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In—depth review

Diagnosis of Obesity and Related Biomarkers
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Obesity is associated with various comorbidities, such as type II diabetes, hypertension, dyslipidemia, and cardiovascular
disease. Gastrointestinal complications are also frequent and obesity is a direct cause of nonalcoholic fatty liver disease, and are risk
factors for gastroesophageal reflux disease, pancreatitis, gallstone disease, diarrhea, dyssynergic defection, and various gastro-
intestinal cancers. Diagnosis is usually made by measuring body mass index (BMI). Although BMI is correlated with body fat mass,
it may overestimate subjects with high muscle mass and underestimate subjects with low muscle mass. Co-measurement of waist
circumference as a reflection of abdominal obesity for subjects with BMIs ranging from 25 to 35 kg/m” has been recommended;
however, it is still an anthropometric diagnosis that does not clearly discriminate subjects at risk for developing comorbidities.
Biomarkers reflect the underlying biological mechanisms of obesity and can be used to characterize the obesity phenotype (i.¢., at
high risk for disease development) as well as a target for disease-causing factors. In this article, we describe the conventional diag-
nosis, biomarkers of obesity, and current challenges. (Korean J Med 2019;94:414-424)
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H|Qto| FIckal A|=X Hio|2017(conventional diagnosis

of obesity and anthropometric biomarkers)

BHIREE ol Aol FE=siA| S2d

SH= AT 5

7o} uh= Al HlESHAIE ot SR b mEAo R A}
25> vgke] AhH-S BMI (weight [in kilograms]/height”
[in meters]) & S4sh= AL *ﬂ ARAZ|FeE Mg 7hol =
2helof A= Hlghe: BMI 30 kg/m® o]AF0. 2 A 0|5k th4,5].
BMI= A A Aytke] ot 474 £7d0] 7Fssh A%
HS}of| w2 FAof| = golstA AR 4= Sl ERF Y
o AT Aol Qlet 1198598 tho = =9
Al AlE ek F2F9] EA ¥ (Mendelian randomization
analysis) @] 917 Z3}o)| A= BMIZ} =242 A3 At}
oAb ko] F7ksktHe]. Sl AR AA =}
AR AFAES HEeR 3 FSE A9 A=
BMIE 7|22 S A A% (underweight), T}A|<(overweight),
H|Hobesity) THA|of| sigsh= w0l S (normal)o] s
Foh= wET AFYEC] EOTHT]. 2y BMI= A
TEFS EE = qU7] el AA9] AEH s A
= WGSHA] HShe wAIS 2L Qlok EZE opAfofRlof A
22 BMIE 7H A Felel mlsto] AAEo] #the Hil
7F Qlow[8,9], AeFelof HIste] We- BMI =] of A= 3y
Feo) wasigo] F7ek A0 FelA UeH1o). T
AABAZ|T obAlobeioF 49| Fol=ekelat Fj 7
o= eholof A BMIS] 7|58 23 ke RE] T E b
ul A A (pre-obese) & LEE T, 25 kg/m’HLE] H|TEO 2
A 013k tH11,12] (Table 1).
wlgkal B ghEse) JRE: A BE e
& ulA e, TekA Tk YRS ETM
of SIEHI3-1S]. MehAMT} U S Ao
o 21 g5j0] chizel el A e ok b
22jo] AT PAe] A9, AET At kg
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Table 1. Classification of obesity/abdominal obesity and risk of comorbidities in Korea

Risk for comorbidities according to abdominal obesity

Classification BMI
<90 cm (men), <85 cm (women) >90 cm (men), >85 cm (women)
Underweight <18.5 Low Average
Normal 18.5-22.9 Average Increased
Pre-obese (overweight) 23-24.9 Increased Moderate
Obesity class | 25-29.9 Moderate Severe
Obesity class 11 30-34.9 Severe Very severe
Obesity class 111 >35 Very severe Very severe

BMI is calculated as a person’s weight in kilograms, divided by height in meters squared. Modified from reference [14] with permission.

