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ABSTRACT
Keywords: Background: The growing interest in health functional foods and dietary
Direct-to-consumer supplements raises concerns about the potential side effects of excessive nutrient
Genetic testing intake. It is important to consume these products appropriately, which requires
Pharmacy appropriate recommendations from healthcare professionals. Direct-to-consumer
Chronic disease (DTC) genetic testing is emerging as a tool for pharmacists to provide personalized
Cardiovascular advice on dietary supplements based on individual genetic profiles. Method: In this
Healthcare study, DTC-certified items were categorized into six groups and genetic risk

analysis was performed using 142 genetic markers. Results: Of the six categories,
cardiovascular testing was the most preferred. The analysis of cardiovascular-
related genes yielded results consistent with the KoGES data, adding credibility to
the findings. In addition, the study demonstrated the potential to predict the risk of
developing chronic diseases based on cardiovascular-related gene analysis. A study
of purchase conversion rates following pharmacist consultations showed a 30%
conversion rate when both telephone and in-person consultations were used. This
suggests that individuals are willing to purchase personalized nutritional
supplements after receiving expert advice. Conclusion: Currently, pharmacies
focus primarily on dispensing prescriptions. However, integrating genomic
information to provide safe and personalized nutritional recommendations can
enhance pharmacies' medical capabilities, supporting individual health and
contributing to the overall revitalization of pharmacy management.
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Table 1. Sample characteristics
Characteristics Survey population N(%)
Total 520
Gender
Male (%) 33.65
Female (%) 66.35
Age mean+SD 55.79+14.32
Disease history Diagnosed Not diagnosed
Chronic diseasea 238 (45.77) 281 (54.04)
Depression 16 (3.08) 503 (96.73)
Alopecia 41 (7.88) 478 (91.92)
Cancer 10 (1.92) 509 (97.88)
Not applicableb 8 (1.54) 511 (98.27)
Not entered 1 (0.19)
Parents disease history Diagnosed Not diagnosed
Chronic diseasea 185 (35.58) 277 (53.27)
Depression 20 (3.85) 444 (85.38)
Alopecia 28 (5.38) 436 (83.85)
Cancer 67 (12.88) 397 (76.35)
Not applicablec 1 (0.19) 463 (89.04)
Not entered 56 (10.77)
Parents_Self chronic disease 51.89% have chronic disease
Marital status total Male Female
Married 320 (61.54) 106 (20.38) 214 (41.15)
Not married 40 (7.69) 16 (3.08) 24 (4.62)
Other (divorced or widowed) 20 (3.85) 5 (0.96) 15 (2.88)
Not entered 140 (26.92) 48 (9.23) 92 (17.69)
Jobs total Male Female
Office worker, Freelancer 85 (16.35) 36 (42.35) 49 (57.65)
Specialized job 12 (2.31) 6 (50) 6 (50)
Self-employment, Businessman 62 (11.92) 40 (64.52) 22 (35.48)
Housewife 15 (22.12) 1 (0.87) 14 (99.13)
Student 9 (1.73) 4 (44.44) 5 (55.56)
Buddhist monk, Missionary 3 (0.58) 0 (0) 3 (100)
Unemployed 14 (2.69) 8 (57.14) 6 (42.86)
Not entered 220 (42.31) - -
Chronic disease: diabetes mellitus, Hypertension, Fatty liver, Obesity, Osteoporosis, Cardiovascular disease, Nephropathy
®Not applicable: Hyperlipidemia, Orthostatic hypotension, Allergic asthma, Urticaria, Intervertebral disc, Arrhythmia, Cerebral infarction
Hypertension
“Not applicable: Lung cancer
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d drElEog BA3F o 707K AFARIE 3R =6 A o 2 ARG A E4)(Genome-Wide Association
7HA ZHe| e = ERste] 4 Aysigch A8, HIEP Study, GWAS)S B3l AHEd 438 A& ggs
H&nv", E34, tho]o]E&H|TL 21| 7H&FE| ¢ = &3k GWAS éﬂi—‘?—ﬂ A 4 He
2 ERstgon #ed 142709 47 v AE A% 0}93\ (genetic scores)®] &g FAAH W= Ef‘d‘&s‘ av=
AA 67992 S-HA} Gene Titan (Thermo Fisher 7] (phenotypic effect size) Sof o5t gk Htgsle] ‘th
USA) A58 Az} ool uteh Bajshick % 4704 54 07 AR He(Polygenic Risk Score
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Table 2. Participants’ genetic testing results
DTC genetic testing . Number of Number of DTC genetic testing results (%)
Test items . applicants (up to 2 . ) . L
category genetic markers items) Low risk Medium risk High risk
Blood pressure n 50(15.2) 158(48.2) 120(36.6)
Cardiovascular Blood sugar 12 328 102(31.1)  118(36) 108(32.9)
disease Cholesterol 10 82(25) 194(59.1)  52(15.9)
Triglyceride concentration 4 17(5.2) 153(46.6) 158(48.2)
Vitamin B6 concentration 2 28(29.5) 33(34.7) 34(35.8)
Vitamin B12 concentration 5 30(31.6) 25(26.3) 40(42.1)
Vitamin C concentration 1 1(11.6) 41(43.2) 43(45.3)
Vitamin E concentration 4 5(5.3) 39(41.1) 51(53.7)
Vitamin K concentration 2 36(37.9) 55(57.9) 4(4.2)
Vitamin & Mineral  Zinc concentration 2 95 26(27.4) 36(37.9) 33(34.7)
Potassium concentration 1 4(4.2) 26(27.4) 65(68.4)
Calcium concentration 5 15(15.8) 51(53.7) 29(30.5)
Iron storage and concentration 4 25(26.3) 53(61.1) 12(12.6)
Selenium concentration 4 6(6.3) 56(58.9)  33(34.7)
Arginine concentration 1 38(40) 41(43.2) 16(16.8)
Degenerative arthritis 5 14(9.7) 48(33.3) 82(56.9)
susceptibility 62(431)  61(424)  21(14.:6)
Osteoarticular e ey : 70(486)  62(431)  12(83)
disease 144 2(1.4) 74(51.4) 68(47.2)
Bone mass 5
Calcium concentration 5 34(236) 68(47.2) 42(292)
Magnesium concentration 3 53(36.8) 56(38.9) 35(24.3)
Vitamin D concentration 4 40(27.8) 74(51.4) 30(20.8)
Diet & Obesity Percentage of body fat 2 16(21.9) 33(45.2) 24(32.9)
Body mass index 7
Abdominal obesity (hip-waist 13 18(24.7) 29(39.7) 26(35.6)
ratio) 73 3(4.1) 39(53.4) 31(42.5)
Weig'h‘F'Ioss effeFt after exercise 4 43(58.9) 21(28.8) 9(12.3)
Possibility of weight recovery .
after weight loss 50(685)  20(27.4)  3(41)
Omega & Lutein Fatty acid concentration 2 5(45.5) 4(36.4) 2(18.2)
Lutein & Zeaxanthin 3 1 5(455)  4(364)  2(182)
concentration
Coenzyme Q10 concentration 1 6(54.5) 2(18.2) 3(27.3)
Alopecia Androgenetic alopecia 8 2 5(22.7) 11(50) 6(27.3)
Alopecia areata 9 10(45.5) 8(36.4) 4(18.2)
Hair thickness 2 6(27.3) 15(68.2) 1(4.5)
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1. AxEHe £

