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Purpose: Preoperative sleep disturbance exacerbates postoperative pain and delays recovery. Transcutaneous electrical acupoint 
stimulation (TEAS) may alleviate insomnia and pain. This trial evaluated preoperative TEAS on postoperative pain, sleep, and 
intraoperative hemodynamics in breast cancer patients with preoperative sleep disturbance.
Patients and Methods: Fifty-nine breast cancer patients (aged 37–70 years) were stratified by Pittsburgh Sleep Quality Index 
(PSQI): PSQI < 6 were assigned to the non-randomized control group (Group C, n = 26), while patients with PSQI ≥ 6 were randomly 
allocated (1:1) to the sleep disturbance group (Group S, n = 16) or the TEAS group (Group T, n = 17). TEAS (2/100 Hz, 8–12 mA, 
30 min) was delivered pre-anesthesia at LI4, HT7, and PC6. Pain was assessed via Numerical Rating Scale (NRS) at 4, 24, 48, and 
72 h postoperatively. Sleep was measured with Athens Insomnia Scale (AIS). Intraoperative systolic blood pressure variability (sdSBP, 
cvSBP) was recorded.
Results: In observational comparisons, Group S exhibited elevated NRS scores at 24, 48, and 72 h vs Group C (p < 0.05). TEAS 
significantly reduced NRS scores across all time points (p < 0.05) and improved AIS scores on postoperative days 1–2 (p < 0.05). 
Intraoperative sdSBP and cvSBP were lower in Group T than Group S (9.31 ± 2.73 vs 18.85 ± 6.74; 0.08 ± 0.02 vs 0.16 ± 0.05; p < 
0.05). Among non-TEAS patients (Groups C and S), preoperative PSQI positively correlated with postoperative NRS and AIS scores.
Conclusion: Preoperative TEAS significantly attenuates postoperative pain and improves sleep in breast cancer patients with 
preoperative sleep disturbance, possibly associated with reduced intraoperative blood pressure variability. Preoperative sleep quality 
may predict postoperative outcomes.
Keywords: transcutaneous electrical acupoint stimulation, postoperative pain, sleep disturbance, breast cancer, autonomic nervous 
system

Introduction
Postoperative pain remains a significant clinical challenge, with up to 40–60% of surgical patients experiencing moderate 
to severe pain in the early postoperative period.1 Inadequate pain control not only prolongs hospital stay and delays 
functional recovery but also increases the risk of chronic postsurgical pain and long-term opioid use.2,3 Breast cancer 
patients scheduled for elective surgery represent a particularly vulnerable population, facing both surgical trauma and 
profound psychological distress related to cancer diagnosis and the prospect of mastectomy or breast-conserving 

Journal of Pain Research 2026:19 619125                                                                           1
© 2026 Ma et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Pain Research                                                                   

Open Access Full Text Article

https://doi.org/10.2147/JPR.S619125
Received: 22 April 2026
Accepted: 1 July 2026
Published: 10 July 2026

Jo
ur

na
l o

f P
ai

n 
R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


surgery.4 According to the latest GLOBOCAN estimates, female breast cancer was the second most common cancer 
globally in 2022, with approximately 2.3 million new cases and 666,000 deaths, accounting for 11.6% of all cancer cases 
and 6.9% of all cancer deaths worldwide.5 Identifying effective, low-risk analgesic strategies that complement conven
tional pharmacotherapy is therefore of considerable clinical importance.

Sleep disorders are highly prevalent among breast cancer patients, with reported rates ranging from 60% to 90%.6,7 

Importantly, preoperative sleep disturbance is not merely a benign comorbidity, it actively exacerbates postoperative pain 
perception through multiple neurobiological mechanisms, including enhanced central sensitization8,9 and sympathetic 
hyperactivation.10 The bidirectional relationship between sleep and pain is well established: poor sleep amplifies pain 
perception, while unrelieved pain fragments sleep architecture.10,11 This vicious cycle underscores the need for inter
ventions that can simultaneously address both pain and sleep disturbance in the perioperative setting.

Transcutaneous electrical acupoint stimulation (TEAS), a non-invasive acupuncture modality that delivers electrical 
current through surface electrodes placed at specific acupoints, has emerged as a promising complementary therapy for 
pain management11,12 and sleep improvement.13 Systematic reviews and meta-analyses have demonstrated that TEAS 
significantly reduces postoperative pain scores and decreases cumulative opioid consumption across various surgical 
procedures.14,15 Despite this evidence, few studies have specifically examined TEAS in breast cancer patients with 
documented preoperative sleep disturbance—a population at particularly high risk for exacerbated postoperative pain and 
delayed recovery. Moreover, the potential of preoperative TEAS to stabilize intraoperative hemodynamics and improve 
postoperative pain outcomes in this high-risk subgroup has not been comprehensively evaluated. Therefore, the present 
randomized controlled trial was designed to investigate: (1) whether preoperative sleep disturbance is associated with 
worsened postoperative pain and intraoperative hemodynamic fluctuations in breast cancer patients; and (2) whether 
a single session of TEAS administered prior to anesthesia can attenuate postoperative pain intensity, improve sleep 
quality, and reduce sympathetic excitability during surgery.

