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[757£] % 2018 IR AALAE SR RIS MCmE T A AR A REN B EHhiF 75 /A AZER 1200 AR
198 fFlZ MEBEVENHR, IREBIES. £ (+3 %) MR 1:1 [LERAY RN EFFE RN 893388
48, FIPRINFE. RIEEE DNA AICR) ERIARE, REAHERFIAMTERAIIRN 153 A, =/
BEERSREBRRHTAN—RKES, FBEIEITHRAVER L E ik E R (0SI-R) HITER L K ikig
BT, ZAR SRR BEIER BKEZSMERARN ABCAL V8251 R219K il
M AGT M235T, T174M IR NEREEY, KA X LR FRELEE DT ABCAL Fl AGT WER-E
AR EER, URER-BRIV SRR EEASENEBRENXR,

(45 2] IR AMTIRAIN BKIZEEN D HESEERITFEREN(P=0.001), FHIANSE
BRA X 3K 40 HH 2R(65.4%) B T X ERA(47.7%) » TRGILAFIXTERLARY ABCAT V8251 il R219K
IR, AGT M235T I mBRBEMEUERAN P HERIBAITFERN(P<0.05), FF logis-
tic [ )ALE R B /R, ABCA1 v825/ i ;2 VI, Il B A B! (OR,=1.682, 95%Cl: 1.099~2.573; OR,=
1.708, 95%Cl: 1.045~2.790) . AGT M235T {ii = TT E[XEY(OR=1.645, 95%CI: 1.022~2.647). I=
EEER M 255K ( OR=2.642, 95%CI: 1.228~5.686) A= M EEBHFMLE=(P<0.05); M ABCAL
R219K (= AGT T174M I R Z XM S B ME BRI XKLL ITFERX(P>0.05), ABCAL
V825, R219K (=5 AGT M235T (R 2 BIMNER-BERREERSENEERE X(I4E
ML ERFERE 25 0.68 F 0.63, TR IIE—E M R E A 10/10, P<0.05), B ABCA1
V8251 5 AGT M235T il 2 1IEAZEEFE; ABCA1 V825, R219K il s, AGT M235T il ;2 SHAV
HKENERFMREREERSENEERRBE XONEEFNIXEEREN 0.74 # 0.63,
XIGIE—BME R ECH 10/10,P<0.05), B AGT M235T I sa SERV ZK 2 X EEA.
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Relationship of hypertension with interactions among ABCA1 gene, AGT gene, and occupational
stress FU Ailing"?, LI Xinze', LIU Xin®, LIU Jiwen" (1. School of Public Health, Xinjiang Medical
University, Urumqi, Xinjiang 830011, China; 2. Medical Record Management Department, The
Affiliated Tumor Hospital, Xinjiang Medical University, Urumgi, Xinjiang 830011, China)

Abstract:

[Background] Hypertension is influenced by both genes and environment. At present, most
studies on the relationship among occupational stress, polymorphisms of ATP binding cassette
subfamily A member 1 (ABCA1) or angiotensinogen (AGT) genes, and hypertension focus on single
gene or single environmental effects.

[Objective] To investigate the relationship of potential interactions between ABCA1 and AGT gene
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polymorphisms and occupational stress with the prevalence of hypertension.

A total of 198 hypertensive patients were selected as the case group from the 1200 oilfield workers in Karamay Oilfield in
2018 with random cluster sampling method, and the control group was selected as 1:1 matched subjects for sex, age (+3 years), and eth-
nicity, after excluding blood samples, questionnaires, or DNA purity (concentration) that did not meet the inclusion criteria. Finally, 153
workers in the hypertension case group and 153 workers in the control group were determined. A questionnaire was used to collect general
information of the oilfield workers, and the Occupational Stress Inventory Revised Edition (OSI-R) was used to evaluate occupational
stress. Polymerase chain reaction-restriction fragment length polymorphism technology was used to detect the genotypes of V825/ and
R219K loci of ABCA1 as well as M235T and T174M loci of AGT. The gene-gene interaction of ABCAI and AGT and the relationship between
the interaction of gene-occupational stress and the prevalence of hypertension were analyzed by generalized multi-factor dimensionality
reduction method.

