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Abstract

Objective: To explore the relationship between the serum uric acid to high-density lipoprotein cho-
lesterol ratio (UHR) and obstructive sleep apnea based on the National Health and Nutrition Examina-
tion Survey (NHANES) database. Methods: This study utilized data from the National Health and Nu-
trition Examination Survey (NHANES) conducted during 2005~2008 and 2015~2018 to investigate
the correlation between the serum uric acid to high-density lipoprotein cholesterol ratio (UHR) and
obstructive sleep apnea (0OSA). A multivariate-adjusted Logistic regression model was employed to an-
alyze the relationship between the two indicators, and subgroup analyses were performed to explore
the effect of UHR on OSA in different populations. Results: The serum uric acid to high-density lip-
oprotein cholesterol ratio (UHR) in OSA patients was significantly higher than that in non-OSA pa-
tients. Multivariate Logistic regression analysis showed that in Model 4 with all variables adjusted,
the positive association between UHR and OSA remained statistically significant (OR = 1.81, 95% CI:
1.40~2.35,P < 0.001). Further subgroup analyses revealed that these associations were more pro-
nounced in the populations of “<49 years old” and “without a history of cardiovascular diseases”. Con-
clusion: This study reveals a positive correlation between the serum uric acid to high-density lipopro-
tein cholesterol ratio (UHR) and the incidence of obstructive sleep apnea (OSA). This finding highlights
the necessity of conducting more studies to explore the potential mechanisms underlying this asso-
ciation and its implications.
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A~ OB BORE SR 72 . TR S E 10 AL OB S ER R 1144 AL SIAREESS S 104 N). B
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Participants from NHANES 2005-2008 and
NHANES 2015-2018 (n=39722)

Y

Y

Y

Initial inclusion of participants (n=22370)

Y

Final inclusion of participants (n=16366)

Figure 1. Flowchart of participant selection for the study
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3. itEHE

5 18 30 38 [ E X i R 55 7R M A (NHANES) 52 24 AR & i, HONBR R ARG & ERRME, irf S
T TR T R E B S 58 SRR R DL R 7 s T A e T 88 &, 8 FH 9 % (mean)
FIbRUEZE (SDY IR s XF T43 3848 &, i AL (frequency) A 43 Lb(percentage)fifiid . AHHF 78 K FH N £ 45
& Logistic [FIJA50 41, #8137 UHR 55 FH ZEPEBEAR IF IR 152 (OSA) Ao AR IR G Bk . 45 L DL LE AR HE(OR) Je
XF LI 95% B AR X (A (CT) R R . At 4R A VU ANMZ B IE 1) £ A5 & Logistic [FIEREAY: B 1. RGN
AT AR BERL 2. RRIEAERS. MR, P/ BB K FKEEWRN TR L & Ak F 4R £ (BMI); A5 7Y
3. TERAL 2 1R b, B DA IEMPRAS . DVEDIRAS « ML S W PR s 55 4 FEARAY 3 (1 5k |,
b A TE O L 5095 S AMATAE o B UHR VU A Ar 5o 28, CURARPU A Ar S E A S IR, TS 4 )
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4. R
4.1. MR ABRIFHE

AWFFILN 16,367 45218 FE, HA B 7996 N Lotk 8371 N, FRHEE 15 A B 28 M BEARIT IR B
1£(0SA), ¥ 5% AW, WK 1. 538 OSA 4L, OSA AR PFERTEE; FIK, OSA 4LLY
PN, BERERE R BEAKCEFER, BRERE I AT REMEE K. 1Ak, OSA 45238 5 5 & JF m il
JE BRI o0 MU I S AMARRE S o FEMRM . SN BT IR LT T, 2L IR R AR 3 e 2 2 7

4.2. UHR 5P EMREARFERE 2(0SA)RI X EX

KH Logistic [A] )R 564E UHR 5 BH F& P BEAR PEI B 455 (OS A) 5Bk - 45 BN TEFT A A, UHR
i, OSA B RMmAEA 1. A4 L(OR) =747, 95%CI: 6.12~9.12, P<0.001; ## 2. OR=1.82,
95% CI: 1.42~2.34, P<0.001; #Z%3. OR=1.79, 95% CI: 1.38~2.31, P<0.001; % 4. OR=1.81,
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95% CI: 1.40~2.35, P <0.001). {EFLMY 4 GEARIERA)H, UHR & &N 2 531 OSA Bk
BEE T HACI A BB U8 4 vs DU 1: OR = 1.38, 95% CI: 1.22~1.56, P <0.001) (% 2).

