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Abstract

Introduction A possible alternative to pharmacological antihypertensive therapies in grade 1 low risk hypertensive patients
or in those experienced drugs adverse effects could be acupuncture.

Aim we focused on its possible effects on BP both as Office BP (OBP) and as Ambulatory BP Monitoring (ABPM) evaluat-
ing it before starting a 6 weeks twice weekly (total 12 session) acupuncture cycle and after 2 months from its completion.
Methods in this prospective study we treated with acupuncture 45 patients: 24 of them presents high-normal BP values and
low cardiovascular risk while 21 patients were on anti-hypertensive drug with slightly uncontrolled BP values (from 140 to
145 mmHg for Systolic BP—SBP—and/or from 90 to 95 mmHg for Diastolic BP—DBP).

Results regarding SBP, a significant reduction have been observed for office values (from 134.2 +15.7 to 125.1+12.2,
p=0.03), and for ABPM 24 h (from 131.1+10.7 to 126.0+10.1, p=0.01) and day-time values (from 134.7 +10.5 to
127.1+18.4, p=0.02). For DBP, only ABPM 24 h and day-time values showed significant changes (from 85.3+9.1 to
82.1+7.5, p=0.03; and from 88.5+9.3 to 85.7 +7.8, p=0.02). Within session SBP decrease was — 5.8 mmHg (-3.75%)
during the first session while it falls to — 2.1 mmHg (- 1.25%) and stands firmly under 2 mmHg for all the next session. At
the last session SBP reduction was — 1.9 mmHg (- 1.6%).

Conclusions we found a significant reduction in office, 24 h and day-time ABPM SBP determined by a 6-weeks twice weekly
acupuncture cycle that lasts at least for the first two months after its completion.

Keywords Acupuncture - Office blood pressure - Ambulatory blood pressure - Sympathetic activity

1 Introduction Lifestyle changes are the first-line therapy, but pharma-

cological treatment are needed for the majority of patients

Hypertension is the leading risk factor for Cardio-Vascular
(CV) events that affects more than 1 billion people world-
wide [1]. Various pathophysiological factors (environmental
factors, psychological stress, oxidative stress, altered dietary
habits, excessive sodium intake) could act in genetically pre-
disposed people finally determining elevated Blood Pressure
(BP) values.
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in order to reach BP target and reduce CV risk. However,
owing to its possible adverse effects some patients choose
to discontinue antihypertensive drugs.

A possible alternative in grade 1 low risk hypertensive
patients or in those who experienced adverse effects with
many anti-hypertensive therapies could be acupuncture. It
has been extensively evaluated in the field of hypertension
with heterogeneous results [2, 3]. Some problem exist when
assessment its efficacy such as: (1) the choice of the control
group (sham procedure vs. no treatment [4—6]); (2) it’s pos-
sible use in association with anti-hypertensive drugs [7]; (3)
the different acupuncture methods and (4) the choice of the
method to evaluate BP response. Regarding the latter the
majority of study assess the efficacy only with Office BP
(OBP) while only few of them use 24 h BP trough Ambula-
tory BP Measurement (ABPM) [8, 9].
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In this paper we focused on the possible effects of acu-
puncture of BP evaluating it both as OBP and as ABPM.
Patients were evaluated before starting a 6 weeks twice-
weekly acupuncture cycle and 2 months after its comple-
tion. Furthermore we assess the BP reduction within each
acupuncture session.

2 Methods

Study Populations In this prospective study we treated with

acupuncture 45 patients: 24 of them presents high-normal
BP values and low cardiovascular risk (and so doesn’t fall
yet under the indication for anti-hypertensive therapies
[1]) while 21 patients were on anti-hypertensive drug with
slightly uncontrolled BP values (from 140 to 145 mmHg
for Systolic BP—SBP—and/or from 90 to 95 mmHg for
Diastolic BP—DBP).

Patients were enrolled from November 2015 to February
2020 from the hypertensive outpatient clinic of the Niguarda
Hospital (Milan, Italy).

Exclusion criteria were: pregnancy, epilepsy, secondary
hypertension, self-reported bleeding tendency, anticoagulant
or dual antiplatelet therapies as well as ongoing acupuncture
treatment for other disease.

Before starting acupuncture, biochemical evaluation (fast-
ing glucose, total cholesterol, HDL, LDL, triglycerides and
creatinine levels) and a trans-thoracic echocardiography
were performed. Height and weight were obtained to cal-
culate Body Mass Index (BMI) and Waist Circumference
(WC) was assessed halfway between the lower ribs and the
iliac crest.

The study protocol complies with the Declaration of Hel-
sinki and it was approved by the Ethics Committee of the
Institutions involved. All participants provided informed
written consent after being informed of its nature and
purpose.

