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ABSTRACT ARTICLE HISTORY
Objective: Needle acupuncture in small children has gained some acceptance in Western medi- Received 29 June 2017
cine. It is controversial, as infants and toddlers are unable to consent to treatment. We aimed to Accepted 19 November 2017
assess its efficacy for treating infantile colic.

Design: A systematic review and a blinding-test validation based on individual patient data from
randomised controlled trials. Primary end-points were crying time at mid-treatment, at the end
of treatment and at a 1-month follow-up. A 30-min mean difference (MD) in crying time
between acupuncture and control was predefined as a clinically important difference. Pearson’s
chi-squared test and the James and Bang indices were used to test the success of blinding of
the outcome assessors [parents].

Eligibility criteria and data sources: We included randomised controlled trials of acupuncture
treatments of infantile colic. Systematic searches were conducted in Cochrane CENTRAL,
MEDLINE, EMBASE, CINAHL and AMED, and in the Chinese language databases CNKI, VIP, Wang
fang, SinoMed and Chinese Clinical Trial Registry.

Results: We included three randomised controlled trials with data from 307 participants. Only
one of the included trials obtained a successful blinding of the outcome assessors in both the
acupuncture and control groups. The MD in crying time between acupuncture intervention and
no acupuncture control was —24.9min [95% confidence interval, Cl —46.2 to —3.6; three trials]
at mid-treatment, —11.4min [95% Cl —31.8 to 9.0; three trials] at the end of treatment and
—11.8min [95% Cl —62.9 to 39.2; one trial] at the 4-week follow-up. The corresponding standar-
dised mean differences [SMDs] were —0.23 [95% Cl —0.42 to —0.06], —0.10 [95% ClI —0.29 to
0.08] and —0.09 [95% Cl —0.48 to 0.30]. The heterogeneity was negligible in all analyses. The
statistically significant result at mid-treatment was lost when excluding the apparently unblinded
study in a sensitivity analysis: MD —13.8 min [95%CI| —37.5 to 9.9] and SMD —0.13 [95%Cl —0.35
to 0.09]. The registration of crying during treatment suggested more crying during acupuncture
[odds ratio 7.7; 95% Cl 2.7-20.6; one triall. GRADE-Moderate quality evidence.

Conclusions: Percutaneous needle acupuncture treatments should not be recommended for
infantile colic on a general basis.

KEYWORDS
Acupuncture; infant; colic;
review; meta-analysis

Systematic review registration: PROSPERO 2015:CRD42015023253

KEY POINTS

e The role of acupuncture in the treatment of infantile colic is controversial. Available trials are
small and present conflicting results.

e There were no clinically important differences between infants receiving acupuncture and no
acupuncture control in this IPD meta-analysis of randomised controlled trials.

e The data indicate that acupuncture induces some treatment pain in many of the children.

e The study results indicate that percutaneous needle acupuncture should not be recom-
mended for treatment of infantile colic on a general basis.
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Introduction

Infantile colic is a painful and poorly understood ail-
ment in early infancy. It is a self-limiting condition nor-
mally ending at 3—4 months of age. The definition
still commonly used is Wessel's symptom definition of
1954: ‘Paroxysmal, uncontrollable crying and fussing in
an otherwise healthy infant under 3 months of age,
with more than 3 h of crying per day in more than 3
days for more than 3 weeks’ [1]. A modified version,
Rome Il [2], has been in place since 2006 [3] and a
further extension, ROME IV [2], since 2016 [4].
Persistent painful crying is a severe strain on both the
child and parents [5]. There is no clear aetiology.
According to the Rome IV criteria, infantile colic is in
most cases regarded as a behavioural syndrome repre-
senting the high spectrum of normal developmental
crying, rather than symptoms of abdominal pain [4].
Physiological factors such as altered gut motility,
immature digestive functions, altered intestinal macro-
biotics or food sensitivity might be involved [6—8].
Psychological factors like inadequate parent—infant
interaction or family tension have also been proposed
as important factors [6—8]. There is no consensus on
treatment strategies for the condition [5,9]. Strategies
include counselling on specific management techni-
ques, reduced stimulation, herbal teas, sucrose, sime-
thicone, hypoallergenic diet, chiropractic manipulation,
probiotics and acupuncture [5,8,10].

Acupuncture is performed using thin steel needles
penetrating the skin and into connective tissue and
muscle fibres. The neurophysiologic basis for its pain-
inhibiting effects has been studied in detail, and is
well understood [11—13]. Needle effect sizes between
real and sham acupuncture in various chronic pain
conditions in adults are small and consistent, usually
with standardised mean differences (SMDs) in the
range of 0.15—0.23 [14]. When comparing real acu-
puncture versus no acupuncture, SMDs are typically
between 0.42 and 0.57 [14]. Current evidence does not
substantiate that the choice of needle points or the
type of acupuncture affects efficacy, but more sessions
and more needle applications are associated with
more favourable outcomes in adults [15]. Acupuncture
is considered safe when offered by trained practi-
tioners, both when used in adults [13,16] and in chil-
dren [17]. Acupuncture for children has gained some
acceptance in Western medicine, even though the evi-
dence supporting the use of acupuncture in small chil-
dren is sparse [18,19]. In some Western-based
textbooks, it is argued that the effects of acupuncture
in small children are swift and often stronger than in
adults [20—23], but these notions are usually based on
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tradition, personal views and clinical experience. Case
reports and qualitative studies about the efficacy of
acupuncture in small children are often very optimistic
and recommend the use of acupuncture on an anec-
dotal basis [24—26]. Interestingly, contemporary trad-
itional Chinese medicine (TCM) practitioners in China
rarely used needles on infants [27], so acupuncture
treatment of small children seems to have developed
as a part of a Western practice.

