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ABSTRACT

In the era of the fourth industrial revolution technology, the inclusion of personalized
nutrition for healthcare (PNH), when establishing a healthcare platform to prevent chronic
diseases such as obesity, diabetes, cerebrovascular and cardiovascular disease, pulmonary
disease, and inflammatory diseases, enhances the national competitiveness of global
healthcare markets. Furthermore, since the government experienced COVID-19 and the
population dead cross in 2020, as well as numerous health problems due to an increasing
super-aged Korean society, there is an urgent need to secure, develop, and utilize PNH-
related technologies.

Three conditions are essential for the development of PNH technologies. These include the
establishment of causality between obesity genome (genotype) and prevalence (phenotype)
in Koreans, validation of clinical intervention research, and securing PNH-utilization
technology (i.e., algorithm development, artificial intelligence-based platform, direct-
to-customer [DTC]-based PNH, etc.). Therefore, a national control tower is required to
establish appropriate PNH infrastructure (basic and clinical research, cultivation of PNH-
related experts, etc.). The post-corona era will be aggressive in sharing data knowledge and
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developing related technologies, and Korea needs to actively participate in the large-scale
global healthcare markets.

This review provides the importance of scientific evidence based on a huge dataset, which is
the primary prerequisite for the DTC obesity gene-based PNH technologies to be competitive
in the healthcare market. Furthermore, based on comparing domestic and internationally
approved DTC obese genes and the current status of Korean obesity genome-based PNH
research, we intend to provide a direction to PNH planners (individuals and industries) for
establishing scientific PNH guidelines for the prevention of obesity.

Keywords: healthcare; obesity; genome; technology; artificial intelligence
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Table 1. The guideline of development stage (8) for the Al-based PNH-healthcare platform to prevent obesity [10]

8 Stage for PNH-guideline

Contents

1 Hypothesis set-up from the big-data

2 Verifying Ho with research subjects
(validation)

3 Screening obesity genes/SNPs in target
subjects

4 Verification of target genes; 1st step
(protein expression or activity)

5 Verification of target genes; 2nd step
(phenotype diversity/flexibility)

6 Mapping & modeling the contents of
PNH-diet recommendation

7 Development of algorithm for Al-based
PNH-diet recommendation

8 Execute healthcare platform with Al-
algorithm

= Perform the causality analysis between Korean disease (obesity) prevalence and obesogenic environments (genes,
lifestyles, etc.) based on reliable big data to set up the hypothesis.

= In this case, the system for verifying and securing the standardized food and nutrition database or related
contents with high reliability is required.

= Design the PNH research to verify the hypothesis for validation and repetition with the target Korean population,
which was not involved in the 1st step.

= Find the significant genes and their SNPs in Korean obesity using the methods of GWAS or NGS.

= Before statistical analysis, we need a 2-stage preliminary examination; testing of the target protein expression or
activity according to wild/mutant allele of target SNPs is critical in the first stage.

= |f the SNPs did not change protein expression or if they could not evaluate because of low allele frequencies in the
population, they should eliminate those genes & SNPs in research.

= Even though significant genes were found in Korean obesity, the impact and scope of obesity (flexibility) have to be
determined, because gene effects on obesity levels (phenotypes diversity) are different.

= Find the impact factors/biomarkers to influence the interaction between genotypes and phenotypes or to change
the on/off switch of protein expression.

= The mapping process with significant factors is fundamental in modeling the algorithm to predict obesity
prevalence, such as for the PNH-diet recommendation. Lee et al. [12]

= Device the PNH algorithm based on how to relate the data contents on obesity prevalence using structured data
(genes, diet intake, exercise, biomarkers etc.) and semi-/un-structured data (lifestyles, family history, image, text,
etc.) [13].

= Develop the PNH algorithm using the Al technologies such as machine learning, text learning, bin-packing, K-NIN,
similarity learning, etc.

= Require the various algorithm to establish healthcare platform services, the final purpose in national health
promotion, such as the application of deep neural network algorithm.

= Execute an artificial neural network that extracts information appropriate for consumers among many information
(candidate generation) and a combination of artificial neural networks that are selected by ranking high
preferences according to consumer characteristics.

