic of Korea.
Abbreviation: OB, obesity; CVD, cardiovascular disease; DB, diabetes mellitus.

tb).
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1) vz R M8 FAA/Y £X

TR g8 Ao e F1x8 EEXE nOB Y OBz Yo 7k &
A28 (wild, hetero, mutant & wild; W, hetero+mutant; H+M)¢] H] =
W&k Zpolo] tfsl A5ttt (Table 6).

HA FTO, MC4R, BDNF 7 =kel 3] wild, hetero, mutanto. 2 %
Ad S Wrol BAAS o, AP whet vwk M=o Aoyt o] A<l
R A A= e AR FTOFAAe] Al 7FA SNP(rs9939609,
rs9939973, rs8050136) 7ol A mutant®d o] WlE= wf§ viA e TH(ZE
1.3%, 3.1%, 1.3%). d5 & wild® & heteroF ol Az o] AL, vk of FH
of WE FE o] AA FoetA vt MCIR A A (rs17782313) A =
FAAE Fe] vk R mE BE Aol FoHolA] e, nOBT
7 OB+ b fAFS £ A4S B BDNF A3 Hrs6260) %= & A 4 &
2 FostA s &kt AR OBl A heterod 9 Bl &o] dulxo=
A vebd ol =5 vkt

W3 H+ME oz EFste] BAAS 45, FTO FxdAe] Al 7HA]
SNPol| M= 72t §- 448 = E7F nOB 3 OB 7Holl Al AR S-S W
RAT, EAASRE Fold Hol7t YA & U rs9939609  x*=0.550,
p=0.540; 1rs9939973. x*=0.856, p=0.389; rs8050136. x*=0.550, p=0.540).
MCIR frAAAAM = H+ME o &x0)4 OBo] tha & AFS Ho
U, I FE Zol7b fFYAHolA = FUTH(x*=2.878, p=0.112). ¢H, BDNF
FAAANM = FLdsA SAASE FoTF Aol7F YER T WH 2 nOB
o A1 35.0%(n=36), OBl A 22.7%(n=29)= et ¥kdA H+MEE 2 nOB+
A 65.0%(n=67), OB-ol A 77.3%(n=99)2 OBrollA o #& RNEE B

>{¥~

i
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At o] ol EAAOZE Folsty on(x2=4.267, p=0.041), BDNF
rs62652] GA T+ AAYS 713 At Al v B4 ThsAdo] o =8 A

BDNF® W% (GG, Val/Valol AW F o=z hFEARE & AT A = 3
T AAARFY v Ee] M =A FUdv FAFHCE WS 281%, HE &
489%, M3 2 229% % YEW=4], °o]= Boston Puerto Rican Study?] +#
(W3 73.2%, H& 49.8%, M3 19%)4 Romanian Study® E¥*(W¥
65.5%, H¥ 30.5%, M% 4.0%)¢+= wf-$- ot2t} [44, 61]. §F4, divko] A
&) ¥l Taiwan Biobank StudyolA+= W3 25.1%, HY 50.1%, M3 24.7% 2

2 AT FARE EXE BAY [62]

Hl vkt o] QA 9A S Ay H ) Boston Puerto Rican ¢17-olA W&
/g2 BMIZF wtokd wbil, wAel = 232 BMIZF s=of el mE
Aukgl AES wodtl [44]. w3 Beckers S(2008)-& HIWHEE o] A o] Al A
Met tHHFAAS] WME7F FokA =of oA vwk W Ao #oAT + U5
= AASAT [63]. olAH FHA AT = BONF 3233 vk 3¢
Aol Aol wef 24 yeutrg Jdid AES =F67]e o8
Ao g HaEgth H, Wu 5(2010)2 ofAlopelell Al BDNF Wo]l g o] H]
1F wkA) 9138 S ol 1 9 2H|(Odds Ratio)’} R ET o = o
Atk [64]. oF& ¥, Hong 5(2012)2 =S o= 3 Al 7FA19 i

A5t Ao Met HFAe} BMI 7] ddd Adgde gelst of
Alol QIFRell Ao 2 RS szttt [26].

ol# gt A= BDNF 37 tpdA e £x71 IFe et 24 v=a,
53] ofAlofle A Met thH-F A< =

Mysts 8o A 5 9 AAwTh

o
N
)
™

d

i,
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Table 6. Comparison of genotype frequencies between nOBese and

OBese groups according to genetic polymorphisms.