It has been suggested that acupuncture might play
a role in the treatment of infantile colic [5,18,24,28,29].
Thus, it is proposed that acupuncture can counteract
gut dysmotility in infants with colic, possibly by affect-
ing the parasympathetic vagal reflexes and the cen-
trally opioid-mediated pain inhibitory pathway [30,31].
However, controlled trials investigating the efficacy of
acupuncture in cases of infantile colic show conflicting
results [31—34]. There are ethical concerns about the
use of an intervention that can cause pain [32,34,35]
in children who cannot consent to treatment
[28,36,37]. There are no previous systematic reviews or
meta-analyses concerning acupuncture treatment for
infantile colic. We aimed to assess the efficacy and
adverse effects of acupuncture for infantile colic in a
systematic review with a meta-analysis based on indi-
vidual patient data from all eligible randomised con-
trolled trials (RCTs).

Methods

The protocol is registered at the University of York
Centre for Reviews and Dissemination — PROSPERO
2015: CRD42015023253 [38] (Supplementary Appendix
1). The unabridged protocol is included in
Supplementary Appendix 2. The study has been
reported using PRISMA [39,40] and PRISMA-IPD [41]
recommendations.

Eligibility criteria

We included full RCTs of acupuncture treatments for
infantile colic [42,43]. The participants were infants ful-
filling Wessel's criteria or Wessel's modified criteria of
infantile colic. There were no exclusion criteria. The
intervention was percutaneous needle acupuncture
treatment. There were no limitations on variation on
doses, intensity, administration or personnel giving the
intervention. For comparators, we used no treatment,
placebo/sham, standard care or waiting list control.
The primary outcome was baseline-corrected differen-
ces in crying time in minutes between intervention
and control. Secondary outcomes were baseline-cor-
rected differences between intervention and control in
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not fulfilling the colic criterion [>180 min crying/day],
parental evaluation of effects, and adverse effects. No
language restrictions were employed.

Literature search

We decided that a search restricted to English data-
bases might be insufficient for a systematic review
about acupuncture [44,45]. We sought assistance from
the Chinese Centre for Evidence-Based Medicine,
Beijing University of Chinese Medicine to search
Chinese language databases. All searches were up to
date as of January 2017 (English) and February 2017
(Chinese).

English language database search

Electronic scoping searches were conducted in Best
Practice, UpToDate, Cochrane [CDSR, DARE, and HTA]
and Prospero from inception to the search date
(Supplementary Appendix 3). An electronic search for
on-going clinical trials was conducted in ClinicalTrials.
gov and the WHO International Clinical Trials Registry
Platform Search portal. Electronic searches were per-
formed in Cochrane CENTRAL, MEDLINE, EMBASE,
CINAHL and AMED, using both MeSH terms/subject
headings and text words in the title/abstract.
Truncating and Boolean searching were used. RCT fil-
tering was used at the end of the search. The search
terms were: acupuncture; needle acupuncture; infant
colic; infantile colic; child; and abdominal pain. The
search results were merged in the reference manager
software EndNote®, and duplicates and multiplicities
were removed. Three authors, two content area
experts (H. S. and T. S.) and one methodological expert
(A. K), independently assessed the potential relevance
of all titles and abstracts collected through the
searches. Relevant articles according to the predefined
eligibility criteria were assessed as full text copies. The
same three authors independently searched reference
lists and one (A. K.) used citation tracking on the Web
of Science database. We searched for unpublished and
on-going studies by correspondence with field experts.
If there was disagreement on which studies to include,
this was resolved by discussion, or if agreement could
not be reached, by consulting a fourth author (M. B.).

Chinese language database search

Electronic scoping searches were performed in five
databases: CNKI, VIP, Wanfang, the Chinese BioMedical
Literature Service System [SinoMed] and the Chinese
Clinical Trial Registry [ChiCTR], from inception to

search date. An electronic search for on-going clinical
trials was conducted to identify Chinese trials, thus
bypassing English language bias. A full electronic
search in these five databases using the same words
was conducted. Infantile colic is not a TCM term. The
following search strategy was used, and was revali-
dated by A. K., using Google translate on Chinese lan-
guage options, finding that the search was optimal
[evidence provided on requestl: [5t% [zhen-
jiu=acupuncture/moxibustion] OR  5t®| [zhen
ci=acupuncture] OR 5t [zhen=needle] OR # [ci=
thorn] OR .5t [dian zhen = electroacupuncture]] AND
[[BE% [futong =stomach ache] OR F/=ZE [chang jin-
gluan =bowel spasm] OR f&IF [ye ti=night crying]
OR #%LE [shangi=colic]] AND [[%}]l(yinger = baby]
OR JLE [ertong=childl OR #jJl [youer=-child
care] OR /)L [xiaoer = children]]. We searched CNKI
with MeSH, Wanfang with keywords, VIP with title or
keywords and SinoMed common field. One methodo-
logical expert (Y. S.) at the Centre for Evidence-Based
Chinese Medicine conducted the search and assessed
the potential relevance of all titles and abstracts.
These were discussed by email and by formal meeting
with one content area expert (H. S.) in Beijing in May
2016. Relevant articles according to the predefined eli-
gibility criteria were translated and further discussed
with H. S. An updated search was conducted on 17
February 2017 with no changes.

Study selection

To select eligible publications, two authors independ-
ently read all titles and abstracts in the records
retrieved by the searches. We obtained publications in
full text if the abstract was deemed eligible by at least
one review author. At least two authors independently
read the full text papers and selected studies accord-
ing to the inclusion criteria. Any disagreement
between review authors was resolved by discussion.

Data extraction and management

Our original protocol was constructed for a systematic
review and meta-analysis based on aggregated data.
We realised that varying strategies for adjustment for
baseline imbalances would impair an analysis based
on aggregated data. Hence, trialists of eligible trials
were invited to take part in a collaborative group and
asked to provide their raw data. Before receiving the
data, we arranged a consensus meeting at Lund
University, Sweden, in February 2017 where trialists
representing the eligible trials agreed on the individual
patient data (IPD) protocol and defined limits for
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clinical important differences in crying time [38].
All datasets were stored securely and pseudo-anonym-
ously; that is, identifiers that could be linked directly
to the actual participants were deleted. Once the raw
data had been received, K. G. B. checked the data for
consistency and comparability with the results pre-
sented in the journal papers. Any queries arising from
these checks were resolved in co-operation with the
trialists. K. G. B., independent of the trialists, performed
all analyses, based on the IPD from the included trials
and carried out the meta-analysis.