Acupuncture Protocol All the patients received 2 treatments
per week for 6 weeks twice-weekly lasting 30 min each (for
a total of 12 session). The choice of acupuncture points was
made on the basis of the best results in literature [3, 9-13].
In particular they were chosen according to traditional Chi-
nese medicine which considers hypertension ascribable to a
deficiency in kidney yin with a relative rise in yang. So, the
chosen point were: (1) CV 4 GUAN YUAN: it toning xue
and yin acting on kidneys and Yuan-Qi and sedate the Shen;
(2) LV 3 TAI CHONG: it lower the yang of the Liver and
has a sedative action on the shen; (3): LI 11 WHO: it expels
the wind and heat and release the Yang of the Liver; (4): ST
36 ZU SAN LI: it toning the Spleen-Stomach couple, acting
on energy, blood and yin.
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The treatment was done with the patient lying in the supine
position after sterilizing the areas where the needles will be
inserted with 75% alcohol. Tewa disposable steel needles CJ
2530 and CJ 2225 have been used.

BP Evaluation BP measurements (OBP and ABPM) were per-
formed before the initiation of acupuncture (T0) and 2 months
after its completion (T1). Furthermore OBP was also measured
at the beginning of each acupuncture session and after 10 min
from its end (to evaluate within session BP reduction).

With the patient in the sitting position for at least 5 min
and with the arm placed at heart level, two semi-automated
OBP measurements were taken (OMRON Helthcare Europe,
Hoofddorp, The Netherlands) and the average was used for
statistics.

Regarding ABPM, it was performed using the Mobil-O-
Graph 24 h Monitor (IEM, Stolberg, Germany). With a sphyg-
momanometric cuff at the brachial level, measurements were
done every 15 min during the day and every 20 min at night.
Values were averaged and 24 h, day and night mean values
were used for the analysis. The Mobil-O-Graph ABPM device
is validated according to BHS and ESH recommendations for
peripheral BP [14].

Cardiac Ultrasonography Two-dimensional (2D) echocardio-
grams were performed by an experienced cardiologist using a
dedicated ultrasound machine (General Electric Vivid 9 with
an ultrasound transducer of 2.5 MHz) in each patient. 2D high
frame rate gray-scale loops of four-chamber, two-chamber and
three-chamber views with average frame rate of 50 frames per
second (fps) were used in order to measure LV End-Diastolic
Diameter (LVEDD), interventricular septum and posterior
wall thickness; LV Ejection Fraction (LVEF) was evaluated
using the Simpson biplane method.

LV Mass (LVM) was calculated using the Devereux for-
mula [15, 16]: LVM (g) =0.8*{1.04*[(LVEDD (cm) + inter-
ventricular septum + posterior wall thickness (cm))?
— (LVEDD (cm))*]} + 0.6. LVM values were normalized
for Body Surface Area (BSA) to obtain the LVM Index
(LVMI). We calculated BSA using the DuBois formula:
BSA (m?)=0.007184*height (cm)®"**weight (kg)®**>.

Statistical Analysis The characteristics of the cohort were
described with mean and standard deviation (SD) for con-
tinuous variables and with percentages for categorical ones.
Comparison between two different time point were con-
ducted with repeated measure t-test.

All analyses were conducted using the SPSS software.
All p-values were 2-sided, with p-values <0.05 considered
statistically significant.
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3 Results

Population characteristics Table 1 showed the clinical char-
acteristics of enrolled patients. Patients showed a mean age
of 53.4+11.2 years, 63.8% of them were females. Regarding
CV risk factors 7.1% of patients were diabetic, 47.1% were
obese, 8% had peripheral arterial disease, 2.4% had previous
myocardial infarction and stroke and 25% had dyslipidemia).
At echocardiography, mean LVEF and LVMI were within
the normal range.

Table 1 baseline clinical, biochemical, echocardiographic data, car-
diovascular risk factors and therapies of enrolled patients

General data

Number 45
Age (years) 534+112
Males (%) 36.2
BMI (Kg/m?) 23.9+5.4
Waist circ. (cm) 90.6+11.9
Biochemical data
Total cholesterol(mg/dL) 204.1 +£36.7
LDL cholesterol(mg/dL) 1243 +31.5
HDL cholesterol (mg/dL) 59.7+21.1
Trigliceridi (mg/dL) 118.1+74.7
Creatinine (mg/dL) 0.8+0.2
Glucose (mg/dL) 85.2+19.0
Echocardiographic data
Ejection Fraction (%) 63.1+3.7
LVMI (g/m?) 98.3+36.1
Cardiovascular risk factors
Sedentary life(%) 41.9
Smoking (%) 11.6
Menopause (%) 31
Diabetes Mellitus (%) 7.1
Peripheral arterial disease (%) 4.8
Obesity (%) 7.1
Dyslipidemia(%) 35
Previous myocardial infarction (%) 2.4
Previous stroke (%) 2.4
Antihypertensive therapies
Antihypertensive therapies (%) 47.6
Beta-blockers(%) 17.5
Calcium channel blockers (%) 17.1
Diuretics (%) 12.2
Anti-Aldesteronic (%) 7.3
ACE inhibitors (%) 7.3
Angiotensin Receptor Blockers (%) 22
Alpha-antagonist (%) 9.8

