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Background The efficacy and mechanisms of acupuncture for Crohn’s disease (CD) are not well understood. We
investigated its effects on symptoms, intestinal microbiota, and circulating inflammatory markers in CD patients.

Methods This 48-week, randomized, sham controlled, parallel-group clinical trial was performed at a tertiary outpa-
tient clinic in China. From April 2015 to November 2019, 66 patients (mean age 40¢4, 62¢1% were male, all were
Han Chinese) with mild to moderate active CD and unresponsive to drug treatment were enrolled and randomly
assigned equally to an acupuncture group or a sham group. The treatment group received 3 sessions of acupuncture
plus moxibustion per week for 12 weeks and a follow-up of 36 weeks. Clinicaltrials.gov: NCT02559037.

Findings At week 12, the clinical remission rate (the primary outcome) and clinical response rate of acupuncture
group were significantly higher than that of sham group, with a difference of 42¢4% (95% CI: 20¢1%-64¢0%) and
45¢5% (95% CI: 24¢0%-66¢9%), respectively, both of which maintained at week 48. The acupuncture group had sig-
nificantly lower CD activity index and C-reactive protein level at week 12, which maintained at 36-week follow-up.
The CD endoscopic index of severity, histopathological score, and recurrence rate at week 48 were significantly lower
in acupuncture group. The number of operational taxonomic unit of intestinal microbiota and relative abundance of
Faecalibacterium prausnitzii and Roseburia faecis were increased. Plasma diamine oxidase, lipopolysaccharide, and
Th1/Th17 related cytokines were decreased in 12-week after acupuncture.

Interpretation Acupuncture was effective in inducing and maintaining remission in patients with active CD, which
was associated with increased abundance of intestinal anti-inflammatory bacteria, enhanced intestinal barrier, and
regulation of circulating Th1/Th17-related cytokines.
Abbreviations: CD, Crohn's disease; CDAI, Crohn's disease activity index; CDEIS, Crohn's disease endoscopic index of severity;

CRP, C-reactive protein; DAO, diamine oxidase; HCs, healthy control subjects; HS, histopathological score; IBD, inflammatory

bowel disease; ITT, intention to treat; LEfSe, linear discriminant analysis effect size; LPS, lipopolysaccharides; OTU, operational

taxonomic unit; PP, per-protocol; SCFAs, short chain fatty acids
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Research in context

Evidence before this study

We searched PubMed for studies including clinical trials,
randomized controlled trials, systematic reviews, and
meta-analyses from the inception of the database to
October 31, 2021 using the search terms "acupuncture"
or "electroacupuncture" or "moxibustion" in combina-
tion with "Crohn's disease". Although four randomized
controlled trials (three in English and one in Chinese) as
well as two observational trials report acupuncture
treatment for Crohn's disease (CD), the quality of this
evidence is not optimal and needs to be improved. As
described in a meta-analysis, there are very few robust
clinical trials of acupuncture for CD. Further, conven-
tional drugs and biologic are effective for only a fraction
of patients, but no study has been made on testing the
effect of acupuncture and moxibustion on CD patients
who are unresponsive, intolerant or dependent on
these medications.

Added value of this study

This is the first randomized, sham controlled, parallel-
group, 48-week follow-up clinical trial that evaluated
the efficacy and safety of acupuncture for mildly and
moderately active patients with CD who had poor drug
response. The study provides stronger evidence that 12
weeks of acupuncture was safe and effective in induc-
ing and maintaining disease remission, and that this
effect maintained for at least 48 weeks. Its therapeutic
effects may be related to increased relative abundance
of anti-inflammatory bacteria as well as short chain fatty
acids-producing bacteria, increased intestinal epithelial
barrier function, and inhibition of Th1/Th17-related pro-
inflammatory cytokines.

Implications of all the available evidence

CD is poorly controlled by currently available medica-
tions and the effects are often short-lasting. The conclu-
sions of this study will encourage the clinical use of
acupuncture as a safe and effective alternative treat-
ment for mild to moderately active CD patients, espe-
cially those who are poorly responsive or intolerant to
medications. Future research may include refining and
improving the effect of acupuncture by using
differentiated acupuncture protocols based on patient
disease subtypes such as disease location or disease
behavior, and further exploring inflammatory
mechanism.
Introduction
Crohn's disease (CD) is a chronic, recurrent inflamma-
tory disease that can affect any part of the digestive tract.
The main symptoms include abdominal pain, diarrhea,
and weight loss.1 While the highest prevalence of CD is
in North America and Europe (range: 319/105−322/
105),2 a rapid increase in the incidence of CD occurs in
newly industrialized countries such as China, owing to
the impact of westernized diets and environmental
changes on individual intestinal microbiota.3 The patho-
genetic mechanism of CD involves dysfunctional intes-
tinal microbiota, which may impair the integrity of the
intestinal barrier through the activation of inflammatory
pathways in genetically susceptible individuals.3,4

Recent studies have shown that the intestinal micro-
biota and immune response in patients with active CD
are significantly less stable than in healthy individuals.
The active phase of the disease is marked by changes in
intestinal microbial diversity, such as depletion of obli-
gate anaerobes [including Faecalibacterium Prausnitzii
and Roseburia hominis, short chain fatty acids (SCFAs)
producing bacteria], and enrichment of facultative anae-
robes such as Escherichia coli.5

Dyshemostasis of CD4+ T cell differentiation in
intestinal mucosa and peripheral circulation is another
feature of CD, manifested by Th1 and Th17 cell-medi-
ated immune inflammatory responses.6−9 Studies have
demonstrated increased expressions of Th1 and Th17
cells, as well as those of IFN-g, IL-17A, and other cyto-
kines secreted by these cells in the intestinal mucosa
and peripheral blood of patients with active CD.8 The
impaired integrity of intestinal epithelial barrier and the
consequent enhanced intestinal permeability is believed
to promote the infiltration of intestinal microorganisms
and antigens from the intestinal lumen to the lamina
www.thelancet.com Vol 45 Month March, 2022
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propria; this further induces aberrant immune response
in CD.9