BMI, body mass index.
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(adipokine)o] |t} T F0] Ao JEFE v|A|= Fa%
Qb 2EEQIT HA] 714t Ale] SAlE Egaks v}
olon}7|o] A9 gk RS AET 5 AT T B
of 919 7H B s A ofelgiehis)
BAEst vl 5] AeolE A4 vnee] Aol
DYRE Ade] AMGFHES A AT ulghl ¢
HS Ao 7S S A 'A| Aol ARE-
al Qlof M A=l Agste = A=k A&HIL JAH4].

=
=
b2

= mlm

ELL

Ol&2] = MSHEH SI2F HIO (PO insulin/insulin—like

growth factor axis—related biomarkers)
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Insulin-like growth factor binding protein

IGFBP-12] 7©
moderate increase”, “lean—marked increase”,
crease”, “medium-marked increase” = L}Fo] EAGE ZAalo] A
BMI =215 2% & QA “lean-marked increase” o] Ak
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Insulin/C-peptide
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o], proinsulin, C-peptide 52 AEZ o7 A LE o] u}
AES EF5to] IGFZT; A3k vlo]upA o] Al H
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OC/EZfON adipokines)
HIRE ZpA2o] T=gt o JA1E ASEAL o= AlE
vt} T4l 4o A AXH AEH 2A(endoplasmic retic-
ulum stress)?} M| EZEE]0}2] 7|5 o]ARS Ao It 38]. =
o AAES ok HelH| s} BB EEA ofcl E1el
o] EAES doAA Al Qlad At vivt g
o] WAl 7]ojske Ao= AZHETH3R). BT i
Ao g g=A ofr]E712lQl leptin®] L resistin®] EH|E =
T

A5}3 39154 obt)E71e1e) adiponectin®] RS 7H4:

I

L

sl ot Lo R 4%

Q- A7) A “lean-stable”, “lean—

ulgke] vho] QA —

rSL‘

& sk Aol Tolsto] ouiA] 4nlE 2URTHE, A
Aystiol] @l

1 40}01 A £2 48 G2

AS A &f5te] = leptin E_J 155 2 & 6 Z1t(leptin re-
sistance) [40]. o]2folt= Eetolut led A 24, A
Are) o|siatg, Baw S WAMA, Auld, B

,1 )

EOﬂ 404 5t7] 2 l vleke] oS oA

= ,q 3w 2 2o] e o A= leptin 4237} A&7 A3
oL} HE=0] WAy} HAAlo] 3191 01141,43], UE leptin
receptor (LEPR) gene?] 8- o7} Ad3 2glo] dhajx}
Qo] SISIEHA2). ol Aol e BRI 2T AT
AN EF leptin =27} w25t Q] Aol St
erhe msk slglent ekl
TH44]. €3 soluble leptin receptorE =73
Ao 1T o] Al E Hel
Ak S Zgomi 7 ofgo] AFtao|ri4sde). BF
leptin <=2 F717F BEEIA e Shafof| A A=Al oFe) ‘ﬂ“ﬁ[38]

oL} Apguurelo] Hhad o1& [47], 7HA|ELHO] i] 2 5 g
a} qlo] QIrhe WAS]7E AW F4 A7 RSt
Adiponectin

Adiponectin2 A[RA| £ A FH]| == oy EZ7Io|A|RE

4 Ul Aol Sk A9 1 Eu7t Al 8% =

7} BMI9} 9] AJHBAE Hol= Aoz deA ArH49].
Adiponectin tAJA|3Z 9] tumor necrosis factor-o. A4S
Ask 5o 9% AA7I5e 23 gom, BF 430 7
Ak Qlad AR F7ieh Telol Qe Eak AlEe] F4)
& OISt AEAES fEstel o WAYIEE A
N5e 2 Aow 2250

oF

o] dAphdol B9 A ZTE AtolA EF
Y

adiponectin®] s HAl o4

AIA e 9
ATPAS Bolt 0= HAE g ou[51), WebE el
= Al B AR T 4o REAE Be
THs2). EF $19Fe] WAy 9@ THE Qlekelo] Gk R[S
7 QIARE BEY Aot HEFe WA ABT AT

o] glomi[sd), tharetel WAlE QlaeAE S
= RsSE Slo] 271Hel 03_%7} @i}, w3t
lecular weight adiponectin®] Q&

