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Analysis of pharmacogenomic characteristics and clinical trial of genotype — guided

therapy in patients with hypertension
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Abstract: Objective To investigate the distribution patterns of
pharmacogenomic characteristics in hypertensive patients treated and to
evaluate the differential benefits of genotype — guided therapy in calcium

channel blocker (CCB) strategy versus beta — blocker strategy. Methods

In the first phase, pharmacogenomic data of patients with primary

BEME LR B A AP OEAIH hypertension treated at our hospital were analyzed. In the second phase,

(2023AH051919) . _ .

P4 P (1986 — ) . 5. Fil AR 2607 treatment — naive hypertensive patients were enrolled and randomly
FEME YL 2 R BE 22 assigned in a 1:1:1:1 ratio to four groups: genotype — guided CCB
LAERIBT strategy, standard CCB strategy, genotype — guided beta — blocker
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E - mail :8534561@ qq. com pharmacogenomic loci, including adrenergic beta — 1 receptor (ADRBI)

strategy, and standard beta - blocker strategy. Seven key
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rs1801253 (1165G > C) and cytochrome P450 3A5 ( CYP3AS5) rs776746, were genotyped using polymerase chain
reaction ( PCR) — melting curve method. Primary outcomes included time to blood pressure control, incidence of
treatment — related adverse events (TRAEs) , and length of hospital stay. Results In the retrospective phase, 2 783
patients were enrolled. The C allele frequency of ADRB1 151801253 was 76. 02% (4 231 cases/5 566 cases) , and the
G allele frequency of CYP3A5 %3 was 72.97% (4 062 cases/5 566 cases). In the prospective phase, 300 patients
were enrolled. The genotype — guided therapy significantly shortened time to blood pressure control ( mean difference
-2.10 days, 95% confidence interval (CI): —2.80 to —1.40, P <0.001), with a significant interaction between
therapy approach and treatment strategy (P <0.05). Specifically, in the CCB strategy, genotype — guided therapy
reduced control time by 3.20 days (95% CI: -4.10 to —2.30) versus standard therapy, whereas in the beta —
blocker strategy, the reduction was only 0.90 days (95% CI; -1.70 to —0.10). Genotype — guided therapy also
significantly lowered TRAEs incidence [ 12.67% (19 cases/150 cases) wvs. 25.33% (38 cases/150 cases),
P <0.001].

Genotype — guided therapy demonstrates substantially greater clinical benefits when applied to CCB strategy than to

Conclusion  Hypertensive patients at our hospital exhibited a distinct pharmacogenomic profile.
beta — blocker strategy, providing robust evidence for precision hypertension management within this single — center
clinical setting.

Key words: antihypertensive drugs; pharmacogenomics; genotype — guided therapy; adrenergic beta — 1 receptor;
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R4 G R B FELR IR Y AL

(61.40 £12.80) % (L [H:25 ~87 %), F¥H K
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HY SMD ¥ < 0. 10, 3 245 &) 45 bR &80 & A2 4k <
10% , 3% W I3k B 2k 22 7 %0 o 5% 4508 52 il A BR.
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ERIIBENLAL C T 2H ] R R AL, WL 1

Table 1 Comparison of baseline characteristics among the four groups of hypertensive patients

Genotype — guided CCB  Standard CCB

Genotype — guided

Standard B - blocker F/x* SMD maximum

Variables B — blocker group

group (n=75) group (n=75) group (n=75) value value

(n=75)

Age (years, x 5 ) 58.20 +14.70 57.30 £12.90 59.10 +13.50 55.80 +11.60 0.87 0.08
Male (n, %) 49 (65.33) 51 (68.00) 48 (64.00) 50 (66.67) 0.32 0. 06
SBP (mmHg, x +s ) 160. 30 £33. 50 159.70 +28.90 161.20 +31. 80 158. 40 +28. 50 0.21 0.09
DBP (mmH, % +s g) 84.10 £18.20 83.50 +14. 30 85.20 +£16.70 84.80 +12. 10 0.38 0.07
Heart rate (bpm, x+s ) 78.30 +12.50 77.90 £11.20 82.60 +13.40 81.40 +10. 80 3. 12% 0.12
BMI (kg +m™2, x+s) 28.50 +3. 10 29.10 +£3.40 28.90 +2. 80 30.00 +3.70 1.74 0.09
Diabetes history (n, % ) 16 (21.33) 17 (22.67) 18 (24.00) 19 (25.33) 0. 45 0.07
Coronary heart disease (n, % ) 32 (42.67) 30 (40.00) 22 (29.33) 20 (26.67) 5.87 0.14
Heart failure (n, % ) 8 (10.67) 7 (9.33) 25 (33.33) 23 (30.67) 18.26444  0.31

