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Abstract: About 1 in 4 infants comes forward with prolonged crying, agitation, or infant colic
(IC) during the first three months of life and is referred for medical evaluation. The pathogenesis
remains poorly understood, as do its implications for future health. The aim of this narrative
review was to critically examine and discuss the available literature on long-term consequences
of excessive crying and/or colic. Most studies display an association between IC and the onset of
functional gastrointestinal disorders (FGIDs) years later, probably related to the presence of common
etiopathogenetic factors (environmental, dietary, intestinal dysmotility, visceral hypersensitivity).
Although allergic disease in first-degree relatives may be a risk factor for IC, the latter does not
appear to be a risk factor for subsequent atopic disease in the individual. Overall, there seems to be
a relationship between IC and subsequent headaches, of the migraine type. Similarly, behavioral
problems in children with a history of IC appear to be associated with higher parental stress scores.
However, the current evidence is based on associations, and currently, a causal relationship between
excessive crying and IC and long-term consequences remains not documented.

Keywords: infantile colic; migraine; atopic eczema; food allergy; behavioral disorders; developmental
disorders

1. Introduction

Infant colic (IC) is commonly observed in the first three months of childhood and
affects 2% to 73% of newborns worldwide, depending on the diagnostic criteria used [1,2].
IC generally resolves in the first six months of life, but persistent symptoms can contribute
to parental anxiety, causing repeated reports to physicians [3]. Their pathogenesis remains
poorly understood, as do their implications for future health. This condition is described as
a multifactorial syndrome [4]. A pathophysiological role in the development of IC may be
played by the complex interactions between behavioral factors (psychological and social),
nutritional factors (hypersensitivity or food allergies), an immaturity of the structure and
function of the gastrointestinal tract, an excessive amount of gas in the gut, abnormalities
of intestinal hormones, and gut dysmotility [5-7]. One of the most recent theories assigns a
key role to the imbalance in the composition of the intestinal microbiota that would seem to
affect the occurrence of IC [8]. An immaturity of the microbiota and nervous and immune
systems of the gastrointestinal tract exists at birth [9]. The appropriate development of the
gut microbiota, which is essential for proper maturation of the immune system and has ben-
eficial effects on the whole body;, is strongly influenced by the neonatal period [10]. Reduced
microbial diversity, elevated levels of calprotectin, and antimicrobial proteins released by
intestinal neutrophils probably related to low-grade intestinal inflammation have been
identified in colicky infants compared with healthy infants [11]. Other recent hypotheses
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suggest the possible role of postpartum depression, parental anxiety, stressful pregnancies,
adverse experiences during childbirth, poor parenting skills, and dysregulation of the
gut-brain axis in the etiopathogenesis of IC.

In this context, it is interesting to note that several sequelae seem to be associated
with the presence of IC early in life, such as gastrointestinal disorders, psychological and
allergic disorders, such as atopic eczema and food allergy, migraine, and behavioral and
developmental disorders [12-15].

If IC is an early manifestation of these disorders, this would have significant implica-
tions for their treatment and prevention.

The purpose of this narrative review was to critically explore and discuss the exist-
ing published literature on long-term consequences of excessive crying and/or colic. In
addition, based on the evidence from the relevant available literature, it is intended to
establish whether there is an association between excessive crying time and/or colic in
early childhood and the long-term health implications for infants.

2. Materials and Methods

Two independent authors (VD and FI) searched the PubMed, Embase, and Web of
Science databases for articles published from inception through 01 August 2022 on the
long-term consequences of excessive crying and/or colic.

The following search keywords were used in the databases: IC, functional gastroin-
testinal disorders (FGIDs), migraine, headache, allergic disorders, asthma, atopy, behavior,
sleep mood, hyperactivity, attention-deficit/hyperactivity disorder (ADHD), autism spec-
trum disorder (ASD), cognitive development, colic symptoms, daily crying, as well as their
combinations.

Observational studies (retrospective, cross-sectional, or prospective) and randomized
clinical trials that discussed the relationship between excessive crying and/or colic and
their long-term consequences were included. The literature search was limited to articles
published in English in peer-reviewed journals in order to select studies that underwent a
rigorous international peer-review process.

3. Search Results

Among the articles included there were 5 articles concerning the correlation between
IC and onset of FGIDs; 4 articles on allergy-based disorders; 3 on the risk of migraine onset;
and 10 on alterations in behavior, sleep mood, hyperactivity, ADHD, ASD, and cognitive
development.

Table 1 provides a summary of the studies included in the results.

Table 1. Summary of studies on long-term consequences of excessive crying and/or colic.

Reference Study Type Population Results Author’s Conclusion
Colic and FGIDs
History of IC was detected
in 26.41% of children Children with a history
. . N = 2987 with FGIDs + N diagnosed with FGIDs of IC have a higher
Indrio Fetal. [16] Retrospective = 3121 healthy controls compared to 11.34% of prevalence
healthy controls (p < 0.001, of FGIDs years later
OR 2.81)
. FGIDs were observed in
N . 75. (Ch.l Idren 28% and 5.6% of children The early probiotic
P . participating in RCT of . . .
rospective, follow up e ; with and without supplementation had no
Partty A etal. [17] probiotic intervention (L. . . .
study at 13 years rhamnosus GG ATCC 5310) colic-type crying during effect on the development

Savino F et al. [18]

Prospective, follow up
study at 10 years

in perinatal period)

N =96 (aged 10 years, 48
with history of IC + 48
healthy controls)

the seventh week of life,
respectively (p = 0.05)
Recurrent abdominal pain
was observed in 33.33%
and 4.42% of infants with
and without IC,
respectively (p = 0.031)

of FGIDs

Susceptibility to recurrent
abdominal pain in
childhood may be

increased

by IC
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Table 1. Cont.