The difference of reported occupational stress between the hypertension case group and the control group was statistically sig-
nificant (P=0.001), and the reporting rate of high occupational stress in the case group (65.4%) was higher than that in the control group
(47.7%). The genotype and allele distributions of ABCA1 V8251, ABCA1 R219K, and AGT M235T between the hypertension case group and
the control group were significantly different (P < 0.05). The results of conditional logistic regression analysis showed that V/ and I/ genotypes
at V825! locus of ABCAI (OR,=1.682, 95%Cl: 1.099-2.573; OR,=1.708, 95%C/: 1.045-2.790), TT genotype at M235T locus of AGT (OR=
1.645, 95%Cl: 1.022-2.647), and high occupational stress (OR=2.642, 95%C/: 1.228-5.686) increased the risks for hypertension (P <0.05).
There was no significant correlation between ABCA1 R219K or AGT T174M polymorphisms and the prevalence of hypertension (P >0.05).
The gene-gene interactions between ABCA1 V825! and R219K loci and AGT M235T locus were associated with hypertension (accuracy on
training and test sets was 0.68 and 0.63, respectively, with a cross-validation coefficient of 10/10, P < 0.05), and ABCA1 V825/ locus positively
interacted with AGT M235T locus. The gene-environment interactions among ABCA1 V825/ and R219K loci, AGT M235T locus, and occu-
pational stress were associated with hypertension (accuracy on training and test sets was 0.74 and 0.63, respectively, with a cross-validation
coefficient of 10/10, P<0.05), and AGT M235T locus negatively interacted with occupational stress.

Genotype VI and Il of V825/ locus at ABCA1, genotype TT of M235T locus at AGT, and high occupational stress may be risk
factors for oilfield workers’ hypertension in Karamay, and the interactions of gene-gene and gene-environment among ABCA1 and AGT
gene polymorphisms and occupational stress may be associated with hypertension.

occupational stress; gene polymorphism; interaction; hypertension
BESSHFENIEXRTHEREE LD  ARASITELENEMEZREE &t
BRI, SEFISER 900 Z AT, BRATIFAREIE
KHR RS IEINER A A BERFE SRR, 0. R
O B % A0 = M E B 78 B XUBEP ) Landsbergis

LT 29 I7(1985—2012 £F) FZTH meta I
ZRERRIERKZMEASNERER. Ke0IER
KK FSEMENBREIGEMEX, ZELERE
ZRMET TAFER ABERHIESEY, mMERKER
[&(angiotensinogen, AGT) B [E(AGT) ¥l ATP £ & &%
i&f& A1(ATP binding cassette subfamily A member 1,
ABCA1) E[H(ABCAL) #RE = M EM 7 RE R, AGT &
RIEE M AGT KT, M3 AGT KFEHT =5 #2Mm
ERohEMERBMENLE S LR, ABCAL EEA
THRIREE R ABCAL HIRIA, ABCAL RIARE R ERS
ZEREQAMZMHE, SHMERE"Y, MRS
SmMEMNBIEBRER. SMENLELXRRE
O LEY PABRITAVEEHRESESHAR
HEFANE R, ER-ERMER I ENREER
X9 5 I [ B 52 I R BT 3R 18 B B A HRTRVA R #A
S0 AR S TR T ABCAL V8251, R219K fil SN
AGT M235T, T174M fii R 5 ER Z KB RX B A,

AERFIE 2018 FIRFMAE T IIDKOHE T A
KRN EE B HhAE 7575 AZER 1200 AHEY 198 S
mEBEERNRGIA, REBMR. FiR (13 5) MR
1:1 ICEERY RN, sEFMENIES ME B E EAXTERA,
FIbRE = M EBEF R LM EEER. [1F/7% /DNA
HEFRERIEINE, REMAZN 153 Ao KHAR
RETHEENAZEREFCEZASNER(%R
S 2015006) o FARITRIGENEHBEESIMLLREAR.

