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ABSTRACT
Functional constipation (FC) often begins in the first year of life. Although stan-
dard definitions and criteria have been formulated to describe FC, these are 
rarely used in research and clinical practice. The aim of the study is to system-
atically assess how definitions and outcome measures are defined in thera-
peutic randomized controlled trials (RCTs) of infants with FC. PubMed, EMBASE, 
and Cochrane databases were searched. Studies were included if it was a 
(systematic review of) therapeutic RCT, childre ≤ 4 years old, they had FC, 
a clear definition of constipation was provided, and were written in English. 
Quality was assessed using the Delphi list. A total of 1115 articles were found; 
only 5 studies fulfilled the inclusion criteria. Four different definitions were used, 
of which only 2 used the internationally accepted Rome III criteria. Defecation 
frequency was used as primary outcome in all included trials and stool consis-
tency in 3 trials. Two trials involving infants investigated new infant formulas, 
whereas the third RCT evaluated the efficacy of a probiotic strain. The 2 
trials including infants up to 4 years of age compared polyethylene glycol 
without electrolytes (PEG4000) with lactulose and milk of magnesia. All of the 
trials used nonvalidated parental diaries. Different definitions and outcome 
measures for FC in infants are used in RCTs. Disappointingly, there is a lack of 
well-designed therapeutic trials in infants with constipation. To make compar-
ison between future trials possible, standard definitions, core outcomes, and 
validated instruments are needed.
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INTRODUCTION
Functional constipation (FC) is a common problem worldwide, which often 
begins in the first year of life. Symptoms often consist of infrequent, painful, 
and hard defecation. The pathophysiology of FC is multifactorial and not well 
understood. In approximately 95% of the children with constipation, no organic 
or anatomic cause can be identified, and therefore these patients are consid-
ered to have FC. The prevalence of FC in childhood varies widely ranging from 
0.7% to 29.6% 1. FC may occur at any age but infants appear most vulner-
able in their first year of life with the introduction of cereals and other solids 
and weaning of (breast) milk and as toddlers at the time of toilet training2. A 
study from Loening-Baucke3 found a prevalence rate for constipation in the 
first year of life of 2.9%, of which 97% were experiencing FC. A recent Italian 
multicenter study including 465 infants, reported that at 3, 6, and 12 months 
after birth, respectively, 11.6%, 13.7%, and 10.7% of the infants fulfilled the Rome 
III criteria for FC4. Breast-feeding was significantly related to a normal evac-
uation pattern at 3 months, but not at 6 and 12 months in this population. 
In 1999, standardized symptom-based criteria for pediatric functional gastro-
intestinal disorders, including FC, were introduced with the publication of the 
Rome II criteria5. After several studies showed that the Rome II criteria were 
too restrictive, the Paris Consensus on Childhood Constipation Terminology 
Group modified the Rome II criteria into the Rome III criteria6–8. The Rome III 
committee suggested different criteria for FC in infants and toddlers up to 4 
years of age and for childhood FC in older children and adolescents. The 
most important change in the Rome III criteria for functional defecation disor-
ders was the merge of ‘‘functional fecal retention’’ and ‘‘functional constipa-
tion’’ into ‘‘functional constipation.’’ Furthermore, fecal incontinence (FI) and the 
presence of a palpable rectal fecal mass were incorporated in the criteria as 
well8. The burden of illness associated with constipation should not be under-
estimated. Literature shows that FC can cause emotional and physical distress 
and concerns for affected children and their families9. In older children it is 
associated with social withdrawal, a low self-esteem, depressive behavior, and 
reduced quality of life that may persist into adulthood10. Previous research also 
showed that the prognosis of constipation is better when laxative treatment is 
initiated immediately after the onset of constipation11. To compare results from 
clinical trials, uniform definitions and outcome measures are required. The use 
of inappropriate outcome measures and/or their definitions can compromise 
the utility of a trial, by representing misleading information on the relevance of 
the outcome measures, or by overestimating or underestimating trial results12.  
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Moreover, comparison between trials and meta-analysis is not possible if uniform 
outcome measures are not used13. Only few studies have been performed to 
address the choice of outcomes in clinical trials in children14,15. Therefore, our 
aim is to systematically assess how definitions and outcome measures are 
defined in therapeutic randomized controlled trials (RCTs) of children up to 4 
years of age with FC. 

METHODS
Search Strategy
In collaboration with a clinical librarian, a literature search of Medline, 
Embase (http://links.lww.com/MPG/A399) and the Cochrane Central Register 
of Controlled Trials was conducted from inception to June 2013. Search terms 
included were infant, newborn, constipation, encopresis, FI, and functional 
gastrointestinal disorder. To identify additional studies, reference lists of rele-
vant studies identified in the literature search were searched by hand. The full 
search strategy and keywords are available from the authors. 

