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Abstract Infant colic, excessive crying of unknown

cause, is a major burden to families and effects about

10–30 % of infants. Despite decades of research, the

exact cause and treatment of infant colic has remained

elusive. The use of Lactobacillus reuteri (DSM

17938) in infant colic is somewhat controversial and

hence, we designed this study to evaluate its efficacy

in infantile colic. We recruited predominantly or

exclusively breastfed infants, aged less than 4 months

in a placebo controlled observational randomized

study. Participants’ were assigned to receive L. reuteri

at a dose 108 colony forming units (n = 21) and

placebo (n = 21). Placebo was an identical formula-

tion without live micro-organisms. Treatment was

given to subjects for 21 days and they were followed

for 4 weeks. Treatment success (primary outcome),

daily reduction in crying time, parent satisfaction and

reduction in maternal depression (secondary out-

comes) were assessed at the end of study period.

Treatment success was observed in all infants (100 %)

of the probiotic group while it was seen in 15.7 % of

the placebo group. Mean daily crying time was more

significantly reduced to 32.1 ± 8.3 min/day (P\
0.01) from 200.9 ± 6.3 min/day in the probiotic

group as compared to the placebo group (120.6 ±

20.0 min/day). Moreover, throughout the study peri-

od, parent’s satisfaction and improvement in maternal

depression (Edinburgh postnatal depression scale) was

also significantly higher in the probiotic group. In our

study population, reduction in crying time was
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significant (P\ 0.01) even during first week of

initiation of therapy. We conclude that L. reuteri

(DSM 17938) reduces daily crying time and maternal

depression during infantile colic. We suggest L.

reuteri may be a safe and efficacious option for

reducing infant colic.

Keywords Lactobacillus reuteri � Probiotics � Infant

colic � Maternal depression

Introduction

Infantile colic is defined by Wessel’s diagnostic

criteria as sudden, brief and repetitive paroxysmal,

excessive, inconsolable crying for[3 h a day, at least

3 days a week and for C1 week in an otherwise

healthy baby (Urbańska and Szajewska 2014; Savino

et al. 2010; Wessel et al. 1954). The true incidence of

infantile colic is difficult to estimate as it depends on a

number of factors such as feeds, study design, method

of data collection and also the definition of colic,

although the incidence varies between 5 and 25 %

(Roberts et al. 2004). Colicky infants have episodes of

crying peaking at about 6 weeks of age, most often

noted in the evening. Maternal depression is one of the

noticeable effects of infantile colic, both of which in

combination affect the well being of the family

(Urbańska and Szajewska 2014; Pinyerd 1992.; Vik

et al. 2009; Abacı et al. 2013).

The diagnosis requires a certain degree of clinical

suspicion, as an infant cry is usually multifactorial

ranging from simple attention seeking and hunger to a

potentially serious underlying issue (Freedman et al.

2009). The exact aetiology of infantile colic remains

elusive; however, multiple factors including an aber-

rant intestinal flora affecting motor function, increased

presence of hydrogen gas in the gut due to Gram-

negative organisms, altered counts of intestinal Lac-

tobacillus or abundant Escherichia coli have been

proposed. About five percent of cases may have an

underlying organic cause necessitating further inves-

tigation (Freedman et al. 2009; Roberts et al. 2004).

The treatment options available for infantile colic

include simethicone (anti-flatulence), dicyclomine

and cimetropium. Dicyclomine and cimetropium are

not the first choice due to their apnoeic episode and

sedative effects respectively.

Probiotics refer to orally administered living organ-

isms with potential health benefits to the host. Lacto-

bacillus and Bifidobacterium species are the organisms

most commonly used as probiotics among infants. The

easy availability, low cost and the safety profile have led

to increasing use of probiotics in the field of pediatrics

and neonatology. They have been documented to have

potential benefits for several ailments such as manage-

ment of diarrhoea and acute gastroenteritis. There is also

limited evidence of the role which probiotics may play

in managing functional abdominal pain and gastroe-

sophageal reflux (Urbańska and Szajewska 2014).