B IRAA BITIRITRI—ARTE
SIEERESWERETI ARSI i Bik. &8,
XWEE. I B 55, AE. EEEHKIZH
AmmE. REMTCEFER, i EAEEREH(body
mass index, BMI) o

FABITHRAIR XKER
(Occupational Stress Inventory Revised Edition, OSI-R)
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KR MAAPRRREK 3 MO ERAM. HH, BRI
KHKIFNUD ERRIES EKNB B D AINE, Z
NEXRBE e isin: S TE. F5FE. £5EF
M. S AR, RERNTERIE, SN EIE
10 M B, #it 60 M5B, 81N %B&1~5"% 9. IR
WAESEKHNBEBOHE, WABER A B EKIZE
e, RIBRIAES EKNERED, Rl SR D AR
(B ES BIKEREITSD <120 9) .« B (120<ERIF
FRKEEFD<160). B(RUESEKEESD
>160) = MEEA™M, RFAEFIDES EKER
B 15 FE F 3 FE 39 8 §F, Cronbach's a % #19 0.812,
KMO0=0.805, bartlett BXFZ #0238 P < 0.001,
AN RFEHREST, I
4a[E > 140 mmHg 3 &F 5K [E > 90 mmHg, S IMME R E L
CERNERTESNES, BRI EERBEEAY
&Y,
WEMR R I R TR
STHEKOAET 4l EEXRME, BTSSRSO
Mo BmESMmYE, EF-80 °CKEKBEFRE AT
[54: DNA IRER R B R Z &N, REAMRERE
¢4 DNA IRERA A (B OHED) AFE(ALEXIR) 12
EYDNA H M EREFMLAE, DNAGE S IEEE A
1.6~1.9,
pryac]
WM R K FE % 5 4 (restriction fragment length poly-
morphism, RFLP) -PCR 75 /&2 ABCA1 1 AGT E A
REZEM PCREIMIFEFI: ABCAI V8251 il | (K E
330 bp) IE [ 5-GAGACTGACCAGGAAATGG-3', [Z [A] 5"
ATGCACTGCAGAGATTCTAG-3'; ABCA1 R219K fi m (&
Z 442 bp) IE A 5-GACCCAGCTTCCAATCTTCA-3', & [A]
5'-TTCTTCCCATTCACCCTTTG-3'; AGT T174M il =( K E
353 bp) IE [@ 5-TGGCACCCTGGCCTCTCTCTATCT-3', &
) 5'-CAGCCTGCATGAACCTGTCAATCT-3'; AGT M235T
il =(K E 163 bp) IE A 5-CCGTTTGTGCAGGGCCTG-
GCTCTCT-3', ) [ 5-CAGGGTGCTGTCCACACTGGACCCC-
3's PCR ¥ (R AR (£ 25 uL): TE KK 8.5 uL. DNA
FEHR 2 pL. 2xTaq PCR Master Mix 12.5 pL. 1E[EF1 ) [E)
514 1 uL, REBEOWES] 30 so ABCAL V8251 AB-
CA1 R219K. AGT T174M. AGT M235T il 52 PCR ¥ 1&HY
RN EHEINT. MEM: 94 °C, 2. 3¢ 3. 3 min; Z4:
94.°C, 30, 60, 30. 15s; IBN: 61°C(305). 57°C(455) .
63 °C(40's). 69.5 °C(50's); ZEH: 72 °C, 60. 60. 60,
45 s; fEIAEL 35. 35. 40. 35 s

SIS FF AR AR THIE S8 MAFA] DNA, ZHHE
FIHEAIRER PCR &, HEIETVSKINAHETT T FISLLE;
SRS AR R AR R IR TRSRGN PCR ¥ B R MR RN D
Bi1E; e RERARAEBRNAHBFE.

