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Abstract: Background Zusanli (ST36) is one of the most commonly used acupoints in acupuncture and has shown good
therapeutic effects on cardiovascular and other systemic diseases. However, the autonomic nervous system modulation pattern of
deep needling at ST36 still lacks objective quantitative evidence. Objective To observe the effects of deep needling (near the blood
vessel) at Zusanli on heart rate variability (HRV), blood pressure variability (BPV), cardiac output (CO), and baroreflex sensitivity
(BRS) in healthy subjects, thereby elucidating the regulatory effect of acupuncture on cardiovascular autonomic nerves and providing
objective evidence for the acupuncture theory of "regulating Qi and blood". Methods
parallel-group randomized controlled trial. Healthy volunteers were recruited at Chinese PLA General Hospital from October to
December 2025 and randomly divided into a deep needling group and a superficial needling group. ST36 was used in both groups. In
the deep needling group, a filiform needle was inserted perpendicularly about 30 mm under ultrasound guidance to reach the branches
of the anterior tibial artery, followed by lifting-thrusting manipulation for 150 seconds before withdrawal. In the superficial needling
group, the needle was inserted about 10 mm without reaching the blood vessel and without any manipulation. Electrocardiogram and

This study was a single-blind, two-arm,

continuous blood pressure signals were simultaneously collected for 5 minutes at five time points: before needling (T1), during
needling (T2), immediately after needling (T3), 30 min (T4) and 120 min (T5) after needling. HRV, BPV, and CO were analyzed, and
BRS was analyzed using transfer function analysis. Results A total of 68 subjects were enrolled, including 34 in the deep needling
group (15 males, 19 females, mean age [26.2 + 3.2] years) and 34 in the superficial needling group (16 males, 18 females, mean age
[25.5 +/- 3.3] years). There were no statistically significant differences in baseline characteristics between the two groups (P>0.05).
For the primary endpoint, the deep needling group demonstrated significantly increased systolic blood pressure coefficient of
variation (SBP-CV) and systolic blood pressure standard deviation (SBP-SD) at T2 compared with T1 (both P<<0.01), while the
superficial needling group showed no significant changes at any time points relative to T1 (all P>0.05); between-group comparison
indicated that SBP-CV and SBP-SD at T2 were significantly higher in the deep needling group than in the superficial needling group
(SBP-CV: 0.057 +/- 0.021 vs 0.042 +/- 0.011; SBP-SD: [6.5 +/- 2.6] mmHg vs [4.9 +/- 1.4] mmHg, both P<<0.01). For secondary
endpoints, (1) HRV: the deep needling group showed significantly higher natural logarithm of the root mean square of successive RR
interval differences (INRMSSD) at T2, T3, and T4 compared with T1 (all P<<0.01), while no significant difference was found
between TS5 and T1 (P>0.05); the superficial needling group exhibited no significant differences in InRMSSD at any time points
relative to T1 (all P>0.05), and between-group comparison revealed that, after adjusting for baseline T1, InRMSSD at T2 was
significantly higher in the deep needling group than in the superficial needling group (adjusted mean difference = 0.22, 95% CI: 0.08
to 0.36, P<<0.01). (2) BRS: the deep needling group had significantly elevated BRS gain at T3 compared with T1 (P<<0.05),
whereas the superficial needling group exhibited no significant differences across any time points relative to T1 (all P>0.05);
between-group comparison demonstrated that BRS gain at T3 was significantly higher in the deep needling group than in the
superficial needling group (10.66 [6.81, 17.76] ms/mmHg vs 8.37 [7.03, 10.50] ms/mmHg, P<<0.05). (3) CO: no significant
interaction effect was observed (P>0.05), although a significant time effect was present (P<<0.05), with post hoc pairwise
comparisons showing that CO at T2, T3, and T4 was significantly lower than at T1 (P<<0.05). Conclusion Deep needling at
Zusanli regulates autonomic nerves for both the heart and blood vessels. For blood vessels, it mainly manifests a sympathetic effect;
for the heart, it mainly manifests a parasympathetic effect. This study may provide a preliminary clinical reference for the treatment
of cardiovascular diseases such as sinus tachycardia, cardiac neurosis, and orthostatic hypotension.