Risk of bias

Two authors (T. S, A. K) used the Cochrane
Collaboration’s tool for assessing risk of bias [46]. This
tool encourages consideration of how the allocation
sequence was generated, how allocation was con-
cealed, the integrity of blinding at outcome level, the
completeness of outcome data, and selective outcome
reporting and other potential sources of bias.
Regarding blinding, we distinguished between per-
formance bias [blinding of participants and personnel]
and detection bias [blinding of outcome assessors].
Selective outcome reporting was in general not a
problem as we had access to all data from the
included studies with IPD. Furthermore, we reduced
the risk of bias arising from non-completeness of out-
come data for studies with the IPD by using statistical
methods that did not exclude participants based on
missing data. Each item in the ‘Risk of bias’ assessment
was assessed as low, high or unclear. The quality of
the blinding procedure [detection bias-blinding of out-
come assessors] was tested for each of the included
studies by performing Pearson’s chi-squared tests and
by calculating James and Bang blinding indices [47].
We performed a sensitivity analysis in which studies
assessed to be at high risk of bias [across all items]
were excluded. The decision on which studies were
considered to be at high risk of bias was taken retro-
spectively, and guided by the results of the blinding
tests.

Data synthesis

Data from the included studies were analysed using a
two-step approach [48]. At the first step, we analysed
the IPD for each trial separately. For continuous out-
comes, the study-level analyses were based on
repeated measurements with a reference group coding
of independent factors, thus considering the correla-
tions between baseline and post-intervention measure-
ments. Data from all measurement points were
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included in a single model. The post-intervention
measurements were modelled as depending on the
baseline measurement, time, group [intervention or
control] and the interaction between time and group.
Repeated measurements [from the same person] were
assumed to have an unstructured covariance structure.
The analyses of data from each of the included trials
were conducted using the NLME and CONTRAST libra-
ries in R [49]. For each trial, the estimate of effect at
any given measurement point was calculated as the
difference between the estimated value of the
dependent variable in the intervention and control
groups. The corresponding 95% confidence intervals
(Cl) were also calculated. SMDs were calculated based
on the repeated measures standardised to a mean of
0 and a standard deviation of 1. For dichotomous out-
comes, we modelled odds ratios [ORs] by logistic
regression using the function GLM in R. The results are
presented as ORs with 95% Cls and were adjusted for
baseline differences in crying time. At the second step,
we combined the estimates of effect across studies in
the meta-analysis. The estimates of effect from all
included studies were pooled using the generic
inverse variance technique in a random-effects model
in RevMan version 5.3.5.

Measures of treatment effects and harm

We did not detect any papers trying to establish
guidelines on clinically relevant changes or minimal
important differences (MID) in trials on pain or crying
in infants. In large IPD meta-analysis of acupuncture in
chronic pain, Vickers et al. considered SMD of 0.2 as
being too small to make a clinically meaningful differ-
ence, whereas an SMD of 0.5 was considered sufficient
[14]. Dworkin et al. suggested that 10—20% reduction
in an anchor based numerical rating scale as minimally
important reduction of chronic pain, and 30% as mod-
erately important [50]. Furlan et al. established 30%
difference on a VAS/NRS of back pain as clinically sig-
nificant [51]. In studies on children, Carl von Bayer sug-
gested that 10—20% reduction or 10—20mm on a
VAS scale to be the smallest meaningful change
[52,53], whereas Dhanani et al. estimated that a min-
imum of 8mm on a 100 mm VAS improvement was
needed to achieve a meaningful improvement among
children with rheumatic disease [54]. Guided by these
references, we considered the minimally important dif-
ference in baseline-corrected crying time between acu-
puncture and control to be about 30 min, a number
that is roughly equivalent to an SMD of 0.3.

The primary end point was as follows: Baseline-
corrected differences in crying time in minutes between
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intervention and control as measured during treatment
one week after treatment ended and one month after
treatment ended was the preferred outcome A 30-min
difference in reduction in crying time between inter-
vention and control groups was considered as a clinic-
ally relevant effect. We changed ‘1 week after
treatment’ in the original protocol to ‘during the first
week after the end of the treatment period’ to be able
to measure all included trials.

The secondary outcomes were as follows. (A) The
infantile colic 3-h crying criterion: Baseline-corrected dif-
ferences between intervention and control in not ful-
filling the colic criterion at the end of the treatment
period. (B) Parental evaluation of effects: Parents’ evalu-
ation of improvement in the infant is an important
contextual outcome. All studies measured the parental
evaluation on the last treatment day using a five-point
Likert scale. (C) Adverse effects: We registered any ser-
ious adverse effects. Minor adverse effects other than
crying during treatment were reported descriptively.
We specifically wanted to analyse crying during
interventions.

Other Blinding validation of outcome assessors
[parents]: Trials with subjective outcome-effect esti-
mates have been shown to be exaggerated when
there was a lack of blinding (ratio of ORs of 0.75
[0.61—0.93]) [43]. Blinding of the outcome assessor is
argued to be important in trials with subjective out-
comes such as pain [55]. Blinding of the practitioner is
not an option in manual treatments of infants [56]. We
performed a statistical assessment of blinding valid-
ation questions from outcome assessors as registered
in the different studies, using both chi-squared tests
with ORs and Bang's blinding index with coefficient.
The chi-squared test may indicate adequate blinding if
p>0.05 but the sensitivity becomes poor if both
groups are fully unblinded. Bang’s blinding index is
calculated for each intervention group separately, and
reflects adequate blinding if it centres around 0 [47].
James blinding index was added post hoc as we real-
ised it could add information. James’ blinding index
suggests adequate blinding if it centres around 0.5,
but the sensitivity is impaired if the degree of blinding
varies between the two groups. All the different blind-
ing tests were taken into account before making any
conclusions about the success of blinding.