Materials and Methods
Ethical Approval and Trial Registration
This prospective, partially randomized controlled trial was approved by the Medical Ethics Committee of the Second 
Affiliated Hospital of Harbin Medical University (approval number: KY2022-193) and conducted in accordance with the 
ethical principles of the Declaration of Helsinki. The trial was prospectively registered with the Chinese Clinical Trial 
Registry (http://www.chictr.org.cn/, registration number: ChiCTR2200062959, registration date: 2022–08-25). Written 
informed consent was obtained from all participants prior to enrollment. The full trial protocol is available from the 
corresponding author upon reasonable request. Patients and the public were not involved in the design, conduct, 
reporting, or dissemination plans of this research.

Participants
Patients with histopathologically confirmed breast cancer scheduled for elective surgery at our institution between July 
and November 2022 were screened for eligibility. Inclusion criteria were: (1) American Society of Anesthesiologists 
(ASA) physical status I–III; (2) age 18–70 years; (3) normal cognitive function and no communication impairment; and 
(4) anticipated surgical duration ≥ 30 minutes. Exclusion criteria were: (1) declined participation; (2) development of 
severe postoperative complications; (3) requirement for intensive care unit admission; (4) presence of cardiac pacemaker 
or implantable electronic device; (5) severe underlying conditions including cardiovascular, cerebrovascular, hepatic, 
renal, or hematopoietic diseases; (6) infection or injury at the designated TEAS electrode placement sites; and (7) history 
of severe neurological or psychiatric disorders. Surgical procedures included breast-conserving surgery with sentinel 
lymph node biopsy (BCS + SLNB), simple mastectomy with sentinel lymph node biopsy (SM + SLNB), and modified 
radical mastectomy (MRM), as determined by tumor stage and multidisciplinary team consensus.
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Group Allocation and Randomization
On the day prior to surgery, all enrolled patients were assessed for their sleep status over the preceding month using the 
Chinese version of the Pittsburgh Sleep Quality Index (PSQI), a validated 19-item self-report questionnaire that evaluates 
seven components of sleep quality (total scores: 0–21, higher scores indicating poorer sleep quality). This instrument has 
demonstrated good reliability and validity in Chinese cancer populations (Cronbach’s α = 0.82–0.85).16 The full version 
used in this study is provided as Supplementary Material 1.

This was a partially randomized controlled trial. Patients with PSQI scores < 6 (indicating no clinically significant 
sleep disturbance) were assigned to the non-randomized reference control group (Group C). Patients with PSQI scores ≥ 
6 (indicating poor sleep quality) were randomly allocated in a 1:1 ratio to either the sleep disturbance group (Group S) or 
the TEAS intervention group (Group T) using a computer-generated random number table Consequently, the primary 
randomized comparison was between Group S and Group T; comparisons involving Group C versus Groups S or 
T should be interpreted as observational. Allocation concealment was not feasible due to the physical nature of the TEAS 
intervention (researchers performing TEAS were necessarily aware of treatment allocation); however, outcome assessors 
were blinded to group assignment. Randomization was performed by a researcher not involved in patient recruitment, 
intervention delivery, or outcome assessment.

Sample Size Calculation
Sample size was estimated based on preliminary data from 30 patients (10 per group). Pairwise comparisons between Group 
C and Group S, and between Group T and Group S, were performed using postoperative Athens Insomnia Scale (AIS) score 
as the primary outcome. Power analysis conducted using the Power and Sample Size software indicated that 16 patients per 
group would provide 80% power to detect a clinically meaningful difference in AIS scores with a type I error (α) of 0.05. 
Postoperative NRS pain intensity was designated as a co-primary outcome of equal clinical importance; however, formal 
power calculation for NRS was not performed in the preliminary phase due to incomplete data collection. Post-hoc 
inspection of the final NRS results confirmed that the achieved sample size detected statistically significant between- 
group differences at all time points. To account for potential dropouts, a total of 72 patients were enrolled.

Anesthesia Protocol
A standardized general anesthesia protocol was applied to all patients. Anesthesia was induced with intravenous propofol 
(1.5–2.0 mg/kg), sufentanil (0.3–0.5 μg/kg), and cis-atracurium (0.1 mg/kg). Following tracheal intubation, anesthesia 
was maintained with sevoflurane inhalation (1.0–2.0% end-tidal concentration) and continuous intravenous remifentanil 
infusion (0.1–0.3 μg/kg/min), titrated to maintain bispectral index (BIS) values between 45 and 60. Intraoperative blood 
pressure was maintained within 20% of baseline values; ephedrine (5–10 mg intravenous bolus) was administered when 
systolic blood pressure decreased by more than 20% from baseline. For postoperative analgesia, flurbiprofen axetil 
(100 mg) was administered intravenously 30 minutes before the end of surgery and subsequently once daily for three 
consecutive days. No other regional blocks or additional analgesics were administered intraoperatively. All patients 
received standard perioperative care including prophylactic antiemetics (dexamethasone and granisetron) to prevent 
postoperative nausea and vomiting.

