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A Study on the Association Between the Risk of Recurrence and Vitamin D Levels after Vestibular

Function Rehabilitation in Patients with Otolithiasis
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[Abstract] Objective To observe the changes of vitamin D levels in patients with Benign Paroxysmal Positional Vertigo
(BPPV) after rehabilitation, and to explore the correlation between the risk of recurrence and vitamin D levels after anterior hall
functional recovery in patients with otolithiasis. Methods Rehabilitation treatments were provided to 283 patients diagnosed with
otolithiasis in our hospital. The patients were grouped according to the serum vitamin D content before recovery and the recurrence
after recovery, and the general clinical data, biochemical indexes and scores of the patients in different groups were collected. BBS to
score vertigo, vestibular symptom index, and balance in patients with otolithiasis. Stratified regression analysis was performed to
analyze the relationship between different scoring systems and vitamin D levels in patients with otolithiasis. Multivariate logistic
regression analysis, restrictive cubic spline model and survival curve were used to analyze the association between vitamin D level
and the risk of BPPV recurrence. The E-value method was used to analyze the sensitivity of the factors affecting the recurrence of
vestibular function after rehabilitation in patients with otolithiasis. Results There were statistically significant scores in the vitamin
D deficiency group, vitamin D deficiency group, and vitamin D adequacy group in VSI score, VSS-SF score and BBS score (P<0.05).
VSI score, VSS-SF score and BBS score were negatively correlated with vitamin D level, and with the decrease of vitamin level, VSI
score, VSS-SF score and BBS score increased. There were statistically significant levels of serum vitamin D content, hypertension,
diabetes mellitus, hyperlipidemia, VSI score, VSS-SF score and BBS score in the recurrence group and the non-recurrence group (P<
0.05). With the increase of vitamin D deficiency, the recurrence rate of patients increased, and the recurrence rate of vitamin D
deficiency group was significantly higher than that of vitamin D deficiency and vitamin D adequacy group, and hypertension,
diabetes mellitus, and hyperlipidemia could also increase the risk of recurrence. Conclusions This study has found that the decrease
of vitamin D level in patients with BPPV can affect the indicators of vestibular function and increase the risk of recurrence, and
hypertension, diabetes mellitus, and hyperlipidemia are also risk factors for recurrence after recovery.
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H- A 4iE (benign paroxysmal positional vertigo, BPPV)
AR Ay BAERE R P fr B RZ 5, & — Fh i WA S0 P i
JEPRIR , T EEFR I A KA LE AR I R % 2 @
AR B B A DAIE 5 7 B RS AL B A R B ke, S 3ot
SRR AL B AR LR S B, RTRE R 2 R R S 1R, LA
EAE SKERAMG RN EER . B RINATT B RER T i
F= A K L B L 5 E R HT JE P BE 29T % ¢ (spatial
reorientation and motion sickness system, SRM-1V )2 K
AR BR T B IRYT , B B A A 5 254 4R e
R AHE H S TR

FeEFED RN RIS R EEREEZ
—, 25 Z R BRI AR ES IR -, Bz 4k A
FZD &S HNE S R S, B A T REY
AL H 248 A 35 D IR A AR RT3 i BPPV /D &2 % X
Wi, ik 3R DK IEH B H R AR E BhRE 5 1O T RE
PAR T4 A £ D KPR R EE, (LREX TR EThRE
FROGHE bR 5 4 A= 35 D BIAH e, DA R 4 A2 35 DK
A e I R M R R R M O HRE . Rk,
ASCHE R L E AR B E R AR DARE, o S
T JE THREHE & 5 B & UG AR S PE , I BRIR YT e Pl
2%,

1BR5HE

INRUIEIWGES

W B 2023 47 12 1 ~2024 4= 8 J FeBe iz % BPPV 1Y
B I 283 45, B 13245, £ 151 {4, AR5 30~56 %, T3y
WY 47312546 %, ARAE HAREEE HATRIEDhREREE
St E Ry WE KB (n=11T) IR E K (n=166) , 1R
0B E 4 A DK, 43 A4 A 3 D ik Z 4 (<20 ng/
mL) e DA RA (21~29 ng/mL) LD FER 4
(>30ng /mL),