Assessment of heterogeneity

Analysis of heterogeneity and inconsistencies was per-
formed on all primary and secondary outcomes using
chi-squared tests and [/* analysis to describe the

heterogeneity between trials in relation to the total
variation.

Fixed and random-effects models

We assumed the random-effects model to be the ana-
lysis of choice, representing a valid test of the null
hypothesis of no clinically relevant treatment effect of
acupuncture for infantile colic. We could not assume
one fixed effect irrespective of treatment intensity,
duration and point selection for acupuncture in
infants, and there were no previous meta-analyses to
guide us. There are opinions among acupuncturists
that an individualised treatment of infantile colic is the
correct one, and that different acupuncture point
selections could have different effects [26]. This is con-
trary to meta-analysis of chronic pain conditions in
adults, where a fixed intervention effect of acupunc-
ture in large IPD meta-analysis has proven to approxi-
mate the random-effects model, and no significant
differences have been shown for different intervention
characteristics [14,15].

Subgroup and sensitivity analysis

We did not undertake subgroup analysis. As reported
in the full protocol (Supplementary Appendix 2), we
performed sensitivity analyses based on the risk of
bias in included studies. The result of the blinding val-
idation tests were used to guide the risk of bias
assessments in the blinding of outcome assessor
domain.

GRADE: Two methods experts (A. K, K G. B)
assessed the overall quality of evidence according to
Grading of Recommendations Assessment, Development
and Evaluation [GRADE] [57,58].

Results
Study selection

We identified 384 English language and 24 Chinese
language studies after removal of duplicates (Figure
1), but only three studies fulfilled all eligibility crite-
ria. Three English language controlled trials of acu-
puncture for infantile colic were excluded: one
because it was not properly randomised [quasi-rand-
omised] [31]; one reported on data concerning feed-
ing and stooling changes from the same study as
reporting on crying time changes [59]; and one was
an open pilot study with seven patients and
changes during the trial [60]. Individual patient data
were sought and obtained for all eligible RCTs
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(English / Chinese language search)

Number of studies identified through database
searching (n =769 / 110)

Number of additional studies identified through other
sources including contact with researchers (n=1/0)

Identification

Number of studies after duplicates removed =2
L ) (n=384/24)
. v
=
o Number of records screened for eligibility Number of records excluded
g (n=384/24) 2 (n=378/9)
v
— v
_3:'“ Number of studies screened for eligibility Number of studies excluded (n =3/ 15)
= (n=6/15) —> Non-randomized (n=1/8)
Eﬂ Not relevant outcomes (n=1/7)
s Open pilot study (n=1/0)
- v
© Number of studies for which IPD were sought
:, (n=3/0) =»{ Number of eligible Studies for which IPD were not
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=
5 l
o
— ——W : ——
Number of studies for which IPD were provided (n = 3) Number of studies for which IPD were not
Number of participants for whom data were provided (n = 307) provided (n=0)
Number of participants for whom no data were provided (n = 30) Number of participants (n=0)
B Did not deliver diary (n =9)
3 Intercurrent illness (n = 6)
o Consent withdrawal (n = 4)
E Did not meet inclusion criteria (n = 3)
'§ No acupuncturists available (n = 3)
< Went to external acupuncturist (n = 2)
Given dicyclomin (n = 2)
Parents exhausted (n = 1)
% \L
IPD
Crying mid-treatment
Number of studies included in analysis (n = 3)
Number of participants included in analysis (n = 307)
Number of participants excluded (n=0)
m
T Crying end of treatment
:g Number of studies included in analysis (n = 3)
3 Number of participants included in analysis (n = 304)
% Number of participants excluded (n = 3)
= Given dicyclomin (n = 2)
Intercurrent illness (n = 1)
Crying long-term follow-up
Number of studies included in analysis (n=1)
Number of participants included in analysis (n = 79)
Number of participants excluded (n = 0)
| S

Figure 1. PRISMA IPD Flow Diagram.

[32—34]. The characteristics of the included studies
are described in detail in Table 1. One trial [34] con-
sisted of two active treatment groups receiving
standardised and semi-individualised acupuncture,
respectively, and in accordance with the protocol
[61], the two active arms were treated as separate
comparisons by randomly splitting the control group.

All inconsistencies related to data checking and
cleaning were easily resolved following correspond-
ence with the primary authors. For two of the
included studies, we report previously unpublished
data, i.e. the results of blinding validation in
Landgren et al. [32] and the result of parental evalu-
ation of effects in Landgren et al. [32,34].
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Table 1. Characteristics of included studies.

Paper
Methods

Landgren et al. [32] Sweden
RCT

Landgren et al. [34] Sweden
Multicentre RCT

Skjeie et al. [33] Norway
Multicentre RCT

Participants

Intervention

Outcomes

Healthy infants 2—8 weeks old, born
after week 36, with appropriate
weight gain, fulfilling the modified
Wessel's criteria of crying/fussing
>3 h/day for >3 days a week.

Exclusion criterion: medications other
than dimethicone or Lactobacillus
reuteri

Intervention: Standardised manual
acupuncture, unilateral needling of
LI4 at 2mm depth for 2's

Control: Identical procedure, except
for no needle insertions

Schedule: two treatments per week
for 3 weeks [6 in total]

Primary: Relative difference in the
number of infants fulfilling colic
criteria.

Healthy infants, 2—8 weeks old, born
after week 36, with appropriate
weight gain, crying/fussing >3 h/
day for >3 days at baseline week,
after a diet without cow’s milk
protein either in formulas or from
breast-feeding mother's diet >5
days.

