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Abstract: Limosilactobacillus (L.; previously Lactobacillus) reuteri has been shown to influence gastroin-
testinal (GI) tolerance. This study was a secondary analysis of GI tolerance data from a multi-country,
cross-sectional, observational study in healthy infants using the validated Infant Gastrointestinal
Symptom Questionnaire (IGSQ) and a gut comfort questionnaire. Breastfed infants (BFI; n = 760) were
compared to formula-fed infants receiving either L. reuteri-containing formula (FFI + LR; n = 470) or
standard formula without any probiotic or prebiotic (FFI-Std; n = 501). The IGSQ composite scores
(adjusted mean ± SE) in FFI + LR (22.17 ± 0.39) was significantly lower than in FFI-Std (23.41 ± 0.37)
and similar to BFI (22.34± 0.30;), indicating better GI tolerance in FFI + LR than in FFI-Std. Compared
with FFI-Std, FFI + LR had lower reports of difficulty in passing stools (11% vs. 22%; adjusted-odds
ratio (OR) (95%CI) = 0.46 (0.31–0.68)), fewer hard stools (mean difference = −0.12 (−0.21, −0.02))
and less physician-confirmed colic (OR = 0.61 (0.45–0.82)), and similar to BFI. Parent-reported
crying time (mean difference = −0.15 (−0.28, −0.01)), frequency of spitting-up/vomiting (mean
difference = −0.18 (−0.34, −0.03)), volume of spit-up (mean difference = −0.20 (−0.32, −0.08)) and
fussiness due to spitting-up/vomiting (mean difference = −0.17 (−0.29, −0.05)) were lower in
FFI + LR versus FFI-Std and similar to BFI. In this study, L. reuteri-containing formula was associated
with improved digestive tolerance and behavioral patterns.

Keywords: infant; nutrition; probiotics; gastrointestinal tolerance; colic; infant formula

1. Introduction

Healthy term infants who are formula-fed often show signs of feeding intolerance in
the first months of life [1,2] which may manifest in gastrointestinal (GI) symptoms such as
infrequent or hard stools, spitting-up, or flatulence, or behaviorally as fussiness, crying, or
dysregulated sleep. The underlying etiology of these GI symptoms and behaviors is thought
to be multifactorial but has yet to be fully elucidated. Infants who are breastfed often have
less GI intolerance compared with those who are formula-fed. For example, formula-fed
infants generally have firmer, less frequent stools compared to breastfed infants [1,2], likely
due to differences in the lipid and mineral fractions of the stools [3] and the presence of
bioactive molecules in human milk [4]. In addition, undesirable GI effects [1,3,5] such as
colic, flatulence and regurgitation, while relatively common in infants overall [5,6], are less
common in breastfed infants [7,8]. Parental concern around GI effects is high with a large
proportion of parents switching formulas for reasons such as regurgitation or vomiting or
restless behavior [9,10]. Thus, while breastfeeding is the gold standard of infant nutrition,
for infants who are formula-fed, it is important that stooling patterns, GI tolerance and
associated behaviors are comparable to breastfed infants.
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In randomized controlled trials (RCTs), addition of probiotics has been shown to
be effective in improving GI tolerance in infants [11]. In particular, Limosilactobacillus (L.;
previously categorized as Lactobacillus) reuteri DSM 17938, was reported to be effective in the
prevention of colic and regurgitation, particularly in breastfed infants [12]. However, effects
demonstrated in a RCT can sometimes translate differently outside of a controlled trial
setting, particularly for patient/parent-reported outcomes [13]. Therefore, understanding
the effectiveness of L. reuteri-containing formula in real-world settings is important as it
provides complementary evidence to the findings from controlled trial settings, but such
data are not currently available. In a large cross-sectional observational study, GI tolerance
of infants who received formula containing any prebiotics or probiotics or a combination
was non-inferior to breastfed infants [14]. In addition, these infants had better GI outcomes
than infants who had received formula without the addition of any prebiotics or probiotics.
In order to evaluate the effectiveness of L. reuteri alone, as part of an infant formula matrix,
we thus conducted a secondary analysis and compared GI-tolerance outcomes among
three sub-populations including: (1) exclusively or predominantly breastfed infants (BFI),
(2) infants receiving L. reuteri (DSM 17938)-containing formulas (FFI + LR), or (3) infants
consuming standard formulas without any probiotic or prebiotic (FFI-Std).

