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Correlation between neutrophil-to-lymphocyte ratio with hearing loss and audiometric thresholds in adults.
a cross-sectional study based on NHANES

WANG Kaijian, WANG Wei, CHEN Xuesheng, FAN Chunsun, HE Yingying, HUANG Dongling, QIAN Cunhui, DING Shujun
Department of Otorhinolaryngology & Head and Neck Surgery, Qidong People’s Hospital/Affiliated Qidong Hospital Of Nantong
University/ Qidong Liver Cancer Institute, Qidong 226200, Jiangsu, China

Abstract. Objective To investigate the association between the neutrophil-to-lymphocyte ratio (NLR) and hearing loss, as well as
the average thresholds of low-, speech-and high-frequency pure-tone average (PTA) , in adults. It is based on data from the National
Health and Nutrition Examination Survey from 2005-2010 and 2015-2018. Methods A cross-sectional study design was adopted to
include data from the eligible adult population. Multiple logistic regression analysis was employed to evaluate the association between
NLR and hearing loss. Multiple linear regression analysis was used to evaluate the association between NLR and low-frequency,
speech-and high-frequency PTA. Smoothing curve fitting was employed to investigate the piecewise linear relationship between NLR
and hearing loss, as well as low-frequency, speech and high-frequency PTA. Threshold effect analysis was then used to determine
the inflection point. Results The analysis included 5,004 participants. After adjusting for confounding variables, the prevalence of
hearing loss increased by 11% (OR=1.11,95%CI.1.02-1.21) for every one-unit increase in NLR, and this difference was statistically
significant. NLR was positively correlated with low-frequency, speech, and high-frequency PTA (8=0.78 dB, 0.83dB, 1.00dB),
and these differences were statistically significant. Smooth curve fitting and threshold effect analysis revealed a piecewise linear
relationship between NLR and low-frequency and speech PTA, with an inflection point at 4.19. When NLR<4.19, NLR was
positively correlated with low- frequency and speech PTA (B=1.15dB, 1.16 dB), and the difference was statistically significant.
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When NLR =

4.19, however, the difference was not statistically significant. Conclusion An increased NLR is associated with an

increased prevalence of hearing loss and a higher hearing threshold in adults. This suggests that the inflammatory response may play

an important role in the pathological process of hearing loss. As a potential biomarker for assessing risk, the NLR is exploratory and

worthy of further verification in clinical studies.
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Table 1 Baseline characteristics of the population stratified by hearing loss

Y= BR(n=5004)  WFHIE# (n=1627) WK (n=3377) vy’ P
i/ % 52.40+18.85 35.45+11.01 60.57+16.22 56.57 <0.001
rR R AN 5 (10°/ul) 4.28+1.86 4.25+1.70 4.29+1.93 0.79 0.283
W AN % (10° /L) 2.19£1.07 2.30+0.69 2.13+1.20 -5.34 <0.001
M/ (10° /L) 241.30+64.84 248.89+61.67 237.63+66.01 -5.78 <0.001
CRP/(mg/L) 1.1(0.32,3.4) 1.50(0.50,4.30) 0.90(0.27,3.10) -3.23 <0.001
BMLI/ (kg/m?) 29.41+6.98 29.25+7.56 29.49+6.68 1.16 0.003
NLR 2.16x1.16 1.96+0.95 2.26+1.23 8.66 <0.001
PLR 122.31+50.92 116.23+42.02 125.23+54.45 5.88 <0.001
AR %/ dB 17.99+14.83 7.61+4.47 23.00+15.47 39.35 <0.001
T/ dB 20.88+16.23 7.78+4.33 27.18+16.09 47.80 <0.001
1= AT [/ dB 34.05+24.34 11.03+4.95 45.14+22.08 61.57 <0.001
PR/ n( %) 60.10 <0.001

5 2360(47.16) 640(39.34) 1 720(50.93)

& 2644(52.84) 987(60.66) 1 657(49.07)
Fig/n( %) 174.16 <0.001

HPEHEEEA 811(16.21) 297(18.25) 514(15.22)

