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[Abstract]  Objective To investigate the relationship between angiotensin I -converting enzyme (ACE)
insertion/deletion (I/D) gene polymorphism and the genetic risks for polycystic ovary syndrome (PCOS) and to evaluate
the impact of ACE I/D genotypes on clinical, hormonal, metabolic and oxidative stress parameters in patients with PCOS.
Methods This was a retrospective case-control study involving a total of 1 020 PCOS patients and 825 female controls
who visited the outpatient clinic of the Department of Reproductive Endocrinology, West China Second Hospital of
Sichuan University between 2006 and 2019. The ages of the subjects ranged between 17 and 44. The ACE I/D genotypes
were determined by polymerase chain reaction (PCR) and gel electrophoresis. 667 PCOS patients and 527 controls were
selected for an analysis of their genotypes and the hormonal, metabolic and oxidative stress parameters. Results The
genotype distributions of the ACE I/D single nucleotide polymorphism was in Hardy-Weinberg equilibrium in both the
PCOS group and the control group (all P>0.05), which was representative of the population. There were no statistically
significant differences in genotype and allele frequencies between the PCOS and the control groups (P>0.05). After
adjusting for both age and body mass index (BMI), there was no statistically significant difference in clinical
characteristics among all genotypes in either the PCOS group or the control group. In the PCOS group, compared with
the II genotype subgroup, the ID genotype subgroup had lower luteinizing hormone (LH)/follicle-stimulating hormone
(FSH) ratio, while the DD genotype subgroup had higher homeostatic model assessment of insulin resistance (HOMA-IR)
and malondialdehyde (MDA) levels. Compared with the ID genotype subgroup, the DD genotype subgroup had lower
serum sex hormone binding globulin (SHBG) level, but higher total cholesterol (TC) and low-density lipoprotein
cholesterol (LDL-C) levels ( P<0.05). In the control group, II genotype subgroup had a higher level of total oxidant status
(TOS) than that of the DD genotype subgroup. Conclusion ACE I/D genetic polymorphism is not associated with risks
for PCOS. The I/D variation of ACE gene may be related to insulin resistance, dyslipidaemia, hyperandrogenemia and
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oxidative stress in PCOS patients.
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Z PN LEAAE (polycystic ovary syndrome, PCOS)
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SBIRFRA6% ~ 20%"", PCOSLAFEIN T REREAT | I R/ A1
A A R IE DA K B O 55 22 SERE U S RAAIE, HA
AT I8 B FRARDT . AENRACEERTL . AERE . SRR N L K
FRGNG P A AE, ] R IEIAARAE | 2800 R | S ki
FERAE | IO AN R AE RGP PCOSIA A
24 NI, BIF5E R W E AT RE S — b 32 R LIS L 5 i
FY A2 AR 22 R, I AT BEIE 5 B R R A

M Bk & 1 ¥ ¥0f (angiotensin I -converting
enzyme, ACE) /& 2 - Il B 5K R R 45 (renin-angiotensin
system, RAS) F SCHERE, AL TCIEPERY LA oK R 1 ek
R R A B 5K 2K 1T (angiotensin 1T, Ang 11 ), 7£1
TIRASHH SR AT 22 Fh A= 51 o B it v e B 24
T, ACEREAAL T Y 1K 17q23 X, 264 4h i+ il
25NN & TR, E AL T A 16N & T/ —1>287 bp 1Y
AluTE & J7 5 1448 A (insertion, 1) 584k (deletion, D) %
STE(rs4646994) S5 IMLTF ACEW Z A 5, ACEWKE:
DD> ID> IR B, e Ab, T2 L R 22 25 00 i i 47
I B B | W PR I AE S A

