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M E B WEEXIE X% K (theumatoid arthritis, RA) & A b % 4 2 (heart rate variability, HRV) #J
T, HRREGRMEKRETNRR . Tk RENNAHRFEL Y RAFA 71 61 4 RB 4, F
BRI A A A D E A A 80 & A XTI, AT KP4 RA M ASHR P50 HF
713% (visual analogue scale, VAS) ¥ 7, JkJ7 7& 2 £ 1% 2~ (disease activity score, DAS28) X & /& B i &%
(self-rating anxiety scale, SAS), it HRV Ul UK BT A % X 4t % HRV #i3, (very low frequency, VFL;
low frequency, LF; high frequency, HF; total frequency, TP) X Ft 3 (standard deviation of all normal-to-normal
QRS intervals, SDNN) 41, Tk H g R = I /o2 RA A RIERAR KA K B & k. &R
RA 7 AfT B HRV S8 B xf AL B F R, A R E R 2# — P K RA i A8 HRV, RAJEA
RF 5 HF £ B # fifH X, & VLF 4pHE & HRV 48475 VAS f2 DAS28 £ fifH X, B HRV 18474 5
hs-CRP J ESR 2 it XK. %if: RARABGEE WAt & EL, HRV A B T4 RA i A#AT 42
Bt fh.
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The clinical observation of autonomic nerve function in patients with rheumatoid arthritis *
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Abstract Objective: To observe the changes of heart rate variability (HRV) in patients with rheumatoid
arthritis (RA) and to investigate the relationship between HRV and disease-related indexes. Methods: Seventy
one patients with RA were selected as the experimental group according to the inclusion and exclusion criteria,
and 80 healthy adults with matching basic information were selected as the control group. The visual analogue
scale (VAS), disease activity score (DAS28) and self-rating anxiety scale (SAS) scores of RA patients were
evaluated on the day of admission. All subjects HRV frequency domain (very low frequency, VFL; low
frequency, LF; high frequency, HF; total frequency, TP) and frequency domain (standard deviation of all
normal-to-normal QRS intervals, SDNN) parameters were obtained through the HRV detector. In the early
morning of the following day, blood was drawn to check the inflammatory indexes and related autoantibodies
of the RA patient. Results: All HRV parameters of RA patients were significantly lower than those of healthy
control group. Pain and anxiety would further reduce the HRV of RA patients. RF and HF in RA patients
were significantly negatively correlated. All HRV indicators except VLF were negatively correlated with VAS
and DAS2S, all HRV indexes were negatively correlated with hs-CRP and ESR. Conclusion: Autonomic
dysfunction exists in RA patients, and HRV is useful for the comprehensive assessment of RA patients.
Keywords heart rate variability; rheumatoid arthritis; autonomic nervous system; vagus; anxiety
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KR T % (theumatoid arthritis, RA) A& —Fp
DRI AN BA A P M s , ABE R R4 0.5%~ 1%,
FRAE T RIS LA, 5 PRE IR L FE DG 15 49
JBK . (A SS, B RA JEHE B A A2 T M
{H RA R N A 2 2 PO AN R I, Gt
4. BRI SCAEY kSR N, oo i
RGP e RA B ™I FFRSE . H AT 7L R A,
RA i N I ZR 58 FF K0E KR 22 AR T F AR
PNETE 5| PR R SRV R 3 P T o S N
E, I 50% B RA K A SETS A H B0 5 I
RAE P B 0 M HE R AR RS B B A
£ 4t (autonomic nervous system, ANS) ThgE ) ZELAH
X, AHXF RA N ANS T REFIAH A 7T E N 6 i
T8, M E AR CHE SR ER S Rl A, 4 s
ANS K 1L P ARG, @R E, HEn 4
REATE B,

DFAZSE (heart rate variability, HRV) /&80 IiE
BIREMEH S R-R H 2R ER D, A
PRAZ A 4 5 B S P 2 R R iR I g5 3, T RLx
ML ANS DRk fEA—Foal. tREEM E 3
Mg Thae g &I & T H, HRV &5 % H T 0 meE
PR NGBV . BRAEFFRIESE, 15— e ul
W, Bt HRV 55858 1) ANS ZhREAHDE, 1] HRV
SR RS 7 AL ANS B, HA5OUUEE.
OFEREEF AR FHNRESLHARBEEY
RO, BEEMRAWIRN, EFLENRE. 181k
HURI =T AR et & s 18 ek
SR A, HRV FREPHEE E A 7,
AT H 2 RA N ANS [4840, FRRTF I
5 RA HHRTEFRIIR R FERE R I WHIRS N,
Je U ML R S I I &R 2 — Y, i A R B R R
M RA i N AETE &, RIARRE 7B IRIRA T RA
Joa N AR FE 1 28 A7 AE DA P TR R B B N B 2 TR 0
HRV & Bt — B g2m, ARG IR TAESRALAE G BTk,
PUHHXT RA Ji N AT BI04 10 F 286 VFA