Study Inclusion
Studies were included if it was a (systematic review of) therapeutic RCT, chil-
dren 4 years old, they had FC, a clear definition of constipation was provided 
by the authors, and were written in English. Studies concerning organic causes 
of constipation were excluded. Studies describing patients from different age 
groups were only included if comprehensive subgroup analyses of children 4 

Table 1 Rome III criteria for FC

Infants up to 4 years of age

Diagnostic criteria must include: 
- Two or more criteria for at least month in infants up to 4 years of age

1 Two or fewer 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:
- At least 1 episode/week of incontinence after the acquisition of toileting skills
- History of large-diameter stools that may obstruct the toilet
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year of age were available. Two authors (S.K.W., M.T.) independently assessed 
titles and abstracts of all relevant studies identified in the literature search. 
In case of disagreement between the authors about the inclusion of a study, 
consensus was reached by discussion. A flow diagram of the search results is 
available in Attachment 1. 

Data Collection and Analysis 
We extracted data on the definition used to describe constipation and its reso-
lution, primary outcomes regarding constipation, and interventions. The meth-
odological quality of the included RCT was assessed using the Delphi List 
(Attachment 2)16. This scale ranges from 0 (minimum) to 10 (maximum). High 
quality is defined as a score 60% (ie, 6 points), low quality as a score <60%. We 
also extracted key characteristics of study populations, interventions, design, 
and conduct of each included study. Descriptive statistics are used to illustrate 
the characteristics of trials involving constipation in young infants.

RESULTS 
Our search yielded 1115 relevant articles. After deducting duplicates, 1107 titles 
and abstracts were screened for eligibility. A total of 1054 studies turned out 
to be irrelevant to our research questions. After full text evaluation, another 49 
articles were excluded because they did not meet our inclusion criteria (irrele-
vant to our research question [n = 18], study design [n = 14] of which 6 were part 
of systematic reviews, age [n = 13], inclusion of patients with organic causes of 
constipation [n = 1], not in English language [n = 2], and lack of a clear defi-
nition of constipation [n = 1]). An additional search concerning children ages 
1 to 4 years revealed 2 more articles, resulting in inclusion of 5 articles17–21. A 
total of 371 infants were included, of whom 48.5% were boys; the sample sizes 
of the research population ranged between 41 and 96 infants. Table 2 pres-
ents the characteristics of the included studies. Four trials were conducted in 
Europe and 1 in Thailand. Infants were treated in primary care in 1 study; 1 RCT 
recruited infants from both 5 secondary care centers and 1 tertiary center. In 
the third study infants were treated in a tertiary care center. One of the RCTs 
including infants up to 4 years of age recruited from a secondary care center, 
and the other trials did not report their clinical setting. Exclusion criteria were 
stated in all of the articles. Two trials recorded a statement on sample size 
calculation. Four of 5 trials mentioned their withdrawals. All trials reported a 
follow-up. Adverse effects were evaluated in 4 trials.
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Definitions of Constipation
In the 5 included RCTs 4 different definitions were used. Constipation was 
defined in the first study involving infants from 0 to 1 year as a stool frequency 
<1 per day. In the second trial infant constipation was defined as the presence 
of at least 1 of the following symptoms: frequency of defecation <3 per week, 
painful defecation (crying), and abdominal/rectal palpable mass. The third RCT 
used the Rome III criteria for infant FC. The Rome III criteria were also used in 1 
trial including children up to 4 years of age. The last RCT used 2 different defi-
nitions for FC; constipation was defined as <1 stool per day for >1 month in chil-
dren of age 6 to 12 months and <3 stools per week for >3 months in children of 
age 13 months to 3 years. Only 2 studies defined treatment success. One trial 
defined treatment success as ≥3 defecations per week, the other as the propor-
tion of patients who had ≥3 bowel movements per week, <2 episodes of FI per 
month, and no painful defecation, with or without laxative therapy. 

Therapeutic Interventions for Constipation 
New infant formulas were evaluated in 2 trials. One study compared Nutrilon 
Omneo (Nutricia Nederland BV, Zoetermeer, the Netherlands), an infant formula 
containing high concentrations of sn-2 palmitic acid, a mixture of prebiotic oligo-
saccharides and partially hydrolyzed whey protein, to a standard formula17. The 
second study evaluated an infant formula Omneo/Conformil (Nutrilon, Zoeter-
meer, the Netherlands), a prebiotic mixture of galacto-/fructo-oligosaccharides, 
with a standard formula18. The third RCT compared supplementation with the 
probiotic Lactobacillus reuteri (DSM 17938) to placebo19. The trials including chil-
dren up to 4 years of age evaluated polyethylene glycol without electrolytes 
(PEG4000) versus lactulose20, and PEG4000 versus milk of magnesia (MOM)21. 
Adverse effects were monitored in 4 trials; throughout these studies there were 
no serious consequences reported. Coccorullo et al19, however, reported a 
significant increase in inconsolable crying episodes in the L reuteri group. In 
the method section of the trial by Savino et al18, it was stated that parental 
questionnaires were provided to monitor adverse effects. The results regarding 
the presence of adverse effects were, however, not reported. Dupont et al20 
reported an increased median number of days with vomiting and flatulence 
in the lactulose group.

