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ARTICLE INFO ABSTRACT

Article history Objective To determine the effect of needling at Sanyinjiao (SP6) on random blood glucose
Received 14 June 2024 (RBG) levels and cardiovascular function in patients with type 2 diabetes mellitus (T2DM).

Accepted 11 September 2024 Methods In this randomized placebo-controlled study, T2DM patients (aged 35 - 65 years)
Available online 25 September 2024 were recruited from the Government Yoga and Naturopathy Medical College and Hospital,
Keywords Chennai, India, between January 5, 2022 and March 15, 2023. Participants were randomly as-
Acupuncture signed to either acupuncture group or sham acupuncture group. The acupuncture group re-
Diabetes ceived bilateral needling at Sanyinjiao (SP6) while sham acupuncture group received
Sanyinjiao (SP6) needling at a non-acupuncture point [1.5 cun lateral to Sanyinjiao (SP6)] for 30 min. Primary
Type 2 diabetes mellitus (T2DM) outcome was RBG, and secondary outcomes included systolic blood pressure (SBP), diastolic
Blood glucose blood pressure (DBP), pulse rate (PR), pulse pressure (PP), mean arterial pressure (MAP),

rate pressure product (RPP), and double product (Do-P). All parameters were assessed imme-
diately before and after intervention.

Results A total of 100 patients with T2DM were enrolled in the study, and blinded to
acupuncture group (n = 50) and sham acupuncture group (n = 50). Intergroup analysis
showed that significant reductions in RBG (P < 0.001), SBP (P = 0.035), DBP (P = 0.008), and
MAP (P = 0.009) were found in acupuncture group compared with sham acupuncture group.
Within-group analysis showed significant reductions in RBG (P < 0.001), SBP (P < 0.001), DBP
(P =0.008), PP (P = 0.023), MAP (P < 0.001), RPP (P < 0.001), and Do-P (P = 0.002) in acupunc-
ture group, whereas sham acupuncture group showed a significant decrease in PR (P = 0.023)
only in the post-test assessment compared with pre-test assessment.

Conclusion A period of 30 min of needling at the Sanyinjiao (SP6) acupuncture point re-
duces RBG and promotes cardiovascular function in patients with T2DM as compared with
needling at non-acupuncture points. Sanyinjiao (SP6) acupuncture may offer an immediate,
non-pharmacological intervention to strengthen glycemic control management and cardio-
vascular health in T2DM patients.
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1 Introduction

Type 2 diabetes mellitus (T2DM) is a group of metabolic
disorders characterized by chronic hyperglycemia due to
defects in insulin secretion, insulin resistance, or a com-
bination of both !'. The prevalence of diabetes was 9.6%
(463 million people) in the world in 2021 and is expected
to reach 10.4% (578 million) in 2030, and 10.9% (700 mil-
lion) in 2045 !, Uncontrolled diabetes is linked to both
microvascular and macrovascular disorders, including
diabetic retinopathy, diabetic nephropathy, diabetic neu-
ropathy, peripheral artery disease, and cerebrovascular
disease . The conventional line of treatment includes
biguanides (metformin), sulfonylureas (glimepiride, glip-
izide, and glyburide), thiazolidinediones (rosiglitazone
and pioglitazone), and insulin. The long-term use of
these drugs generates potential side effects, such as lactic
acidosis, constipation, vitamin B-12, and folic acid
deficits, as well as other gastrointestinal problems in 30%
of patients . The non-pharmacological methods involve
glycemic control through diet, exercise, acupuncture,
massage therapy, biofeedback, yoga, and herbal medica-
tions, which play a crucial role in the reduction of blood
glucose levels °),

Acupuncture is considered a treatment modality
grounded in traditional Chinese medicine (TCM) which
is based on the meridian system, that encompasses prop-
er insertion and manipulation of needles of various
gauges and lengths into the skin at specific acupoints [*,
The classic TCM theory holds that diabetes is caused by
Yin deficiency and dryness-heat. Sanyinjiao (SP6), one
of the acupuncture points in the spleen meridian, which
is a three-Yin intersecting point (where three-Yin meridi-
ans, namely liver, kidney, and spleen), strengthens the
spleen and stomach energy while nourishing the Yin and
blood ¥. Numerous studies have demonstrated that
acupuncture at Sanyinjiao (SP6) along with other acup-
uncture points for a short or long duration has blood sug-
ar-lowering effects "> ', However, no studies have ex-
plored the effects of acupuncture at Sanyinjiao (SP6)
alone on blood glucose levels in patients with T2DM.
Thus, the aim of this study was to determine the immedi-
ate effect of bilateral needling at Sanyinjiao (SP6) on ran-
dom blood glucose (RBG) levels and cardiovascular func-
tion in these patients.