WL IIRASFIACER) 534 T REE #EPCOS K A 5 %
J&, TEPCOSH 3 A vo MEVRER MUAE AR5 SR AP A2
TR EEAE Y, 245 CA 2R CEERIE T ACE /DX
HZ S SPCOSHY KR, HERIFA 2, T 280t
FREAR BN, GEF 2 BOR AR, e LIS W ) 45
W, Ang T HAT (R HEEAL A PE ™., PCOSIE#
AT SRR S, SR TTACE 1/DZE 5 5 PCOSH L
NI K RANAERE . AEABETE T, AR T — 14
REGFEA R, 73T ACE /DZ 351 5 PCOS K A= i A G HE,
PRUFIEAHE AR S0 e RAFAE | R | AR A
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Angiotensin [ -converting enzyme
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BB B A5 20034E7E FERHHE TN
BRI A 254258 5 IR 25 (European Society of Human
Reproduction and Embryology, ESHRE ) 152 [ 4 5 [ 2%
2#2(American Society for Reproductive Medicine, ASRM )
PCOSIZ IR " ": 7 HERR A5 | vy 3R AT A4 9
e, B TR BN AE T 235, AT Ef 2 PCOS! ™ (DR
R HE OB AN/ AN HE B 5 Q1 PR R/ 5 AR Ak o R I ;
@M RA I ZRIPEL, X /N F202 i F, 1
WG Z5E N PCOSHIS I A5 SR X BEZH Ay PR
ISR PH B S RN T A 0 L s g B a2, Firfr it
MR LoVl R f R, A 2 B AE R (22 ~ 35 d), IR HH e
WKL # (B 527 (total testosterone, TT)< 0.75 ng/mL
TR R R R 6% (free androgen index, FAT) < 9.5 ), A4
KA TC B sl 2 B (F-G¥E4r< 6), BRI E BHHIE
EH .

WFFERT R ITHERR YL . A B S/ RAE VS
o TR O AR . HUAR IR BERRE AR . TR | =
WFLR MU . 15 B OL0E | e PR IR DRI T B &
PESRSR I REAN 255

FEFEATHE R AL 5 A FEIR |« BRI A A N
KAGHRITHTI, S 1 kS AR G T B R A2, SR Pl
ABIBFFERSG: 723 H AR 2 ne R iR A Qi s /K
SRS AR s AT A ARG BRI v (2
Fiil 7K *F-< 9.54 nmol/L); X FRZH L MEARME RIS (B . TEPT
AT R, £ IRESRIGPCOS B A 667151, % 1
1L A 52711
12 &
121 ERFHEFARSE  WEESSTTPCOSAL AN
WREH Lok I R BT}, A4 4R | iC4i F (systolic blood
pressure, SBP) | IAJi & | M. 5. &F 5K (diastolic
blood pressure, DBP) . B[l J&1F0l . £ZEBF-GIT4r
(Ferriman-Gallwey score, F-G score) . REfES | iG5|
JENHOL . B ELARBUI AT Ry em?), TR 455 (body
mass index, BMI) FlIZ# [, (waist-hip ratio, WHR)

S 12 b B9 RRIKIAL, T4 °C 1 500 r/min.Ly
15 min, 735 JZ A AL, 73485 47T -80 C
VKA, T BOR | AR AL e br o AN PR AT
Fe4 COKAE, HTHRIBULIN4IDNA..
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122 ARESAH  ACERENI/DZAMENIPCRY H5(4)
Z MR ACE L 51 %): 5'-CTGGAGACCA
CTCCCATCCTTTCT-3', Nilf5I#:5-GATGTG
GCCATCACATTCGTCAGAT-3', B g4 TAEYAH R
ANFEIA . PCRIZMAZR: 2 mmol/L MgCl,, 2.5 pL
10xPCRZE W . 0.2 mmol/L dNTP. 5% HI WA, 4%
0.2 pmol/L I-, Fl#514. 0.625 U TagDNA R A i
(Thermo) . DNA##&2.0 uL(30 ~ 80 ng), 425 L, PCR
P14, 95 °C 3 min, 94 °C 1 min, 58 °C 1 min, 72 °C 2 min,
32MIEERG, 7272 CAAF T M7 min. BCi]2.5%3UEH
HERE (7 Genecolour G ) FFHEE [ /5, HL10 pLr=4)
HEAT HL UK R 1 B Bef g FE R A 1A A R
34 Fr Be 490 bp, DALY 48 R B 190 bp, Ry 1 H5E
i R 3 L i, AL #E30% LA A DNAREA th AN [A]
FRHRAE N B RRRIEA T IR R 20 8
1.2.3 #E. KRith 8 gdstzatr MR EHE
BRIk AE DU R ARG 55 — R Be i R E o (k7K
JEHEI R 1 2 9 i 2 (insulin, Ins) |, TT. IL7% SRR 3K
(follicle-stimulating hormone, FSH) | # &4 il &
(luteinizing hormone, LH) . PRI 455 BRE 11 (sex
hormone-binding globulin, SHBG) . & FH %177 &
JE MU (glucose, Glu) | w5 %5 B 15 25 IR [ B (high-density
lipoprotein cholesterol, HDL-C) . = H iHi (triglycerides,
TG) . %% & f5 8 H IH[E B (low-density lipoprotein
cholesterol, LDL-C) 15 H [& B% (total cholesterol, TC) o

