
ORIGINAL ARTICLE

Follow-up of infants with colic into childhood: Do they develop
behavioural problems?
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Aim: To assess whether infants with colic (IC) demonstrate persisting developmental dysregulation into childhood, manifested as behavioural
problems, and to determine if these behavioural problems are associated with parenting factors.
Methods: Preschool children with a history of IC at the age of 0–3 months, as defined by the Wessel criteria, were invited to participate in an
observational follow-up study, in which their caregivers completed the Child Behaviour Checklist (CBCL). Raw scores and clinical-range scores on
the internalising, externalising and total behavioural problems scales were compared with a Dutch normative sample using independent t-tests
and Chi-square tests. For the clinical-range scores, multivariable logistic regressions (odds ratios [99% confidence interval, CI]) were used to adjust
for confounders and to identify variables associated with behavioural problems.
Results: Two hundred and fifty-eight children with a history of IC (median age 5.1 (interquartile range, IQR 4.6–5.5) years, 51.9% boys) were included.
The cases had a significantly higher adjusted risk (adjusted odds ratios (aORs) [99% CI]) of scoring in the clinical range of the emotionally reactive, inter-
nalising and total problems scale (2.96 [1.24–7.06]; 2.50 [1.35–4.62]; 2.98 [1.46-6.07], respectively). Internalising (P < 0.001), externalising (P < 0.001)
and total (P < 0.001) behavioural problems in children with a history of IC were associated with higher parenting stress scores.
Conclusions: Children with a history of IC demonstrated significantly more internalising behavioural problems at preschool age compared to the norm
sample. Specific advice and support need to be available for parents to understand and regulate the behaviour of their child, from infancy to childhood.
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What is already known on this topic

1 Infant colic (IC) has been shown to be linked to adverse develop-
ment of the child and family functioning on the short term,
including maternal postnatal depression, or in the long term,
including behavioural problems.

2 Results, however, must be interpreted with caution because
most studies are of retrospective nature, with a high risk of
recall bias.

What this paper adds

1 A significantly higher percentage of preschool children with a
history of IC have emotionally reactive, internalising and total
behaviour problems compared to the norm group.

2 Internalising, externalising and total behavioural problems in chil-
dren with a history of IC were associated with higher parenting
stress scores.
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Excessive, inconsolable crying, often described as infant colic

(IC), is a common concern for parents and health care providers.

It causes 10% of all paediatrician or healthy baby clinic visits of

infants aged 2 weeks to 3 months.1–3 Prevalence rates of infant

colic range from 17 to 25%.4 Infant colic resolves spontaneously

after 4–5 months of age in the majority of infants.5 Accordingly,

some studies demonstrate an overall good prognosis without any

long-term behavioural consequences in children who cried exces-

sively in the first 3 months of life followed until the age of

4 years.6,7 However, other studies link infant colic to adverse

development of the child and family functioning. in the short

term, infant colic has been associated with increased maternal

postnatal depression,8 decreased breastfeeding duration,9 and

child abuse or shaken baby syndrome.10,11 In the long term,

behavioural problems have been attributed to IC.12–14 A meta-

analysis found that children with a history of excessive crying

were more likely to experience general behavioural problems,

internalising behavioural problems (i.e. anxiety, depression or

withdrawal), externalising behavioural problems (i.e. aggressive

or destructive behaviour) or ADHD.15 In addition, it was demon-

strated that negative family characteristics increased these behav-

ioural problems.15 Based on these results, it was questioned

whether IC in isolation is only a small risk for childhood behav-

ioural problems, compared to the relatively large influence of a

negative family environment, such as parental stress or maternal

mental health, on these behavioural problems.2,12,15 Results of

the meta-analysis, however, must be interpreted with caution

because most studies were of retrospective nature, with a high

risk of recall bias.

In the present study, we conducted a structured observational

prospective follow-up study of children with a history of IC who

participated in a large randomised controlled trial (RCT) between

2001 and 2003, studying the effect of swaddling.16 It was our aim

to assess whether parents reported more clinically relevant

behavioural problems in their 3- to-5-year-old children with a

history of IC compared to a Dutch norm sample. Furthermore,

we assessed if behavioural problems in children with a history of

infant colic were associated with maternal mental health during

infancy or parental stress during childhood.