Bk

1. — ok

EL 2019 4 6 H & 2020 4F 8 Atz T1a M E
RER 2 B i 122 B P B A R S 2 BHE) RA 935 A 80
BRI (P4 , [R5 B R B
K B R B O BRAE N 80 42 x4 (C 4D . F
A B2 KA FT A RA 55 N HEAT VEGH 1116 PR 5210 5%
MRS, Giit KA E RS ISR, e

. 349 .

P I 3 FEVE 4> (disease activity score, DAS28), Jf
{FFHFERE HIFR3R (self-rating anxiety scale, SAS) X
WANBATIE G, TABEEE 2 RiIGR 8 i il
MHEATBIR A K H S Hiik (Bt CCP. RF) , @EH
) CHYTAE TS, hs-CRP. IMY0) ZEikE = A
B, TEZREYTHE-NEE, E—H85THE
— A RMEEAT HRV R, FFid sk 8 s 240
A5 O P G AR RIS O G
ChiCTR1900028129) , FF3RARM B AR} R Mt = B
TS L4t (XYFY2020-KL143-01), A %2R
HWEBRIERE .

2 4 2010 4F 32 [F X 79 2% 2= (American Col-
lege of Rheumatology) RA IZ Wit " YA RA T A .

HEBRARiE: OF I HA KR % IE RFHE R @
FEELD AR . RS S B HRY W&
s OHRAMHEO. . . B2 EiTh
Re IR SOBE RS @2 T AR SRS AR5 (n
R SRR EAE. BN . K 240E
WIS+ &1 % 1 IR B 52 ANS 2
V) CHAREIEERH A B ESPTIAZSE) .

Wb bR#E: OELEZ X HRV Al 72 3 2
AT 20% H RR (RS2 2T @A B R
7 S A S 2 A A S s A A TR B K M

2. HRV £l

JI A 2 & Bl R — R, TRRTF 2 M
A5 RERERIEYT =T HRV &2l 5 R A 75
PRFF 2 Er, IRREFE 25 CLAR . ZRA EM R AT
8 /INEF AN A MR RO i, ELAE T AN
AT, EEEE), B2 -FEMARE, WTHH,
{EASEREAR . S FH PR P X2 0T P Rk
W FEAR T 2 R M o A8 S R R 1R T R
o NP N RE B 12 %, FERFIRE AR H
FUEERS, A ZSY-1 B0 AR ARG (UL RH S
RRBHARA A=) #HATid5%, BEA S 758,
P S R L O RE TP 7 OREFIBORS , A R VFAC IR,
RIS, (S5 RTS8 W4l 31
B RIS R IEHINFRIAIRG TH B H ok, DA g
R, FEREAT PR S e, R B S R S A
AR ES RN o

3. giilfabs

(1) BenbfE RS R OB 52 5 RS
Gm. RE. k. #FE0% (RHR). ZHAERE
LG B

(2) FIRMRERHER: LXK RARANK
T RE S IR P 0 AR AU VE 23 7% (visual analogue scale,
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VAS) P55 MK SRR 5 H , DA SRS A A
R, A AR (WBO). mfC-xMNEH
(hs-CRP). IfL¥T (ESR). HLH NZ IR 2 IKHi/E (An-
ti-CCP). 2K XIE KT (RF). BRIESNEPES (DAS28)
T MK R DS T #. ESR LA K& VAS V¥4 4
WZHTH TS .

(3) HEJEHIFEE (SAS): ZEXEMUT 20
W, E P AR BT 1 SEPR IS AT %
AR 4 AR RN 1~4 4, 5 20 /S8
SEEINIG X 1.25 BUEEGR 2 AbriE sy . = 50 &
RA FEIEAEIR .