Keywords: Zusanli; autonomic nervous system; heart rate variability; blood pressure variability; cardiac output; acupuncture
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sensitivity, BRS)HE#57EA AN SR
14 HAEMLE

FEAS A BT 2 RIS TR IR 45 20
TR -5 A 2 7 T2 I A5 SBP-CV 33 4E 73 51
0052, 0.041, & Jf b #E 22 Al 75 20 3 0.016.
0.011, & JH PASS 15.0.5 514, i WA <7 FEA B {8
LEAL RS 55, AT I 7K 0=0.05, KaSoaihE(1-
B)=0.80, THAFHHABTTAEAT A 260, HIE20%
M7, RRLH IS R 3445, THRILEEEA & 68 1
1.5 BENHETE

FHXAHABENE(XH KN4, 11538,
ST TASBIESR Y GE I8 FH SAS 9.4 814 1k
PLF 5 o BEALSBC 7 F 456 P 2 ARG . %)
MfEE, T AR, ZIEALG, HEE0
FPMR R B0 7 Al PRET IR B 25 57, 4
YEF TR H B H s EHESREN . B
ST GEit Il e UG E X R E . W
HIH B ASGETHIM0E /it
1.6 FHAR

PIZH 34 FR (] — 24 AR BT R R . 323
WAEM, JRER R IR R TR, e ia 2 =
L GE % E ZbRE GB/T 12346-2021 B 1), 1
BRG] N IASTR S RTINS 4R 2 R E AR .

R : Wty W ZEMK” T3k kst
2730 mm, AT A WLEFRHRIA IR F Bl ko S Ak,
BRSO I BE NI I s A7 BT B84, A
2 60/min, TEEELY 10 mm, $74E150 s /5 4.

ORZE . EOREER 2910 mm, FFASRHRIS LA
BT, ApfTdedd Tk, B 150 s/ais .
1.7 #HIERE

R BEAR B BB T AR B, T IRAE T



500  fERCFEEESEBER

Acad J Chin PLA Med Sch May 2026, 47 (5)

https://xuebao.301hospital.com.cn

1P 8:30 — 11:30 817 #HAEPREEIREE 22 ~ 25°C,
AN RE N 20% ~ 70%, ZiXE WUPEM , PRIFRL
FAIR 2% . 2% ] BIOPAC MP160 % %t (BIOPAC
Systems Inc., USA)R4E.(»Hi [l (electrocardiogram,
ECG), RHFEM 1% % 2 000 Hz; R | CNAP
Monitor 500 % %4 (CNSystems Medizintechnik,
Graz, Austria) RS M MR o, &
SLB AN AL A B T2 A T ER A Ts,
e AR [ 7 [ R8s 7 2 ~ 3 em Ak

165 min R G, HFHRERS, REN
W) A543 50 R . BHRIRT(TL). SR (T2), £ 4E
Je BRZ2I(T3) . &1l 45 55 30 min(T4) AT 3045 55
120 min(T5), AFAAE]ESRAE 5 min fadS A H 5 5 .

B9 2% BUHE 43 B 7F MATLAB 3£ 55 (MathWorks,
USA) FER, OIEIEN . 20 L LR R S il
Ab3E L, HRV 23 Hr 3T ECG {5 5 2 HURR [a A FE 41,
1% Mean RR. InRMSSD %l f5 45 ; £55d 4 Hz
RS AT M, 115 InLF(0.04 ~ 0.15 Hz).
InHF(0.15 ~ 0.40 Hz). InTP }% LF/HF [{.{. BPV 4}
Mrdk TS i R Y, $2HSBP 5 DBP, itH
H ¥ . SD. CV. SV. ARV Kl 3 4§ #x (LF.
HF). CO H CNAP R4t T k5 ik A sh ikt .
BRS 7M1 R Fi %5 RT3 A0B(0.04 ~ 0.15 Hz)
gk, A AAMET F £ (Coherence)>0.5 HHEL o
1.8 SitZESHT

K JH SPSS 27.0 F A #4743 B o F PR A
Shapiro-Wilk IEZSMER R, fFAIESAMEUT+s
TR, AFEIERIATE L MUOR) KR 5 THEHE
B (A 3 )R .