Al, artificial intelligence; PNH, personalized nutrition for healthcare; GWAS, genome wide association study; K-NIN, Korea-network in network; NGS, next
generation sequencing; SNP, single nucleotide polymorphism.
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11elZ (9 e WD) 2 JBAATE Belo] ke YTelF 7|4 S TR
al LEQOM OFgHCt (able 1) [10]. L2jut AA| chFet F 2 Au|a} Aol A Qo] uk
2| thAst7] YsiA = FE 5471 (information and communications technologies, ICT)
2]of] v 3-5}+7]& (biotechnology)® L} =7]< (nanotechnology) -83H= 7|RFO 2 &A% Q1
AE| A7) g 0] ZHEE ofoF gt

H
EiR=t 100:] w7zt »5394 HR S EE X &H 07 Z7kst ZA0lH [14], 2020 38.3%
= AddiH] 4.5% F7Fste] /g9l HITE At FES] F7FSHAL Uk [15]. ofof] H]Tholid
9 pels 913 pIC SARe] Tiak Balo] Zuhsa glck WA Tl SeAsk Hlw
DTC 71 AF= fat mass and obesity associated gene (FTO), brain-derived neurotrophic factor
(BDNF), melanocortin-4 receptor (MC4R), gastric inhibitory polypeptide receptor (GIPR), SEC16
homolog B, endoplasmic reticulum export factor (SECI6B) & neurexin 3 (NRXN3)°|t} [16].
NRXN32| 73-%-5 A3kl ¢ 39 DIC R A= eh=<l 255 277F Exfete). 2=y
AAZMAE U TS E S0 2APHAL7} BESHE QIrhal slo] & ofA|Qto] E3te
BFolAY 54 F2F o= snp H 2 =yl Q] At Afoleh Ak Jlo} HehA 2 S
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=} A& A XA EAY, FAAY S A A = AFAISE SN A58l
7] ek, e, %El‘—PEMWL ol 7] o] obdl el Bai7|zkel DrC AAFEEol
2% %P%% ATt [17]. = Ul FA| 7| RE A AA o] AFdAl= 52 F&B (GNC), (F)Ho| &
POIXP“—/\EE] ol nazA, wHyAgHA o, HEelxED},
0‘1_1‘_ fol @, FH|A, E|gtAluto] @ Shulo] @ § X} s Eto] & CJ wellcare
ol tiAdlz FHAHEAZE SHoR Ao R AlgstAY I B o587 dt
Hohe Qe WA 2 9otk pNH 7]5E AT A1 8 7)4-2 ok Rt 7o),

Ut 2] =] of| A= Th S H| THEHAY A Y (obesity, weightgain, difficultyinlosingweight,
metabolic syndrome, hunger response control, eating desire, feeling satiety, Mediterranean diet,
low fat diet, low carbohydrate diet &)= B 235}o] o|e} HHH §A4Y (genotypes)-‘ﬂ }SHA
ZAHE AAIBHAL A Th[20]. =%9] 51 7] (Circle DNA, Habit, 23andME, AncestryDNA, Futura
genetics, Color genomics, Myheritage, Positive bioscience, Mapmygenome, Myraid, 24genetics
S0l A ulk Qo= chopet A (M ETALH U & 5)T BAY DIC FHA FHL
A3 0 2 A A sho] Tl 1o Wiz o] ylo] B8543 Ut [21,22]. 53] o] A S
H|TF 2] 37} body mass index (BMI)O]l =-5tE| o] Qlom HIRta} AyHAH I} AF/do] w2
Eru|ak 9l A 24 FE (fat %, LBM %) S 94 219] BaiAof] et A|A = Qich B2
ol Bl et AAIE FAAF 22k oh=Ql A7 FE]E 497 vl th. Apipog
(rs17300539-11391G/A), Intergenic (1s7138803), PPMIK, NMB (rs1051168), ANKKI/DRD2, NEAR IRS-1 ‘&
FAARE 0l o=l 2A7F R R thE 2 Q1 Ak o]t (Table 2).

=L ¢! DTC KXol Bt

=] &2l v|9F 4 pTC S AA 2 urgtol A& =9 ]‘8]—3—9_%\;].]/8—2_;@.7&1}7]_71
o gtout LolF g Gl et Tl S XIS AT (FUHFEAT L FA 2T
ST usad I 74

1

& EZghot A1) 71 XY = ATt Table 32 j—le_Hoﬂ/\-] % ?AHF2 pTC H
b5 1S Ao 2 S AL S JhekolA| B oS4l Qlt) Table 301 A| A H vEe} 7
o] DTC H]H-3- Z}Q1 FTool| A 11 SNPs, BDNFOI| 4] 4 SNPs, MC4ROI| 4] 4 SNDs, GIPROY A] 1 SNDs,
18] 31 SEC16BON| 4] 4 SNPs7} Sh=i-Qlof| A BITH 93] e oF /g o] Jloki B E|Qint, T3t
A}7] DTC B 9HS- A 2} o Th4= SNPs 2] minor allele©] effect allele 2 4] H]FF 2§ & =0o] =710
2 R EA =, Su]EA %= BONF AR 156265 C>T(Val>Met)=} 1511030104 A>GT} GIPRS)
1511671664 G>A-2 major allele®] HITFEE Z7HA|7|= 2102 B EIch

Table 2. Domestic and international approvals for direct-to-consumer obesity genes (genotypes) according to various obesity phenotypes