IIAFRAE : (1) KBRS 4 BPPV; (2) #4852 - BEifi
52 A BE HE A IR B 9 9IRYT s (B3) ARk 18~T75 %, B s
PR, PR TR 2% s (4) 200615 84~ A, HBETF R 2% 5
(5) AP PR B | B FUBRANE | FAR SR B Bh e 7 5 55 52
Wi 2t A 35 D AR A5 5 (6) K I FHES 751 bk B i 35
VLR 25 % T4 A B D K254, HEBRBRAE
(1) BEAE UG- A 58 5 (2) & P febed s if 48795 5 (3) &
FFrAR PR 2 OB R PR %

1.2 5

1.2.1 W — et okt W 26 % 3B i2 W o) BPPV 11y
283 (il B F G PR R, ELAEF-0% 51 | 4 i (body mass
index, BMI) | ABEce He | &7 5K He L Jpife i % 48 R 5
e ML SRE L SIS L W LRI, DA ARt T 52 4 TR ) %

(visual spatial skills short form, VSS-SF) | #1922 6] 5 &
(visual spatial index, VSI) F1 {1 EX *F- 7 & 3 i°F 4> (berg
balance scale,BBS),

T ABE 24 KA e bl R 2 IR A M e B It
4 mL, 4000 r/min 25.0> 10 min, {8 H %72 % 1 MK 25
BE g 2 9 (low-density lipoprotein, LDL) | & %% BE fig & 3
(high-density lipoprotein, HDL) , 5 41 2%-6 (interleukin-6,
IL-6) , s I % 9% Ll Jih 2% 4% ) C- R B3 2R [ (c-reactive
protein, CRP) , # I £L 40 Mg L B 3 (erythrocyte
sedimentation rate, ESR) K %3 Ji§ Ifii ¥ (fasting blood
glucose, FBG) 5 2% il A Bk T 10 52 K 6 5 % o0 i1 R 48
Mg MiHAEAEZFED KF,

1.2.2 JESIRIT 75 1% ffH] Brand-Daroff ] il , .4
H Al (7 e 72 R MR AL , TS AR | 45°, PR B LA b, 5%
BEIZRTE )G 10 sIREALN7, R B 10 2 30 s 5 FlE 2 5
— (R , TR | 45°, PREFEALEAR, 9 02 Bkt
1 6~8 ik Ay — I, A RdEAT 2~3 /4 A s B IR R e 1
ftb "IT v 6 mg, A KPP & LIk, FrEiaTT LA

1.3 Geit# 5%

{6 J SPSS 25.0 # - B AT Ge 143 A7, T & Bt DAF
P EEbR 22 R, el T A G 30 AT 2 TR bR 5
2 B AE T 05 22 0 B (FAS S ) L THECECHE T (%) &
s, KRR Qo %) dEAT A R bb e . FIH 5> 2 [
UH5r M7, LA VSTRE 5y VESh B A5 &, 53 W7 AS 6] BF 47 2 GE %
PEAR 4EA: 32 D A2, R £ Rl 35 logistic 5] 19 45
Hréfe 4 3 Dk 5 BPPV & & KBS U AH e, {4
S B 33 52 W TS A R R SRR AT SRk 4y AT o
AR 4EE B D RIBKEE R R VAL R, RIE
xit KB HIE D7 R A 25 SR, ey T R AP 3 5 B S A Y e A
TR gk, s T A 35 D RIBKCEFLEE BEE Ja 8 KA
Fek,

24%

2.1 a4 2 DAk AT R L

3 BAfEMERI S I VST, VSS-SF Fi BBS {14y B
BHETH# 8 L (P<0.05) , fE4- 1Y . BMI, ABEhde e | &5k
9P B BR S | R I MR OEE | STUME 5 L WU L ki LDL
HDL FBG,IL-6 . ESR Il CRP 51 A~ LA G i3 L (P>
0.05), L1,