TEAS Intervention
Patients in Group T received a single 30-minute session of TEAS prior to anesthesia induction. A standardized electrical 
stimulator (HANS-200A, Nanjing Jisheng Medical Technology Co., Ltd., China) delivered biphasic square waves at 
alternating frequencies of 2 Hz and 100 Hz (dense-disperse mode), with current intensity individually adjusted to 8–12 
mA based on patient tolerance (visible local muscle twitching without discomfort). Four acupoints were selected based 
on traditional Chinese medicine principles for their established roles in pain modulation and sleep regulation: Hegu (LI4) 
and Shenmen (HT7) on the left upper limb, and Hegu (LI4) and Neiguan (PC6) on the right upper limb. LI4 is located on 
the dorsum of the hand, between the first and second metacarpal bones, at the midpoint of the second metacarpal bone on 
the radial side. HT7 is located at the ulnar end of the transverse crease of the wrist, in the depression between the 
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pisiform bone and the ulna. PC6 is located approximately 2 cun (≈6.7 cm) proximal to the transverse wrist crease, 
between the tendons of the palmaris longus and flexor carpi radialis muscles. The anatomical locations of these acupoints 
are illustrated in Figure 1. Electrode placement and stimulation parameters were standardized across all participants in 
Group T. Patients in Groups C and S did not receive TEAS or sham stimulation.

Outcome Measures
Primary Outcome: Postoperative Pain Intensity and Sleep Quality
The primary outcome was postoperative pain intensity assessed using the 11-point Numerical Rating Scale (NRS; 0 = no 
pain, 10 = worst pain imaginable). Pain scores were recorded at rest at four time points: 4, 24, 48, and 72 hours after 
surgery. The NRS is a well-validated, reliable tool for assessing acute postoperative pain and demonstrates strong 
correlation with visual analog scales in surgical populations.

Sleep quality was assessed using the Athens Insomnia Scale (AIS), a validated 8-item self-report instrument that 
evaluates sleep induction, nocturnal awakenings, final awakening, total sleep duration, sleep quality, well-being, 
functioning capacity, and daytime sleepiness. The AIS has demonstrated good reliability (Cronbach’s α = 0.87– 
0.90) and validity in both preoperative and postoperative settings, with scores ≥ 6 indicating clinically significant 
insomnia.17 AIS scores were recorded at four time points: one day before surgery (T0), on the day of surgery (T1), and 
on the first (T2) and second (T3) postoperative days. Additionally, the number of nocturnal awakenings was 
documented.

Secondary Outcomes: Intraoperative Hemodynamics and Recovery
Intraoperative hemodynamic stability was assessed using two derived parameters: the standard deviation of systolic 
blood pressure (sdSBP), which quantifies overall blood pressure variability during surgery; and the coefficient of 
variation of systolic blood pressure (cvSBP), calculated as sdSBP divided by mean systolic blood pressure, which serves 
as a normalized index of sympathetic nervous system activity.18,19 Blood pressure measurements were recorded at 5- 
minute intervals throughout surgery, and sdSBP and cvSBP were computed from all intraoperative readings. Total 
intraoperative ephedrine consumption was also recorded as an indicator of hemodynamic instability.

Secondary clinical outcomes included: incidence of postoperative nausea and vomiting (PONV) within 24 hours after 
surgery; preoperative anxiety assessed using the Chinese version of the Self-Rating Anxiety Scale (SAS); heart rate 
variability (HRV) parameters (LF/HF ratio) derived from preoperative Holter monitoring; and total length of hospital 
stay. Preoperative risk of PONV was assessed using the Adult Apfel simplified scoring scale.

Figure 1 Anatomical locations of the acupoints used for transcutaneous electrical acupoint stimulation (TEAS). 
Notes: LI4 (Hegu) is located on the dorsum of the hand between the first and second metacarpal bones. HT7 (Shenmen) is located at the ulnar end of the transverse wrist 
crease. PC6 (Neiguan) is located approximately 2 cun proximal to the transverse wrist crease between the tendons of the palmaris longus and flexor carpi radialis muscles.
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Data Collection
An outcome assessor blinded to group allocation performed all data collection. Baseline demographic and clinical data 
including age, body mass index (BMI), history of surgery and chemotherapy, comorbidities, baseline blood pressure and 
heart rate, intraoperative blood loss, fluid resuscitation volume, and surgical duration were recorded. All postoperative 
assessments (NRS pain scores, AIS sleep scores, PONV incidence) were conducted by the same blinded assessor to 
minimize inter-rater variability. No serious adverse events related to TEAS or study procedures were reported during the 
trial period.

Statistical Analysis
Continuous variables are expressed as mean ± SD and categorical variables as frequencies (%). Normality was assessed 
using the Kolmogorov–Smirnov test. Between-group comparisons for continuous data were performed using one-way 
ANOVA with Bonferroni post-hoc correction (normally distributed) or the Kruskal–Wallis test with Dunn’s post-hoc test 
(non-normally distributed). Categorical variables were compared using Fisher’s exact test, Pearson’s chi-square test, or 
the Cochran–Mantel–Haenszel test as appropriate.