T Frequency )
Gms | SNBSS Lo s el | qOR op |MAF | x* P
TT 174(753)  80(77.7)  94(734) 2637 0268

TA 54(234)  23(223)  31(24.2)
159939609 AA 3(1.3) 0(0.0) 3(2.3) 13.0

TT 174(75.3)  80(77.7)  94(734) 0550 0540
TA+AA | 57(247)  23(22.3)  34(266)
GG 86(67.2)  161(69.7)  75(72.8) 1728 0.422"

GA 38(29.7)  65(28.1)  27(26.2)
FTO  rs9939973 AA 4(3.1) 5(2.2) 1(1.0) 16.2

GG 161(69.7)  75(72.8)  86(67.2) 085 0.389”
GA+AA | 70(30.3)  28(27.2)  42(32.8)
CC 174(753)  80(77.7)  94(73.4) 2637 0.268Y

CA 54(234)  23(223)  31(24.2)
158060136 AA 3(1.3) 0(0.0) 3(2.3) 13.0

CcC 174(753)  80(77.7)  94(734) 0550  0.540”
CA+AA | 57(24.7)  23(223)  34(266)
TT 122(52.8)  48(46.6)  74(57.8) 3979 0.137

CT 93(40.3)  45(437)  48(37.5)
MCAR  rsl7782313 CC 16(6.9) 10(9.7) 6(4.7) 271

TT 122(52.8)  48(466)  74(57.8) 2.878  0.112"
CT+CC | 109(472) 55(534)  54(42.2)
GG 65(28.1)  36(35.0)  29(22.7) 503 0.081%

GA 113(489)  43(41.7)  70(54.7)
BDNF  rst265 AA 53(229)  24(233)  29(2277) | 474

GG 65(28.1)  36(35.0)  29(22.7) 4267 0.041”"
GA+AA | 167(71.9)  67(656.0)  99(77.3)

n(%); subjects numbers (percentages).

P values were determined by Pearson’s chi-square test” or Fisher's exact test.”

“P<0.05, 7P<0.01, *P<0.001.

Abbreviation: F70: fat mass and obesity associated gene; MC4FR: melanocortin—4 Receptor;
BDNF: brain—-derived neurotrophic factor.
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2) AAASZ £ dFFA

BDNF rs6265 {732kl mal WE(n=65)7 H+M¥(n=166) 72| 214
AZ ARE g 23, WHR ®5u §9759 2ol5 ® ) (Table 7).
EEARE #d 2 xd WHRS WEo] 078 H+rM# ] 0812 H+M¥ o]
ofH o wokAW B F 1 Fogde Atgrslth

A #E AAFA9 Aol H-MEA A dHDBP; p=0.077), 3+ &4
A F(AST, ALT) 9 &% A%< HbAlcwto] WA BT folzom =gkt
gy fFoH o R zolvt W B A A gl B Fe=

Frolgel auE A

3) AEZA

FAAH W2 BA A AY BRE WHFA FolF el zo] 7t YEFLA

okttt (Table 8). FAF oz &8 A5 F5, H
]
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old 7tsAES HoFEd ol WHo| Hldte] H+MEoA AST ¥ ALT
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w ATl M= BDNF rs6265 4%l wet W H+ME b 5
AAAZS 2 QdFA A Fon g ztol7t #EH I WHRS H+M3Y ol
A Y Edoy B fFoAe] Atgkav. A AP d3ds 9
WA 3F7] ol @AWk Zhang 5(2023)¢] H gk wle} o] BDNE W o|3 o]
WHRS ®wi7l=Z &to] serum BDNE ¢ 4o 4&F& &+ F Avhe= 43
A5 dXste= o fAd vk [65]. HbAlee H+MEF A o =Sk
i By Aole woadoy, B 5 fFo|do] AAHIY. BDNFoE 3
AL 7o) A#Ael sl Grundmann 5(2020)2 BDNF ®old Hf Al
serum BDNF+ #r43Fil HbAlc7b S7Fsto] #1238 9= f13do] =ofd
7 Ades B o [66], Suwa 5(2007)2 o4 Tx= FFHA7E 174
Y serum BDNF7F Z=vhal ®H stk [67] 2 A= Al 9
A 5 Fodol At A i e wl, BDNFoF JiAL (ko] w7
AR ZFE e 899 dFS HE F USS AAEH
AEZA Aytel A% Colzato 5(2011)0 w2, BDNF rs6265°] Met