F2 L A B R Ay 22 43 BT IEAG
SBP-CV A4 1] < F (] 58 B AW o 4538 H AW i %,
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MEIE 5 2R LLBCR U 5 22500, DASESRAE A T
At , R T2H S WA 2257, I RN &
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2.1 WAHA—REARILER
68 Bl Z iR E ¥ SERGRL . WA Z iR AT

ARy . B . R BT AR BT 48 £X (body mass
index, BMD) LA, 2R TGIT22E L (P>0.05),
HAM M, W&,
F1 WHZIREMBTRILE (0=34)
Tab.1 Comparison of demographic data between the two
groups (n=34)

fabr T ZH Tz Al Pl

TERN/(B, 93 /40) 15/19 16/18 0.059  0.808

HEIRI(Y , Xrs) 262+32 255433 0.888  0.378
KB/ (kg Xts) 66.4+108  654+13.1 0343 0.732
B ii/(em, Xts) 169.4+7.0  169.0+7.6 0.226  0.822
BMI/(kg/m?, Xts)  23.0£2.6 22.7+3.1 0432 0.667

BMI: ARG RFE 5L

22 FEAQWHEETRHEIERIEER
2.2.1 WAL SBP AR MEARRIY LI T1 BT B4
KAEtr 2 R B LG L (P>0.05), BAAATLL
. SBP-SD 1 SBP-CV 3¢ B AU it % (P<<0.05).
A7 B 24N A3 AT s« TR 2 T2 B 4 SBP-SD il
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BMESY TG 242 L (P>0.05); 7% |2 4515} ]
BH TR Z R TITG 2253 L(P>0.05). 4[]
FeA @R, THIZH T2 15} 5 SBP-SD il SBP-CV ) 75
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(A8 B3N i (P<<0.05), {HZ i Bss v o3 M %
WEARIESG, AN 2E Ry g7 2 (P>
0.05). SBP-mean Fl1 SBP-LF #5254 . B[] 32
AN, B L5 ROV AN .3 (P>0.05), W2,
2.2.2 W4 DBP S YEFRARAV LS T1RTEMZ
HAabR 22 B g R R L (P>0.05), BAA I
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A8 H YN (P<<0.05), {ELTa] B4 1 23 B /s
2 [ AN N 22 S T ge it 5 L (P>0.05). DBP-
SD. DBP-CV i [B] %00 i 3 (P<<0.05), {H 4% Hf
) &5 T1 2 B G5 & L (P>0.05).
DBP-mean [ 32 RN . B[]0 A 2H 3800 AN
3 (P>0.05), W3,
23 REZDJULDETZRMIERILER

T1 B Be A & 46 b 22 R 3 e e it (P>
0.05), HA T HAE, InRMSSD AYAE B ik & (P<
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Tab.2 Comparison of SBP variability between the two groups (n=34)

