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Evidence-based blood pressure reducing actions of electroacupuncture: 
mechanisms and clinical application
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Abstract: Hypertension is a serious world-wide health problem as it increases cardiovascular atherosclerotic risk, stroke and attending 
morbidity and mortality.  Both systolic and diastolic blood pressures and particularly systolic pressure increase with aging.  The down-
sides from pharmacological therapy have led to consideration of additional treatments, including acupuncture, which evokes endoge-
nous neural-hormonal systems to lower blood pressure. Using basic science studies to guide clinical approaches to research, it is 
apparent that low frequency, low intensity electroacupuncture reduces sympathetic outflow in approximately 70% of patients with 
mild to moderate hypertension who are off antihypertensive drugs. Systolic and, to a lesser extent, diastolic arterial blood pressures 
can be lowered over two to four weeks for prolonged periods, lasting as long as one month, after cessation of an eight weeks of once 
weekly stimulation. Many questions about long-term therapy, treatment of resistant patients and efficacy in patients on medication 
remain to be studied. Current data, however, suggest that there may be a role of acupuncture in treatment of hypertension.  
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电针降压作用的证据、机制和临床应用
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摘  要：高血压增加心血管动脉粥样硬化、中风、残疾和死亡的风险，是一个严重的全球健康问题。收缩压和舒张压，尤其

是收缩压随年龄增长而增加。药物治疗高血压存在副作用，可以考虑辅助治疗，比如针灸通过调节体内神经-内分泌系统降

低血压。用基础研究指导临床实践的结果显示，低频，低强度电针降低约70%的轻中度停服降压药高血压患者的交感神经活

动。每周1次、持续8周的电针治疗结束后，收缩压和舒张压(较小幅度)降低能维持2~4周，甚至1个月。至于针灸的长期疗

效、耐药患者的治疗以及对服药患者的疗效等问题，有待进一步研究。目前的证据表明针灸对高血压有一定的疗效。
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Review

1  Introduction

Hypertension is a serious world-wide health problem. 
In the United States the prevalence was 29% between 
2011 and 2014[1]. It is slightly more common in men 

than women (30% vs 28%) and increases with age[1]. 
China likewise has a high prevalence of hypertension 
as noted in a cross-sectional study between 2007–2008 
(27%, 29% vs 24% males vs females) [2]. The impor-
tance of uncontrolled hypertension is evident by its role 
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as a major risk factor for cardiovascular disease (CVD), 
including deaths from myocardial infarction, stroke and 
heart failure[1, 3, 4]. The burden of hypertension and its 
associated cardiovascular mortality in China increases 
from 12.6% between ages 35–39 years to 58.4% 
between 70–74 years and varies substantially by 
region[5]. Furthermore, only 29.6% of these patients 
had their hypertension controlled[6]. Uncontrolled 
hypertension in China is associated with a relative risk 
for CVD mortality ranging from 4.1 to 1.9[6]. Hyper-
tension accounts for one third of all deaths due to 
CVD[5]. These facts indicate that diagnosis, awareness and 
control of hypertension need to be improved in both 
China and western countries[7]. While awareness and 
treatment of hypertension have been improved, control 
has not[8]. A recent Center for Disease Control (CDC) 
grand rounds in the US highlighted the cost of hyper-
tension of $49 billion dollars for the 35 million US 
residents with uncontrolled hypertension[9]. Many 
patients do not recognize their hypertension since it 
often presents with no symptoms and because providers 
miss opportunities to diagnose it and to offer strategies 
that can lead to effective blood pressure control. The 
Million Hearts Initiative (Million Hearts) from the US 
Department of Health and Human Services has been 
developed to reduce one million heart attacks and 
strokes by 2017 and to increase by 10 million the num-
ber of patients in the US whose elevated blood pressure 
is controlled[10]. More accurate blood pressure measure-
ment and monitoring, improved treatment and in-
creased awareness of hypertension are central to the 
success of this initiative. In this regard, we know that 
reducing the prevalence of hypertension and lowering 
blood pressure in oriental populations lead to a decline 
in stroke mortality[11]. Hence there is a sound rationale 
for improving treatment and awareness. 