Reference

Study Type

Population

Results

Author’s Conclusion

Vandenplas Y et al. [2]

Canivet C et al. [19]

Cerrato S et al. [20]

Kalliomaki M et al. [14]

Castro-Rodriguez JA et al. [21]

Savino F et al. [18]

Canivet C et al. [19]

Rautava P et al. [22]

Rao MR et al. [23]

Smarius L et al. [24]

Savino F et al. [18]

Review, questionnaire to
clinicians

Prospective, follow up
study at 4 years

Longitudinal, follow up
study at 5 years

Prospective

Prospective

Prospective, follow up
study at 10 years

N = 369 clinicians

N = 50 with history of IC +
N = 102 healthy controls

Colic and allergic disorders

N =50 (25 colicky infants
receiving L. reuteri DSM
17983 + 23 placebo)

N = 116 high risk
new-born infants for
allergic disorders

N = 1246 (90 with IC)

N =96 (aged 10 years, 48
infants who had been
examined for severe IC +
48 controls)

Prevalence of IC is
estimated to be
approximately 20% and
may have an impact on
future health outcomes
Stomach-aches were more
common in ex-colicky
children (p = 0.037)

Prevalence of atopic
disorders was 8% in
intervention group vs.
34.8% in placebo group at
five years of age (OR 0.16;
95% CI 0.03-0.88)

IC was significantly
greater in children
developing atopic disease
than in controls (p = 0.04)

9.2% of children had IC

There was an association
between IC and allergic
disorders (p < 0.05); no

differences were found for

anaphylaxis and urticaria

Colic and behavior, sleep, hyperactivity, ADHD, ASD, cognitive development

Prospective, follow up
study at 4 years

Prospective, follow up
study at 3 years

Prospective, follow up
study at 5 years

Prospective and
observational

Prospective, follow up
study at 10 years

N =152 (50 with history of
IC + 102 healthy controls)

N = 1204 (338 with IC)

N =327

N = 3369 (102 excessive
infant crying)

N =96 (aged 10 years, 48
infants with a history of IC
+ 48 controls)

No differences were found
in the two groups
regarding sleeping habits
and behavior scales
IC children had more
sleeping problems and
more frequent temper
tantrums than the control
group at 3 years of age
Performance and verbal
1Q scores of children with
prolonged crying were 9.2
and 6.7 points lower than
the control group,
respectively (p < 0.05 and
p = 0.06); they also had
poorer fine motor abilities
compared with the control
group (p< 0.05)
Excessive infant crying
doubles the risk of
behavioral, hyperactivity,
and mood problems at the
age of 5-6 [ORs between
1.75 (95 % CI 1.09-2.81)
and 2.12 (95 % CI
1.30-3.46)]

Sleep disorders were
found in 56.25% of
ex-colicky subjects and in
12.50% of ex-non-colicky
infants, aggressiveness
was found in 41.67% vs.
6.20%, a feeling of
supremacy was found in
37.50% vs. 4.42%.

Prospective studies are
needed to obtain more
accurate estimates of
consequences of IC

There are no serious
long-term complications
of IC

The use of L. reuteri in the
treatment of IC decreased
prevalence of atopic
disorders at five years of
age

Studies are needed to
assess gut barrier
functions and possible
modulation of gut
microflora to prevent
allergy
There was no association
between IC and markers of
atopy, asthma, allergic
rhinitis
or wheezing at any age

Susceptibility to allergic
disorders in childhood
may be increased by IC

There are no serious
long-term
complications of IC

The families with IC
infants had more distress
3 years later

IC had no effect on
cognitive development

Special care for mothers
with a high care load for
their baby who cries
excessively may be a
strategy to prevent
behavior problems later
in life

Susceptibility to
psychological disorders in
childhood may be
increased
by IC
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Table 1. Cont.

Reference Study Type Population Results Author’s Conclusion
18.9% of children with
persistent crying in
1nfancy had pervasive Children with persistent
hyperactivity problems vs. ervine in infancy are at
Prospective, N = 64 persistent crying in 18.9% of controls; yingr dri l}(l for
Wolke D et al. [25] follow up study at 8-10 infancy academic achievement h eiaiiisveit Srob?ems
years + N = 64 healthy controls was reported by teachers P yP

Gelfand A et al. [26]

Sillanpda M et al. [27]

Romanello S et al. [4]

A systematic review and
meta- analysis.

Prospective,
Follow-up study at ages 3,
12,15 and 18 years

Colic and Migraine
3 studies included in the

primary analysis

N =787 (96 with history
of IC)

to be significantly lower
for children with
persistent crying than
controls

OR for the association
between migraine and
infant colic was 6.5 (p <
0.001) for the fixed-effects
model and 5.6 (p = 0.004)
for the random-effects
model
23% of adolescents with
history of IC suffered from
migraine vs. 11% who had
no history. Of the these,
64% had migraine without
aura and 36% had

and academic difficulties
in childhood

IC was associated with
increased OR of migraine

Infants with IC had an
almost three-fold risk for
adolescent migraine
without aura, but no
increased risk for migraine
with aura

migraine with aura.
72.6% of adolescents with
history of IC suffered from
migraine vs. 26.5% who
had no history (p = 001),
either migraine without
aura (73.9% vs. 26.5%), or
migraine with aura (69.7%
vs. 26.5%)

N =679 (208 with
migraine + 471 heathy
controls)

Presence of migraine in
children was associated
with a history of IC.

case—control study

N, number of patients; FGIDs, functional gastrointestinal disorders; IC, infantile colic; OR, odds ratio; ADHD,
attention-deficit hyperactivity disorders; ASD, autism spectrum disorder.