The efficacy of currently available drugs for CD (such
as aminosalicylic acid, glucocorticoids, immunomodula-
tors, and biological agents) is rather unsatisfactory and
some of these drugs are also costly and have several side
effects.10 About 1/3−2/3 of patients fail to respond to
TNF-a antagonists or have decreased response over
time.11 Therefore, developing effective therapies for CD
is imperative.12 Acupuncture is an alternative therapy
that has been used for the treatment of inflammatory
bowel diseases around the world.13,14 Acupuncture and
moxibustion are often used together to achieve synergis-
tic effect.15 Joos et al.16 and our research team17 found
that acupuncture can reduce the CD activity index
(CDAI) and improve the quality of life of patients with
mild to moderate active CD. It can also improve the gen-
eral well-being of patients and reduce the concentra-
tions of serum a1-acid glycoprotein16 and C-reactive
protein (CRP), and increase hemoglobin level.17 How-
ever, a meta-analysis18 revealed a paucity of robust clini-
cal trials of acupuncture in patients with CD. The main
shortcomings of previous studies include uncertain evi-
dence of improvement in endoscopic performance,
inadequate duration of follow-up, and lack of standardi-
zation of acupuncture technique and evaluation of the
underlying mechanisms. In addition, intestinal micro-
biota and inflammation are believed to play a key role in
the pathogenesis of CD,3,4 while acupuncture is shown
to regulate them.19−21 The effects of acupuncture may
be achieved through regulating the function of the cen-
tral nervous system, the cholinergic and the splenic
sympathetic anti-inflammatory pathway and the hypo-
thalamic-pituitary-adrenal axis.13,22,23

We hypothesized that acupuncture may improve clini-
cal symptoms of CD by regulating intestinal microbial
composition and Th1/Th17 cell-mediated inflammatory
response. Based on improved acupuncture methods, we
conducted a randomized, sham-controlled, parallel group-
ing, 48-week follow-up trial in patients with mild to moder-
ate active CD who were not responding, intolerant,
dependent, or refusing to use medications.
Methods

Study design
The protocol was approved by the Institutional Review
Board of Yueyang Hospital of Integrated Traditional Chi-
nese and Western Medicine, Shanghai University of Tradi-
tional Chinese Medicine (2015−007), and was registered
on ClinicalTrials.gov: NCT 02,559,037. All participants pro-
vided written consent. The study adheres to the CONSORT
guidelines for reporting randomized trials.

Computerized random numbers were generated by
an independent investigator and kept in a sealed, opa-
que envelope. When eligible subjects were included, the
www.thelancet.com Vol 45 Month March, 2022
envelopes were opened by an unblinded acupuncturist
(C.H.B.) in order of numbering on the envelopes to
view the randomly assigned group. The acupuncturist
will give the subject the corresponding intervention.
The eligible patients were randomly assigned to the acu-
puncture group or sham acupuncture group in a 1:1
ratio. The subjects received 3 treatment sessions per
week for 12 consecutive weeks, which was followed by a
follow-up period of 36 weeks. During the treatment, the
patients were blinded from the treatment process by an
opaque curtain and asked to close their eyes, and were
not allowed to communicate with each other to avoid
unblinding. At the end of treatment, the subjects were
asked to give their blinded guess about specific treat-
ment they received. The treating physicians who pre-
scribed the medication were blinded to the grouping
and separated from two independent specialists who
performed the acupuncture. The outcome evaluators (J.
Z.Z. and D.W.) and statisticians (L.M.C. and G.N.L.)
were also blinded to the grouping.

The CDAI score24 and serum CRP level were used to
assess disease severity at baseline and at weeks 12, 24,
36, and 48. Ileocolonoscopy and biopsy were performed
at baseline and week 48. The findings were central read-
ing and graded according to the Crohn's disease endo-
scopic index of severity (CDEIS) score25 and
histopathological score (HS),26 respectively. Plasma
immunological indicators, fecal calprotectin concenta-
tion,27 and intestinal microbiota structure and diversity
were assessed at baseline and 12 weeks. Blood samples
(serum, plasma) and fecal samples were stored at �80 °
C within 2 h after collection. A schematic illustration of
the study protocol is shown in Supplementary Fig. S1.
Subjects. From April 1, 2015 to November 30, 2019, CD
patients were screened and referred from the gastroen-
terology departments of five general hospitals in China.
All patients received systematic and gastrointestinal
examinations, including ileocolonoscopy and histopa-
thology, MRI or CT examination of the small intestine
and the diagnosis28 was confirmed by a gastroenterolo-
gist. The eligible patients were enrolled at the outpatient
clinic of the inflammatory bowel disease (IBD) specialty
at the Shanghai Research Institute of Acupuncture and
Meridian. Healthy control subjects (HCs) were recruited
from the Shanghai University of Traditional Chinese
Medicine. The investigators responsible for subject
enrollment were D.W. and J.Z.Z., who were unaware of
the grouping. Inclusion/exclusion criteria for patients
and HCs are described in Table 1.
Intervention and control. Acupuncture group: We
selected acupoints including Zhongwan (CV12) and
bilateral Shangjuxu (ST37), Sanyinjiao (SP6), Gongsun
(SP4), Taichong (LR3), Taixi (KI3), Hegu (LI4), and
3



Patients with CD

Inclusion criteria:

1. age 16−70 years;

2. patients in mild to moderate active phase (150≤CDAI<450) and with evidence of active inflammation (serum CRP concentration ≥5 mg/L, fecal cal-

protectin concentration ≥250 mg/g, or endoscopy with obvious evidence of ulcerations during a 4-week screening period);

3. patients who were not responsive, intolerant, dependent, or refused to use any one of the following medications: mesalazine, glucocorticoid, immu-

nomodulator (azathioprine, methotrexate), and anti-TNF-a agents;

4. not taking medicine or taking one or more of the following: prednisone ≤15 mg/d (at least for 1 month); azathioprine (≤1 mg/kg/d), methotrexate

(≤15 mg/wk), or mesalazine (≤4 g/d) (at least for 3 months);

5. no history of treatment with anti-TNF-a agents within the 3 months immediately preceding the enrolment;

6. no history of acupuncture therapy;

7. provision of written informed consent.