Exclusion criteria: Any medication or
acupuncture treatment

Intervention 1: Standardised manual
acupuncture unilaterally at LI4.
One needle to a depth of 3mm
unilaterally for 2—5s before with-
drawal without stimulation

Intervention 2: Semi-standardised indi-
vidualised acupoint could include
Sifeng, LI4 and ST36. Maximum of
five insertions up to 30s with min-
imal stimulation

Control: |dentical procedure, except
for no needle insertions

Schedule: two treatments per week
for 2 weeks [4 in total]

Primary: Difference in total crying
time at end of treatment

Secondary: Relative difference in the

Healthy infants born at full term and
<3 months of age at inclusion.
Fulfilling Wessel's criteria of parox-
ystic uncontrollable crying/fussing
>3 h/day for >3 days a week in
>3 weeks.

No exclusion criteria

Intervention: Standardised manual
acupuncture, ST36 needled bilat-
erally to 12mm depth without
manipulation for 30s. Point mark
3 mm, and waterproof circular
adhesive dressing applied to hide
insertion and erythema

Control: Identical procedure, except
for no needle insertions

Schedule: 1 treatment each day for 3
consecutive days

Primary: Difference in total crying
time.
Secondary: Relative difference in the

Secondary: Difference in total crying
time during the 3 intervention
weeks, and adverse effects

number of infants fulfilling colic
criteria at end of each intervention
week, parents’ assessment of the

number of infants fulfilling colic
criteria, parents’ assessment of the
child and adverse effects

child and adverse effects

Blinding of participants and personnel

@ | Biinding of outcome assessors

. . . Incomplete outcome data

Landgren 2010

-~
-

Landgren 2017

. . . Sequence generation
@® | @ | @ | Alocation concealment
-
. . . Selective outcome reporting
. . . Other sources of bias

2| @

Figure 2. Risk of bias summary report.

Skjeie 2013

Risk of bias and blinding validation

The risk of bias summary is presented in Figure 2.
Detailed risks of bias assessments are available in
Supplementary Appendix 4. Briefly, all included RCTs
had adequate randomisation procedures reported and
allocation concealment described (Supplementary
Appendix 4). Acupuncturists were not blinded in any

of the studies. Parents acted as outcome assessors in
all studies, and a thorough blinding validation (Table
2) indicated that the parents in Landgren et al.'s study
from 2010 [32] seemed to be unblinded to treatment
allocation. In contrast, Landgren et al. in 2017 [34]
achieved blinding outcome assessment in the control
group, but not in the acupuncture group, whereas
Skjeie et al. [33] were able to mask all parents irre-
spective of the group to which the infant was allo-
cated. The interpretation of these results s
complicated because the timing of the blinding valid-
ation varied between the studies. Parents in Landgren
et al. [32] were asked about allocation beliefs after the
last treatment session. In Skjeie et al. [33], parents
were questioned about allocation beliefs after the
first treatment session, and after 4 weeks they were
asked if they had noticed any needle marks.
Landgren et al. [34] questioned parents about alloca-
tion beliefs after the second, the third and the fourth
treatment session, as well as follow up. We decided
to calculate blinding indexes obtained after the last
treatment session to facilitate comparison with
Landgren et al. [32], but we also calculated blinding
indexes as they appeared after the second treatment
session. During standardized acupuncture the quality
of the blinding seemed to decrease throughout the
intervention period, whereas individualised
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Table 2. Blinding index with three different blinding tests.
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Blinding index
Study n James Bang [Acupuncture] Bang [Control] Chi-squared test p
Landgren et al. [32] 43 0.21° 0.77° 0.67° 0.87°
Landgren et al. [34] (1) % 0.56° 0.44° —0.08° 0.007°
Landgren et al. [34] (2) 9 051° 0.63° —0.08° <0.0001°
Skieie et al. [33] 83 0.46° 0.00° 0.18¢ 0.55°

?Not blinded for outcome assessors [parents].
PBlinded for outcome assessors.
‘Unsure blinding of outcome assessors.

Table 3. Summary of findings for primary outcome: differences in crying time.

Average min. crying per day

SMD

Timing Control Acupuncture [95% Cl] No. of participants Quality of evidence
Mid-treatment 193 min 25min less —0.23 307 DODe

[46 less to 4 less] [—0.42 to —0.05] [3 studies] Moderate®
End of treatment 156 min 11 min less —0.10 304 DEDe

[32 less to 9 more] [—0.29 to 0.08] [3 studies] Moderate®
Long-term follow-up 97 min 12 min less —0.09 79 Sboe

[63 less to 39 more] [—0.48 to 0.30] [1 study] Low®P

*Wide confidence intervals [Cl] and imprecision.
bOne study with few participants. SMD, standardised mean differences.

Table 4. Summary of findings for secondary outcomes.

Absolute effect per 100

[95% CI] .
Relative effect
Outcome Control Acupuncture OR [95% Cl] No. of participants Quality of evidence
No colic® 60 70 [57—80] 1.54 [0.88—2.70] 304 [3 studies] [SS>5>/0)
Moderate®
Much improvement 26 52 [35—67] 3.03 [1.56—5.89] 264 [3 studies] SPS/0)
Moderate®
Some improvement 65 83 [73—90] 2,67 [1.43—4.97] 264 [3 studies] DDDo
Moderate®
Worsening 30 26 [9—58] 0.83 [0.22—3.18] 46 [1 study] GBEBb@@
Low™*
Crying during treatment 37 81 [61—92] 7.5 [2.7—20.6] 81 [1 study] DSODe
Moderate®

?Defined as >180min of crying per day.
PWide confidence intervals [CI] and imprecision.
“Not possible to estimate in two studies because of too few events.

acupuncture was associated with fairly stable blinding
indexes.

End-points

In the following, we report primary and secondary end-
points in accordance with the protocol for this review
(Supplementary Appendices 1 and 2). Tables 3 and 4
summarises findings for all investigated outcomes and
shows that the quality of evidence was rated as moder-
ate for most end-points. Because the heterogeneity was
negligible in all analysis, the major reasons for down-
grading were few participants and wide confidence
intervals.