2.2 e FE DSy 2 BIE 5 Hr

5y 2 1B VSITR sy 1Eh B 2R &, 4e AR R DK FEAES
RS b AT 8P A5 , 5 R B, VSRS i 4k 35
D /K7 A R 25 IE W52 (1=4.186, P=0.010) , 4 B 2: 1F
5y B 1T 4 A VSS-SF ¥E4y J5 , F{E /), R B
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1 AR 38 DR oy 2H AR BTRHLE

iH e E Dok Z A YA EDARA Y EDFTRA IF P
(n=89) (n=110) (n=84)
3 [n(%)] (

5 58(65.17) 49(44.55) 25(29.76)

o 31(34.83) 61(55.45) 59(70.24) 22.086 0-001
AERA (F) 46.69+5.95 47.58+5.12 48.02+5.23 1.366 0.257
BMI (kg/cm?) 22.18+1.73 21.77+1.78 21.58+1.69 2732 0.067
Bl ) (mm Hg) 138.45+15.62 138.57+16.81 138.65+15.78 0.003 0.997
ABeatik i (mm Hg) 77.52+7.05 77.37+6.89 77.56+5.75 0.002 0.988
SEE(H) 18.7342.92 18.46+2.61 18.65+2.58 0.265 0.768
1 LA [n(%)]

R 37(41.57) 34(30.91) 10(11.90)

% 52(58.43) 76(69.09) 74(88.10) 19.079 <0.001
B R [n(%)] ( ) ( ( :

B2 36(40.40 29(26.30) 30(35.71

i 63(59.60) 81(73.70) 54(64.29) 2.960 0.228
i LA AE (%)) ( ( (

B2 29(32.50) 31(28.10) 9(10.71)

&~ 60(67.50) 79(71.90) 75(89.29) 0-966 0-617
ﬁ*&zﬁ[n(%ﬂ ( ) ( ) ( )

R 34(38.20 48(43.64 35(41.67

P 55(61.80) 62(56.36) 49(58.33) 0.604 0-739
o ( ) ( ) ( )

B2 30(33.71 37(33.64 30(35.71

o 59(66.29) 73(66.36) 54(64.29) 0-110 0-947
TR ( ) ( ( )

B2 46(51.60 56(50.90) 32(38.10

& 43(48.40) 54(49.10) 52(61.90) 4.116 0.128
LDL (mmol/L) 2.67+0.50 2.66+0.48 2.68+0.49 0.040 0.961
HDL (mmol/L) 1.18+0.16 1.2140.18 1.2340.21 1.634 0.197
FBG (mmol/L) 5.01+0.58 5.06+0.66 5.16+0.69 1210 0.230
IL-6(pg/mL) 15.7742.48 15.96+2.19 15.85+2.86 0.146 0.865
ESR (mm/h) 26.57+1.94 26.44+1.99 26.45+2.26 0.114 0.892
CRP(mg/L) 11.45+2.09 11.64+2.06 11.85+1.75 0.879 0.416
VSIS (47) 45.51£3.99 43.66+3.09 42.25+3.85™ 17.693 <0.001
VSS-SF 45 (45) 22.72+1.68 21.12+1.79" 20.12+1.56" 52.489 <0.001
BSS ¥4 (47) 22.43£2.69 21.36£1.50" 20.15+1.36" 30.383 <0.001

*Fon 54 R D Z AR, ARG

0.506 34 %8 0.736, VSS-SF 45 %t 4 A= 25 D 7k 7= A (i
FIE MM (=3.156,P=0.013) , 432 3. 7547 B 2 94l
A A BBS BE43 5, FAE I8/, R*H4JNZE 0.856, BBS 47
Hot 4 A 25 D K7 A B E A 52 (1=1.365, P=0.009)
4724 AESy B 3 AR LA A B E , FAE R, RS N
% 0.975, 1 B 4 A 25 Dok CE 7R A B3 OE 8 R (=
2.429,P=0.015) ;43 B 5: £ 47 B 4 B A i B4 A & I E
Je , FAER/N , R 3N Z 0.852, & il et 4k 25 D 7k f 7
e 2 [ S (=1.166, P=0.006) , .35 2,

2.3 #e4:32 D 5 BPPV & R IR HF

B R SR o B h LR ST AR B A logistic
e AR, 5 R B OR , R E AT (][R F5 07, 44 35 Dok o
5BPPV & & . EHH 3 (P<0.05) ., BIEYER . 4% . BMI,
ABECEE I BT AR L R I B bR 9 | o AR A L 30
MESR R Tkl .LDL . HDL _FBG IL-6 .ESR Fl1CRP [K 2%
Je (AU 5) , 44k 32 D /K F- 5 BPPV & & 1Y 3¢ R R AR A AT
(P<0.05), it~ ERBIEME, RIKIERFEALR
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BGHEOR B RAER D AR HILE, BASEH#R Y