SBP. Systolic blood pressure; DBP; Diastolic blood pressure; BMI: Body mass index; CCB:Calcium channel blocker; SMD: Standardized mean difference ; Genotype

—guided CCB group: Amlodipine initiated at 2.5 mg « d ~! for CYP345 3 GG genotype or 5 mg - d ™! for AA/AG genotype, titrated up to 10 mg - d ™! if needed,

then add losartan 50 mg + d ~!; Standard CCB group: Amlodipine initiated at 5 mg - d~! for all patients, titrated up to 10 mg - d ! if needed, then add losartan

50 mg + d~"'; Genotype —guided B —blocker group: Metoprolol succinate extended — release initiated at 47.5 mg + d =" for ADRB1 GG genotype, 23.75 mg - d ! for
GC/CC genotype, and further halved for CYP2D6 # 10 TT genotype, titrated up to 190 mg + d ~' if needed, then add amlodipine 5 mg + d ~'; Standard B - blocker

group: Metoprolol succinate extended —release initiated at 47.5 mg + d ~! for all patients, titrated up to 190 mg - d ~! if needed, then add amlodipine 5 mg - d ~'.

Compared among four groups for heart rate, *P <0.05; Compared among four groups for heart failure prevalence, 24P <0.001.
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R iy 200 4 8 5 B R &AL B SMD 1y <
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CIRER
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ABEUSIR Y 2 783 il il e R 1 7 A FE PRI A
HF54 Hardy — Weinberg S48 (14 P >0.05) , ADRB1

1165G > C G4 % e i ( C &8 A 76. 02% ) , Hk
7 CYP3AS 3 (G S 3L [H 72.97% ) ; CYP2CY * 3
(C 2573 3. 17% ) J% NPPA 2238T > C( C 254 LA
0.83% ) S/ HHRIAR, WK 2.,
3 MAMERSSESAFME
AT = I B IS 1 875 fi], 22 908
B, ASFEPERI4L0E CYP2D6 % 10 .CYP2C9 * 3 ADRBI1
(1165G > C) AGTR1 (1166A > C) ACE(1/D) ,NPPA
(2238T > C) Jt CYP3A5 + 3 S5 M fESeit#
BRSSP >0.05) , R E
ML O R 22 25 AT 1 E R R, LK 3.

R2 2783 B BERIEN B34 K Hardy - Weinberg -] 5 1656
Table 2  Distribution of genotypes among 2 783 patients and Hardy — Weinberg equilibrium test

Drug class Genotype & locus Genotype Genotype frequency (n, %) Alleles Allele frequency (% )

B — blockers CYP2D6 +10 (100C >T) cC 438(15.74) C 39.68
CT 1332(47.86) T 60. 32
TT 1 013(36.40)

ADRBI1 (1165G >C) GG 165(5.93) G 23.98

GC 1 005(36.11) C 76.02
cC 1 613(57.96)

ARB CYP2(9 3 (1075A>C) AA 2 603(93.53) A 96. 83
AC 177(6.36) C 3.17
CC 3(0.11)

AGTR1 (1166A >C) AA 2 467(88.65) 94. 11

AC 304(10.92) C 5.89
cC 12(0.43)

ACEI ACE (1/D) I 1172(42. 11) I 65. 11
ID 1280(45.99) D 34.89
DD 331(11.89)

CCB CYP3A5 %3 (6986A >G) AA 200(7.19) A 27.03
AG 1 104(39.67) G 72.97
GG 1.479(53.14)

Diuretics NPPA (2238T >C) T 2 741(98.49) T 99.17
TC 40(1.44) C 0.83
CC 2(0.07)

ARB: Angiotensin receptor blocker; ACEI: Angiotensin — converting enzyme inhibitor; ACE; Angiotensin — converting enzyme; AGTR1: Angiotensin I type

1 receptor; CYP: Cytochrome P450; ADRBI: Adrenergic beta — 1 receptor; NPPA; Natriuretic peptide precursor A. Rounding may cause *1 error in case

numbers.