AHAFAAE Bf3 NS 2EH 2 e odF wh&3 &t FFo] =
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ox, off R
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BDNF Wol& <2lgt 7|5 AHs7} ~Ed
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= 2 BDNF rs6265°] Woldq Bk 7
UYEF Ast 9 55 5 AF% WA FastH ol& AldgstA &S
2=

dga 9 s 54 St TR v 299

Sodium Potassium Na/K
6000- p=.024 4000 p=177 31 p=.190
_ g 3000-
2 4000 = 2 4
= £ 2000 .
S 2000- 2 = il
n S 1000
0- 0- 0-
w H+M w H+M w H+M

Fig 4. Comparison of sodium and potassium intake and Na/K ratio

according to BDNF rs6265 genotypes.

Mean+SD, P values are determined by Student’s t-test.
“P<0.05, "P<0.01, ™ P<0.001.
Abbreviation: W, wild; H+M, hetero+mutant; Na, sodium; K, potassium.
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Table 7. Anthropometric characteristics and biochemical

BDNF genotypes.

markers by

Total

Wild

Hetero+Mutant

Varlables (n=231) (n=65) (n=166) FooE

Anthropometric Characteristics
Age (y) 3093 £1051 2898 +861 31.69 + 11.10 0.051" 0231
BMI (kg/m?) 2421 +4.30 2373 +411 2440 + 437 0.288”  0.651
Ht (cm) 16354 +7.20 164.09 +599 16332 + 7.63 0.421°  0.012
Wt (kg) 6498 +£1364 6413 £1343 6531 = 1375 0557 0563
RMR (kcal) 147276 £190.30 146254 +195.27 1476.77 + 18377  0.610° 0.386
RMR/BW 23.08 +241 23.15 £2.03 23.06 £ 255 0.786”  0.522
WC (cm) 79.32 £11.62 7746 £1053  80.05 £ 11.97 01277 0658
WHR 0.80 +0.07 0.78 +0.06 081 + 0.07 0.008"**  0.096
SBP (mmHg) 117.18 +1346 11528 +1345 11793 + 1344 0.179° 0582
DBP (mmHg) 7048 +10.52 6852 £11.14  71.24 £ 10.20 0.077"  0.280

Biochemical Markers
AST (IU/L) 1848 +5.52 1754 +4.66 1885 + 5.80 0.076” 0539
ALT (IU/L) 1454 +9.35 12.42 +6.17 1537 + 1022 0.008"" 0.203
AST/ALT 1.49 £0.46 157 £043 146 + 047 0.103"  0.367
FBS (mg/dL) 90.35 +15.40 8860 £1084 91.04 = 16.83 0.279” 0685
HbA1LC (%) 5.37 +0.39 529 +0.21 540 + 043 0.0487* 0278
TG (mg/dL) 10730 £8259 101.65 +8357 10952 + 79.87 0516”7 0.895
TC (mg/dL) 19298 +33.12  190.80 +26.05 193.83 + 3554 0477 0.889
HDLc (mg/dL) 6272 +15.40 65.32 £1493  61.70 £ 1550 0.108"  0.326
LDLc (mg/dL) 11674 £30.89 11426 £2636 117.71 = 3252 0.405”  0.702
Leptin(ng/mL) 2155 +£1544 2261 £1653  21.13 * 15.02 0515  0.958

Mean+SD, P values are determined by Student’s t-test” or Welch’s t-test™.
Adjusted P values are determined by ANCOVA adjusting by age.
“P<0.05, "P<0.01, *P<0.001.
Abbreviation: BMI, body mass index; Ht, height; Wt, weight; RMR, resting metabolic

rate; RMR/BW,

resting metabolic rate/body weight;

WHR,; waist-to-hip ratio;

SBP,

systolic blood pressure; DBP, dystolic blood pressure; AST, aspartate aminotransferase;
ALT, alanine aminotransferase;, FBS, fasting blood glucose; HbA1C, Hemoglobin A1C;
TG, triglycerides; TC, total cholesterol;, HDLc, high-density lipoprotein cholesterol; LDLc,
low-density lipoprotein cholesterol.
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Table 8. Sociodemographic, dietary,

characteristics by BDNF genotypes.