Despite a few studies showing benefits of using

Lactobacillus reuteri DSM 17938 for reduction in

crying time during infant colic there is still a lack of

consensus regarding its use in the management of

infantile colic (Sung et al. 2012; Savino et al. 2007,

2010; Szajewska et al. 2013). More placebo controlled

randomized studies are needed to establish its efficacy

for the treatment of infant colic. The present trial was

designed and conducted with the aim of exploring the

role which L. reuteri could play in the management of

infant colic.

Methodology

Approval was obtained from institutional review board

of the Children’s Hospital of Zhengzhou China (Refer-

ence no. PED/11/235RS) following which this random-

ized single blind placebo controlled study was conducted

over a period of 14 months (February 2013–April 2014).

Infants less than 4 months of age, weighing between 2.5

and 4.00 kg and exclusively or predominantly breastfed

were included in the study. Infants with acute or chronic

gastrointestinal illness, fed on cow‘s milk or those who

underwent a course of probiotic or antibiotic treatment

1 week prior to enrolment were excluded from the trial.

Parents who were interested in participating were

consented and requested to record symptoms of colic

on structured diaries (provided by the researchers) for

1 week. Computer based randomization was used to

allocate the participants to groups. An oil based

suspension containing L. reuteri DSM 17938 or placebo

was given to the treatment and placebo group, respec-

tively, for 28 days. Parents were blinded to the treat-

ment, with regular follow ups arrange at the end of first,

second, third and fourth week after initiating treatment.
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No other drugs were administered during the study

period, unless indicated. End of treatment was the 28th

day from the first dose.

Definitions

In the current study, terms were defined as follow:

• Infant colic: Episode of crying that lasted C3 h a

day, for 3 days before initiation of treatment.

• End of treatment: On 28th day of treatment.

• Adverse effects: Any unusual presentation in

infants e.g. vomiting, constipation or rashes.

• Treatment success: Percentage of infants achiev-

ing reduction in the daily average crying time i.e.

C50 % during study period.

• Patient satisfaction: Patient who answered ‘‘yes’’

in the patient satisfaction questionnaire.

• Predominantly breast-fed: The main source of

nourishment in these infants is mother’s milk;

however, they may receive water or water based

drink but no dairy products.

Detailed instructions regarding the use, storage

(2–8 �C) of the formulation and recording of the

symptoms in the diaries were given. The study

protocol was duly explained with the timing of drug

administration, which was recorded. Parents were

asked to maintain a structured infant colic diary by

recording dosing time, daily crying time and any

adverse events (vomiting, constipation etc.). This was

an objective validated baby day diary which has been

used in previous study and is easy to use (Radesky

et al. 2013). The diary was modified as we decided to

measure only the crying time. The parents were asked

to enter the details at a suitable time, rather than at the

end of day as this could have led to a potential bias as it

was based on what they could recall. Use of Cow’s

milk and formula feed was advised against in both

mother and infants. For parental satisfaction, a ques-

tionnaire was also included in the diary, inquiring

about their opinion regarding the efficacy of the

treatment with options of yes, no and don’t know

provided. Maternal depression was assessed using the

Edinburgh postnatal depression scale (EPDS).

Parents were requested to bring diaries and remain-

ing drugs during their last follow-up visit. All diaries

were assessed and statistically analysed by a different

set of physicians who were blinded to the groups. The

primary outcome of the study was treatment success,

which was assessed as percentage of children achiev-

ing a reduction in daily average crying time of C50 %

at the end of 4th week (28th day) of the study period.

Secondary outcomes were mean reduction of daily

average crying time, parental satisfaction and reduc-

tion in maternal depression.