For longitudinal outcomes (NRS and AIS), two-way repeated-measures ANOVA was employed with Group (C, S, T) 
as the between-subjects factor and Time as the within-subjects factor. Mauchly’s test was used to assess sphericity; the 
Greenhouse–Geisser correction was applied when violated. Main effects of Group and Time, as well as the Group × Time 
interaction, were examined. Bonferroni-corrected pairwise comparisons were performed when the interaction was 
significant or marginally significant (p < 0.10). Effect sizes were reported as partial eta-squared (η2).

Linear regression analysis was used to examine associations between preoperative PSQI scores and intraoperative 
hemodynamic parameters (sdSBP, cvSBP) and postoperative outcomes (AIS scores, NRS pain scores). Results are 
reported as standardized coefficients (β) with 95% confidence intervals (CI), adjusted R2, and two-tailed p values.

Categorical variables were analyzed using Pearson’s chi-square test when expected cell frequencies were ≥ 5, or 
Fisher’s exact test when expected frequencies were < 5. The exact test used for each comparison is specified in the 
corresponding table footnote.

A two-tailed p < 0.05 was considered statistically significant. All analyses were performed using SPSS version 22.0 
(IBM Corp., Armonk, NY, USA) and GraphPad Prism version 9.5 (GraphPad Software, San Diego, CA, USA).

Results
Patient Enrollment and Disposition
A total of 72 breast cancer patients were screened for eligibility. Eight patients declined participation, and three 
patients were excluded for not meeting inclusion criteria. Sixty-one patients were enrolled: 26 patients with PSQI 
< 6 were assigned to the non-randomized control group (Group C), and 35 patients with PSQI ≥ 6 were randomly 
allocated (1:1) to the sleep disturbance group (Group S, n = 17) or the TEAS intervention group (Group T, n = 
18). During the follow-up period, one patient in Group S and one patient in Group T were lost to follow-up due 
to incomplete postoperative data. Consequently, 59 patients (aged 37–70 years) were included in the final 
analysis: Group C (n = 26), Group S (n = 16), and Group T (n = 17). The CONSORT flow diagram is provided 
as Figure 2.

Baseline Characteristics
Demographic and baseline clinical characteristics of the three groups are summarized in Table 1. There were no 
statistically significant differences among groups in age, BMI, Apfel PONV risk scores, prevalence of hypertension or 
diabetes, history of prior surgery or chemotherapy, type of surgical procedure, duration of surgery, preoperative systolic 
blood pressure, preoperative heart rate, intraoperative blood loss, or fluid resuscitation volume (all p > 0.05). LF/HF ratio 
from preoperative Holter monitoring also did not differ significantly among groups (p = 0.418).

As expected based on group allocation criteria, significant differences were observed in preoperative PSQI scores 
(Group C: 4.46 ± 0.76; Group S: 9.63 ± 2.68; Group T: 8.71 ± 1.36; p < 0.001), preoperative AIS scores (Group C: 3.92 ± 
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1.74; Group S: 7.19 ± 1.56; Group T: 7.82 ± 1.78; p < 0.001), and preoperative SAS anxiety scores (Group C: 29.23 ± 
3.18; Group S: 31.41 ± 2.23; Group T: 31.99 ± 3.18; p = 0.008). Importantly, there were no significant differences in 
these baseline sleep and anxiety parameters between Group S and Group T, confirming successful randomization of the 
sleep-disordered cohort.

Figure 2 CONSORT flow diagram showing patient enrollment, allocation, follow-up, and analysis.

Table 1 Baseline Demographic and Clinical Characteristics

Characteristic Group C (n=26) Group S (n=16) Group T (n=17) p value

Age (years) 54.62±9.41 59±9.216 55.12±8.558 0.296
BMI (kg/m2) 23.37±3.30 23.44±2.91 22.36±1.92 0.453

Apfel PONV score 2.15±0.46 2.31±0.79 2.18±0.53 0.681

Hypertension, n (%) 7 (26.9) 5 (31.3) 5 (29.4) 1.000
Diabetes, n (%) 1 (3.8) 3 (18.8) 1 (5.9) 0.260

Prior chemotherapy, n (%) 7 (26.9) 4 (25.0) 4 (23.5) 1.000

Type of surgery [n (%)] 0.762
BCS + SLNB 8 (30.8) 8 (50) 8 (47.1)

Simple mastectomy + SLNB 7 (26.9) 3 (18.8) 3 (17.6)

Modified radical mastectomy 11 (42.3) 5 (31.3) 6 (31.3)
Surgical duration (min) 120.65±27.39 137.19±29.44 129.41±30.67 0.199

Preoperative SBP (mmHg) 126.27±14.907 137.31±20.963 132.53±18.297 0.143

Preoperative HR (bpm) 76.50±4.852 74.56±5.703 72.82±4.760 0.072
Blood loss (mL) 80.00±16.25 78.13±15.15 72.94±16.87 0.374

Fluid resuscitation (mL) 494.23±76.59 481.25±60.21 488.24±74.01 0.850

(Continued)
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Postoperative Pain Outcomes
Postoperative NRS pain scores at rest are presented in Figure 3. In observational comparisons, patients in Group 
S exhibited significantly higher NRS scores at 24, 48, and 72 hours postoperatively compared with the non- 
randomized control group (Group C) (p < 0.05 at each time point). TEAS intervention (Group T) significantly reduced 
NRS pain scores compared with Group S at all postoperative time points (p < 0.05). Notably, pain scores in Group T were 
comparable to those in Group C across all time points, suggesting that preoperative TEAS effectively normalized 
postoperative pain perception in patients with baseline sleep disturbance.