Exclusion criteria:

1. Pregnant or lactating women, and those desirous of conceiving in the near future;

2. patients with severe organic diseases;

3. patients with mental illness;

4. patients receiving antibiotics, probiotics, prebiotics, traditional Chinese medicine, or other drugs;

5. patients with multiple comorbid conditions that require long-term therapy with drugs, which may affect the outcome measures;

6. patients with severe extraintestinal manifestations, such as severe skin diseases, eye diseases, or thromboembolic diseases;

7. severe intestinal fistula in the abdomen, abdominal abscess, intestinal stenosis and intestinal obstruction, perianal abscess, gastrointestinal bleeding,

bowel perforation, or other complications;

8. patients with short bowel syndrome;

9. patients with a history of abdominal or gastrointestinal surgery in the past six months;

10. patients with skin diseases or defects at the sites of acupuncture that prevents the application of acupuncture.

HCs

Inclusion criteria:
1. subjects who have undergone physical examination (including colonoscopy) in the preceding one year, and were found to be in good physical health,

with no organic or significant functional diseases, especially those with gastrointestinal symptoms;

2. subjects with no family history of mental or nervous system disorders;

3. subjects with no history of participating in a similar research study;

4. subjects with no physical abnormality (such as headache, fever, etc.) during the study period;

5. subjects who provided a written informed consent for participation.

Exclusion criteria:

1. pregnant or lactating women;

2. subjects who have taken any drugs or food supplements (such as antibiotics, probiotics, prebiotics, Lactobacillus drinks, etc.) that may affect the param-

eters assessed in the present study;

3. subjects with fecal calprotectin levels of >50 µg/g.

Table 1: The selection criteria for patients and healthy control subjects (HCs).
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Quchi (LI11)17 according to the World Health Organiza-
tion standard29 (Supplementary Fig. S2a). Single-use
0¢30 £ 40 mm or 0¢30 £ 25 mm acupuncture needles
(Hwato, Suzhou, China)30,31 were vertically inserted into
each acupoint to 20−30 mm depth to obtain a deqi sen-
sation (a soreness, distention, numbness or heaviness
sensation). Bilateral Zusanli (ST36) and Tianshu (ST25)
were selected for moxibustion. Pure moxa sticks (diame-
ter: 2¢8 cm; Hanyi, Nanyang, China) were ignited and
fixed on a moxibustion stand at a distance of 3−5 cm to
the surface of acupoints. The temperature of skin sur-
face at the acupoints was maintained at 43 § 1 °C and
monitored with a miniature infrared thermometer
(Fluke 62, Fluke Corporation, Everett, WA, USA). Acu-
puncture and moxibustion were concomitantly per-
formed for 30 min (Supplementary Fig. S2b).
Sham acupuncture group: Sham acupuncture nee-
dles (0¢35 £ 40 mm) with flat tips (Hwato, Suzhou,
China) were inserted towards the same acupoints to
induce slight pain but without penetrating the skin.
Sham moxibustion was made by igniting the same type
of moxa sticks but fixing them at a distance of 8−10 cm
from the skin of acupoints to maintain the temperature
at 37 § 1 °C. Sham acupuncture and moxibustion were
concomitantly performed for 30 min (Supplementary
Fig. S2c).

After enrollment, no additional drugs or interven-
tions were allowed during the treatment period. For
patients who received combination treatment with
mesalazine, corticosteroids, azathioprine, or methotrex-
ate, the original dose was kept unchanged. During fol-
low-up, if the serum CRP level of the subjects returned
www.thelancet.com Vol 45 Month March, 2022
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to normal (< 5 mg/L), the dosage of glucocorticoid
(prednisone) was gradually reduced at a dose of 2¢5 mg
every two weeks. In the event of aggravation of patient's
condition or occurrence of serious adverse reactions
that required an increased dose of corticosteroids, the
investigator should be informed for record. Subjects
were withdrawn from the study if medications or other
therapies other than those prescribed in this study were
required.
Outcomes
Efficacy outcome. The primary outcome measure was
the proportion of patients with clinical remission at the
completion of treatment (defined as CDAI score < 150
and decrease in CDAI score by ≥ 70 from baseline).32

The secondary outcome measures were: proportion
of patients with clinical remission at weeks 24, 36, and
48; clinical response ratio (defined as a decrease in
CDAI score by ≥ 70 points from baseline),32 mean
changes in CDAI score and serum CRP level at weeks
12, 24, 36, and 48; proportion of patients with cortico-
steroid-free remission at weeks 48; the mean change in
CDEIS score and HS at week 48; cumulative propor-
tions of patients with recurrence at weeks 24, 36, and
48. Recurrence was defined as CDAI > 150 and an
increase of ≥ 70 points, or need to adjust medications
to control the disease.33 The safety outcomes included
vital signs (blood pressure, body temperature, heart
rate, pulse), adverse effects linked to acupuncture and
moxibustion.
Fecal microbiological and calprotectin outcome. We
quantified changes in the operational taxonomic unit
(OTU) number and composition of intestinal micro-
biota including relative abundance of targeting SCFAs
producing bacteria (Coprococcus, Lachnospira, Oscillo-
spira, Roseburia, and Roseburia faecis) and anti-inflam-
matory bacteria (Faecalibacterium, and Faecalibacterium
prausnitzii), a-diversity indices (sobs, chao1, ace, shan-
non, simpson, and coverage), b-diversity tests
(unweighted, and weighted UniFrac metrics) and the
change in fecal calprotectin concentration at different
time points.
Circulating inflammatory markers. We used enzyme-
linked immunosorbent assay to measure plasma con-
centrations of diamine oxidase (DAO), lipopolysacchar-
ides (LPS), D-lactic acid, and Th1/Th17-related cytokines
IFN-g, IL-17A, IL-23, TNF-a, and IL-1b.
Statistical analysis. Based on a previous study,17 the dif-
ference between the proportion of patients with clinical
remission in the acupuncture and sham groups was set
www.thelancet.com Vol 45 Month March, 2022
to 45% (with the acupuncture and sham groups being
65% and 20%, respectively). Incorporating a test level
a = 0¢05, and power 1-b = 0¢9, each group required at
least 33 patients (including a 15% dropout rate).

