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Objective To evaluate the effectiveness and safety of nonpharmacologic interventions for the treatment of child-
hood functional constipation.
Study design Randomized controlled trials (RCTs) evaluating nonpharmacologic treatments in children with func-
tional constipation which reported at least 1 outcome of the core outcome set for children with functional constipation.
ResultsWe included 52 RCTs with 4668 children, aged between 2 weeks and 18 years, of whom 47%were females.
Studied interventions included gut microbiome-directed interventions, other dietary interventions, oral supplements,
pelvic floor-directed interventions, electrical stimulation, dry cupping, and massage therapy. An overall high risk of
bias was found across the majority of studies. Meta-analyses for treatment success and/or defecation frequency,
including 20 RCTs, showed abdominal electrical stimulation (n = 3), Cassia Fistula emulsion (n = 2), and a cow’s milk
exclusion diet (n = 2 in a subpopulationwith constipation as a possiblemanifestation of cow’smilk allergy)may be effec-
tive. Evidence from RCTs not included in the meta-analyses, indicated that some prebiotic and fiber mixtures, Chinese
herbal medicine (Xiao’er Biantong granules), and abdominal massage are promising therapies. In contrast, studies
showed no benefit for the use of probiotics, synbiotics, an increase in water intake, dry cupping, or additional biofeed-
back or behavioral therapy. We found no RCTs on physical movement or acupuncture.
Conclusions More well-designed high quality RCTs concerning nonpharmacologic treatments for children with
functional constipation are needed before changes in current guidelines are indicated. (J Pediatr 2022;240:136-49).
F
unctional constipation is a common disorder in children and adolescents worldwide.1 It is characterized by infrequent,
painful, and hard stools andmay be accompanied by fecal incontinence and abdominal pain.2 Functional constipation is
a clinical diagnosis based on history and physical examination, and is defined according to the Rome IV criteria (Table I;

available at www.jpeds.com).3,4 According to international guidelines, the first steps in the treatment of children with
functional constipation include demystification, education, toilet training, and laxative treatment with polyethylene glycol
(PEG).5,6 In addition, guidelines advise a normal fiber and fluid intake, and regular physical activity, but do not
recommend the use of probiotics, prebiotics, or behavioral therapy owing to a lack of evidence.5,6 Laxatives are safe, but
adherence to laxatives is low, and except for the use of PEG, little is known about long-term effects of chronic laxative
use.7,8 This factor may explain why 36.4% of parents of children with functional constipation seek help in the form of
complementary or alternative medicine.9

A systematic review on the nonpharmacologic treatment of childhood functional constipation reported that fiber supple-
ments were more effective than placebo, but no evidence was found regarding the effect of fluid supplements, probiotics, pre-
biotics, physical movement, or behavioral interventions.10 Our objective was to review currently available evidence on the
effectiveness and safety outcomes of the core outcome set (COS)11 of nonpharmacologic treatments for children with func-
tional constipation compared with any other, or no treatment, as studied in randomized controlled trials (RCTs).
COS Core outcome set

PEG Polyethylene glycol

RCT Randomized controlled trial
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Methods
This systematic review, including protocol, was registered at the international prospective register of systematic reviews, with
registration number CRD42020193119 and is reported in accordance with the PRISMA Statement.12
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Search Strategy and Study Selection
The Cochrane Library, PubMed, and EMBASE databases were searched by a clin-
ical librarian from inception to August 2020. The search protocol with the full
search strategy can be obtained from the authors. Key words used were, including
synonyms, “constipation,” “child” combined with nonpharmacologic treat-
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ments such as, but not limited to, “probiotics,” “prebiotics,”
“nutrition therapy,” “physical therapy,” “alternative medi-
cine,” and “biofeedback.” To identify additional studies,
reference lists of included studies and (systematic) review ar-
ticles were searched manually. No language restrictions were
applied. Studies were eligible for inclusion if they met the
following criteria: (1) The study was a (systematic review
of) RCT(s) in which a nonpharmacologic treatment was
compared with any other treatment, placebo, or no treat-
ment; (2) the study population consisted of children 0-
18 years old with functional constipation; (3) the diagnosis
of functional constipation was clearly defined by the authors
or by the use of internationally recognized criteria, such as
the Rome III13,14 or Rome IV criteria3,4; (4) the study used
at least 1 outcome of the COS for clinical trials in constipa-
tion, namely, defecation frequency, stool consistency, painful
defecation, quality of life of parents and patients, side effects
of treatment, fecal incontinence, abdominal pain, and school
attendance.11 Studies were excluded if they included children
with an organic cause of constipation (eg, Hirschsprung dis-
ease, anorectal malformations, or cerebral palsy) or if the
study was a pilot study. Titles and abstracts of the papers
identified by the initial search were independently screened
by 2 reviewers for eligibility with the use of Rayyan, a web
application for systematic reviews.15 Full-text manuscripts
were obtained of all potentially relevant articles and evaluated
more in detail. Foreign language articles were translated if
necessary with the help of native speakers.

Outcome Assessment
The primary outcome measures for this systematic review and
meta-analysis were treatment success and defecation frequency.
Treatment success and defecation frequency were chosen
because they are recommended outcomes for clinical trials in
children with functional constipation.16 Treatment success
was collected as dichotomous outcome as defined by authors
when it consisted of at least 2 outcomes, of which at least 1
was part of the COS. If treatment success was categorized, the
highest level of treatment success was used as a cutoff point
(eg, if subcategories included patients who were not cured,
50% cured, and 90% cured; the latter was collected as dichoto-
mous outcome). Defecation frequency was collected as contin-
uous outcome: number of bowel movements per week after
treatment completion, or if not available, at first follow-up. Sec-
ondary outcomes included all other outcomes of the COS: stool
consistency, painful defecation, quality of life of parents and pa-
tients, side effects of treatment, fecal incontinence, abdominal
pain, and school attendance.11

Data Extraction
Data were extracted from each selected study by 2 authors,
including general information of the study (author, year,
country), study design, criteria for functional constipation
diagnosis, population information (age, sex distribution,
previous treatment), intervention (comparison[s] and dura-
tion), and reported outcomes of the COS including results.
When extraction was completed, data were checked by the
other author and the disputes were solved by consensus.
Data were extracted according to the intention-to-treat prin-
ciple, where all dropouts were assumed to be treatment fail-
ures. When studies had a cross-over design, only the first
period was taken into account owing to insufficient
run-out periods, especially for microbiome-directed inter-
ventions. Fibers and prebiotics were labeled as 1 type of inter-
vention, because the term prebiotic is strictly spoken a health
claim, so not all substrates that possess prebiotic properties
might be labeled as such, and some studies used a mixture
of fibers and prebiotics.17-19

Risk of Bias Assessment
The risk of bias of each included study was measured inde-
pendently by 2 authors according to the Cochrane risk of
bias tool version 2.20 Assessment of the domain “bias owing
to deviations from intended interventions” was based on the
intention-to-treat principle and evaluated the outcome of
treatment success after treatment or at first follow-up of
the study, or if not available defecation frequency, or if not
available the primary outcome of the study. Any disagree-
ment between reviewers was resolved by consensus.

Data Synthesis and Statistical Analyses
If possible, data were pooled using a random effects model.
Data that could not be pooled were reported per type of inter-
vention. The effect of the interventions of interest on treat-
ment success was expressed as risk difference accompanied
by 95% CI by the Mantel-Haenszel method.21 The effect of in-
terventions of interest on defecation frequency was examined
using a standardized mean difference with a 95% CI.21 If me-
dians were provided, we estimated the mean and SD from the
median, range, and sample size with the aid of the formula as
proposed by Hozo et al.22 Moreover, in case defecation fre-
quencies were given per day, data per week were estimated
by Meanweek = Meanday � 7 and SDweek = SDday � O7 or
SDweek = O(Varweek = Varday1 + Varday2 + . + Varday7).