2 Materials and methods
2.1 Study design

A randomized placebo-controlled study was conducted
between January 5, 2022, and March 15, 2023, at the Gov-
ernment Yoga and Naturopathy Medical College and
Hospital, Chennai, India. The protocol was approved by
the Institutional Ethics Committee (RES/IEC-GYNMC/
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2021/133), and written informed consent was obtained
from all participants.

2.2 Participants

2.2.1 Inclusion criteria Males and females aged 35 to 65
years with a history of T2DM for at least one year, receiv-
ing regular anti-diabetic medications (biguanides and
sulphonylureas), and willing to participate in the study
were included.

2.2.2 Exclusion criteria Participants were excluded if
they had: other types of diabetes or T2DM complicated by
diabetic neuropathy, Grade III nephropathy, end-stage
renal disease, or diabetic ulcers; any psychological condi-
tions; open wounds or skin diseases at the needling sites;
autoimmune disorders or who underwent insulin thera-
py; needle phobia; or were pregnant or lactating.

2.3 Randomization and blinding

Eligible participants were randomly assigned ina 1: 1 ra-
tio into acupuncture group and sham acupuncture group
using a simple random method by computerized ran-
domization. Allocation concealment was conducted us-
ing sequentially numbered opaque sealed envelopes.
Sealed envelopes were prepared in advance, indicating
each participant's allocation based on their recruitment
number. These envelopes were handed to the researcher
responsible for enrolling participants. Participants who
met the inclusion and exclusion criteria and provided in-
formed consent were sequentially assigned a unique re-
cruitment number. The corresponding sealed envelope
for that recruitment number was then opened, and par-
ticipants were allocated to either the acupuncture or
sham acupuncture group based on its contents. Random-
ization was performed by one of the authors who was not
involved in intervention or outcome assessments.

2.4 Intervention

All interventions were performed by a qualified acupunc-
turist with three years of clinical experience who was pur-
suing a doctor of medicine in acupuncture and energy
medicine. Treatments were conducted in a well-ventilat-
ed, noise-free, temperature-controlled room between
9:00 am and 12:00 pm after they had breakfast. In both
groups, sterile disposable stainless steel filiform needles
(0.25 mm x 13 mm, TX-PinPai, Suzhou Tianxie Acupunc-
ture Instruments Co., Ltd., China) were used. All patients
were on their regular anti-diabetic medications and in-
formed about the procedure and potential sensations of
needle insertion before treatment. The needles were re-
tained for 30 min without manual or electrical stimula-
tion, and no other treatments were administered during
the study period.
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2.4.1 Acupuncture group Participants received bilater-
al needling at Sanyinjiao (SP6) (located 3 cun proximal to
the tip of the medial malleolus). Needles were inserted
perpendicularly to a depth of 1 cun and retained for
30 min without manipulation or electrical stimulation.

2.4.2 Sham acupuncture group Participants received
bilateral needling at non-acupuncture points [located
1.5 cun lateral to Sanyinjiao (SP6)] with identical needle
type, insertion depth, and retention time as acupuncture

group.
2.5 Outcome measures

All outcomes were assessed at the baseline before the in-
tervention and immediately after the intervention.

2.5.1 Primary outcome variables RBG was measured
using a calibrated portable glucometer (Accu-Chek In-
stant Blood Glucose Glucometer, Roche Diagnostics In-
dia Pvt. Ltd., Mumbai, India). Following standard aseptic
procedures, capillary blood samples were obtained by
finger prick using disposable lancets. The measurement
was performed according to the manufacturer's instruc-
tions.

2.5.2 Secondary outcome variables Systolic blood pres-
sure (SBP), diastolic blood pressure (DBP), and pulse rate
(PR) were evaluated using a digital BP monitor (HEM-
8712, Omron Healthcare Co., Ltd., Kyoto, Japan). Assess-
ments including pulse pressure (PP), mean arterial pres-
sure (MAP), rate pressure product (RPP), and double
product (Do-P) were calculated using the following for-
mulas: PP = SBP - DBP; MAP = DBP + (1/3 x PP); RPP =
(PR x SBP)/100; Do-P = (PR x MAP)/100 ['?],