2. Materials and Methods
2.1. Design and Participants

The data for the current analysis came from a multi-center, cross-sectional, observa-
tional study conducted in six countries (Egypt, Pakistan, Philippines, Indonesia, Malaysia
and India). Infants aged 6 to 16 weeks were recruited during routine visits and, upon
informed consent, study physicians administered two questionnaires to the mothers: Infant
Gastrointestinal Symptom Questionnaire (IGSQ) and a feeding practice and gut comfort
questionnaire (FPGCQ). Apparently healthy infants (i.e., without acute ongoing, recent, or
chronic illness necessitating medical follow up and without food allergies) born full-term
to parents aged 18 years or older were eligible. Participating infants were required to be
exclusively or predominantly breastfed or formula-fed using the same brand of formula for
two weeks or more at the time of recruitment. Exclusive/predominant feeding regimen
was defined based on the current regimen: if 75% or more of the daily feeds came from
breastmilk, infants were assigned to the breastfed group; if 75% or more of the daily feeds
came from a single formula, infants were assigned to the formula-fed group. Study subjects
and their parents or the public were not involved in the design, conduct, reporting or
dissemination plans of the study.

2.2. Outcome Measures

Infant and parent demographics including age at enrollment, sex, gestational age,
delivery type, mother’s education level and history of gastrointestinal disease in parents
were recorded. Infant weight, height and head circumference at birth were recorded and
the three anthropometric parameters were also measured at the time when the study
physicians administered the IGSQ and FPGCQ to the parents. The IGSQ composite score
(range 13–65), calculated by summing 13 individual item responses, was used to assess
overall GI tolerance [15]. Composite scores less than 23 generally indicate no GI distress
while scores of 23–30 indicate certain GI distress and scores above 30 indicate clinically
meaningful GI distress [15]. Individual IGSQ item scores were used to assess GI symptoms
(lower score means less symptoms). The FPGCQ was designed for this study and was
used to collect feeding practice information (including counts of breast and formula feeds
per day, formula brand where applicable and consumption of solid foods), information
on colic and 24-h stooling pattern. Information on physician-confirmed infant colic was
obtained using two questions: “Did the child have colic in the past week?” and “Was
your child ever diagnosed with colic?”. If the answer to the second question was yes,
follow-up questions for age and feeding regimen at time of diagnosis were asked. Colic
was defined according to the ROME IV diagnosis criteria: A) an infant who is <5 months of
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age when the symptoms start and stop; B) recurrent and prolonged periods of infant crying,
fussing, or irritability reported by caregivers that occur without obvious cause and cannot
be prevented or resolved by caregivers and C) no evidence of infant failure to thrive, fever,
or illness. Study investigators explained the colic definition to the mothers when asking
the questions. Stooling pattern in the past 24 h included stool frequency and consistency
and whether each stool was difficult to pass. Stool consistency was rated on the 4-point
Brussels Infants and Toddlers Stool Scale (1-watery, 2-loose, 3-formed, 4-hard), which is
validated for non-toilet trained children [16]. Formula brand as reported by the parents or
caregivers was used to group formula-fed infants into FFI + LR (infants receiving formula
containing L. reuteri DSM 17938) and FFI-Std (infants receiving standard formulas without
any probiotic or prebiotic).

2.3. Statistical Analysis

Descriptive data were summarized using appropriate statistics for continuous and
categorical measures. The IGSQ composite score as well as individual IGSQ item scores
were analyzed using analysis of covariance (ANCOVA) adjusting for feeding group, study
site, infant age, sex, delivery type, history of GI disease in parents and mother’s education.
Stooling was compared between feeding groups using logistic regression for difficulty
passing stool, a negative binomial model for stool frequency and an ANCOVA model
for stool consistency with adjustment for the same covariates as in the IGSQ models.
Physician-confirmed colic was modeled using logistic regression with adjustment for
the same covariates. All tests were two-sided with a significance level of alpha = 0.05.
Analyses were conducted using SAS/STAT software version 9.3 or higher (SAS Institute
Inc., Cary, NC, USA). This current analysis reports the secondary analysis of data from
a cross-sectional observational study (ClinicalTrials.gov: NCT03703583) [14]; hence, no
sample size calculation is available.

2.4. Ethics Approval

This study was conducted in accordance with the World Medical Association Declara-
tion of Helsinki. The study was approved by the Institutional Review Boards listed in the
“Institutional Review Board Statement” below. Parents or legally authorized representatives
of the infants in this study provided written informed consent prior to enrollment.