and health Behavioral

Genotypes
Variables Total Wild Hetero P
+Mutant
Sociodemographic Characteristics
Education Level
<High school 1(0.4) 0(0.0) 1(0.6) 0.452"
High school 62(27.2) 14(21.5) 48(29.4)
College/University 126(55.3) 41(63.1) 85(52.1)
Graduate degree’ 39(17.1) 10(15.4) 29(17.8)
Economic Income?
<1 million 10(4.5) 4(6.3) 6(3.8) 0.597"
1-2.99 million 25(11.2) 9(14.3) 16(10.0)
3-4.99 million 59(26.5) 17(27.0) 42(26.3)
>5 million 129(57.8) 33(52.4) 96(60.0)
Family History
OB
No 136(59.1) 36(55.4) 100(60.6) 0.552"
Yes 94(40.9) 29(44.6) 65(39.4)
CVD
No 92(39.8) 26(40.0) 66(39.8) 1.000”
Yes 139(60.2) 39(60.0) 100(60.2)
DB
No 126(54.8) 34(52.3) 92(55.8) 0.661"
Yes 104(45.2) 31(47.7) 73(44.2)
Dietary Habits
Skipping Breakfast
None 22(9.6) 6(9.2) 16(9.7) 0.741%
172days 31(13.5) 9(13.8) 22(13.3)
37 4days 42(18.3) 13(20.0) 29(17.6)
576days 71(30.9) 16(24.6) 55(33.3)
all days 64(27.8) 21(32.3) 43(26.1)
Eating out for Lunch
0™2days 142(64.0) 38(63.3) 104(64.2) 1.000”
3™7days 80(36.0) 22(36.7) 58(35.8)
Eating out for Dinner
0™2days 132(59.7) 38(60.3) 94(59.5) 1.000”
3 7days 89(40.3) 25(39.7) 64(40.5)
(Continued)
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Genotypes

Variables Total . Hetero P
WAL +Mutant
Health Behaviors

Smoking
No 200(87.3) 58(89.2) 142(86.6) 0.665"
Yes 29(12.7) 7(10.8) 22(13.4)

Alcohol Consumption
None 99(43.0) 30(46.2) 69(41.8) 0.082%
172days 98(42.6) 31(47.7) 67(40.6)
3™7days 33(14.3) 4(6.2) 29(17.6)

Sleeping time
<5h 22(9.6) 8(12.3) 14(85) 0.572
6-7h 152(66.1) 44(67.7) 108(65.5)
8-9h 54(23.5) 13(20.0) 41(24.8)
>10h 2(0.9) 000.0) 2(1.2)

Exercise

Aerobic-Moderate Intensity
None 60(26.2) 17(26.2) 43(26.2) 0.999”
172days 91(39.7) 26(40.0) 65(39.6)
>3days 78(34.1) 22(33.8) 56(34.1)

Aerobic-High Intensity
None 124(53.9) 32(49.2) 92(55.8) 0.655
172days 69(30.0) 21(32.3) 48(29.1)
>3days 37(16.1) 12(18.5) 25(15.2)

Weight Training
None 133(58.3) 34(52.3) 99(60.7) 0.594%
172days 60(26.3) 20(30.8) 40(24.5)
>3days 35(15.4) 11(16.9) 24(14.7)

n(%); subjects numbers (percentages).
P values were determined by Pearson’s chi-square test” or Fisher’s exact test’.

“P<0.05, “P<0.01, *P<0.001.

t ; Individuals with master’s, doctoral, or Ph.D. degree.
¥ ; Refers to KRW, the official currency of the Republic of Korea.

Abbreviation: OB, obesity; CVD, cardiovascular disease; DB, diabetes mellitus.
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3. HAAFI Hlw o Ro] WE Fo)

42} (genotype; W vs. H+M, allele; w vs. m)¥} BH]¥F o] 3 (nOB vs
OB)ell ulz} Ul ++ 7+ AolE HA37] 93te] one-way ANOVAZS A 33}
Attt & FHAAEH] genotyped allele 7|Fo 2 HA 35}

e W AT Aol
shel ofelsl ol 2t Z1Eel weh BAE AN AN

1) Genotype 715¥ (W vs. H+M)

BDNF genotype°] W& AAAZ JA4A,
o},

1A, Aol A A3
a1 A3, RMR, RMR/BW, HbAlec, LDLc

(EAA) HA%eA 15

RMR-&

, YEFNa), 25
o zolzt BEAE AT (Fig 5).