4. Discussion
4.1. Functional Gastrointestinal Disorders

FGIDs have been defined as a variable combination of chronic or recurrent gastroin-
testinal symptoms unrelated to organic pathology. A 2015 study estimated the worldwide
prevalence of FGIDs-related abdominal pain to be 13.5%, and the most common disorder
was found to be irritable bowel syndrome [28].

FGIDs compromise the quality of life of children as they are associated with significant
morbidity and require a high cost to health care.

Their etiopathogenesis has not yet been clarified, and there is no diagnostic test that
leads to a definitive diagnosis. However, some etiological factors have been identified, such
as visceral hypersensitivity, infections, genetic factors, stress, and alterations in the gut
microbiota. Evidence suggests that there is a constant bidirectional dialogue between brain
and gut, which seems to be the mechanism linking emotional state with gastrointestinal
dysfunction. Finally, recent preclinical studies indicate that changes in the gut microbiota
may influence brain signaling systems related to pain and its associated emotional behavior.
Traditionally, they have been considered self-limited diseases; however, altered microbiota
and trans-mucosal passage of antigens across the immature intestinal barrier may play a
crucial role in the pathogenesis of these functional disorders [29]. Furthermore, it has been
hypothesized that this kind of early traumatic insult could be a risk factor for the onset of
other FGIDs such as recurrent abdominal pain later in childhood [30].

Based on these hypotheses, several researchers have attempted to study the long-term
impact of FGIDs in infants not only to identify its pathogenesis but also to seek an effective
treatment or preventive approach.
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Indrio et al. conducted a large retrospective study of patients with recurrent abdominal
pain that were referred to a pediatric gastroenterology outpatient clinic from January 2002
to December 2009 [16]. The diagnosis of FGIDs related to abdominal pain was made
according to Rome II or Rome III diagnostic criteria valid at the time of evaluation. In
total, 2987 patients (1875 males, mean age 7.9 years) were enrolled. The study population
was matched with 3121 healthy controls (1789 males, median age 7.5 years), age- and
gender-matched, with no history of recurrent abdominal pain enrolled among pediatricians
practicing primary health care. History of IC, regurgitation, and functional constipation
was found in 26.41, 25.31, and 30.16 percent of children diagnosed with FGIDs compared
with 11.34, 12.85, and 11.76 percent of healthy children, respectively (p < 0.001, odds ratio
(OR) 2.81; p < 0.001, OR 2.30; and p < 0.001, OR 3.24).

Despite the limitations of the study, based on these results obtained from a large
population, it can be hypothesized how the early occurrence of bowel discomfort may be a
risk factor for the development of recurrent abdominal pain.

These hypotheses were subsequently confirmed and extended by further studies.

A prospective survey with follow-up at 4 years of age on FGIDs conducted on
50 formerly colicky children and 102 healthy controls was conducted in Sweden [19].
Formerly colicky children differed significantly from controls with regard to complaining
about stomach-ache (p = 0.037), while complaining about aches “in other parts of body” was
somewhat more frequent in healthy subjects, although there was no statistically significant
difference (p = 0.08). Similarly soiling and constipation were more common in the Control
Group but not statistically significant (p = 0.053 and 0.097, respectively).

Similarly, Savino et al. conducted a prospective study of 96 infants who were enrolled
from January 1991 to December 1993, including 48 infants who had been examined for
severe IC and 48 controls [18]. At age 10 years, each group was subsequently reevaluated
for gastrointestinal complaints (gastritis and peptic ulcer, recurrent abdominal pain and
constipation). Recurrent abdominal pain was observed in 33.33% of ex-colic infants and
4.42% of ex-non-colic infants (p = 0.001; RR 10.7). No significant difference between the two
groups of infants was found for the other gastrointestinal disorders examined. The results
of this study show an association between IC and recurrent abdominal pain, in agreement
with what has been shown in previous studies listed above.

Partty et al. conducted a randomized, double-blind, prospective follow-up study of
probiotic intervention (Lacticaseibacillus rhamnosus GG (ATCC 53103; Valio Ltd. Helsinky,
Finland) or placebo) to assess the risk of occurrence of FGIDs later in life [17]. The prepa-
ration was administered to 159 mothers for 4 weeks before delivery, then given to the
infant or continuously to the mother, if breastfeeding, for 6 months. At 13 years of age, the
subjects (n = 75) were followed up, and the diagnosis of FGIDs was based on the modified
Rome III Diagnostic Questionnaire for Pediatric FGIDs Diagnosis [31].

The diagnosis of FGIDs was made in 15 children (20.3%), of whom 28% and 5.6% of
children with and without colic-like crying during the seventh week of life, respectively,
developed FGIDs (p = 0.05). Likewise, children manifesting with FGIDs had more colic-
type crying than healthy children during the seventh week of life (p = 0.005). The same
tendency was still observed during the 12th week of life (p = 0.08). Other modes of infant
distress were comparable between the groups (Abdominal migraine and IBS, being the
most common FGIDs diagnoses). Early probiotic supplementation had no effect on the
development of FGIDs, suggesting that different probiotics or combinations of probiotics
may be more effective in the treatment of pediatric FGIDs.