LDLLow Density Lipoprotein, HDL Digh Density Lipoprotein,
LVMI Left Ventricular Mass Index; ACE Angiotensin Converting
Inhibitors

About half of the patients (47.6%) were on anti-
hypertensive therapies with angiotensin receptor block-
ers, calcium channel blockers and beta-blockers being
the most used drugs (22, 17.1 and 17.5% respectively).
No significant difference in general, biochemical, echo-
cardiographic and baseline BP data were found between
anti-hypertensive treated and untreated patients (Supple-
mentary Table 1).

No adverse reactions occurred during acupuncture cycle
and no adverse events were reported from patients till the
end of follow-up.

Office and ambulatory blood pressure Table 2; Fig. 1
showed OBP and ABPM values at baseline (T0) and after
2 months (T2) from acupuncture cycle completion.

Regarding SBP, a significant reduction have been
observed for office values (from 134.2 +15.7 to
125.1+12.2, p=0.03; mean A = — 8.6 +19.1; Fig. 1A),
and for ABPM 24 h (from 131.1+10.7 to 126.0 +10.1,
p=0.01; mean A=-5.1 £ 11.5; Fig. 1C) and day-time val-
ues (from 134.7 +£10.5 to 127.1 £ 18.4, p=0.02; mean
A =-7.6+16.4). For DBP, only ABPM 24 h (Fig. 1D)
and day-time values showed significant changes (from
85.3+9.1t0 82.1+7.5, p=0.03; mean A = - 3.1+6.6;
from 88.5+9.3 to 85.7+7.8, p=0.02; mean A =
— 2.4+ 6.9) while no difference were seen for office DBP
(Fig. 1B). Night-time ABPM values doesn’t showed any
significant changes both for SBP and DBP as well as for
dipping percentage and dipping pattern.

Table 2 Blood Pressure values at baseline and during follow-up

TO T1 p A variation
Office SBP (mmHg) 134.2+15.7 125.1+122 0.03 —
8.6+19.1
Office DBP (mmHg) 84.7+12.8 81.4+11.1 0.17 —
3.5+13.1
SBP 24 h (mmHg)  131.1 +10.7 126.0+10.1 0.01 —
5.1+11.5
DBP 24 h (mmHg) 85.3+9.1 82.1+75 003 —-3.1+6.6
SBP day (mmHg) 1347 £ 105 127.1+184 0.02 —
7.6+16.4
DBP day (mmHg) 88.5+93 857+7.8 0.02 —24+69
SBP night (mmHg) 118.7+11.8 117.5+12.1 0.89 -
1.9+£13.2
DBP night (mmHg) 74.1+14.1 73.8+94 049 -
0.7+14.1
% dipping SBP (%) 11.5+7.3 9.1+£7.3 022 -22+75
% dipping DBP (%) 13.8+7.6 141+8.8 068 +1.1+85
Normal dipper (%)  37.8 39.5 042 -
HR 24 h (bpm) 71.1+10.7 728+126 0.15 +03+183

BMIbody mass index, HRheart rate, SBPsystolic blood pressure,
DBP diastolic blood pressure
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Fig. 1 Office SBP (A) and DBP (B) and ABPM SBP (C) and DBP (panel D) before acupuncture initiation (T0) and after 2 months from cycle

completion (T1)

Finally, we analyze the acupuncture within session SBP
decrease that was —5.8 mmHg (- 3.75%) during the first
session while it falls to — 2.1 mmHg (- 1.25%) and stands
firmly under 2 mmHg for all the next session. At the last
session SBP reduction was — 1.9 mmHg (- 1.6%), with a p
values of 0.002 when first session reduction was compared
to the other one.

No differences were seen in BP reduction between anti-
hypertensive treated patients and those who were not (sup-
plementary Table 1).

4 Discussion

The main results of our study is the finding of a significant
reduction in office, 24 h and day-time ABPM SBP deter-
mined by a 6-weeks acupuncture cycle and which lasts
at least for the first 2 months after its completion. On the
opposite, DBP and night-time ABPM values seems not to
be modified by acupuncture treatment.