Domestic International
Obesity phenotypes  Related genotypes Obesity phenotypes Related genotypes (SNPs)
= Metabolic syndrome APOAS5 (rs662799)
= Weight gain PPARG (rs1801282)
= Obesity ADIPOQ (rs17300539, -11391 G/A), ADRB2 (GIn27Glu, C>G),
Intergenic (rs7138803, rs12970134)
FTO = Hunger response control NMB (rs1051168)
BDNF = Predisposition to overweight FTO, MC4R, ADIPOQ, ADRB2
BMI gﬁZR = Eating desire ANKK1/DRD2
SEC16B NRXN3 = Feeling of satiety FTO
= Difficulty in losing weight TCF7L2, PPM1K, MTNR1B, CLOCK
= Effectiveness of the Mediterranean diet PPARG, TCF7L2
= Effectiveness of the low fat diet FTO, PPM1K, NEAR IRS1, QPCTL
= Effectiveness of the low carbohydrate diet FTO
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Table 3. The characteristics of domestically approved direct-to-consumer obesity genes/SNPs

A g of| kg &t -5of g of At [23,24]. RE @h=?l til/d Froe]] o

Genes SNP rs# major > minor allele  Effective Association with obesity Evidence (Ref.)
allele or Obesity items Direction
genotype
FTO rs9936385 T>C T Whole body lean mass (European ancestry involved Korean) Decreased Zillikens et al. [25]
rs17817449 T>G G BMI (East Asian involved Korean) Increased Wen et al. [26]
GG BMI Increased Chaetal. [27]
rs1558902 T>A T BMI Decreased Hong and Oh [28]
rs9939609 T>A A BMI, weight, blood glucose 2 hrs after eating High Kim et al. [29]
A BMI, insulin, WC, VFA High Yu et al. [30]
A BMI (Asian involved Korean) Increased Qietal. [31]
AA BMI (both adults and children) High Lee etal. [32]
A BMI (women with polycystic ovary syndrome) High Kim et al. [33]
AA Weight (children) High Lee et al. [32]
AA WC (both adults and children) High
A Overweight risk (both adults and children) High Lee et al. [32]
AA Fasting insulin (adults) High
A HDL-C Low Yu et al. [30]
A Total caloric intake/day, carbohydrate intake (% of energy)/day Decreased Qi et al. [31] (multi-
A Protein intake (% of energy)/day Increased ethnic involved Korean)
AA High fat intake (g) (children) - Lee etal. [32]
A BMI, WC and VFA (non obese) High Yu et al. [30]
A Weight (men) Increased Sull et al. [34]
A WC (women) Increased
A BMI, body fat (%), abdominal body fat (%) Increased Cho et al. [35]
A Obesity risk (physical activity > 3 hrs) Decreased
rs7193144 T>C C Increased BMI, body fat (%), abdominal body fat (%) in C allele
rs9940128 G>A A Increased BMI, body fat (%), abdominal body fat (%) in A allele
rs8050136 C>A A Increased weight in A allele (men) Sull et al. [34]
A Increased WC in A allele (men)
A BMI (Asian involved Korean) Increased Ng et al. [36]
A T2DM risk (Asian involved Korean) Increased
rs9939973 G>A AA BMI, fasting insulin and HOMA-IR (adults) High Lee etal. [32]
AA Weight (children) High
AA WC (both adults and children) High
A Overweight risk (both adults and children) High
rs1421085 T>C cc BMI Increased Chaetal. [27]
C Obesity risk Increased Kim etal. [37]
C BMI, WC, fasting insulin, HOMA-IR and TG in C allele High
C Low adiponectin Low
rs12149832 G>A A BMI (East Asian involved Korean) Increased Okada et al. [38]
rs7202116 A>G G BMI Increased Leeetal. [39]
BDNF rs6265 C>T (Val>Met) c? BMI (East Asian involved Korean) Increased Wen et al. [26]
Met/Met BMI, body fat (%) Decreased Hong et al. [40]
rs10767664 T>A T BMI Decreased Hong and Oh [28]
rs2030323 A>C © BMI (East Asian involved Korean) Increased Okada et al. [38]
rs11030104 A>G A? BMI Increased Lee et al. [39]
MC4R5 rs6567160 T>C C BMI (East Asian involved Korean) Increased Wen et al. [26]
rs571312 C>A C BMI Decreased Hong and Oh [28]
rs2331841 G>A A BMI (East Asian involved Korean) Increased Okada et al. [38]
rs17782313 T>C C BMI, weight, WC Increased Sull et al. [34]
T Increased BMI, weight, WC in T allele Increased
C High BMI, fat intake, mental stress in C allele (overweight, obesity) High Park et al. [41]
GIPRY rs11671664 G>A G? BMI (East Asian involved Korean) Increased Wen et al. [26]
G2 BMI (East Asian involved Korean) Increased Okada et al. [38]
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Table 3. (Continued) The characteristics of domestically approved direct-to-consumer obesity genes/SNPs