2.6 Statistical analysis

Data analysis was performed using SPSS 16.0. The Kol-
mogorov-Smirnov test was used to assess data normality.
Baseline demographic and clinical characteristics betw-
een groups were compared using independent samples ¢
test for normally distributed data and Mann-Whitney U
test for non-normally distributed data. As baseline RBG
values differed significantly between groups, univariate
analysis of covariance (ANCOVA) with Bonferroni adjust-
ment was conducted for between-group comparisons,
using baseline values as covariates. Within-group differ-
ences were analyzed using paired samples ¢ test for
normally distributed data and Wilcoxon signed-rank test
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for non-normally distributed data. Data were represent-
ed as mean + standard deviation (SD) for normally dis-
tributed data and median (interquartile range) for non-
normally distributed data. Two-tailed tests were used for
all analyses, and P < 0.05 was considered statistically sig-
nificant. No data were missing, and no subjects were lost
to follow-up.

3 Results
3.1 Participant characteristics

A total of 120 patients were assessed for eligibility, and
100 patients with T2DM who met the inclusion criteria
were enrolled in the study. All participants were blinded
to acupuncture group (n = 50) and sham acupuncture
groups (n = 50). All participants completed the study
with no dropouts, resulting in complete data for analysis
(Figure 1). The baseline demographic and clinical char-
acteristics of both groups are presented in Table 1. The
results showed no statistically significant difference in all
demographic and outcome measures except RBG be-
tween acupuncture and sham acupuncture groups at
baseline (P > 0.05).

3.2 Primary outcome variable

Between-group analysis showed a statistically significant
reduction in RBG (P < 0.001) in acupuncture group

| Participants assessed for eligibility (n = 120) |

Participants did not meet the inclusion
| criteria (7 = 18). Participants declined
to participate (n = 2)

A 4
| Participants recruited (n = 100) |

| Randomization (n = 100) |

K
| Acupuncture group (n = 50) | | Sham acupuncture group (n = 50) |
| Baseline assessment (7 = 50) | | Baseline assessment (n = 50) |
v v
Needling at Sanyinjiao (SP6) Needling at non-acupuncture
(n=50) point (n = 50)
v v
Post-test assessment (7 = 50) | | Post-test assessment (7 = 50)

|\A o

Data analysis (n = 100) |

Figure 1 Trial profile of the study

Table 1 Demographic variables of the acupuncture and sham acupuncture groups

Group Age (year) %Height (m) Weight (kg) BMI (kg/m?) (ml:“ng) (msn]iII;g) (n?n]?ll-)lg)
Acupuncture 55.08 £ 8.08 29 21 1.59+0.05 62.79+10.37 24.86+3.72 260.78+£73.18125.88 +19.9180.64 + 10.78
Sham acupuncture 54.90 + 7.86 31 19 1.60+0.06 63.49+8.99 24.92+3.79 224.60+50.02129.44 +18.8084.50 + 10.85
Pvalue 0.870 / 0.430 0.388 0.793 0.005 0.360 0.077

BM], body mass index. RBG, random blood glucose level. SBP, systolic blood pressure. DBP, diastolic blood pressure.
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compared with sham acupuncture group. Within-group
analysis revealed that acupuncture group demonstrated a
significant decrease in RBG (P < 0.001) from baseline to
post-intervention, while sham acupuncture group
showed no significant change (P > 0.05) (Figure 2).

3.3 Secondary outcome variable

Between-group analysis showed a statistically significant
reduction in SBP (P = 0.035), DBP (P = 0.008), and MAP
(P = 0.009), with a trend toward reduction in Do-P (P =
0.095), and no significant changes were noted in PR, PP,
and RPP in acupuncture group compared with sham
acupuncture group (P > 0.05). Within-group analysis, for
acupuncture group showed a statistically significant re-
duction in SBP (P < 0.001), DBP (P = 0.008), PP (P =
0.023), MAP (P < 0.001), RPP (P < 0.001), and Do-P (P =
0.002) after acupuncture treatment, but no significant
changes were found in PR (P > 0.05). In contrast, sham
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400 ¢ = Pre-test Post-test

L 26078 _
350 24126 NS

~ 300} 224.60 226.66

[
[

Acupuncture group Sham acupuncture group

Figure 2 Pre-test and post-test RBG of acupuncture and
sham acupuncture groups

*P < 0.001 in within-group group analysis (Wilcoxon signed
ranks test with Z = 5.359). “P < 0.001 in between groups analysis
using analysis of covariance (ANCOVA with F = 17.647). NS, P >
0.05 in within and between groups analysis (Wilcoxon signed
ranks test with Z = 1.303).

acupuncture group showed a significant decrease only in
PR (P = 0.023), with no significant changes noted in other
variables (P > 0.05) (Table 2). No adverse events were ob-
served from the participants.