The categorical variables were analyzed using Chi
squared test or Fisher's exact test and expressed as fre-
quency (percentage); the continuous variables were
expressed as mean § standard deviation. The 95% con-
fidence intervals (CIs) of the rate difference and median
difference were estimated by Wald method (without
continuity correction)34 and Hodges-Lehmann, respec-
tively. The mean change in CDAI score and serum CRP
level at multiple time-points were measured by the
mixed effect model and two independent samples t-test;
the fecal calprotectin concentration, CDEIS score, HS
and the circulating inflammatory markers were com-
pared using the t-test or one-way analysis of variance
(ANOVA).

The a-diversity and relative abundance of the genera
and species of intestinal microbiota were analyzed using
Kruskal-Wallis H test and Nemenyi test or Wilcoxon
signed-rank/rank-sum test and expressed as median
(interquartile range). Linear discriminant analysis effect
size (LEfSe) was used to analyze the differences of the
microbial population between the acupuncture and
sham group at the completion of treatment and the
HCs. Linear discriminant analysis > 2¢0 was considered
as microbes with significant impact. The microbial bio-
information was analyzed by R version 3¢1¢1 (Vienna,
Austria). Linear regression was used to analyze the cor-
relation between clinical variables, bacterial flora, and
inflammatory markers. p ≤ 0¢05 was considered statisti-
cally significant. See Appendix S4 in the Supplementary
materials for further details. Statistical analysis was per-
formed using SPSS Version 24¢0 (IBM Corp., Armonk,
NY, USA).
Role of the funding source. The funders of the study
had no role in study design, data collection, data analy-
sis, data interpretation, or writing of the report. The cor-
responding authors had full access to all the data in the
study and had final responsibility for the decision to
submit for publication.
Results

Patient characteristics
A total of 162 patients were screened, and 96 patients
were excluded after 2 screenings. Finally, 66 patients
with a mean age of 40¢4 (SD 14¢2) years, 62¢1% male,
all Han Chinese and a duration of CD of 41¢9 (SD 34¢6)
months were included. The Montreal classification: A1
(n = 4, 6¢1%), A2 (n = 38, 57¢6%), A3 (n = 24, 36¢4%); L1
(n = 23, 34¢8%), L2 (n = 12, 18¢2%), L3 (n = 31, 47¢0%);
B1 (n = 19, 28¢8%), B2 (n = 8, 12¢1%), B3 (n = 39,
5
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59¢1%), B1p (n = 6, 9¢1%), B2p (n = 2, 3¢0%), B3p
(n = 17, 25¢8%). Concomitant medication: glucocorticoid
(n = 14, 21¢2%), 5-aminosalicylicacid (n = 29, 42¢9%),
Azathioprine (n = 21, 31¢8%), Methotrexate (n = 4,
6¢1%). Twenty-seven (40¢9%) subjects had moderate
activity. The mean CDAI for all subjects was 208¢7 (SD
48¢5). There were no significant differences between the
two groups of patients with respect to baseline demo-
graphic and clinical characteristics (Table 2). All 66
patients (33 in each group) were included in the inten-
tion to treat (ITT) analysis and safety analysis. Among
these, 32 patients in the acupuncture group (1 dropout
due to long distance traveling) and 31 cases in the sham
group (2 patients withdrew voluntarily due to either
lack of therapeutic effect or time conflict) completed
treatment and 48-week follow-up (Figure 1). The base-
line characteristics of the sub-study population are pre-
sented in Supplementary Table S1.
Primary efficacy outcome. ITT and per-protocol (PP)
analysis showed that the proportion of patients with
clinical remission at week 12 in the acupuncture group
(63¢6%, 65¢6%, respectively) was significantly higher
than that in the sham group (21¢2%, 22¢6%, respec-
tively) with difference of 42¢4% (95% CI:
20¢1%�64¢0%, p < 0¢001 for ITT) and 43¢0% (95% CI:
20¢3%�65¢1%, p < 0¢001 for PP) (Figure 2).
Secondary efficacy outcomes
Clinical remission rate. The proportions of patients
with clinical remission at weeks 24, 36, and 48 of the
acupuncture group (78¢8%, 78¢8%, 84¢9%, respectively)
were significantly greater than that of the sham group
(48¢5%, 42¢4%, 39¢4%, respectively) (wk 24: difference:
30¢3%, 95%CI: 8¢3%�52¢3%, p = 0¢011; wk 36: differ-
ence: 36¢4%, 95%CI: 14¢5%�58¢3%, p = 0¢003; wk 48:
difference: 45¢5%, 95%CI: 24¢8%�66¢1%, p = 0¢001,
respectively) (Figure 3a). The PP analysis results were
consistent with the ITT analysis (Supplementary Fig.
S3a). 78¢8% of patients in the acupuncture group and
27¢3% in the sham group were corticosteroid-free remis-
sion at week 48, with a difference of 51¢5% (95%CI:
30¢9%�72¢1% (p < 0¢001).
Clinical response rate. The proportions of clinical
response of patients at weeks 12, 24, 36, and 48 in the
acupuncture group (72¢7%, 84¢9%, 87¢9%, 87¢9%
respectively) were significantly greater than that in the
sham group (27¢3%, 54¢6%, 45¢5%, 45¢5% respectively)
(wk 12: difference: 45¢5%, 95%CI: 24¢0%�66¢9%,
p < 0¢001; wk 24: difference: 30¢3%, 95%CI:
9¢4%�51¢2%, p = 0¢007; wk 36: difference: 42¢4%,
95%CI: 22¢1%�62¢7%, p < 0¢001; wk 48: difference:
42¢4%, 95%CI: 22¢1%�62¢7%, p < 0¢001, respectively)
(Figure 3b). The PP analysis results were consistent
with the ITT analysis (Supplementary Fig. S3b).
Disease activity. The mean decreases in CDAI score
from baseline at weeks 12, 24, 36, and 48 in the acu-
puncture group were significantly greater than that in
the sham group (wk 12: difference: 38¢5, 95%CI: 14¢8
−62¢2, p = 0¢002; wk 24: difference: 52¢6, 95%CI: 21¢9
−83¢3, p = 0¢001; wk 36: difference: 58¢7, 95%CI: 29¢8
−87¢6, p = 0¢001; wk 48: difference: 72¢5, 95%CI: 41¢5
−103¢5, p < 0¢001, respectively) (Figure 3c). The mean
decreases in CRP levels from baseline at weeks 12, 24,
36, and 48 in the acupuncture group were significantly
greater than those in the sham group (wk 12: difference:
7¢4, 95%CI: 0¢8−13¢9, p = 0¢028, wk 24: difference: 9¢1,
95%CI: 0¢7−17¢6, p = 0¢034, wk 36: difference: 8¢9,
95%CI: 0¢4−17¢4, p = 0¢041, wk 48: difference: 8¢5,
95%CI: 0¢5−16¢4, p = 0¢037, respectively) (Figure 3d).
At week 48, the acupuncture group had significantly
lower CDEIS score and HS than the baseline (differ-
ence: �7¢3, 95%CI: �3¢8-(�10¢8), p = 0¢001; difference:
�3¢2, 95%CI: �2¢1-(�4¢3), p < 0¢001, respectively),
while the sham group did not (difference: �2¢0,
95%CI: �4¢8−0¢7, p = 0¢131; difference: �0¢8, 95%CI:
�1¢8−0¢2, p = 0¢104, respectively) (Figure 4a and c).
The mean change in the CDEIS score and HS from
baseline in the acupuncture group were significantly
better than that in the sham group (CDEIS: difference:
4¢1, 95%CI: 0¢8−7¢4, p = 0¢015; HS: difference: 2¢4,
95%CI: 1¢0−3¢8, p = 0¢002, respectively) (Figure 4b and
d).
Recurrence rate. The cumulative proportions of
patients with recurrence at weeks 24, 36, and 48 in the
acupuncture group (all 6¢1%) were significantly lower
than those in the sham group (27¢3%, 33¢3%, and
45¢5%, respectively) (wk 24: difference: 21¢2%, 95%CI:
4¢0%�38¢4%, p = 0¢021; wk 36: difference: 27¢3%,
95%CI: 9¢2%�45¢3%, p = 0¢005; wk 48: difference:
39¢4%, 95%CI: 20¢6%�58¢2%, p < 0¢001, respectively).
Blinding assessment. In the acupuncture and sham
groups, 87¢9% (29/33) and 78¢8% (26/33), respectively,
considered that they had received actual acupuncture
treatment (difference: 9¢1%, 95%CI: �8¢8%�26¢9%,
p = 0¢322).
Safety outcome. A total of 2 adverse events (2/66)
occurred in this study; both were in the acupuncture
group. One patient developed mild blood stasis in the
left SP6, while the other patient developed mild scald-
ing due to falling of moxibustion ash at the left ST25.
www.thelancet.com Vol 45 Month March, 2022