IMLE TS % (malondialdehyde, MDA ) ¥ i FlLE BT 4R
{L.HE /1 (total antioxidant capacity, T-AOC) 43It FHAH b/
1910 G (R AR Y AR ST IO M AE - IV B A
R3S (total oxidant status, TOS) K A ## 37 AFLFLAR He
I ESIGE

R FTAT I SE B N S R AN T 5%, i) AR
ZEE/NTF10%.

FAI= (TTx100)/SHBG, Fa A BEALTAl B R AP
4 (homeostatic model assessment of insulin resistance,
HOMA-IR) IR TNE S % IR T
1.2.4 %itF 7% PCOS1 020fF1%f HEZH 825 J& 4
AGETE o3 A B S 8, o R AT R DY O3 T 15 R
PCOSZL 667l FXT MR ZH 52741 2 A7 3 [F Y 55 AR B 3%
i i A A SR A LR TR AR BT I, HEBR 7B/ AEA
Je B ES o SR P ST RE A oG 39 A S 800K 56 (Mann -
Whitney U35 ), 5351 HIE 73 B PCOSHL 5 X BRAH L P2
[ONiBpess2S B | NSO (Tl S D U I g e S A ]
F R A A6 BB LTS Hardy-Weinberg -1 L K 9 2H 2 (1]

F1% 25 DR R RN S8 (37 R PRI 2 5 A [ 5 PR 2R T 2 T i PR
FRAE SR L A R A I A AR B P BRI T 25
Fro REAFEHS . BMIS, A1 R 2 [AA R HR Y L
BRI 225581, P<0.05 h2ZERA G FE L.

2 #R

2.1 ACEV/DERBEMERFTEMELE

X BB 2H 5 PCOSH Fk (R B4 R 43 47 Y9457 A Hardy-
Weinberg - (P¥> 0.05), HA BEARMNFM: . k1
7N, TR AN FE PRS2 76 PCOSEH ATt HR 2 Hh 4351 k0644 A1
0.653, D% 3k [ 4 3R 7E PCOS AL AN X 18 41 vh 43 1l o4
0.356110.347 . K 7543 M1 2 W] ACERE R 1/ D I R R FN 547
BRI AE P A IR) 22 S e i 7 2 SL(P> 0.05) .

&1 PCOSH5XRAZ HACEREUDERBMEM ERME ST
Table1 Frequencies of ACE gene I/D genotype and allele in PCOS

patients compared with the controls

Frequencies (case)

Index

Controls PCOS patients XZ /P
(n=825) (n=1020)
Genotype X'=0.881, P=0.644
i 0.425 (351) 0.421 (429)
D 0.456 (376) 0.446 (455)
DD 0.119 (98) 0.133 (136)
Allele x'=0.377, P=0.539
I 0.653 (1078)  0.644 (1313)
D 0.347 (572) 0.356 (727)