Genes SNP rs# major > minor allele Effective Association with obesity Evidence (Ref.)
allele or Obesity items Direction
genotype
SEC16BY  rs574367 G>T T BMI (East Asian involved Korean) Increased Wen et al. [26]
rs543874 A>G A BMI Decreased Hong and Oh [28]
rs516636 C>A A BMI (East Asian involved Korean) Increased Okada et al. [38]
rs591120 G>C c Obesity risk Increased Kim et al. [37]
c BMI, WC, fasting insulin, HOMA-IR, TG High
c Adiponectin Low

SNP, single nucleotide polymorphism; BMI, body mass index; HDL-C, high-density lipoprotein-cholesterol; HOMA-IR, homeostatic model assessment for insulin
resistance; T2DM, type 2 diabetes mellitus; TG, triglyceride; VFA, visceral fat area; WC, waist circumference.

YThe list of genes were created by DNA Link, Inc.

ACompared to minor allele, the major allele was confirmed by an effective allele on obesity.
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&2 A7 R A sto] E-8of of o] AR 2 F=?1 T/ FTO SNPs H| R &l =170]
Z 14¥ o] FE & QU T} [25-41]. & FTO =1 14T Z0J| A 159939609 T>A SNPL} H|2H] & of| T 3t
A 7HoR oy or FET A5 FEEITH 53] Aok E A7 159939609
T>A29) A allele©]] T3t BMIL| o = T}t 2| E 2 AR5 1 &AL, U & x| ghall 2
2 H|E (high-density lipoprotein cholesterol, HDL-C) 5 TSt outcomes = & o] 1o
A1), G T2 5 o x| ke A A F eke] A d = 2RI E| AT} [29-34]. FTO 159939609
T>A2] mutant allele”} §-3 (45%) 1} oFZ 2] 7}l (529%)00| Al F2 EAY Sl oFA]QHL- 149, B}
off EAHsHA] 2 A2 AT Fh=Qlof A o] {-o]/d2 w9 o n|7} Zick. Z=iu, A7)
Aol thEE-2 Tk AL (cross-sectional study, 43)0] 1, T 5 E o] 7|95t mekE A AL
(metal-analysis based on cohort studies, 23H)2} ZFAF- T 27 AL (case-control, 1) 2 F/d &
of }lof, L E 7|9ke] 4 WA A7 SR E B 27} ok, =3, o DrC B R A
9 S Ak NP AR E §F O B A7 HaE o] Aol it AZo] 27pH 0

2 51 lofol & Zlo|ch. 9k Ak ek 2ol ZUj 5 DIC HITHRAA F NRXNF 5
2 1L Y02 3 ] T A77H AR FE R o] th A7t Bt

tl=o] =] 57l DTC B RhF Aol A 2| A thet vl Rt e A 253t 2] -2kt
o A= H|F e 2] 1 9 vlo] @ 0fAH 2 BMIZ| 2 AFE-E| 1T (Table 3). A (body weight),
58] =2 (waist circumference) 2t AN Ewt 2t BHH 2| 7 QI F A A (triglyceride [TG],

HDL-C), @9 (glucose) & & A&/ (insulin resistance), 1211, &3 adiponectin, TFF
YL A U8 55 U A7 S Alglon, ol cht A7} R5T Wyoloz o

Be A2 AAISte] 7% Sok Chore ] uh 3l A B2 A4S Wt ik,
HUALS QI3 LY HINFTR 70| 23ty

sh30l C4F QAIRI} BT Zhel Qlat

okA] 213 T 591 DIC BTG A QJoll = kel thd o2 A AT 2 Y v]Th o
& A A7} b4 7 A Uk (Table 4) [42-69). 0] S ¥R DTC X} 7ol TSt
24 7H5 4 S AAIRITER & 4 ek ek Bl 572 17702 317) snpsol k2 B vl

Qui7E HojF 1 glom o] 5 A4} 3t 9 B3Y (PPARr, LPL, PLIN S ), A A 4% 4 &
QLA (CETP, ApoAs-5), A A AL N S8 DA\ Al (MAP2K6, TGF-f1, VEGF GNB3, NRG3, APJ receptor,
RAGE, CDHI3, f3-adrenoceptor, UCP3 promoter &) 5 2.+ 0.2 o|n] vFs] 3 w]uhdAy 7]z
ko] AR 71%F Aol B2 FF prc H|T FHAZA AAF 7Hs /o] w9 &g Aol
T} [42-69]. D2t the A7 G AL 2 Y Q) 0™ 137 R R} (ACE, SLCI2A3, PPAR:2,
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LPL, Pyull & Hindlll, NRG3, CETP, ACDC, ApoAS, ADCY3, MAP2KS, CDKAL1)2] 5%
W7F =EE o] @=7l BT DTC FAARA B-8517] 95k BigAd A+

7hH 225t

Table 4. Research evidences to consider for DTC-approvals for obesity genes to prevent Korean obesity