T3
low-molecular weight adiponectin®| &-g52H8-7 HHo| L
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elet AZeS6)

Resistin> 45, WY 7|5 o/ HEHEA, Sy,
o] e Agke) Wby
of FE F= TEZOITHT]. Gt WFET Ak of
Ao 2 3t AT E BAoAE = resistin &7} AFLET}
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Apelin- 7| o] /3t @b A, SRS, oY
AHAL 2] e A B4 2dsh= 27t E(ligand) 1 H| A
YA A ZB| =]
tH60]. €5 apelin =] 2] ha7} W Qlof|A] a1} A<
Qolu61] WA= 235}o] HiAY =
7} QARKE, B T ATE o § vlekiale] At
2 U9 BN g 3 Ay okt Wt BXE
Aoz g oA E2 apelin 4227} Hlqlo A ZHA

SHALH63,64] S7FotTh=(65,66] tHfer AaE HRATH60].

AN apelin®] S Q1gRe] Sfa) fEo] BF
S MBI} A4 AT Aol oA
uH67], AA 2= 3

AA 910l weh apelino] thE WES B
o7] HiZoll xE BIE HolA| g= Aoz FSHTHO0].
Homeostasis model assessment for insulin resistanceS 7|2
23 ded A EF apehn TR O] WA= o e
AU 5o AHAAE Hdvks A5l EAE ] glo]
AES H27] ofHeH65]. SHAITE apelin: oL A] tiAto] &
ofsto] miuk A 7] Aol glom FEddolA e
A RS FTM T ARRAL gAY ARS8
of ugiat o] NBAR AgE THs Aol B AT
SJaL 9lo} F7hAQl A+t AR 7 ETHes]. HAH =
oft]z7}elo] ugkat 1 g% WAl Tofshs 7| o] &
A O YA FFE ob FEsiet £ ofr] %

Gastrointestinal hormones

el BratEe A% 29lelH E4E7] g
Qv E(gastric emptying) &7} ©FpsHE0] AAl S4E X
A o glom PSS 2d5ke Y T EEE0] A
ahi] Al golut FFZ Ao Thojsr] wo] ulgix|=e]
8% 7R AFEHAH69]. HIRA R Fof A2} of
AL AR tgk 870] Wbt @] 9l EEng

o]

HSk= ofof tieh 5= 71 3(S1 E2 WS}, HEAk tiAL
el AiAdlat WMeh F shtolt70,71]. laHE e R of
¥ &= S 25 E(gastric inhibitory polypeptide [GIP], gluca-

gon-like peptide [GLP] 1, peptide tyrosine-tyrosine [PYY],
cholecystokinin [CCK]) 2 F2 uj&L | AAA Zkte
FrRteH69]. SHAIRE ghrelino]u motilin®] 739~ fuiE2 =
Aste] MIES GUASAL A8E F74A1717] W] of
= S2Ho|U 2R 840 ALt 7| AS 2431
ARFIE A7l B0] 4 T EE 24k o)
Az A= AH69].

Peptide tyrosine—tyrosine

PYY+ 9P 24w o] L 8] Al 3 (entero-
endocrine L cell)ol| A 24153} gofiof ojste] Bu|7| A=
e g S48 digt vho &t A Lt
A 5hE] = 29 ‘ileal brake’of] ToJsln Al&A5IE Ao 7|
Aoz A SItHe9]. 5 PYY 2= BMI9} 9] A4t
FAS HolT FEo|L} A159] PYY 4|7} H]gF FhRlof| A]

9 AE EO]U% AE Aol 5 PYY X9 71
ol o

Aol
ARt 2]9] W5-E doitkes A7 74]= glof vt Ay
7179 ofsioll F7HHQl At7F Hasieh

Pancreatic polypeptide

Pancreatic polypeptide= 24} 5o] A o|A EHlEE= T2
Boz A8e ofgsln gES AAXY ¢ Ao
S | RTH70]. 32 A pancreatic polypeptide &%=
7 A4 A7) FHRDE o) §3tel 2R WA A

S SHCR 5T s olte B
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7k S Aol dhah B 47k AehTs)
Motilin
Motilin® 2704 2 Hu]jo] FEA|o] 2yl 9
i}, ]
Slx}of| A ofj Ztof| H|8}e] migrating motor complex 52t
A} motilin =2]7} 331 Roux-en-Y gastric bypass H|TF

G olFof I FA7F it Barh QIARE -9

[¢]

2521 phase III migrating motor complex& -3

lo rE

& A 7 H A 76).

