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ABSTRACT
Keywords: Background: Diabetes is a chronic disease that commonly occurs in Korean adults
Direct-to-consumer due to an increase in the elderly population and westernized lifestyle. However,
Genetic testing once the disease starts, even if the drug treatment is started, it slows the progress of
Blood glucose the complication, making it difficult to cure, the quality of life is deteriorated, and
Type 2 diabetes the cost of treatment is enormous. Thus, diabetes is a disease that requires effective
Pharmacy prevention through early prevention. Method: In this study, genetic risk was
Healthcare calculated by using 8 genetic markers related to glucose metabolism with specific

polymorphism in Korean, reflecting lifestyle and family history. On the basis of this,
a diagnosis prediction model of type 2 diabetes was presented. Results: The odds
ratio for the disease was 2.72 (95% confidence interval, 1.25-5.93), indicating a
statistically significant association. The accuracy of diagnosis was estimated to be
62.4%. However, the study population used in this study showed that the prevalence
of type 2 diabetes was high and the number of samples over 40 was rather small, and
clinical information such as blood glucose, body weight, and BMI index could
affect the incidence of type 2 diabetes Since there is a limit to the absence of a
disease, it is necessary to establish a disease prediction model for Koreans that can
increase the accuracy of disease prediction through further studies. Conclusion: The
type 2 diabetes prediction model proposed in this study can be used for the early
identification and prognosis of genetic markers for promoting sales of healthcare
gene products in pharmacies. As a result, personalized counseling and active role
based on genomic information will expand the expertise of pharmacists and help to
increase the sales of health functional food and general medicine from customers
while increasing credibility and also help the pharmacy's economic gain.
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2. DNA &
PRS2 RE FARGA dia] AHFE e &

o THYTAES AHSA F THo =R A
NRZHE DNAY =22 Genti™? automatic DNA
extraction A|2E] ZH](GeneAll, KOR)E ©]&3}] AZA}L
o] wrodo] wet AASHIT). #2E DNAS Tecan F200
microplate reader (Tecan, USA)S ARE3}o] DNA 5= 4
CES 717 24% 5, 449 240 A

FL

HAM

= 1

3. RUAA

AR AL 1A A2Y B WA, 2 Eghie
#5879 §A4 nhAE ARSI, A 6479

FAAEE B45H7] 84 OpenArray & Tagman
assay B2 &85} 31, QuantStudio™ 12K Flex Accufill
(Life Technologies, USA) A|2AE] 9] A|ZA} ojxdof wlat

BAshh

4. SH 24

EA AL Restatistics T2 IHL AHg-3to] oAt
A7 w7 o gl A2g PRI ddgol =
2 Brretz] flE ERALAE SARALS AAGHA

Interval, C)2 AAR}HTE E3F ROC (receiver operating
characteristic) curve®] AUC (area under the curve) HA-S
Bstel Anel HEs Bt

Bt

287H(43%),
olgke] HHAHL 30.5
A, 40t o]/e] BAF-2 54241k AR iz} F 35
(%) T AHES 7H oW, 1567(24%)2 T
ol tigt 7F52o] ERIESIL o5 st AA A
AT 29.5%¢°] gt A7 5 FA= B
(16%) olglem, BlZAR} 3977(66%), TAl SAsI
o @A FASHA B 97t 10978(18%) oI$iek ERF
S5 1663(28%), HIEFAE 4379(712%)°01 2, 24
AN An] HHA = 266%8(44%), HIAFHAH= 3417(56%)
0] %It Table 1).
2. REXE 24

2 AFtoA HEAGeR AT & 8 fAAE= 2
= dgtaret #Ed Aoz A 27) FARHCDKN2A/B,
GLIS3)= A W HietAl29] g3t ded Aol oo
&b, 37§ 9 HAHMTNRIB, DGKB, SLC30A8): 7153

31, W AHH|(Odds Ratio, OR)€} A1 G7H95% Confidence o2 &Y HEujot dftEe o, 37] SAXHGCK,
4 L N
Table 1. Sample characteristics