3. Results
3.1. Infants’ Characteristics

Data from 470 FFI + LR and 501 FFI-Std as well as 760 BFI were used in this secondary
data analysis. Demographic characteristics for the three groups including infant sex,
gestational age at birth, age at enrollment, delivery type, history of GI disease and mother’s
education are shown in Table 1. The proportion of infants delivered by Caesarean section
was higher in FFI-Std and maternal education was lower in FFI + LR (both p < 0.01).
Weight, height (both p < 0.01) and head circumference (p < 0.05) at visit were also lower
in FFI + LR. Weight, height and head circumference at birth (all p < 0.01) were lower in
FFI-Std. Differences in anthropometric parameters were deemed to be of minimal clinical
importance by the study physicians.

Table 1. Demographic, anthropometric and parental characteristics of studied infants.

Characteristic
BFI FFI + LR FFI-Std

n = 760 n = 470 n = 501

Age, days 82.1 (0.9) 80.2 (1.0) 82.5 (1.1)
Sex

Female, % 44.6 48.5 43.7
Male, % 55.4 51.5 56.3

Delivery type *
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Table 1. Cont.

Characteristic
BFI FFI + LR FFI-Std

n = 760 n = 470 n = 501

Caesarean, % 38.4 37.9 50.9
Vaginal, % 61.6 62.1 49.1

Gestational age at birth, weeks 38.7 (0.0) 38.5 (0.1) 38.5 (0.1)
Mother’s education *

Low (primary school or lower), % 16.1 26.6 15.8
Medium (high school or professional

school), % 42.0 46.8 45.5

High (college or higher), % 42.0 26.6 38.7
History of gastrointestinal disease in parents

No, % 74.5 77.2 76.8
Yes, % 25.5 22.8 23.2

Birth weight *, g 3068 (18) 3001 (26) 2972 (21)
Birth length *, cm 49.3 (0.1) 49.2 (0.2) 48.6 (0.1)

Birth head circumference *, cm 33.5 (0.1) 33.6 (0.1) 33.9 (0.1)
Weight at visit **, g 5503 (35) 5137 (48) 5441 (42)

Length at visit **, cm 58.6 (0.2) 57.7 (0.2) 58.9 (0.2)
Head circumference at visit ***, cm 39.1 (0.1) 38.8 (0.1) 39.1 (0.1)

Data presented as mean (SE) or percentages, %. BFI—Breastfed infants; FFI + LR—Infants fed formula with
L. reuteri; FFI-Std—Infants fed standard formula without any probiotic or prebiotic. * p < 0.01, ** p < 0.001,
*** p < 0.05 for groupwise comparison using Chi-square test.

3.2. Infant Gastrointestinal Symptom Questionnaire Composite Scores

The adjusted mean IGSQ composite score ± SE in FFI + LR (22.17 ± 0.39) was lower
than in FFI-Std (23.41 ± 0.37; mean difference: −1.24, 95% CI: −2.19, −0.30; p < 0.01)
indicating better GI tolerance in FFI + LR than in FFI-Std. BFI (22.34 ± 0.30) also had
lower IGSQ composite score than FFI-Std (mean difference: −1.07 (95% CI −1.87, −0.28;
p < 0.01). The IGSQ composite scores in FFI + LR and BFI were similar (mean difference
−0.17; 95% CI −0.98, 0.65; p = 0.68) and were below the IGSQ threshold of 23 commonly
used to indicate certain GI distress. In contrast, the IGSQ composite score in FFI-Std was
above the 23-cut-off indicating some GI discomfort (Figure 1).
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4. Volume of milk spit up: “How 
much milk usually came out each 

time?” 

FFI + LR–FFI-Std −0.20 −0.32, −0.08 <0.01 
FFI + LR–BFI −0.08 −0.18, 0.03 0.14 
FFI-Std–BFI 0.12 0.02, 0.22 0.02 

5. Discomfort when spitting-up: 
“How often did your baby seem 

uncomfortable or fussy when milk 
came out of his or her mouth?” 

FFI + LR–FFI-Std −0.17 −0.29, −0.05 <0.01 
FFI + LR–BFI −0.05 −0.15, 0.06 0.39 

FFI-Std–BFI 0.12 0.02, 0.23 0.02 

6. Frequency of arching back: “How 
many times did your baby arch his 
or her back as if in pain when milk 

came out of his or her mouth?” 