AR g TEES Foto] viwte] nojdL<
A= ob2] ol AJEi= 5712 ¢ d47F B asith
SHARE Q1A el v e 2 ek ofEo] Tt Hite)

A& g A 2A] Ao ARGEAL QLo V' o SEEE
o] 945 &3t F7H4¢l vpoleut| o] Fdo] 7153tz
2h AYZHE

Multi-Omics biomarkers

Aw upAy o] ESIA Aml Balel WAl o AbE ARG
3, o] £ njo] @ujAe] RS ofelA whEL g elo]
tH38]. o]& SE3}7] 93}o] genomics, transcriptomics, me-
tabolomics, proteomics 52| “Omics” 7|5+2] wlo] 7| 7k
o] o FolA 3L 9t} o5t AT wpgom 2EE HBS
F3lo] Omics ZFE] £42 A gste] vl npAS A
SHL QA A%S SH Aol YNFAR) Aol

2,577 2] Korean Association REsource (KARE) TS E
gako ujnkal TRIGA 1 B ATE T 7
SHZA JTFS u|x]= AoRE AT A % fat mass and obe-
sity associated (FTO) gene?] fAFEA-& A5t A2E o
2o} vty ATE 7719 phosphatldylcholine metabolic
pathway Q19 TAHEA S WATE S AT SaE e
27441 Q4 Aol olsel A gehTI)

MicroRNA (miRNA)+= H|EFd RNA 2} & slu=z 4
A RS 2Esh= 75 ZaL Qo A oA g E L
2 H=o] 7hssity E3F 54 Aok A Ed oo
T Aol ARgS 4= Qe A or Ui glof HiolenpAz
A A}, SHATE Blwke] - Ate] i A 7 A
A Astuiel A7t Aolsto] thedgt miRNAS Hholenf
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A2 A= AAHgenetic risk score, polygenic risk score)©
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o= ujgkuke] Il & 2710l el 967he) uj
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Gut microbiome

AUAI#0] S8 (dysbiosis) & Al FolLh 1 4:0] vz
2 2Igk chabado] Astulol whaeh] RAA AL, 7, T

o} o) ol Slste] wajel Fhssict. el Bgol
wlghe] nlolonlAZ P8R 4 oA AHLen vg
2 AU Moo theFAdol 7H4S1al[82], £3| Bacteroidetes
Pphylum©| 3 223)AL Firmicutes phylum©| 57131= 52 £4
Al S HRITkal A E UTH83]. O}XIUP o= ‘ﬂ”“’ﬂ

o= =

9] = A =3 (leaky gut syndrome) O =
A A} GA] vt A el HEEE Ao] ol YAHEQ
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Combined biomarkers

Triglyceride and glucose (TyG) index+ triglyceride®} -
elcose 31 o] 85101 ARSI AHE 2A4eel A
QAeHgo] glon A2e e, LEL, YAETEE s
7] $1gk vlo] enbA = ApEgiThsd) AT FUAYGPE
A} A2 ol g5to] Hlgke] Al vo] @ulASIE TyG
indexES " ¢}5}o] homeostasis model assessment for insulin
resistance 5 7|2 & §F Q& AFAHS 55| 9l A
T7F E Ak o] A xS FolA TyG indexet BMIS
W35S uf area under the curve Zfo] 0.748% 714 =2
FAE BRANE AFE G50l o] FoIAA] o T A
2 F7HAQl A=t Zasiri{sd].