Treatment and awareness depend on setting appropriate 
blood pressure goals. The consensus for many years 
following recommendations from the Joint National 
Commission (JNC) 7 was a goal of less than 140/90 
mmHg for most patients with hypertension, irrespective 
of age, and 130/80 mmHg for patients with diabetes, 
chronic renal disease and certain cardiovascular condi-
tions[12]. More recent modifications by JNC 8[13, 14], have 
raised the systolic blood pressure goal to 150 mmHg 
for patients aged 60 years or older. New clinical 
studies, ACCORD and SPRINT[15–17], have led to the 
conclusion that 120/80 mmHg for adults below 50 

years and 130 mmHg systolic in patients with CVD, 
chronic renal disease or diabetes should be the goal 
based on a wealth of epidemiological data[18]. Individuals 
between 50 and 74 years should have a systolic blood 
pressure goal of <130 mmHg, although sometimes the 
first target should be <140 mmHg[18]. Finally, systolic 
blood pressure in patients aged 75 years and above 
should be reduced to <140 mmHg[18]. Thus, in addition 
to healthy life-styles it has been recognized that blood 
pressure for population in general should be lowered to 
levels below 120/80 mmHg, or the lowest levels possible 
consistent with maintaining good renal function and 
cognition because of the almost linear increased risk of 
CVD above this level[18].

Healthy life-style includes not smoking, maintaining 
optimal weight, a diet in which salt is lowered and 
reducing stress. This advice is first line of therapy in 
any patient with hypertension. Because blood pressure 
frequently remains elevated, drug therapy often is initi-
ated. Drugs, however, pose problems both because 
compliance often is suboptimal and the side effects that 
accompany almost all drugs. Hence, there is a rationale 
for consideration of additional therapies. One such 
possibility is acupuncture.

2  Early studies

In 1997 during studies on the influence of acupuncture 
on demand-induced myocardial ischemia, we noted 
that ischemia was relieved through acupuncture’s low-
ering of oxygen demand[19]. This experimental model 
included partial ligation of a coronary artery to simu-
late coronary atherosclerosis. Stress was created by 
transiently elevating blood pressure through stimulation 
of a visceral sympathoexcitatory reflex. This maneuver 
led to a disparity between oxygen supply, which was 
limited by the partial coronary occlusion, and demand 
created by the increased blood pressure and the atten-
dant elevation in the rate-pressure product. Acupunc-
ture did not improve supply (i.e., coronary blood flow) 
but lessened demand since it blunted the reflex eleva-
tion in blood pressure. This observation led us to con-
clude that acupuncture might lower sympathetic out-
flow and hence decrease the magnitude of the 
cardiovascular reflex sympathetically mediated vaso-
constriction. Subsequent studies largely targeted acu-
puncture’s blood pressure actions and underlying 
mechanisms. For example, a follow-up study[20] showed 
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Fig. 1. Reflex increases in arterial blood pressure (AP) and myocardial wall thickening (Wth) are reduced with electroacupuncture (EA) 
in cats.  At time points indicated by arrows, bradykinin (BK) was applied to surface of the gallbladder: a, baseline control measure-
ment; b, a small branch of left anterior descending coronary artery (LAD) was ligated and the response to BK was examined; c, EA (0.5 
ms, 4 Hz) was applied at P5-P6 on forelegs for 30 min and BK response was evaluated; d, opioid antagonist, naloxone, was admin-
istered intravenously and response to BK was measured.  The fall in normalized wall thickening (%Wth) associated with reflexly in-
creased sympathetic stimulation in presence of LAD ligation (b) was reversed by EA (c).  A decline in AP response also was apparent (c).  
Intravenous administration of naloxone blocked the effects of EA; wall thickening declined, and AP response returned to normal (d).  
Sympathoinhibitory effects of EA at P5-P6 persist for at least 1 h in this model.  Therefore, naloxone was administered at a time when 
sympathoinhibition by EA was expected to maintain improved %Wth and diminished AP response to BK stimulation[20].

that the opioid system played a prominent role in the 
blood pressure and ischemia reducing effects of acu-
puncture (Fig. 1).

3  Mechanisms

It is clear that acupuncture exerts its systemic actions 
through the peripheral and central nervous systems. 
Meridians, a long-held belief in Traditional Chinese 
Medicine, have never been identified anatomically[21]. 
However, substantial evidence indicates that both finely 
myelinated Group III and unmyelinated Group IV sen-
sory nerves are stimulated during low frequency, low 
intensity electroacupuncture[19]. Interruption of these 
systems for example by lidocaine[22] or by administer-
ing capsaicin to neonatal rats to eliminate Group IV fi-