2.2 ACEV/D SR EE FEE TV 4 8 I RAFAE A LL 8

WMR2PT 7R, 5 X AL AH L, PCOSHL AR Iy B AR
(P<0.05), BMI, WC, WHR, F-G score. &30 E5) |
SBP. DBPHIGE SLARFRI T+ (P<0.05) . TEJRHE AR IEFI
BMIZ J5, it JEFEPCOSAL N, iR JE7EXT FRZL P, N [R] 3%
PRI NI RARRIE 22 S B e 0
2.3 ACEVDEHMAREERE BT A &R EHERS 7

W3R, WAL FIBMIZ 5, 5% IR AH L,
PCOSHLIf 3 i 5 % . HOMA-IR, TG, TCHILDL-C¥ |-
J(P<0.05), HDL-CR#K (P< 0.05) , TEHEATAS ] 45 K Y
[ A4 A5 A M, PCOSZH Y, 5 TI3 PR B0 7 41 A b,
DD A AW 20 HA 0 5 W HOMA-IR/K - (P< 0.05); 5
TD L R A 20 A H, DD PR A 2 H A 0 = A TCo
LDL-C/KF-(P<0.05) o X HEZH HP A Qi b A A [ 32 R Y
() JCHA ik 25 5 (P> 0.05) .
2.4 ACEUDSEMARREEFEE T A EHERKFEMEL
BRI ARHRSTHT

WFLAFTR, 7RIS MIBMIZ 5, 55X AL,
PCOS#{TT. FAI, LH/FSH4 ¥ Z #54%, TOS, T-AOC,
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Table 2 Comparison of clinical features of different genotypes of ACE I/D polymorphism subgroups

Controls PCOS patients

Index

Total (n=825) I (n=229) ID (n=241) DD (n=57) Total (n=1 020) 11 (n=274) ID (n=298) DD (n=95)
Agelyr. 28.22+4.10 27.53+3.98 28.05+4.13 29.44+4.32 25.08+4.20° 25.02+4.12 25.02+4.18 25.00+4.74
BMI/(kg/mz) 21.17+2.86 21.06+2.75 21.03+2.59 20.99+3.18 22.90+4.03° 22.82+4.11 23.51+4.30 23.28+4.44
WC/cm 73.79+8.13 73.29+8.34 73.47+7.60 73.68+9.12 79.19£11.05" 78.70+11.22  80.94+11.32  80.43+11.91
WHR 0.82+0.06 0.81+0.06 0.81+0.06 0.81+0.06 0.850.07" 0.85+0.08 0.86+0.07 0.86+0.07
F-G score 0.26+0.76 0.28+0.76 0.26+0.75 0.11+0.36 1.71£2.04° 1.72+2.02 1.71+2.09 1.70+2.08
Acne grade score 0.14+0.35 0.15%0.36 0.14+0.35 0.07£0.26 0.64+0.89" 0.69+0.91 0.59+0.89 0.70+0.94
SBP/mmHg 112.62£11.36  112.14+10.72 112.69£10.82 112.95%13.61 114.25£10.51°  113.97+10.09 115.88+11.10 113.99+£10.89
DBP/mmHg 73.56+8.91 73.74+8.45 73.33£8.36 72.33+8.99 75.43+8.72° 75.48+9.51 76.47+8.47 74.34+8.91
Ovarian volume/cm’ 7.40%2.75 7.18+2.46 8.15%3.12 7.13£2.07 9.91+4.05" 10.24+4.02 10.04+4.14 10.15+3.90

BMI: Body mass index; WC: Waist circumference; WHR: Waist-hip ratio; F-G score: Ferriman-Gallwey score; SBP: Systolic blood pressure; DBP: Diastolic
blood pressure. 1 mmHg=0.133 kPa. # P<0.05, vs. total controls.
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Table 3 Comparison of metabolic levels of different genotypes of ACE I/D polymorphisms subgroups