JEVEBEAFFAAN 2014(40.25) 443(27.23) 1571(46.52)

E|HEIFE=E YN 980( 19.58) 396(24.34) 584(17.29)

HoAth At 1199(23.96) 491(30.18) 708(20.97)
HEKF/n(%) 141.93 <0.001

KELT 2372(47.4) 574(35.28) 1798(53.24)

KL 2632(52.6) 1053(64.72) 1579(46.76)
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i H BR(n=5004)  IFAIER (n=1627) WAME(n=3377) 1) P

WS/ n( %) 1.47 0.225
g 3059 975(59.93) 2084(61.71)
RIS 1945 652(40.07) 1293(38.29)

W B G/ n (%) 12.15 <0.001
= 594 156(9.59) 438(12.97)
& 4410 1471(90.41) 2939(87.03)

W ZR T/ n( %) 0.06 0.776
= 1397 450(27.66) 947(28.04)
w 3 607 1177(72.34) 2430(71.96)

BLE/n( %) 216.80 <0.001
= 1034 139(8.54) 895(26.50)
7w 3970 1488(91.46) 2482(73.50)

IR/ n( %) 43.10 <0.001
= 2880 827(50.83) 2053(60.79)
ED 2124 800(49.17) 1324(39.21)

BERRIR/n( %) 157.81 <0.001
B2 1054 179(11.00) 875(25.91)
7 3950 1 448(89.00) 2502(74.09)

WA/ n( %) 129.38 <0.001
s 2165 517(31.78) 1 648(48.80)
g 2839 1110(68.22) 1729(51.20)

R/ (%) 11.02 <0.001
= 3305 1128(69.33) 2177(64.47)
g 1699 499(30.67) 1200(35.53)

L 2 1/ R d % R N W1 | 2 [ N VA3 2
=HPITI(0.08~1.61) \ T2(1.61 ~2.30) Fl T3
(2.30~18.00) , B FEA I 43000 1 6621 674 FlI
1668 N\, 3 AL FFIEAFAE 22 5. i NLR F+
= AR R 2R BA G L, Wi

2 % NLR =732 ARFELAAHIE
Table 2 Baseline characteristics of the population stratified by NLR

I EL BRI | 5 18 B = A PTA 19 [0 th Bt %5
NLR B TR BT, 25 A 5142 X, i
& W PRI | 150 M AR ) RS SR Bl NLR 1) T e 522 3
Mk ERLE 2,

5iH Rk vy Nl ) AR i »
T1(0.08-1.61) T2(1.61-2.30) T3(2.30-18.00)

Ry % 49.76+17.96 50.80+18.49 56.63+19.36 66.03 <0.001
kAN 1%/ (10°/ul) 3.11+1.01 4.21+1.16 5.50+2.27 947.40 <0.001
WRE A4 (10°/pLl) 2.65+1.53 2.18+0.60 1.73+0.55 351.92 <0.001
M4/ (10° /L) 236.86+60.95 242.92+63.30 244.07+69.75 7.06 0.008
CRP/(mg/L) 1.00(0.34~2.80) 1.30(0.38~3.70) 1.13(0.30~4.00) 18.42 0.002
BMI/ (kg/m?) 28.95+6.63 29.46+6.80 29.83+7.46 6.09 0.010
PLR 97.20+31.20 117.03+37.37 152.62+61.91 635.25 <0.001
AR T 15/ dB 15.63+13.29 16.94+13.72 21.41+16.64 71.36 <0.001
FIHVT [/ dB 18.00+14.37 19.74+15.25 24.88+18.05 83.64 <0.001
1= AT [/ dB 29.50+21.51 32.42+23.68 40.22£26.32 89.44 <0.001
PN/ n( %) 1.68 0.432

5 776(46.69) 776(46.36) 808(48.44)

Y 886(53.31) 898(53.64) 860(51.56)
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T1(0.08~1.61) T2(1.61~2.30) T3(2.30~8.00)

g/ n(%) 310.89 <0.001

ARYGRFEEE A 257(15.46) 305(18.22) 249(14.93)