Ei=ta1 i I TR ek ZH[B)(F/Wald {8, PAt)  Ifi)(F/Wald {8, PE) 38 H.(F/Wald 2>, P1E)
Tl 117.5£15.3 119.5514.4
™ 113.8+13.8 116.9+15.1
SBP-mean/
~ T3 116.0+15.4 120.4+16.3 0.815,0.370 2313,0.08 0.190,0.898
(mmHg, X+s)
T4 117.0£14.5 118.4+15.4
T5  120.5£183 1223177
T1 4.6:0.9 48£1.9
) 6.542.6 4.9+1.4
SBP-SD/
- T3 5.0£1.7 50417 1.267,0.056 2.813,<0.001 1.401,0.015
(mmHg, X+s)
T4 5.542.0 48421
TS 46+1.8 44512
TI  0.039£0.008 0.04120.022
T2 0.0570.021 0.042+0.011
SBP-CV/(its) T3 0.0440.017 0.043£0.015 2.208,0.023 3.716, <0.001 1.176,0.022
T4 0.047+0.018 0.04120.019
TS 0.038£0.015 0.036:0.009
Tl 3.57(245,4.52) 3.23 (272, 4.04)
T2 3.77(3.11, 5.08) 3.08 (2.08, 437)
SBP-SV/[mmHg,
V01001 T3 3.13(2.66, 472) 3.34 (2.66, 4.02) 0.979,0.322 5.347,0.253 9.908,0.042
3 T4 326 (2.64, 4.13) 3.24(2.58, 3.85)
T5  3.04(2.36,3.71) 3.0 (243, 3.59)
TI  2.39(1.80,3.21) 2.41(1.94, 2.81)
T2 2.62(2.04,3.58) 2.28(1.58, 3.06)
SBP-ARV/[mmHg,
V(0,00 T3 225(1.93,3.12) 2.44(1.93,2.93) 0.472,0.492 4.428,0.351 9.908,0.042
= T4  2.30(1.96, 2.83) 2.29 (1.92, 2.88)
T5  2.12(1.77,2.68) 239 (1.82, 2.69)
TI  3.00(1.58, 4.63) 2.54 (1.83, 3.31)
, T2 320(1.89,546) 1.96(1.40, 4.19)
SBP-HF/[mmHg~,
M (0).00] T3 2.34(1.53,4.99) 2.67 (151, 4.30) 2.984, 0.084 5.103,0.277 14.186, 0.007
= T4  2.64(1.76, 6.15) 2.51(1.50, 4.07)
TS 221 (1.44,3.76) 2.59(1.57, 4.19)
TI 3.63(2.13,5.65) 3.49(2.20, 7.11)
, T2 6.03(331,1044) 4.43 (228, 5.43)
SBP-LF/[mmHg",
T3 3.67(2.23,7.45) 4.88(2.09, 7.73) 1.266,0.261 6.325,0.176 8.318,0.081

M(Q;,
(©1,05)] T4 6.67(2.98,899) 290 (143, 6.43)

T5  3.49(1.96, 6.80) 4.35(2.05, 7.05)

SBP-SD it FAnifE 2 , SBP-CV WUl 4 AR 5 2 45, SBP-SV WU 4ii e i 2245 54, SBP-ARV S it - 4 B9 AR S5 , SBP-HF L4 1 5

AT, SBP-LF AR AR R L)%, 1 mmHg=0.133 kPa.

HIJEE=0.22, 95% CI: 0.08~0.36, P<0.01).

Mean RR. InHF. InLF } InTP #9328 H.30 0 B
A3 (P>0.05), {HEFEZON B (P<0.01), ¢
JE e s, STUME, T2, T3A LildEhris i
ZTHE (P<0.05); T4 MY Mean RR /3 4 3& 55 T T1
(P<0.01); TSHIEFEFRS TI MZEFH LG FE
X (P>0.05). LF/HF [AACE RN, B[R]0 FlZ 5
BN YA B (P>0.05), W34,

24 REZFCOLLER

WL 320 45 5 CO: TRAINAL T ~ T5 4350
6.7+ 12) L/min. (6.1 +1.1) L/min, (6.2 + 1.2) L/min.
(6.0+0.9) L/min. (6.4« 1.1) L/min; A2 5351 K
(6.4+0.9) L/min, (6.0+0.9)L/min, (6.0+1.0)L/min,
(6.0 £ 0.7) L/min. (6.2 + 0.8) L/min, T1 i & 7541
CO EZRIG I 2FE L (P>0.05), A, &
M7 2250 o, S E AN A i3 (F=0.785,
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Tab.3 Comparison of DBP variability between the two groups (n=34)

