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1 | Background

Acupuncture is a Traditional Chinese Medicine (TCM) tech-
nique, based on the principle that needling specific points on the
body surface (acupoints) may have therapeutic effects on some
conditions, although its precise mechanism of action is unclear
[1]. Acupuncture has been recognized as effective, and some-
times reimbursed [2], to treat different diseases [3]; it has also
been proposed as a glucose-lowering therapy in type 2 diabetes
mellitus (T2DM) [4, 5], due to a possible insulin-sensitizing ef-
fect as suggested by animal studies [6, 7]. In humans with and
without T2DM, acupuncture was reported to reduce Body Mass
Index (BMI) [8], fasting blood glucose and Homeostasis Model
Assessment (HOMA) insulin resistance index [5, 9]; however,
the reliability of the HOMA index in measuring insulin resis-
tance in T2DM is controversial [10]. The aim of this study was
to explore if acupuncture treatment may reduce insulin doses in
insulin-treated overweight people with T2DM, to collect further
evidence on its hypothetical insulin sensitizing effect.

2 | Methods

We performed a randomized controlled, single-blinded trial
with a crossover design, with blindness of the endpoint assessor.

The protocol was registered in the Clinicaltrials.gov reposi-
tory (NCT04076800 registration number), and summarized in
Table S1,S3.

Adult overweight patients with T2DM, on insulin therapy for
at least 6 months, with a dose greater than 201U daily, and a
HbA1c <69 mmol/mol, were eligible.

Patients underwent simple randomization process to acu-
puncture or sham in a 1:1 ratio (treatments are described in
Table S2,S3). After treatment or sham completion, and a 1-month
washout period, patients on acupuncture or sham were switched
to sham or acupuncture, respectively, in a cross-sectional design
(Figure S1).

No modifications were made to lifestyle or non-insulin med-
ications. Insulin dose was adjusted weekly by a diabetologist,
blinded to the patient's current treatment, according to a pre-
specified protocol, based on patient-reported glucose self-
monitoring (Table S4).

The primary objective was the superiority of acupuncture
over sham in the reduction of daily insulin dose. The sec-
ondary endpoint was the difference in HbAlc from baseline
(Table S2).
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3 | Results

The study was delayed soon after patients' enrolment due to
the COVID-19 pandemic; more recently, major advances in
T2DM therapies significantly hampered our ability to enrol
subjects in compliance with protocol: the approval of new non-
insulin agents which reduced the need for insulin in T2DM
patients; the introduction of icodec insulin, which could not
be included as concomitant medication due to different titra-
tion schemes; and the widespread increase in continuous glu-
cose monitoring use, which limited the patients’ willingness
to perform traditional glucose tests. The reduced possibility
of further enrolment prompted the decision to stop the trial.

At trial termination, 23 patients had signed the informed con-
sent; of those, 3 had withdrawn during the first run-in phase
before randomization, whereas 5 had dropped out before com-
pleting the first treatment period (Figure S2). Because of the
crossover nature of the trial, those patients were excluded from
the analysis; an intention-to-treat analysis was not performed
because no observation from the second treatment periods
was available, including baseline values of endpoint variables.
The remaining 15 patients completed both treatment phases,
and they were included in the analysis. No patient was under-
going treatment at the time of trial termination.

The characteristics of the enrolled patients are summarized in
Table S5. Eight patients were randomly assigned to acupunc-
ture first, whereas seven started with sham. The mean daily
total insulin dose at the beginning of the first and second treat-
ment period was 52.5+28.4 and 49.4+28.01U, respectively
(p=0.28).

Acupuncture was associated with a mean reduction of total
daily insulin of 5.31U, with a difference from sham of —13 [-8;
—25]% (p=0.039, Table 1).

The post hoc calculated power (with ¢ =0.05) to detect as statis-
tically significant the observed differences in absolute and per-
cent reduction of insulin dose was 0.49 and 0.56, respectively.
No significant difference in percent reduction of insulin doses
with acupuncture vs. sham was observed between those who
initiated with either the former or latter treatment (p =0.48), rul-
ing out any relevant carryover effect (Figure 1).

No significant difference between the two treatments was de-
tected in mean daily doses of long- or short-acting insulin,
HbA1c and BMI (Table 1). Twelve (80%) and 11 (73.3%) patients
were within the recommended HbA1c target as for local guide-
lines [11] after acupuncture or sham, respectively. No serious
adverse events were reported (Table S6).