M4k 4 2 Dk 5 BPPV & k1Y% & (¥ P interaction <
0.05) , AR5 AR A 35 D & SRt 4 AR R D 3L 3 4 2%
e, 5HEEDF R, g FA R R EERZS
BPPV & %k 17 1% Jh 37 4 5% 4 (OR=0.753 , 95%CI=0.551~
0.936, P<0.001) ., (OR=0.795, 95%CI=0.526~0.978, P<
0.001) 54k DAKF- O 4, Bl & 4 A= 35 D kT 3% %
%, #H 56 M 280 b & 5 T 15, 43 9 24 (OR=0.496, 95%CI=
0.383~0.666, P=0.001) . (OR=0.653, 95%CI=0.542~
0.936, P=0.011) . (OR=0.688, 95%CI=0.579~0.869, P=
0.003) . (OR=0.796,95%CI=0.553~0.985,P=0.012) , & %
PERLE A S8 L (Pia$=0.001), K3,

2.4 8Kk SRERHAWBEARTRLLLEL

2 R HFNA S K B AR TR T3 L, &
PR A RS G4 AR D &8 m I BRI
= ML AE . VST, VSS-SF FiIBBS 45 75 T B A Gi it 5 X
(P<0.05) , fEAF 4y . BMI, ABEIcas He 27k He L5 i L S0
953 WA L PRIl . LDL HDL  FBG,IL-6 ESR CRP J5 Tfi v
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F2 HAFE DI Z RSB

ERAE :
4 2 I — s t P R F
s A 5 bR /
SR W 14.267 1.357 12.763 <0.001 0.506 118.77
VSI 1.811 0.365 4.186 0.010 1.484
B2 W 10.525 2.046 10.736 <0.001 0.736 83.71
VSI 1.418 0.426 3.056 0.007 1.263
VSS-SF 1.573 0.564 3.156 0.013 1.212
D23 R 8.656 1.364 7.174 <0.001 0.856 65.26
VSI 1.573 1.306 3.134 0.003 1.328
VSS-SF 1.522 1.033 2.186 0.027 1.524
BBS 1.374 0.527 1.365 0.009 1.305
=4 R 7.483 1.353 6.242 <0.001 0.975 52.64
VSI 1.385 1.066 4.051 0.005 1.325
VSS-SF 1.481 0.626 3.281 0.002 1.223
BBS 1.547 1.186 2.618 0.004 1.409
el 1.216 0.567 2.429 0.015 1.305
TES W 5.842 1.256 5.821 <0.001 0.852 46.85
VSI 0.961 1.186 3.284 0.005 1.362
VSS-SF 1.053 1.241 2.153 0.003 1.421
BBS 1.262 1.326 2.069 0.016 1.295
el 0.756 0.637 1.254 0.007 1.216
fELINES 0.946 0.862 1.166 0.006 1.325
%3 S DACE 5 BPPY S R ATHI b7
i BB B B2 CTE BEa B
0.633 0.582 0.643 0.615 0.603 0.579
47k D(ng fmL)
(0.482~0.716) (0.473~0.634) (0.524~0.756) (0.531~0.822) (0.521~0.756)  (0.416~0.796)
A2k D AP
et
T 1.000 1.000 1.000 1.000 1.000 1.000
e 0.752 0.741 0.761 0.743 0.751 0.753
A}
(0.581~0.966)  (0.620~0.834)  (0.582~0.840)  (0.621~0.953)  (0.523~0.901) (0.551~0.936)
W 0.783 0.784 0.791 0.771 0.773 0.795
(0.531~0.866)  (0.563~0.952)  (0.516~0.966)  (0.461~0.983)  (0.552~0.932) (0.526~0.978)
ek DTS 5y
4l
0,(>30.00) 1.000 1.000 1.000 1.000 1.000 1.000
0.511 0.572 0.551 0.541 0.523 0.496
0,(26.66-29.9)
(0.382~0.636) (0.436~0.755) (0.412~0.753) (0.432~0.756) (0.315~0.731)  (0.383~0.666)
0.627 0.663 0.703 0.642 0.706 0.653
0,(23.33~26.65)
(0.485~0.857)  (0.496~0.964)  (0.522~0.859)  (0.499~0.884)  (0.563~0.977) (0.542~0.936)
0.685 0.651 0.712 0.722 0.731 0.688
0,(20.00~23.32)
(0.532~0876)  (0.513~0.766)  (0.492~0.966)  (0.564~0.989)  (0.515~0.959) (0.579~0.869)
0.(<20.00) 0.761 0.736 0.753 0.811 0.782 0.796
s(S55 (0.543~0.891)  (0.524~0.866)  (0.602~0.836)  (0.682~0.926)  (0.574~0.806) (0.553~0.985)
P 0.002 0.001 <0.001 0.002 <0.001 0.001