22,23

Heterogeneity across individual trials included in our meta-
analysis was assessed with I2 ranging from 0% to 100%, with
higher values indicating higher levels of heterogeneity. An I2

of less than 25% was arbitrarily chosen to correspond with
low levels of heterogeneity.24 The “meta,” “metafor,” “robvis,”
and “dmetar” packages, a hands-on guide, and RevMan5
(The Cochrane Collaboration) were used to generate Forest
plots of pooled standardized mean differences for outcomes
with 95% CIs.25-29

Results

A total of 4240 studies were identified, of which 52 studies
were eligible for inclusion, 49 were RCTs and 3 were long-
term follow-ups of already included RCTs. Figure 1
(available at www.jpeds.com) depicts the PRISMA flow
chart, including reasons for exclusion. These studies
included 4668 children aged between 2 weeks and 18 years,
of whom 47% were female. The included RCTs were
carried out in Asia (n = 21; 43%), Europe (n = 19; 39%),
137
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South America (n = 5; 10%), North America (n = 4; 8%), and
Oceania (n = 1; 2%); 37 studies (71%) were conducted in
tertiary care, 11 (21%) in secondary care, 3 (6%) in
primary care, and 2 (4%) did not report on the setting.
Thirty-seven studies (71%) used the Rome criteria for
functional constipation and 15 (29%) used author-defined
criteria. Besides the interventions of interest, 28 (57%)
studies reported to give advice on toilet training, and 19
(39%) gave dietary advice to all their participants.

Interventions of the studies included probiotics (n = 15), pre-
biotics/fiber/infant formulas (n= 11), synbiotics (n= 2), a cow’s
milk exclusion diet (n = 2), (additional) water (n = 1), oral sup-
plements (Cassia fistula emulsion, Sophia seeds, Xia’er Biantong
granules, greenbananabiomass, or black strapmolasses) (n=6),
biofeedback (n = 4), electrical therapy (1 with cryotherapy)
(n = 4), massage therapy (n = 3), pelvic physiotherapy
(n = 1), behavioral therapy (n = 1), dry cupping (n = 1), and
a combination of abdominal muscle training, breathing exer-
cises, and abdominal massage (n = 1). The hypotheses on the
modeof actionof the interventions, accompaniedby a summary
of the evidence found in this review, are shown in Table II. A
summary of study characteristics of all included studies
(including results of outcomes not discussed in this section) is
available in the Appendix (available at www.jpeds.com). An
overview of which COS outcomes are reported by which
studies is available in Table III (available at www.jpeds.com).
A summary of risk of bias of all included studies can be found
in Figure 2 (available at www.jpeds.com), and more details on
the risk of bias judgement per domain can be found in
Figure 3, A-D (available at www.jpeds.com).

Probiotics
Thirteen studies, including 965 children34-43,92-94 and 2
follow-up studies, including 166 children,95,96 investigated
the effect of (or the addition of) probiotics versus placebo
or laxative treatment (Appendix). A low risk of bias was
found in 2 of 13, some concerns of bias in 4 of 13, and a
high risk of bias in 7 of 13 studies and some concerns of
bias for both follow-ups (Figure 3, A).

Meta-analysis. The meta-analysis of 2 studies evaluating
Lacticaseibacillus rhamnosus (previously Lactobacillus rham-
nosus) (Lcr 35) versus placebo, with considerable levels of
heterogeneity, showed no significant effect on treatment suc-
cess or defecation frequency (Figures 4 and 5).36,41

Treatment Success. Treatment success was reported in 5 of
15 studies, of which 1 (with 3 Bifidobacterium spp. strains)
was found to be as effective as laxative treatment,34 1 more
effective than placebo,36 and 3 (L rhamnosus GG, B lactis
DN-173 010, L rhamnosus Lcr35) not more effective than pla-
cebo or control.39-41 Both follow-up studies reported no dif-
ference in treatment success rates between groups.95,96 The
authors who did not define treatment success, concluded
that their probiotic was more effective than placebo on stool
consistency (goat yoghurt with Bifidobacterium longum)37

or on fecal incontinence and abdominal pain (7-strain
138
multispecies mix),38 and 2 concluded that probiotics were
not successful as additional treatment on any reported out-
comes (both Limosilactobacillus [previously Lactobacillus]
reuteri DSM 17938).42,43 Authors of 1 study did not compare
outcomes between treatment groups (L reuteri DSM
17938).35

Defecation Frequency. Defecation frequency was reported in
10 of 15 studies andwas comparablewith laxative treatment in 2
studies (L rhamnosus Lcr35 and a 3-strain Bifidobacterium spp.
mix),34,36 higher thanplacebo or control in 3 studies (L rhamno-
sus Lcr35, L reuteri DSM 17938, and a 7-strain multispecies
mix),36,38,92 and similar to placebo or control in 6 studies (L
rhamnosus GG, B lactis DN-173 010, L rhamnosus Lcr35, and
3 studies with L reuteri DSM 17938).35,39-43 The follow-up
studies (L rhamnosusGGandB lactisDN-173010) foundno sig-
nificant difference in defecation frequency between groups, after
2 years96 and 3 years of follow-up,95 respectively.

Adverse Events. Adverse events were reported in 12 of 15
studies. Of these studies, 6 of 12 (50%) observed no adverse
events. One study observed abdominal pain (n = 3) and vom-
iting (n = 1) in children receiving treatment with L rhamno-
sus GG.39 One study reported gastroenteritis (n = 1) and
nausea/vomiting (n = 3) in children receiving B lactis DN-
173 010.40 One study reported transient diarrhea, which dis-
appeared after dose reduction (3-strain Bifidobacterium spp.
mix and PEG34), and another study reported abdominal pain
(n = 2) (L reuteri DSM 17938).42

(Mixtures of) Fibers and/or Prebiotics
Ten studies, including 728 children,45-49,97-101 and 1 follow-
up study including 80 children95 investigated the effect of
(or the addition of) 7 different (mixtures of) fibers and/or
prebiotics and/or infant formulas (designed to support bowel
habit problems) compared with placebo or control treatment
(Appendix). Some concerns of bias were found in 4 of 10
studies, a high risk of bias in 6 of 10 studies, and some
concerns of bias in the follow-up study (Figure 3, B).

Meta-analysis. The meta-analysis of the 2 studies evaluating
glucomannan vs placebo showed no significant effect on
treatment success or defecation frequency (Figures 4
and 5).45,97 The meta-analysis of the 2 studies evaluating an
infant formula with added b-palmitate, prebiotics, and
hydrolysed whey protein (Omneo/Conformil) vs regular
formula showed no evidence for an effect on defecation
frequency (Figure 5).46,98

Treatment Success. A definition of treatment success was
reported in 5 of 10 studies, of which 1 (a mixture of acacia
fiber, psyllium fiber, and fructose) was as effective as laxa-
tive treatment,47 1 (glucomannan) was more effective than
placebo,45 and 3 (glucomannan, fiber/prebiotic mixture
[fructo-oligosaccharides [FOS], inulin, gum Arabic, resis-
tant starch, soy polysaccharide, and cellulose], FOS) were
not more effective than placebo.97,99,100 The authors of 3
Wegh et al
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Table II. Summary of interventions with their potential mode of action on FC and findings of this systematic review

Interventions Mode of action Findings

Probiotics Probiotics are defined as “live microorganisms which when
administered in adequate amounts confer a health benefit on the
host.”30 Associations have been found between gut motility and
several probiotic strains.31 Moreover, several genera and community
compositions have been associated with a harder stool consistency
and others with softer stool consistencies.32 Bifidobacteria and
Lactobacilli are well-known for the production of acetate and lactate,
which might increase gut motility.33 Therefore, directing the gut
microbiota composition towards compositions associated with softer
stools may be obtained with the use of probiotics.

RoB: low/some concerns/high
Two studies were found to be as effective as laxative
treatment34,35 and 3 were more effective than placebo36-38; in
contrast, several studies reported not to be effective in the
treatment of FC.39-43

Fiber Fibers can be divided in several ways, one of which by properties of
solubility, viscosity and fermentation. Those that are fermentable are
often but not exclusively regarded as prebiotics.44 The mode of action
for soluble viscous fibers is by forming a gel-like consistency with
water resulting in an improvement consistency of stools (both hard
and loose stools). Insoluble fibers can exert a laxative effect by stool
bulking, irritation, and stimulation of the gut mucosa to increase
peristalsis.

RoB: Some concerns/high
Some evidence that specific fibers or prebiotic supplements
may be more effective than placebo,45,46 or as effective as
laxative treatment.47-49

Prebiotics In addition to the effect of soluble, fermentable fibers as mentioned,
prebiotics are defined as “a substrate that is selectively utilized by
host microorganisms conferring a health benefit.”17 Mode of action of
prebiotics in FC may include increasing microbial biomass and SCFA
production which may increase stool consistency and gastrointestinal
motility,50 and several specific bacterial species have been reported to
promote gastro-intestinal motility including genera that are stimulated
by prebiotics such as Lactobacilli and Bifidobacteria.31

Synbiotics Synbiotics are defined as “a mixture comprising live microorganisms
and substrate(s) selectively utilized by host microorganisms that
confers a health benefit on the host”51 and are thought to have a
synergetic effect of both prebiotics and probiotics.