Reduction in crying time
We did not detect important differences in crying time

between acupuncture and no acupuncture control at
any of the pre-specified time periods (Figure 3). There

was a statistically significant difference in mean crying
time [MD —24.88 min/day; 95% Cl —46.20 to —3.57]
and SMD [—0.23; 95% Cl —0.42 to —0.05] at mid-treat-
ment, but this was lost [MD —13.82; 95% Cl —37.50 to
9.86] and [SMD —0.13; 95% Cl —0.35 to 0.09] when
the study assessed as unblinded was excluded in a
sensitivity analysis (Figure 4).

Disappearance of colic

We did not detect statistically significant differences
between acupuncture and no acupuncture control
groups when comparing the odds of not fulfilling the
colic criterion at the end of the treatment [OR 1.54;
95% Cl 0.88—2.70] (Figure 5).

Parental evaluation

Parents of the infants in the acupuncture groups were
more likely to report that the colic had improved at
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Primary end-point: crying time

(A) Mean difference — MD (Mid-treatment, min/day)

Mean Difference

(B) standardised mean difference — SMD (Mid-treatment)

Mean Difference Std. Mean Difference Std. Mean Difference

Study or Subgroup IV, Random, 95% CI| IV, Random, 95% CI ‘Study or Subgroup IV, Random, 95% C1 IV, Random, 95% C1

Landgren 2010 -55.30 [-94.62, -15.98] T Landgren 2010 0.49[-0.84, -0.14] —

Landgren 2017 (1) -20.50 [-61.97, 20.97] %1 Landgren 2017 (1) -0.19[-0.57, 0.19) —

Landgren 2017 (2) -9.90 [45.06, 25.26) —.— Landgren 2017 (2) -0.11[-0.50, 0.28] —

Skieie 2013 -12.00 [-62.41, 38.41) b Skjeie 2013 -0.09[-048, 0.29] ——

Total (95% CI) 24,88 [46.20, -3.57] < Total (95% CI) 0.23[-0.42, 0.05] <

Heterogenaity: Tau? = 42.33; Chi® = 3.29, df = 3 (P = 0.35); I = 9% + t + + Heterogeneity: Tau® = 0.00; Chi® = 3.05, df = 3 (P = 0.38); I = 2% + + t +
100 -50 50 100 4 05 05 1

Test for overall effect: Z = 2.29 (P = 0.02)

Favours acupuncture  Favours control Test for overall effect: Z = 243 (P = 0.01) Favours acupuncture  Favours control

(C) Mean difference — MD (End of treatment, min/day)

Mean Difference
IV, Random, 95% CI

(D) Standardised mean difference — SMD (End of treatment)

Mean Difference Std. Mean Difference Std. Mean Difference

Study or Subgroup

IV, Random, 95% CI Study or Subgroup IV, Random, 95% CI IV, Random, 95% CI
Landgren 2010 -19.30 [-58.62, 20.02] — Landgren 2010 017 [0.52,0.18] —a—
Landgren 2017 (1) -9.80 [-51.65, 32.05] e Landgren 2017 (1) -0.09 [-0.47, 0.29] .
Landgren 2017 (2) -10.20 [-45.38, 24.96] —— Landgren 2017 (2) -0.11 [-0.50, 0.27] -
Skjeie 2013 -3.10 [-54.04, 47.84] T Skjeie 2013 -0.02 [-0.41, 0.37] T
Total (95% CI) 1141 [-31.77, 8.95) ? Total (95% C) -0.10 [-0.29, 0.08] q
Heterogenaity: Tau? = 0,00; Chi? = 0.27, df = 3 (P = 0.97); I* = 0% -150 _5&3 6 5:0 1£}lﬂ Heterogeneity: Tau® = 0.00; Chi* = 0.31, df = 3 (P = 0.96); P = 0% i 0}5 d 0:5 1:
Test for overall effect: Z = 1.10 (P = 0.27) " 5 i

Favours acupunciure  Favours control Test for overall effect: Z = 1.08 (P =0.28)

Favours acupuncture  Favours control

(E) Mean difference = MD (Long-term follow-up, min/day) (F) standardised mean difference - SMD (Long-term follow-up)

Mean Difference Mean Difference Std. Mean Difference Std. Mean Difference
Study or Subgroup IV, Random, 85% CI IV, Random, 95% CI Study or Subgroup IV, Random, 85% CI IV, Random, 95% CI
Skjeie 2013 -11.83[-62.85, 30.19] Skjeie 2013 -0.09 [-0.48, 0.30]
—t —t + 4 ' 4
-100 -50 0 S0 100 2 1 0 1 2

-2 -1 L] 1 2

Favours acupuncture  Favours control Favours acupuncture  Favours control

Figure 3. Primary end-point.

Primary end-point: Crying time with sensitivity analysis
(A) Mean difference — MD (Mid-treatment, min/day)

Mean Difference Mean Difference

Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI
Landgren 2010 26.6% -55.30[-94.62, -15.98] "
Landgren 2017 (1) 24.1% -20.50 [-61.97, 20.97] — &
Landgren 2017 (2) 32.5%  -9.90 [-45.06, 25.26] T
Skjeie 2013 16.8% -12.00 [-62.41, 38.41] —
Total (95% CI) 100.0% -24.88 [-46.20, -3.57] ’
ity: Tau? = 42.33; Chi* = 3.29, df = =0.35); P = t t t t
Heterogeneity: Tau? = 42,33; Chi* = 3.29, df = 3 (P = 0.35); I = 9% 100 -50 0 50 100

Test for overall effect: Z = 2.29 (P = 0.02)

Favours acupuncture  Favours control

(B) Sensitivity analysis. Mean difference — MD (Mid-treatment, min/day)

Mean Difference

Mean Difference

Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI

Landgren 2010 0.0% -55.30 [-94.62, -15.98)

Landgren 2017 (1) 326% -20.50 [-61.97, 20.97] —& T

Landgren 2017 (2) 453%  -9.90 [-45.06, 25.26] —u—

Skieie 2013 221% -12.00 [-62.41, 38.41] —

Total (95% CI) 100.0%  -13.82 [-37.50, 9.86] q

Hetel ity: Tau? = 0.00; Chi = 0.15, df = 2 (P = 0.93); = 0% f f f g
eterogenelty: Tau ' ( ) 400 50 0 50 100

Test for overall effect: Z = 1.14 (P = 0.25) Favours acupuncture  Favours control

Figure 4. Sensitivity analysis.

the end of the treatment (Figure 5), with an OR of
3.03 (95% Cl 1.56—5.89) for rating the condition as
much improved and OR 2.67 (95% Cl 1.43—4.97) for

improved. The odds ratio for worsening was only avail-
able from the Landgren et al. [32] trial (OR 0.83; 95%
Cl 0.22—3.18).