H+M-OBw ol A 7} =A vk e, RMR/BW+ H+M-nOB
S I e

& HaLsksl

o} 124t

W-OB ol Al 78 wEkth. HbAlew= H+M-OBw-ell A 7}
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Fig 5. Comparison of anthropometric, biochemical, and dieatry intake
markers according to BDNF rs6265 genotype and obesity status.

Mean+SD. Data were assessed by one-way ANOVA with Scheffe’s post-hoc test.
Superscript letters (a, b, and c) indicate significant differences between groups at p<0.05.
Anthropometric markers include RMR and RMR/BW,; biochemical markers include HbA1C
and LDLc; dietary intake markers include Na and EAA.

Abbreviation: RMR, resting metabolic rate; RMR/BW, resting metabolic rate/body weight;
HbA1C, hemoglobin A1C; LDLc, low-density lipoprotein; EAA, essential amino acid.
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Fig 6. Comparison of anthropometric, biochemical, and dieatry intake
markers according to BDNF rs6265 allele and obesity status.

MeanzSD. Data were assessed by one-way ANOVA with Scheffe’s test. Superscript
letters (a, b, and c¢) indicate significant differences between groups at p<0.05.
Anthropometric markers include RMR and RMR/BW,; biochemical markers include HbA1C
and TC; dietary intake markers include Na and K.

Abbreviation: RMR, resting metabolic rate; RMR/BW, resting metabolic rate/body weight;
HbA1C, hemoglobin A1C; TC, total cholesterol;, Na, sodium; K, potassium.
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Table 9. Anthropometric characteristics and biochemical markers according to BDNF genotypes and obesity

status.
- " )
MentliCs (33?1) nOB (n=36) i OB (n=29) nOB mif;fm Muggt (n=99) P s
Anthropometric Characteristics
BMI (kg/m?* 2421 + 4.30 21.03 + 157 27.08 + 3.81 2049 + 1.60 27.04 * 3.60 0.560 0.723
SMM (kg) 2365 + 518 2155 + 1.77 25.07 + 554 20.74 + 3.16 2578 + 573 0.292 0.329
FM (kg) 2204 + 842 16.62 + 4.24 2746 + 841 1547 £ 3.70 2646 + 7.78 0.938 0.934
Wt (kg) 6498 + 13.64 56.23 + 545 7394 + 1397 5395 + 6.05 7299 + 12.07 0.657 0.706
WC (cm) 7932 + 11.62 7101 + 542 85.47 + 9.83 7064 + 6.40 86.42 + 10.59 0611 0.932
WHR 0.80 =+ 0.07 075 + 0.04 0.810 =+ 0.06 077 + 0.06 0.83 + 0.07 0.683 0.661
RMR (kcal) 1472776+ 190.30 | 13634 + 8094 158320 + 22747 | 133807 =+ 89.23 155710 + 196.16 0.6% 0.583
RMR/BW 23.08 = 241 2439 =+ 1.37 2162 + 163 2534 + 1.82 2151 + 1.67 0.034" 0.386
SBP (mmHg) 11718 =+ 1346 | 11053 =+ 11.07 121.17 =+ 1399 | 11513 + 1239 119.82 =+ 13.84 0.124 0.060
DBP (mmHg) 7048 + 10.52 67.08 =+ 1073 7031 =+ 1155 7021 + 895 7194 + 10.95 0.628 0.313

(Continued)



. Total Wild Hetero+Mutant .
Variables (n=231) nOB (n=36) OB (n=29) nOB (n=67) OB (n=99) 2=
Biochemical Markers

AST (IU/L) 1848 + 552 1719 + 421 1797 + 521 17.00 £ 394 20.10 + 6.49 0.143 0.493
ALT (IU/L) 1454 =+ 9.35 1011 + 3.44 1528 £ 7.55 11.00 += 554 1833 =+ 11.55 0.399 0.738
AST/ALT 149 =+ 0.46 1.78 + 0.38 1.31 + 0.35 171 + 044 1.30 + 043 0.649 0.357
FBS (mg/dL) 90.35 + 15.40 878 + 12.35 83.38 + K81 83.84 + 1757 9254 + 16.23 0.368 0.591
HbA1C (%) 537 £ 0.39 527 + 0.24 532 £ 0.18 530 + 0.33 547 + 0.48 0.269 0.681
TG (mg/dL) 107.30 + 82.59 81.19 =+ 4521 12703 + 12074 81.84 + 4407 12825 + 9249 0.981 0.582
TC (mg/dL) 19298 + 33.12 | 191.14 + 2569 190.38 + 2693 18452 + 31.02 200.13 + 37.14 0.091 0.236
HDLc (mg/dL) 62.72 + 15.40 7222 + 1342 56.76 + 1214 69.43 + 14.44 56.47 + 13.99 0.540 0.372
LDLc (mg/dL) 116.74 + 30.89 | 111.33 =+ 2397 11790 + 29.08 10722 + 26770 12481 + 34.27 0.217 0.381
Leptin (ng/mL) 2155 + 1544 1594 + 989 30.88 + 19.36 1440 + 851 2569 + 16.71 0.387 0.590