2 A7 oA =g AR HEste] Hols et
AR ABHA. F 6797 o2k T AE27HA] ot
ozt 52002 GAS 175%(34%), 9L 345
(66.4%)Rom, Fatitol= 5684tk S0Ti5E 60th7t
A7F A 54.6%=2 Autolde AASHA iR F
45.8%= WAL 7Hlon, Rul vde HgRE
oelE 9= 35.6% Ak FE gHgAE Bfo] ug 2
Q TES BRAEE 51.89%02 ERIEGIc Ao

2 992 Achke A 16%(3%), B A= 417
(7.9%), o Fek 10%8(1.9%) oAtk Fd=} 2 61.5%7} 7]
EAGen, Aol FHA FojAe 22.1%, A Exe
Z2HA7E 16.4%, AFY Ee AAXA7E 11.9% o] Fict
(Table 1).
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2 d7olA e HEdL 483 DTC Au]2ql JAE
d 707k FAUF FE T AW, vEY&nYE,

4, o] E&HITE, LU7I&FHIY, SRR F 67HAZ &
oo} At 23 BAA] FoAark Ao Hestd 1
Pakgich BT BHS HET $E A 3282(48.7%)
08 P Be MTES BT, ZTWAE 1447(21.4%), H]
EFRI&TUIE 9571(14.1%), Tho]o{E&H|TE 7371(10.8%),
B 207(3.3%), SH7k&EH 9l 117(1.6%) 208 AE

E A cKTable 2).