Secondary end-points

(A) Parental report at the end of treatment

Odds Ratio
Weight IV, Random, 95% CI

Odds Ratio

Study or Subgroup IV, Random, 95% CI
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(B) <180 min crying per day at the end of treatment

Odds Ratio 0dds Ratio

1.4.1 Much improved
Landgren 2010 12.5% 10.39[1.67, 64.62]
Landgren 2017 (1) 21.9% 1.78 [0.46, 6.86] —
Landgren 2017 (2) 255%  4.64[1.34,16.02] —_—
Skjeie 2013 402%  211(0.82.545] T
Subtotal (35% CI) 100.0% 3.03 [1.56, 5.88] ‘
Heterogeneity: Tau® = 0.05; Chi® = 3.36, df = 3 (P = 0.34); I = 11%
Test for overall effect: Z = 3.27 (P = 0.001)
1.4.2 Improved
Landgren 2010 24.7% 1.58[0.45, 5.51] ==
Landgren 2017 (1) 30.3%  3.60[1.18, 11.15) —
Landgren 2017 (2) 26.8%  3.53[1.08,11.74]
Skjeie 2013 18.3% 219 [0.51, 9.38] R
Subtotal (35% CI) 100.0% 2,67 [1.43,4.97] ’
Heterogeneity: Tau® = 0.00; Chi* = 1.23, df = 3 (P = 0.75); I = 0%
Test for overall effect: Z = 3.09 (P = 0.002)
1.4.3 Worse
Landgren 2010 100.0% 0.83[0.22, 3.18] +
Landgren 2017 (1) Not estimable
Landgren 2017 (2) Not estimable
Skjeie 2013 Not estimable
Subtotal (95% CI) 100.0%  0.83([0.22,3.18] i
Heterogensity: Not applicable
Test for overall effect: Z = 0.27 (P = 0.79)

001 01 1 1 100

Favours control  Favours acupuncture

Figure 5. Secondary end-points.
Adverse effects

No major adverse effects were reported in the
included trials. With regard to minor adverse effects
other than crying during treatment, Landgren et al.
[32] observed one minor bleeding in the acupuncture
group. Skjeie et al. [33] observed two possible adverse
events in the acupuncture group (hiccups, increased
regurgitation), and eight events in the control group
(small haematoma, restlessness, restlessness, excessive
stools, frequent defecation, light sedation, abdominal
pain and unease). Landgren et al. [34] registered one
drop of blood on clothes and one mark on a hand,
both in the acupuncture groups. Crying during treat-
ment was assessed by Landgren et al. in 2010 [32] and
2017 [34]. In the first study, crying during treatment
was assessed in both the acupuncture and the no acu-
puncture control group, and showed that infants in
the acupuncture group were more likely to cry during
treatment (OR 7.50; 95% Cl 2.73—20.64), although the
majority stopped crying within seconds [24] (Figure 5).
In the second study, crying during treatment was
assessed in the two acupuncture groups, but not in
the control group, and showed some signs that crying
occurred more frequently during semi-individualised
acupuncture (up to five needles) than during standar-
dised acupuncture (one needle) [25]. The OR was 2.53

Study or Subgroup ‘Weight IV, Random, 85% CI IV, Random, 95% CI
Landgren 2010 31.9% 168062, 4.56] -
Landgren 2017 (1) 203%  285[0.82,9.92)
Landgren 2017 (2) 18.7%  0.80(0.22,2.93] ——
Skjeie 2013 202%  1.39[0.49,3.94] ——
Total (95% CI) 1000%  1.54[0.88, 2.70] P
: Tau? = 0.00; Chi* =198, df = 3 (P = 0.58); ' = . - : i :
Heterogeneity: Tau? = 0.00; Chi*= 198, df = 3 (P = 0.58); I = 0% P = & =

Test for overall effect: Z = 150 (P =0.13) Favours control ~ Favours acupuncture

Crying during treatment

(=}

o -
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60
1

Percent of all sessions [%]
40
1

20
1

T~—
Q $ %

I T 1
>0 >10-15 >60

Crying during treatment [s]

(95% Cl 0.72—8.86), but most infants also stopped cry-
ing within seconds in this study (Figure 5).

Discussion

This is the first IPD meta-analysis of acupuncture treat-
ments of any condition in small children, and we
included three trials where 307 infants with colic were
randomised to receive either acupuncture or no acu-
puncture control. All included trials tested minimal
acupuncture: 1—5 insertions for 2—30s, and the
results of the included trials were in general consist-
ent. Considering our primary end-point, that is, total
crying time, we detected a small change in favour of
acupuncture at mid-treatment, but the significance
was lost when the apparently unblinded study was left
out in a sensitivity analysis. We did not find important
differences in crying time between acupuncture and
no acupuncture control measured after the treatment
ended. At the long-term follow-up, we did not see a
statistically significant difference between acupuncture
and no acupuncture control. No major adverse effects
occurred, but acupuncture induced some crying dur-
ing treatments. For the other secondary outcomes, we
were not able to detect a statistically significant differ-
ence in the number of infants who did not fulfil the
colic criterion [>180 min crying/day] at the end of the
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treatment period. Interestingly, however, parents of
infants in acupuncture groups more frequently eval-
uated the colic symptoms as improved than parents in
the control groups.