Table 1. Characteristics of participants in the NHANES cross-sectional study
# 1. £/ NHANES # ¥ H MRS 5 EHE

Obstructive Sleep

o Overall Normal
Characteristic N N=181362,018 N =93.264.954 Aljl)rleggs’(};g;i’rgae P-value
Sex®, n (%) 16,367 <0.001
Female 8371 (52%) 4731 (58%) 3640 (45%)
Male 7996 (48%) 3570 (42%) 4426 (55%)
Age (year)?, Mean + SD 16,367 4731 +(16.71) 4593+(17.64) 4878 £(15.54) <0.001
Race/Ethnicity®, n (%) 16,367 0.109
Mexican 2762 (8.2%) 1319 (7.7%) 1443 (8.6%)

Other Hispanic 1456 (5.0%) 662 (4.7%) 794 (5.3%)
Non-Hispanic White 7168 (69%) 3737 (70%) 3431 (69%)
Non-Hispanic Black 3374 (10%) 1719 (10%) 1655 (10%)

Other Race 1607 (7.2%) 864 (7.5%) 743 (6.9%)
Education®, n (%) 16,367 <0.001

Less Than 9th 1643 (4.8%) 777 (4.5%) 866 (5.1%)

9~11th 2243 (9.7%) 1107 (9.0%) 1136 (10%)
High School 3879 (24%) 1907 (23%) 1972 (26%)
Some College 4883 (32%) 2468 (31%) 2415 (32%)
College Graduate 3719 (30%) 2042 (32%) 1677 (27%)

Family Income to Poverty Ratio?, Mean = SD 16,367 3.09 = (1.62) 3.08 + (1.63) 3.10 = (1.61) 0.678

BMI®, Mean + SD 16367  29.19+(693) 27.63+(632)  30.84+(7.16)  <0.001
Diabetes®, n (%) 16,367 <0.001
No 9675 (63%) 5101 (65%) 4574 (60%)
Yes 2624 (12%) 1095 (9.7%) 1529 (14%)
Borderline 4068 (25%) 2105 (25%) 1963 (26%)
Hypertension®, n (%) 16,367 <0.001
No 10,784 (70%) 5857 (75%) 4927 (65%)
Yes 5583 (30%) 2444 (25%) 3139 (35%)
Smoking Status®, n (%) 16,367 <0.001
No 12,115 (74%) 6284 (76%) 5831 (72%)
Yes 4252 (26%) 2017 (24%) 2235 (28%)
Drinking Status®, n (%) 16,367 <0.001
No 2195 (10%) 1287 (12%) 908 (8.1%)
Yes 14,172 (90%) 7014 (88%) 7158 (92%)
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Bk
Cardiovascular Disease®, n (%) 16,367 <0.001
No 14,548 (92%) 7473 (93%) 7075 (90%)
Yes 1819 (8.4%) 828 (7.4%) 991 (9.6%)
Depression?, Mean + SD 16,367 <0.001
No 15,034 (93%) 7749 (94%) 7285 (92%)
Yes 1333 (7.2%) 552 (6.0%) 781 (8.4%)
Log UHR?, Mean + SD 16,367 1.01£ (0.20) 0.97+ (0.20) 1.04+ (0.19) <0.001
Log UHR Group®, n (%) 16,367 <0.001
Q1[-0.11, 0.88] 4093 (26%) 2576 (33%) 1517 (19%)
Q2 (0.88, 1.02] 4096 (25%) 2149 (25%) 1947 (24%)
Q3 (1.02, 1.15] 4092 (25%) 1937 (23%) 2155 (26%)
Q4 (1.15,1.9] 4086 (25%) 1639 (19%) 2447 (31%)
a: Student t-test; b: Chi-square test; SD: Standard Deviation.
Table 2. Association between UHR and obstructive sleep apnea (OSA)
% 2. UHR S5 ZEMEERITIRE fF(0SA) B KEX
Exposure Model 1 Model 2 Model 3 Model 4
Variable R 959 CI)  Pvalue  OR(95%CI)  P-value OR (95%CI) P-value  OR (95%CI)  P-value
Log UHR  7.47(6.12~9.12) <0.001™"  1.82 (1.42~2.34) <0.001"* 1.79 (1.38~2.31) <0.001™" 1.81 (1.40~2.35) <0.001""
Log UHR Group
Ql 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) -
Q2 1.68 (1.47~1.92) <0.001™  1.25(1.09~1.43)  0.002" 1.24(1.09~1.42) 0.002 1.25(1.09~1.42)  0.002™*
Q3 2.02(1.79~2.28) <0.001"™ 121 (1.05~1.39)  0.008" 1.20(1.04~1.38) 0.012° 1.20(1.04~1.38)  0.012"
Q4 2.86 (2.56~3.18) <0.001""  1.38 (1.22~1.56) <0.001""" 1.37 (1.20~1.55) <0.001""" 138 (1.22~1.56) <0.001"""
P for Trend <0.001™" - <0.001"" - <0.001"" - <0.001™" -