The results obtained from these studies should not be surprising, as the etiopatho-
genetic factors (environmental factors, dietary factors, intestinal dysmotility, visceral hyper-
sensitivity) and symptoms (increased intraluminal gas, irritability) are common to both IC
and FGIDs [32]. Indeed, it is well known that gastrointestinal dysmotility is a characteristic
of infants with colic but also of individuals with recurrent abdominal pain [33,34]. At
the intestinal level is located one of the largest lymphoid organs in the human organism:
inflammatory cytokines and chemokines, mast cell degranulation, and their interaction
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with the enteric nervous system are among the possible etiopathogenetic factors of gastroin-
testinal hypermotility and consequently cause the development of recurrent abdominal
pain [34].

In another study, not only the evidence published in the literature but also the opinions
of practicing physicians from around the world and international experts on the prevalence
and long-term health consequences of FGIDs in infants younger than 12 months were
reviewed [2]. As is already known, the consensus concludes that the worldwide prevalence
of IC is uncertain, estimated at about 20 percent, and may have a long-term impact on
future health outcomes in a subset of children.

4.2. Allergy and Atopic Diseases

Cow’s milk elimination diets with extensively hydrolyzed formula have been reported
as effective in IC [35,36]. Since allergic disease acquired early in life is considered as a
possible risk factor for the onset of the atopic march, predisposing for later allergic disease,
the question arises if IC predisposes for the onset of allergic disease later in life. Savino and
coworkers reported that a family history of gastrointestinal diseases ad atopic diseases was
significantly higher in infants with colic than in controls (p < 0.05) [18].

Savino and colleagues re-evaluated in a prospectively designed study 103 infants with
IC at the age of 10 years [18]. In total, 96/103 completed the study, and an association was
found between IC and recurrent abdominal pain (p = 0.001) and allergic disorders (allergic
rhinitis, conjunctivitis, asthmatic bronchitis, pollenosis, atopic eczema and food allergy) (p
< 0.05) [18]. Cerrato et al. reported a post hoc analysis of 50 breastfed infants with IC [28].
In a post hoc follow up of 48 of these 50 children when 4 years old (25 treated during
infancy with Limosilactobacillus (L.) reuteri DSM 17938 for IC and 23 children treated with
placebo), no difference in asthma (0 in both groups), in migraine (1 in the placebo group vs.
none on the L. reuteri group), but a significantly decreased prevalence of atopic disorders (8
(34.8%) in the placebo group vs. 2 (8%) (OR 0.16; 95% CI 0.03-0.88) in the L. reuteri group
at five years of age) [20]. In a prospective follow-up study 116 newborns with at least
one first-line relative with atopic eczema, allergic rhinitis or asthma were followed up to
the age of 2 years [14]. Atopic disease was diagnosed at age 2 years in 38% (44/116) and
asthma in 5% (6/116) [14]. Crying at the 7th week of life was not different in the group
with or without allergy at 2 years of age but fussing (p = 0.02) was. At the 12th week of life,
colic was more frequent in the allergic group (p = 0.04) and overall distress was not [14].
Castro-Rodriguez et al. reported in a series of 90 infants with IC, with a similar prevalence
in breastfed (9.2 % out of 425 infants) and formula fed (7.6% out of 316 infants), the absence
of an association between IC and markers of atopy, asthma, allergic rhinitis, wheezing or
peak flow variability at any age [21]. Children were followed up to the age of 14 years [21].

4.3. Migraine

A 2015 meta-analysis [26] of three studies, including two case—control studies [4,37]
and one cross-sectional study [38], showed that compared with infants without IC, those
with IC had increased odds of migraine (n = 891, OR 6.5; 95% CI 4.6-8.9, p < 0.001, for the
fixed-effects model and OR 5.6; 95% 3.3-9.5, p = 0.004, for the random-effects model). In a
sensitivity analysis, after excluding the study with the largest effect size [4], increased odds
remained for both the fixed-effects and random-effects models (OR 3.6, 95% CI 1.7-7.6,
p = 0.001). Included studies were prone to recall bias, so caution is needed when interpret-
ing the findings.

One subsequently published prospective cohort study involved 1107 Finish infants
with IC diagnosed until the age of 3 months who were followed-up at ages 3, 12, 15 and
18 years (n = 787). Migraine was present in 22/96 (23%) adolescents with a history of IC
compared with 74/658 (11%) adolescents with no such history. Among 22 adolescents
with a migraine, significantly more subjects had a migraine without aura than with aura
(14/22 (64%) vs. 8/22 (36%) [27].
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Overall, the findings suggest that IC is associated with an increased risk of migraine,
compared with no IC. Future studies on the mechanisms behind the associations are
justified.