Statistical analysis

The data has been presented as mean ± standard

deviation for continuous variables. Comparison between

the groups were performed using unpaired students t test

for continuous variables and Fischer’s exact test or Chi

square test for categorical variables. Student t test was

used to compare the birth weights of study groups and

mean values of continuous variables approximating a

normal distribution. Mann–Whitney test was used for

non-normally distributed variables. All the values were

presented as mean ± SD (standard deviation)/median.

Interquartile range was expressed for continuous vari-

ables when appropriate and number or percentages were

used for categorical variables. Sample size calculation

was based on the primary outcome of reduction in crying

time by at least 50 % through power analysis while

assuming a = 0.05 and a power of 0.80. This indicated a

sample size of 30 for each group but we were unfortu-

nately unable to reach this target, thereby reducing the

power of our study. All the reported results having P

value less than 0.05 were considered statistically

significant. SPSS 20 (SPSS Inc, Chicago, IL) was used

for analysis of data. We started with a null hypothesis of

no statistical significance between the treatment and

placebo group with an alternative hypothesis that the

treatment group may have a reduction in the mean crying

time as compared to placebo.

Results

Out of 73 infants identified, a total of 42 infants

meeting the inclusion criteria were included in the

study with 21 infants in each group (Fig. 1). We had to

exclude 31 subjects from our study as: the parents of

14 infants did wish to complete the daily diary; three

infants had an episode of diarrhoea; six children had

already received a course of probiotic therapy in the

preceding week; and eight children as they were also
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on alternative (conventional Chinese) medicine for the

same problem. Subsequently, two patients from the

placebo group and one patient from the treatment

group were excluded due to noncompliance with

completing of daily progress in the diary, lost to follow

up and discontinuation of study without any reason,

respectively. Thus thirty nine patients (20 from

treatment group and 19 from placebo group)

Fig. 1 Study methodology

and subject’s progression

during study

Table 1 Demographics and baseline characteristics of enrolled participants

Characteristics Treatment group (N = 20) Placebo group (N = 19)

Gender (male/female), n 13/7 (65/35 %) 9/10 (47/53 %)

Birth weight (g), mean ± SD 3456.3 ± 346.6 3356.3 ± 401.2

Age at entry (d), mean ± SD 29.7 ± 13.4 28.6 ± 17.6

Height at entry (cm), mean ± SD 52.3 ± 3.1 52 ± 2.5

Vaginal delivery (n) 14 (70 %) 15 (79 %)

Family history of allergy (n) 9 (45 %) 11 (58 %)

Family gastrointestinal disease (n) 8 (40 %) 9 (47 %)

Family history of atopy (n) 11 (55 %) 10 (53 %)

Exclusive breastfed (n) 18 (90 %) 16 (84 %)

Exposure to smoking (n) 2 (10 %) 1 (5 %)

Entry crying time (min/day) mean ± SD 200.9 ± 6.2 200.6 ± 8.3

EPDS score, mean ± SD 11.5 11.2

n number, SD standard deviation, cm centimeter, EPDS Edinburgh postnatal depression scale
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completed study. There was no reported adverse

events in either group during the study duration.

Demographic profiles (Table 1) including weight,

age, height, family history of allergy, family history of

gastrointestinal disease, family history of atopy,

exposure of smoking, mean crying time and EPDS

score were comparable across the two groups with no

statistical differences.

At the start of the study, all infants had crying time

[180 min/day as defined by inclusion criteria. Treat-

ment success (primary outcome) was found in all

infants in the treatment group while it was only

observed in 3 infants of the placebo group as shown in

Table 2. Data were assessed for statistical analysis at

the end of every week by incorporating the recording

throughout that week.

A statistically significant reduction in the mean

daily crying time (secondary outcome) was observed

(32.05 ± 8.30 min/day; P\ 0.01) in the treatment

group as compared to the placebo group (120.63 ±

20.01 min/day) with a P value of\0.01. The difference

in the mean crying time between both the groups was

statistically significant throughout the treatment period

(Table 3).