FFI + LR–FFI-Std −0.01 −0.11, 0.09 0.91 
FFI + LR–BFI 0.01 −0.08, 0.09 0.91 

FFI-Std–BFI 0.01 −0.07, 0.10 0.80 

Crying FFI + LR–FFI-Std −0.15 −0.28, −0.01 0.03 
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Figure 1. Adjusted mean IGSQ composite scores ± SE by feeding groups. Group comparison
done by analysis of covariance adjusted for feeding group, study site, infant age, sex, delivery
type, history of GI disease in parents and mother’s education. IGSQ composite score can range
from 13–65, with higher values indicating greater discomfort. Dotted line marks threshold of 23
indicating certain GI discomfort (>23 to 30; >30 to 65 indicates GI distress) and essentially no GI issues
(≤23). BFI—Breastfed infants; FFI + LR—Infants fed formula with L. reuteri; FFI-Std—Infants fed
standard formula without any probiotic or prebiotic; GI, gastrointestinal; IGSQ, Infant Gastrointestinal
Symptom Questionnaire. n = 760 in BFI; n = 501 in FFI-Std; n = 470 in FFI + LR.
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3.3. Individual IGSQ Items and Additional GI-Tolerance Outcomes

Individual IGSQ item differences between the groups are shown in Table 2. FFI + LR
and BFI had fewer hard stools than FFI-Std. Both FFI + LR and FFI-Std experienced more
difficulty in passing stool than BFI. Compared to FFI-Std, FFI + LR experienced significantly
fewer occasions of spitting-up, less spit-up on each occasion, less fussiness during spit-up
and less total time crying in a day. FFI + LR was comparable to BFI with respect to these
IGSQ items, while FFI-Std compared with BFI experienced more spit-up per occasion, more
fussiness during spit-up and longer crying time. For occasions of spitting-up, FFI-Std were
comparable with BFI. With respect to IGSQ items asking about soothing, overall fussiness
or flatulence, arching back when spitting-up or crying directly after feeding, no significant
differences were found among the groups, but some trends for less gassiness were observed
in FFI + LR and BFI compared with FFI-Std (Table 2).

Table 2. Adjusted mean difference in individual IGSQ item scores between feeding groups 1.

IGSQ Domain IGSQ Measure Comparison Difference of
Adjusted Mean 95% CI p-Value

Stool

1. Hard stools: “How many times did your baby pass a
hard stool?”

FFI + LR–FFI-Std −0.12 −0.21, −0.02 0.02
FFI + LR–BFI 0.06 −0.02, 0.14 0.15
FFI-Std–BFI 0.17 0.09, 0.26 <0.01

2. Difficulty in passing stool: “How many times did your
baby have difficulty when passing a bowel movement?”

FFI + LR–FFI-Std −0.05 −0.18, 0.07 0.38
FFI + LR–BFI 0.15 0.05, 0.26 <0.01
FFI-Std–BFI 0.21 0.10, 0.31 <0.01

Spitting-up/
Vomiting

3. Frequency of spit up: “How many times did milk
come out of your baby’s mouth?”

FFI + LR–FFI-Std −0.18 −0.34, −0.03 0.02
FFI + LR–BFI −0.09 −0.22, 0.05 0.22
FFI-Std–BFI 0.10 −0.03, 0.23 0.15

4. Volume of milk spit up: “How much milk usually
came out each time?”

FFI + LR–FFI-Std −0.20 −0.32, −0.08 <0.01
FFI + LR–BFI −0.08 −0.18, 0.03 0.14
FFI-Std–BFI 0.12 0.02, 0.22 0.02

5. Discomfort when spitting-up: “How often did your
baby seem uncomfortable or fussy when milk came out

of his or her mouth?”

FFI + LR–FFI-Std −0.17 −0.29, −0.05 <0.01
FFI + LR–BFI −0.05 −0.15, 0.06 0.39
FFI-Std–BFI 0.12 0.02, 0.23 0.02

6. Frequency of arching back: “How many times did
your baby arch his or her back as if in pain when milk

came out of his or her mouth?”