4.4. Behavioral Problems

A 2011 systematic review and meta-analysis assessed the associations between prob-
lems with crying, sleeping and/or feeding in infancy and long-term behavioral outcomes in
childhood. Out of 22 included studies (search date: 2006), 10 reported on the consequences
of excessive crying (defined as crying with intense, unshootable crying bouts for no appar-
ent reason in the first 3 months of life) [18,19,22,23,25,39-43]. In the first six studies, these
were transient problems. In the remaining four studies, there were persistent regulatory
problems (defined as excessive crying beyond the third month of life and sleeping and
feeding problems that occurred at initial assessment and at follow-up). Overall, this sys-
tematic review concluded that there was a strong association between crying problems
during infancy and behavioral problems during childhood such as externalizing problems
and ADHD. Heterogeneity of the studies, including the heterogeneity of the outcomes
and methods of their assessment, and the small sample size in some of the included stud-
ies, indicate that further studies are needed. Below some of the included studies and
subsequently published studies are discussed in more detail.

In 1995, a Finish prospective study reported data on 865 (72%) infants with IC (di-
agnosed by mothers) out of 1204 initially enrolled. At a 3-year follow-up, infants with
IC had more sleeping problems and more frequent temper tantrums as measured with
questionnaires compared with children who had no IC during infancy. Moreover, the
families of the parents of infants who had a history of IC more often reported unsatisfaction
with the arrangement of daily family responsibilities and decreased shared leisure time
compared with families of children who had no IC [22].

In 2000, a Swedish prospective 4-year follow-up study of 50 infants with IC (however,
defined according to four different definitions) and 102 control children found no differences
were found in the two groups regarding most everyday behavioral aspects. The only
exception was “temper tantrums” (based on a temperament questionnaire) that were more
common in the ex-colicky group (p = 0.007) [19].

In 2005, an Italian prospective study of 96 infants found that those who had a history
of IC (n = 48) compared with those with no history of IC (n = 48) at 10 years of age
were more aggressive (41.67% vs. 6.20%, respectively), had more feelings of supremacy
(37.5% vs. 4.42%, respectively), and were fussier (68.65% vs. 14.58%, respectively). No
differences were found for enuresis or enjoying nursery/school [18].

In 2017, a Dutch population-based multiethnic birth cohort study (n = 3369) assessed
the associations between an excessive infant crying (crying for 3 h per day for every day in
one week) during the 13th week after birth, maternal burden of infant care, and maternal
aggressive behavior (either angry speaking, or physical aggression) using a questionnaire.
The study found that excessive crying was associated with an increased risk of maternally
reported conduct problems, hyperactivity, mood problems, and overall problem behavior
at the age of 5-6 years [ORs between 1.75 (95 % CI 1.09-2.81) and 2.12 (95 % CI 1.30-3.46)].
This association was mediated by maternal burden of infant care (change in odds’ ratio
1-17 %) and maternal aggressive behavior (change in odds’ ratio 4-10 %) [24].

Finally, in 2022, a prospective cohort study of Dutch infants with IC (according to
the Wessel criteria; n = 258) had increased odds of scoring in the clinical range of the
emotionally reactive (adj OR 2.96, 95% CI 1.24-7.06], internalizing (adj OR 2.50, 95% CI
1.35-4.62]; and total problems scale (adj OR 2.98, 95% CI 1.46-6.07). Internalizing (p < 0.001),
externalizing (p < 0.001), and total (p < 0.001) behavioral problems in children with a history
of IC were associated with higher parenting stress scores [44].
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4.5. Intelligence

A 2004 US prospective cohort study with a 5-year follow-up found that children with
prolonged excessive crying (n = 15) had an increased risk of lower IQ scores compared
with the control group (n = 264) (adj. difference —9.2, 95% CI —16.5 to —2.0), hyperactivity,
and discipline problems. No such problems were found in those with IC only (n = 48). IC
had no effect on cognitive development [43]. The small number of children with prolonged
crying and colic is one of the limitations of the study.

5. Conclusions

To our knowledge, the long-term outcomes of IC remain a very unexplored field, and
more evidence is needed to draw strong conclusions.

Data obtained from the various studies seem to confirm the multifactorial etiology in IC
since a high percentage of children with IC show allergic and psychological disorders later
in childhood, so these factors then may be playing an important role in the etiopathogenesis.
However, the current evidence is based on associations, and currently, a causal relationship
between excessive crying and IC and long-term consequences remains undocumented.

Most studies show an association between IC and the occurrence of FGIDs, probably
as a consequence of common etiopathogenetic factors (environmental, dietary, intestinal
dysmotility, visceral hypersensitivity) and symptoms (increased intraluminal gas, irritabil-
ity) as well. Although allergic disease in first-degree relatives may be a risk factor for IC, IC
does not appear to be a risk factor for subsequent atopic disease in the individual. However,
these results could be biased by the fact that more breastfed children were included. In
addition, although somewhat contradictory regarding the association between IC and type
of migraine or headache, overall, there seems to be a relationship between IC and the
subsequent headache of the migraine type. Similarly, behavioral problems in children with
a history of IC appear to be associated with higher parenting stress scores.

Finally, we emphasize the lack of universal definitions of excessive crying and/or IC
in all included studies. Limitations of some studies include a rather small study population,
a considerable dropout rate, heterogeneity of study designs, outcomes assessed and assess-
ment methods, and the presence of significant independent confounding effects of genetic
factors such as parental IQ or mode and duration of breastfeeding. New assessments such
as children’s and parents” quality of life, sleep time, and the impact of the condition on
parents could probably be useful.

The collection of reliable data in prospective long-term follow-up studies according to
agreed, more homogeneous, and well-defined criteria is needed to obtain more accurate
estimations of long-term sequelae of these common childhood symptoms, to confirm these
correlations, but also to find effective preventive approaches and new treatment options.