4 | Conclusion

This trial suggests that acupuncture may reduce the insulin
dose in T2DM patients, supporting the hypothesis of an insulin-
sensitizing effect. These results are in line with previous studies
showing an improvement of insulin sensitivity with acupunc-
ture [4, 5]; however, our study is the first to assess the effect of
acupuncture in insulin-treated patients with T2DM. The re-
duction of insulin doses indicated an effect of acupuncture on
insulin sensitivity, overcoming the limits of HOMA index in
patients with T2DM. The observed 51U mean reduction of daily
insulin doses, which may be considered of moderate clinical

TABLE1 | Difference in total insulin dose between acupuncture and sham.

Paired difference Cohen D
Acupuncture Sham Estimate
Mean +SD Mean +SD Mean +SD 95% CI t D (95% CI)
Total insulin dose —5.27+£6.63 -1.67£6.30 3.60%6.5 (-0.01; 7.21) 2.14  0.050 0.55(=0.001; 1.09)
difference (IU)
Total insulin —0.14+0.20 —0.011+0.15 0.13+0.22 (0.08; 0.25) 2.28 0.039 0.50 (0.03; 1.13)
percentage
difference (%)
Short acting —-2.00+4.57 —0.83+19.63 1.17+£19.48 (-11.21;13.55) 0.21  0.839 0.060 (—0.51; 0.63)
insulin dose
difference (1U)
Long acting —-3.67+4.7 1.93+9.81 5.6+11.90 (=0.99; 12.19) 1.82  0.090 0.47 (—0.07; 1.00)
insulin dose
difference (1U)
HBAIc difference —2.07+4.59 +1.00+£5.69 3.07+8.33 (—1.55; 7.68) 1.46 0,177 0.37 (=0.16; 0.89)
from baseline
(mmol/mol)
BMI difference from  —0.33+0.51 —-0.22+0.49 0.107
baseline (kg/m2)

Abbreviations: CI=confidence interval; IU =international units; SD =standard deviations; ¢t =paired samples student's ¢-test.
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FIGURE1 | Variationsin totalinsulin dose during the crossover trial: MO = baseline (acupuncture first 54.25+ 39.86 IU, sham first 50.71 + 15.21U);
M1 treatment month 1; M2; Treatment month 2; M3 =End of first treatment period (acupuncture first 48.38 £40.46, sham first); M4 =End of wash
out, beginning of second treatment period (acupuncture first 50.00+ 36.78 IU, sham first 48.71 +19.351U); M5; Treatment month 5; M6; Treatment
month 6; M7 end of second treatment period (acupuncture first 46.88 +£35.361U, sham first 46.00 £20.26IU).

significance, is similar to that observed by adding metformin
to insulin therapy [12]. The absence of any effect on HbAlc
was an expected consequence of trial design: the adjustment
of insulin doses aimed at maintaining optimal glycaemic con-
trol did not allow differences of glucose levels between groups.
Acupuncture was associated with a small weight loss, but dif-
ferences between acupuncture and sham were not statistically
significant and clinically trivial.

The present data do not demonstrate the efficacy of acupunc-
ture in the treatment of T2DM, but support the hypothesis of a
potential therapeutic use. Further RCTs, specifically designed
for directly relevant clinical endpoints (e.g., HbAlc and hypo-
glycaemia) are needed for the assessment of efficacy and safety.

The present results should be considered only as hypothesis
generating. The study design did not include specific measure-
ments of insulin sensitivity (e.g., glucose infusion rate during
euglycemic hyperinsulinemic clamp), of which daily insulin
dose is only a proxy. In fact, a lower insulin dose could also have
been theoretically determined by insulin undertreatment in
the acupuncture arm; however, most patients were within the
HbAIc targets in both treatment arms, making this hypothesis
implausible. In addition, the termination of the study at about
half of the planned enrolment reduces the reliability of results.
Furthermore, long-term effects treatment effects could not be
assessed due to insufficient follow-up length and cross-over de-
sign; the cross-over design also prevented an intention-to-treat
analysis, given that none of the dropouts had started the second
treatment period. Some patients may have dropped out because
unable to follow the treatment schedule, or because they did not

observe clinical benefit, thus potentially introducing a selection
bias in favour of either acupuncture or sham.

In conclusion, a 3-month acupuncture protocol may provide a
greater reduction in insulin dose than a sham intervention in
overweight people with T2DM in insulin therapy. Further studies
on larger samples are needed to confirm this preliminary result.
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