bers, reverses the anti-nociceptive and sympathoinhibi-
tory actions of acupuncture[23, 24]. Furthermore, selective 
blockade of the actions or release of neurotransmitters 
in the hypothalamus, including the paraventricular and 
arcuate nuclei[25–27], midbrain ventrolateral periaqueduc-
tal gray[28–30] and brain stem unclei raphé pallidus and 
rostral ventrolateral medulla[31–34] likewise blocks the 
action of electroacupuncture on reflex elevations in 
blood pressure. In addition to opioids, including 
enkephalins and endorphins, in the medulla and hypo-
thalamus[27, 35], gamma aminobutyric acid and noci-
ceptin in the medulla[33], glutamate in the medulla[34], 
midbrain[28] and hypothalamus[28], serotonin in the 
medulla[36, 37], endocannabinoids in the midbrain[29, 38] 
and acetylcholine in the hypothalamus[26] underlie 
acupuncture’s antihypertensive actions (Fig. 2).  
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Fig. 2. Neuronal pathways, circuitry and synaptic transmission involved in electroacupuncture (EA)’s cardiovascular responses at 
acupoints P5-P6 and ST36-ST37 on sympathoexcitatory reflex responses elicited by activation of visceral afferents in cats and rats.  
Spinal visceral afferent pathways (orange arrows) ascending to medulla, midbrain and hypothalamus activate (+) cardiovascular neu-
rons, which can be modified by 30 min EA at P5-P6 (activating median nerves, MN) and ST36-ST37 (activating deep peroneal nerves, 
DPN) to reduce (−) sympathetic outflow (blue arrows) that in turn influences cardiovascular function. Acupuncture influences neurons 
that regulate cardiovascular function in the paraventricular nucleus (PVN), arcuate nucleus (ARC), ventrolateral periaqueductal gray 
(vlPAG), nucleus raphe-pallidus (NR-P), rostral ventrolateral medullar (rVLM), and neurotransmitters beta-endorphin (β-End), acetyl-
choline (ACh), L-glutamate (L-Glu), gamma-butyric acid (GABA), enkephalin (Enk), serotonin 1A receptor (5-HT1A) that participate 
in the central neural processing during EA.  Dyn = dynorphin, DH = dorsal horn, IML = intermediolateral column.

4  Preclinical studies

Experimental studies laid groundwork for clinical 
investigation. Both manual acupuncture and electroacu-
puncture exert similar reductions in blood pressure 
transiently elevated during reflex abdominal visceral 
organ stimulation to evoke sympathoexcitation[39]. Low 
frequency, as opposed to high frequency electroacu-
puncture is optimal for lowering elevated blood pres-
sure[40]. Electroacupuncture is employed as a consistent 
repetitive 2–4 Hz form of stimulation over a 30 minute 
period. Points overlying the median nerve (Pericardial 
5 and 6) on the wrist and the deep peroneal nerve 
(Stomach 36 and 37) just below the knee more effec-
tively lower elevated blood pressure than points overly-
ing the superficial radial nerve (Large Intestine 7 and 

Lung 6) on the forearm and superficial peroneal nerve 
(Gallbladder 37 and 38) on the lower leg[41]. These 
point specific cardiovascular actions of acupuncture 
define locations on peripheral nerves that exert the largest 
blood pressure lowering responses as well as control 
points that have little or no effect on cardiovascular 
function. When blood pressure is elevated, stimulation 
of either the median or deep peroneal nerves innervat-
ing deep somatic structures leads to blood pressure 
decreases because they provide substantial modulatory 
input to the rostral ventrolateral medulla, a brain stem 
region containing premotor sympathetic neurons that 
during acupuncture downregulates sympathetic out-
flow, compared to more superficial radial and peroneal 
sensory nerves that ultimately project less to this auto-
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nomic nucleus[41]. Finally, although acupuncture can 
lower repeated short-term reflex elevations in blood 
pressure for one to two hours, recent studies have 
focused on experimental hypertension, to demonstrate 
that repeated sequential application every second or 
third day can produce blood pressure depression lasting 
for several days[42]. Through transcriptional regulation 
repetitive electroacupuncture stimulates production of 
preproenkephalin, the mRNA precursor to the peptide 

neurotransmitter enkephalin[42, 43] (Fig. 3).