Characteristics Acupuncture group (n = 33) Sham group (n = 33) Total (n = 66)

Gender (male), n (%) 20 (60¢6) 21 (63¢6) 41(62¢1)
Age (years), mean (SD) 39¢5 (15¢0) 41¢3 (13¢5) 40¢4(14¢2)
Height (cm), mean (SD) 168¢1 (7¢4) 168¢2 (8¢3) 168¢2(7¢8)
Weight (kg), mean (SD) 53¢9 (8¢1) 54¢8 (10¢5) 54¢3(9¢3)
BMI (kg/m2), mean (SD) 19¢1 (2¢5) 19¢3 (2¢8) 19¢2(2¢7)
Ethnicity (Han Chinese), n (%) 33 (100¢0) 33 (100¢0) 66(100¢0)
Duration of CD (months), mean (SD) 41¢4 (35¢9) 42¢4 (33¢8) 41¢9(34¢6)
The Montreal classification, n (%)

A1 1 (3¢0) 3 (9¢1) 4(6¢1)
A2 19 (57¢6) 19 (57¢6) 38(57¢6)
A3 13 (39¢4) 11 (33¢3) 24(36¢4)
L1 11 (33¢3) 12 (36¢4) 23(34¢8)
L2 6 (18¢2) 6 (18¢2) 12(18¢2)
L3 16 (48¢5) 15 (45¢5) 31(47¢0)
B1 22 (66¢7) 17 (51¢5) 39(59¢1)
B2 6 (18¢2) 13 (39¢4) 19(28¢8)
B3 5 (15¢2) 3 (9¢1) 8(12¢1)
B1p 7 (21¢2) 10 (30¢3) 17(25¢8)
B2p 2 (6¢1) 4 (12¢1) 6(9¢1)
B3p 1 (3¢0) 1 (3¢0) 2(3¢0)

Concomitant medication, n (%) 26 (78¢8) 27 (81¢8) 53(80¢3)
Glucocorticoid (prednisone) 9 (27¢3) 5 (15¢2) 14(21¢2)
5-ASA 12 (36¢4) 17 (51¢5) 29(43¢9)
AZA 12 (36¢4) 9 (27¢3) 21(31¢8)
MTX 1 (3¢0) 3 (9¢1) 4(6¢1)

Surgical history, n (%) 10 (30¢3) 14 (42¢4) 24(36¢4)
CDAI, mean (SD) 211¢3 (52¢2) 206¢0 (45¢1) 208¢7(48¢4)
CDAI > 220, n (%) 13 (39¢4) 14 (42¢4) 27(40¢9)
CRP (mg/L), mean (SD) 14¢8 (16¢5) 12¢7 (15¢7) 13¢8(16¢0)
CDEIS, mean (SD) 9¢2 (4¢9) 9¢5 (5¢2) 9¢3 (5¢0)
Ulcers of small intestine, n (%)a 15 (56¢6) (n = 27) 14 (51¢9) (n = 27) 29(53¢7) (n = 54)