4 SNPso| A2t A
LS B e

DTC obesity
genes

SNP rs#

Biomarkers

Evidence for
Korean

MAP2K6 (MEK6) rs12603937 G>T
rs11654541 G>T
rs1051273 G>A
rs2285601 T>A
rs2285600 G>A
rs9916229 C>A

rs756942 C>T

rs9916229 C>A
rs756942 C>T

PPAR-y2 rs3856806 C>T
rs1801282 Pro12Ala (P12A)
LPL Pvull (C497T) & Hindlll (T495G)
Pvull (C497T)
Pvull RFLP
NRG3 rs10786764 G>C
CETP rs6499861 C>G
rs6499863 G>A
rs1800775 C>G
rs12708980 T>G
KLF-5 rs3782933 C>T
GNB3 rs5443 C>T
APJ receptor rs948847 A445C

= High overweight/obesity RF (%) in T allele (children)

= High overweight/obesity RF (%) & risk of high BP in A allele (boys)

= High overweight/obesity RF (%) & risk of SBP in A allele (children)

= High overweight/obesity RF (%) in A allele (children)

= High RMR in AA genotype (children)

= High overweight/obesity risk in A allele (boy, high fat intake & high SBP)

= Increased WC in both C allele and A allele (children)

= High overweight/obesity RF (%) & risk of high fat intake or high SBP in T allele (boys,
high SBP)

= High RMR in TT genotype (children)

= Increased WC in both C allele and T allele (children)

= High BMI, RMR in combined AA genotype and TT genotype (children)

= High VFA/SFA ratio, GSH-Px, Na/K ratio in T allele (overweight female)

= Increased SFA in T allele (eating Kochujang)

= Decreased glucose, insulin, HOMA-IR in T allele (eating Kochujang)

= Decreased TG, TG/HDL ratio in C allele (eating Kochujang)

= High weight, BMI, WHR, body fat mass, body fat %, abdominal fat, subcutaneous fat,
total abdominal fat, upper thigh subcutaneous fat, lower thigh subcutaneous fat in
PA/AA type

= Lower LPL mass in P2H2 haplotype

= [ncreased WC in P2H2 haplotype (high carbohydrate intake)

= Increased SBP in P1H2/P2H1 haplotype (high carbohydrate intake)

= Increased MetS risk in P1P2 type

= Lower HDL-C and LPL mass in P2P2 type

= Higher risk of MetS in P2P2 type

= High BP in P2 allele, P2P2 type (hypertensive)

= High BMR, BMI in C allele (overweight, obesity)

= High HDL-C in G allele (Seoul city)

= High abnormal HDL-C in CG/GG genotype

= Decreased HDL-C in G allele

= Low HDL-C in G allele (obese men)

= High HDL-C in A allele (Seoul city)

= High HDL-C in C allele (Seoul city + Bungdang-gu)

= High HDL-C in G allele (Seoul city + Bungdang-gu)

= Decreased HDL-C in T allele

= High BMR, height, muscle composition, insulin, C-peptide in TT genotype (children)

= Low LDL-C in T allele (children)

= High MCV, MCH in T allele (children)

= High BMI, WC, TC in T allele (boy)

= Low HDL-C in T allele (boy)

= Low BMI, WC, TCin T allele (girl)

= High energy intake in T allele (girl)

= High SBP in T allele (children)

= High BMI, WC, SBP, TG in T allele (boy)

= Low HDL-C in T allele (boy)

= Low BMI, TG, TG/HDL, HDL3a, HDL3b in C allele (dyslipidemia, high apelin)

= High HDL-C, HDL2b, adiponectin in C allele (dyslipidemia, high apelin)

Lee et al. [42]

Cha et al. [43]
Lee et al. [44]

Kim et al. [45]

Kim et al. [46]

Shin et al. [47]

Kang et al. [48]
Lee et al. [49]
Sull et al. [50]
Sull et al. [51]

Sull et al. [50]
Sull et al. [51]

Choi et al. [52]

Lee et al. [53]
Lee et al. [54]

Park et al. [55]
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Table 4. (Continued) Research evidences to consider for DTC-approvals for obesity genes to prevent Korean obesity

DTC obesity SNP rs# Biomarkers Evidence for
genes Korean
CDH13 rs3865188 A>T = Low adiponectin levels, insulin levels in T allele (cardiovascular disease patients) Choi et al. [56]

= Low insulin levels in T allele (cardiovascular disease patients in statin group)

= High LDL-C, MCP-1, insulin in T allele (cardiovascular disease patients in statin group)

= High adiponectin levels in A allele (cardiovascular disease patients in statin-free
group)

= Decreased dyslipidemia in AT genotype (cardiovascular disease patients)