E| iR IS UN 463(27.86) 685(40.92) 866(51.92)

EPHBEFF RN 518(31.17) 258(15.41) 204(12.23)

HAhFp i 424(25.51) 426(25.45) 349(20.92)

HEKF/n(%) 4.63 0.099

KPR 765(46.03) 781(46.65) 826(49.52)

KL 897(53.97) 893(53.35) 842(50.48)

WS/ n(%) 2.29 0.318
&Y 1013(60.95) 1 046(62.49) 1.000(59.95)
F N/ 649(39.05) 628(37.51) 668(40.05)

W B R/ n( %) 11.12 0.004
2 187(11.25) 174(10.39) 233(13.97)
7 1475(88.75) 1500(89.61) 1 435(86.03)

WP 2R 58/ n( %) 0.32 0.853
2 461(27.74) 462(27.60) 474(28.42)
7 1201(72.26) 1212(72.40) 1194(71.58)

R/ (%) 14.95 <0.001
2 326(19.61) 312(18.64) 396(23.74)
7 1336(80.39) 1362(81.36) 1272(76.26)

= MLAg/ n( %) 1.03 0.596
= 940(56.56) 974(58.18) 966(57.91)
7 722(43.44) 700(41.82) 702(42.09)

BEIRIG/n( %) 1.96 0.336
2 333(20.04) 352(21.03) 369(22.12)
7 1329(79.96) 1322(78.97) 1299(77.88)

WA/ n( %) 28.89 <0.001
2 651(39.17) 709(42.35) 805(48.26)
7 1011(60.83) 965(57.65) 863(51.74)

Wii/n( %) 0.84 0.657
£ 1085(65.28) 1106(66.07) 1114(66.79)
7 577(34.72) 568(33.93) 554(33.21)

Wt 345/ n( %) 71.54 <0.001
B2 1028(61.85) 1.098(65.59) 1251(75.00)
7 634(38.15) 576(34.41) 417(25.00)

2.2 NLR 5l AR RIRA,. FEMSIN PTA B 1.32, 95%CI:1.24~1.41) , H T3 20N J335 26 1 B0
EPSE I T 4T+ 85% (OR =1.85, 95%CI. 1.59 ~
TERPIEATANR R R (AR 1 ff NLR & 7F 2.15), 7EAAL 2 NLR A0 (8 B AR B4 B oA

e AN BT, T 7 451 2R 1Y BB 323 i 32% (OR = it #m L (OR=1.13, 95%CI;1.04~1.23) , T3 4
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T PR B R B T1 40 TF 5 39% (OR =1.39,
95%CI:1.13~1.70) , #7543 7% NLR {57 57 Sk
Wr St (OR=1.11, 95%CI:1.02~1.21) , T3 4K
Wr F458 ¢ JO SR A8 T1 4134 34% (OR = 1.34,
95%CI:1.09~1.65) ,

AR 518 K B 4 PTA B9 AH SE 20 B b, NLR
ThE SR 5 iE A=A PTA Thi & B E B MG,

PR 1 7R NLR BETFE 1 BANLA: 0 RS 5 i
FIE AT [ 36 0 2.28 dB 276 dB F14.38 dB, 2% F-1
BAGi BN, fZRNEREE, KA 3 R
NLR BRI & AR SR A ge it 22 5 L,
PEAS S 75 BT A B A v 34 B S G 3 S RS
NLR 5100, 5 i S = A5 PTA BB T} 5 17 76 4
KHR, AL R I 3,

%23 NLR SWr ik B ARSI 5 i A =4 PTA fYSE R
Table 3 Association of NLR with hearing loss and low frequency, speech and high frequency PTA