Age (n, %
Variable ge (n, %
All ( 40 > 40
o Total 647 258 389
Questionnaire Male 278 (43) 95 (37) 183 (47)
respondents
Female 369 (57) 163 (63) 206 (53)
Age (year) 4478 = 1403 3050 + 6,17 5425 + 876
Self medical history (Diabetes) 35 (5) 1 (0) 34 (9)
Family medical history (Diabetes) 156 (24) 51 (20) 105 (27)
Current smoker 96 (16) 34 (13) 62 (18)
Smoking Ex-smoker 109 (18) 31 (12) 78 (22)
Non-smoker 397 (66) 188 (75) 209 (60)
) Drinker 166 (28) 67 (26) 99 (28)
Alcohol intake .
Non-drinker 437 (72) 187 (74) 250 (72)
) Drinker 266 (44) 88 (35) 178 (51)
Coffee intake .
Non-drinker 341 (56) 167 (65) 174 (49)
Age is showed as mean * SD
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AFEERE €9 A2 e d@/do] Hily
At} E3], GLIS3 R3A= ofAlof 67H= (3=, 42, &
=, W%k, A7tE=, Fejg)o] et obrjol {AA 3t
Y| E ¢]3(Asian Genetic Epidemiology Network, AGEN) &
TN oln| FEEGol gt AFFAA dEEA=
ol $H fAAE AAE vk 9len, GCKR, GCK {4
As AT Tt AFHA dBEA D HEEACR
HH 3EEE 9 33 HbAIC)S} 22 BFA4GI
index)9} @A¥AJo] BHelEck”

2 Aol A2 By AT Asd 9 878 fAR
kAo gt ¥l== 57l(rs10811661, rs560887, rs780094,
152191349, 1513266634) F-ZR} upA A 50% o]Ate] ¢
WA F27} Hol gl oA Eolido] 2
AR upA o] ERIESIAL, E3] 15560887 F-AA}F vhA=
AE dHFBAR RI=7F 97.8%=EH 7HE #A UEut
(Table 2).

3. RN YE M LME

ARG AA ABA EA(Genome-Wide Association Study,
GWAS)Z Zdtolg2RE {44 =S A5k
T BN EN T4 FH Y FAHs A5 A
4ol agA o g YHE) k|9 GWAS A3}
ZEEH {33 4 H4(genetic scores)?] dEZES &
AR Hl=, ¥dF G393 7](phenotypic effect size) U

ALY WF SolFel 2R o g3 GF @

o mepy B ATelAE NEEY, fAAA N
59 1 27149 O S84 0§04 9
Z>(multi-SNP genetic risk score)’ &SR A-S 7fdste] 2
L3t 7|4 138 e2 GA4F 9HHS(genetic risk
score, GRS)E 3ei5}7] $13] 7 284 whAlol] ZAfele
A8 GASAR £ ARALE TR 2, w9
3 dHIAR T 27] B85 H(homozygous of non-risk
alleles) 07, ©|3 o H-8&HR K heterozygous of alleles):= 1
A, 98 dgA4ZT 27) 2531 (homozygous of the
risk alleles) 28-& K ojsle WHA o082 SHY HAS4E AAl
stoith 2348 02 2 AT B4 whgsh] Hsl A
g, A%, A8AE, F9, 5 AR i AgsH
< Aslsto] HeAe2 st 47 Heoll HiEHA

£E I3 PEL 2E ke Ao 2 AASHEtHTable

3).

4. Tmlo| G BN
B AT e glold ARY Fege) fHE A9
27)0] Sel 9l olF0) WS 9fste] WtiAlel Tl

7

==

FA7 abAE o]&5te] TS BAstAL ol
FHA YE=E A FoEHN AR T
TS 4% 7 SAH 9498 B8k £ 8
FAR uiAE A2E Gt Aol glgle, 874
ntAE 23e Aol T 2.72(95% AlFT7k
1.25-5.93) 24 A% Friat Fo3 dvdS HAo
(Table 4). 71802 8709 |AA; vbA 2P 444
= A2 A2E P LAY E S 62.4%
7Fset Ao 2 YebgthFig. 1).

lo X 1o rld i o
rﬁﬁ‘”