(4) DEBFILRE: DR ZRE LR
SR IEAERR:  IE% R-R [EHARAREZ (SDNN), LA
KA EFR: BRZE (TP). =4 (HF, 0.15-0.4 Hz).
A (LF, 0.04-0.15 Hz)~ #AEKAT (VLF, 0.0033-0.04 Hz)-

4. Gk or

% F IBM SPSS 23.0 # 17 4t i 2 Ab 25 Af A
Shapiro-Wilk £ 36 3] 7 3% 2 7 30 4% /2 75 IR IE 25
I3 AT AR IE 25 90 A 18 4 B K s FH 240 + bR
7 (X £8D) Fon; AEIES DA IE SR B R
RrBOAPY S0 A7 Ba) BE M (IQR) Fa: W2 22 1] JIR A
RS 53 AT 2 2 A RO R OS¢ R s P4
Ak IEZ 5 A0 I 2 s K H Mann-Whitney-U £75%; HRV
B 35 K% AT T b 5 AR RS R FE. VAS. DAS28. Hs-
CRP. ESR. RF. WBC }% Anti-CCP [fJAH5¢5% &K H
Spearman F&AH A 46, K98 K o = 0.05, P < 0.05
WAZERB R E L

Z R

1. — gk

7 51 RA 955 NN B J5 0o IR 8 T2 S 56 =5 4 A 2
INEAETE O, 2 B RA 95 N2 K HRV A& 45 S 35
BRI 20% 1) RR RS2 2)F40. 516 5 4 9h
ANRA TN 71 B, P2 — Bk, Z5R7
Tgit#m L (P>0.05, W& D .

2. HRV 45 L

TP N [ Bt ANS B4R 7% 11 A8 F5 4%, HF X
MR AR G B, LF 52258 B @l 22 J8 42 35 ]
VAT, fEEEARET, FERME )RS .
VLF W[ REZ BB RILIATT . WK T45
Hiszm, 55 A BRI UIAH ¢ . SDNN A J Bt
ANS HAAE I (I Sk b U2 AR AT 45 R R R
RA /% A\ SDNN. VLF. LF. HF #1 TP ) &% T
REXTRRA, Z= 5 A S5 E L (P <0.001, %2,
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3. HRV 5 RA HIFaFR A I HT

RA A &I HRV faba 5. 4. $it CCP.
140 B 1 B0 oA 5 % (P> 0.05), RF 5 HF &£ &
FANARZE (P <0.001). [ VLF #hH:4X HRV 48 br 5 4E#E
VAS K DAS28 £ ik (P <0.001), Fifs HRV ks
¥J5 hs-CRP & ESR 25 (WFE3) .

4. RNFPEIRFEE R HRV 23

FRIEZTE VAS W55 RA i A\ N & 4l

(VAS <443 KHEERMA (VAS = 4455) o 45

RN, A —RTRZE RIS L (P> 0.05).
HREE FE R LF. HF J TP B FE A 41 A 2 [
K, ZRESFi5E L (P <0.05), VLF 5 SDNN H
TR, HERTRIMEE L (P>0.05, K4 .

5. RA i NG FF BB EHARIRAS ) HRV 434t

FRYE SAS 455, 71 B RA o A H, 3141 (43.7%)
FAEFEEIE 45, SAS 2 80N (57.5+£5.4) 75, 40 #
(56.3%) NAFAEHEFEAE 4, SAS 73BN (41.014.4) 45,
SERER: SIFEERBE N RA R ANARAEEEN
HF [ TP W B IEK, ZRA G E L (P <0.05),
P2l VLF. LF J2 SDNN 7% 5 B4t it 2 X (P> 0.05,
nEs .

it

IR RERERBETHZMHEARGEEHNS
B, RAERF WA, BRSSO fER &R,
KT IRN T R AR 2 20 E 2, RAJHA
KA UE B A . TE 2, SR AT
RECCE R TG, FRAR o X A 58 KURSE 1 LIS g
=W NN &, HRV /EA—FAER AR E £
el TR, FEMEE. L. 5 THmA
s HHEATT RAHAH EMHEINEER
PPA M AAE e RAF B AN, 520 22 T A [7] 995 N\ Al
WAMEAIRIT 7 %o

TEARM T, E T RA N 5 {d T 2L 1)
HRV, %3l RA i A SDNN. VLF. LF, HF } TP #J
WER TR BT A, R RA i AAEAE K ANS
DIRem) N FE, DAkEMATgeit . AR
B, HEMEE QIR YU EREER, B
PIRRAE 25K 7 I 7 S SR IK R AiE A DhRE . A
36 CUIE B 2K E PP 22 FE ORI (vagus nerve stimulation,
VNS) Al DS O LA 4efh, oz O lEa7 sk Diae, I8
SO LR M G MY fEARRT I, R HERR
THAEOQILE R G HHER RA AN, AEE 1A E
7~ RA 95§ NAFAE TR ANS ZhREE N %, #2728 ANS