Author Contributions: Conceptualization, EI. and Y.V.; methodology, V.N.D. and H.S.; data curation,
R.E; writing—original draft preparation, V.N.D., H.S. and Y.V.; writing—review and editing, FI. and
R.E. All authors have read and agreed to the published version of the manuscript.

Funding: Biogaia gave a unconditional support sponsoring the first meeting for this review.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All data are presented within the manuscript text and tables.

Conflicts of Interest: FI has participated as a clinical investigator, and /or advisory board member,
and/or consultant, and/or speaker for: Nutricia, BioGaia, Danone, Ordesa, Nestlé, NNI. RF has
participated as a clinical investigator, and /or advisory board member, and/or consultant, and/or
speaker for: Abvvie, Noos, Biogaia, NNI. HS has participated as a clinical investigator, and/or
advisory board member, and/or consultant, and/or speaker for: Arla, BioGaia, Biocodex, Danone,
Dicofarm, Nestlé, NNI, Nutricia, Mead Johnson. YV has participated as a clinical investigator, and/or
advisory board member, and/or consultant, and/or speaker for Abbott Nutrition, Alba Health,
Ausnutria, Biogaia, By Heart, CHR Hansen, Danone, ELSE Nutrition, Friesland Campina, Nestle



Nutrients 2023, 15, 615 90of 10

Health Science, Nestle Nutrition Institute, Nutricia, Mead Johnson Nutrition, Pileje, Sanulac, United
Pharmaceuticals (Novalac), Yakult, Wyeth.

References

1.  Zeevenhooven, J.; Koppen, L.J.N.; Benninga, M.A. The new Rome IV criteria for functional gastrointestinal disorders in infants
and toddlers. Pediatr. Gastroenterol. Hepatol. Nutr. 2017, 20, 1-13. [CrossRef]

2. Vandenplas, Y.; Abkari, A ; Bellaiche, M.; Benninga, M.; Chouraqui, ].P.; Cokuorap, F; Harb, T.; Hegar, B.; Lifschitz, C.; Ludwig,
T.; et al. Prevalence and health outcomes of functional gastrointestinal symptoms in infants from Birth to 12 Months of Age. J.
Pediatr. Gastroenterol. Nutr. 2015, 61, 531-537. [CrossRef] [PubMed]

3. Zeevenhooven, ].; Browne, P.D.; L'Hoir, M.P,; de Weerth, C.; Benninga, M. A. Infant colic: Mechanisms and management. Nat. Rev.
Gastroenterol. Hepatol. 2018, 15, 479-496. [CrossRef]

4. Romanello, S.; Spiri, D.; Marcuzzi, E.; Zanin, A ; Boizeau, P; Riviere, S.; Vizeneux, A.; Moretti, R.; Carbajal, R.; Mercier, ].C.; et al.
Association between childhood migraine and history of infantile colic. JAMA 2013, 309, 1607-1612. [CrossRef]

5. Douglas, P.; Hill, P. Managing infants who cry excessively in the first few months of life. BM]J 2011, 343, 1265-1269. [CrossRef]

6. Daelemans, S.; Peeters, L.; Hauser, B.; Vandenplas, Y. Recent advances in understanding and managing infantile colic.
F1000Research 2018, 7, 1426. [CrossRef]

7.  Sarasu, ].M.; Narang, M.; Shah, D. Infantile Colic: An Update. Indian Pediatr. 2018, 55, 979-987. [CrossRef]

8. De Weerth, C.; Fuentes, S.; Puylaert, P.; De Vos, W.M. Intestinal microbiota of infants with colic: Development and specific
signatures. Pediatrics 2013, 131, e550-e558. [CrossRef]

9. Vandenplas, Y.; Hauser, B.; Salvatore, S. Functional Gastrointestinal Disorders in Infancy: Impact on the Health of the Infant and
Family. Pediatr. Gastroenterol. Hepatol. Nutr. 2019, 22, 207. [CrossRef] [PubMed]

10.  Sekirov, I; Russell, S.L.; Caetano, M.; Antunes, L.; Finlay, B.B. Gut microbiota in health and disease. Physiol. Rev. 2010, 90, 859-904.
[CrossRef]

11. Savino, F; Cordisco, L.; Tarasco, V.; Calabrese, R.; Palumeri, E.; Matteuzzi, D. Molecular identification of coliform bacteria from
colicky breastfed infants. Acta Paediatr. Int. ]. Paediatr. 2009, 98, 1582-1588. [CrossRef] [PubMed]

12. Réiha, H.; Lehtonen, L.; Korhonen, T.; Korvenranta, H. Family Functioning 3 Years after Infantile Colic. J. Dev. Behav. Pediatr.
1997, 18, 290-294. [CrossRef] [PubMed]

13. Tacono, G.; Carroccio, A.; Montalto, G.; Cavataio, F.; Bragion, E.; Lorello, D.; Balsamo, V.; Notarbartolo, A. Severe infantile colic
and food intolerance: A long-term prospective study. J. Pediatr. Gastroenterol. Nutr. 1991, 12, 332-335. [CrossRef] [PubMed]

14. Kalliomiki, M.; Laippala, P.; Korvenranta, H.; Kero, P.; Isolauri, E. Extent of fussing and colic type crying preceding atopic disease.
Arch. Dis. Child. 2001, 84, 349-350. [CrossRef]

15. Keefe, M.R,; Kotzer, A.M.; Froese-Fretz, A.; Curtin, M. A Longitudinal Comparison of Irritable and Nonirritable Infants. Nurs.
Res. 1996, 45, 4-9. [CrossRef] [PubMed]