Primary Outcome Measures
All of the 3 trials including infants ≥12 months used frequency of defecation as 
primary outcome. Although all protocols stated to use stool consistency as a 
primary outcome, only 2 trials reported these results. In the trial by Savino et 
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al only stool consistency at baseline was reported. One RCT used the absence 
of abdominal/rectal palpable mass and the absence of painful defecation, 
and another RCT the presence of inconsolable crying episodes as additional 
primary outcome measures. The 2 trials including children up to 4 years of 
age used different primary outcome measures. The study by Dupont et al 
used multiple biological parameters, clinical tolerance, and clinical efficacy 
as primary outcomes. The frequency of defecation and stool consistency were 
evaluated as part of the clinical tolerance. The primary outcome evaluation 
in the trial by Ratanamongkol et al 21 was the improvement rate, which was 
defined as the proportion of patients who had ≥3 bowel movements per week, 
<2 episodes of FI per month, and no painful defecation, with or without laxa-
tive therapy. Secondary outcomes included improvement of stool frequency, 
adverse effects, and compliance rate. 

Used Instruments
All of the included RCTs used parental diaries or questionnaires to measure their 
primary outcome. Only 1 article mentioned a reference on which they based 
the contents of their diary. Nevertheless, none stated that their instrument was 
validated. The trial by Dupont et al also used laboratory for measure biolog-
ical parameters and body height and weight to evaluate clinical tolerance.

Methodological Quality
The Delphi list was used to assess the methodological quality of the included 
RCTs. Outcomes were only used for a general impression of the methodolog-
ical quality of the article. Three trials have a Delphi score ≥6, indicating a good 
methodological quality. All of the included articles, however, have some short-
comings. Bongers et al17 was originally described as crossover study; owing to 
high loss to follow-up, however, only the first treatment period was analyzed. In 
the trial by Dupont et al, 11/51 children in the PEG group and 9/45 in the lact-
ulose group were excluded because of major protocol deviations. All of the 
studies were randomized and reported details on concealment of allocation. 
In all of the studies, the different groups were similar at baseline with respect 
to the most relevant factors. In the trial by Savino et al, patients and treating 
physicians were not blinded and the results therefore could be influenced by 
other factors in addition to the intervention. Information about blinding was 
unclear in the RCT by Ratanamongkol et al. Coccorullo et al did not report 
the absolute true numbers of frequency of bowel movements, stool consis-
tency, and inconsolable crying episodes, but only displayed graphics, limiting 
the interpretation of the data.
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Table 2 Study characteristics of included studies

Study Setting, 
Country

Participants Intervention vs Control Definition of
constipation

Outcome measure Results Side effects Study duration  
and loss to follow-up (n (%))

Bongers 
et al 17 
(HQ)

Pediatric 
gastro-
enterology 
department, 
the 
Netherlands

41 children, 3-20 weeks of 
age. Exclusion: children with 
Hirschsprung’s disease, spinal or 
anal anomalies, previous colonic 
surgery, metabolic, cerebral and 
renal abnormalities, and treatment 
with laxatives at enrollment

I: new formula with high concentration of 
sn-2 palmitic acid, a mixture of prebiotic 
oligosaccharides and partially hydrolysed 
whey protein (Nutrilon Omneo). N=18, 
median age 1.8 (1.1-5.0 mo), M/F 11/7

C: standard formula (Nutrilon 1). N=20, 
mediana ge 1.7 (0.7-3.7) mo; M/F 8/12

Constipation defined as the 
presence of at least one of 
the following symptoms:
1) frequency of defecation 

< 3/week; 
2) painful defecation (crying);
3) abdominal or rectal 

palpable mass 

Defecation frequency/week Mean (SD) I: 5.6 (2.8)
Mean (SD) C: 4.9 (2.5)
(p=0.36)

Formula tolerance is a 
secondary outcome. No 
serious adverse event 
reported and both for- 
mulas were well tolerated

6 weeks. Loss to FU: after 
3 weeks: 3/38 (7.9%); after 
6 weeks (original crossover 
concept): 24/38 (63.2%)

Improvement of stool consis-
tency (from hard to soft stools)

I: 9/10 (90%)
C: 5/10 (50%) (p=0.14)

Note: originally described as 
crossover study, but because of 
large loss to FU, only the first 
treatment period was analyzed

No painful defecation I: 7/20 (35%)
C: 5/15 (33%) (p=0.92)

No abdominal/rectal mass 
palpable

I: 18/20 (90%)
C: 14/15 (93%) (p=0.73)

Coccorullo 
et al 19

(HQ)

Pediatric 
gastro-
enterology 
department, 
Italy

44 children, > 6 months of age 
(mean ± SD, 8.2 ± 2.4 SD). Exclu-
sion: infants with organic causes of 
constipation were excluded, as well 
as infants using oral laxatives, anti-
biotics, probiotics or prebiotics

I: L reuteri (LR) (DSM 17938), n=22, mean 
(SD) age 8.2 (2.4) mo, M/F 8/14. 