Controls PCOS patients

Index

Total (n=825)  II (n1=229) ID (n=241) DD (n=57) Total (n=1020) Il (n=274) ID (n=298) DD (n=95)
Fasting Ins/(pmol/L) 62.30+£35.71  62.18+36.81 63.42+35.41 58.05+32.72 105.15+71.82° 973545832 110.28+75.88 112.05+91.48
Fasting Glu/(mmol/L) 5.23+0.47 5.23+0.47 5.26+0.45 5.18+0.59 5.36+0.86 5.32+0.62 5.34+0.85 5.48+1.35
HOMA-IR 2.21£1.29 2.23+1.30 2.24+1.31 2.09+1.12 3.78+3.06' 3.43+2.31 3.93+3.18 429+431°
TG/(mmol/L) 1.04+0.89 1.00+0.63 1.09£1.15 0.98+0.38 1.44+1.38" 1.43+1.39 1.41+1.03 1.58+2.12
TC/(mmol/L) 4254072 426+0.68 425074  4.24+0.78 4.4240.81" 4.4410.80 4.3520.83 4.61+0.75"
HDL-C/(mmol/L) 1.51+0.32 1.51+0.32 1.50£0.32 1.52+0.36 1.38+0.34" 1.40+0.34 1.35+0.32 1.40+0.41
LDL-C/(mmol/L) 2.3640.63 2.3840.62  2.35:0.64  2.34%0.67 2.56+0.76" 2.54+0.75 2.54%0.77 2.71x0.73%

Glu: Glucose; HDL-C: High-density lipoprotein cholesterol; HOMA-IR: Homeostatic model assessment of insulin resistance; Ins: Insulin; LDL-C: Low-
density lipoprotein cholesterol; TC: Total cholesterol; TG: Triglycerides. Comparisons of all parameters were corrected for differences in age and BMI between
the two subgroups, except for the parameters of age and BMIL. AP <0.05, vs. the ID genotype subgroup in PCOS patients; $P<0.05, vs. the II genotype subgroup
in PCOS patients. #P<0.05, vs. total controls.
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Table4 Comparison of hormone and oxidative stress levels between different genotypes of ACE I/D polymorphism subgroups

Controls PCOS patients

Index
Total (n=825) 1I(n=229) ID (n=241) DD (n=57) Total (n=1020) II (n=274) 1D (n=298) DD (n=95)

Hormonal levels

TT/(nmol/L) 1.47+0.52 1.49+0.50 1.47+0.53 1.41+0.51 2.34+0.77" 2.34+0.73 2.35+0.82 2.31+0.73
SHBG/(nmol/L) 55.06+27.26  58.62+28.23 51.84+24.89 55.70+31.94 33.49+19.26" 34.97+18.63 33.28+20.37 29.82+16.98"°
FAI 3.26£2.07 3.08+1.99 3.42+2.07 3.26+2.36 9.76+7.03" 8.94+6.39  10.20+7.36  10.73%7.56
LH/FSH 1.18+1.30 1.21+0.98 1.15£1.29  1.19+0.94 2.26x1.23 238126  2.12+1.18°  234+125

Oxidative stress parameters

TOS/(nmol H,O, Equiv./mL)  11.48+538  12.014535 11264569 10.20£3.83°  1513+10.58" 1540+11.67 14.61+8.94 15951193

T-AOC/(U/mL/min) 14.51+2.67 14.64+2.48 14.48+2.71 14.16+3.18 15.77+3.09 15.80+3.11 15.78+3.07 15.64+3.10
0OSI 0.80+0.41 0.82+0.39  0.79+0.45  0.73+0.29 0.9920.79" 0.99+0.79  0.97+0.78 1.04+0.81
MDA/(nmol/mL) 3.70+1.09 3.79+1.08  3.66+1.12  3.51+1.02 4.37£1.32" 425+132 4424132 4.55¢1.29°

FAI: Free androgen index; FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; MDA: Malondialdehyde; OSI: Oxidative stress index; SHBG: Sex
hormone-binding globulin; T-AOC: Total antioxidant capacity; TOS: Total oxidant status; TT: Total testosterone. Comparisons of all parameters were
corrected for differences in age and BMI between the two subgroups. * P<0.05, vs. the II genotype subgroup in controls; A P<0.05, vs. the ID genotype
subgroup in PCOS patients; § P<0.05, vs. the II genotype subgroup in PCOS patients; # P<0.05, vs. total controls.
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OSI. MDASE LN #8454 - F+(P<0.05), SHBG
IKFREAL(P<0.05)