FFI + LR–FFI-Std −0.01 −0.11, 0.09 0.91
FFI + LR–BFI 0.01 −0.08, 0.09 0.91
FFI-Std–BFI 0.01 −0.07, 0.10 0.80

Crying

7. Total crying time: “How much total time did your
baby usually cry in a day?”

FFI + LR–FFI-Std −0.15 −0.28, −0.01 0.03
FFI + LR–BFI 0.06 −0.06, 0.17 0.32
FFI-Std–BFI 0.20 0.09, 0.32 <0.01

8. Unable to soothe crying: “How many times were you
unable to soothe your baby to stop his or her crying?”

FFI + LR–FFI-Std −0.01 −0.16, 0.13 0.85
FFI + LR–BFI −0.10 −0.22, 0.03 0.12
FFI-Std–BFI −0.08 −0.20, 0.04 0.18

9. Crying after feeding: “How many times did your baby
cry during or right after a feeding because the milk

bothered your baby?”

FFI + LR–FFI-Std −0.08 −0.22, 0.06 0.26
FFI + LR–BFI −0.09 −0.21, 0.03 0.14
FFI-Std–BFI −0.01 −0.13, 0.11 0.87

Fussiness

10. Frequency of fussiness: “On how many days was
your baby fussy?”

FFI + LR–FFI-Std 0.00 −0.15, 0.15 0.99
FFI + LR–BFI −0.01 −0.14, 0.12 0.89
FFI-Std–BFI −0.01 −0.13, 0.11 0.88

11. Unable to soothe fussiness: “How many times were
you unable to soothe your baby when he or she

was fussy?”

FFI + LR–FFI-Std −0.02 −0.15, 0.10 0.70
FFI + LR–BFI −0.03 −0.14, 0.08 0.62
FFI-Std–BFI 0.00 −0.11, 0.11 0.95

Flatulence

12. Frequency of gassiness: “How many times in a usual
day was your baby gassy?”

FFI + LR–FFI-Std −0.16 −0.32, 0.00 0.05
FFI + LR–BFI −0.04 −0.18, 0.10 0.61
FFI-Std–BFI 0.12 −0.01, 0.26 0.07

13. Discomfort due to gas: “How often did gas seem to
make your baby uncomfortable or fussy?”

FFI + LR–FFI-Std −0.11 −0.25, 0.03 0.11
FFI + LR–BFI 0.01 −0.11, 0.13 0.92
FFI-Std–BFI 0.12 0.002, 0.24 0.05

BFI—Breastfed infants; CI—Confidence Interval; FFI + LR—Infants fed formula with L. reuteri; FFI-Std—Infants
fed standard formula without any probiotic or prebiotic. IGSQ, Infant Gastrointestinal Symptom Questionnaire.
n = 760 in BFI; n = 501 in FFI-Std; n = 470 in FFI + LR; p-values computed from ANCOVA models including
feeding group as the independent variable and infant sex, age, study site, delivery type, history of gastrointestinal
disease in parents and mother’s education as potential confounders. Higher scores indicate greater discomfort.
Possible responses to questions 1, 2, 6, 8, 9, 11 were: 0 times, 1 time, 2–3 times, 4–6 times, 7 or more times in the
week, or don’t know/no response. Possible responses for questions 3 and 12 were: 0 times, 1 time, 2–3 times,
4–6 times, 7 or more times in a usual day, or don’t know/no response. Possible responses to question 4 were:
5 mL, 15 mL, 30 mL, about half the feeding, more than half the feeding, or don’t know/no response. Possible
responses to question 5 and 13 were: never, almost never, sometimes, almost always, always, or don’t know/no
response. Possible responses to question 7 were: less than 10 min, 10–30 min, 30 min to 1 h, 1–2 h, 2 or more hours
in a day, or don’t know/no response. Possible responses to question 10 were: 0, 1, 2, 3, 4, 5, 6, or 7 days. Reponses
for individual questions were then scored according to predefined scoring guidelines.
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For stooling pattern in the past 24 h based on the FPGCQ, mean stool consistency in
FFI + LR was lower than in FFI-Std, indicating softer stools in FFI + LR compared to FFI-Std
(Figure 2a). Mean stool consistency between FFI + LR and BFI was comparable with a trend
for softer stools in BFI. FFI-Std had higher (i.e., harder) stool consistency than BFI. FFI + LR
experienced significantly lower odds of difficulty in passing stool compared to FFI-Std
(Figure 2b) and had comparable odds than BFI. FFI-Std had higher odds for difficulty in
passing stool than BFI.
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standard formula without any probiotic or prebiotic. n = 760 in BFI; n = 501 in FFI-Std; n = 470 in
FFI + LR.