RoB: Some concerns/high
Minimal evidence was found for the use of synbiotics.52,53

Water Sufficient water intake is of importance for normal defecation patterns
and is therefore often advised.54 It is based on the assumption that
additional oral intake of fluid leads to an increase in colonic fluid,
which would promote increased stool output or a softer consistency.
However, this seems contrary to physiologic expectation given the
large adaptive absorptive capacity of the gut in response to acute or
chronic challenges.55

RoB: High.
No evidence was found for the increase of water or
hyperosmolar liquid intake.56

Cow’s milk-free diet Symptoms of cow’s milk allergy might be very unspecific and
resemble symptoms of FC.57 Therefore, it has been suggested that in
children, whose onset of constipation symptoms occurred with the
introduction of dairy, a cow’s milk-free diet challenge can be
considered to evaluate if these children may have an underlying cow’s
milk allergy.58,59 The hypothetic pathogenic mechanism lies in
increased anal pressure at rest, probably caused by allergic
inflammation of the internal sphincter area owing to mucosal
eosinophil and mast cell infiltration.59

RoB: High.
Some evidence that suggests it may be useful in children with
constipation as manifestation of an underlying cow’s milk
allergy. 60,61

Cassia Fistula Cassia Fistula emulsion is an extract from the plant Cassia Fistula
leguminosae, which belongs to the same Genus (Cassia) as Cassia
Officinalis, more known as Senna alexandrina, from which the laxative
senna is made. The precise mechanism of action of senna is
unknown, but both senna and Cassia Fistula seem to act as stimulant
laxatives via anthraquinone type derivates that are naturally occurring
in plants as glycosides.62,63

RoB: High.
Minimal evidence that suggests it may be more effective than
treatment with mineral oil,64 and just as effective as PEG.65

Flixweed seeds The exact working mechanism of flixweed seeds (Descurainia Sophia)
is unknown. The seeds may produce a mucilage that can absorb water
from bowel lumen thereby softening stools. One of the compounds in
the seeds, allyl disulfide, may have a relaxing effect on smooth
muscles and facilitate defecation.66

RoB: High.
Minimal evidence that suggests it may be just as effective as
PEG treatment, but with worse taste.67

Xiao’er Biantong granules Xiao’er Biantong granules are a Chinese patent medicine composed of
7 herbs. Traditional Chinese medicine considers the spleen and
stomach as the most important organs for digestion. Improper feeding
increases the burden of the stomach and intestine, leading to food
stagnation. This disturbs qi movement so that the weakened qi cannot
push the chime to move powerfully and quickly in the intestine. Based
on these mechanisms, the principle of treatment is to remove food
retention (Houpo, LaiFuZi), promote defecation (XingRen, LuHui, and
JueMingZi,), regulate qi movement (HouPo, ZhiQiao), and strengthen
and nourish the spleen and stomach (BaiZhu).68

RoB: High.
Minimal evidence that suggests it may be more effective than
placebo treatment.68

(continued )
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Table II. Continued

Interventions Mode of action Findings

Green banana biomass Green banana biomass has a high content of dietary fiber and resistant
starch, which may result in the effects describes in the fiber section.69

Important to note is that resistant starch is a wide category of
substances that differ in their effects on gut microbiota and thereby in
their effect on constipation symptoms.44,70

RoB: High.
Inconclusive evidence to use on its own, may be effective as
addition to PEG or sodium phosphate treatment.69

Black strap molasses Black strap molasses syrup is a black and viscous product resulting
from sugarcane after 3 stages of sugar extraction. It contains several
minerals and a small amount of polysaccharides and other
compounds, including polyphenols.58 The exact mechanism of action
in unknown, but several types of polysaccharides and polyphenols
might exhibit laxative effects.71

RoB: some concerns
Minimal evidence that suggests it may be just as effective as
PEG treatment.58

Biofeedback Biofeedback training entails teaching children how to coordinate
muscle relaxation with the use of anorectal monitoring instruments to
make physiological information accessible to the child’s
consciousness. It is thought to improve the dyssynergic defecation
often seen during anorectal manometry in children with FC.
Dyssynergic defecation refers to dysfunction of the pelvic floor
muscles which contract instead of relax during a bowel movement. It
is thought to be secondary to, or the manometric equivalent of, stool
withholding which is considered the major cause for the development
and persistence of childhood constipation.72,73

RoB: High.
Evidence suggests no additional benefit for the use of
biofeedback over conventional treatment in all children with
FC, inconclusive evidence for its use in children with
dyssynergic defecation.74-76

Transabdominal
interferential
electrical therapy

Transabdominal (interferential) electrical stimulation involves the
generation of 2 sinusoidal currents that cross within the body with the
use of 4 electrode pads applied on the skin of the abdomen and lower
back. The exact mechanism of action is not yet understood, the
current may result in an alteration of neuronal function, and increase
colonic motility by stimulating the interstitial cells of Cajal, the
pacemaker cells of the gut, and/or enteric or extrinsic autonomic
nerves.77

RoB: High.
Minimal evidence that suggests benefit as addition to
conventional treatment when combined with pelvic floor
muscles exercises.78-81

Cryotherapy Scientific evidence for the use of cryotherapy and its role in
pathophysiology of FC is lacking. It is thought that cryotherapy might
influence local blood circulation and normalize vascular tone and
motility.81

RoB: High.
Minimal evidence suggests it may be beneficial as addition to
therapy with electrical stimulation and pelvic floor muscles
exercises.81

Abdominal massage The mechanisms behind abdominal massage’s constipation-reducing
are most likely a combination of local stimulation and relaxation, and
by stimulation of the parasympathetic nervous system. Direct
pressure over the abdominal wall alternately compresses and then
releases sections of the digestive tract, briefly distorting lumen size
and activating stretch receptors that can reinforce the gastrocolic
reflex and trigger intestinal and rectal contraction.82,83

RoB: High.
Minimal evidence that suggests benefit as additional to
Chinese herbal treatment,84,85 or as part of a combination
therapy.86

Foot reflexology The science of reflexology is based on the premise that there are
zones and reflex areas (eg, the feet) that correspond with all glands,
organs, parts, and systems of the body. Pressure applied to these
specific areas by applying specific techniques assists in potentiating
the normal function of the corresponding body part and activates the
body’s innate healing power, reduces stress, and promotes
physiologic changes in the body.

RoB: High.
Minimal evidence that suggests no additional benefit over
regular advice.87

Pelvic physiotherapy Pelvic physiotherapy consists of exercises, practicing a stabilized
posture on the toilet, teaching effective straining to defecate,
increasing awareness of sensations, and exercising adequate pelvic
floor muscle functions.

RoB: High/low.
Minimal evidence that suggests benefit as addition to
conventional treatment.88

Behavioral therapy Withholding behavior may be the result of fear and avoidance of
defecation. The phobic reactions related to withholding defecation
may be decreased and adequate toileting behavior and appropriate
defecation straining may be (re)acquired by teaching parents
behavioral procedures and by behavioral play therapy with the child.

RoB: High.
Minimal evidence that suggests no benefit as additional to
conventional treatment.89

Dry cupping Cupping therapy is based on applying negative pressure suction on the
skin. During dry cupping, a glass cup is placed on the skin and a
vacuum is created inside it for a few minutes to congest the skin. The
underlying treatment mechanism is not yet understood, it possibly
induces muscle relaxation, and may decrease pain.90

RoB: High.
Minimal evidence that suggests it may be less effective as
PEG treatment.91

FC, functional constipation; RoB, risk of bias.
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of the remaining 5 studies did not define treatment success.
However, they reported that the studied treatment was as
effective as lactulose on defecation frequency, fecal inconti-
nence, and abdominal pain (yogurt drink with dietary fiber/
prebiotic mixtures of transgalacto-oligosaccharides, inulin,
140
soy fiber, and resistant starch),48 or on defecation fre-
quency, consistency of stools, and abdominal pain (partially
hydrolyzed guar gum).49 The third remaining study re-
ported that an infant formula containing modified vege-
table oil with b-palmitate, prebiotics and hydrolyzed whey
Wegh et al



Figure 4. Forest plot of trials on treatment success.
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protein (Omneo/Conformil) was not more effective than
standard infant formula on any outcomes at end point
(day 14), although an increase in stool frequency was seen
at day 7.46