S
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F1 WHZAE RFEEILE (x £5D)
Table 1 Comparison of general information between two groups (x +SD)
WAL (72=T1) R4 (72 = 80) P
Experimental group (72 ="71) Control group (72 = 80)

Y Age (y) 522+7.6 49.8+11.6 0.144
P£5 Gender (M/F) 16/55 17/63 0.850
ZHEFEE Level of education (y) 8.5+4.6 93+4.1 0.280
AR TR S BMI (kg/m’) 234432 23.6+2.6 0.638
#2003 Resting heart rate (bpm) 74.8+11.2 73.248.6 0.330
Wi £ Shrink pressure (mmHg) 118.5+7.7 116.7+6.6 0.112
#75K Ik Diastolic blood pressure (mmHg) 70.5+5.6 69.2+52 0.159

xR2 HYZRE HRV H (x £5D)

Table 2 Comparison of heart rate variability between two groups (X +.5D)

RIGH (722=71) XHHRZH (72 = 80) P
Experimental group (72 ="71) Control group (72 = 80)

W ARH VLF In (ms’) 4.831+0.86 5.78+0.90 <0.001
{45 LF In (ms’) 3.97+0.83 4.99+1.01 <0.001
Fi#f HF In (ms”) 4.15+0.86 4.72+1.04 <0.001
JHAZE TP In (ms”) 5.72+0.74 6.58+0.86 <0.001
IEH R-R M FR#HEZE SDNN (ms) 20.48+6.92 31.26+12.43 <0.001

R 3 RAJNASLTRHES HRV KIAHIGNE 4T

Table 3 Spearmen correlations between HRV and clinical parameters in patients with RA

AAR VLF IG5 LF f=1%0 HF SUZE TP IR R-R BRI IHEZE
[In(ms’)] [In(ms*)] [In(ms’)] [In(ms*)] SNDD (ms)

EH Age (y) -0.18 -0.38%* -0.31%% -0.33%* -0.32%*
J7 F£ Duration (y) 0.02 0.03 0.02 0.06 -0.04
VAS -0.16 -0.35%* -0.46%* -0.33%* -0.26%*
DAS28 -0.21 -0.38%* -0.43%* -0.40%* -0.39%
i C- W2 1 HsCRP (mg/dl) -0.35%%* -0.37%* -0.51%%* -0.43%* -0.43%%*
113t ESR (mm/h) -0.27* -0.36%* -0.40%* -0.37%* -0.35%*
FXIEH T RF (U/ml) -0.12 -0.16 -0.32%% -0.22 -0.21
FI4n it WBC (10°/L) -0.07 -0.03 0.01 0.2 -0.04
PR R R 2 Bk ik Anti-CCP (U/ml) 0.02 -0.07 0.01 -0.02 -0.04

*P <0.05, **P<0.01

F4 RESIRA (VAS<44p) S EEFMRA (VAS = 4 43) HRV i (X £5D)

Table4 Comparison of heart rate variability between patients with VAS < 4 and VAS = 4 (x £5D)

VAS < 4 4) (72 =42) VAS = 4 4} (72=29) P

HALAR VLF In (ms?) 4.94£0.70 4.67+1.04 0.207
{45 LF In (ms’) 4.17+0.81 3.6940.79 0.017*
Ei4 HF In (ms”) 4.40+0.82 3.78+0.78 0.002%*
KA TP In (ms”) 5.89+0.68 5.5040.78 0.030%
1E# R-R [HHFREZE SDNN (ms) 21.79+6.74 18.59+6.87 0.055

*P <0.05
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Table 5 Comparison of heart rate variability between patients with anxiety and non-anxiety (x +SD)

BB (72 =31) =&AL (72 = 40)

Anxiety group (72 =31) Non-anxiety group (72 = 40) P
HA%AT VLF In (ms”) 4.9940.71 4.6240.99 0.068
{45 LF In (ms’) 4.1140.87 3.80£0.75 0.124
4 HF In (ms®) 439+0.84 3.83+0.78 0.005*
M TP In (ms”) 5.90£0.70 5.50+0.75 0.024*
IEH R-R A bRi#EZE SDNN (ms) 21.60£6.87 19.03+6.84 0.123

*P <0.05

DIREEALTTREE RA A O MME B R R —.