Postoperative Sleep Quality
AIS scores and nocturnal awakening frequency are presented in Figure 4. At baseline (T0), both Group S and Group 
T had significantly higher AIS scores than Group C (p < 0.05). On the day of surgery (T1), sleep quality was uniformly 
poor across all three groups, with no significant between-group differences (p > 0.05). However, on postoperative days 1 
(T2) and 2 (T3), both Group C and Group T demonstrated significantly greater improvements in AIS scores compared 
with Group S (p < 0.05). The number of nocturnal awakenings in Group T progressively decreased after surgery, 
mirroring the trend observed in Group C.

Intraoperative Hemodynamic Parameters
Intraoperative hemodynamic parameters and vasopressor requirements are summarized in Table 2. Both sdSBP and 
cvSBP were significantly lower in Group C and Group T compared with Group S (p < 0.05). Specifically, mean sdSBP 
values were: Group C, 12.09 ± 3.56; Group S, 18.85 ± 6.74; Group T, 9.31 ± 2.73 (p < 0.001). Mean cvSBP values were: 
Group C, 0.10 ± 0.03; Group S, 0.16 ± 0.05; Group T, 0.08 ± 0.02 (p < 0.001). Notably, patients receiving TEAS (Group 
T) demonstrated the lowest sdSBP and cvSBP values among all groups, even lower than those in Group C. Meanwhile, 

Table 1 (Continued). 

Characteristic Group C (n=26) Group S (n=16) Group T (n=17) p value

LF/HF ratio 1.00±0.78 1.39±1.73 1.37±0.66 0.418

PSQI score 4.46±0.76 9.63±2.68# 8.71±1.36# 0.000
SAS score 29.23±3.18 31.41±2.23# 31.99±3.18# 0.008

Preoperative AIS 3.92±1.74 7.19±1.56# 7.82±1.78# 0.000

Notes: Data were presented as mean ± SD or n (%). Categorical variables were analyzed using Pearson’s chi-square test (expected 
frequency ≥ 5) or Fisher’s exact test (expected frequency < 5). #p < 0.05 vs Group C. 
Abbreviations: BMI, body mass index; PONV, postoperative nausea and vomiting; BCS: breast-conserving surgery; SLNB: sentinel 
lymph node biopsy; SBP, systolic blood pressure; HR, heart rate; LF/HF, low-frequency/high-frequency ratio; PSQI, Pittsburgh Sleep 
Quality Index; SAS, Self-Rating Anxiety Scale; AIS, Athens Insomnia Scale.

Figure 3 Postoperative NRS pain scores at rest. 
Notes: Data were presented as mean ± SD. Two-way repeated-measures ANOVA revealed a significant main effect of Group (p < 0.001) and Time (p < 0.001), and 
a marginally significant Group × Time interaction (p = 0.075). *p < 0.05 vs Group S (Bonferroni post-hoc test). 
Abbreviations: NRS, numerical rating scale (NRS; 0 = no pain, 10 = worst pain imaginable).
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intraoperative ephedrine consumption was significantly lower in Group C (10.73 ± 6.01 mg) and Group T (11.29 ± 
5.15 mg) compared with Group S (16.31 ± 7.26 mg) (p = 0.016).

Postoperative Nausea, Vomiting, and Length of Stay
The incidence of postoperative nausea and vomiting and length of hospital stay are presented in Table 3. The incidence of 
nausea within 24 hours postoperatively was 50% (13/26) in Group C, 50% (8/16) in Group S, and 35.3% (6/17) in Group 
T; the incidence of vomiting was 42.3% (11/26) in Group C, 43.8% (7/16) in Group S, and 35.3% (6/17) in Group 
T. Although Group T exhibited numerically lower rates of both nausea and vomiting, these differences did not reach 
statistical significance (p = 0.590 and p = 0.863, respectively). Length of hospital stay was slightly longer in Group 
S (8.06 ± 2.29 days) compared with Group C (7.27 ± 2.41 days) and Group T (6.82 ± 1.68 days); however, this difference 
was not statistically significant (p = 0.266).

Correlations Between Preoperative Sleep Quality and Perioperative Outcomes
Linear regression analysis was performed in the combined non-TEAS cohort (Groups C and S, n = 42) to examine 
associations between preoperative PSQI scores and perioperative outcomes.