Table 2 Baseline and post-test assessments of acupuncture and sham acupuncture groups

SBP (mmHg)
Group -
Baseline Post-test t/z/F value Pvalue
Acupuncture 125.88 £19.91 121.20 £18.00 t=4.070 <0.001
Sham acupuncture 129.44 + 18.80 129.38 £ 19.16 z=0.856 0.392
t/z/F value t=0.919 z=2.107
Pvalue 0.360 0.035
DBP (mmHg)
Group -
Baseline Post-test t/z/F value Pvalue
Acupuncture 80.64 +10.78 78.62 +9.78 t=2.755 0.008
Sham acupuncture 84.50 £10.85 84.04 £10.07 t=0.473 0.639
t/z/Fvalue t=1.785 t=2.730
Pvalue 0.077 0.008
PR (bpm)
Group
Baseline Post-test t/z/F value Pvalue
Acupuncture 86.18 +12.98 84.56 + 12.88 t=1.946 0.057
Sham acupuncture 84.92+9.74 83.62 +9.45 1=2.343 0.023
t/z/F value t=0.549 t=0.416
Pvalue 0.584 0.678
PP (mmHg)
Group
Baseline Post-test t/z/F value Pvalue
Acupuncture 45.24 £+ 13.59 4258 +12.76 z=2.277 0.023
Sham acupuncture 44.94 +13.26 45.34 + 13.96 z=0.205 0.838
t/z/Fvalue z=0.017 z=1.204
Pvalue 0.986 0.229
MAP (mmHg)
Group
Baseline Post-test t/z/F value Pvalue
Acupuncture 95.72 +12.98 92.81 +11.68 1=3.943 <0.001
Sham acupuncture 99.48 +12.54 99.15+12.11 1=0.277 0.783
t/z/Fvalue t=1.473 1=2.664
Pvalue 0.144 0.009
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Table 2 Continued
RPP (mmHg-b/min)
Group -
Baseline Post-test t/z/F value Pvalue
Acupuncture 107.68 £ 18.77 101.93 £18.55 t=3.743 <0.001
Sham acupuncture 109.77 £ 18.94 107.87 £17.95 t=1.144 0.258
t/z/Fvalue t=0.555 t=1.627
Pvalue 0.580 0.107
Do-P (mmHg-b/min)
Group -
Baseline Post-test t/z/F value Pvalue
Acupuncture 82.06 + 14.12 78.26 £ 14.05 t=3.219 0.002
Sham acupuncture 84.41 +13.62 82.86 +13.17 1=1.442 0.156
t/z/F value 1=0.847 t=1.688
Pvalue 0.399 0.095

Data were represented as mean * SD. In within-group analysis, z value of Wilcoxon signed rank test, and ¢ value of Paired samples ¢

test. In between group analysis, z value of Mann Whiteney U test, t value of independent samples ¢ test, and F value of analysis of

covarance (ANCOVA).

4 Discussion

The present study was conducted to determine the effect
of bilateral needling at acupuncture point Sanyinjiao
(SP6) on blood glucose levels and cardiovascular func-
tion in patients with T2DM. The results showed a sig-
nificant reduction in RBG, SBP, DBP, and MAP, with a
trend toward a decrease in Do-P in acupuncture group
compared with sham acupuncture group.

Consistent with our findings, a study that investigated
the effect of self-acupressure at four points of Taichong
(LIV3), Zusanli (ST36), Sanyinjiao (SP6), and Taixi (KD3)
showed a decrease in the FBS and an increase in serum
insulin levels in acupuncture group !'*.. Another research
that provided acupuncture at 15 acupoints which includ-
ed Sanyinjiao (SP6), showed a drop in fasting plasma glu-
cose and glycated hemoglobin (HbAlc) after acupunc-
ture '"). The findings of another study show that acupunc-
ture at seven points [Sanyinjiao (SP6), Yinlingquan (SP9),
Laogong (PC8), Jianshi (PC5), Neiguan (PC6), Ximen
(PC4), and Quze (PC3)] lowered SBP and DBP in hyper-
tensive patients ['"), These studies are in line with the find-
ings of the present study. In T2DM, Sanyinjiao (SP6)
points are often used together with other points, which
highlights the importance of Sanyinjiao (SP6). However,
there are limited controlled clinical trials to evaluate the
effects of Sanyinjiao (SP6) acupuncture point on blood
sugar levels in patients with diabetes.