RE AT 7R X T RA o5 N9 R AiE 5 H ANS I
REMIAH S IT, fEAE AT ERISS R AW ER,
RA J% N HRV 59 FE. M5, HT CCP K& A 41 it
A KM, RF 5 HF 2 A%, Bk VLF 7 &
HRV f8Fr 546 . VAS [ DAS28 2 7%, Arf
HRV f8453) 5 hs-CRP [ ESR £ A%, F W RA
i N ANS ThRe 5 %R R A R B s B M A7 1E B 3
A, $7R ANS WRES 5 T RA JIRIRE, Hl
IRAFAE DIRRFE AR N O, A7 TN 980 S o7 B 1]
WIRERR R BT R B, RERRE AT RN L BEAR T,
5 54N R T o7 ALY 2 BERR A 52 Rk 2 A,
AR R GE R ORI 1R P & 4 MR T IL-10
#7KF M, Koopman 25 " F 2016 £ ¥ W 5¢ 1 #4
AT VNS X 25903677 TR RA N7, &5
IR, 42 K VNS 1EIT ATE RA 5 N 1% i35 00
{HLEAF 1 VNS %), RARAREHENE, W
TESF 56 R EFHIE VNS J5, WiE GREMNE. X
SgE RIGRI T ANS (RELTRES S T RA RAE
Lk, RAANSGEIRSRIE N, SHMKH HRV
A FTCAFRATTHEM, $25 RA A ANS Zhag, Jt
HARN R EMZTK T, TR BB BR RAEIRE,
AR TG BT, 3 i N AR TG i A o S B

I R AE [ Py A6 TR S ANS % R 1T ALAE
AWHEN, A4S R R HRV 845 HF. LF. TP
& SDNN #] 5 RA % A\ VAS M 5eE, gk
i ZH RA 995 A f) LF. HF M TP % 4% 5 70 41 WA 55
TP, S5 ME R E 3G 2 WA E
I M EAER U7, iRk e A S
B R 1) FAT I B S RETS A N R AT I s
PEAEBEER, REMAIENRR RS EEL
P60 55 R o A B R AN U TR AN
R R RAEGHAE, S5MNERRREHEVIMAS, J
AT AR, BATANEGE RA AR,
HHITH25 RA A ANS WETE, T st o0 )5

EERANEERE. H TSR F =50 N %
MPEAS 0 5 7%, BATTAR B HRV 5950 N R R FE RS
BREFEMRME, KEZHT LS HRV K3 B
PREIVEAL I N IR AL, (15— B4Rt .

£ R B LIRS e, AN RN, R
FEREI Ao I 00 U 3 16 N 3~5 % 1, H
AT 2V W FCIE B A FERER A\ HRV 55 1E 5 A ",
A AR A FELEX T RA Wi\ ANS ZELFZIA B0 5T
AT R ER, AIFEEE %M RA 7 A HF.
TP BRAFE A BIFE, $nfEEE NAAER B
BB IE T RA A ANS HIZHEL, DLk EME D)
REFMHI N . X — 45 B30 HF Thayer 25 P 41
NN S, SRR E SR A 5K T KT
RE R MG BORES 5 B FOR LA R B RE R
WA IEE. BIIGR LR RA B NEHISREF, &
XTI R IT [ AR E S, N AT O B T,
P PE T ANS AR TR, SER A TUS FFEA £ E
BAEA.

AT HRV A ) PR85BS [R) B 52683 I
WA AT T4, B T H R PRI SR
DEEARFEIR N RN HRV S HU 0, (HAHF
E—ERA R AL B, AR — U Ot
Ft, WA T N AR AT @ AR, AR a3
20 HRV Al (0 U 56 80m 21 B ik e, B0
BB I 11.3%, RKRFBERFEAR. Z2H 0040
ST, B HRV ZE06T RA J AT 1 Feii o
o [FBS, VNS /ER—FkEMEIIRe R+,
FE A LLBCA RA AN — Pz 2697 7, DA
AR 25 ARG T 7 6 RA 9% A\ HRV 1152
ma, AT AR SR — AR

i LRk, SRR ANF L, RA RAAFLE
ANS BIZEEL, F R K E L Dy RE I A1),
H RA % N HRV 405 JRETabr M G 5 B S
FHRME, $278 ANS INZEELTRESH T RA FIRAES
KR [FIBT, AHI 5 R I (1 B R £ S 26 11
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TR Lot — A RA A HRV, (R SN 0 032
FHURACMIT T HEATHEE RA FIA ANS ZfE,
e RA BTG, SR 007 A B
Rz, LA R E AL T R R
T A8 T AR S AT B 2
P

(6]

W 202155H100.indd 353

2 % X W

Sparks JA. Rheumatoid Arthritis[J]. Ann Intern Med,
2019, 170(1): ITC1-ITC16.