T H (XN P A 2 P Y 3 P
W J745 2% NLR 1.32(1.24~1.41) <0.001  1.13(1.04~1.23)  0.0054  1.11(1.02~1.21) 0.016 7
T1 Reference Reference Reference
T 1.18(1.02~1.35) 0.0248 1.14(0.95~1.38)  0.1618  1.13(0.93~1.37) 0.2127
T3 1.85(1.59~2.15) <0.001 1.39(1.13~1.70)  0.0018  1.34(1.09~1.65) 0.005 7
PRI 1.35(1.26~1.46) <0.001 1.18(1.06~1.30)  0.0018  1.16(1.04~1.28) 0.006 0
EGARIVT 5] NLR 2.28(1.94~2.63) <0.001  0.82(0.54~1.11)  <0.001 0.78(0.50~1.07) <0.001
T1 Reference Reference Reference
T2 1.31(0.32~2.30) 0.0098 0.52(-0.28~1.33) 0.1994  0.47(-0.33~1.27) 0.246 8
T3 5.77(4.78~6.77) <0.001  2.12(1.30~2.94) <0.001 1.94(1.12~2.75) <0.001
PR I 2.89(2.39~3.38) <0.001 1.06(0.65~1.47)  <0.001 0.97(0.56~1.11) <0.000 1
H IR NLR 2.76(2.38~3.14) <0.001  0.88(0.59~1.16)  <0.001 0.83(0.55~1.11) <0.001
T1 Reference Reference Reference
T2 1.74(0.66~2.82) 0.0017 0.64(-0.16~1.44) 0.1145  0.57(-0.22~1.37) 0.1556
T3 6.88(5.80~7.97) <0.001  2.21(1.40~3.03) <0.001 2.00(1.19~2.82) <0.001
FER- e 3.44(2.90~3.98) <0.001 1.11(0.70~1.52)  <0.001 1.00(0.60~1.41) <0.001
TR ) NLR 4.38(3.81~4.95) <0.001  1.06(0.69~1.43)  <0.001 1.00(0.63~1.37) <0.001
Tl Reference Reference Reference
T 2.92(1.30~4.54) 0.0004 0.82(-0.21~1.86) 0.1189  0.73(-0.30~1.750) 0.1657
T3 10.72(9.09~12.34)  <0.001  2.53(1.47~3.58)  <0.001 2.26(1.21~3.32) <0.001
FEE N Gl v 5.36(4.55~6.17) <0.001 1.27(0.74~1.79)  <0.001 1.13(0.61~1.66) <0.001

BER 1 R PR
R 2 JHBEAR IS RS AR ;

BERY 3 R ARAR S M) R B K SO PG R MR R OO PR BMIL R L e L OB PR

23 FirH&UEMEERL S

ST NLR 507 3458 2% K Wt g BIE 2 18] 1 43
B R SRR &l & s Tl 4k, I
38 1 3 B (] A AR X 5B SR LA 3 A T I /%
IS BB 5 (B, WS 2k ¥ NLR 5 W )
P10 S A PTA 52 3T )L 4k M #a #5, NLR 5 ik 35
PTA K518 PTA Z A B & R |
(BN 53 B 45 R B 7, NLR 5 Wt Jy 351 < Ko i A Wy
B AR S PR BT R a0 BB AR 5 2 P A Y Y X K
UK LGB0 >0.05 , R MBI AU T, NLR 5

AR S 18 PTA WA S M2 M v, o Be s A 5 4%
PRI [ X B0 SR A 56 < 0.05 , 22 B 43 Bo A 7Y
BfL, M4E NLR 5845 F1 5 18 PTA (1Y 53 B Al
ZE R S AEAE N 4.19, 2% NLR<4.19,NLR
BT E 1AL KA PTA 30 1.15 dB, 5 15
PTA Hifn 1.16 dB, R HA G X, X4 NLR
=>4.19 i, NLR & FF55 1 AN BA07, K45 PTA 36
0.01 dB, 5 i PTA 4 /110.13 dB, 2 F LG it =
SC, AR L, DR 2, TR AN (R R
BT A, W3 4,
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Figure 2 Smooth curve fitting
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Table 4 Threshold effect analysis of NLR and hearing loss and low frequency, speech and high frequency PTA
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