= Low adiponectin levels in TT genotype (cardiovascular disease patients in statin-free

group)
= High TG levels in TT genotype (cardiovascular disease patients in statin-free group)
ACDC SNP276 G>T = Decreased HOMA-IR in TT genotype, TT/TT haplotype (men) Jangetal. [57]
= Increased HOMA-IR in GG genotype Jang et al. [58]
= Decreased TG in TT genotype (men) Song et al. [59]

= Increased TG in G carriers

= Increased LDL particle size in TT genotype, TT/TT haplotype (men)
= Decreased LDL particle size in G carriers

= [ncreased small dense LDL-C in G carriers

= Increased plasma adiponectin in non-TG haplotype carriers

= Negative correlated HOMA-IR and adiponectin in T carriers (men)
= Negative correlated adiponectin and baPWV in T carriers (men)

= Positive correlated HOMA-IR and baPWV in GG genotype (men)

ApPOA5 rs662799 T>C = Increased obesity risk, MetS, TG in CC genotype (women) Lim et al. [60]
= High TG in C allele Jang et al. [61]
= Increased TG in C allele (hypertriglyceridemia) Kim et al. [62]
= Increased TG in C allele (women) Lee et al. [63]
= High TG in CC genotype (women) Jang et al. [64]
= High TG in CC genotype (men) Kim et al. [65]

= Increased TG in C allele

= Low HDL-C in C allele

= Decreased HDL-C in C allele (women)

= Decreased HDL-C in C allele

= Low HDL-C, ApoA1l, ApoA5 in CC genotype (women)

= Decreased ApoA-V in C allele

= Increased chylomicron, VLDL-C in C allele (men)
p3-adrenoceptor Trp64Arg & -55C>T = Decreased fat area at 1st Lumbar vertebra, insulin area, glucose area in TT-CC& TT-  Kim et al. [66]
& UCP3 promoter CT/TT haplotype

= Increased fasting FFA in TT-CC & TT-CT/TT & TA/AA-CC haplotype

= Decreased fasting glucose, TG in TT-CC & TT-CT/TT & TA/AA-CT/TT haplotype

RAGE rs17846805 Gly82Ser = Low SRAGE in Ser type Jang et al. [67]
= High AGEs, serum insulin, HOMA-IR, TNF-a, hs-CRP, urinary 8-epi-PGF2a. in Ser type
PLIN PLIN = Decreased plasma FFA concentration in G allele (overweight & obesity in non- Jang et al. [68]
diabetes)
10076 C>G = Increased plasma FFA concentration in G allele (overweight & obesity in non-diabetes)
PLIN6 = Increased plasma FFA concentration in G allele (overweight & obesity in non-diabetes)
rs1052700 A>T
PLIN4
rs894160 G>A
AT2 C3123A = High overweight risk in A allele (children) Yoo et al. [69]
TGF-f1 T869C = High obese risk in C allele and TC genotype (children)
= Low obese risk in TT genotype (children)
VEGF T460C = High obese risk in C allele and TC genotype (children)

= Low obese risk in TT genotype (children)

AGE, advanced glycation endproduct; baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; BMR, basal metabolic rate; BP, blood pressure;

DTC, direct-to-consumer; GSH-Px, glutathione peroxidase; HDL-C, high-density lipoprotein-cholesterol; hs-CRP, high sensitivity C-reactive protein; HOMA-IR,
homeostatic model assessment for insulin resistance; LDL-C, low-density lipoprotein-cholesterol; MetS, metabolic syndrome; LPL, lipoprotein lipase; MCV,
mean cell volume; MCH, mean corpuscular hemoglobin; MCP-1, monocyte chemoattractant protein-1; RF, relative frequencies; RMR, resting metabolic rate;
SBP, systolic blood pressure; SFA, subcutaneous fat area; SRAGE, soluble receptor for advanced glycation end-product; TG, triglyceride; TNF-a, tumor necrosis
factor-a; VFA, visceral fat area; VLDL-C, very low-density lipoprotein-cholesterol; WC, waist circumference; WHR, waist to hip ratio; 8-epi-PGF20a, 8-epi-
prostaglandin F2a.
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H| Tk AR FAL YUAIYF A7) 124 ZHo|H o2
A oS et AAF S22 5T WS st UGG AA| 7o =8kl S A A5
SJ5to] FrIxtet AAE 2 AYeE3 7he] A g o] d A ZIsE] ofof gt Z &
sh=ole] UEE, 3 A3et vighday 7+ Atd 9 Qlabd A3ZArt QlojA ol&
o & Eof Aystax} st Aopu|gte] 7507} AdQlngt & s QY o)A A E T,
e, sUHS 5 YA 2] Y-S F7HA7]AL Ut wetA AotE
o2 HEEAF | uet E 5ol ofvlst AFU/d-57 AL (salt-sensitive genes,
SSGs)E GWAS B4 0 2 AT a|dsto] LTEEAF 9 d/do] Hiihtio] JFS F+=X4]