Methods

Study population and procedure

We conducted a prospective observational follow-up study

between April and December 2006. Data were obtained from an

RCT which was conducted between February 2001 and March

2003 at the Wilhelmina Children’s Hospital in Utrecht, The

Netherlands. Participants included in the original RCT were

invited to participate in this prospective observational follow-up

study. The original RCT assessed the effect of a standardised

approach of regularity and stimulus reduction compared to the

same approach supplemented with swaddling in excessively cry-

ing infants up to 12 weeks of age.16 The primary outcome

focused on amount of crying in minutes per 24 h. Healthy infants

with a maximum age of 12 weeks and 6 days born after a mini-

mal gestational age of 32 weeks were included.16 All recruited

infants fulfilled the modified Wessel criteria for excessive crying

(i.e. crying for more than 3 h/24 h for at least 3 days in the

previous 3 weeks).17 Exclusion criteria were an increased risk of

developmental dysplasia of the hip, and positive clinical response

to a hypoallergenic diet. The design and all results of this RCT

have been described in detail elsewhere.16

This follow-up study was exempt from the Medical Research

Involving Human Subject Act according to the institutional

review board of the University Medical Centre Utrecht. Between

April and December 2006, all families of the 382 infants who

completed at least 4 weeks of intervention of the original RCT

and gave informed consent for follow-up, were approached for

participation by mail. Parents were asked to complete two pen-

and-paper questionnaires regarding behaviour of the child and

parental stress.

Questionnaires

Socio-demographics
During the original RCT, a questionnaire was filled out regarding

socio-demographics including date of birth, sex, the highest level

of education achieved by both parents and parental country of

birth. The educational level of the mothers was categorised as

low, middle or high.18

Child Behaviour Checklist
At time of follow-up, parents completed the preschool forms for

children aged 1.5–5 years of the Child Behaviour Checklist

(CBCL 1.5–5) to assess behavioural and emotional problems.19

Additional detailed information on this questionnaire is shown in

Data S1.

Normative sample

Data S2 demonstrates explicit information on the Dutch norma-

tive sample of the CBCL, which was used as comparison data for

the CBCL results of the preschool children with a history of

Fig. 1 Flow diagram of participating children with a history of infant
colic.
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IC. In total, 421 children of the Dutch normative sample were

included.

Associated factors

Factors associated with behavioural problems were also assessed.

Parental stress during childhood was measured at time of the

follow-up study by use of the Nijmeegse Ouderlijke Stress Index-

Kort (NOSI-K).20 Maternal mental health during infancy was

measured at the time of the original RCT by using the General

Health Questionnaire-28 (GHQ-28).21 Data S1 depicts the

detailed description of the two questionnaires.

Statistical analyses

First, baseline characteristics were compared between partici-

pants of this follow-up study and non-participants, that is, the

families who did participate in the original RCT, but were non-

responders for this follow-up study. This was done using the

Chi-square or Fisher’s exact test. Second, differences in demo-

graphics between children with a history of IC (cases), and the

CBCL Dutch norm sample (controls) were analysed using the

Mann–Whitney U-test and Chi-square test. Differences on CBCL

raw scale scores were analysed for better understanding of the

severity of behavioural problems using independent t-tests and

Cohen’s d effect sizes were calculated based on means, SD’s and

sample sizes of the two groups. Effect sizes of 0.2, 0.5 and 0.8

were considered small, moderate and large, respectively.22 To

evaluate clinically relevant behavioural problems, the percent-

age of children who scored in the clinical range of the CBCL

scales was compared between the case group and the normative

sample using the Chi-square test. Statistical significance was set

at P ≤ 0.01 to correct for multiple testing. In a univariable logis-

tic regression model, the association between a history of IC and

Table 1 Baseline characteristics of the participants versus non-participants

Participants (n = 258) Non-participants (n = 124) p Value

Child factors
Gender (n,%) 0.595†
Boy 134 (51.9%) 68 (54.8%)
Girl 124 (48.1%) 56 (45.2%)