C: placebo, n=22, mean (SD) age 8.8 (2.1) 
mo, M/F 16/6)

Functional constipation 
defined by Rome III criteria

- Frequency of defecation I-group had significantly higher 
defecation frequency than C-group (p=0.042, 
week 2; p=0.008, week 4; p=0.027, week 8)

No adverse effects such 
as vomiting, bloating, 
and increased flatulence 
were noted 

8 weeks. Loss to FU: 0

Treatment success was 
defined as ≥ 3 defecations 
per week

- Stool consistency: “hard” No statistically difference (p=0.63, week 2; 
p=0.38, week 4;p=0.48, week 8)

- Presence of inconsolable 
crying episodes

No statistically difference (p=0.64, week 2; 
p=0.50, week 4; p=0.66, week 8)

Dupont 
et al 20

(HQ)

Setting not 
reported, 
France

96 children aged 6 months to 3 years. 
Exclusion: history of intractable feca- 
loma or organic gastrointestinal dis- 
ease such as Hirsch-sprung disease. 
As well as children with neurologic, 
endocrine or metabolic disorders, 
allergic disease or allergies. 

I: PEG 4000, n=51, mean (25th -75th percen-
tiles) age 28 (19.5-33.7) months, M/F 22/29. 

C: lactulose, n=45, mean (25th – 75th 
percentiles) age 25.8 (12.3-33) months, 
M/F 29/16

In children aged 6 – 12 
months is constipation 
defined as: <1 stool per day 
for more than 1 month

Biological parameters
- Laboratory tests (HCO3-, 

Na+, K+, Cl, Serum albumin, 
serum iron, total protein, 
folates, vitamin A, vitamin D)

No treatment-related change on electrolytes, 
serum albumin, total protein, folates, serum iron 
(p=0.74), vitamin A (p=0.90) or vitamin D (p=0.34) 
was evidenced. 

Only 6 treatment related 
adverse events, all non-se-
rious, occurred. Diarrhea 
(5 episodes in 2 children in 
both treatment groups) and 
anorexia  (1 child in  the 
lactulose group)

3 months. Lost to FU: 0

- The percentage of children 
per group with an out of 
normal value on day 84 
taking into account the base-
line status

There was no difference between 
treatment groups (p=0.741)

Clinical tolerance:
- Body height Unaffected 

- Body weight Unaffected (female p=0.42, male p=0.55)

- Adverse events 6 adverse effects were reported, all non-se-
rious. Diarrhea (5 episodes in 2 children in both 
treatment groups) and anorexia (1 child in the 
lactulose group)

- Digestive symptoms (nausea, 
vomiting, abdominal pain, 
bloating, flatulence, mete-
orism, anal irritation)

No differences between groups, except for 
vomiting and flatulence in the lactulose group 
(median (IQR) duration of either new onset or 
worsened flatulence: 3 (1-4.5) versus 5 (3-19.5) 
days (p=0.005) respectively, and of either new 
or worsened vomiting episodes: 1 (1-2) versus 
2 (1-6) days (p<0.05) respectively, which were 
significantly lower in the PEG4000 group)
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Study Setting, 
Country

Participants Intervention vs Control Definition of
constipation

Outcome measure Results Side effects Study duration  
and loss to follow-up (n (%))

Bongers 
et al 17 
(HQ)

Pediatric 
gastro-
enterology 
department, 
the 
Netherlands

41 children, 3-20 weeks of 
age. Exclusion: children with 
Hirschsprung’s disease, spinal or 
anal anomalies, previous colonic 
surgery, metabolic, cerebral and 
renal abnormalities, and treatment 
with laxatives at enrollment

I: new formula with high concentration of 
sn-2 palmitic acid, a mixture of prebiotic 
oligosaccharides and partially hydrolysed 
whey protein (Nutrilon Omneo). N=18, 
median age 1.8 (1.1-5.0 mo), M/F 11/7

C: standard formula (Nutrilon 1). N=20, 
mediana ge 1.7 (0.7-3.7) mo; M/F 8/12

Constipation defined as the 
presence of at least one of 
the following symptoms:
1) frequency of defecation 

< 3/week; 
2) painful defecation (crying);
3) abdominal or rectal 

palpable mass 

Defecation frequency/week Mean (SD) I: 5.6 (2.8)
Mean (SD) C: 4.9 (2.5)
(p=0.36)

Formula tolerance is a 
secondary outcome. No 
serious adverse event 
reported and both for- 
mulas were well tolerated

6 weeks. Loss to FU: after 
3 weeks: 3/38 (7.9%); after 
6 weeks (original crossover 
concept): 24/38 (63.2%)

Improvement of stool consis-
tency (from hard to soft stools)

I: 9/10 (90%)
C: 5/10 (50%) (p=0.14)

Note: originally described as 
crossover study, but because of 
large loss to FU, only the first 
treatment period was analyzed

No painful defecation I: 7/20 (35%)
C: 5/15 (33%) (p=0.92)

No abdominal/rectal mass 
palpable

I: 18/20 (90%)
C: 14/15 (93%) (p=0.73)

Coccorullo 
et al 19

(HQ)

Pediatric 
gastro-
enterology 
department, 
Italy

44 children, > 6 months of age 
(mean ± SD, 8.2 ± 2.4 SD). Exclu-
sion: infants with organic causes of 
constipation were excluded, as well 
as infants using oral laxatives, anti-
biotics, probiotics or prebiotics

I: L reuteri (LR) (DSM 17938), n=22, mean 
(SD) age 8.2 (2.4) mo, M/F 8/14. 