3. SHXA EAHED

B ATl & 1427 §A vbA oz BA sl
A ZE HBEE 377, vlehgn]u 3171, 2w 22
A, Tholoj=gulgt 277, em7leRE|9l 67, = 197
$AA oItk 71 BE HEES HQl JE Aol
A58 By, 17 $A4E 293t BaE $agoln, 12
A $AAHE Bgat dgo] glom, 107 $HAE 2da
2 5, UmR] 7] AR ST Ee} A A
olc. HT Wk BAZ Mekat Folx 328W| 7} =
8 9% HY AR 27 (High risk) B4

B2 uy ok 2ol 366%7 98 PR 27
BEAE Uehon], @g Rl Felxe] 3%, 29
SHE FEE 16%, FAAEEN AL Folxe] 48%7}
919 A 27 A ek o)9) $19 A
17 243 A medium risk)e] $1X/3 919 HRQA B g
A5 EakshE BAOIHE 84.8%, FolAE 689%, 27

- I
(A) Blood pressure, % Blood sugar, % Cholesterol, % Triglyceride concentration, %
15% 16% b
30% 26%
39% 0%
46%
51%
46%
30% . 58%
Low nisk Medium nisk High risk Low risk Medium risk High nsk Low nisk Medium risk High nisk Low risk Medium nsk High risk
B g i 2
(B) Blood pressure, % Blood sugar, % Cholesterol, % Triglyceride concentration, %
15% 14% 6%
321% 33% il
39%
48%
46%
46%
35%  Eida
Low nsk Medium risk High nsk Low risk Medium nisk High nsk Low nisk Medium nsk High nisk Low nisk Mediumn nsk High nisk
Fig. 1. Genetic results suggest possibility of chronic disease. (A) Genetic risk frequency of cardiovascular disease in present
study (B) Genetic risk frequency of cardiovascular disease in KoGES.
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GAZ YEFGTHTable 2).

4. MET B BMSI=I} CHITIS HRX} IO K5
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=l HolHE &85te] dit faidS FelsiEtch
0 A, % Holele] AolAF(x ) Bl Y B9
Fofulet 2ol AT Bt FHAES, FHAY
o)A folud XolS 1olx| elglth &, KoGESE &
3 G WAAS BeA) ABT WA FHK B
A7} 2 Agdolele] At} gAslgen, B3] €Y
3 SIS A9 AW B S 24 AR §
AR WG PR 5T 5 9 Ao vehgt
(Table 3, Figure 1).
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& uj, 654 oA} 3H29] HF GHEL 623%= E FTo]
A oF 40%= yvebgth @99 A9, =l fHES
30.7% gom, B AFE 404%02 2F Eghon, 9

o A Holx} 1157 % 54 HmelA 47 olife] BEmg
2Q) WOl 574%E Lrerion], 24 ofsle] e wiEE
L 291 FolA 14%2 ehgeh chil, 924 BAw e
7 S2H FoA o|Roldl RO ZABIAS A, B

47 oAo] ILA%E & BEEE Bgow] 27 ofste)
we gEEL Bolx| gkthFigure 2, (A).
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PAEFA) ol A AT Astsrer e
Holz} 897 F REY ALY AR JPA TR 7
02 787%¢] Tz} ol Roion, RN AW F
X 759 F WEY ARV E AR, FPA T 217
©2 28%2] FolA7h T o] FolA, HBMETE o] o]
A& o) b Tulasel 20.13% EAET} A5
E3 ASITT chEAlgo] B o] RolZe whi 30.95%
o FojHAES Holn] $AA B4 AuE Fuke 9
q A5 4E, GHAS FohstckFigure 2. (B), (O))
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2HE 529 AL, T FHEZ388% oA = A o 7S HA; AR Qink Ao AAste vk A%
TFoAE 15.65% = o WA SRIEHGITE S sE  7ISAF e AR S7s] BRI fofga w3 &
oNAE 654 fFHEC] 10.3% AARE 2 A= 46%=  ASH, LA 2HRFY] Abge] gHA| ofsfistHA A F st
KoGES H|o]g 48.4%%} 3-AFatgtHTable 3). = FA$E EETL
B aA7E, A4 24 2nE A2 olssl] ofeig)
6. IEE AL Hit L FOpNElE s aulake] oS ke el AR S WA
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Table 3. Genetic results suggest possibility of chronic disease
DTC Present Study, N (%) KoGES, N (%) )
genetic . Korea Prevalence (%) 71 N=142 Total N=41,273 Chi o
testing est rtems 219 265 . Medium i . Low Medium High Square
Low risk . High risk . . test x2
category years years risk risk risk risk
Cardiovasc
Blood 21 6,388 18,804 16,081
ular oressure 28.1 62.3 (14.89) 65 (46.1) 55 (39.01) (15.48) (4556)  (38.96) 0015 0993
disease
42 13,597 14,468 13,208
Blood sugar 13.6 30.7 (29.79) 42 (29.79) 57 (40.43) (3294) (35.05) (32) 1567 0457
37 11,339 24,216 5,718
Cholesterol  25.4 38.8 (26.24) 82 (58.16) 22 (15.6) (27.47) (58.67) (13.85) 0134 0935
Triglyceride 2,302 18,982 19,989
concentration 103 5 (3.55) 72 (51.06) 65 (46.1) (5.58) (45.99) (48.43) 0.814  0.666
#2021 National Health Statistics, Korea Disease Control and Prevention Agency. KoGES (The Korean Genome and Epidemiolog:
Study).
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(A) All participants M Solution buyer
45 42
40
35 33
b
§ 30
5 s 24 24
-
2 20
E 15
10 8 - i
“ . 3
0 = ? g
5 4 3 2 1
Satisfied Dissatisfied