Similar statistical difference was also noted while

comparing parental satisfaction and maternal depres-

sion which was measured as EPDS score (Table 4).

Discussion

The aim of this study was to evaluate effectiveness of

L. reuteri for the treatment of colicky infants and we

conclude that L. reuteri (108 CFUs) appears superior

when compared to placebo in managing colicky

infants as reduction in daily crying time and improve-

ment of maternal depression was noted. L. reuteri

reduced mean daily crying time by 19, 44, 59 and

84 % at first, second, third and fourth week of

treatment respectively. Statistically significant results

were observed after the first dose of L. reuteri.

Treatment satisfaction was observed with all par-

ticipants in the probiotic group. Reduction in maternal

depression was also notable in treatment group

(51.3 %) as compared to placebo group (27.6 %).

Overall L. reuteri appears superior for treatment of

infantile colic as compared to placebo. Few random-

ized trials have been conducted in the past with the aim

of evaluating the efficacy of L. reuteri in managing

infantile colic (Sung et al. 2012; Savino et al. 2007,

2010; Szajewska et al. 2013). One such trial had

randomized 50 exclusively breast fed infants who

were suffering from infantile colic according to the

modified Wessel’s criteria for 21 days, and they

reported a significant reduction in the daily crying

time Savino et al. (2010). Similar results were also

Table 2 Responders (reduction in the daily average crying time C50 %) in study population

Follow-up Treatment group (N = 20) Placebo group (N = 19)

First week 2 (10 %) 0 (0 %)

Second week 10 (50 %) 1 (5.2 %)

Third week 18 (90 %) 1 (5.2 %)

Fourth week 20 (100 %)* 3 (15.7 %)

* P\ 0.01 as compared to placebo (Mann–Whitney U test) assessed at Day 28

Table 3 Reduction in mean daily crying time (min/day) in study population

Follow-up Treatment group

(N = 20)

Placebo group

(N = 19)

P value (between

TG and PG)

P value (between

TG and baseline)

Baseline 200.90 ± 6.27 200.68 ± 8.30 P = 0.92

First week 162.75 ± 10.89 197.89 ± 7.96 P\ 0.01 P\ 0.01

Second week 112.75 ± 18.41 169.21 ± 13.64 P\ 0.01 P\ 0.01

Third week 82.20 ± 17.13 137.11 ± 18.32 P\ 0.01 P\ 0.01

Fourth week 32.05 ± 8.30 120.63 ± 20.01 P\ 0.01 P\ 0.01

N number of patients, TG treatment group, PG placebo group
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obtained another similar trial which involved 80

exclusively or predominantly breast fed infants

([50 %) of less than 5 months (Szajewska et al.

2013). Szajewska et al. (2013) also observed a daily

average reduction in crying time by more than 50 %.

However, these studies have been challenged by a

more recent trial where 167 breast or formula fed

infants of less than 3 months presenting with infantile

colic were randomized to receive L. reuteri and then

compared with placebo Sung et al. (2014). Interest-

ingly, Sung et al. (2014) observed that at 1 month

mean crying time was reduced in both the groups.

They also noted that the mean crying time was higher

in the treated group as compared to the placebo group

with no improvement noted in infants sleep, maternal

mental health and the quality of life for both family

and infants. This was an interesting finding which was

contrary to the previous studies and to our own

findings. These three trials had followed up the

patients on day 21, whereas we followed the patients

from day 7 to day 28.

Despite these earlier studies a clear consensus does

not exist for the use of L. reuteri in this population.

One of the larger trials involving 167 patients has

recommended caution in formulating any guidelines

on the use of L. reuteri to help reduce the crying or

fussing time in breast fed infants. Sung et al. (2014)

also recommended that further trials are needed before

any consensus can be reached. Our study is a step in

this direction. What is now needed is large scale

randomized trial to improve our level of evidence to

help build a guideline for use of probiotic L. reuteri.