C: placebo, n=22, mean (SD) age 8.8 (2.1) 
mo, M/F 16/6)

Functional constipation 
defined by Rome III criteria

- Frequency of defecation I-group had significantly higher 
defecation frequency than C-group (p=0.042, 
week 2; p=0.008, week 4; p=0.027, week 8)

No adverse effects such 
as vomiting, bloating, 
and increased flatulence 
were noted 

8 weeks. Loss to FU: 0

Treatment success was 
defined as ≥ 3 defecations 
per week

- Stool consistency: “hard” No statistically difference (p=0.63, week 2; 
p=0.38, week 4;p=0.48, week 8)

- Presence of inconsolable 
crying episodes

No statistically difference (p=0.64, week 2; 
p=0.50, week 4; p=0.66, week 8)

Dupont 
et al 20

(HQ)

Setting not 
reported, 
France

96 children aged 6 months to 3 years. 
Exclusion: history of intractable feca- 
loma or organic gastrointestinal dis- 
ease such as Hirsch-sprung disease. 
As well as children with neurologic, 
endocrine or metabolic disorders, 
allergic disease or allergies. 

I: PEG 4000, n=51, mean (25th -75th percen-
tiles) age 28 (19.5-33.7) months, M/F 22/29. 

C: lactulose, n=45, mean (25th – 75th 
percentiles) age 25.8 (12.3-33) months, 
M/F 29/16

In children aged 6 – 12 
months is constipation 
defined as: <1 stool per day 
for more than 1 month

Biological parameters
- Laboratory tests (HCO3-, 

Na+, K+, Cl, Serum albumin, 
serum iron, total protein, 
folates, vitamin A, vitamin D)

No treatment-related change on electrolytes, 
serum albumin, total protein, folates, serum iron 
(p=0.74), vitamin A (p=0.90) or vitamin D (p=0.34) 
was evidenced. 

Only 6 treatment related 
adverse events, all non-se-
rious, occurred. Diarrhea 
(5 episodes in 2 children in 
both treatment groups) and 
anorexia  (1 child in  the 
lactulose group)

3 months. Lost to FU: 0

- The percentage of children 
per group with an out of 
normal value on day 84 
taking into account the base-
line status

There was no difference between 
treatment groups (p=0.741)

Clinical tolerance:
- Body height Unaffected 

- Body weight Unaffected (female p=0.42, male p=0.55)

- Adverse events 6 adverse effects were reported, all non-se-
rious. Diarrhea (5 episodes in 2 children in both 
treatment groups) and anorexia (1 child in the 
lactulose group)

- Digestive symptoms (nausea, 
vomiting, abdominal pain, 
bloating, flatulence, mete-
orism, anal irritation)

No differences between groups, except for 
vomiting and flatulence in the lactulose group 
(median (IQR) duration of either new onset or 
worsened flatulence: 3 (1-4.5) versus 5 (3-19.5) 
days (p=0.005) respectively, and of either new 
or worsened vomiting episodes: 1 (1-2) versus 
2 (1-6) days (p<0.05) respectively, which were 
significantly lower in the PEG4000 group)
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Study Setting, 
Country

Participants Intervention vs Control Definition of
constipation

Outcome measure Results Side effects Study duration  
and loss to follow-up (n (%))

Dupont 
et al 20

(HQ)
(continued)

Clinical efficacy:
- Stool frequency Median (IQR)

Day 42 babies I: 8.5 (6-11.5), C:11 (6-12), not 
significant.
Toddlers I: 8 (6-10), C:6 (5-7), p<0.013
Day 84 babies I: 8.5 (7.5-12.5), C: 11.5
(9-13), not significant.
Toddlers I: 7 (5-8), C:6 (4-7), 
not significant

- Stool consistency 
(frequency hard stools/week)

Day 42 I: 9% (4/46), C: 34% (14/41), p=0.003
Day 84 I: 6% (3/47), C: 28%(11/40), p=0.008

- Disappearance of  
abdominal pain  
and bloating

Day 42 I: 82% (9/11), C: 38% (3/8), p<0.08
Day 84 I: 55% (6/11), C:63% (5/8), p<1.00

- Appetite Day 42 I:+19%, C:-4%, p<0.003

- Fecal impaction I: 2% (1/51), C:13% (6/45), p=0.049

- Use of enemas Day1-42 I:30% (14/48), C:43% (19/44)
Day 42-84 I:17% (8/48), C:41% (17/42), p=0.012

- Amount of laxative 
consumption (number of 
sachets/day)

Median (IQR)
Babies I: 1 (0.9-1), C:1 (1-1.3), p=0.67
Toddlers I:1 (1-1.3), C:1.1 (0.9-1.5), p=0.58

Ratana-
mongkol 
et al21

(LQ)

Pediatric 
outpatient 
clinic, 
Thailand

94 children aged 1-4 years. 
Exclusion: children with renal 
insufficiency

I: PEG 4000, n=46, mean (SD) age 2.58 (0.84) 
years, M/F 15/31.