Visceral adiposity index (VA= 3]2] &<} BMI, 84 tri-
glyceride, high-density lipoprotein (HDL) cholesterol 4~%]&- 0]
gafo] AT A X2 4 Ak Belo] glon 41
7] Aate] wAg SiR=ete] Qo] BaLEslt) 22047
of v BB TR AJHE = ATolN VAL
242 Wildman criterias B2 % 2]5F metabolically
healthy obesity©]| 4] metabolically unhealthy obesity® Z13}%]
= H&o] =rhal B4 ITH85]. dFAE VA= Caucasian
= ez JidE A2 S s g es 2857
o= Algte] AT FZ Szt A i A= VAL
= Bt AT UolE A &of| F7Fste 7 1—7‘1—94 VAIHT} 4]
&y 2sko] Al ") 2 of| 23 = Q) Ao g B

kx| 7|&3H R &3 soluble leptin receptors &% 5=
Aol dger 2ol it el QR BE S0t
71 ogo] A|gt2]olt). & nested case-control 1ol A of
& "jo]eulA 9] 3 = HDL cholesterol, H|11E-%} adipo-
nectin (non-high molecular weight adiponectin)@} 37| soluble
leptin receptorS &7g8h= Ao A5 cf et Ay ke]
HAE AT 4= e HiolenbA R A AT
F7} REsii4s).

720l ApHole A2 ol et ofm7tel
S 22 doll o) AR} Z1E]ar FZof At ARt

= “Omics” 7|9} vlo] QulAES et At Frolry]
ot} u|ule] vk Ho] BelAo|3 sfolule) clokdl 7}
SA0] Qo] vigke] thefst W 7| AS sl vlo|enf

S A~
T4 A

7o) W A7 Wasi.
Functional gastrointestinal disorders—related biomarkers

7154 91 Agat vnkate] BAL 94w Wkt
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W A|EL AT wolx| Fala glott Axjele] ol
o] S AN QUL ofdl eko] QlakeA 1=
A27} REIG AF o] SRR FAES AYAZ
th W7} Qo] ARl QLT Qicki S EchsT)

ZSPHAZHROME I criteria), B-5 &+
A WA AN AA=RE o8 T AR 7
7 askEwr vwhke] AdAde AR Ay} visceral adi-
pose tissue area®} visceral adipose tissue area/subcutaneous adi-
pose tissue area H|&0] 7|54 ax3ka) dudo] gl A
oz AEQloY T Agtolal 7S 'Sk A
oF] ATH8S].

3282 to® o A Aol A vivt k= Rt
e =717] $IRE $18-4]0] 44 BMIZtET} Sm BMIZE &
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LTS A 913 BlolenbA = ofyn 7| B|vt
ks diAls = ook
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rr
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let-derived growth factor BB subunit ¥+ mRNAS] W& o] 7+
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Table 2. Potential obesity biomarkers

Category Biomarkers

Anthropometric markers BMI, waist circumference, waist-hip ratio

Fat mass measurement markers  bioimpedance analysis, dual-energy X-ray absorptiometry, computed tomography, magnetic resonance
imaging, magnetic resonance spectroscopy

IGF axis-related markers IGF-I, IGF binding proteins, insulin, proinsulin, C-peptide

Adipokines Leptin, adiponectin, resistin, apelin

Gastrointestinal hormones PYY, pancreatic polypeptide, motilin

Multi-omics biomarkers DNA, miRNA, metabolite, genetic risk score

Microbiome Dysbiosis, altered intestinal permeability, endotoxemia

Combined biomarkers TyG index, VAL, combination of HDL cholesterol, non-high molecular weight adiponectin, and

soluble leptin receptor

BMI, body mass index; IGF, insulin-like growth factor; PYY, peptide tyrosine-tyrosine; miRNA, micro RNA; SNP, single nucleotide
polymorphism; TyG, triglycerides and glucose; VAL visceral adiposity index; HDL, high-density lipoprotein.

Uk HYhS 3 HA] b2 ST, LS, AW & A Aok T 50 thAsS a8lof digh A HAE
gl AR 5) 9] Bio|eubA 7L tiRto|th o At 7} 7= v BlYke vio] @ubA Fbo] Bl Fagt A
S Aeist=Aof uhet Adesagko] HAE 4= glow sf Holth. 4 o2 H|Fhe] Xeto]] ARg-E= BMIS} 5j2|&
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