R3 2783 GIRREMG S E T AR BRI (0, %)

Table 3  Distribution frequencies of 7 genotypes in 2 783 patients of different genders (n, % )

Male (n =1 875)

Female (n =908)

Genotype & locus Wild Heterozygous Homozygous Wild Heterozygous Homozygous
type mutant mutant type mutant mutant
CYP2D6 # 10 300(16.00) 890(47. 47) 685(36.53) 138(15.20) 442(48.68) 328(36. 12)
CYP2C9 #3 1756 (93. 65) 117(6.24) 2(0.11) 847(93.28) 60(6.61) 1(0.11)
ADRB1(1165G >C) 107(5.71) 677(36.11) 1091(58.18) 58(6.39) 328(36.12) 522(57.49)
AGTR1(1166A >C) 1660(88.53) 205(10.93) 10(0.54) 807(88.88) 99(10.90) 2(0.22)
ACE(1/D) 789(42.08) 863 (46.03) 223(11.89) 383(42. 18) 417(45.93) 108(11.89)
NPPA(2238T > C) 1846(98.45) 27(1.44) 2(0.11) 895(98.57) 13(1.43) 0(0.00)
CYP3AS %3 135(7.20) 744(39. 68) 996(53.12) 65(7.16) 360(39.65) 483(53.19)
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WU ZR J7 2240 M S , PR Il 96 97 3 28 400 26 .
JEikFRmt[E] (P2 -2.10 d,95% CI: - 2.80 ~
-1.40,P <0.001) , & Y7 S F RN A 2% (B 21k
BH.# ) 5 CCB 22 0.30 d,95% CI; -0.40 ~1.00,
P>0.05) . B30 5697 RIS A4 B 2 2 HAEH
(P<0.05) ,7E CCB #Hg H , B H 2 03097 bR fETR
Frgasa hbRatE] 3.20 d (95%CI. —-4.10 ~ -2.30),
MAE B 32 /A BH i 71 S m th A 4 % 0. 90 d (95% CI.;
-1.70 ~ =0.10) , W3 4. A A7 53 Hr Budl ik — ik
S, B PR AT AE P RN 25 1 S m rh A RE 4R v IR A
P (H CCB KB R s iR BE T o 3. 55 5 Rmf, gk
A S 1] CCB 4ikbR% N 82. 67% , b & = T hrifE CCB
HHEY 44. 00% [ f& % H (hazard ratio, HR) =3. 85,95%
CI: 2.76 ~5.37,P <0.01 ] ; KR 5[] B 32 4 BHL 5 51
HIRFRZER 53.33% I i TARUE B 32 (A BELHE 71 2 1Y
49.33% (HR =1.72,95%CI. 1.31 ~2.26,P <0.05) ,
BEEIRITHI I E R 255 7 K, N S M CCB 41645
FIE 94.67% A& ThrifE CCB 4111 70. 67%
(P<0.01) ; 5L K 1] B A2 AR BH ¥ I 2H 4 80. 01% it
FEThRE B SZARBHH R4/ 69.33% (P <0.05),
58 K, F A T CCB 4 FrifE CCB 41  FE[H 5 1)
B SZAARBH A I 2H M b e B A2 VA BEL s ) 2H 35 s 58 43 31
HE— 2 T % 97.33% .78.67% .89.33% 1 78.67% .
FEyife — By oK 2 A ( Cochran — Armitage ) & #4645 1

R4 A QUBHMISBPRR R EEE (d, x+5)

7 4 QLR MUT SR bR AR BGRB8 iy & % 1
Tt Rk x* =41.83,P <0.001), L# 5,
Cox [B1JT 73 B7 K715 , Jik [R5 i) 963 7 2 I s S s B ] £
M7 N P % (HR = 2.15,95% CI; 1.78 ~2.60,
P <0.001) , EHEAERS PR JEL 0 BMI SRR 2% A
RJa, BV MR W [ RS 1Y fE K L (adjusted
Hazard ratio, aHR) = 2.03, 95% CI. 1.67 ~ 2.47,
P <0.001 ] sZHAER 2 FET 2 x2 ANOVA iy faj #.
R4 , B ADRB1 181801253 CC ik BRI g 2 ML
S 161697 h 325 50 (HR =1.42,95% CI; 1. 15 ~
1.75), 1 CYP3AS = 3 GG KD 7 B % Ji 25 0 &
(HR =2.83,95%CI:; 2.31 ~3.47) ,
5 4 HBEDFERBAER LR