FA5AT [70]. 1942 BT 5214 Q1 107 SSG 44} 1171 SNPsE r=6kal 2
A2 SNPs® allele’d 32 DA (renin-angiotensin-aldosterone) &d-& 41310 wild/
mutant{t 2Fo]7} gl= FHR= ALt 3EA| = A sNpstE H[THAY o 2.2k SSG-Na

ol JFE F= A 5 BEAS Y tHH AT -2 A A JLo] Aut 2ol & B A5
SSG o] JFS MGt [7175). ©RAAT A} IUEF HAF o 2 ssG WU E

Z717F vntebAyo)] S v|H O™ angiotensin converting enzyme (ACE I/D), cytochrome P450
Sfamily 11-subfamily -2 (CYP114-2 T>C), G protein-coupled receptor kinases type 4 (GRK4 rs1801058 A486V
T>C), solute carrier family 12 (NaCl transporters)-member 3 (SLC12A3 15116437818 G>A), epithelial sodium
channel (ENaC) 2 G-protein b3 subunit (GNB3) 5 -7 AF2] mutant 22 minor alleleS 7} A0k=

UEEAFHE AlgtslioF St} (Table 5). ¥ 31 A ALA T} CYP11g-2 (151799998 -344 T>C)

Table 5. Domestic studies on obesity genes-diets interaction with the scientific evidence

Diet Obesity  SNP rs# wild/mutant Biomarkers Evidence
genes allele (Ref.)
Sodium GRK rs1801058 = High obesity in CC genotype (boys in high sodium intake group, Q4 and girls in high sodium intake Lee etal. [71]
A486V T>C group, Q2, Q3) Jung et al.
ACE rs4341 = High obesity in DD type (boys in high sodium intake group, Q3, Q5) [72]
I/D
SLC 12A3  rs116437818 = High obesity in GA+AA genotype (boys in high sodium intake group, Q5)
G>A
CYP11f5-2  rs1799998 = High obesity in CC genotype (girls in high sodium intake group, Q2, Q3) Leeetal. [73]
-344T>C = Increased obesity incidence in hetero/mutant genotype (girls of Na intake increased in increasing
order from Q1 to Q4)
NEDD4L rs2288774 = High obesity prevalence in hetero/mutant genotype (girls)
= High incidence of pediatric obesity in hetero/mutant genotype (girls with increasing Na intakes,
Q2-Q4)
ACE /D = High obese risk in D allele, DD, ID genotype (children) Yoo et al. [69]
= Low obese risk in Il genotype (children)
= Negative correlation between D carrier and obesity risk (girls, high sodium intake) Yang et al.
= Negative correlation between D allele (DD) and obesity index (girls) [74]
SLCI2A3  rs11643718 G>A = Increased obesity risk in GG genotype (children, insulin, FBS) Jung et al.
= Decreased obesity risk in GG genotype (children, decrease cholesterol intake, proper sodium [72]
intake)
= Decreased obesity risk in GA+AA genotype (children, high HDL-C)
= Increased obesity risk in GA+AA genotype (children, medium category in cholesterol intake, high
sodium intake)
= High obesity risk in GA+AA genotype (children, medium category)
ADD1 G460W = Increased TNF-a in W type (boys in normal and obesity) Park et al. [75]

Energy ApoAS5

Fat MAP2K6

rs662799 T>C

rs9916229 C>A
rs756942 C>T

= Increased sodium in G type (girls in normal and obesity)

= Increased obesity risk in CC genotype, particularly of those consuming 2,000 kcal of total energy Lim et al. [60]
intake/day among Korean premenopausal women

= Increased obesity risk up to 7 times as high fat diet (Q3) compared to low fat diet (Q1) Lee et al. [42]
= Increased obesity risk when BP was increased

SNP, single nucleotide polymorphism; FBS, fasting blood sugar; HDL-C, high-density lipoprotein-cholesterol; TNF-a, tumor necrosis factor-o; BP, blood pressure.
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#0]% .2 714 olote] 49 LHE & 4137 27K 42 .0 4 0.2 nlghaalo) Z7telgl on
neural precursor cell-expressed developmentally downregulated 4 like (NEDD4L; 152288774)2]
hetero/mutant -2 2 7H o 212] -9 A UEF A FH - v v T o] 9% of 5.75H]
Z731900H 73, 24 A7 Fate] Hl5rolg- & Sisfel 556 ol B2 71 ofote] F919)
UEEAFHE A ET}300 mg/day= AlstHaliof stoh= EA S 2o AT, a-adducin 1 (ADDI
Ga6ow) RS B9, HEFAUH F7tek 434 AtolE7kel (INF-o)o] ol die
AYA|Z T2 Aofu|gh Hhgo] Qiake o} [75). Lejut BAR A BAY FHoiopsls| o]
2020 $FEAFFA HF7|= (Dietary Reference Intakes for Koreans) 7HolA UEE
I F ol w2 Ad 1 of| B2 Qs A F|ZF (Chronic Disease Risk Reduction Intake) 7] &<
1902,300 mg© 2 A ol whak x4 Q) 27w gko] Zays]ojof & Zo| 76,

re

T}i 8} Q1= APOAS 15662799 T>C2] C minor alleleZ 23 A] 8|7 7} Fedo] 9=
G 37t % HDL-C7} Zr4ash= 210 2 BV EQl =], Sr|EA L =<l H7 A of/d
ol 1 CC homozygoteS E-7 A H|TF & (BMI)°] Z7FsFATh [62]. &3], 1€ 2,000 keal ©]