Table 2 Intraoperative Hemodynamic Parameters and Vasopressor Use

Parameter Group C (n=26) Group S (n=16) Group T (n=17) p value

sdSBP 12.09±3.56* 18.85±6.74# 9.31±2.73*# <0.001

cvSBP 0.10±0.03* 0.16±0.05# 0.08±0.02*# <0.001
Ephedrine dosage (mg) 10.73±6.01* 16.31±7.26 11.29±5.15* 0.016

Notes: Data were presented as mean ± SD. #p < 0.05 vs Group C; *p < 0.05 vs Group S. 
Abbreviations: sdSBP, standard deviation of systolic blood pressure; cvSBP, coefficient of variation of systolic blood 
pressure.

Figure 4 Postoperative sleep quality. (A) Athens Insomnia Scale (AIS) scores across the perioperative period in the three groups. T0, baseline; T1, day of surgery; T2, 
postoperative day 1; T3, postoperative day 2. (B) Number of nocturnal awakenings. 
Notes: Data were presented as mean ± SD. Two-way repeated-measures ANOVA revealed significant main effects of Group (p < 0.001) and Time (p < 0.001), and a highly 
significant Group × Time interaction (p < 0.001). #p < 0.05 vs Group C; *p < 0.05 vs Group S (Bonferroni post-hoc test).

Table 3 Postoperative Nausea, Vomiting, and Length of Hospital Stay

Outcome Group C (n=26) Group S (n=16) Group T (n=17) p value

Postoperative nausea, n (%) 13 (50.0) 8 (50.0) 6 (35.3) 0.590
Postoperative vomiting, n (%) 11 (42.3) 7 (43.8) 6 (35.3) 0.863

Length of hospital stay (days) 7.27±2.41 8.06±2.29 6.82±1.68 0.266

Notes: Data were presented as mean ± SD or n (%). Postoperative nausea and vomiting: Fisher’s exact test.
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Preoperative PSQI score was significantly and positively associated with intraoperative sdSBP (B = 0.903, 95% CI: 
0.355–1.451, β = 0.466, p = 0.002, adjusted R2 = 0.197) and cvSBP (B = 0.007, 95% CI: 0.003–0.011, β = 0.493, p < 
0.001, adjusted R2 = 0.224) (Figure 5). This indicates that patients with poorer preoperative sleep quality experienced 
greater intraoperative blood pressure fluctuations.

Furthermore, preoperative PSQI scores were significantly associated with postoperative AIS scores on day 1 (B = 
0.291, 95% CI: 0.152–0.430, β = 0.556, p < 0.001, adjusted R2 = 0.292) and day 2 (B = 0.329, 95% CI: 0.203–0.456, β = 
0.639, p < 0.001, adjusted R2 = 0.394) (Figure 6). Similarly, significant positive associations were observed between 
preoperative PSQI scores and postoperative NRS pain scores at 24 hours (B = 0.080, 95% CI: 0.027–0.134, β = 0.432, 
p = 0.004, adjusted R2 = 0.166), 48 hours (B = 0.132, 95% CI: 0.047–0.217, β = 0.446, p = 0.003, adjusted R2 = 0.179), 
and 72 hours (B = 0.176, 95% CI: 0.084–0.268, β = 0.521, p < 0.001, adjusted R2 = 0.253) (Figure 7). These findings 
suggest that preoperative sleep quality, as quantified by PSQI, may serve as a clinically useful predictor of both 
postoperative pain intensity and sleep disturbance.

Figure 5 Linear regression analysis between preoperative PSQI scores and intraoperative hemodynamic parameters. (A) PSQI scores and sdSBP and (B) PSQI scores and 
cvSBP in patients not receiving TEAS (Groups C and S combined). 
Abbreviations: PSQI, Pittsburgh Sleep Quality Index; sdSBP, standard deviation of systolic blood pressure; cvSBP, coefficient of variation of systolic blood pressure.

Figure 6 Linear regression analysis between preoperative PSQI scores and postoperative AIS scores on days 1 and 2 in patients not receiving TEAS (Groups C and 
S combined). 
Abbreviations: PSQI, Pittsburgh Sleep Quality Index; AIS, Athens Insomnia Scale.
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Adverse Events
No serious adverse events attributable to TEAS or study procedures were reported during the trial period. All patients 
tolerated the TEAS intervention well, with no reports of skin irritation, burns, or discomfort requiring discontinuation of 
stimulation.

Discussion
The principal findings of this partially randomized controlled trial are fourfold. First, preoperative sleep disturbance in 
breast cancer patients is associated with significantly elevated postoperative pain intensity, poorer postoperative sleep 
quality, and greater intraoperative hemodynamic instability. Second, a single 30-minute session of TEAS administered 
prior to anesthesia effectively attenuates postoperative pain, improves postoperative sleep quality, and reduces intrao
perative blood pressure variability in patients with documented preoperative sleep disturbance. Third, TEAS reduces 
cvSBP—a normalized index of blood pressure variability—suggesting that its clinical benefits may be mediated, at least 
in part, through modulation of autonomic balance. Fourth, preoperative PSQI scores were significantly associated with 
postoperative pain and sleep quality, highlighting the potential utility of routine preoperative sleep screening for risk 
stratification and targeted intervention.