T AR SPSS 21.0 FRA-EL, SR GIAFIRTHRLA
EARBAOFZFHEMER Y ZHKARZE R Hardy-Wein-
berg IR {E &0 50 LA K&z ABCAL Fll AGT SERF A9
WK ¥ IR ; ABCAL. AGT A 2 Z &M FER
WK S & M E B RENE XM D TR ZM logis-
ticBl)3, LEBEBESMENNLTE, K ABCAI V825I.
ABCA1 R219K. AGT T174M. AGT M235T i R AN ER I &%
SE NN G FRREHIT Do

ABCA1 EH-AGT B Al ABCA1 B [A-AGT EH-ER
A E KX B ERIRE KA GMDR(0.9) 3R i 1TH 8
oM. ZRHEETFRXIIEMIT DA ITENERR
B, M EEEREE RN T EMBTE5| NIH,
RRERSER. ERSHIEZ BN EER. it59
St ER G EIER N —EHUE, XX WIER®EiT 10
TR FFNMREEARERTAGRITE
B X HREURHHENLS AL 10 19, 9 (3 AIlgrEZS (Il
58, 1 HAKRKEERCILE), EE 10K, B2
SFEMNMAENTUNESRE, URFSIRRER, F
N ES SEPF R IR IEPRIRE, BIRRTX
IIE—M, SR AEREMNRRFARTUNERE.
RANRXXEIE—HH R, BRFSKREF P<0.05
B, MIA RN R R MR B EAEE, XA MDR(3.0.2)
REaFMRE, TREREEERITFERN(P<
0.05)BRTIR T, B L EMEE EHIR, IR "X EEH
MeE; ELNE eI e, AR EERAMIER
ERXRBER; EaameaEiie, ARXEEA
MR R B ER. N IRKE a=0.05,

TR GIAFNRT R A EER L 2 5KA0 BMI [BI N ER A
BRITFRENX(P<0.05), BFEFIANEEIREKKE
HERFMEBE(BMIZ24 kg-m ™) BRI B E FXTERA,
RGBT BB Fhe. TR, BT B
A XHURERE. BRERBEMNREICEABINERIIT
FIHFEN(P>0.05), IFK 1o Hardy-Weinberg 15 1%
T #1045 R B 7R, ABCAI V8251, R219K il 1 AGT
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T174M. M235T il 0 FIEE FEIRE(P>0.05), I
HFIEMEIER S1o

® 1 ARMFR—ARAOQFRERRILEKIRRT (n=306)

Table 1 General demographic characteristics and occupational
stress of study subjects (n=306)

S AIEsE! XHFRLE .

me n(%) n(%) X P

3 <0.001 1.000
B 119(77.8) 119(77.8)
z 34(22.2) 34(22.2)

Flie/% <0.001 1.000
<40 23(13.7) 23(13.7)
240 130(86.3) 130(86.3)

Ri% <0.001 1.000
i3 135(88.2) 135(88.2)
DRI 18(11.8) 18(11.8)

T#h 1.259 0.533
ShFE 29(19.0) 22(14.4)
Em 65(42.5) 66(43.1)
i 59(38.6) 65(42.5)

YEIRAROR 0.462 0.794
RIE 4(2.6) 6(3.9)
2 131(85.6) 128(83.7)

[=y5E ] 18(11.8) 19(12.4)

BWN/TT 1.692 0.242
<3500 35(22.9) 45(29.4)
>3500 118(77.1) 108(70.6)

XZE 0.013 0.500
ISEDSVES 76(49.7) 75(49.0)
RERUE 77(50.3) 78(51.0)

AR 0.053 0.909
= 84(54.9) 82(53.6)
S 69(45.1) 71(46.4)

BEIE <0.001 1.000
= 107(69.9) 107(69.9)
S 46(30.1) 46(30.1)

BMI/(kg:m™) 10.38 0.002
<24 34(22.2) 60(39.2)
=24 119(77.8) 93(60.8)

BRAV 223K 15.141 0.001
RE 7(4.6) 25(16.3)
hE 46(30.1) 55(35.9)
=E 100(65.4) 73(47.7)

ait 153(100.0) 153(100.0)

2.2 ABCAl. AGTERAEMEMNERS

% 2 B, fRBILAFNRTEREERY ABCAT V8251, R219K
I =AM AGT M235T (I RN E R B NFUERN S
ERBERITFEEN(P<0.05), EH ABCAI V825! {i
= ERB HMERE. ABCAI R219K 1 = GG &