& AF st 742, vlTtko] 2,54y (odds ratio [OR], 2.495; confidence interval [CI], 1.325-4.696;

p = 0.005). E=3F, 2,000 keal ©]7¢ A A 5 ol & AB|EFo] oA A F 7 B}t &2 ¢

H|qto] 3ul| 7}7ko] A LrEFGT (OR, 2.917; CI, 1.451-5.864; p = 0.003). 47| A3t= 4p0oAS

15662799 T>C2] minor allele 91 CC homozygote 1.5 A] B]THS- of|¥}5}7] Il A] of| L x| A 3 =

Aof| Z1E3] A7 xof F2 A AISEAL QATh EESF Table 491 4] RMR-dependent B]TH--Z1AF2

B3 MAP2K62] SNPs (159916229 C>A L 15756942 ¢>T) 2] ¥l 0] & AX|$H -2 o[ 1 x| H F]

= APHH7 =245 v =7t S7kohE A o2 et 53] 9]9] MAP2K6 W o]

o] 4 2 (BP)°l T7HE B¢ HIUF A =7t F7ksko] BPE S7Fok= Ad 2/l 7t

2 B Jotrhe v]gtke o] 7haE Ao 2 4 H ) [42].
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Eo) 7% 0] W e st 27} AESEL9)E FH 02 0|9k 22 A1 B et B H DB
A 225 o] F4 sk ofo ek,

ofd
Jo

A, -2l u2h= PNH ¥ A 20 8 5 7]&l HlH o] | FA] S 2I3t H|o]§ mfo]d 7]
&, A7 2248 QU A7]|& (genomics, proteomics, metabolomics 5), B A2 tiAH
2E AF/dsto] WS FAot= AR AHZ 2138 (metabolome reprogramming) 7|
& 5ol ARF2e] AXp7} @ At} §35] wA B AdAl = 4ax A E Y 71 sS Ak
Ao 2 ggotet XM M Z2R 7HA| & S0t PNH-EHE S 7|9t 2 5415 43 gl
ERE Ao oF & Al o]t

bl

A, 919) 3744 BAIH S A 7Py 222 Q) AL e, o] 2 T, A EG Y,
o}, 42 EAS 5 TroFet Bobrt §EE PNH-BAA 0] AEIHE A=A 71k sholl A
K3 Zolct,

=ELRCE

3] 4zt Sy 7| e At o shE 2 12 ARolldS 912t pNH 7|RjF A2A| o] E3E 5

3
A AR Aol FFo =M 7 H e FIAIE A o= o gttt pNH 7] &0 7
A5 flsho] eh=rQl HeflofE] 7|8t {4 (%) et 2 (2 ) B 7 A 27
o, AL B/ el oNH-E-8 7] E FHE (ALY F 7N, AT7|HF S E, DIC
7|9k PNH 5) 5 3714 Baxzio] g = ojof 7hs T Aol =] 48| A} =3 PNH-E A
Aol 71RE ZEZ 7N Bl o= Ao EHE 2 Fshal Qlo EekE 24/4E DB R,
2] 491 DTC genomics DBS] 7] 0|50 & QJAHA ojn| 2 s AJst=t] &A1 H o] Qlt}. o]
of 7 Al A (R EE EFY) 71798 &5k Hlol 8l & stal 3eha| 27 7|Hh g
2E-DTC SIS FF S pNH I 22t 75 (7] 23T S H PNH A 27 5)
2 9IRh e A A o) W of] FA}sfjof gt

2020 COVID19%} QIF HIAAZAE AU FF ZANGALS] & Hol A S A2
A S P = Sh2 AU oS S PNH 7] &S 28X 7] S
ot ZAE F 2 Altfol| A = Hlo]E] 2] 4]9] 35 4 i 7|& 7ldo] X

T2 229 pNH 7§ dAA o AjFe] FAlof A7) 9Jet ToFr| < o] g sitt. ofo] 2 F
A2 prC H|TH-H A} 7]9E pNHZF A A o] Al7Gof| A
2 W2 7091 vl ol E] 7|8 pshA] 2 AukE 9] 52/d-& AlAlstaL o2& v Tk ol RH-E 9
StpNH 718 2F (7191 2 AFd Aol Al 2}8HA Q1 pNHE] WFA A 59] 7to| =& Al Fstaat

ssict.
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