Preoperative Sleep Disturbance Exacerbate Postoperative Pain
The observation that patients with preoperative sleep disturbance (Group S) experienced significantly higher post
operative pain scores across all time points aligns with a growing body of evidence linking sleep disruption to enhanced 
pain sensitivity. Neuroimaging studies have demonstrated that sleep deprivation amplifies activity in pain-related 
somatosensory cortical regions while simultaneously reducing activity in key pain-modulatory areas including the 
cingulate gyrus, insular cortex, thalamus, and nucleus accumbens.8 Moreover, sleep loss reduces endogenous opioid 
production and decreases μ- and δ-opioid receptor binding affinity, effectively impairing the descending pain inhibitory 
system.9 The positive correlation between preoperative PSQI scores and postoperative NRS pain scores (β = 0.432– 
0.521) observed in our study provides clinical confirmation of this sleep–pain relationship in the surgical setting. These 
findings underscore the importance of identifying patients with preoperative poor sleep quality as a high-risk subgroup 
warranting proactive analgesic intervention.

TEAS Provides Multimodal Analgesic and Sleep-Promoting Effects
TEAS produced clinically meaningful reductions in postoperative pain scores across all assessment time points, with 
Group T achieving pain levels comparable to those of patients without baseline sleep disturbance (Group C). This 
analgesic effect is consistent with the known neurobiological mechanisms of acupuncture-related therapies. 
Mechanistically, TEAS generates action potentials in peripheral afferent nerve fibers,11,20 and electrical signals 

Figure 7 Linear regression analysis between preoperative PSQI scores and postoperative NRS pain scores at 24, 48, and 72 hours in patients not receiving TEAS (Groups 
C and S combined). 
Abbreviations: PSQI, Pittsburgh Sleep Quality Index; NRS, numerical rating scale.
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transmitted to the central nervous system trigger the release of endogenous opioid peptides (β-endorphin, enkephalin, 
dynorphin), serotonin, and adenosine,12 while concurrently inhibiting spinal nociceptive transmission through gate- 
control mechanisms.21 The dense-disperse frequency mode (2/100 Hz) employed in our protocol is particularly effective, 
as 2 Hz stimulation preferentially releases enkephalins and β-endorphin, whereas 100 Hz stimulation promotes dynorphin 
release.22 A recent review further summarized the comprehensive mechanisms of TEAS in the perioperative period, 
including regulation of the neuroendocrine network, inhibition of oxidative stress, and modulation of inflammatory 
responses.23 Furthermore, TEAS has been shown to reduce microglial activation in the spinal cord, thereby attenuating 
central sensitization and hyperalgesia.24

Beyond its direct analgesic effects, TEAS significantly improved postoperative sleep quality, with Group 
T demonstrating AIS score trajectories that paralleled those of Group C. This dual benefit on pain and sleep is 
particularly noteworthy, as effective pain management is known to enhance sleep quality, while improved sleep 
reciprocally reduces pain perception.25,26 The sleep-promoting mechanisms of TEAS are multifaceted. Acupuncture 
and related techniques have been shown to activate sleep-regulating brain regions including the hypothalamus,27 and 
systematic reviews indicate that acupuncture improves both subjective and objective sleep parameters through modula
tion of neurotransmitters, inflammatory cytokines, the hypothalamic–pituitary–adrenal axis, and melatonin secretion.28 

Beyond acupuncture, direct evidence supports TEAS efficacy: a recent pilot RCT found that TEAS significantly 
improved sleep quality (measured by PSQI) in hypertensive patients with comorbid sleep disorders, with both low- 
and high-frequency stimulation proving similarly effective.29 Collectively, these findings suggest that TEAS, like 
acupuncture, promotes sleep through multimodal neuroendocrine and autonomic modulation. The acupoints selected in 
our study were specifically chosen for their traditional and modern evidence in promoting sleep: HT7 (Shenmen), the 
Yuan-source point of the Heart meridian, is classically used for calming the Shen (spirit) and treating insomnia; PC6 
(Neiguan), the Luo-connecting point of the Pericardium meridian, is renowned for its broad regulatory effects on 
autonomic function and stress responses; and LI4 (Hegu), the Yuan-source point of the Large Intestine meridian, is 
a master point for pain modulation and general homeostasis. The convergence of these acupoints provides a rational basis 
for the observed improvements in both pain and sleep outcomes.

TEAS Is Associated with Reduced Intraoperative Blood Pressure Variability
A novel observation of our study is that preoperative TEAS was associated with significantly reduced intraoperative 
cvSBP, a normalized index of blood pressure variability.19 Patients with poor sleep quality exhibited elevated cvSBP and 
sdSBP during surgery, consistent with the known association between sleep deprivation and heightened cardiovascular 
lability coupled with diminished baroreceptor sensitivity.30 Sleep loss increases daytime catecholamine levels, which 
likely contributes to intraoperative blood pressure fluctuations. TEAS treatment preoperatively reduced cvSBP in sleep- 
disordered patients to levels even lower than those observed in control patients, suggesting that TEAS may exert 
a modulatory effect on autonomic tone that contributes to hemodynamic stability.