B IR S F de RAE B H (P22 -2.30 d,
95%CI; —2.90 ~ — 1.70, P < 0.001), & [F S
CCB 4 i CCB 4] FEIN 1] B BHLA 7 41 A ofE B
BEL #0041 9 AE Be B o2r 9 o (5.30 = 1.50 ),
(7.90 £2.10) (7.10 £1.80) F1(8.20 £2.30)d, 41
] o4 @, JE R 1) CCB 441 RE B 3% T ARk
CCB 2 (P <0.001) , Fe [N 0] B BH#H 77 2 R . 2 4
ThrE B BHATRIZL (P <0.01) , HAE CCB s PR
W, ABITHE GRS T CCB S 4 AY 1ML K78 5
FRL(CV) LI it D] 5 [ 571 9 4 08 it Fs A3 E M Y
MW, Z5 R PR, B H T CCB A CV I K
(0.13 +0.04) , i A% T 7 #E CCB 2H (0. 19 = 0. 05,

Table 4 Comparison of blood pressure target achievement time among 4 groups (d, x +s)

Group Mean achievement time 95% CI Comparison with standard treatment in same strategy
Genotype — guided CCB group 4.30 1. 80 3.90 ~4.70 —3.20 days ( —4.10 ~ —=2.30)*
Standard CCB group 7.50 £2.40 6.90 ~8. 10 Reference

Genotype — guided 8 — blocker group 6.80 £2. 10 6.30 ~7.30 -0.90 days ( -1.70 ~ -0.10) *
Standard  — blocker group 7.70 £2. 60 7.10 ~8.30 Reference

Compared with standard CCB treatment in same strategy without Bonferroni correction, P <0.01; Compared with standard B — blocker treatment in same

strategy with Bonferroni correction, * P <0. 05.

RS 4 HUBE AW S LR IAFR A LA (% )

Table 5 Comparison of blood pressure target achievement rates at different time points ( % )

Treatment group Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 HR (95% CI)
Genotype — guided CCB group 38.67 61.33 82.6744 90. 6744 94. 6744 97.33%44  3.85(2.76 ~5.37)
Standard CCB group 18. 67 28. 00 44.00 60. 00 70. 67 78. 67 Reference
Genotype — guided B — blocker group 24.00 37.33% 53.33% 68. 00* 80. 00* 89.33% 1.72 (1.31 ~2.26)
Standard 8 — blocker group 21.33 32.00 49. 33 58. 67 69. 33 78. 67 Reference
Trend test X2 value 2. 14 4.38 11.27 23.65 32.41 41.83 -

P value 0. 143 0. 036 <0.001 <0.001 <0.001 <0.001 -

Note: The last two rows represent Cochran — Armitage trend test results for achievement rate trends across all four groups at each time point. Compared with
corresponding time point in B — blocker strategy standard group, *P < 0.05; Compared with corresponding time point in CCB strategy standard group,

A8 P <0.01.
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P <0.001), E: B B 32 AR BH ¥ 1) 55 B 41 3% 22 H (8] 1
W S S A R TR TR A AT AL, 2 4L CV (H
RIYAE i UL o 7 M0 R 7 ThT, B6 9 = 17] CCB 41
W 4i /&7 5K R B WE 43 il A (33.20 = 8.50 )/
(13.10 +4.20 ) mmHg, ' % {F F 45 i CCB 41 11
(23.70 +7.80) /(9. 80 +3.70) mmHg( ¥ P <0. 001 ) ;
FER 10 B 2 AARBH 77 AL WA 48 e/ 7 5 i e e 4 531 R
(20.30 £6.10)/(8.20 3. 10) mmHg, 5451 B 52 {4k
B3I 2019 (19. 10 +£5.90) /(7. 90 +2.90) mmHg
BOESE EER ISR X (¥ P>0.05),
6 Z&MIFM

LN SRR FARBRERI T4 TRAEs BUA KL%
HR 12.67% (19 /150 f5i]) F 25.33% (38 i}/ 150 fi)),
2 A LA G FEF AR E (P <0.001),
HAE CCB SR Hf i 25 (P <0.05) o B KL

R6 4 HBHFIRITHIA R (TRAES ) 2 2 A LR

ST AR  FERL S ] CCB ZHER K M A A 4 AR ThR
il CCB ZH(P <0.05) , JE[H 1] B BHAHAIZLL 3 8%
R R E AT ARE B BHIRIAL(P <0.05) , )AR 6.,
7 BREEBRBERZMILE