4.1 Glycemic control

The results of the present study suggest that acupuncture
at Sanyinjiao (SP6) for 30 min reduces RBG effectively
compared with needling at non-acupuncture points. This
could be attributed to the following mechanism of action:
the classic TCM theory holds that diabetes is caused by

Yin deficiency and dryness-heat. As a Yin intersecting
point where three-Yin meridians meet (liver, spleen, and
kidney), Sanyinjiao (SP6) strengthens the spleen and
stomach while nourishing the Yin and blood P. The
parasympathetic nervous system promotes insulin secre-
tion, as evidenced previously by the impaired insulin se-
cretion observed in vagotomized rats .. Moreover, it al-
so inhibits the gluconeogenic pathway in the liver, which
may contribute to the reduction in blood glucose levels.
Acupuncture increases para-sympathetic tone which de-
creases the blood glucose level, SBP, and DBP '),

The hypothalamic-pituitary-adrenal axis and glucose
regulation are closely correlated. Hypothalamic-pitu-
itary-adrenal (HPA) axis dysregulation in diabetes ap-
pears to include complex interactions between impaired
glucocorticoid negative feedback sensitivity and factors
including hyperinsulinemia, hyperglycemia, and hyper-
leptinemia. Acupuncture regulates the HPA axis by regu-
lating the expression of glucocorticoid receptors and neg-
ative feedback regulation of glucocoriticoid recepotor
(GR). This, in turn, decreases the levels of glucocorticoids
from the adrenal cortex, lowers the HPA axis excitability,
and indirectly reduces the circulating blood glucose level
as well as blood pressure ", Several studies have shown
the effectiveness of Sanyinjiao (SP6) in addition to other
acupuncture points in decreasing blood glucose levels ['”),
Thus, the results of the present study are consistent with
the findings of previous research.

4.2 Cardiovascular functions

Further, the results showed a significant reduction in
SBP, DBP, PP, MAP, RPP, and Do-P in acupuncture
group, but no such significant changes were observed in
sham acupuncture group compared with its respective
baseline. Results of this research indicate that 30 min of
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needling at Sanyinjiao (SP6) is effective in strengthening
cardiovascular function, as evidenced by a decrease in
blood pressure, myocardial oxygen consumption, and
cardiac workload ¥, in contrast to the control interven-
tion involving needling at a non-acupuncture point. Ad-
ditionally, impaired endothelial function lowers nitric ox-
ide (NO) levels. Whereas, acupuncture improved en-
dothelial dysfunction by inducing the synthesis and acti-
vation of endothelial-derived nitric oxide, which acts as a
vasodilator, inhibits growth and inflammation, and has
an anti-aggregate effect on platelets ", Previous study
also suggest that acupuncture increases NO levels, and
vascular permeability, which in turn decreases SBP and
DBP I, This is in line with our findings, which demon-
strate that acupuncture at Sanyinjiao (SP6) potentiates
the cardiovascular variables. Also, based on the theories
of acupuncture, stimulation at Sanyinjiao (SP6) stabilizes
the reverse ascending of Chong Qi and guides the Qi
downward. At the same time, it can also nourish Yin to
suppress Yang and regulate Qi and blood, which is con-
ducive to decreasing blood pressure *!1.

4.3 Strength and limitation of the sdudy

The study indicated the effect of a single acupuncture
point Sanyinjiao (SP6) on blood glucose levels and ex-
panded the scope of application of single-point needling
in the treatment of T2DM. None of the patients reported
any adverse effects during the intervention. However, the
study only found the immediate effect of the intervention
and failed to demonstrate the short-term and long-term
effects. Next, the sample size was small and sample size
calculation was not performed based on previous re-
search. Besides, parameters including continuous blood
glucose monitoring, continuous blood pressure monitor-
ing, autonomic functions testing, NO, and other bioche-
mical analyses should have been performed for a better
understanding of its effect. Hence, further studies with
large sample sizes and long-term follow-up with more
objective variables are warranted to validate the results of
the study.

5 Conclusion

Single-session bilateral needling at Sanyinjiao (SP6)
acupuncture point for 30 min demonstrated immediate
beneficial effects on glycemic control and cardiovascular
parameters in patients with T2DM. Specifically, this inter-
vention significantly decreased blood glucose levels and
improved cardiovascular functions compared with
needling at non-acupuncture points. These findings sug-
gest that Sanyinjiao (SP6) acupuncture could serve as a
safe and non-pharmacological adjunctive intervention
for T2DM management.
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