TEJEAT AN ) 5L DR Y 6] 33 3R 46 B 3 B i, PCOSZH Hh,
DD 3k K Y 7 41 SHB G /K - Ik 1D 3 (Rl #4741 (P<
0.05); IDFE K AUV 20 LH/FSH Fb (B K T 113 X AU 7 20
(P<0.05),

FEIEAT AN [v] 5 PR 8 1] AP0 33 s 43 B s, PCOSZH
HD D3 K AL 40 MD A K - = T 113 5 AL 40 (P<

0.05), XF BRZH sp DD PR B WY 2 TOS7K AR T 118 A B Y
#H(P<0.05),
3 it

ACER:H/DZ 57 5PCOSK: & R IE - 1A 15
Gi—M45w . FE RIS EREE AR, DDA AL, IDJE
B (R DEEA7 P B ITPCOS & AE (A fa B 1, JEPCOSHY
WAL ER RS 20 SR, JLAM R/ INFEAR B BT A BB
UEHACERE /D Z 2515 v AN PCOSHY & A A7 K2,
AR L — KA EIEWACE /D 5 A 2
PCOSEA: Wit (& falr R 2R, 1245 A SR LA e b L HF
ST . TEA A AR A AN R 45 2R, #E— 25
YLHA T B — 3L P ZEPCOSH IR, PRI, 33+ B i 3
HAEPCOSH /TR, A B TXHZ R R L8445
PCOSIH ¢ F $ o1 2 T A AR, X ik — 25 54 R o
PR, ) B HL A3 A 2 ML LA i S

T 84 3R 16 220 S PCOS &k AL il Hh () — A~ S B[R
#. ACEZVHIERASTE MM SCHER, PCOS/H H RASH %
ST LT B 2R B g ™, B IRASTE M T] BERZ T
Frfiwi- TR B SR, 48 B LHAKOF, 3000t & & 5 HEGR i 5
H, AR HEPCOS Ry M ER ILAE (14 & AR 121, ACE#I il 741
(lisinopril) VY7 AJ B (51 1l PCOS Lo 1 1Y e AV 3R il
JEM, A RiE R FEPCOSHEH 1, ACEFRE DA SE A
P54 PO PR U4 25 O 13 1) 1L LH/FSH LU A A 52
P K21, A 9T & BUAEPCOS £ & Hh, DDJE [H A #E77
4 LUID PR R A IR SHBG/K T, # 7~ ACESE
1/D7% 5 ] BE 38 28 52 Wil 7 25 S 6 7K F-, A2 2 PCOS iy ek
FMAE A KA

B 5 R HLPLAE P COS K i HL il b ke 8 B AE .
ACEMEFL =W Ang 1T ] L3E &3 B8 e 5 3815 -3 %, Ik
/DB i JUL AL 98 2 ok A AR ATL A4 T TR 22 3R ) B 2
ACEH 7] (captopril) REAS 14 I =y i He £8 35 % il 5 ZR 1)
SOBAE T, X+ HPCOSHFH 5T KW ACERE K
DDA PR A 5 38 i s 7 g 5 K FTHOMA-IRA K, At
SR, LEPCOSHEE T, 57 DD L K 78 Ly 454y T A 7Y

AHEEMHOMA-IR, O A M5 4EE R LR FACER
1/DZ 251 7] fETE 3 I 28 PCOS 52 25 o Ji 55 25 Ay e ok
Z 5PCOSIHRG BB EA S KR

TEARBEFE R, A1 AEPCOSHE Hh, DDA
T A TR DR R0 T 2 MDD AVK S, T R v, Y
TP Y FE DD EER BRI I TOS /K S, fi ) T34 inMD A 7K
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