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Abstract: Objective To evaluate the associations of sleep, circadian rhythm gene polymorphisms and their combined
effects with obstructive sleep apnea-hypopnea syndrome ( OSAHS). Methods The sleep and circadian rhythm-related
genes were collected from public databases and existing literatures to explore the potential mechanism of candidate genes
participating in OSAHS by bioinformatics analysis. Fifty cases of severe OSAHS and 50 cases of non-OSAHS were
selected from the Xinjiang Uygur Municipal People’s Hospital for second-generation sequencing of the target region to
screen out the susceptibility loci of OSAHS, and establish a weighted genetic risk score( GRS) to analyze its correlation
with OSAHS. The predictive effect of interaction between GRS and traditional factors on OSAHS was analyzed. Results

Bioinformatics analysis indicated that 44 candidate genes were involved in biological processes and signal pathways
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related to sleep and circadian rhythm. Logistic regression analysis was carried out for the variation under different genetic
models. After adjusting for potential confounding factors, it was found that KSR2, NPAS2, OXTR and GHRL genes were
significantly correlated with OSAHS. Six loci ( KSR2-rs2592290, rs1992750, rs66837180, NPAS2-1s22787727, OXTR-
1rs3806675 and GHRL-rs10490816) of the four genes were analyzed using GRS. The high GRS group had a higher risk of
OSAHS than the low GRS group( OR=2.901, 95%CI ; 1.288-6.534, P=0.010). After adding GRS to the regression model

composed of traditional risk factors(age, sex and BMI) of OSAHS, the area under the curve( AUC) value increased from
0.877 to 0.902. Conclusion The sleep and circadian rhythm-related genes such as KSR2,NPAS2, OXTR and GHRL may

be the genetic susceptibility genes for OSAHS. The combination of GRS established based on the six loci of the four genes

and traditional factors could improve the prediction model of OSAHS.

Keywords: Sleep apnea hypopnea syndrome, obstructive; Bioinformatics; Genetic risk score; Risk assessment; Gene

polymorphism; Circadian rhythm
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Fig. 1 GO enrichment analysis and KEGG pathway analysis of candidate genes
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Tab. 3 Multivariate logistic regression analysis of 17 SNPs and OSAHS risks
. X A 7Y SR PEAAY SRl
A SNP Yo frs AN
P P { OR(95%CI) P{§ P*{i OR(95%CI) P{i P'{i OR(95%CI)
KSR2 1.93 1.32 3.75
5816207 hrl2 T/C 0.022  0.085 : 0.780  0.680 : 0.060  0.025 '
s e (0.91,4.08) (0.35,5.02) (1.18,1.97)
0.39 0.09 0.43
2723285 chrl2 T/C 0.047  0.041 0.039  0.064 0.230  0.123
™ b (0.16,0.96) (0.01,1.15) (0.14,1.26)
0.39 0.09 0.43
2723283 chrl2 T/C 0.047  0.041 0.039  0.064 0.230  0.123
s o (0.16,0.96) (0.01,1.52) (0.14,1.26)
0.55 0.14 0.82
921063 chrl2 T/C 0.060  0.150 0.007  0.033 0.677  0.724
® ha (0.25,1.24) (0.02,0.85) (0.27,2.48)
0.36 0.08 0.39
2592290 chrl2 A/G 0.024  0.026 0.039  0.042 0.111  0.093
s o (0.15,0.89) (0.01,0.92) (0.13,1.17)
0.4 0.07 0.53
1992750 chrl2 c/C 0.038  0.059 0.027  0.039 0.231  0.247
® b (0.19,1.03) (0.01,0.88) (0.19,1.54)
3.07 3.98
75212540 chrl2 G/A 044 0.04 01 .02 — — —
1575212540 chr / 0.0 0.045 | lgpgy 0019 0026
0.47 0.58 0.05
1806599 chrl2 G/A 0051  0.110 0230  0.322 0.039  0.045
”® o (0.19,1.19) (0.20,1.70) (0.01,0.94)
0.45 0.54 0.05
s1 hrl2 A/G 051 0. 2 27 : .04
151806598 chr / 0.051 0,003 U 0230 0270 T 0039 0045 o
0.40 0.47 0.05
66837180 chrl2 c/C 0.028  0.060 0.162  0.174 0.027  0.045
s o (0.16,1.04) (0.16,1.39) (0.01,0.94)
0.37 0.33 0.22
PAS2 2278727  chi2 T .02 0 0.162  0.052 027 0.170
N 152278 o ¢ 0-028 0033 4 15.0.02) 62 00 o110 ° 0 (0.02,1.95)
OXTR 2228485  chi3 G/A  0.035  0.039 031 — — — 0.044  0.049 0-32
s o : : (0.10,0.94) : : (0.10,0.99)
0.32 0.32 0.08
3806675  chr3 G/A 0023 0016 0.111  0.041 0.039  0.062
® e (0.13,0.81) (0.11,0.95) (0.01,1.13)
0.38 0.36 0.11
2268497 chi3 A/G 0.057  0.030 0.230  0.070 0.040  0.070
s o (0.16,0.91) (0.12,1.09) (0.01,1.19)
0.38 0.36 0.16
2268498 chr3 T/C 0.057  0.030 0231 0.070 0.040  0.06
™ ? e (0.16,0.91) (0.12,1.09)  (0.02.1.16)
GHRL 2.47 433 2.56
510490815 chi3 T/C 0.008  0.039 ‘ 0.025  0.083 : 0.032  0.107 '
s o (1.04,5.84) (0.83,22.77) (0.82,8.02)
2.36 4.32 2.35
10490816  chr3 c/C 0.009  0.049 0.044  0.084 0.023  0.145
® o (1.00,5.58) (0.82,22.61) (0.75,7.38)
P EAVHEE ; P (E VR AR AR JBMI; OR {EIREE M5 AR % (BMI,
R4 OSAHS AL K IEAT 9 SNP {37 15 K AR R (1 B
Tab. 4 SNP loci of OSAHS genetic risk score and corresponding B value
B SNP 37 5, B s P
55| (2 v B1H FEF BE AT B1E e B
KSR2 152592290 AA 0.372 AG 2.402 cG 0 A 0.024
KSR2 151992750 GG 0.141 cC 2.438 cc 0 G 0.038
KSR2 1566837180 GG 2.251 GC 2.463 cc 0 G 0.028
NPAS2 152278727 cc 1.039 cr 1.715 T 0 C 0.028
OXTR 153806675 66 2.033 GA 2.416 AA 0 G 0.023
GHRL 1510490816 GG 0 GC 0.828 cc 1.606 C 0.009