C: MOM, n=43, mean (SD) age 2.58 (1.01) 
years, M/F 21/22.

Functional constipation 
defined by the Rome III 
criteria

- Treatment success I: 91%
C: 65%, p=0.003

No serious adverse
events occurred. No
significant differences in 
adverse effects in both 
groups (p=0.245).

4 weeks. Lost to FU: 4

Treatment success defined 
as the proportion of patients 
who had ≥3 bowel move-
ments per week, <2 episodes 
of FI per month, and no 
painful defecation, with or 
without laxative therapy

- Improvement of stool 
consistency/week

Median (Q1, Q3)
Day 1 I: 3 (2,4)
Day 1 C: 3 (2,5); p=0.15
After 4 weeks I: 6 (4.75, 7)
After 4 weeks C: 5 (4,7); p=0.43
Difference I: 3 (1,4)
Difference C: 2 (0,3); p=0.04

- Adverse effects I: 20 (44%), 
C: 24 (56%), p=0.245

- Compliance rate I: 41 (89%)
C: 31 (72%), p=0.041

Savino 
et al 18 
(LQ)

Primary
care, 
Italy

95 healthy term infants, > 4 months. 
Exclusion: infants with neonatal 
problems and/or assumption of any 
kind of medication during the week 
before the beginning of the study 
and study period

I: new formula (Omneo/Conformil)n= 55, 
months of age (SD) 1.55 (0.88), M/F 27/28

C: standard formula, n=40, months of age 
(SD) 1.28 (0.66), M/F 23/17

Constipation defined as a 
stool frequency of 
< 1 stool per day day

Defecation frequency/day Mean (SD) 
Day 7 I: 1.79 (0.96), 
Day 7 C: 1.31 (0.89) Difference: 0.48 (95% CI: 0.09 
to 0.87) (p=0.02)
Day 14 I: 2.04 (1.04)
Day 14 C: 1.64 (0.99)
Difference: 0.40 (95% CI:-0.03 to 0.83) (p=0.07)

Not stated 2 weeks. Loss to FU: 0

Stool frequency/day Mean, adjusted
Day 0-7: 0.60 (95% CI: 0.19 to 1.01) (p=0.004)
Day 0-14: 0.53 (95% CI: 0.11 to 0.90) (p=0.015)

Stool consistency Not reported

HQ indicates high quality; LQ, low quality, IQR: interquartile range, PEG4000: polyethylene glycol 

without electrolytes, MOM: milk of magnesia. 
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Study Setting, 
Country

Participants Intervention vs Control Definition of
constipation

Outcome measure Results Side effects Study duration  
and loss to follow-up (n (%))

Dupont 
et al 20

(HQ)
(continued)

Clinical efficacy:
- Stool frequency Median (IQR)

Day 42 babies I: 8.5 (6-11.5), C:11 (6-12), not 
significant.
Toddlers I: 8 (6-10), C:6 (5-7), p<0.013
Day 84 babies I: 8.5 (7.5-12.5), C: 11.5
(9-13), not significant.
Toddlers I: 7 (5-8), C:6 (4-7), 
not significant

- Stool consistency 
(frequency hard stools/week)

Day 42 I: 9% (4/46), C: 34% (14/41), p=0.003
Day 84 I: 6% (3/47), C: 28%(11/40), p=0.008

- Disappearance of  
abdominal pain  
and bloating

Day 42 I: 82% (9/11), C: 38% (3/8), p<0.08
Day 84 I: 55% (6/11), C:63% (5/8), p<1.00

- Appetite Day 42 I:+19%, C:-4%, p<0.003

- Fecal impaction I: 2% (1/51), C:13% (6/45), p=0.049

- Use of enemas Day1-42 I:30% (14/48), C:43% (19/44)
Day 42-84 I:17% (8/48), C:41% (17/42), p=0.012

- Amount of laxative 
consumption (number of 
sachets/day)

Median (IQR)
Babies I: 1 (0.9-1), C:1 (1-1.3), p=0.67
Toddlers I:1 (1-1.3), C:1.1 (0.9-1.5), p=0.58

Ratana-
mongkol 
et al21

(LQ)

Pediatric 
outpatient 
clinic, 
Thailand

94 children aged 1-4 years. 
Exclusion: children with renal 
insufficiency

I: PEG 4000, n=46, mean (SD) age 2.58 (0.84) 
years, M/F 15/31.

C: MOM, n=43, mean (SD) age 2.58 (1.01) 
years, M/F 21/22.