Gestational age (weeks) 0.012‡
<37 8 (3.1%) 12 (9.7%)
≥37 250 (96.9%) 112 (90.3%)

Birthweight (g) 0.012‡
<2500 8 (3.1%) 12 (9.7%)
≥2500 250 (96.9%) 111 (89.5%)
Missing n/a 1 (0.8%)

Apgar score 0.706‡
<8 5 (1.9%) 3 (2.4%)
≥8 233 (90.3%) 103 (83.1%)
Missing 20 (7.8%) 18 (14.5%)

Family factors
Mother age at child birth (years) 0.329†
<20 0 (0%) 1 (0.8%)
20–40 255 (98.8%) 121 (97.6%)
>40 3 (1.2%) 2 (1.6%)

Education mother (n,%) <0.001†
Low§ 2 (0.8%) 9 (7.3%)
Middle¶ 139 (53.9%) 81 (65.3%)
High†† 117 (45.3%) 34 (27.4%)

Ethnicity parents (n,%) 0.011†
Dutch‡‡ 216 (83.7%) 89 (71.8%)
Non-Dutch 41 (15.9%) 33 (26.6%)
Missing 1 (0.4%) 2 (1.6%)

Parity 0.909‡
First born 141 (54.7%) 67 (54.0%)

Parents living together at child’s birth 0.007†
Yes 250 (96.9%) 113 (91.1%)
No 6 (2.3%) 11 (8.9%)
Missing 2 (0.8%) n/a

† Chi-square test. ‡ Fisher’s exact test. § Low = no education/primary school. ¶ Middle = pre-vocational secondary education/secondary vocational
education/senior general secondary education/pre-university secondary education. †† High = higher professional education/university. ‡‡ Defined as:
both parents are born in the Netherlands.
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behavioural problems on all problem scales of the CBCL was

analysed. In a multivariable model, this association was adjusted

for the following variables: age, gender, education of the mother

and ethnicity of the parents. Each potential confounder was

added to the model individually (model 1), and retained if the

regression coefficient of the central determinant (case or Dutch

norm sample) changed at least 10% (model 2). Finally, a second

logistic regression model was used to assess which factors were

associated with behavioural problems on all problem scales of

the CBCL in children with a history of infant colic. First,

univariable logistic regression was performed on possible associ-

ated factors. Factors with a significance level of P < 0.05 were

then included in the multivariable logistic regression model. Sta-

tistical significance for the outcomes of the multivariable logistic

regression models was set at P ≤ 0.01 to correct for multiple test-

ing. Odds ratios (ORs ) and their corresponding 99% confidence

intervals (CIs) were calculated.

All analyses were performed using IBM SPSS Statistics 25 for

Windows (SPSS Inc., Chicago, IL, USA).

Results

Response rate

Figure 1 depicts the flow diagram of the study. Of the 382 infants

who completed at least 4 weeks of intervention during the RCT,

1 family address was not complete and 1 family refused to partici-

pate in a future follow-up study. Of the 380 eligible families,

271 (71%) responded. Of the 271 responders, 13 were excluded

as they exceeded the age limit for the CBCL. In total, 258 children

with a history of IC were included, with a mean (SD) follow-up

of 4.89 (0.55) years after treatment. Table 1 demonstrates base-

line characteristics of participants (n = 258) versus non-partici-

pants, that is, non-responders (n = 124). Participants had

significantly higher educated mothers compared to the non-

participants (P < 0.001). Furthermore, more parents of the partic-

ipants lived together at the child’s birth (P = 0.007).