£ s i) G2 e K Y IAI(F/Wald (1, PAE)  FHAI(F/Wald {8, P1E) 28 H.(F/Wald 2 {8, P{H)
TI 70.5414.5 72.6+11.4
) 69.2+12.3 71.9+11.8
DBP-mean/
B 3 71.0414.5 74.0+13.6 0.726,0.397 2.059,0.108 0.267,0.846
(mmHg, Xx+s)
T4 73.6:13.9 73.4£11.6
TS 74.0+11.3 76.0412.2
Tl 3.9+1.1 3.8+1.2
T 45:18 3.9+13
DBP-SD/
~ Q) 3.9+1.3 41514 0.732,0.395 3.176,0.021 1.703,0.162
(mmHg, Xx+s)
T4 46+1.9 40£17
TS5 3.5+1.3 3.7£1.2
TI  0.058+0.021 0.0540.019
T2 0.070+0.034 0.055+0.022
DBP-CV/(ts) T3 0.058+0.024 0.058+0.023 1.904,0.172 4.101,0.008 1.053,0.370
T4 0.064+0.028 0.056+0.027
TS 0.048+0.021 0.048£0.015
TI  3.05(1.71,3.70) 2.33(1.92, 3.26)
T2 252(2.26,324) 1.98(1.59, 3.01)
DBP-SV/[mmHg,
V0001 T3 2.29(1.82,292) 2.14(1.57,3.17) 0.612,0.434 7.670,0.104 11.473,0.022
=3 T4  2.30(1.83,3.28) 2.04(1.58, 2.54)
TS 1.77(1.58,227) 224 (1.73, 3.08)
TI  1.98(1.26,2.78) 1.78(1.23, 2.40)
T2 1.92(1.53,251) 1.46(1.27, 2.30)
DBP-ARV/[mmHg,
V(0,00 T3 1.69(1.24,230) 170 (1.20, 2.45) 0.365,0.546 7.986,0.092 12.801,0.012
1= T4 1.75(1.36, 2.13) 1.62(1.18, 2.01)
TS 137(L.18, 1.67) 1.65(1.33,2.27)
TI  131(0.79,322) 1.44(0.71, 2.30)
, T2 170(0.85,248) 1.04(0.54, 1.73)
DBP-HF/[mmHg",
V0,001 T3 134(0.79, 1.98) 1.09 (0.54, 1.95) 3.681,0.055 4.093,0.394 15.238,0.004
e T4  137(0.63,2.88) 1.09(0.73, 1.62)
TS 0.86(0.59, 1.66) 1.11(0.70, 2.72)
TI  2.82(1.61,539) 3.01(2.15, 6.27)
, T2 438(3.19,6.71) 296 (1.70, 4.83)
DBP-LF/[mmHg",
T3 3.59(1.93,5.79) 2.84(1.92, 5.04) 0.959,0.327 1.672,0.796 15.821,0.003

M s
(91,051 T4 3.66 (1.90, 5.48)

TS 2.96(1.46, 4.38)

2.10 (1.54, 3.48)
3.13(1.79, 4.62)

DBP-SD K7 5k Fdrift 25 , DBP-CV R &7 5K &
A%, DBP-LF &7 il AR . 1 mmHg=0.133 kPa,
P=0.504), ISR B3 (F=8.428, P<<0.001), =
Ja T A R, T2, T3, T4RF A CO KT
Tl(P<0 051 P<0.01),
2.5 RELSBRSHILEE

T1 B2 A 46 br 22 e ¥ R G812 8 L (P>

0.05), HA AP, BRS M55 158 B AW i &
(P<<0.05); ] BRI 43 B /s, TRORIZH T3 B 4

m&iﬁﬁﬂﬂﬁm<mm &Mﬁ%ﬁﬁ%ﬂ
i 22 RIS F 3 L (P>0.05); A i

JF75 55 250, DBP-SV K473k R

258 ¢ DBP-ARV &7 ik -1 BL9CAR 544, DBP-HF 67 ik &

T 4 T3 i) A5 BRS $4 25 @ R 0 4 (P<
0.05). HH T A28 BRON B[R] 2000 K 20 531 3
RN IS B (P>0.05), WS,

3 itig
JE = L ORAL AT A AR 20 py T i ERE
Ty A OV do A 2 35 7 e MRS ORI

B HEME RN, BRI A
FILEN RS b ABESESE SRR, FER
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Tab.4 Comparison of heart rate variability parameters between the two groups (n=34)

b st i) eS| ez HHIRI(F/Wald (8, PE)  IRI(F/Wald )28, P1E)  38H.(F/Wald y*{f, P1E)