Edema of small intestine, n (%)a 20 (74¢1) (n = 27) 21 (77¢8) (n = 27) 41(75¢9) (n = 54)

FC (µg/g), mean (SD) 560¢1(159¢4) (n = 15) 534¢4(173¢7) (n = 15) 547¢2(164¢3) (n = 30)

Table 2: Demographic and baseline characteristics of the patient population.
NOTE: 5-ASA, 5-aminosalicylicacid; A1, age > 17; A2, age 17−40; A3, age < 40; AZA, Azathioprine; B1, non-structuring and non-penetrating; B2, structuring;

B3, penetrating; BMI, body mass index; CD, Crohn’s Disease; CDAI, Crohn’s Disease Activity Index; CDEIS, Crohn's disease endoscopic index of severity;

CRP, C-reactive protein; FC, fecal calprotectin; L1, ileal; L2, colonic; L3, ileocolic; MTX, Methotrexate; P, Perianal disease; SD, standard deviation.
a Sum of L1 and L3.
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Both patients healed completely after symptomatic
treatment. No serious adverse events occurred.
Fecal microbiological and calprotectin outcome
OTU analysis. At baseline, the numbers of OTUs
unique to HCs, the acupuncture and sham groups were
256, 81 and 39, respectively (Supplementary Fig. S4a).
After treatment, the number of unique OTUs in acu-
puncture group increased by 13 (65 to 78), and the num-
ber of OTUs coinciding with the HCs increased by 14
(Supplementary Fig. S4b, c). The number of unique
OTUs in the sham group increased by one (75 to 76),
www.thelancet.com Vol 45 Month March, 2022
while the number of OTUs coinciding with the HCs
decreased by five (Supplementary Fig. S4b, d). This sug-
gests that CD caused a decrease in species diversity in
the intestinal microbiota while acupuncture improved
it. Acupuncture was better than sham acupuncture in
this respect.
a-Diversity index analysis. The intestinal flora cover-
age index of all the subjects was close to 1, indicating
that the sample sequencing was relatively complete.
The baseline sobs, chao1, and ace indices of the two
patient groups were significantly lower than HCs,
which suggests a low intestinal bacterial community
richness in patients. The median change in ace index
7



Figure 1. The CONSORT flowchart of the patient flow throughout the study.

Figure 2. Acupuncture treatment significantly increased the
rate of CD remission in 12 weeks after treatment, ITT analysis
(n = 33 in each group) and PP analysis (n = 32 in acupuncture
group, n = 31 in sham group). Proportion of patients with clini-
cal remission (CDAI score <150 and decrease ≥70 from base-
line) at the completion of 12-week treatment.
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from baseline in the acupuncture group was signifi-
cantly better than that in the sham group (difference:
38¢0, 95%CI: 3¢9−66¢7, p = 0¢032) and the chao1 index
was nearly significant (difference: 30¢3, 95%CI: �2¢7
−61¢4, p = 0¢062), suggesting a better effect of
acupuncture on the enrichment of intestinal microor-
ganisms in patients with CD (Supplementary Tables
S2, S3).
Microbial structure analysis. At the genus level, the
baseline relative abundance of Faecalibacterium, Lachno-
spira, Coprocococcus, Roseburia and Oscillospira in the
two patient groups were all significantly lower than that
in HCs (Supplementary Table S4). At the completion of
treatment, the median change of Faecalibacterium and
Lachnospira from baseline in the acupuncture group
was significantly better than that in the sham group (dif-
ference: 2¢1, 95%CI: 0¢0−5¢3, p = 0¢009; difference:
0¢6, 95%CI: 0¢0−1¢8, p = 0¢045, respectively; Supple-
mentary Table S5).

At the species level, the relative abundance of base-
line Faecalibacterium prausnitzii and Roseburia faecis in
the two patient groups was significantly lower than that
in HCs (Supplementary Table S4). At the completion of
treatment, the median change of these two species of
bacteria from baseline in the acupuncture group was
significantly better than that in the sham group (differ-
ence: 2¢1, 95%CI: 0¢0−5¢3, p = 0¢009; difference: 0¢6,
www.thelancet.com Vol 45 Month March, 2022



Figure 4. Acupuncture treatment significantly decreased CDEIS score and HS at the end of 48-week follow-up (n = 10 in each
group). (a) CDEIS score at baseline and week 48; (b) Mean change in CDEIS score from baseline at week 48; (c) HS at baseline and
week 48; (d) Mean change in HS from baseline at week 48.

Figure 3. Acupuncture treatment had a better effect on clinical remission and clinical response to CD, as well as on decreasing the
CDAI score and CRP level at week 12 and 36-week follow-up (n = 33 in each group). Proportion of patients with (a) clinical remission
(CDAI score < 150 and decreased ≥ 70 from baseline) and (b) Clinical response (decrease in CDAI score by ≥ 70 from baseline) at
weeks 12, 24, 36, and 48 for ITT analysis. The mean change in (c) CDAI score and (d) CRP level from baseline at weeks 12, 24, 36, and
48 for ITT analysis.
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95%CI: 0¢0−2¢0, p = 0¢043, respectively; Supplemen-
tary Table S5).
Lefse analysis. The intestinal microbiota of HCs was
significantly enriched with Clostridia, Clostridiales,
Ruminococcaceae, Mogibacteriaceae and Christensenella-
ceae of phylum Firmicutes; d-Proteobacteria, Desulfovibrio-
nales and Desulfovibrionaceae of phylum Proteobacteria;
and Barnesiellaceae, Paraprevotellaceae and Rikenellaceae
of phylum Bacteroidetes. The intestinal microbiota in
the acupuncture group was significantly enriched with
Bacilli, Lactobacillales and Enterococcaceae of phylum Fir-
micutes; Mollicutes and RF39 of phylum Tenericutes, and
Figure 5. (a) Cladogram of the linear discriminant analysis (LDA) effe
ulation. (b) Histogram of the LDA score of microbes that showed a s
(n = 15) at the end of treatment and HCs (n = 30).
g-Proteobacteria, Pasteurellaceae and Pasteurellales of phy-
lum Proteobacteria; while the intestinal microbiota in
the sham group was significantly enriched with Fuso-
bacteriia, Fusobacteriales and Fusobacteriaceae of phylum
Fusobacteria at the completion of treatment (Figure 5).
Fecal calprotectin concentration. At the completion of
treatment, the fecal calprotectin concentration in the
acupuncture group was significantly lower (difference:
�139¢8, 95%CI: �94¢1-(�185¢5), p < 0¢001), while there
was no significant change in the sham group (differ-
ence: �13¢0, 95%CI: �65¢4−39¢4, p = 0¢603) compared
to baseline. The mean change in fecal calprotectin
ct size (Lefse) analysis of significant difference of microbial pop-
ignificant impact in the acupuncture group (n = 15), sham group