Physician-confirmed colic in the past week prior to the study occurred in 23.6% of
FFI + LR, 33.8% of FFI-Std and 23.6% of BFI, resulting in lower odds of colic in FFI + LR
compared to FFI-Std (Figure 3a). FFI-Std had higher odds of colic in the past week compared
to BFI while there was no difference between FFI + LR and BFI. Among the three groups,
28.1% of FFI + LR, 36.9% of FFI-Std and 28.4% of BFI were ever diagnosed with colic. Odds
of having been ever diagnosed with colic were significantly lower in FFI + LR compared to
FFI-Std (Figure 3b) and similar to BFI. Compared to BFI, FFI-Std had greater odds of ever
being diagnosed with colic.
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Figure 3. Odds ratios with 95% confidence interval comparing physician-reported colic between
feeding groups. The vertical line shows the reference value for the odds ratios. Physician-reported
colic was measured using the Feeding Practice and Gut Comfort Questionnaire (“Was your child
ever diagnosed with colic?” and “Did the child have colic in the past week?”). Both outcomes were
modeled using logistic regression and adjusted for study site, infant age, sex, delivery type, history of
gastrointestinal disease in parents and mother’s education. BFI—Breastfed infants; FFI + LR—Infants
fed formula with L. reuteri; FFI-Std—Infants fed standard formula without any probiotic or prebiotic.
n = 760 in BFI; n = 501 in FFI-Std; n = 470 in FFI + LR. (a) Physician-reported colic-colic in the past
week; (b)Physician-reported colic-ever diagnosed with colic.

4. Discussion

A previously reported observational study found that GI tolerance was improved in in-
fants who received formula containing any prebiotics or probiotics or a combination thereof
compared with infants receiving formula that did not contain these ingredients [14]. The
current secondary analysis of the same observational study provides interesting comple-
mentary data for one specific probiotic that has often been associated with GI tolerance. We
found that formula containing L. reuteri DSM 17938 is associated with better GI tolerance,
less difficulty in passing stool and reduced colic compared to formula without any probiotic
or prebiotic. Further, infants receiving formula with L. reuteri had similar GI tolerance and
prevalence of difficulty passing stools or colic as breastfed infants. Interestingly, the IGSQ
composite score for breastfed infants and infants on L. reuteri-containing formula was below
23 indicating no GI distress, while for infants on standard formula without any probiotic
or prebiotic, it was above 23, which is the threshold used to denote problematic tolerance
with certain GI distress [15]. GI tolerance is an important factor for parents as signs of
intolerance is a primary reason why they seek help from health care professionals and for
infant formula switches [9,17]. Assessing GI tolerance, however, is challenging without an
objective assessment tool. The use of a validated, standardized tool, such as the IGSQ in
this study, provides a metric that is tangible and interpretable by clinicians and researchers
and that allows for comparisons across studies. Indeed, the IGSQ composite score in our
study for the L. reuteri-containing formula was similar to that from a real-world study
for a formula containing L. reuteri and two human milk oligosaccharides reporting scores
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of 21.3 in mixed-fed infants and 22.7 in exclusively formula-fed infants at approximately
6 weeks of age [18]. Similarly, infants who switched to a formula containing L. reuteri and
2′fucosyllactose improved their IGSQ composite score from above 30 to 22.1 after receiving
the L. reuteri-containing formula for 3 weeks [19]. Other studies conducted in the US and in
China using the IGSQ to assess GI tolerance of formulas with optional ingredients reported
lower composite scores [20,21]. Differences among studies might be explained by different
effects of the various optional formula ingredients that were studied. As only 1 or 2 items
in the IGSQ being answered differently could substantially affect the composite score, the
sensitivity of the IGSQ must be considered when comparing across studies. Another reason
for the differences observed among studies might be underlying baseline differences in
diverse geographical regions.