Mean+=SD. Data were assessed by two-way ANOVA. Adjusted p-value were determined by ANCOVA adjusting by age and sex.

“P<0.05, 7P<0.01, *P<0.001.

Abbreviation: BMI, body mass index; SMM, skeletal muscle mass; FM, fat mass; Wt, weight; WC, waist circumference; WHR; waist-to—hip
ratio; RMR, resting metabolic rate; RMR/BW, resting metabolic rate/body weight; SBP, systolic blood pressure; DBP, dystolic blood pressure;
AST, aspartate aminotransferase; ALT, alanine aminotransferase;, FBS, fasting blood glucose; HbA1C, Hemoglobin Al1C; TG, triglycerides; TC,
total cholesterol; HDLc, high—density lipoprotein cholesterol; LDLc, low—-density lipoprotein cholesterol.
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Table 10. Dietary intake according to BDNF genotypes and obesity status.

Variables Total Wild Hetero+Mutant P padi
(n=230) nOB (n=36) OB (n=29) nOB (n=66) OB (n=99)
Energy (kcal) 179828 + 616.68 | 181675 + 606.82 175507 = 511.34 171867 =+ 447.69 1857.30 =+ 73555 0.274  0.349
CHO (g) 21217 = 7278 20784 + 73.09 207.14 + 53.80 21047 + 62.34 21634 + 83.85 0.762  0.262
Fat (g) 6488 + 27.31 70.06 + 30.37 63.87 + 2525 61.07 = 21.15 65.83 + 30.23 0.177  0.332
Protein (g) 7675 + 29.30 79.06 + 27.32 7483 + 23.03 7024 + 2295 80.82 + 3450 0.087 0.211
Fiber (g) 1689 + 8.25 1739 + 698 13.77 £ 5.02 1539 + 594 1862 =+ 10.18 0.005™  0.050
Sugar (g) 3778 + 22.90 4425 + 2358 3429 + 24.39 38.03 =+ 22.65 36.28 + 22.25 0225 0672
Vit A (ug RAE) 36742 + 284.01 366.92 + 261.53 341.30 + 162.95 326.07 + 156.10 402.82 + 371.07 0.224  0.730
Vit D (ug) 140 =+ 1.17 155 £ 1.18 140 = 1.24 128 + 1.24 142 + 1.11 0.397 0.842
Vit E (mg) 11.20 + 6.62 12.04 =+ 8.29 10.04 =+ 432 939 + 489 1245 + 7.23 0.009  0.050
Vit C (mg) 53.83 + 40.49 50.88 + 42.14 4290 =+ 3347 5143 + 40.87 5971 + 41.12 0.174  0.605
Vit Bl (mg) 126 + 1.19 154 + 227 098 =+ 0.31 122 + 121 126 + 0.62 0.086  0.101
Vit B2 (mg) 142 + 057 146 + 0.62 1.32 + 043 1.34 + 045 148 + 064 0.09%5  0.345
Niacin (mg) 1382 + 6.26 1364 =+ 6.03 1374 + 538 13.14 + 6.05 1437 + 6.74 0549  0.904
Vit B6 (mg) 057 =+ 0.60 065 = 1.25 050 =+ 0.31 054 + 0.36 057 £ 041 0314 0422
Folate (ug) 210.87 + 107.30 231.76 + 14044 17541 =+ 75.76 185.06 =+ 71.15 230.86 + 116.09 | 0.001™ 0.012"
Vit B12 (ng) 347 + 243 334 + 1.89 3.16 + 213 346 + 243 362 + 269 0640  0.719
(Continued)
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Variables Total Wild Hetero+Mutant p pad
(n=230) nOB (n=36) OB (n=29) nOB (n=66) OB (n=99)