EEM e HUERE. AGTM235Ti s TTEREM T
FUEREHRFILEN D HIMEY S FXFEEE,

*® 2 HHENYRARRBRMNEFUERNS 5

Table 2 The genotype and allele distributions between the case
group and the control group

fILA XEREA

BERAS EREMNEUER (%) (%) X P

ABCA1 V825! w 28(18.3)  56(36.6) 12.88  0.002
78 88(57.5)  69(45.1)
7 37(24.2)  28(18.3)
v 144(47.1) 181(59.2) 8.98 0.003
[ 162(52.9)  125(40.8)

ABCA1 R219K AA 7(4.6) 19(12.4) 921 0.010
AG 64(41.8)  73(47.7)
GG’ 82(53.6)  61(39.9)
A* 78(25.5) 111(36.3) 834  0.004
G 228(74.5)  195(63.7)

AGT T174M s 127(83.0) 126(82.4)  1.02 0.559
™ 25(16.3)  24(15.7)
MM 1(0.7) 3(2.0)
T 279(91.2) 276(90.2)  0.17 0.676
) 27(8.8) 30(9.8)

AGT M235T MM 41(26.8)  59(386) 853 0.014
mT 83(54.2)  80(52.3)
T 29(19.0)  14(9.2)
M 165(53.9) 198(64.7)  7.37  0.007
T 141(46.1)  108(35.3)

[+ ERE, 4 FMER,

2.3 ABCA1. AGT. FRWWEKEFMFEEBRNKE

xR3IZX, AR BMIfE, 55RALLE, ABCAL
V8251 il = VI« Il & A 2 (OR,=1.682, 95%Cl: 1.099~
2.573; OR,=1.708, 95%C/. 1.045~2.790). AGT M235T
i 7T BE B (OR=1.645,95%C/: 1.022~2.647). EFE
H,\ik%‘iﬁk(OR=2.64z, 95%Cl: 1.228~5.686) AEf = If[E
FB X Bﬁ ¥ 5(P<0.05); M ABCA1 R219K 1 AGT

i Il_:\ ‘/u\‘ iii\E—IJEI\J;éH%%z}tL]H_
?%‘\Sé( P>0.05),
2.4 AGT5 ABcA1 X EH{EA

GMDR D EE-ERAREEA%ER B, ABCAL
V825I. R219K il 525 AGT M235T il m Z B9 E K- &
AR EERRE NREERE(P<0.05), XX WIF—3
MR B 10/10, NEEMN L ENEHE 255
0.68 #1 0.63, Il 3k 4o MK E LR E T, ABCAL v825]
5AGT M235T i R Z B EERBNEREEA, I

& 1,
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&3 FRFFHEMRIREMEEFRBE (n=306)
Table 3 Risk of hypertension in subjects with different charac-
teristics (n=306)

#*5 EE-RRIVEKZXEERS

Table 5 Analysis of gene-occupational stress interaction

e YEHRE FERK ERBIE
4B5) b Wald x* OR(95%Cl) P EeE WRE ¥ P —HIERE
ABCA1 V825! (VVgﬂj\j%,ﬂﬁ) V8251 0.60 0.55 8 0.055 5/10
V825IxM235T 0.65  0.63 9 0011 10/10
vi 0.520 5.737 1.682(1.099~2.573) 0.017
V825IxM235Tx
I 0.535 4.564 1.708(1.045~2.790) 0.033 B R TR 069 059 & 005 7110
ABCA1 R219K (AARLE Y Jy 2:87) R GRETE PR 074 063 10  <0.001 10/10
RV R ' ' '
AG 0.551 1.916 1.735(0.795~3.786) 0.166 S —
D g 0.76  0.58 9 0011 10/10
GG 0.756 3.687 2.130(0.984~4.608) 0.055 BV R 3KAZE
AGT T174M (TTEREE B ER)
k219K A EXXE{ER
™ 0.079 0.132 1.803(0.705~1.662) 0.717 V8251 -T
M235T
MM -1.257 1.567 0.285(0.040~2.036 0.211 +
( ) L musgses = B
AGT M235T (MMEREL g 18
(MMERENER) B2 ABCAIVS25l. R219K{iis, AGT M235T fil R 5Ek
MT 0.217 0.256 1.242(0.854~1.805) 0.118 Sk HEBARIRE
e QSR oD 1.645(1.022~2.647) 004 Figure 2 Int?ractlon tree diagram among AB('_‘Al V825/ and
R219K loci, AGT M235T locus, and occupational stress
BRIV X KIZE (RE R KE RS E)
HE 0.733 3.267 2.082(0.940~4.611) 0.071
N \A
N 3 e
sE 0.972 6.177 2.642(1.228~5.686) 0.013