5  Clinical studies

Previous studies of acupuncture treatment of hyperten-
sion produced mixed results, success depending on 
whether acupuncture was used as a standalone or 
adjunctive therapy[44]. Some trials used pattern diagno-
sis while others used a standardized protocol. Some 

Fig. 3. Repetitive electroacupuncture (EA) treatment (twice weekly) reduces blood pressure in cold-induced hypertension (CIH), an 
environmental model of sustained high blood pressure in rats[46].  Cold exposure increased systolic blood pressure (SBP; Panel 
A), diastolic blood pressure (DBP; Panel B) and heart rate (HR; Panel C) after four weeks and induced sustained hypertension by 
six weeks. BPs and HRs of rats in the hypertension and sham-EA groups remained elevated at 11 weeks.  In contrast, elevated SBP 
and DBP but not HR in the EA group was reduced after six sessions of EA and remained low throughout EA treatment. BPs and HRs 
of normotensive rats remained stable throughout the study.  SBP and DBP of EA-treated CIH rats, although beginning to return to 
pre-treatment levels were still significantly reduced for three days following termination of EA compared to sham-EA and CIH-rats.  
Values represent means ± SEM. ^, * and # indicate P < 0.05 compared with sham-EA, CIH and normotensive controls, respectively.  
Preproenkephalin (PPE) was measured by real-time polymerase chain reaction in EA-CIH, sham-EA-CIH, CIH and normotensive rats 
respectively in 9, 6, 6, and 6 rats at 72 h after termination of treatment. Group data (Panel D) show that PPE mRNA, 72 h after termi-
nation of EA treatment, was increased relative to controls.  ^, * and # indicate significant differences (P < 0.05) compared respectively 
with CIH treated with sham-EA-CIH, CIH and the normotensive controls[42]. w, week(s).
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Table 1. Patient characteristics in acupuncture hypertension study
Treatment group	 PC 5-6 + ST 36-37 (active)	 LI 6-7 + GB 37-39 (control)	 Total	 P value
Mean age (range) (years)	 58 ± 2 (38–75)	 54 ± 2 (38–71)		  >0.05
Sex (n)				  
Male 	 16	 14	 30	
Female	 17	 18	 35	
Total	 33	 32	 65	
Body mass index (kg/m2)	 26 ± 1 (22–42)	 25 ± 1 (22–30)		  >0.05
Baseline mean arterial pressure (mmHg)				  
24-h peak	 130 ± 2	 126 ± 3		  >0.05
48-h peak	 107 ± 2	 105 ± 4		  >0.05

Values expressed with ± sign are the mean ± standard error of the mean. Values expressed in parentheses are ranges[45].

measured cuff sphygmomanometer blood pressure, re-
lying on observer measurement, while others used au-
tomated 24 h ambulatory monitoring. Most used manual 
acupuncture. 

Based on previous experimental observations to 
guide therapy, we selected patients with mild to moderate 
systolic and/or diastolic hypertension (Table 1) off all 
antihypertensive medications to eliminate confounding 

Fig. 4. Systolic (panel A, SBP), diastolic (panel B, DBP) and mean (panel C, MBP) blood pressures averaged over 24 h were reduced 
in 33 hypertensive patients treated with electroacupuncture (EA) bilaterally at PC5-6 + ST36-37 active acupoints for eight weeks. EA 
did not alter heart rate (panel D, HR). Significant BP reductions were observed by four weeks of treatment. *, indicates significant de-
crease in BP compared to BP prior to treatment[45]. w, week(s).
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Fig. 5. Group comparison of the changes in SBP and DBP at 2, 4, 6, 8 weeks with electroacupuncture (EA) treatment at active and 
control acupoints (see text for definitions[45]). The changes in SBP were different at week eight in the two groups of patients with 
treatment at PC5-6 + ST36-37 and LI6-7 + GB37-39 (panel A). Acupuncture treatment at PC5-6 + ST36-37 acupoints for eight weeks 
decreased average DBP compared to control treatment (panel B). *, indicates significant difference bettween the groups[45]. w, week(s). 

Fig. 6. Effect of EA on SBP was evaluated during eight weeks of 
EA (PC5-6 + ST36-37) in 22 patients. Average SBP was reduced 
from week two to eight during treatment. Onset of decreased 
peak SBP was at four weeks and remained reduced throughout 
treatment. *, displays significantly lowered SBP. w, week(s).

effects of potentially inconsistent medication usage[45]. 
Low intensity, low frequency electroacupuncture was 
applied once weekly for eight weeks to active points 
with demonstrated cardiovascular actions and com-
pared either longitudinally or in a cross-over design to 
points that had little or no cardiovascular action in 
experimental studies. Ambulatory blood pressure was 
measured over a 24 h period (every 30 min diurnally, 
every hour nocturnally) once weekly. Systolic, and to a 
lesser extent, diastolic blood pressures were reduced by 
stimulation of active points after 2–4 weeks, whereas 
they were little changed in patients receiving control 
stimulation (Figs. 4 & 5). Classifying responders as 
those manifesting ≥6 mmHg decrease in systolic blood 