Ca (mg) 45738 + 22553 | 49784 + 209.97 430.82 £ 173.75 42153 * 191.34 47435 + 261.21 0.073  0.340
P (mg) 101845 + 382.26 | 103560 = 39845 976.80 + 30366 91771 =+ 307HA 109157 =+ 42753 0.038"  0.161
Na (mg) 3093.00 £ 1781.72 | 312841 + 133657 322316 * 1/638R | 3456489 + 13673 396235 + 20032 0.429  0.995
K (mg) 220085 £ 94549 | 21879 + 9257 191864 =+ 6466 1976.17 + 669.89 243877+ 111866 0.008"  0.074
Na/K 172+ 0.69 155 = 0.67 173 = 0.79 182 + 0.60 172+ 0.72 0.171 0.397
Mg (mg) 198.63 + 94.59 20889 + 11527 17687 £ 7715 17422 + 69.26 21796 + 101.56 0.006™  0.069
Fe (mg) 1193 £ 7.57 12777 £+ 10.66 11.05 £ 501 11.81 + 836 1197 £ 6.26 0.403  0.651
Cholesterol (mg) 26302 + 138.30 27096 + 130.71 23986 + 11147 23353 * 11161 28659 + 159.%4 0.039"  0.085
FA (g) 48.39 = 22.25 53.07 + 26.89 4683 = 20.37 4437 + 1746 4982 + 23.59 0.076  0.216
SFA (g) 1848 £ 10.70 2089 = 11.09 19.05 £ 853 1729 £ 1058 1824 + 11.20 0.380  0.772
MUFA (g) 1852 + 9.29 2011 + 11.10 1763 + 832 1719 + 745 19.08 + 991 0.113 0.380
PUFA (g) 1280 + 644 1423 £ 792 11.86 + 510 1159 + 536 1336 + 6.76 0.030°  0.103
TFA (g) 045 = 030 043 = 0.28 052 =+ 037 041 =+ 027 047 = 030 0.706  0.164
AA (mg) 3MI581 £ 167091 | 4310634 + 198076  BOB + 160MUHA | H[ARI8 + 132HBH 458V + 170048 | 0.008™  0.040"
EAA (mg) 1817707 + 73937 | 00614 + P28l 166698 £ P00 | 163606 + 619753 191948 + 103 0.006™  0.030"

Mean+SD. Data were assessed by two-way ANOVA

intake.

“P<0.05, “P<0.01, *P<0.001.

Abbreviation: CHO, carbonhydrate; Vit, vitamin;, Ca, calcium; P, phosphorus; Na, sodium; K, potassium; Mg, magnesium; Fe, Iron; FA, fatty
acid;, SFA, saturated fatty acid; MUFA, mono-unsaturated fatty acid; PUFA, poly-unsaturated fatty acid, TFA, trans fatty acid, AA, amino acid;
EAA, essential amino acid;, NEAA, non-essential amino acid.
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Table 11.

Factors contributing to

obesity-related dependent variables.

increased obesity risk using

Obesity
Pheno Variables B P F P R?  Adj. R?
—-types
BDNF 0.051 0.033"  208.102 <0.001 0.883 0.879
Sex -0.147 <0.001"
RMR (kcal) 0.417  <0.001™
BMI RMR/BW -0.465 <0.001"
WHR 0.067 0.038"
ALT (IU/L) 0.058 0.047"
HDLc (mg/dL)  -0.055  0.044"
Leptin (ng/mL) 0.207  <0.001™
BDNF -0.074  0.031" 96643 <0.001 0.754 0.746
Sex 0.671  <0.001**
Age -0.311  <0.001"
RMR WHR 0.158  <0.001™*
SBP (mmHg) 0.128  <0.001™
ALT (IU/L) 0.186  <0.001™
Leptin (ng/mL) 0.317 <0.001™
BDNF 0.100 0.036" 39512 <0.001 0516 0.503
Sex 0.251  <0.001**
RMR/BW -0.415 <0.001**
WHR
ALT (IU/L) 0.202  <0.001™
Vit A (ug RAE) 0184  <0.001™
Sugar (g) -0.086 0.076

Reference group: sex, female; BDNF genotype, wild.