Children with a history of IC compared with CBCL
norm group (N = 679)

Demographics
Study participants had a significantly higher median age than the

normative sample (5.1 years (interquartile range, IQR 4.6–5.5)

vs. 4.5 (IQR 3.7–5.3), P < 0.001) (Table S1). Educational level of

the mothers of the study group was significantly higher com-

pared to the norm group (P = 0.001). In addition, significantly

more parents of children with a history of IC were both born in

the Netherlands, compared to the norm group (84% vs. 77%,

P = 0.030). In the study group, mothers completed the CBCL in

81% of the cases, and in the normative sample, the mother was

the informant in 98% of the cases.

CBCL raw scale scores
Children with a history of IC had higher levels of internalising

behavioural problems compared to the norm group, reflected by

statistically significant higher mean scores on the anxious/

depressed and withdrawn syndrome scales (P = 0.009 and

P < 0.001, respectively) (Table S2). Effect sizes on these two

scales were small (d = 0.22 and d = 0.31, respectively). No

Fig. 2 Percentages of cases compared to the norm group scoring in the clinical range of the Child Behaviour Checklist (CBCL) scales.
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significant differences between the two groups were found for

externalising or total behavioural problems.

CBCL clinical scores
The percentage of children scoring in the clinical ranges of the

CBCL scales is shown in Figure 2. Children with a history of IC

scored significantly more often in the clinical range of the emo-

tionally reactive, anxious/depressed, internalising problems and

total problems scale (10.1% vs. 4.3%, P = 0.004; 3.5% vs. 0.5%,

P = 0.004; 19.0% vs. 9.5%, P = 0.001; and 15.1% vs. 7.1%,

P = 0.001, respectively) compared to the Dutch norm sample.

Association between a history of IC and behavioural
problems
In a multivariable logistic regression model, the confounders age,

gender, education of the mother and ethnicity of the parents

were added separately to adjust the association between a history

of IC and the aforementioned behavioural problems. For the

emotionally reactive, internalising problems and total problems

scale, maternal education was the only confounder that changed

the regression coefficient for a history of IC by more than 10%

(Table 2). After adjusting for this confounder, the risk (adjusted

odds ratios (aORs) [99% CI]) for the cases of scoring in the clini-

cal range of the emotionally reactive, internalising problems and

total problems scale remained significant (2.96 [1.24–7.06]; 2.50

[1.35–4.62]; 2.98 [1.46–6.07]).

Children with a history of IC (N = 258)

Association between behavioural problems and
other variables in children with a history of IC
The NOSI-K total score (parental stress) during follow-up was

significantly associated with the emotionally reactive (P < 0.001),

anxious/depressed (P < 0.001), withdrawn (P = 0.001), attention

problems (P < 0.001), aggressive behaviour (P < 0.001), inter-

nalising (P < 0.001), externalising (P < 0.001) and total problems

(P < 0.001) scales (Table S3). In addition, parents who were non-

Dutch perceived more sleep problems in their children compared

to parents who were Dutch (P = 0.006).

Discussion

In this study, we found that preschool children with a history of

infant colic had significantly higher mean scores on the anxious/

depressed and withdrawn syndrome scales of the CBCL as per-

ceived by the parents, compared to a Dutch norm sample. In

addition, more children with a history of infant colic had emo-

tionally reactive, internalising and total behaviour problems com-

pared to the children of the norm group, even after adjusting for

confounding factors. Moreover, these problems were associated

with higher parental stress scores.

Our finding of a possible association between IC and emotion-

ally reactive internalising behavioural problems during childhood

is in line with previous studies.2,12,15 Contradictory to this, two

other studies showed an overall good prognosis without any

long-term behaviour consequences in children who cried exces-

sively in the first 3 months of life followed till the age of

4 years.6,7 However, both studies had small sample sizes. Further-

more, the study by St. James-Roberts et al.6 assessed behavioural

problems at a younger age of 15 months, which might explain

the difference in results.