Fig. 7. Effect of EA on SBP was evaluated for two months 
during the follow-up study in 14 patients.  Peak and average 
SBPs were reduced for one-month following the EA (PC5-6 + 
ST36-37) therapy. Peak and average SBPs were reduced at 
weeks six and eight during EA treatment. Significant decrease in 
SBP is indicated with (*)[45]. w, week(s).

pressure, ~70% of patients in the active group showed 
−9 mmHg average systolic and −17 mmHg peak (highest 
24 h) systolic blood pressure (Fig. 6). Systolic pressure 
in a subset of responsive patients followed for two 
months remained low for as long as one month after 
termination of the procedure (Fig. 7). In a pilot proto-
col, a very small number of patients (n = 6) on monthly 
reinforcement (once each month) maintained lower 
systolic pressures compared to baseline and after an 
initial eight-week course of therapy (Fig. 8). Serum 
catecholamines and plasma renin activity in the respon-
sive group (−6 mmHg or more) were decreased (Fig. 9). 
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Fig. 8. Pilot data showing action of EA over a six-month period 
assessed during monthly reinforcement therapy in subgroup of 
six hypertensive subjects.  Following a course of eight weeks of 
weekly acupuncture therapy, continued monthly EA treatment 
maintained a low systolic blood pressure relative to pre-EA 
control (Significant decrease in SBP is indicated with *)[45]. w, 
week(s); m, month(s).

Fig. 9. EA modulation of plasma norepinephrine and renin ac-
tivity. Norepinephrine in 25 hypertensive patients was measured 
before and after eight weeks of treatment with EA at PC5-6 + 
ST36-37.  Baseline norepinephrine was higher before EA (**P < 
0.05) and decreased by 164 ng/mL in subjects responsive to EA 
(*P < 0.05).  Norepinephrine was not altered by eight weeks 
of EA treatment in twelve patients unresponsive to EA.  Renin 
activity in all 13 of 22 hypertensive patients responsive to EA at 
PC5-6+ST36-37 was decreased significantly after eight weeks 
of treatment (*P < 0.05). Nine low-responders to EA with lower 
renin activities before EA were unchanged by eight weeks of EA 
therapy[45]. w, week(s).  

These data strongly suggest that if acupuncture is 
applied in a standardized manner to stimulate sensory 
pathways shown to be effective experimentally, systolic 
and, to a lesser extent, diastolic blood pressure are low-
ered slowly and for a prolonged period and that monthly 
reapplication may be able to maintain lower blood 
pressures. The later observation, however, needs confir-
mation since only few patients were studied for 
prolonged periods, over several months. Hypertensive 
patients with high baseline catecholamines (presumably 
a marker of high sympathetic outflow) and renin appear 
to be most responsive[45].

6  Conclusions

Hypertension is a world-wide health problem leading 
to CVD with significant morbidity and mortality. 
Stroke, vascular disease, myocardial infarction, heart 
and renal failure are all consequences of uncontrolled 
hypertension. While great strides are being made to 
reduce hypertension by focusing on improved recogni-
tion, education and treatment, it remains a serious epi-
demiological problem in the US and China. Current 
therapy is effective but often suboptimal, providing a 
rationale for development of new therapeutic strategies. 
Healthy life-styles are commonly recognized as first 

line therapy. The ancient Chinese therapy of acupunc-
ture may be considered to be a form of natural therapy 
that activates the brain’s chemistry to reduce elevated 
blood pressure. Although previous studies have shown 
mixed outcomes, there is reason to believe that their 
study design could have been improved. In this regard, 
a recent randomized prospective single blinded clinical 
trial using information from mechanistic experimental 
studies to guide its design suggests that electroacupunc-
ture in patients with mild to moderate hypertension off 
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all antihypertensive drugs may be beneficial. This study 
was designed to be translatable to clinical practice, in-
corporating once weekly application of low frequency, 
low intensity 30 min electroacupuncture for eight 
weeks and stimulating a set of points that influence car-
diovascular function. Both peak and average systolic 
and, to a lesser extent, diastolic blood pressure were 
lowered by 4–8 mmHg. If patients fell into the group 
showing 6 mmHg or more decrease, comprising ~70% 
of all patients, they demonstrated a decline after 2–4 
weeks and a prolonged response, often lasting for a 
month after cessation of therapy[45]. Pilot data suggest 
that it may be possible to reinforce these prolonged 
decreases in elevated blood pressure, but clearly more 
study is necessary. This information suggests that, in 
the future, acupuncture may be a viable adjunct to help 
our societies more effectively reduce the burden of 
hypertension.
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