Functional constipation 
defined by the Rome III 
criteria

- Treatment success I: 91%
C: 65%, p=0.003

No serious adverse
events occurred. No
significant differences in 
adverse effects in both 
groups (p=0.245).

4 weeks. Lost to FU: 4

Treatment success defined 
as the proportion of patients 
who had ≥3 bowel move-
ments per week, <2 episodes 
of FI per month, and no 
painful defecation, with or 
without laxative therapy

- Improvement of stool 
consistency/week

Median (Q1, Q3)
Day 1 I: 3 (2,4)
Day 1 C: 3 (2,5); p=0.15
After 4 weeks I: 6 (4.75, 7)
After 4 weeks C: 5 (4,7); p=0.43
Difference I: 3 (1,4)
Difference C: 2 (0,3); p=0.04

- Adverse effects I: 20 (44%), 
C: 24 (56%), p=0.245

- Compliance rate I: 41 (89%)
C: 31 (72%), p=0.041

Savino 
et al 18 
(LQ)

Primary
care, 
Italy

95 healthy term infants, > 4 months. 
Exclusion: infants with neonatal 
problems and/or assumption of any 
kind of medication during the week 
before the beginning of the study 
and study period

I: new formula (Omneo/Conformil)n= 55, 
months of age (SD) 1.55 (0.88), M/F 27/28

C: standard formula, n=40, months of age 
(SD) 1.28 (0.66), M/F 23/17

Constipation defined as a 
stool frequency of 
< 1 stool per day day

Defecation frequency/day Mean (SD) 
Day 7 I: 1.79 (0.96), 
Day 7 C: 1.31 (0.89) Difference: 0.48 (95% CI: 0.09 
to 0.87) (p=0.02)
Day 14 I: 2.04 (1.04)
Day 14 C: 1.64 (0.99)
Difference: 0.40 (95% CI:-0.03 to 0.83) (p=0.07)

Not stated 2 weeks. Loss to FU: 0

Stool frequency/day Mean, adjusted
Day 0-7: 0.60 (95% CI: 0.19 to 1.01) (p=0.004)
Day 0-14: 0.53 (95% CI: 0.11 to 0.90) (p=0.015)

Stool consistency Not reported

HQ indicates high quality; LQ, low quality, IQR: interquartile range, PEG4000: polyethylene glycol 

without electrolytes, MOM: milk of magnesia. 
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DISCUSSION
To our knowledge, this is the first study evaluating the existence of definitions 
and outcome measures related to infant constipation. Although constipation is 
one of the most encountered gastrointestinal problems in both infants and chil-
dren, only 5 RCTs could be included in our review fulfilling important criteria as 
a definition for infant constipation and a definition to report outcome. The trials 
in infants up to 12 months of age only evaluated the efficacy of nutritional inter-
ventions, but no placebo-controlled trials were found investigating the efficacy 
of any laxative. The lack of well-designed therapeutic trials in children could be 
attributable to the vulnerability of children as research subjects. Ethical consider-
ations, the balance of risks and potential benefits, and the unknown long-term 
effects could result in a reserved attitude of parents, physicians, and medical 
ethical committees toward research in the pediatric population. 

Our data show a lack in agreement regarding the definitions used for infant 
constipation. Four different definitions were used in the 5 included clinical 
trials. Bongers et al, Savino et al, and Dupont et al used their own criteria to 
define infant constipation, whereas Coccorullo et al and Ratanamongkol et 
al used the Rome III criteria to define infant constipation. It is unclear why the 
first 3 studies did not use the established Rome III criteria, because the criteria 
were already published at the time these studies were designed. A survey 
in the United States revealed that 99% of pediatric gastroenterologists knew 
about the Rome criteria, but only 45% found them useful for clinical prac-
tice, indicating that the current Rome definition for infant constipation is under 
debate22,23. Indeed earlier studies showed that not infrequent defecation, but 
hard stools and painful defecation are reported in the majority of infants with 
constipation, underlining the need for revision of the current Rome III criteria. 

In trials including infants up to 12 months of age, defecation frequency and 
stool consistency were used as primary outcome measures in 3 and 2 trials, 
respectively. Both trials concerning infants up to 4 years of age evaluated defe-
cation frequency and stool consistency as part of their primary outcome or as 
secondary outcome. These outcome measures are in line with the requirements 
needed to evaluate the efficacy of new laxative drugs in patients with func-
tional defecation disorders24,25. Moreover, bowel diaries and validated stool 
scales are simple tools, which help the caregiver to evaluate the frequency, 
form, and consistency of stool of their infant. Only 2 RCTs reported a defini-
tion of success. This is remarkable because outcome measures of treatment 
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success and their definitions are key factors in assessing therapeutic efficacy 
in clinical trials. 