The positive results from parental evaluation contra-
dict the lack of important differences in total crying
times, and it is tempting to speculate why. One pos-
sible explanation relates to the type of crying. Not all
crying is colicky crying, and it is possible that acupunc-
ture changes the quality of crying or the degree to
which the infant can be soothed. Such a change could
be sensed by parents without being detected by cry-
ing time assessments. Another possible explanation is
that acupuncture works by other means than crying
time reduction, but the observation that acupuncture
was not associated with changes in frequency of feed-
ing, stooling and sleeping, as compared with controls
does not support this hypothesis [59]. However, more
subjective outcomes like ‘normalised stooling” were
reported more frequently among parents in the acu-
puncture group. The tendency towards more positive
results on more subjective outcomes might of course
be related to inadequate blinding, but ad hoc sensitiv-
ity analysis based on blinding validation data did not
suggest such a relationship.

Despite our efforts to achieve thorough blinding val-
idation of all included studies, we cannot be sure that
existing blinding tests are sensitive enough to detect all
relevant differences [47] Depending on when parents
are asked blinding questions, the validity of the blind-
ing tests can also be impaired by differences in efficacy
between groups. Data from the trial that asked blinding
questions at multiple time point [34] and small, non-sig-
nificant improvements at end of treatment, does not
support that the timing of the blinding questioning is
essential for the results reported here, nor that unblind-
ing because of efficacy are probable. The effect sizes
[SMD 0.02—0.09—0.11—0.17], are so small that they
would not normally be possible to detect. The differen-
ces of Parent evaluation of effect between the appar-
ently unblinded study [32] with odds ratio 10.4, and the
partially blinded study [34] with odds ratio 1.8, both
using the same treatment method, would normally sug-
gest influence of unblinding.

A major strength with this IPD-based analysis is that
we could include all properly randomised controlled
trials about acupuncture for infantile colic, but there
are few trials and the number of participants in each
trial was small. The results should be evaluated in this
context [58,62]. All trials tested acupuncture treatment
versus no acupuncture, thereby eliminating heterogen-
eity problems caused by different control group regi-
mens [14]. Between-study heterogeneity = was

negligible, adding robustness to the results. Our blind-
ing validations also revealed some differences between
the included trials. One trial did not seem to be
blinded at all [32], one seemed to be blinded [33], and
the third had managed to blind participants in the
control group whereas participants in the acupuncture
group remained unblinded [34]. If the results had
shown an effect of treatment, this would have lowered
our confidence in the results. Our study did not show
clinically relevant results in spite of inadequate blind-
ing, which normally favours active intervention [43].

We are aware of some other studies and reviews
that need to be discussed in the light of the results
presented in our review. First, one small controlled
trial on acupuncture for infantile colic was excluded
because it was not an adequately randomised trial
[31,63]. Even though Reinthal et al. [31] presented
results in favour of acupuncture, it should be recog-
nised that that study was associated with substantial
baseline differences between the groups that were not
adjusted for. Although we intended to include that
study [31] in our sensitivity analysis, differences in out-
come reporting prevented us from doing so. Second,
we identified an existing systematic review about acu-
puncture in infants [19], in which the authors conclude:
‘In summary current evidence suggests that acupunc-
ture is safe, effective and a cheap method to treat
infantile colic’. This positive conclusion contradicts the
results presented here in our review. Many factors can
explain this difference. One crucial difference is that
new evidence has accumulated [33,34], but we also
show that it is important to adjust for baseline differen-
ces between the treatment groups. When using individ-
ual patient data to correct for baseline differences,
the heterogeneity between the trials included in our
meta-analysis seemed to disappear. Additionally, the
differences in blinding regimens may explain some of
the variation in results seen across trials.

A large IPD meta-analysis based on 17,922 adults
receiving acupuncture for chronic pain found a needle-
specific treatment effect SMD of 0.15—0.23 [14,15]
between real and sham acupuncture, which is remark-
ably similar to the SMDs reported in our review
[0.09—0.23]. Effect sizes of this small magnitude are not
considered clinically relevant for pain conditions in
either adults [50,51,64,65] or children [52—54,66]. Three
different needling techniques were used in the trials
included in our review, but with similar results. These
observations correspond well to the large-scale IPD
review of acupuncture in adults where it was reported
that differences in techniques or acupuncture points
did not have an impact on the results [14,15]. The same
large-scale IPD study [15] highlighted an association



between the number of acupuncture needles applied
and the effect of treatment. The minimal acupuncture
method used in all trials of infantile colic could reduce
the difference between acupuncture and no acupunc-
ture treatment controls in the primary outcome, that is,
differences in crying time. However, ethical concerns of
potential needle pain, validated in this IPD, would
prove an obstacle to more intense needle treatment.

When planning new RCTs about the efficacy of per-
cutaneous needle acupuncture for infants, we consider
it important to facilitate adequate blinding of outcome
assessors, and to validate the quality of any blinding
procedures. The risk of causing pain should be eval-
uated and taken into consideration when assessing
the benefits and harms of acupuncture in small chil-
dren who cannot consent to treatment [28,37,67]. Our
findings also emphasise the need for more quantita-
tive and also qualitative [68,69] research to explore
parents’ experiences and the possible positive impact
of acupuncture on outcomes other than reduction in
crying time. Defining thresholds for clinically important
differences is important for evaluating implications of
results, and should be put into practice in all acupunc-
ture trials of pain conditions in children.

Conclusions

Our blinding test validated IPD meta-analysis of min-
imal acupuncture treatments of infantile colic did not
show clinically relevant effects in pain reduction as
estimated by differences in crying time between nee-
dle acupuncture intervention and no acupuncture con-
trol. Analyses indicated that acupuncture treatment
induced crying in many of the children. Caution
should therefore be exercised in recommending
potentially painful treatments with uncertain efficacy
in infants. The studies are few, the analysis is made on
small samples of individuals, and conclusions should
be considered in this context. With this limitation in
mind, our findings do not support the idea that percu-
taneous needle acupuncture should be recommended
for treatment of infantile colic on a general basis.
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