16. Indrio, F; Di Mauro, A.; Riezzo, G.; Cavallo, L.; Francavilla, R. Infantile colic, regurgitation, and constipation: An early traumatic
insult in the development of functional gastrointestinal disorders in children? Eur. J. Pediatr. 2015, 174, 841-842. [CrossRef]

17.  Partty, A.; Kalliomaki, M.; Salminen, S.; Isolauri, E. Infant distress and development of functional gastrointestinal disorders in
childhood: Is there a connection? JAMA Pediatr. 2013, 167, 977-978. [CrossRef]

18. Savino, E; Castagno, E.; Bretto, R.; Brondello, C.; Palumeri, E.; Oggero, R. A prospective 10-year study on children who had
severe infantile colic. Acta Paediatr. 2007, 94, 129-132. [CrossRef]

19. Canivet, C.; Jakobsson, I.; Hagander, B. Infantile colic. Follow-up at four years of age: Still more “emotional.”. Acta Paediatr. 2000,
89, 13-17. [CrossRef]

20. Cerrato, S.; De Marco, A.; Calabrese, R.; Savino, F. Atopic disorders, asthma, migraine and BMI Z-score in children treated with
Lactobacillus reuteri for infantile colic: A post hoc analysis. |. Pediatr. Gastroenterol. Nutr. 2014, 58 (Suppl. 1), 500.

21. Castro-Rodriguez, J.A.; Stern, D.A.; Halonen, M.; Wright, A.L.; Holberg, C.J.; Taussig, L.M.; Martinez, F.D. Relation between
infantile colic and asthma/atopy: A prospective study in an unselected population. Pediatrics 2001, 108, 878-882. [CrossRef]

22. Rautava, P.; Lehtonen, L.; Helenius, H.; Sillanpaa, M. Infantile colic: Child and family three years later. Pediatrics 1995, 96, 43—47.
[CrossRef]

23. Rao, M.R; Brenner, R.A.; Schisterman, E.F,; Vik, T.; Mills, ].L. Long term cognitive development in children with prolonged crying.
Arch. Dis. Child. 2004, 89, 989-992. [CrossRef]

24. Smarius, LJ.C.A,; Strieder, T.G.A.; Loomans, E.M.; Doreleijers, T.A.H.; Vrijkotte, T.G.M.; Gemke, R.J.; van Eijsden, M. Excessive
infant crying doubles the risk of mood and behavioral problems at age 5: Evidence for mediation by maternal characteristics. Eur.
Child Adolesc. Psychiatry 2017, 26, 293-302. [CrossRef]

25. Wolke, D.; Rizzo, P.; Woods, S. Persistent infant crying and hyperactivity problems in middle childhood. Pediatrics 2002, 109,
1054-1060. [CrossRef]

26. Gelfand, A.A.; Goadsby, PJ.; Allen, LE. The relationship between migraine and infant colic: A systematic review and meta-analysis.
Cephalalgia 2015, 35, 63-72. [CrossRef]

27. Sillanpad, M.; Saarinen, M. Infantile colic associated with childhood migraine: A prospective cohort study. Cephalalgia 2015, 35,

1246-1251. [CrossRef]


http://doi.org/10.5223/pghn.2017.20.1.1
http://doi.org/10.1097/MPG.0000000000000949
http://www.ncbi.nlm.nih.gov/pubmed/26308317
http://doi.org/10.1038/s41575-018-0008-7
http://doi.org/10.1001/jama.2013.747
http://doi.org/10.1136/bmj.d7772
http://doi.org/10.12688/f1000research.14940.1
http://doi.org/10.1007/s13312-018-1423-0
http://doi.org/10.1542/peds.2012-1449
http://doi.org/10.5223/pghn.2019.22.3.207
http://www.ncbi.nlm.nih.gov/pubmed/31110953
http://doi.org/10.1152/physrev.00045.2009
http://doi.org/10.1111/j.1651-2227.2009.01419.x
http://www.ncbi.nlm.nih.gov/pubmed/19604166
http://doi.org/10.1097/00004703-199710000-00002
http://www.ncbi.nlm.nih.gov/pubmed/9349971
http://doi.org/10.1097/00005176-199104000-00008
http://www.ncbi.nlm.nih.gov/pubmed/2072224
http://doi.org/10.1136/adc.84.4.349
http://doi.org/10.1097/00006199-199601000-00002
http://www.ncbi.nlm.nih.gov/pubmed/8570421
http://doi.org/10.1007/s00431-014-2467-3
http://doi.org/10.1001/jamapediatrics.2013.99
http://doi.org/10.1111/j.1651-2227.2005.tb02169.x
http://doi.org/10.1080/080352500750028988
http://doi.org/10.1542/peds.108.4.878
http://doi.org/10.1542/peds.96.1.43
http://doi.org/10.1136/adc.2003.039198
http://doi.org/10.1007/s00787-016-0888-4
http://doi.org/10.1542/peds.109.6.1054
http://doi.org/10.1177/0333102414534326
http://doi.org/10.1177/0333102415576225

Nutrients 2023, 15, 615 10 of 10

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.
38.

39.
40.
41.
42.

43.

44.