www.thelancet.com Vol 45 Month March, 2022
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concentration from baseline in the acupuncture group
was significantly better than that in the sham group (dif-
ference: 126¢8, 95%CI: 60¢4−193¢2, p < 0¢001) (Supple-
mentary Fig. S5).
Circulating inflammatory marker outcome
The baseline plasma levels of LPS, DAO, and D-lactic
acid (which reflects the function of the intestinal epithe-
lial barrier)35,36 in these two patient groups were signifi-
cantly higher than that in the HCs (Supplementary
Table S6). The mean changes in plasma DAO and LPS
levels from baseline in the acupuncture group were sig-
nificantly greater than those in the sham group (LPS:
difference: 51¢19, 95%CI: 12¢6−89¢9, p = 0¢01, DAO:
difference: 1¢37, 95%CI: 0¢1−2¢7, p = 0¢037, respectively;
Supplementary Table S7).

The baseline IFN-g, TNF-a, and IL-1b levels in the
two patient groups were significantly higher than those
in the HCs (Supplementary Table S8). The mean
change from baseline in the acupuncture group was sig-
nificantly greater than that in the sham group (IFN-g:
difference: 8¢1, 95%CI: 2¢3−13¢9, p = 0¢008; TNF-a: dif-
ference: 16¢2, 95%CI: 0¢4−32¢1, p = 0¢041; IL-1b: differ-
ence: 5¢5, 95%CI: 0¢2−10¢8, p = 0¢036, respectively;
Supplementary Table S9). The baseline plasma IL-17A
and IL-23 levels in the two patient groups were signifi-
cantly higher than those in HCs (Supplementary Table
S8). The mean change from baseline in the acupunc-
ture group was significantly higher than that in the
sham group (IL-17A: difference: 7¢2, 95%CI: 3¢0−11¢4,
p = 0¢002; IL-23: difference: 16¢3, 95%CI: 1¢8−30¢7,
p = 0¢029, respectively; Supplementary Table S9).
Correlation analysis
At the completion of treatment, the change in serum
CRP from baseline in the acupuncture group exhibited
a significant inverse correlation with the changes in the
relative abundance of Roseburia (B=�0¢755, p = 0¢007)
and Lachnospira (B=�2¢720, p = 0¢002). In contrast, the
change in serum CRP of the sham group showed a sig-
nificant inverse correlation with the changes in the rela-
tive abundance of Oscillospira (B=�7¢058, p = 0¢035).
Discussion
To the best of our knowledge, this study is the first ran-
domized, sham controlled, parallel group, 48-week fol-
low up clinical trial of acupuncture for the treatment of
patients with mild to moderate active CD and poor
response to drugs. The results may support our hypoth-
esis that acupuncture improves CD by regulating intes-
tinal microbial composition and Th1/Th17 cell-
mediated inflammation.

We found that 12-week acupuncture improved dis-
ease activity of patients with mild to moderate active CD
www.thelancet.com Vol 45 Month March, 2022
who responded poorly to conventional drug therapy and
that acupuncture induced disease remission maintained
for nearly one year. The low dropout rate (3%) indicates
that this type of acupuncture treatment is generally
acceptable to the patients. We excluded patients who
were using biologics because our team's clinical experi-
ence over the past 30 years has found that the use of bio-
logics reduces the effects of acupuncture, although the
mechanism for this is unclear. The proportion of
patients with clinical remission in the acupuncture
group at week 12 was significantly higher than that in
the sham group. It is worth mentioning that we set a
more stringent criteria for clinical remission to provide
more reliable results. In addition to a CDAI score of less
than 150, a reduction of more than 70 points from base-
line was required to ensure that patients with mild activ-
ity achieved clinically significant remission.

During the follow-up, the therapeutic effect of the
acupuncture remained stable, and the proportion of
patients in clinical remission and clinical response
increased by 12%�21%, compared with those at the
completion of treatment. This may be related to the sig-
nificant post-treatment effects of acupuncture, which
can promote self-healing and continue to restore the
body to normal condition even after stopping acupunc-
ture. Similar post-effects have been observed in two
recent large-scale acupuncture studies.37,38 In contrast,
the clinical remission and clinical response rates in the
sham group increased to some extent, but showed fluc-
tuation; the difference in both rates between the two
groups was maintained between 30%�45%. The clini-
cal improvement in the sham group may be due to a
psychological effect caused by contact of acupuncture
with the skin and mild warm stimulation with 37 °C
moxibustion, or the interaction between patients and
acupuncturists during the intervention period. This pla-
cebo effect may also explain the fluctuation during the
follow-up.