We can only speculate about the explanations for the associa-

tion between IC and parent-reported childhood internalising

behavioural problems, in our study mainly reflected by higher

emotional reactivity. It might be neurodevelopmental, as initial

deficits in regulatory abilities and stimuli control, resulting in

excessive crying, have been suggested to be early markers of

inadequate or under-controlled behaviour in childhood.15,23

Indeed, infant colic has been linked to emotional dysregulation.24

In turn, emotional dysregulation has been linked to internalising

behavioural problems.25–27 This supports the hypothesis that

neurodevelopmental vulnerability may underlie both IC as well

as internalising behavioural problems later in life. Another expla-

nation might be psychosocial, as excessive crying during infancy

may complicate the bonding between infant and parents, poten-

tially causing behavioural problems at later age,28,29 as has been

demonstrated before.15

Our study showed that parent-reported internalising and total

behavioural problems were related to higher parenting stress.

This finding is in line with the study by Scholten et al., who found

that higher parental stress was significantly related to higher

parental-reported CBCL scores in chronically ill children.30 It

might be hypothesised that parenting stress indirectly affects

parental perception and thus reporting of problems of their child.

However, the reverse might also hold true, as behavioural prob-

lems might influence parenting stress as well. To better objectify

causality of behavioural problems during childhood, the use of

the Caregiver-Teacher Report Form of the CBCL,31 or objective

video behaviour assessment is recommended.

In the group of children with a history of IC, we did not find a

relation between maternal mental health during infancy and

parent-reported behavioural problems during childhood. Other

studies have shown contradictory results, which may have been

caused by different study designs.2,32–35 An impaired mother-

child relationship has been suggested as the underlying mecha-

nism for the association between maternal mental health prob-

lems and childhood behavioural problems.36 However, due to the

lack of follow-up of a control group in our study, it is difficult to

draw firm conclusions on the association between maternal men-

tal health during infancy and childhood behavioural problems in

the specific group of children with a history of IC.

One of the strengths of this follow-up study is the relatively

large number of participants. Furthermore, the presence of IC

was assessed during the original study,16 thereby avoiding recall

bias. Next, the response rate was 64%, which is in line with other

follow-up studies in children with a history of IC with reported

response rates ranging from 41 to 74%.12,37 Moreover, our

response rate is significant after 3–5 years of follow-up, especially

when compared to commonly reported response rates of 5–25%

in large follow-up studies.38 On the other hand, our response rate

of 64% still indicates the need to take attrition bias and recruit-

ment bias into account. Indeed, our drop-out analyses demon-

strated that mothers of children who participated in our study

were significantly higher educated compared to mothers of non-

participating mothers, which has limited the conclusions follow-

ing our study results.

A limitation of our study is the lack of a control group of

healthy children, without a history of infant colic. Therefore, we
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used the data of a Dutch norm sample of healthy, non-clinical

children aged 3–5 years to compare the scores on the CBCL of

the children with a history of IC.39 However, the normative

group differed significantly from the cases on several baseline

characteristics, which hampers strong conclusions based on our

findings. At the same time, we controlled for these differences

by adjusting for these factors in our analyses. In addition, paren-

tal reporting of infant’s crying and children’s behaviour is sus-

ceptible for reporting bias. It has been demonstrated that

maternal-reported dysregulation at 6 months was associated

with maternal-reported behaviour problems at later age, but not

with youth’s self-reported problems.2 In our study, the children

were too young for self-reports and unfortunately we were not

able to get assessments by daycare professionals, teachers or

other informants. Therefore, our outcome only relies on the

parental reports, mostly of the mothers, and could have been

influenced by maternal psychological well-being and social fac-

tors. Furthermore, it could have been influenced by a persistent

distortion of the early mother-child relationship. However,

despite these limitations, our results demonstrate that the par-

ents, and therefore their children, have higher levels of stress

and mental health symptoms, and they therefore warrant more

parental support.

Conclusion

In summary, we found that children with a history of IC had a

significant higher risk for parent-reported emotionally reactive,

internalising and total behavioural problems at preschool age

compared to the norm sample. Furthermore, these problems

were associated with higher parental stress. Despite the fact that

our results should be interpreted cautiously due to selection and

information bias, our findings suggest that parents of infants with

colic need specific advice and support to regulate their infants

behaviour. This might be given in the form of a training to

address the principles of positive parenting, infant development,

facing challenges as a parent and partner support.40
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