HAESGUSE X (P>0.05), 3% 4,

2.5 MM E B BB ot

BT AR ST Gk > 52 [ 25, B R ARG M E
{E B SR TR T, S5 R TR, S5 R X 4
H i R 2k 22>18%, RR=V/OR , 15 4 E {f =RR+sqrt [ RRx
(RR-1)1=2.386,95%CI 4 1.865,

2.6 BEYER DRV SERLANIK R

xRN BPPV B35 A R R AT e oy i . FEA
[RI4F | o LA B PR L i LA AE VST, VSS-SF F1BBS i
457 5 BPPV 5 R WIRISC AR A7 , 4 35 D /RCTRAIE 47
W>47% A FF i B R IR  VSI=44 53 VSS-
SF>2143 BBS222 53150 T, 4= 35 D/R-F- 5 5 R HIAHSE
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A TRGRERARFEATHRILE

WA B RA (n=117) KEKH(n=166) bl P
P51 [n(%)]
5 68(58.12) 64(38.55) 10,556 0.001
e 49(41.88) 102(61.45)
AR (%) 47.85+5.41 47.75+5.42 0.153 0.879
BMI/(kg/cm?) 22.26+1.68 21.87+1.65 1.943 0.053
AP i 4s He/mm Hg 137.86+15.75 138.85+16.25 0.511 0.610
B4k i /mm Hg 77.74+7.12 77.68+6.68 0.072 0.942
SFE(H) 18.26+2.85 18.74+2.67 1.448 0.149
I i&E 442 D (ng /mL) 21.74+5.86 23.68+6.06 2.688 0.008
A I [(1(%)]
2= 52(44.44) 32(19.28) 20807 —0.001
& 65(55.56) 134(80.72)
B R IF[0(%)]
R 59(50.43) 36(21.69) 25401 —0.001
i 58(49.57) 130(78.31)
A ML RE[n(%)]
2 51(43.59) 18(10.84) 30916 —0.001
&~ 66(56.41) 148(89.16)
HHEIF[0(%)]
R 53(45.30) 64(38.55) 1287 0257
i 64(54.70) 102(61.45)
WA n(%)]
= 40(34.19) 57(34.34) 0.001 0.979
i 77(65.81) 109(65.66)
TR [0(%)]
B 61(52.14) 73(43.98) 1833 0176
&~ 56(47.86) 93(56.02)
LDL (mmol/L) 2.72+0.49 2.62+0.44 1.796 0.074
HDL (mmol/L) 1.19+0.15 1.2240.19 1.423 0.156
FBG(mmol/L) 5.12+0.63 5.0420.61 1.072 0.285
IL-6(pg/mL) 16.18+2.32 15.66+2.29 1.871 0.062
ESR (mm/h) 26.62+1.95 26.38+2.01 1.001 0.317
CRP(mg/L) 11.25+2.04 11.73+2.04 1.949 0.052
VSIEES (4)) 4536+4.11 43.75+3.25 3.674 0.001
VSS-SF 45 (45) 22.56+1.84 21.12+1.64 6.914 <0.001
BBS ¥4y (4) 22.92+42.01 20.82+1.81 9.180 <0.001