Korterink, J.J.; Diederen, K.; Benninga, M.A.; Tabbers, M.M. Epidemiology of pediatric functional abdominal pain disorders: A
meta-analysis. PLoS ONE 2015, 10, e0126982. [CrossRef]

Kulkarni, D.H.; Gustafsson, J.K.; Knoop, K.A.; McDonald, K.G.; Bidani, S.S.; Davis, J.E.; Floyd, A.N.; Hogan, S.P,; Hsieh, C.S,;
Newberry, R.D. Goblet cell associated antigen passages support the induction and maintenance of oral tolerance. Mucosal
Immunol. 2020, 13, 271-282. [CrossRef]

Saps, M.; Lu, P; Bonilla, S. Cow’s-milk allergy is a risk factor for the development of FGIDs in children. J. Pediatr. Gastroenterol.
Nutr. 2011, 52, 166-169. [CrossRef]

Helgeland, H.; Flagstad, G.; Gretta, J.; Vandvik, P.O.; Kristensen, H.; Markestad, T. Diagnosing pediatric functional abdominal
pain in children (4-15 Years Old) according to the Rome III Criteria: Results from a norwegian prospective study. J. Pediatr.
Gastroenterol. Nutr. 2009, 49, 309-315. [CrossRef] [PubMed]

Hyman, P.E. Functional gastrointestinal disorders and the biopsychosocial model of pratice. ]. Pediatr. Gastroenterol. Nutr. 2001,
32, 55-57. [CrossRef] [PubMed]

Hill, D.J.; Hosking, C.S. Infantile colic and food hypersensitivity. J. Pediatr. Gastroenterol. Nutr. 2000, 30, S67-576. [CrossRef]
[PubMed]

Milla, PJ. Irritable bowel syndrome in childhood. Gastroenterology 2001, 120, 287-290. [CrossRef]

Gordon, M; Biagioli, E.; Sorrenti, M.; Lingua, C.; Moja, L.; Banks, S.5.C.; Ceratto, S.; Savino, F. Dietary modifications for infantile
colic. Cochrane Database Syst. Rev. 2018, 2018, CD011029. [CrossRef]

Perry, R.; Leach, V.; Penfold, C.; Davies, P. An overview of systematic reviews of complementary and alternative therapies for
infantile colic. Syst. Rev. 2019, 8, 271. [CrossRef]

Jan, M.M.S; Al-Buhairi, A.R. Is infantile colic a migraine-related phenomenon? Clin. Pediatr. 2001, 40, 295-297. [CrossRef]
Gelfand, A.A.; Thomas, K.C.; Goadsby, P.J. Before the headache: Infant colic as an early life expression of migraine. Neurology
2012, 79, 1392-1396. [CrossRef]

Elliott, M.R.; Pedersen, E.L.; Mogan, J. Early Infant Crying: Child and Family Follow-up at Three Years. Can. J. Nurs. Res. 1997,
29, 47-67.

Neu, M.; Robinson, J.A. Infants with colic: Their childhood characteristics. J. Pediatr. Nurs. 2003, 18, 12-20. [CrossRef]
James-Roberts, 1.S. Stability and outcome of persistent infant crying. Infant Behav. Dev. 1998, 21, 411-435. [CrossRef]

Desantis, A.; Coster, W.; Bigsby, R.; Lester, B. Colic and fussing in infancy, and sensory processing at 3 to 8 years of age. Infant
Ment. Health |. 2004, 25, 522-539. [CrossRef]

Papousek, M.; Wurmser, H.; von Hofacker, N. Clinical perspectives on unexplained early crying: Challenges and risks for
infant mental health and parent-infant relationships. In New Evidence on Unexplained Early Infant Crying: It Origins, Nature and
Management; Barr, R.G., St James-Roberts, 1., Keefe, M.R., Eds.; Skillman: Somerset, NJ, USA, 2001.

Zeevenhooven, J.; de Bruin, FE.; Schappin, R.; Vlieger, A.M.; van der Lee, ].H.; Haverman, L.; van Sleuwen, B.E.; L'Hoir, M.P;
Benninga, M.A. Follow-up of infants with colic into childhood: Do they develop behavioural problems? J. Paediatr. Child Health
2022, 58, 2076-2083. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1371/journal.pone.0126982
http://doi.org/10.1038/s41385-019-0240-7
http://doi.org/10.1097/MPG.0b013e3181e85b55
http://doi.org/10.1097/MPG.0b013e31818de3ab
http://www.ncbi.nlm.nih.gov/pubmed/19525874
http://doi.org/10.1097/00005176-200104001-00003
http://www.ncbi.nlm.nih.gov/pubmed/11321424
http://doi.org/10.1097/00005176-200001001-00011
http://www.ncbi.nlm.nih.gov/pubmed/10634302
http://doi.org/10.1053/gast.2001.21601
http://doi.org/10.1002/14651858.CD011029.pub2
http://doi.org/10.1186/s13643-019-1191-5
http://doi.org/10.1177/000992280104000512
http://doi.org/10.1212/WNL.0b013e31826c1b7b
http://doi.org/10.1053/jpdn.2003.3
http://doi.org/10.1016/S0163-6383(98)90017-0
http://doi.org/10.1002/imhj.20025
http://doi.org/10.1111/jpc.16174
http://www.ncbi.nlm.nih.gov/pubmed/36054703

	Introduction 
	Materials and Methods 
	Search Results 
	Discussion 
	Functional Gastrointestinal Disorders 
	Allergy and Atopic Diseases 
	Migraine 
	Behavioral Problems 
	Intelligence 

	Conclusions 
	References