TE B AE P EA IR TS H B9 P B R 2R logistic M43 Hr45 254
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Tab. 5 Logistic regression analysis of three models and OSAHS

OR(95%CI)
iRy AUC P R?
THR BR
GRS 0.693 0.001 0.590 0.796 0.151
E|Rtiv 0.877 <0.001 0.810 0.944 0.528
BiA 0.902 <0.001 0.590 0.842 0.588

VE AR AL SR B 22 s BB A8 1 55+ A5 R T 45
3 W 8

OSAHS {2y — i Bl B 15 A 25 0Lk FR A 1 08
5T 7R 35% ~40% f) AHT A8 S AT L3 oo 38t £4 [H
KR, RS E A MREHIFB 2R T OSAHS 5%
PRI DR P 9 A8 5245 56, T o AL B =X i &2 s bk
LG JE R 1 e 3 B AT Ak T 40 25 B B, i oA B
o [FIBTARFFEERT T ] R AL 5 OSAHS j5t %
SR Fe F B A SCHERR 5B 15 5 OSAHS X
Wz R AH SR RO L0, DR AR TR 506 44 /M ik
FEH AT AW G B0, SRR kRN S 5 T
—SERE AR 5 R AT AR DG IE S, [RIE PPL EAf 2% (5]
7R NPAS2 OXTR ,GHRL i JCHERL A, 3% W 3% 46 7
5 HAD T S A A R A St . okl 2 il
AR e gk VAL BEIR AR A 2 B
OSAHS 1 3¢ &, A& B8 — &6 i 0 AN s 7% 1 3 2 R 7
OSAHS ZHFIH[E OSAHS 21 v /) 43 i AE7E 26 57, I AE 4%
il T M AR BMI SRS fa s R R e, R A 4
A3 (KSR2 . NPAS2 OXTR #1 GHRL f#J 17 4~ SNP
D7) FEAE— LA AL N 5 OSAHS KBS AH G