Not all studies have demonstrated its efficacy in

managing infant colic Sung et al. (2014) and a possible

explanation of this placebo effect could be explained

by the reassurance feeling which the parents receive

upon the start of the study and receipt of test

medication. However, important caveats regarding

our study are the small sample size and exclusion of

neonates who were formula fed or on cow’s milk due

to which this result could not be generalized to all the

infants, particularly those who are formula fed.

The mechanism of action of probiotics is still

debated. Various mechanisms have been proposed at

various stages Iqbal et al. (2014); Roberts et al. 2004;

Urbańska and Szajewska 2014) including improve-

ment of gut motility, visceral pain and gut function

(Indrio et al. 2008; Wang et al. 2010). L. reuteri is a

predominant autochthonous (indigenous) Lactobacil-

lus in infants, children and adults. L. reuteri also

secretes antimicrobial substances like reuterin, reuter-

icin, reutericyclin, lactic acid and acetic acid that

inhibit the growth of harmful bacteria in humans.

Besides this, L. reuteri also modulates the host

immune system (Walter et al. 2011). These various

mechanisms may underpin its use for several medical

complications including acute diarrhoea, antibiotic

associated diarrhea, gastric regurgitation, reduction of

side effects of anti-pyloric therapy, reduction of

abdominal pain intensity and infant colic (Urbańska

and Szajewska 2014). The strengths of our study were

the method of allocation and concealment, blinding,

critical data analysis, similar demographic profile of

both groups (Table 1) and daily follow-up of parents

by telephone calls to remind them regarding use of

diaries. However, the limitations of our study included

Table 4 Parental satisfaction and maternal depression in study population

Treatment group (N = 20) Placebo group (N = 19) P value* (TG vs PG)

Parental satisfaction

First week (N/%) 14/70 0/0 P\ 0.01

Second week (N/%) 18/90 2/10.5 P\ 0.01

Third week (N/%) 20/100 3/15.7 P\ 0.01

Fourth week (N/%) 20/100 3/15.7 P\ 0.01

EPDS Score (Mean ± SD)

First week 8.3 ± 2.1 10.8 ± 1.9 P\ 0.01

Second week 7.2 ± 1.8 9.3 ± 2.7 P\ 0.01

Third week 6.4 ± 3.3 8.8 ± 3.9 P\ 0.01

Fourth week 5.6 ± 3.8 8.1 ± 4.1 P\ 0.01

EPDS Edinburgh postnatal depression scale, TG treatment group, PG placebo group

* Mann–Whitney U test
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our reliance on the parents assessment and relying on

information from diaries. Other major limitations of

our study were: inability to reach our target sample

size, which reduced the power of our study; our data

analysis and the assessment was not based on an

intention to treat as we designed our study purely as an

observational trial. Inability to reach a desired sample

size in our study clearly limits the significance of our

findings. Consequently implementing them into clin-

ical practice and guidelines should be only done

following a larger randomised clinical trial. Our study

was also limited by being only a single blind study

with non-exclusion of crying due to other potential

causes.

Overall, we conclude that L. reuteri is likely to help

in reducing the crying time in infants with infantile

colic; however, this effect may be more pronounced in

exclusively breast fed infants rather than formula fed

babies. Further randomized trials are needed to help

develop a guideline based recommendation for the use

of L. reuteri in the management of infantile colic. L.

reuteri formulation as a dose of 108 CFU appears to be

superior in reducing daily crying time as compared to

placebo. The probiotics safety profile also supports its

use for colicky infants. Although infant colic has a

natural course in an infant’s life with remission of

symptoms with over time, its early diagnosis and

prompt treatment can improve maternal mental health

and family functioning. Additional blinded studies

with larger numbers of patients and addressing the

above mentioned limitations are needed before final

recommendations for the use of probiotics in treatment

of infant colic can be made.
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