IR, CYP3AS 3 GG R R (A S
ARG ) LD 16 CCB 38T TR a5 e K AAR I
[A]45%6 4.10 d (95% CI; -5.30 ~ —2.90,P <0.001),
TRAEs % 4 %M 24.07% (13 f5il/54 f5]) FAR 2 11. 54%
(6 fil/52 Bil), A% B AR 12.53 4~ H 53 45 (95% Cl:
~24.80 ~ —0.26,P <0.05) ; Jfif ADRB1 151801253 CC J&
PIRLEHE (B S AMTRIUE) MIEIN 1 B S2 ARBH 776
JT PR AT B IAPRI TR U454 0. 60 d (95% CI: —1.40
~0.20,P >0.05), TRAEs % 4= % W\ 26.79% (15 fil/
56 ] KA 2 15. 52% (9 5il/58 4]) , MIXTREAIG 11. 27 4~
Sy H(95% CI: -25.40 ~2.86,P >0.05) , L3 7.

Table 6 Comparison of treatment — related adverse events (TRAEs) incidence and blood pressure reduction among four groups

Genotype — guided CCB

Indicator

Standard CCB

Genotype — guided 3 — blocker Standard 8 — blocker

group (n=75) group (n=75) group (n=75) group (n=75)
TRAES incidence (n, % ) 8(10.67) * 18(24.00) 11(14.67) 20(26.67)
Ankle edema (n, %) 2(2.67) * 10(13.33) 1(1.33) 3(4.00)
Bradycardia (n, %) 1(1.33) 2(2.67) 3(4.00) * 9(12.00)
Hypotension (n, % ) 2(2.67) 3(4.00) 2(2.67) 5(6.67)

Compared with corresponding standard treatment group, * P <0.05; * P <0.05.

RTOAIFFER RO AR I T 3677 3R 4 L (n =200)

Table 7 Comparison of genotype — guided therapy benefits among different genotype subgroups (n =200)

TRAEs incidence SBP reduction

Time to control

Genotype Treatment strategy n (d, x£5) (n. %) (mmHg, % £5)
CYP3AS5 3 GG Genotype — guided CCB 52 3.80 +1.50 6 (11.54) 35.40 £7. 80
CYP3A5 %3 GG Standard CCB 54 7.90 £2.30 13 (24.07) 24.10 +7.50
CYP3AS5 #3 AA/AG Genotype — guided CCB 48 4.80 £1.90 4 (8.33) 31.00 +£8.20
CYP3A5 %3 AA/AG Standard CCB 46 7.10 £2.50 11 (23.91) 23.30 £8. 10
ADRB1 CC Genotype — guided B - blocker 58 6. 60 +2.00 9 (15.52) 21.20 +5. 80
ADRB1 CC Standard B - blocker 56 7.20 £2.40 15 (26.79) 19.50 +5. 60
ADRB1 GG/GC Genotype — guided 8 — blocker 42 7.00 £2.20 7 (16.67) 19.40 £6.40
ADRB1 GG/GC Standard B — blocker 44 8.20 +£2.80 13 (29.55) 18.70 £6.20

o

ABFFEEIE 2 x 2 A7 BRIBE, 250 M W e kA
R 38 T = X = LA 0 A1) T A e A R v
G e LS 8 25 245 1 e DR 4 2 R AIE B i DR B 1) VR 9 1
2SR % . ABEIIA # % # ADRB1 151801253 C 4
37 5 DR AT 2% 5 3% 76..02% (4 236 f5il/5 566 i) , 5.3
T RIIR AR (35.20% ), HLim T o [ o f i IX

Al K, IR IR B 52 XS B 2 (AR B 3] i
JEIE 3 [ AR, CYP3AS = 3 G 2 i Jk [N % 3k
72.97% (4 062 fil/5 566 fi]) ,Hrf GG A3 7RAZR L H
53.14% (1 479 {51172 783 {5]) ,iZ AL W AR
TERGLL = 3 A7 PR 2 (0845 T SEAT A5 S PR 2
S X RIE S BRSPS, SR T R
TN ATEBRAR K A B G . AR BElcif J A 1Y
ADRBI 151801253 C 2 R g BB R ] RS i XS
BRI B ARIEFAOC . IR sl EAREKR , C 454
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