Defecation Frequency. Defecation frequency was reported
in all 10 studies, of which 3 found no difference in improve-
ment of defecation compared with laxative treatment47-49

and 7 found no difference in improvement of defecation
compared with placebo or control treatment.45,46,97-101

Adverse Events. Adverse events were reported by 8 of the 10
studies; 4 observed mild side effects in the experimental
Nonpharmacologic Treatment for Children with Functional Const
group, such as diarrhea, abdominal distention, flatulence,
and vomiting.47,48,97,100

Synbiotics
Two studies, including 252 children, investigated the effect
of 2 different synbiotics on constipation symptoms
(a combination of L casei, L rhamnosus, Streptococcus thermo-
philus, B breve, Lacidophilus, B infantis, and FOS), and the
other study a combination of L casei, L rhamnosus, L planta-
rum, B lactis, fiber, polydextrose, FOS, and GOS, respec-
tively.52,53 A high risk of bias was found in both studies
(Figure 3, C). A meta-analysis was not possible owing to
the use of different intervention products.
ipation: A Systematic Review and Meta-analysis 141



Figure 5. Forest plot of trials for defecation frequency per week.
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Treatment Success. Treatment success was reported in both
studies, 1 of which found similar success rates in all groups
(multispecies probiotic with FOS, multispecies probiotic with
FOS plus oral liquid paraffin, or oral liquid paraffin only).52

The other study found a significantly higher success rate in
the synbiotic group compared with the placebo group.53

Defecation Frequency. Defecation frequency was reported in
both studies and was significantly higher in the group receiving
both liquid paraffin and the synbiotic52 and a significant
improvement in the synbiotic but not placebo group after treat-
ment. No between-group comparison was executed.53

Adverse Events. Adverse events were reported by both
studies, none were observed in the synbiotic-only treatment
groups. In contrast, 39 children receiving liquid paraffin as
control or in addition to a synbiotic reported seepage.52

Dietary Interventions
Three studies, including 295 children, investigated the effect
of a dietary intervention.56,60,61 Two studies investigated the
effect of a cow’s milk elimination diet versus a diet containing
dairy (in a subpopulation with constipation as a possible
manifestation of cow’s milk allergy),60,61 and 1 investigated
the effect of an increase in water intake, or the consumption
of hyperosmolar liquids, versus normal liquid intake.56 A
high risk of bias was found in all 3 studies.

Meta-analysis. The meta-analysis of the 2 studies evaluating
a cow’s milk-free diet to a diet containing dairy, with consid-
142
erable heterogeneity, showed a significant effect of the cow’s
milk-free diet on treatment success (Figure 4).

Treatment Success. Treatment success was reported as a
combination of outcomes in 1 study, which reported a signif-
icantly higher treatment success rate in the cow’s milk elim-
ination diet group.60 The authors of the other study
concluded that constipation can be a manifestation of intol-
erance of, or a allergic reaction to, cow’s milk.61 The authors
of the study investigating higher water intake and hyperos-
molar liquids found no significant effect of fluid intake on
constipation symptoms.56

Defecation Frequency. Defecation frequency was reported
in all studies. Children receiving a cow’s milk-free diet had
a significantly higher defecation frequency compared with
those receiving a diet containing cow’s milk.60,61 An increase
in water intake or hyperosmolar liquid had no significant ef-
fect on defecation frequency.56

Adverse Events. The 2 studies including a cow’s milk diet re-
ported that none of the children receiving a cow’s milk diet
had an acute allergic reaction.60,61

Oral Supplements
Cassia Fistula Emulsion. Two studies, including a total of
190 children, investigated the effect of Cassia Fistula emul-
sion compared with laxative treatment (mineral oil64 and
PEG65), with a high risk of bias in both studies. Meta-
analyses showed evidence for a higher treatment success
Wegh et al
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rate and increased defecation frequency in the Cassia Fistula
emulsion group compared with control treatment (Figures 4
and 5). Treatment success was defined in both studies, and
Cassia Fistula emulsion was found to be more effective
than treatment with mineral oil64 and as effective as
treatment with PEG.65 Defecation frequency was reported
in both studies and was significantly higher in the Cassia
Fistula emulsion groups. Both studies reported adverse
events. In children using Cassia Fistula emulsion, diarrhea
was the most common side effect reported in 25%-32% of
children, all in whom the diarrhea resolved after a 25%
dose decrease. Medication refusal because of taste was
similar in both treatment groups in both studies.

Descurainia Sophia Seeds (Flixweed)
One study, including 120 children, investigated the effect of
flixweed compared with PEG, with a high risk of bias.67

Treatment success rates and defecation frequency were not
significantly different between the groups. Adverse events
were not clearly reported, except that in the flixweed group
fewer children required rescue medication andmore children
(30%) disliked the taste.

Xiao’er Biantong Granules
One study, including 480 children, investigating the effect of
Chinese patent medicine Xiao’er Biantong granules
compared with placebo.68 A high risk of bias was found.
Treatment success rates and defecation frequency were
significantly higher in the Xiao’er Biantong granules group.
There were no differences in observed adverse events between
groups, all of which were mild with favorable prognosis.

Green Banana Biomass
One study, including 80 children, investigated the effect of green
banana biomass and included 5 different treatment groups, with
a high risk of bias (Appendix).69 Treatment success was not
defined by authors. No between-group comparisons were
made. Adverse events were reported, none were observed.

Black Strap Molasses (Sugar Cane Extract)
One study, including 92 children, investigated the effect of black
strap molasses compared with PEG, with some concerns for
bias.58 Treatment success and the proportion of children with
at least 3 bowel movements per week did not significantly differ
between groups. Adverse events were reported and included
transient abdominal pain which disappeared over time in
both treatment groups (I, n = 4; PEG, n = 7).

Biofeedback
Four studies, including 320 children, investigated the effect of
biofeedback, of which 3 studied the effect of the addition of
biofeedback to laxative treatment74-76 and 1 studied the effect
of the addition of home biofeedback to biofeedback in the
laboratory.102 A high risks of bias was found in all studies.

Meta-analysis. A meta-analysis on treatment success,
including the 3 studies, which investigated the additional ef-
Nonpharmacologic Treatment for Children with Functional Const
fect of biofeedback to laxative treatment,74-76 showed consid-
erable levels of heterogeneity and no evidence for benefit of
the addition of biofeedback (Figure 4).

Treatment Success. Treatment successwas definedby authors
and reported in all studies. Treatment success rates were higher
in the biofeedback group in 2 studies,74,76 were not different be-
tween groups in 1 study,75 and were higher in the group
receiving additional home biofeedback in 1 study.102

Defecation Frequency. Defecation frequency was reported in
1 study, which found no benefit of the addition of biofeedback
training at home compared with biofeedback in the
laboratory.102

Adverse Events. Adverse events were not reported in any of
the studies.
Electrical Stimulation and Cryotherapy
Four studies, including 237 children, investigated the use of elec-
trical stimulation and/or cryotherapy.78-81 Two studies investi-
gated the effect of abdominal interferential electrical
stimulation (versus sham78 or no stimulation79) as addition to
treatment with pelvic floor muscle exercises and laxatives
when necessary. One study investigated the effect of abdominal
interferential electrical stimulation versus sham stimulation.80

One study investigated not only the effect of percutaneous
abdominal electrical stimulation but also looked at the effect
of local cryotherapy and the combination of the 2 (cryoelectro-
neurostimulation).81Ahigh risk of biaswas found for all studies.

Meta-analysis. The meta-analysis on treatment success
including 3 of the studieswhich defined treatment success78,79,81

showed a significant effect of the addition of abdominal electri-
cal stimulation to conventional treatment (Figure 4).

Treatment Success. Treatment success was reported in 3 of
the 4 studies, and all studies showed benefit of the addition of
electrical stimulation to conventional treatment.78,79,81 The
addition of cryotherapy also significantly increased treatment
success rates compared with conventional treatment alone.81

Cryoelectroneurostimulation significantly increased treat-
ment success rates compared with the other 3 treatment
groups.81 The authors of 1 study did not define treatment
success, nor did they compare outcomes between groups.80

Defecation Frequency. Defecation frequency was reported
in 3 of the 4 studies, of which 2 found a significantly higher
defecation frequency in the group receiving additional elec-
trical stimulation compared with those receiving conven-
tional treatment.78,79 The addition of cryotherapy alone
significantly increased defecation frequency compared with
conventional treatment, and cryoelectroneurostimulation
significantly increased defecation frequency compared with
the other 3 treatment groups.81

Adverse Events. Adverse events were reported in 3 of the 4
studies; none were observed.
ipation: A Systematic Review and Meta-analysis 143



THE JOURNAL OF PEDIATRICS � www.jpeds.com Volume 240
Massage Therapy
Three studies, including 256 children, investigated the effect
of massage therapy.84,85,87 Two studies investigated the effect
of the addition of daily sessions of Chinese abdominal mas-
sage (Tui Na) to treatment with Chinese herbal medicine.84,85

The other study investigated the effect of a 10-minute foot
reflexology massage for 5 days a week as addition to regular
advice including dietary advice and toilet training.87 A high
risk of bias was found in all studies (Figure 3, D).