Lazzerini PE, Acampa M, Capecchi PL, et al. Assoc-
iation between high sensitivity C-reactive protein, heart
rate variability and corrected QT interval in patients
with chronic inflammatory arthritis[J]. Eur J Intern
Med, 2013, 24(4): 368-374.

Kim HA, Jeon JY, Koh BR, et al. Salivary cortisol
levels, but not salivary alpha-amylase levels, are elevated
in patients with rheumatoid arthritis irrespective of
depression[J]. Int J Rheum Dis, 2016, 19(2):172-177.
Lazzerini PE, Capecchi PL, Laghi-Pasini F. Systemic
inflammation and arrhythmic risk: Lessons from
rheumatoid arthritis[J]. Eur Heart J, 2017, 38(22):
1717-1727.

Heart rate variability: Standards of measurement,
physiological interpretation and clinical use. Task force
of the european society of cardiology and the north
american society of pacing and electrophysiology[J].
Circulation, 1996, 93(5): 1043-1065.

Sessa F, Anna V, Messina G, et al. Heart rate variability
as predictive factor for sudden cardiac death[J]. Aging
(Albany NY), 2018, 10(2):166-177.

Tracy LM, loannou L, Baker KS, et al. Meta-analytic
evidence for decreased heart rate variability in chronic
pain implicating parasympathetic nervous system
dysregulation[J]. Pain, 2016, 157(1):7-29.

iy, B, i, 5, BENIREE 5 LR
BEME EAAZTRE WS [J]. P ERRE AR E,
2015, 21(9):688-691.

BURIY | &bk, R, = SOMEef H iR
R0 AR ek TR TE R DA (R AH SC R R AT 9T ().

——

(10]

[13]

[14]

[19]

(T

* 353 -

[ PR Ak & 2015, 21(5):377-378.

Chalmers JA, Heathers JA, Abbott MJ, et al. Worry is
associated with robust reductions in heart rate variability:
A transdiagnostic study of anxiety psychopathology[J].
BMC Psychol, 2016, 4(1):32.

Aletaha D, Neogi T, Silman AJ, et al. 2010 rheumatoid
arthritis classification criteria: An american college of
rheumatology/european league against rheumatism
collaborative initiative[J]. Ann Rheum Dis, 2010, 69(9):
1580-1588.

Shaffer F, Ginsberg JP. An overview of heart rate
variability metrics and norms[J]. Front Public Health,
2017, 5: 258.

LR, B, B0 A DR R I R R
W 78 Bk J& [J]. o 75 B 45 & 0 il ISR 2% 75, 2020,
18(17): 2809-2811.

Zhou L, Filiberti A, Humphrey MB, ef al. Low-level
transcutaneous vagus nerve stimulation attenuates
cardiac remodelling in a rat model of heart failure
with preserved ejection fraction[J]. Exp Physiol, 2019,
104(1):28-38.

Rasmussen SE, Pfeiffer-Jensen M, Drewes AM, et al.
Vagal influences in rheumatoid arthritis[J]. Scand J
Rheumatol, 2018, 47(1):1-11.

Koopman FA, Chavan SS, Miljko S, ef al. Vagus nerve
stimulation inhibits cytokine production and attenuates
disease severity in rheumatoid arthritis[J]. Proc Natl
Acad Sci U S A, 2016, 113(29):8284-8289.

Benarroch EE. Pain-autonomic interactions[J]. Neurol
Sci, 2006, 27(Suppl 2): S130-S133.

Koenig J, Falvay D, Clamor A, et al. Pneumogastric
(vagus) nerve activity indexed by heart rate variability
in chronic pain patients compared to healthy controls:
A systematic review and Meta-analysis[J]. 2016, 19(1):
E55-E78.

Chalmers JA, Quintana DS, Abbott MJ, et al. Anxiety
disorders are associated with reduced heart rate
variability: A Meta-analysis[J]. Front Psychiatry, 2014,
5:80.

Thayer JF, Lane RD. A model of neurovisceral integr-
ation in emotion regulation and dysregulation[J]. J
Affect Disord, 2000, 61(3): 201-216.

2021/5/20 20:47:06 ’7