The decreases in CRP level and the CDAI score in
the acupuncture group were significantly better than
sham group at the completion of treatment and at the
36-week follow-up. This is consistent with previous acu-
puncture studies that involved a follow-up period of 12
weeks, although a longer-term follow-up was not
made.16,17 Recently, mucosal healing has become a new
target of the therapeutic effect of CD. It is related to the
reduction in recurrence rate and surgical rate of
patients.39 The improvement in the mean decrease in
CDEIS score in the acupuncture group was greater than
that in the sham group at week 48, suggesting a better
mucosal healing ability of true acupuncture. This find-
ing is different from the results of our previous study in
which the CDEIS score was negative at week 12.17 The
discrepancy may be related to the re-design of acupunc-
ture treatment and the extended follow-up. In this
study, manipulation of moxibustion was more conve-
nient and the thermal effect of the moxa stick (diameter:
11
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2¢8 cm) was greater than that of the former study (diam-
eter: 1.5 cm); the 48-week follow-up for the endoscopic
outcome was to assess a long-term effect of acupuncture
on mucosal healing; many previous studies have
assessed long-term endpoints at 46−52 weeks.40,41 The
cumulative recurrence rate in the acupuncture group
was significantly lower than that in the sham group (dif-
ference of 39.4%); moreover, no serious adverse events
were observed. The results support that acupuncture
can be recommended as a treatment option to maintain
remission in mild to moderate CD patients.

Consistent with previous studies19−21 that demon-
strated positive effects of acupuncture on intestinal
microbiota, 12-week acupuncture in our study
increased the number of OTUs, ace index, and the
relative abundance of SCFAs producing bacteria
(Lachnospira, Coprococcus, Roseburia and Roseburia
faecis) and anti-inflammatory bacteria (Faecalibacte-
rium and F. prausnitzii). The distribution of micro-
biota in the acupuncture group trended towards that
of HCs, both of which were mainly enriched with
phylum Firmicutes (including the anti-inflammatory
bacteria and SCFAs producing bacteria). In contrast,
the sham acupuncture was mainly enriched with
phylum Fusobacteria. This suggests that acupuncture
may help restore the balance of intestinal microbiota.
Specifically, F. prausnitzii has been shown to inhibit
intestinal inflammation of CD and production of
SCFAs, e.g., butyric acid.42 The abundances of
Genus Roseburia, Lachnospira and Coprococcus were
reduced in CD patients, and may lead to insufficient
SCFAs production. In contrast, SCFAs may regulate
the integrity of the intestinal barrier by inducing the
intestinal epithelial cells to secrete IL-18, antimicro-
bial peptides, mucins and by up-regulating the
expression of tight junctions; these directly affect the
transformation of naive T cells into Th1 or Th17 cells
according to the cytokine milieu.43 After acupuncture
treatment, the increases in the relative abundance of
genus Roseburia and Lachnospira showed an inverse
correlation with the decrease in serum CRP level.
This suggests that acupuncture may increase the
abundance of SCFAs producing bacteria, which
strengthens the intestinal barrier function and inhib-
its the intestinal proinflammatory cytokines. The
absence of significant differences in b diversity
between acupuncture and sham may be due to the
inability of 12 weeks of acupuncture to distinguish
differences in the degree of bacterial community dif-
ferentiation between the two, and sampling at 48
weeks, when the effect of acupuncture was more
robust, may be beneficial in reinforcing the differen-
ces.

Acupuncture decreased the plasma levels of DAO
and LPS and Th1/Th17-related cytokine levels, indicat-
ing that acupuncture augmented the integrity of the
intestinal barrier and reduced the intestinal secretion
and migration of proinflammatory cytokines. Previous
studies44−46 have also demonstrated that acupuncture
may increase the intestinal epithelial tight junction pro-
tein, reduce the apoptosis of intestinal epithelial cells,
restore the ratio of intestinal mucosa Th17/Treg cells.
Considerable evidence demonstrated that gut inflam-
mation per se can lead to changes in microbiota, for
example, in animal models of colitis and infectious gas-
troenteritis.47 The improvement in CD activity by acu-
puncture is therefore likely to be associated with
increasing the abundance of intestinal anti-inflamma-
tory bacteria and SCFAs producing bacteria, repairing
intestinal epithelial barrier, and inhibiting the produc-
tion and release of intestinal Th1/Th17-related proin-
flammatory cytokines.

Some limitations of this study should be acknowl-
edged. First, there was no waiting-list group. Inclusion
of a waiting-list may help eliminate the effect of non-
specific factors such as natural remission of the disease
itself. Second, the fecal calprotectin level was not
assessed at week 48. However, studies27,48 have shown
that serum CRP, CDAI score and endoscopic findings
are positively correlated with fecal calprotectin concen-
tration, which could indirectly reflect the trend of fecal
calprotectin and the severity of intestinal inflammation.
Third, the intestinal flora and peripheral inflammatory
markers were only observed for 12 weeks; the long-term
effect of acupuncture on these indices could not be
determined. Fourth, direct evidence that support a
potential mechanism of acupuncture in regulating
intestinal microbiota is still not available, which may be
further validated using sterile animal fecal bacteria
transplantation experiment. Future studies should
improve these deficiencies to provide more definitive
results. The relatively low prevalence of CD in China, as
well as patients' doubts about the efficacy of acupunc-
ture (lack of knowledge about acupuncture for CD), led
to a long recruitment period for this trial. Since CD is a
lifelong disease, we may explore the effect of acupunc-
ture treatment (e.g., once every 1−2 weeks) for long-
term maintenance of disease remission in patients
(with a broader population) after induction of remis-
sion.

In conclusion, this study is the first to demonstrate
the long-term effect of acupuncture in patients with
mild to moderate active CD who responded poorly to
conventional drugs. We show acupuncture is a safe and
effective treatment for induction and long-term mainte-
nance of remission. The therapeutic effects of acupunc-
ture are associated with increasing the relative
abundance of intestinal anti-inflammatory bacteria and
SCFAs producing bacteria, enhancing intestinal barrier
function, and inhibiting Th1/Th17-related proinflamma-
tory cytokines. This study provides evidence that acu-
puncture is a safe and effective treatment for patients
with mild to moderate CD, especially for those who
show poor response to conventional drug therapy.
www.thelancet.com Vol 45 Month March, 2022
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