Tl 884.8+102.6 911.7+99.9
T2 957.5+109.8 948.4+97.7

Mean RR/(ms, ¥+s) T3 922.1+100.3 933.2495.5 1.308,0.257 14.566,<0.001 0.180,0.673
T4  934.9:118.0 938.8+89.7
T5 899.1+122.2 914.2485.7
T1 3.53+0.51 3.610.48
T2 3.88+0.47 3.75+0.46

LnRMSSD/(¥s) T3 3.75+0.47 3.7240.45 0.001,0.998 9.656,<0.001 2.941,0.039
T4 3.73£0.56 3.69+0.50
T5 3.5620.55 3.69+0.46
Tl 6.01.1 6.3£1.0
T2 6.6:0.9 6.5+0.9

InHF/(X+5) T3 6.4%1.0 6.5+0.8 0.088,0.768 5.582,0.001 1.316,0.266
T4 6.4+1.2 6.4+1.0
TS 6.1£1.1 6.3£0.9
Tl 5.6£1.0 5.740.9
T2 6.440.9 5.941.0

InLF/(¥+s) T3 6.0£1.0 5.940.9 0.214,0.645 7.416,0.001 2.143,0.076
T4 5.7£1.2 5.7£1.0
T5 5.540.9 5.7+1.0
Tl 6.71£0.91 6.83+0.90
T2 7.33£0.76 7.06+0.83

InTP/(x+s) T3 7.09+0.89 7.06+0.74 0.002,0.969 8.080,0.001 1.683,0.154
T4 6.93+1.05 6.92+0.87
T5 6.71:0.92 6.87+0.81
T1  0.59(0.28, 1.04) 0.56(0.29, 1.03)
T2 0.89(0.34, 1.63) 0.51(0.28, 1.20)

LF/HF/[M (Q;,05)] T3  0.86(0.39, 1.36) 0.60(0.28, 1.05) 2.150,0.708 1.340,0.247 2.567,0.633
T4 0.52(0.28, 0.81) 0.53(0.28, 1.02)
T5  0.51(0.32, 1.22) 0.58(0.24, 1.33)

Mean RR 25 F-2 RR [FIH], InRMSSD Ay AH45 RR [F] 1] 22 {11934 7 AR ¥ % 4500, InHF S = 3000 S 40(H L InLF S AR B 265 408, LF/HF AR 5
AR UAE, InTP A B R BUE . LE/HF BGETHEER M (O, 091, SR ST B s HARTE ARG IR R (ees) , 4307 2R I
T 225001 T1REHRIET, T2 A EHIRT, T3 A8 filfE RV, T4 %5 30 min, TS R4 120 min,
x5 FWAHAENRFFRMEERLER
Tab. S5 Comparison of baroreflex sensitivity between the two groups (n=34, M [Q,, Q;])

S 1] T2 A 2 ) (F/Wald {8, P{E) A (F/Wald {8, PAE)  32H.(F/Wald {8, P{H)

Tl 749436, 10.57) 8.71(5.80, 11.73)
T2 827(5.80, 14.16) 6.70 (5.43, 11.83)

435 (ms/mmHg) T3 10.66 (6.81, 17.76) 8.37 (7.03, 10.50) 0.352,0.553 3.255,0.516 12.189,0.016
T4  7.60(4.55, 11.20) 8.52(5.91, 13.86)
TS 7.92(4.96, 11.17) 8.77(5.89, 13.48)
Tl 0.80(0.73, 0.83)  0.79 (0.75, 0.85)
T2 0.77(0.72, 0.84)  0.77(0.73, 0.84)

A T3  0.80(0.72, 0.87) 0.78(0.75, 0.81) 0.159, 0.690 3.282,0.512 0.870,0.99
T4 0.79(0.74, 0.83)  0.78 (0.74, 0.82)
TS 0.78(0.72, 0.84)  0.80 (0.70, 0.84)

KA ST BT 0 . TR, T2 4RI, T3 A8l S BN Z0, T4 %5 30 min, TS H%£HHIfS 120 min, 1 mmHg=0.133 kPa,
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X —45 05 28006 T 1 = B O IE D) RE ) BF
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SRS Y N RS RLE] . S 3h Ik )
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