Meta-analysis. A meta-analysis on treatment success using
the proportions of children whom were completely cured
in the 2 studies investigating the effect of the addition of Chi-
nese abdominal massage84,85 showed low levels of heteroge-
neity, and no significant effect of the addition of Chinese
abdominal massage (Figure 4).

Treatment Success. Treatment success was reported in the 2
studies investigating the effect of Chinese abdominal mas-
sage. Authors reported that a higher number of the children
receiving Chinese abdominal massage were cured, although
not completely cured, see meta-analysis. The authors of the
study investigating the effect of foot reflexology found no dif-
ferences between groups after 4 weeks of treatment.87

Defecation Frequency. Defecation frequency was only re-
ported in the study investigating the effect of foot reflexology,
which did not show any significant difference between the
groups.87

Adverse Events. Adverse events were not reported in any of
the studies.

Other and Combined Treatments
Pelvic Physiotherapy. Although multiple studies describe the
use of pelvic muscles exercises in the treatment of children with
functional constipation,78,79,86,88 only 1 study, including 53 chil-
dren, specifically evaluated the effect of the addition of pelvic
muscle exercises to laxative treatment, with a low risk of bias.88

Treatment success rates were significantly higher in the group
whom received additional pelvic physiotherapy. Improvement
rates of childrendefecating at least 3 timesperweekdidnotdiffer
between groups. Adverse events were not reported.

Behavioral Therapy. One study, including 134 children,
evaluated the additional benefit of 12 sessions of behavioral
therapy to laxative treatment with toilet training, with a
high risk of bias.89 Both treatment success rates and defeca-
tion frequency were not significantly different between
groups indicating no evidence for the addition of behavioral
therapy. Adverse events were not reported.

Dry Cupping. One study, including 120 children, investi-
gated the effect of dry cupping therapy to conventional treat-
ment with PEG, with a high risk of bias.91 Treatment success
rates were higher in the group receiving conventional treat-
ment. Defecation frequency was not different between
groups. Adverse events were not reported.
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Combination Therapy. One study, including 72 children,
investigated the combined effect of the addition of abdominal
muscle training, breathing exercises, and abdominal massage
to treatment with magnesium hydroxide, with a high risk of
bias.86 Treatment success was not defined by authors. Defeca-
tion frequency was higher in the group receiving the combina-
tion therapy. Adverse eventswere reported; nonewere observed.

Discussion

A total of 52 RCTs were analyzed, including 4592 children,
with a wide variety of interventions. Meta-analyses for treat-
ment success and defecation frequency showed that a cow’s
milk exclusion diet (n = 2 in a subpopulation with constipa-
tion as a possible manifestation of cow’s milk allergy),
abdominal electrical stimulation (n = 3), and Cassia Fistula
emulsion (n = 2) may be effective. Evidence from studies
not included in the meta-analyses, indicated that some prebi-
otic and fiber mixtures, Xiao’er Biantong granules, and
abdominal massage are promising therapies. In contrast,
studies showed no benefit for the use of probiotics, synbiot-
ics, an increase in water intake, dry cupping, or additional
biofeedback or behavioral therapy. Studies were heteroge-
neous with respect to study design, diagnostic criteria for
functional constipation, study population, study interven-
tion, duration of treatment and follow-up, and outcome
measures. Adverse events were reported by the majority of
the studies (33 of 52). Overall, adverse events of studied in-
terventions were uncommon. If adverse events were
observed, they were mild and mostly consisted of transient
abdominal pain, diarrhea, or other gastrointestinal symp-
toms. No serious adverse events were reported. Additionally,
an overall high risk of bias was found across the majority of
studies. Therefore, the evidence found in this systematic re-
view should be interpreted with caution.
We found that some prebiotic and fiber mixtures may be

effective treatments, whereas no evidence was found for the
use of probiotics or synbiotics. This differencemay be explained
by the fact that fibers and prebiotics stimulate fecal bulking via
their own mass and the ability of insoluble fibers to bind water
directly.50 In accordance with this finding, numerous trials in
healthy infants with infant formulas supplemented with prebi-
otics and/or fibers report stool softening effects.103 Moreover,
associations have been found between childhood constipation
and low consumption of fiber,104,105 fruits and vegeta-
bles,104,106-108 and frequent consumption of fast foods.108 As
with laxatives, a dose-response effect is likely to be present for
the effects of fibers and prebiotics. Some of the included studies
used a low dose of fibers and prebiotics, which may explain the
observed ineffectiveness, besides that some substrates might
have no effect on functional constipation symptoms.46,97,98

Adequate dosing regimens have not yet been established, and
studies investigating which fiber and prebiotic mixtures to use,
including dose-response effects, are needed. Of the studies
included in this systematic review, only 3 evaluated the effects
of treatment onmicrobiota composition. Future studies should
take into account the actual differences in gut microbiota
Wegh et al
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composition, working mechanisms, and metabolite profiles
before and after intervention to clarify host-microbe interac-
tions and identify possible differences between responders
and nonresponders to move towards personalized gut
microbiome-directed medicine or nonpharmacologic
treatments.

Several studies investigated the effects of oral supplements or
dietary changes, other than prebiotics, probiotics, or synbiotics,
on constipation symptoms. In addition, 19 studies (37%) gave
general dietary advice to all included children, often consisting
of frequent consumption of fruits and vegetables and a normal
fiber and fluid intake. This systematic review shows a lack of ev-
idence for the benefit of a particular dietary intervention or sup-
plement. Future studiesmay focus on investigating the effects of
Cassia Fistula emulsion, Xiao’er Biantong granules, or black
strap molasses as alternative laxative treatment. Current adult
guidelines on functional constipation consider Chinese herbal
medicine, like Xiao’er Biantong granules, effective, but clearly
state that it is unknown which formulation and dosage is best
to use.109 Flixweed and green banana biomass seem less attrac-
tive options, because approximately one-third of children dis-
liked the taste of flixweed, and green banana biomass alone
did not seem to be an effective treatment.67,69 Evidence from 2
studies with high risk of bias suggested that a cow’s milk-free
dietmaybeuseful in childrenwith constipation asmanifestation
of an underlying cow’smilk allergy.60,61 However, the generaliz-
ability of these findings is limited, because the authors of both
studies described that their study populations represent a select
patient population of children not responsive to conventional
treatment, and one of the participating centers had considerable
experience in the treatment of food allergies.61

Another subset of the identified interventions—namely,
biofeedback and pelvic physiotherapy—target the act of defeca-
tion, because stool withholding is amajor contributing factor in
the onset andpersistence of childhood constipation. By teaching
children how to control their pelvic floor, in addition to laxative
therapy to soften stools, they may relearn how to defecate.
Indeed, after biofeedback training, the majority of constipated
children was able to relax their pelvic floor but this was not
related to successful outcome.75 The addition of pelvic physio-
therapy with a more extensive approach may contribute to bet-
ter outcomes.88However, thismight only be the case in children
with symptoms refractory to conventional treatment, because a
large study inprimary care settingdidnotfindadditional benefit
of pelvic physiotherapy.110

Massage therapy,86 abdominal electrical stimulation,78-81

and cryotherapy might directly enhance colonic motility.81

Although evidence is limited and the mode of action remains
incompletely understood, these interventions may have a
positive effect on functional constipation in children. More
rigorous and uniform studies using a standardized approach
should be performed before these interventions can be rec-
ommended.