¢ Table 2, DTC marker for blood sugar concentration A
Alleles Genotype frequency (%)
SNP Gene ) RAF Risk Risk Non-risk Gene description Ref.
Risk ~other homo  hetero homo
rs10811661 CDKN2A/B T C 0564 TT (33) CT (47) CC (20) Growth regulation of beta cells producing insulin 6
rs560887 G6PC2 C T 0978 CC (96) TC (4) TT (0) Glucose metabolism in cells 8
rs1799884 GCK T C 0182 TT (3) CT (30) CC (67) Glucose metabolism in mitochondria 9
rs780094 GCKR C T 0524 CC (28) TC (49) TT (23) Glucose metabolism in mitochondria 6
rs7034200 GLIS3 A @ 0468 AA (22) CA (50) CC (28) Increasing fasting glucose levels among obese 6
rs10830963 MTNR1B G C 0423 GG (18) CG (48) CC (34) Fasting glucose homeostasis 10
rs2191349 DGKB T G 0680 TT (48) GT (41) GG (11) Insulin secretion in response to glucose in the blood 6
rs13266634 SLC30A8 C T 0543 CC (30) TC (49) TT (21) Insulin secretion from pancreatic cells 7
SNP (single-nucleotide polymorphism); RAF (risk allele frequency). Ref. (reference). Alleles are aligned to the forward strand of NCBI
\Build 37. Data of allele frequency are from 1000 Genomes Project (EAS). )
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Table 3. Genetic risk score of Type 2 diabetes by using the DTC markers
Genotype Score
SNP Gene i i i i i i SNP
Non-risk  Risk Risk  Non-risk  Risk Risk Combination Formula
homo hetero  homo homo hetero  homo

rs10811661 CDKN2A/B cC cT T 0 1 2
rsb60887 G6PC2 T TC CcC 0 1 2 Genetic Risk Score =
rs1799884 GCK CcC CcT TT 0 1 2 [ﬁ (DK_I.'lq,-'II]?[GE“U[!'Fe SEOt‘EHﬁ Gﬁ?mli[GE“ﬂh’-Pe SBI)I‘E}'

78009 GCKR 1T TC CcC 0 1 2
(5780094 (B gox )F(Genatype Score}HE oricp)“IGenotype Scorel+
rs7034200 GLIS3 cC CA AA 0 1 2

*{Genotype Seore)+( cpip ) F(Genotype S

rs10830963  MTNRIB cc G GG 0 1 5 1B guss"(Gemotype SeareFH yypyp)(Genatype Seorf+
rs2191349 DGKB GG GT T 0 1 2 0 pexul*(Genotype Scarel+(B gppyng)*(Genatype Seore)
rs13266634 SLC30A8 1T TC cC 0 1 2

DTC (direct-to-customer); SNP (single-nucleotide polymorphism)

Table 4. Logistic regression analysis for the patients of type 2 diabetes mellitus

SNP Gene Risk Allele RAF OR 95% Cl P-value
rs10811661 CDKN2A/B T 0.564 0.63 0.33-1.19 0.154
rs560887 G6PC2 C 0.978 050 0.04-5.88 0578
rs1799884 GCK T 0.182 0.74 0.33-1.66 0.464
rs780094 GCKR T 0.524 121 0.66-2.22 0534
rs7034200 GLIS3 A 0.468 173 0.83-3.60 0.142
rs10830963 MTNR1B G 0.423 0.64 032-1.29 0215
rs2191349 DGKB T 0.680 0.88 0.43-1.84 0.742
rs13266634 SLC30A8 C 0543 0.99 0.52-1.90 0.979
SNP combination - - - 272 1.25-593 0.012+

interval).
-

SNP (single-nucleotide polymorphism); RAF (risk allele frequency). OR (odds ratio). All tests were adjusted by age, sex, smoking status,
alcohol consumption status, type 2 diabetes family history, coffee consumption status; 95% ClI (95% lower and upper limit of confidence

/

Sensitivity

 Risk prediction accuracy (62.4%)

o T T T T T T
00 02 04 06 08 10

1- Specificity
Fig. 1. SNP Combination ROC curve (Green line shows

reference; Blue line shows SNP combination formula)
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