“P<0.05, "P<0.01, *P<0.001.
Abbreviation: BMI, body mass index; WHR; waist-to—hip ratio; RMR, resting metabolic
rate;, RMR/BW, resting metabolic rate/body weight; SBP, systolic blood pressure; ALT,
alanine aminotransferase; HDLc, high-density lipoprotein cholesterol.
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ABSTRACT

Exploring the Association between
DTC Obesity—Related Gene Polymorphisms
and Obesity Risk Factors in Koreans

— Focus on BDNF rs6265 -

Jiha, Kim
Department of Food and Nutrition
Graduate School of

Sungshin Women’s University

Background

Obesity is a major risk factor for chronic diseases such as diabetes,
cardiovascular disease, and cancer, and its prevalence continues to rise
among the Korean population. Genetic predisposition plays a significant
role in obesity, and racial differences in the expression of obesity-related
genes are well-documented. Although over 300 candidate genes for
obesity, including F70, MC4E, and BDNF, have been identified,
scientific evidence based on Korean populations remains limited. Among

them, the BDNF gene, particularly the rs6265 (Val66Met) polymorphism,

_82_



has been 1implicated in appetite regulation, energy homeostasis, and
neuropsychiatric disorders, but comprehensive studies investigating its
association with obesity phenotypes and metabolic markers in Koreans

dare scarce.

Methods

A total of 231 healthy Korean adults aged 19 - 64 years were recruited
between March and May 2024. Participants underwent anthropometric
measurements, biochemical tests, genotyping, and 24-hour dietary recalls,
along with questionnaires on socioeconomic status, family history, and
lifestyle behaviors. Participants were categorized by obesity status (OB
vs. non-OB) and sex, and associations between BDNF rs6265 genotypes
and obesity-related phenotypes, dietary intakes, and metabolic parameters

were analyzed.

Results

1. General Characteristics of Participants

Compared to the non-obese (nOB) group, the obese (OB) group
showed significantly higher BMI, RMR, WC, WHR, SBP, AST, ALT,
TG, LDLc, and leptin levels. Men exhibited higher metabolic indices than
women, while women had higher HDLc and leptin. OB participants also
had a higher prevalence of family history of obesity and less healthy

lifestyle behaviors.
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2. Comparison by Genotype

FTO and MC4R polymorphisms were not significantly associated with
obesity. However, the BDNF rs6265 H+M genotype (GA or AA) was
more frequent in the OB group. WHR and HbAlc were higher in H+M
genotype, although differences were not significant after adjustment.

Most other clinical and survey variables did not differ by genotype.

3. Differences According to Genotype and Obesity Status

This study analyzed differences in anthropometric, clinical, and dietary
variables according to BDNF rs6265 genotype (genotype and allele) and
obesity status. Significant markers differed by classification: RMR,
RMR/BW, HbAlc, LDL-C, sodium, and EAA intake differed by genotype
(W vs. H+M), while RMR, RMR/BW, HbAlc, TC, sodium, and
potassium intake differed by allele (w vs. m). Obese individuals with the
H+M genotype or Met allele showed less favorable metabolic and dietary

profiles, suggesting the need for genotype- and allele-based analysis.

4. Interaction Between Genotype and Obesity Status

Interaction effects between BDNF rs6265 genotype and obesity were
observed in dietary and metabolic outcomes. RMR/BW showed a
significant interaction before adjustment, which disappeared after
adjusting for sex and age. Fiber, vitamin E, folate, total amino acids, and
essential amino acids showed consistent interactions regardless of
adjustment, with opposite intake patterns across genotypes. The

H+M-OB group showed lower metabolic efficiency and higher intake of
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certain nutrients. Although lipid markers showed no significant
interaction, sodium intake was highest in this group, suggesting
increased risk associated with high-sodium diets. These findings
highlight the need for precision nutrition strategies based on BDNF

genotype.

5. Predictors of Obesity Risk by Genotype

Stepwise regression identified BDNF genotype, leptin, WHR, ALT,
RMR/BW, and HDLc as significant predictors of BMI. The H+M
genotype was also associated with lower RMR and higher WHR,

indicating increased obesity risk through impaired metabolic regulation.

Conclusion

This study demonstrated that the BDNF rs6265 polymorphism is
significantly associated with obesity-related metabolic indicators and
dietary intake, particularly in H+M genotype who exhibited reduced
metabolic efficiency and greater metabolic risk. These findings provide
foundational evidence for the development of precision nutrition and
genotype-based personalized healthcare services. However, limitations
such as unequal genotype distribution, lack of serum BDNF
measurements, and potential selection bias due to voluntary participation
should be noted. Future large—scale and intervention studies are needed
to clarify gene - phenotype interactions and support the application of

genomics In personalized health strategies.
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