Our results confirm the one published in previous stud-
ies and meta-analysis [2-5] while the absence of an effects
on office DBP could be determined by the low number of
subjects in our analysis.

How long the BP lowering effects of acupuncture last is
an issue that need to be discussed. In fact, our study found
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that the effects lasts at least for two months but we doesn’t
assess it for a longer period. Other study and metanalysisin-
vestigates this point founding that after 3 [17] or 6 months
from acupuncture cycle completion no significant effects on
BP are still presents [18].

Similarly to anti-hypertensive drugs that need to be
chronically and daily assumed to maintain BP reduction
effects, it is likely that also acupuncture need to be periodi-
cally performed to maintain its effects. So, evaluating how
long the effects last and if its repetition still determine a
significant reduction in BP could be something really inter-
esting in order to determine how often the cycle need to be
repeated. However, to the best of our knowledge no studies
on this point have been already performed.

Nevertheless, our data are able to give others important
information on this point. Analyzing within session reduc-
tion we found that the first one determines a stronger BP
reduction when compared to all the other one. It is also true
that within session BP reduction are clearly less than what
is observed on the long term (— 2 mmHg for within session
mean office SBP while its reduction at T1 is — 9 mmHg) so
probably acute effects is not directly related to medium and
long-term efficacy of acupuncture.

Regarding this latter point, several studies have been pub-
lished focused in understanding the possible mechanisms
through which acupuncture could act on BP values. Different
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mechanisms are implicated starting from local reaction,
i.e.when the needle penetrates the skin leads to impulse
resulting in local vasodilatation and release of vascular and
neuroactive mediators (principally nitric oxide) [19]. Fur-
thermore, it could act regulating sympathetic nervous which
increased activity is a well-known pathological evidence in
hypertensive subjects [20]. Acupuncture act at the hypo-
thalamic level regulating the expression of neuronal nitric
oxide synthase [10, 21-23]. Finally, it could activate the
endogenous opioid system. Finally, acupuncture could act
also reducing anxiety. In fact, there is increasing evidence
of a positive association between anxiety and hypertension
determined again by the activation of sympathetic nervous
system and its negative effects. [24]. However, acupuncture
is a well-established therapy for anxiety disorders [25] and,
as already mentioned, act on sympathetic hyperactivation.
So, it is possible that also action on anxiety are able to deter-
mine a further decrease of BP values.

The fact that in our study it principally act on office BP
(as also founded by other studies [9]) and day ABPM could
lead us to say that probably action on sympathetic nervous
system prevail. In fact, during the day and, even more, dur-
ing the office BP measurements, hyperactivation of sympa-
thetic nervous system were reported [15].

However, this must be taken as a working hypothesis.
Although some preclinical evidences have been published in
favour of this hypothesis [26, 27] some data on a few number
of healthy subjects seem not to found changes in skin [28]
and muscle [29] sympathetic nerve activity.

Furthermore, also in our study HR, another marker
of autonomic function, doesn’t showed any significant
changes. Even more, a study evaluating BP variability
(another marker of autonomic hyperactivation) found it to
be unchanged after acupuncture [30] while studies on HR
variability showed heterogeneous results [31, 32].

Another point of our study deserved to be mentioned,
i.e. the presence of a positive effects also in already drug
treated hypertensive patients. These point have been pre-
viously confirmed in other studies and meta-analysis [33].
Furthermore, its positive effects have been confirmed over
the different anti-hypertensive drug classes [34] and also to
be more effective in treated than in untreated patients [5].
This data could leads to the possibility to use acupuncture
in patients that are near to reach the target BP, at least in
those who experienced adverse effects with the addition of
furthers drugs.

Our study presents some limitations. The main one is
the low number of subjects: this sample size can limit our
power to detect important associations or findings (such as
the reduction in office DBP). Furthermore, a longer study
follow-up time could help us defining the lasting effects of
acupuncture. The third limitation of our study is the fact that
the majority of subjects were females (61.8%). This could

limit the results of our study in term of generalizability also
in males subjects. Although there are not gender specific
analysis previously reported (also in meta-analysis paper
[34]), results of a significant reduction in BP values were
reported both in studies with a majority of females subjects
but also in studies where males were the majority.

Finally, no extensive evaluation of sympathetic activity
have been done.

In conclusion, we found a significant reduction in office,
24 h and day-time ABPM SBP determined by a 6-weeks
twice weekly acupuncture cycle that lasts at least for the
first two months after its completion. Studies with longer
follow-up and with a more extensive evaluation of sympa-
thetic activity are needed in order to understand how long
the effects of acupuncture last and if sympathetic overdrive
amelioration is effectively the principal determinants of its
effects.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40292-022-00530-9.
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