The main limitations of this review arise from the nature of
the included studies. The actual therapeutic effect size is uncer-
tain owing to possible publication bias, the majority of studies
(71%) were conducted in a tertiary care setting, therefore
Nonpharmacologic Treatment for Children with Functional Const
limiting the generalizability of these findings. Additionally, the
risk of biaswithin studieswas overall high, especially in the over-
all risk of bias and bias in the selection of the reported results.
Moreover, a meta-analysis was only possible for a proportion
of studies owing to the lack of reported outcomes or differences
in investigated treatment. Therefore, heterogeneity was only as-
sessed for studies included in themeta-analysis andwas found to
be high for many studies. Also, large differences in effectiveness
may exist between individual interventions, like probiotic
strains or prebiotic substrates, which may differ greatly in their
potential therapeutic effect.
Future research should focus on conducting high quality

multicenter trials and follow current trial recommenda-
tions16 using outcomes described in the COS.11 Trials may
focus on the most promising interventions found in this re-
view: specific prebiotic and fiber mixtures, abdominal electri-
cal stimulation, Cassia Fistula emulsion, and Xiao’er
Biantong granules. Future studies may also investigate inter-
ventions of interest of which no trials were found like person-
alized gut-microbiota interventions, chicory inulin,111

exercise,112 (electro)acupuncture,113-115 other noninvasive
neuromodulating therapies like posterior tibial nerve stimu-
lation,116 and virtual and digital interventions.117 Because ed-
ucation and ongoing toilet training are considered key
elements in the treatment of childhood constipation, inter-
ventions motivating children to defecate and improving the
self-efficacy of children in their constipation treatment are
likely to be of great value.118 Last, more attention should be
given to the costs and cost-effectiveness of treatments,
because none of the currently included studies reported on
costs of the studied interventions.119,120

To conclude, more rigorous evidence is needed to confirm
the effectivity of nonpharmacologic interventions for chil-
dren with functional constipation, before strong recommen-
dations can be given to change current guidelines. n

We thank Faridi S. van Etten-Jamaludin for her help with building the
search strategy. We thank Tatiana Degtyareva, Taojun Wang, and
Siavash Atashgahi for their help with translating articles in foreign lan-
guages. We thank Ploon Defourny and Zo€e Borst for their valuable in-
sights in the evaluation of the included studies for their thesis. T.W. is
financially supported by the China Scholarship Council (File No.
201600090211), has no industry relation, and no conflicts of interest.
The other individuals listed in the acknowledgments declare no con-
flicts of interest.

Submitted for publication May 25, 2021; last revision received Sep 2, 2021;

accepted Sep 8, 2021.

Reprint requests: Carrie A. M. Wegh, MSc, Stippeneng 4, 6708 WE

Wageningen, the Netherlands. E-mail: c.a.wegh@amsterdamumc.nl
References
1. Koppen IJ, Vriesman MH, Saps M, Rajindrajith S, Shi X, van Etten-

Jamaludin FS, et al. Prevalence of functional defecation disorders in

children: a systematic review and meta-analysis. J Pediatr 2018;198:

121-30.

2. van Dijk M, Benninga MA, Grootenhuis MA, Last BF. Prevalence and

associated clinical characteristics of behavior problems in constipated

children. Pediatrics 2010;125:e309-17.
ipation: A Systematic Review and Meta-analysis 145

mailto:c.a.wegh@amsterdamumc.nl
http://refhub.elsevier.com/S0022-3476(21)01018-0/sref1
http://refhub.elsevier.com/S0022-3476(21)01018-0/sref1
http://refhub.elsevier.com/S0022-3476(21)01018-0/sref1
http://refhub.elsevier.com/S0022-3476(21)01018-0/sref1
http://refhub.elsevier.com/S0022-3476(21)01018-0/sref2
http://refhub.elsevier.com/S0022-3476(21)01018-0/sref2
http://refhub.elsevier.com/S0022-3476(21)01018-0/sref2


THE JOURNAL OF PEDIATRICS � www.jpeds.com Volume 240
3. Benninga MA, Nurko S, Faure C, Hyman PE, St. James Roberts I,

Schechter NL. Childhood functional gastrointestinal disorders:

neonate/toddler. Gastroenterology 2016;150:1443-55.

4. Hyams JS, Di Lorenzo C, Saps M, Shulman RJ, Staiano A, van

Tilburg M. Childhood functional gastrointestinal disorders: child/

adolescent. Gastroenterology 2016;150:1456-68.

5. Bardisa-Ezcurra L, Ullman R, Gordon J. Diagnosis and management of

idiopathic childhood constipation: summary of NICE guidance. BMJ

2010;340:c2585.

6. Tabbers MM, DiLorenzo C, Berger MY, Faure C, Langendam MW,

Nurko S, et al. Evaluation and treatment of functional constipation in in-

fants and children: evidence-based recommendations from ESPGHAN

and NASPGHAN. J Pediatr Gastroenterol Nutr 2014;58:258-74.

7. Koppen IJN, Lammers LA, Benninga MA, Tabbers MM. Management

of functional constipation in children: therapy in practice. Paediatr

Drugs 2015;17:349-60.

8. Koppen IJN, van Wassenaer EA, Barendsen RW, Brand PL,

Benninga MA. Adherence to polyethylene glycol treatment in children

with functional constipation is associated with parental illness percep-

tions, satisfaction with treatment, and perceived treatment conve-

nience. J Pediatr 2018;199:132-9.

9. Vlieger AM, Blink M, Tromp E, Benninga MA. Use of complementary

and alternative medicine by pediatric patients with functional and

organic gastrointestinal diseases: results from a multicenter survey. Pe-

diatrics 2008;122:e446-51.

10. Tabbers MM, Boluyt N, Berger MY, Benninga MA. Nonpharmacologic

treatments for childhood constipation: systematic review. Pediatrics

2011;128:753-61.

11. Kuizenga-Wessel S, Steutel NF, Benninga MA, Devreker T, Scarpato E,

Staiano A, et al. Development of a core outcome set for clinical trials in

childhood constipation: a study using a Delphi technique. BMJ Pae-

diatr Open 2017;1:e000017.

12. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred report-

ing items for systematic reviews and meta-analyses: the PRISMA state-

ment. PLoS Med 2009;6:e1000097.

13. Hyman PE, Milla PJ, Benninga MA, Davidson GP, Fleisher DF,

Taminiau J. Childhood functional gastrointestinal disorders: neonate/

toddler. Gastroenterology 2006;130:1519-26.

14. Rasquin A, Di Lorenzo C, Forbes D, Guiraldes E, Hyams JS, Staiano A,

et al. Childhood functional gastrointestinal disorders: child/adolescent.

Gastroenterology 2006;130:1527-37.

15. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-a web

and mobile app for systematic reviews. Syst Reviews 2016;5:210.

16. Koppen IJN, SapsM, Lavigne JV,Nurko S, Taminiau J,Di LorenzoC, et al.

Recommendations for pharmacological clinical trials in children with

functional constipation: the Rome Foundation Pediatric Subcommittee

on Clinical Trials. Neurogastroenterol Motil 2018;30:e13294.

17. Gibson GR, Hutkins R, Sanders ME, Prescott SL, Reimer RA,

Salminen SJ, et al. Expert consensus document: the International Scien-

tific Association for Probiotics and Prebiotics (ISAPP) consensus state-

ment on the definition and scope of prebiotics. Nat Rev Gastroenterol

Hepatol 2017;14:491-502.

18. Quigley EM. Prebiotics and probiotics in digestive health. Clin Gastro-

enterol Hepatol 2019;17:333-44.

19. Makki K, Deehan EC, Walter J, B€ackhed F. The impact of dietary fiber

on gut microbiota in host health and disease. Cell Host Microbe

2018;23:705-15.

20. Sterne JA, Savovi�c J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al.

RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ

2019;366:1-8.

21. Higgins JP, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al.

Cochrane handbook for systematic reviews of interventions version

6.1 (updated September 2020). Cochrane, 2020. Accessed February 1,

2021. www.training.cochrane.org/handbook

22. Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance

from the median, range, and the size of a sample. BMCMed Res Meth-

odol 2005;5:13.
146
23. Lane D. Variance sum law I 2006. Accessed October 1, 2020. http://

onlinestatbook.com/

24. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsis-

tency in meta-analyses. BMJ 2003;327:557-60.

25. Schwarzer G. meta: an R package for meta-analysis. R News 2007;7:

40-5.

26. Viechtbauer W. Conducting meta-analyses in R with the metafor pack-

age. J Stat Softw 2010;36:1-48.

27. HarrerM, Cuijpers P, Furukawa T, Ebert D. Doingmeta-analysis in R: a

hands-on guide 2019. Accessed October 1, 2020. https://bookdown.

org/MathiasHarrer/Doing_Meta_Analysis_in_R/

28. Harrer M, Cuijpers P, Furukawa T, Ebert D. dmetar: companion R

package for the guide ‘Doing Meta-Analysis in R’. R package version

0.0.9000. 2019. Accessed October 1, 2020. http://dmetar.protectlab.

org/

29. ReviewManager (RevMan) [Computer program]. Version 5.3. Copen-

hagen: The Nordic Cochrane Centre, The Cochrane Collaboration;

2014.