Model 1: Crude; Model 2: Adjust: Age, Sex, Race/Ethnicity, Education, Family Income to Poverty Ratio, BMI; Model 3:
Adjust: Age, Sex, Race/Ethnicity, Education, Family Income to Poverty Ratio, BMI, Hypertension, Diabetes, Drinking Status,
Smoking Status; Model 4: Adjust: Age, Sex, Race/Ethnicity, Education, Family Income to Poverty Ratio, BMI, Hypertension,
Diabetes, Drinking Status, Smoking Status, Cardiovascular Disease, Depression. Significance: P < 0.05, **P < 0.01, *'P <
0.001.

4.3. WADHT

NEBAIE UHR 5 OSA Z [RGB r:, JRRAIEEMABEES, AFFCRAH TR T 2T
AR A T S 28 FAE FARS 614 2) o 75K 22 B4 H o R 0 I 38 R 80 22 S (B 22 ELVE F P 1B 399>0.05),
X UHR Xf OSA HI5ZmifE Bk NBEFFAI XS —8. 4R1M, UHR 5 OSA KISCERTE/EAERS <49 I AHE
R ZEMEE R, ORMEN 1.77 (1.22~2.58) (B HAFH P=0.001). IbAb, %IRRT O ML S i) A e
B E AL HAEH<0.001), XK, UHR% OSA M IEAH R ELERE “<49 87 . “TOMER
P 57 BN —— I\ AT 2 S UHR PPl OSA KU ) EE 5 S VEXT 4
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soure n (%) OR (95%Cl) P P for interaction
Age 0.001**
<49 8239 (55.8%) 1.77 (1.22 ~ 2.58) 0.004** ——