The beneficial effects of TEAS observed in this study may be attributed to its capacity to influence autonomic nervous 
system balance. A 2025 comprehensive review highlighted that TEAS modulates autonomic balance by suppressing 
excessive sympathetic excitability and restoring parasympathetic tone,23 and a 2023 meta-analysis confirmed that 
acupuncture significantly increases parasympathetic tone as reflected by improved heart rate variability parameters.31

Mechanistically, these effects are hypothesized to be mediated through central pathways, wherein acupuncture signals 
are transmitted to the hypothalamus and integrated to regulate autonomic output.32 In the present study, the reduction in 
cvSBP provides direct clinical evidence that TEAS may attenuates sympathetic hyperactivation during surgery, thereby 
stabilizing intraoperative hemodynamics. The positive correlation between preoperative PSQI scores and intraoperative 
sdSBP/cvSBP further supports the concept that poor sleep quality predisposes patients to greater hemodynamic lability 
during surgical stress.

However, we emphasize that sdSBP and cvSBP are indirect and imperfect markers of autonomic activity. These 
measures are influenced by multiple perioperative factors, including anesthetic depth, opioid dosing, vasopressor use, 
surgical stimulation, baseline blood pressure, and anxiety. Our standardized anesthesia protocol mitigates some inter- 
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patient variability, but these hemodynamic parameters cannot definitively establish altered sympathetic tone without 
direct neurochemical or microneurographic measurements.

Clinical Implications and Predictors
Our findings carry important clinical implications. First, routine preoperative sleep assessment using validated tools such 
as the PSQI may help identify high-risk patients for postoperative pain and sleep disturbance, facilitating targeted 
perioperative management. Second, TEAS represents a non-invasive, safe, and low-cost adjunct that can be easily 
integrated into existing perioperative care pathways without significant additional resource requirements. Importantly, 
TEAS is not associated with the adverse effects commonly seen with opioid analgesics (respiratory depression, nausea, 
sedation) or sedative-hypnotics (daytime drowsiness, dependence), making it a particularly attractive option for vulner
able populations such as elderly patients or those with comorbidities. Third, the combination of analgesic, sleep- 
promoting, and sympatholytic effects positions TEAS as a uniquely multimodal intervention that addresses multiple 
interrelated aspects of perioperative pathophysiology.

Limitations
Several limitations of this study warrant consideration. First, this study employed a partially randomized design: Group 
C (PSQI < 6) served as a non-randomized, sleep-healthy reference cohort, whereas the randomized comparison was 
confined to Group S versus Group T. Consequently, comparisons involving Group C versus Groups S or T are 
observational and should be interpreted as stratified by baseline sleep status rather than as randomized contrasts. 
Second, the lack of a sham TEAS group precludes exclusion of placebo effects on subjective outcomes. Although 
outcome assessor blinding was maintained, participant blinding was not feasible given the physical nature of the 
intervention. Third, the sample size was relatively small (final n = 59, with approximately 16–26 per group), which 
may have limited statistical power to detect differences in secondary outcomes; the secondary and exploratory findings 
should be interpreted as hypothesis-generating rather than confirmatory. Fourth, sleep quality was assessed exclusively 
using subjective self-report instruments (PSQI and AIS) without objective polysomnography or actigraphy monitoring. 
Fifth, allocation concealment and participant blinding were not feasible due to the physical nature of the TEAS 
intervention. Sixth, this study employed a single 30-minute preoperative TEAS session, whereas prior studies have 
used multiple perioperative sessions with extended postoperative applications.33 Combined with our short follow-up 
period (pain assessed for 72 h, sleep for 2 days), this design limits evaluation of both the durability and cumulative 
effects of TEAS; no inference regarding chronic postsurgical pain or longer-term recovery can be drawn. Seventh, the 
mechanisms underlying TEAS effects were inferred from indirect measures (cvSBP, HRV) rather than direct neuro
chemical assays (eg, plasma catecholamines, endogenous opioid levels). Finally, this is a unicentric study, which may 
limit the generalizability of our findings to other institutions, geographic regions, or healthcare settings. Although 
baseline covariates were balanced across groups, future studies with larger cohorts should perform multivariable analyses 
to further confirm the independence of these associations.

Conclusion
In conclusion, this partially randomized controlled trial demonstrates that preoperative sleep disturbance is associated 
with significantly exacerbated postoperative pain, impaired sleep quality, and intraoperative hemodynamic instability in 
breast cancer patients. A single preoperative TEAS may effectively attenuate postoperative pain, and improve post
operative sleep quality, and is associated with reduced intraoperative blood pressure variability. Furthermore, preopera
tive sleep quality may serve as a clinically useful predictor of postoperative outcomes, suggesting that routine 
preoperative sleep screening may facilitate risk stratification and targeted intervention. TEAS represents a safe, non- 
pharmacologic, and multimodal adjunct that warrants consideration for incorporation into perioperative care pathways 
for breast cancer patients, particularly those identified as having preoperative sleep disturbance.
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basis and require approval from the corresponding author and the institutional ethics committee.
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