30. Hill C, Guarner F, Reid G, Gibson GR, Merenstein DJ, Pot B, et al.

Expert consensus document: the International Scientific Association

for Probiotics and Prebiotics consensus statement on the scope and

appropriate use of the term probiotic. Nat Rev Gastroenterol Hepatol

2014;11:506-14.

31. de Meij TG, de Groot EF, Eck A, Budding AE, Kneepkens CF,

Benninga MA, et al. Characterization of microbiota in children with

chronic functional constipation. PLoS One 2016;11:e0164731.

32. Vandeputte D, Falony G, Vieira-Silva S, Tito RY, Joossens M, Raes J.

Stool consistency is strongly associated with gut microbiota richness

and composition, enterotypes and bacterial growth rates. Gut

2016;65:57-62.

33. Dimidi E, Christodoulides S, Scott SM, Whelan K. Mechanisms of ac-

tion of probiotics and the gastrointestinal microbiota on gut motility

and constipation. Adv Nutr 2017;8:484-94.

34. Russo M, Giugliano FP, Quitadamo P, Mancusi V, Miele E, Staiano A.

Efficacy of a mixture of probiotic agents as complementary therapy for

chronic functional constipation in childhood. Italian J Pediatr 2017;43:

24.

35. Kubota M, Ito K, Tomimoto K, Kanazaki M, Tsukiyama K, Kubota A,

et al. Lactobacillus reuteri DSM 17938 and magnesium oxide in chil-

dren with functional chronic constipation: a double-blind and ran-

domized clinical trial. Nutrients 2020;12:225.

36. Bu LN, Chang MH, Ni YH, Chen HL, Cheng CC. Lactobacillus casei

rhamnosus Lcr35 in children with chronic constipation. Pediatr Int

2007;49:485-90.

37. Guerra PVP, Lima LN, Souza TC, Mazochi V, Penna FJ, Silva AM, et al.

Pediatric functional constipation treatment with bifidobacterium-

containing yogurt: a crossover, double-blind, controlled trial. World

J Gastroenterol 2011;17:3916-21.

38. Sadeghzadeh M, Rabieefar A, Khoshnevisasl P, Mousavinasab N,

Eftekhari K. The effect of probiotics on childhood constipation: a ran-

domized controlled double blind clinical trial. International J Pediatr

2014: 937212.

39. Banaszkiewicz A, SzajewskaH. Ineffectiveness of Lactobacillus GG as an

adjunct to lactulose for the treatment of constipation in children: A

double-blind, placebo-controlled randomized trial. J Pediatr

2005;146:364-9.

40. Tabbers MM, Chmielewska A, Roseboom MG, Crastes N, Perrin C,

Reitsma JB, et al. Fermented milk containing Bifidobacterium lactis

DN-173 010 in childhood constipation: a randomized, double-blind,

controlled trial. Pediatrics 2011;127:e1392-9.

41. Wojtyniak K, Horvath A, Dziechciarz P, Szajewska H. Lactobacillus

casei rhamnosus Lcr35 in the Management of Functional Constipation

in Children: a randomized trial. J Pediatr 2017;184:101-5.

42. Wegner A, Banaszkiewicz A, Kierkus J, Landowski P, Korlatowicz-

Bilar A, Wiecek S, et al. The effectiveness of Lactobacillus reuteri

DSM 17938 as an adjunct to macrogol in the treatment of functional

constipation in children. A randomized, double-blind, placebo-
Wegh et al

http://refhub.elsevier.com/S0022-3476(21)01018-0/sref3
http://refhub.elsevier.com/S0022-3476(21)01018-0/sref3
http://refhub.elsevier.com/S0022-3476(21)01018-0/sref3
http://refhub.elsevier.com/S0022-3476(21)01018-0/sref4
http://refhub.elsevier.com/S0022-3476(21)01018-0/sref4
http://refhub.elsevier.com/S0022-3476(21)01018-0/sref4
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref5
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref5
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref5
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref6
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref6
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref6
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref6
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref7
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref7
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref7
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref8
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref8
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref8
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref8
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref8
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref9
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref9
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref9
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref9
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref10
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref10
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref10
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref11
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref11
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref11
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref11
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref12
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref12
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref12
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref13
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref13
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref13
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref14
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref14
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref14
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref15
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref15
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref16
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref16
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref16
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref16
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref17
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref17
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref17
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref17
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref17
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref18
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref18
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref19
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref19
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref19
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref19
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref20
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref20
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref20
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref20
http://www.training.cochrane.org/handbook
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref22
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref22
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref22
http://onlinestatbook.com/
http://onlinestatbook.com/
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref24
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref24
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref25
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref25
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref26
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref26
https://bookdown.org/MathiasHarrer/Doing_Meta_Analysis_in_R/
https://bookdown.org/MathiasHarrer/Doing_Meta_Analysis_in_R/
http://dmetar.protectlab.org/
http://dmetar.protectlab.org/
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref29
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref29
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref29
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref30
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref30
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref30
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref30
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref30
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref31
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref31
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref31
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref32
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref32
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref32
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref32
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref33
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref33
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref33
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref34
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref34
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref34
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref34
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref35
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref35
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref35
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref35
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref36
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref36
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref36
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref37
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref37
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref37
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref37
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref38
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref38
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref38
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref38
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref39
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref39
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref39
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref39
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref40
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref40
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref40
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref40
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref41
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref41
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref41
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref42
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref42
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref42
http://refhub.elsevier.com/S0022-3476(21)00883-0/sref42


January 2022 ORIGINAL ARTICLES
controlled, multicentre trial. Clin Res Hepatol Gastroenterol 2018;42:

494-500.

43. Jadresin O, Sila S, Trivic I, Misak Z, Hojsak I, Kolacek S. Lack of benefit

of lactobacillus reuteri DSM 17938 as an addition to the treatment of

functional constipation. J Pediatr Gastroenterol Nutr 2018;67:763-6.

44. O’Grady J, O’Connor EM, Shanahan F. Dietary fibre in the era of mi-

crobiome science. Aliment Pharmacol Ther 2019;49:506-15.

45. Loening-Baucke V, Miele E, Staiano A. Fiber (glucomannan) is benefi-

cial in the treatment of childhood constipation. Pediatrics 2004;113:

e259-64.

46. Savino F, Maccario S, Castagno E, Cresi F, Cavallo F, Dalmasso P, et al.

Advances in the management of digestive problems during the first

months of life. Acta Paediatr Suppl 2005;94:120-4.

47. Quitadamo P, Coccorullo P, Giannetti E, Romano C, Chiaro A,

Campanozzi A, et al. A randomized, prospective, comparison study

of a mixture of acacia fiber, psyllium fiber, and fructose vs polyethylene

glycol 3350 with electrolytes for the treatment of chronic functional

constipation in childhood. J Pediatr 2012;161:710-5.

48. Kokke FTM, Scholtens PAMJ, Alles MS, Decates TS, Fiselier TJW,

Tolboom JJM, et al. A dietary fiber mixture versus lactulose in the treat-

ment of childhood constipation: a double-blind randomized controlled

trial. J Pediatr Gastroenterol Nutr 2008;47:592-7.

49. Ustundag G, Kuloglu Z, Kirbas N, Kansu A. Can partially hydrolyzed

guar gum be an alternative to lactulose in treatment of childhood con-

stipation? Turk J Gastroenterol 2010;21:360-4.

50. Wegh CA, Schoterman MH, Vaughan EE, Belzer C, Benninga MA.

The effect of fiber and prebiotics on children’s gastrointestinal dis-

orders and microbiome. Expert Rev Gastroenterol Hepatol 2017;11:

1031-45.

51. Swanson KS, Gibson GR, Hutkins R, Reimer RA, Reid G, Verbeke K,

et al. The International Scientific Association for Probiotics and

Prebiotics (ISAPP) consensus statement on the definition and scope

of synbiotics. Nat Rev Gastroenterol Hepatol 2020;17:687-701.