>49 8128 (44.2%) 1.61(1.12 ~2.31) 0.012* ——

Sex 0.375
FeMale 8371 (51.6%) 1.99 (1.37 ~2.89) <.001*** ——

Male 7996 (48.4%)  1.48(0.98~224)  0.061 —_—

Race/ethnicity 0.149
Mexican 2762 (8.2%) 1.63 (1.10 ~ 2.43) 0.017* ——

Other Hispanic 1456 (5.0%)  1.79 (1.06 ~3.04)  0.031* - ——

Non-Hispanic White 7168 (69.5%) 2.11(1.29 ~3.44)  0.004** ——

Non-Hispanic Black 3374 (102%)  1.80 (1.31 ~2.47)  <.001*** —_—

Other Race 1607 (7.2%) 1.62 (0.97 ~ 2.69) 0.062 T——

Education 0.012*
Less Than 9th 1643 (4.8%) 1.62 (0.83 ~ 3.18) 0.183 —_———

9-11th 2243 (9.7%)  1.84 (1.39~243) <001*** _

High School 3879 (24.4%) 1.87 (1.32~2.64) <.001*** —_—

Some College 4883 (31.5%) 2.65(1.79~3.93) <.001*** _—

College Graduate 3719 (29.6%) 0.97 (0.43 ~2.17) 0.939 ——

Hypertension 0.149
No 10784 (70.1%) 0.87 (0.50 ~ 1.52) 0.614 ——

Yes 5583 (29.9%) 297 (1.13~7.79) 0.028* —_——

Diabetes 0.053
No 9675 (62.6%)  1.74 (1.27 ~2.40)  0.001** —_—

Yes 2624 (12.0%) 1.93 (1.17 ~ 3.19) 0.012* ——

Borderline 4068 (25.5%) 4.78 (1.70 ~13.47) 0.004** —

Smoke 0.111
No 12115 (74.1%) 2.03 (1.25~3.30) 0.005** ——

Yes 4252 (25.9%)  2.55(1.48 ~4.37)  0.001* B —

Drink 0.269
No 2195 (10.0%) 3.09 (1.60 ~5.96) 0.001** ———

Yes 14172 (90.0%) 0.98 (0.56 ~ 1.69) 0.933 ——

BMI 0.254
<28.25 8189 (51.3%) 2.01 (148 ~2.74) <.001*** —_—

>28.25 8178 (48.7%)  1.35(0.71~2.54)  0.350 I —

Cardiovascular disease <.001***
No 14548 (91.6%) 2.09 (1.59~2.73) <.001*** ——

Yes 1819 (8.4%)  0.61(0.31~1.23)  0.163 —_

Depression 0.275
No 15034 (92.8%) 1.86 (1.41~2.45)  <.001*** —_—

Yes 1333 (7.2%)  1.35(0.54 ~3.38)  0.508 B ——

w

2
OR(95% CI)

Figure 2. Association between UHR and obstructive sleep apnea (OSA) in different subgroups

& 2. FEIILE+ UHR SPEEMRERRIFIRE {Z(0SA)BY X Bk

5. i+1ig

TEX TGN 16,367 4 A N BT 784, 4575 7 UHR L5 FH 28 M BRI IR I 27 57 (OS A) JRUS: 2 [A] 1)
HERR. TR, REEN— RV EEHATHBONE S, ZFEDIR B RAE, XN
T UHR ENPEl OSA RS AT SERR SN 0098 77 FHZEPEREAR PR B 152 (OS A E X R : K3 1 AR
6] Js B2 IS B 2, 3t T 5 S0 S TR T B AR T 7 — b IR A (9]0 BRI 18] S R AE
T VA 2 2 T B R RO I SRR R R S R IR B, T 51 R A AN S SR A B M SORE IS
[10]. BEAEWFFCIERT, w0 RBRIMAE 25 R A AN B[ 1], ISR AL e OSA BUREHE F A EE, [H
i, ARG Itk — B3 KT OSA BIEIRX[12]. AWFF LI, UHR 5 OSA BHZIHHIX RS
SRR R RO LR R
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IEH T HDL AR drafe. (EdEIRE % rThee. 2 HDL /K-FRERE T s R (PN “3)
RefsfGPE HDL” ), HyiRPrAfbae Ik, BB AR IR . SRR A SR 3 M N R,
I —E A ENO)YV A ORI AE R I FE . NO 2 3K IR L &7 5K R AN pp 20 g, ok 2> 52 me /<GB RS
R AR IR 2 A5 5 A6 [ 13]. IEETFFURIL, JRIRA S AT UME Ny —Fr g dite “/REHES ", (2 isl
A RRHE AR o IX AT g S B0 L, AR 0 e AR R R B () i B 0 2 S 22, BB R IR AR IE S E] [ 14].
“ERER + (K HDL” XANMEA, MBI BA, FRARMN O G R D8 2R 0 7 SAE i, i sl oSt
[F] () JERE A IE B, I NRFR IR IR ZELALS], TER T “1+1>27 BIh RN, MRSV,
JAEREER . MAIEHI AR, A7 RN T B ASE IG5

Zi LR, UHR S5PHZEMERERRIFICET (5 (OSA) B VIAH G, FEXNRA RIEAT &R IEG, ABFTIE
S:7 UHR 5 OSA Ui £ IEAHR, FEEMNRZ, “<49 87 . “TOMEHR L X8 NHEA 6
S Wi UHR 34l OSA KU IR 5 TERT 5. UHR 3R A RS LB T IR R 3 UG, X — k3
T4 T HAE KU 73 2 5 95993 s I o 0 2 A S 77

AW FAFAE—E RBRTE: B, VPR S OAE S — I 8] ST R, AT Be TG 7 - i e sh & AR
WAL K, OSA Wik A iRk E, Wiadrik T 2 SRR K™ EARRE S [RINF, 120t 50 @& 1 W T
wit, WA R EECR, KRR RAE B 2 AN R E A A S B0 IE FIRLE R, i —PIRER
UHR 5 OSA ™ H 2L Z 7] (1) 5Tk

6. &g

g bRk, AW FC R A 9 B A S B 7R A A (NHANES) 204 1 7 4 J 11(2005~2008 4
2015~2018 4F)MHHE, I35 BCAE N 1 L35 R B2 5 v %5 P A 2 10 VL[] 2 LGB (UHR ) 5 PH 256 1 B R
PHEOSA)ZAIAFIE IR R, F “<49 B7 . “TOME RN L7 X e AFEn] fE 2@ I UHR ¥
il OSA KU 8 5 590 5, A B T IX 8 N BE OSA IR BLSi2 W, M BRI OSA 3K f XU . AIF
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