PEESE, WS,

2.7 HEF DR S B AE B E A E D RERE JR 2
R F - R,

FHBRAIESL TG FEAAE R AT BB Ak R D RT- 5
BPPV 5 il i Dh RE HE & Ja B S A - B Bk A, B 2R
B, AR, B 4k FE D KRS SR E D RERE R Jn
BRZIAAFAEARRE R - R R fAEFEDERE
HAARE 25 i D RE B A I B S LB 52 1) 56 & BB
A RN, S B 2 TR, DL 1

2.8 A R NP AT i £

{i JHl Log-rank 45 %3/ /7 Kaplan-Meiker 53 #7 , 45 4n
K2, FiEgER DB Z LN, BEE KR 2 b

484 FEMHIES REMF RS 20255 (523%) 58

T, BAEEEDZHE RFRER THEZD A ZH
$eEFEDFERA(P<0.05), 4k Dz 48 LKA
7.3243.13 ,95%CI 4 22.644~41.925, 4 /= £ D AN R 4
2RI 9.6243.86 H , 95%CI 2 28.941~45.756; 4 H: 25
D 75 & 4 & & I ] 14.34+4.56 A , 95%CI 3y 27.623~
46.341,

3 itig

BPPV [ % 95 -1 %2 iy 9 Ff 5 R 2 1 - A I B A
KR KA AR (b B DI EL i A S B AT
P T 95 0006 M 5 2 3K B % 5 7 i M 1 4
B T B % (o 2 A R et T ) A, 24 Sk AR
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5 HAUEBRAAFEDIRFSE RIHR R

Y= 2D Tisyr fi . (ng /mL)
DI Pow Py
014 024, O34 044 Q54 g o
R 0.526
Ll 1 0.823(0.512~1.433) 0.741(0.450~1.216) 0.531(0.256~0.953) 0.511(0.243~1.012)  0.003
s 1 0.812(0.513~1.236) 0.746(0.452~1.019) 0.711(0.346~1.219) 0.611(0.316~0.726)  0.006
AR () 0.043
<47 1 0.576(0.356~0.986) 0.751(0.326~1.129) 0.592(0.213~1.221) 0.481(0.123~0.871)  0.026
>47 1 1.015(0.726~1.537) 1.021(0.818~1.526) 1.105(0.714~1.438) 1.052(0.848~1.428)  0.335
L 0.042
2 1 0.816(0.319~1.515) 1.004(0.736~1.348) 0.962(0.726~1.548) 0.991(0.619~1.701)  0.003
& 1 0.636(0.452~1.176) 0.752(0.453~1.232) 0.886(0.412~2.053) 0.586(0.316~1.035)  0.123
Bl PRI 0.053
B2 1 0.858(0.546~1.338) 0.974(0.623~1.418) 1.031(0.726~1.456) 0.619(0.211~1.036)  <0.001
& 1 0.696(0.452~1.329) 0.739(0.452~1.216) 0.644(0.423~1.914) 0.568(0.239~0.917)  0.006
T I AE 0.011
7 1 1.236(0.922~2.138) 1.031(1.712~1.539) 0.572(0.326~1.019) 0.581(0.327~1.038)  <0.001
& 1 0.905(0.516~1.406) 0.842(0.538~1.308) 0.686(0.426~1.336) 0.581(0.156~1.137)  0.004
VSI(%y) 0.089
<44 1 1.169(0.714~2.008) 0.911(0.505~1.539) 0.744(0.526~1.049) 0.734(0.416~1.057)  0.008
>44 1 0.873(0.308~1.497) 0.614(0.452~0.939) 0.841(0.581~1.439) 1.022(0.406~1.638)  0.015
VSS-SF(4y) 0.281
<1 1 0.981(0.486~2.035) 0.912(0.595~1.649) 0.894(0.612~1.548) 0.661(0.386~0.835)  0.031
>21 1 0.776(0.481~1.228) 0.701(0.536~0.975) 0.711(0.586~0.934) 0.581(0.346~0.892)  0.042
BBS(4) 0.033
<22 1 0.965(0.645~1.486) 0.811(0.536~1.275) 0.671(0.436~1.074) 0.512(0.466~1.038)  0.002
>22 1 0.719(0.554~1.337) 0.732(0.563~1.327) 0.582(0.385~1.024) 0.702(0.433~1.593)  0.085
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