[ 3$ ] Fjg%%%%%%mﬁy Ozlzzl:; 1=7~EI'EO

*4 BR-BEXEFAD R

Table 4 Analysis of gene-gene interaction

FEHBE SRR

L] TWIE
Jise wite ¢ 0 op 0 HHERX
V8251 0.59 0.57 8 0.055 9/10
V825IxM235T 0.65 0.63 9 0.011 10/10
V825IxR219KxM235T 0.68 0.63 9 0.011 10/10
V825IxR219KxT174MxM235T 0.70 0.60 8 0.055 10/10

R219K -T EXEER
.
V8251

l: M235T -l R EER

1 EE-EXE (ABCA1 V825l. R219K fiim5 AGT M235T
i) ZEERMRE
Figure 1 Gene-gene interaction tree diagram (ABCA1 V825! and
R219K loci and AGT M235T locus)

2.5 ABCA1. AGT. BRI ERKRXEIERAAh

ABCA1 V825I. R219K {il ;. AGT M235T i R 5ER
WK Z BINR B AREER-BRIE KRB ERE
B(P<0.05), KX WIE—HMEREH 10/10, ML EFE
MEREN 0.63, IIZERFHHEN 0.74, ILFR 5, FHIK
BlI&E R R R, AGT M235T il R SER AV 3K 2 [B) T 1E IR
RV EER, WA 2,

ahERERSIFEHEEERANER, HE4 %
BRESERZESMEM, BRERIL. mERERAS.
AREFEAXMKATE LK MEREMBRX, Rk
KK — 5 A& AR AN B B 520 fn £ 7K
I, S—FEETSENENENREREEES Y
mE=SEEEE WY, ARERRKREA, B HKH
HIAshERLANSERY ZKEOHERRS, &
BRI ERAAFEEEBSMENNKGEZEERIE
SKZEBY 2.642 13,

ABCA1 V8251 Ml R219K i R & SM 5 BIESME
RO MEEFIEX, ABCAl RIARESFEESRE
BEEREMZMESIRENERE, #MENSMENE
EMER. HiEEHHRET ABCA1 ERZE S
FEBMENEABENE OFERX, EEEEV MR
BB, ABCA1 v8251 i . | A B BV 1& 1IN bR A\ BE R
PRI AR IE & H = I E B9 & & KPR . BRixTF
ABCA1 R219K I B EMNARZ 5 MiEREE %,
mmERESeMEFEZTRKR, KRR AB-
CAl BRI RZETMERNERRXZANERETR,
ABCA1 V825! il viI F 11 RREE B E S MER XL
SRR vwEREEEM 1.682 F 1.708 15, (BT R
&I ABCA1 R219K i R Z /M5B MEMNXKEL, AGT
HEEFE@ESIAIEMmE AGT K FE T35 | i E K
o SR ABNERENF M, Baixt AcT EAZ
SHENEMEXRNHARERFEA—EIL, KLILHE
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LR BR AGT T174M. M235T (L5 8 7T £ &
A ESNENBRFLENEX B mESEmE
SIERNAELERE. MT R 55ESKIEX, B2
EEYREFHREARSKEABNHARREIXE D
IRNERZESEESBMEZ B XEE, KFRH
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