Compared with formula without any probiotic or prebiotic, we found that L. reuteri-
containing formula was associated with lower prevalence of colic and reduced crying time.
These finding are consistent with a recent systematic review [22] that included 11 RCTs and
5 meta-analyses of probiotic use in relation to colic management. L. reuteri was the most
commonly studied probiotic and the five meta-analyses examined oral administration of
L. reuteri DSM 17938 or its mother strain L. reuteri ATCC 55730 in infants with colic. The
meta-analyses showed strong evidence for the relief of colic symptoms in breastfed infants
who received L. reuteri supplementation compared with placebo [23–27]. For formula-fed
infants, for which a smaller number of studies was available than for breastfed infants,
the evidence for reduced colic symptoms was moderate for probiotics [22] and data for
L. reuteri was not conclusive. Our study provides effectiveness data that adds to the
evidence base from RCTs and indicates a beneficial effect in formula-fed infants in terms
of colic and crying when L. reuteri is part of a formula matrix. Additional clinical trials of
formula-fed infants are still warranted to better understand the potential effects of L. reuteri
on colic in this population.

L. reuteri has also been evaluated in prior trials in relation to spitting-up and results
are consistent with the findings of our real-world study showing that infants receiving a
L. reuteri-containing formula had fewer occasions of spitting-up than those receiving for-
mula without any probiotic or prebiotic. In a randomized, double-blind trial of formula-fed
infants with frequent regurgitation, the median number of episodes per day of spitting-up
was reduced after 30 days in those receiving a L. reuteri-containing formula compared
to those receiving control formula [28]. A randomized study of breastfed infants given
L. reuteri or placebo also found a significant reduction in spitting-up after 28 days [29].
These effects might be explained by the influence L. reuteri has on the gastric emptying
time [28].

In this study, we also observed differences in stooling patterns by feeding regimen.
Stool consistency in infants receiving formula with L. reuteri pointed in the direction of
breastfed infants (towards a softer consistency) and was indeed softer than in infants
receiving formula without any probiotic or prebiotic. Additionally, difficulty in passing
stools in infants who received formula with L. reuteri was similar to breastfed infants, but
significantly lower compared with infants receiving formulas without any probiotic or
prebiotic. It is hypothesized that probiotics may improve GI tract function and hence
GI tolerance through several pathways. For example, L. reuteri, may help balance the
gut microbiota by increasing beneficial bacteria and reducing pathogens [30] or may also
strengthen the mucosal barrier [31]. These effects can influence gut motility [32] and hence
stooling characteristics. Additionally, L. reuteri has been shown to reduce inflammatory
markers such as calprotectin [33], possibly lowering the incidence of infectious diarrhea [34].
In exclusively breastfed colicky infants, L. reuteri supplementation reduced crying and/or
fussing time [35–37], possibly by impacting gut microbiota composition, thus reducing
abdominal gas and associated pain [34].

L. reuteri DSM 17938 has been examined in relation to multiple outcomes in clinical
studies of infants [12]. However, most of the available data is for L. reuteri supplements
in breastfed infants and real-world effectiveness data has only been published for infant
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formula combining L. reuteri and prebiotics [38] or for infant formula containing any pre-
and/or probiotics [14] but not L. reuteri alone. Thus, the key strength of this study is
its novelty providing the first large-scale real-world effectiveness data for one specific
probiotic, L. reuteri DSM 17938, as part of a formula matrix covering a broad spectrum of
endpoints including GI tolerance, stooling pattern and colic prevalence. Regarding colic,
we collected information to examine both ever being diagnosed with colic and colic in the
past week. The consistent findings for both outcomes—short- and long-term—strengthen
the validity of the colic data. This study is additionally strengthened by its large sample
size and the multi-country design which covered different lower or upper middle-income
countries for which data on GI tolerance in formula-fed infants is limited. The study
used a standardized, validated questionnaire to assess GI tolerance which allows for the
comparison with other published literature that also utilized the IGSQ. One limitation
of this study is the cross-sectional design; however, the IGSQ included a period of one
week and in the FPGCQ, we retrospectively assessed colic prevalence over a longer period.
Some statistically significant differences between the groups were observed in the baseline
characteristics of the studied infants, hence ANCOVA models were adjusted notably for
delivery type and mother’s education. Another limitation is that this was a secondary
analysis of an observational study and thus the study design was not a priori powered for
the specific outcomes examined herein.

5. Conclusions

In conclusion, in our real-world observational study, L. reuteri-containing formula
was associated with improved overall digestive tolerance and behavioral patterns, softer
stooling pattern and with reduced odds of physician-confirmed infantile colic. Our re-
sults add to the evidence base from RCTs examining L. reuteri DSM 17938, particularly
for formula-fed infants. The similar conclusions drawn from our observational study
conducted in a real-world setting and the existing body of RCTs are indicating that the ob-
served effects of L. reuteri will translate into the broader population outside of a controlled
clinical trial setting.
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