52. Khodadad A, Sabbaghian M. Role of synbiotics in the treatment of

childhood constipation: a double-blind randomized placebo controlled

trial. Iran J Pediatr 2010;20:387-92.
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122. Olgaç MAB, Sezer OB, €Ozçay F. Probiotic in children with functional

constipation and Comparison of the effectiveness of lactulose treat-

ments and the effect of constipation treatment on quality of life evalu-
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124. Souza DDS, Tahan S, Weber TK, Araujo-Filho HBD, De Morais MB.

Randomized, double-blind, placebo-controlled parallel clinical trial as-

sessing the effect of fructooligosaccharides in infants with constipation.

Nutrients 2018;(11):1602.
50 Years Ago in THE JOURNAL OF PEDIATRICS

Nonpharmacologic Treatment for Children with Functional Const
125. Shahamat M, Daneshfard B, Najib KS, Dehghani SM, Tafazoli V, Kasa-

laei A. Dry cuppıng ın chıldren wıth functıonal constıpatıon: a

randomızed open label clınıcal trıal. Afr J Tradit Complement Altern

Med 2016;3:22-8.
Steel to Teflon and Vialon: Evolution of Intravenous Devices

Peter G, Lloyd JD-Still JD, Lovejoy FH. Local infection and bacteremia from scalp vein needles and polyethylene catheters in
children. J Peds 1972;80:78-83.

Fifty years ago, Peter et al concluded that scalp vein needles are a better alternative to indwelling polyethylene cath-
eters for intravenous infusions, because the latter are associated with higher rates of hospital-acquired infections

(8.5% vs 24%). It is important to note that the then-customary technique of introducing polyethylene catheters was by
surgical venostomy (cut-down).

The middle of 20th century proved to be a golden era for development of disposable medical devices. From steel
reusable needles with a stylet in the 1950s to the Angiocath (the first disposable device) in 1964 to polyethylene, poly-
urethane (plastics) in the 1970s and 1980s, to modern-day catheters made of Teflon and Vialon, peripheral intravas-
cular catheters have evolved.1,2 Today, with the availability of superior technology, obtaining an intravascular access
has becomemuch easy. Catheters made of Vialon and Teflon have the advantages of longer dwell times and a decreased
incidence of phlebitis.3 Intravenous catheters are now inserted percutaneously in peripheral veins, obviating the need
for the venostomy (cut-down) procedure used 50 years ago.

Peripheral intravenous cannulas can be inserted blindly by identifying the most prominent veins and then punc-
turing the overlying skin after applying strict aseptic precautions. In difficult venous access, ultrasound guidance
has proved to be a blessing. Vessel purchase methodology is used to access deep-seated veins.4 With the advent of su-
perior quality and less invasive modes of intravascular access, we have reverted to intravenous catheters as the most
common method of peripheral vascular access. They have replaced scalp vein needles universally. Scalp vein needles
can also dislodge easily. The role of scalp vein needles in the current era is limited to an occasional scalp vein cannu-
lation in young infants in emergency until a peripheral line can is secured. Owing to the availability of superior quality
intravascular catheters with ease of insertion, retention, and a decreased rate of phlebitis, scalp vein needles for
securing intravenous access in children have become a part of history.
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Lucknow, Uttar Pradesh, India
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Figure 1. PRISMA Flow chart.12

Figure 2. Risk of bias summary of all included studies.
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Figure 3. A, Risk of Bias traffic light plot for probiotics. B, Risk of bias traffic light plot for prebiotics and/or fiber. C, Risk of bias
traffic light plot for synbiotics, dietary interventions, and oral supplements. D, Risk of bias traffic light plot for biofeedback,
electrical stimulation and cryotherapy, massage therapy, and other and combined treatments.
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Table I. Rome IV criteria for functional constipation

Patients <4 years of age Developmental age of >4 years4

Must include 1 month of ³2 of the following in infants £4 years of age:
1. £2 defecations per week
2. History of excessive stool retention
3. History of painful or hard bowel movements
4. History of large-diameter stools
5. Presence of a large fecal mass in the rectum
In toilet-trained children, the following additional criteria may be used:
6. ³1 episode/week of incontinence after the acquisition of toileting skills
7. History of large-diameter stools that may obstruct the toilet

Must include ³2 of the following occurring at least once per week for
a minimum of 1 month with insufficient criteria for a diagnosis of irritable
bowel syndrome
1. £2 defecations in the toilet per week in a child of a developmental age of ³4 years
2. ³1 episode of fecal incontinence per week
3. History of retentive posturing or excessive volitional stool retention
4. History of painful or hard bowel movements
5. Presence of a large fecal mass in the rectum
6. History of large diameter stools that can obstruct the toilet
After appropriate evaluation, the symptoms cannot be fully explained by
another medical condition.
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Table III. COS outcomes

Characteristics Year
Defecation
frequency

Defecation
consistency

Painful
defecation

Quality
of life

Side
effects

Fecal
incontinence

Abdominal
pain

School
attendance

Treatment
success

Probiotics
Banaszkiewicz et al39 2005 X X X 2 items of COS
Banaszkiewicz et al121 FU 2006 2 item of COS
Bu et al36 2007 X X X X X 2 items of COS
Coccorullo et al92 2010 X X X
Guerra et al37 2011 X X X X X
Tabbers et al40 2011 X X X X X X 2 items of COS
Horvath et al95 FU 2013 2 items of COS
Olgaç et al122 2013 X X X X X X X
Sadeghzadeh et al38 2014 X X X X X
Abediny et al94 2016 X X X
Russo et al34 2017 X X X X X X 5 items of COS
Wojtyniak et al41 2017 X X X X X X 2 items of COS
Wegner et al42 2018 X X X X X X
Jadre�sin et al43 2018 X X X X X
Kubota et al35 2020 X X X

Fiber and prebiotics
Loening-Baucke et al45 2004 X X X X X 3 items of COS
Savino et al46 2005 X X
Bongers et al98 2007 X X X X
Kokke et al48 2008 X X X X X X
€Ust€unda�g et al123 2010 X X X X 2 items of COS
Chmielewska et al97 2011 X X X X X X 2 items of COS
Horvath et al95 FU 2013 2 items of COS
Quitadamo et al47 2012 X X X X X X 5 items of COS
Sullivan et al101 2012 X
Weber et al99 2014 X X X 4 items of COS
Da Silva Souza et al124 2018 X X X X 2 items of COS

Synbiotics
Khodadad et al99 2010 X X X X X 3 items of COS
Başt€urk et al53 2017 X X X X X X

Cow’s milk exclusion diet
Iacono et al61 1998 X X X
Dehghani et al60 2012 X X X X X Fulfilling Rome III criteria

Water and hyperosmolar fluid
Young et al56 1998

Other herbs and other oral supplements
Mozaffarpur et al64 2012 X X X X X Fulfilling Rome II criteria (1/6 or 0/6)
Esmaeilidooki et al64 2016 X X X X X Fulfilling Rome II criteria
Nimrouzi et al67 2015 X X X X X X Fulfilling Rome III criteria
Cai et al68 2018 X X X 3 items of COS
Cassettari et al69 2019 X X X X X X
Dehghani et al58 2019 X Fulfilling Rome III criteria

Biofeedback
Loening-Baucke et al45 1990 X 2 items of COS
van der Plas et al75 1996 2 items of COS
Sunic-Omejc et al76 2002 2 items of COS
Croffie et al102 2005 X X 3 items of COS
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Table III. Continued

Characteristics Year
Defecation
frequency

Defecation
consistency

Painful
defecation

Quality
of life

Side
effects

Fecal
incontinence

Abdominal
pain

School
attendance

Treatment
success

Electrical therapy
Clarke et al80 2009 X X
Sharifi-Rad et al78 2018 X X X X X X X Fulfilling Rome III criteria
Ladi-Seyedian et al79 2020 X X X X Fulfilling Rome IV criteria
Khan et al81 2020 X X X X 2 items of COS

Massage therapy
Mao et al85 2015 2 items of COS
Xu et al84 2015 1 item of COS
Canbulat Sahiner et al87 2017 X X

Pelvic floor physiotherapy
van Engelenburg et al88 2017 X X X X Fulfilling Rome III criteria

Behavioral therapy
Van Dijk et al89 2008 X X 2 items of COS

Dry cupping
Shahamat et al125 2016 X X X X Fulfilling Rome III criteria

A combination of abdominal muscle training, breathing exercised and abdominal massage
Silva et al86 X X X X X

FU, follow-up.
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