Satisfaction score

(B) ©

- ==
Total counseling
participants ® Purchase
N=206

Non-purchase

N=89
165 82
N-7s ==
54
N=42
29
Consultation Telephone Face-to-face All consultation

Fig. 2. Customer consultation results. (A) Satisfaction results. (B) Number of purchases after consultation. (C) Number of purchases

according to consultation method.
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o, ool Avldeld WAt LUlE ARE ATH  BED AWISAE Tll= ATE 7P Aele e
of Q) WEY ARINEAE TolSE ATY 4 G o Tk oA, A0l AW Bag Pue| YEHo=
Fo| o] DIC 4 A4k 489 R4S BT A7 Belshel gt 144 Ao 222 & Aol

oftk. OFFelH DIC §4 At A s15o] ofel7bd  SASS /MO R BEP JFS ATH T A9 AL
7H AR, 24 B BT} ofH YUl 2 A4 7YOR SA% MRS wigoE WY Y F15A,

gol ofele Aw Utloleky FZHeh o]l AToIAE A2 AnY o2 52 AT A WY LFY, A
AT} 7HE wo] Mieh AT B SR BA olay, AIAE 5 A%ee) Be2 FE AR 3
A3, 4B A FBO AA(medium risk)ok F(high  BSFL AuIAS AFHE G AASH Nutrigenomics)
oS RN B4 GF AL HANE TN BEAL el Nigmomby Sol 31 v

2e) 96% 71 BYUT B A AT S el 98 EAwTAk v B2 AA5te oA 59 R
AU ARE BU VI LA PGS AIT LA G AIYR U7 Y2 A7 el Py @

oh E, 9 BxolHel MusGS o £ AT Ho] Ao ABS FHMNFE BEY A% oItk o/ HY A
Bloh fAkE 919 HUA B At SIHoRA, & EARA ok B 94 B4 7o) Ag5AE,
A4 BAATL GRS dolHR Alste] AR W Y GUA 5 AREY AEL AuldlA HAsA AN

Korean Journal of Community Pharmacy, Vol, 10, No, 1, May 2024 7



O 7|uto] AHIX} LY SR AR SFAF ZIAF AHIA HE Y o7 U B8 Jisy

N

N
1. Genetic analysis consultation
4. Consultation on genetic analysis results
Customer |[¢ | Pharmacy
5. Customized active ingredient proposal consultation +
2. Genetic sample collection and analysis requ}
3. Genetic test results provided 3. Genetic test results provided
\ (Customer) (Pharmacist)
w Genetic analysis institute
Scheme 1. Customer consultation diagram
iy

ot R 2 ARAS 2 1 wE A7
7t 7Vsd Aolth

AR, 2= AFdlA AMARETE Altholl th8-dk theter
APS] ERE ook AE A|AE Hige g AAHAEZ HolH
9 oFE EZToly = 7Re R ARV SAE aF, X
Z, BE 5= Sl e wERE AATISAE ASSEE
Z3gslar  QQch(https:/www.kpanethff.or.kr/service). 7A737]
SAE AR AR B AvAE 4RIsHe okte
SR e ARo] 91 4 9, e AATNSAES FA
of BgFromM RS Yol = glons 23 e
sakgo] WAISy] 4tk oFd] DTC 744 AA} waa
o]zl AT, 2016\ 1270 S3HE FE7} 2023 9o
£ 129712 $2471 FAET ol AFAE B9 32
71 ol ShefEla glel DTC $8Ar A} Agergst &
A= 13 e Aolr. WYe HEaA gn WY
4 gl AT AR A% At AmEel Y B8 2
AL Aol 7]of| oM BEEE F& AR 7|HHH:

OFm aH|Z} oA Mt EEjF o2 TPEA A7k
Aee & 5 e oS AR o= 284 9
B ofAL AR A S8k FEET 477)
AEF AFE AL = low, B8FEH T st
aH|RpA A9 Al wEE AA7SHE AATE s
sith. 1 W o= DTC f-3AA AAPE &85, 7|&9
oF= 9] MEAL B A3 Ao =L % 4E
02 5542 FFH Y= =2o] H Aotk

o lo i

|
2 8

£ A7 oFolAe) DIC 34 Ao B3 4

87} 28L 93 ATk BAY o= AgEA o
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