All of the RCTs used parental diaries or questionnaires, but none stated that the 
instrument used was validated. Literature shows that heterogeneous outcomes 
and definitions of outcomes also exist in other pediatric research fields. Sinha et 
al 13 reported that outcomes, definitions, and instruments often lack reliability and 
validity, and sometimes focus on outcomes that may not be relevant to infants 
and caregivers. The selection of appropriate outcome measures is, however, 
inherent to the design of randomized trials. Outcomes need to be relevant to 
patients and health care practitioners if the findings of the research are to influ-
ence practice and future research26. Previous research has shown discrepancies 
between perceptions of parents and health care professionals regarding the 
treatment of their infant27. Because today’s health care is focused on patient- 
and family-centered care, integrating patients’ perspectives into clinical prac-
tice and research using questionnaires that measure patients’ experiences of 
their health (ie, patient reported outcomes) are of growing importance28. Insight 
into parental experiences and needs could improve treatment for young infants 
with constipation, as well as the well-being of the parents. In an effort to better 
understand parental opinions on relevant treatment outcomes, we conducted a 
small survey among 40 parents of children with FC evaluated in secondary and 
tertiary care centers. This questionnaire revealed that parental expectations as 
achievement of a normal defecation pattern, without hard stools, straining, and 
crying, were in accordance with the outcome measures defined in the included 
studies. We, however, need to interpret these results with care because of the 
small sample size and because this survey was only performed in 1 single 
country and only in secondary and tertiary care. 

Research has also shown that outcome reporting bias, that is, results-based 
selection for publication of a subset of the original outcome variables, is 
also a problem in randomized trials29. Solution to these problems could be 
the introduction of an agreed minimum set of standardized outcomes, to be 
measured in all of the trials, referred to as standard core outcomes. Stan-
dard core outcomes could increase the consistency in outcomes measured, 
reduce selective reporting, and ensure that trials are more likely to measure 
appropriate outcomes26. Some pediatric subspecialties, such as rheumatology, 
have already tried to identify the different outcome measures and instruments. 
The STaR Child Health group recently published a guidance to develop and 
adopt standard core outcomes for pediatric trials13. The Outcome Measures in 
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Rheumatology initiative is a good example of such collaboration30. Presently, 
there is no core outcome set for infant constipation. The future Rome IV criteria 
for infant FC could be used to create these standard core outcomes. Strategies 
are, however, required to ensure better implementation of the Rome criteria 
in clinical practice and research. Furthermore, clinical trials should also aim 
to determine whether patients experience clinically meaningful changes from 
an intervention. Patient involvement in the development of patient reported 
outcome measures is emphasized by the FDA guidelines31. Therefore, studies 
should directly ask patients and their caregivers what they consider to be the 
most relevant outcome domains or outcomes14. 

Our results may be limited because it is possible that we did not include all of 
the relevant studies. This may be the result of our strict inclusion criteria. We, 
however, did not aim to include every RCT of constipation because our objective 
was not to perform a meta-analysis on the efficacy of interventions. Instead, we 
aimed to acquire a comprehensive sample of trials for the evaluation of used 
definitions and outcome measures for infant constipation. The exclusion of non–
English-language studies may have caused bias by missing studies that used 
different definitions and outcomes. Nevertheless, one could assume that relevant 
studies are published in English to create worldwide accessibility. 
An additional limitation was using the Delphi list for quality assessment. This 
scale does not include all of the items that are associated with risk of bias. It 
further assigns ‘‘weights’’ to different items in the scale by providing an overall 
score per trial. The risk-of bias tool, which contains additional items associ-
ated with bias, would be a good alternative if it was our goal to use scores 
for eligibility criteria or to conduct subgroup analyses32. Nevertheless, it was 
only our aim to provide a general description of our sample size. Furthermore, 
the number of parents interviewed was small and we did not conduct our 
parental questionnaire in a primary care setting. It is possible that parents who 
have been referred to secondary or tertiary care have different opinions of 
infant constipation than parents of infants treated in primary care. Finally, we 
did not assess quality of life by using validated questionnaires.
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CONCLUSIONS
There is a clear lack of well-designed trials evaluating the efficacy of nutri-
tional and medical interventions in infants with constipation. To make compar-
ison between future therapeutic trials possible, there is a clear need to come 
to consensus regarding standard definitions for constipation, standard core 
outcomes, and use instruments to support core outcomes that are valid and 
reliable. 
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Figure A1  Flow diagram of search results
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Attachment 1 Search results 

Figure A1  Flow diagram of search results

Attachment 2 The Delphi List

Table A2  The Delphi List - Quality assessment

uality assessment

Study population

D1 Was a method of randomization performed?

D2 Was the allocation of treatment concealed?

D3 Were the groups similar at baseline regarding the most important prognostic 
indicators (age, sex, disease duration, disease severity)?

D4 Were both inclusion and exclusion criteria specified?

Blinding

D5 Was the outcome assessor blinded?

D6 Was the care provider blinded?

D7 Was the patient blinded?

Analysis

D8 Were point estimates and measures of variability presented for the primary 
outcome measures?

D9 Did the analysis include an intention-to-treat-analysis?

D10 Is the withdrawal/drop-out rate <20% and equally distributed?
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with reasons
(n = 50)
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8 no RCT
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6 systematic reviews

2 language restriction

Records excluded
(n = 1462)
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