KSR2 J&—A~ 55 R A% AR 45 22 F 2B 3R A2 40 O
FIFEIH . BT & B KSR2 3 K 28745 AT e 34 fin IS e
FEA I AL A XU, , 17 IE Bk 2 OSAHS (1% UL 1G5
PRI o A, i AT f I B e sk 8 355 A 7 1 — 00 4
FERIZH OCIR 34T ( GWAS ) BF 5% & I, 7E 42 Folt e AR [
TSP AR A T KSR2 i R A8 S 5 e R o) R A (i
IR ) | B B 3650 23R 5 2 IR bR A0 B B B T YK 4
D) R R B . AT B, AR
R KSR2 1y Z A~ SNP i S FEAE — G AL T 5
OSAHS 1 &9 WU A7 ¢, $2 7~ KSR2 1] fig i@ o A
HEAR 15 25 OSAHS By &AL, JAE OSAHS iy
WA T 2 — I

NPAS2 & —Fp s 7% A SE A, gt 2290 PAS
SERIIRAE T 2, B MOP4, i T 2 5 YL {8 {4 2aq11.2
b B R AT ARBESE KB, TE R AR
NPAS2 LA 1 rs2278727 {3 i, 5 OSAHS By KUK 2 3%
HIF, X5 Canales 25" fHIF5E— 2k, Ho & B AE IR 7

W BT 45 AH DG 1 [RIIG S IALAE £ 5 NPAS2 3K 7KK
I, 150 BH B IR P 52 37 45 5 A e 5 DR 42 T B A AE
BCR  HIGH— 05T

SCRTAYHTSE s OXTR LK 5 [ HE AEAE
LEYUREFE S I REAR SO [ s A IR SR
OXTR rs2268498 J K #Y 55 R J57 2 77 75 1 35 1Y 22 0.
PERT™ . AHFSE L K& B OXTR 1s2268498 il 4 45 7
ToxBA T OSAHS 114 & 93 AUBS: , #2275 OXTR JE A (1) 57
WIIATHRES 5 T OSAHS 1% A4 (A CRFFT 4L
R AL i — 20 B

GHRL JEPR F 5 L (14 3p26-26 |-, H1 3 N4
T AN RTFA R, KR 5199 bp, HEHA,
GHRL 238 fiihe iz R R AN 2 3R AR , 02D 1 30 e HR
Pl AR Sl IR, (H RS 23 52 0 AR Lo PR R REIR ™ X
FH GHRL JE R 2 725 1] 68 5 | A B A Ji 30 25 36L, ) 482
25 OSAHS 1y &L, JFif—2 3 HF OSAHS Dl
AR R MG R ERAE . BLA, B 22 WA 5% it
GHRL 5 OSAHS ¢ & , {H X $Lff 5% = 2202 3 F I Vs
S A Y RIS R, SR AN &
HEAT R B B 28 8 GHRL rs10490815 | rs10490816
TENNPEREALT 5 OSAHS B J@k B — @ AHOCHE .

{HERAS SNP o7 o5 55500 22 0] 38 5 H e 22 90 LA
55 A IR, M Ah 1 3A& SNP X OSAHS By4E I IF A
— YRR, A WA R R, it —2
PRIT 21~ SNP (1) AR 2 A 25 5 I Sk, AR A 53 sk
177 GRS #5433 M. GRS A Sy ¥k 5 PR Bk 45 %5007
Bw T, T & 24 SNP A1 B, % H
VP A L R Y AR S S g 2 T B R Y R E &
Iz N T AR B0 s A5 2 5, R 1)
T e AR AR LA DR A B ST R o R
5 OSAHS Z[a] i SCHK Ab , 80 Bt iR 5 /5 7% )0 A AH
KW 6 A5 B SNP A s AU AF 2] GRS, 343
Hr GRS R[A] 4 4148 0 T 5 OSAHS [y Bk, 45 5 it
N AHESFAIR GRS 4 AHE, &5 GRS 4l ABFHLA H &
i) OSAHS &9 KBS . T OSAHS 2 A% 4t fi s Al
R 5B N R A B AE BT 5 R B , A58 76 7
B BMI 45 1L 45 fE B &R i S ah B, i A
GRS, & I Wi # H A W & 2N, o DL o 2 o &
OSAHS B T R4 BE

AAFGRANA — L J5 B, e, REARE /N, B 5T
UL T TG R Rf i — 2880t Hak, AHT
¢ FEGEIE BE OSAHS AREVE NI FE X 4, i
TR XTI Rt , A B KR A &, 75 AN [R] ™
FEEE () OSAHS A B i XA 7 25 SR g AT 961 .
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