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KEYWORDS Abstract
Infant Colic Scale; Objective: To investigate the predictive validity and cut-off point of the Turkish version of the
Predictive validity; Infant Colic Scale (ICS) in the diagnosis of colic.
Cut-off value Methods: This methodological study was carried out in a pediatric outpatient clinic of a univer-

sity hospital in Turkey with infants aged 6—16 weeks (n = 133). The data were collected using
the Mother-Infant Description Form, the ICS, and the Rome IV criteria form. The scale is a 6-point
Likert-type scale consisting of 19 items in total. A low total mean score obtained from it indi-
cates that the probability of colic increases, while a high mean score indicates that the probabil-
ity of colic decreases. The Rome IV criteria were used as the gold standard.

Results: The mean score obtained from the ICS was 59.4 & 13.7. According to the Rome IV crite-
ria, 26.3% of the infants had colic. The area under the ROC curve was 87.4% (95%
Cl = 0.815-0.934, SE = 0.30, p = 0.001), and the cut-off point for the best sensitivity value
(88.6%) and the best specificity value (70.5%) of the ICS was determined to be 60.5. According to
the cut-off point, the positive predictive value was 51%, and the negative predictive value was
94%.

Conclusion: The predictive validity of the Turkish version of the ICS was found to be at a good
level with high sensitivity and acceptable specificity for a cut-off point of 60.5. Healthcare pro-
fessionals working in the child field can use the ICS to exclude colic in infants.

© 2022 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).

Introduction express their needs, e.g., being hungry, feeling cold, and the
desire to be taken on their lap." However, it is observed that

Crying is an innate and important behavioral ability of neo- some infants cry for longer than three hours a day, it is difficult

nates to express their emotions. With crying behavior, infants to calm them down, and the intensity, severity, duration, and

frequency of crying differ from normal crying. This condition is

* Corresponding author. ) dgﬁned as infantile co‘lic.z The incidence of colic peaks at sizx;
E-mail: renginar.ozturk.donmez®@ege.edu.tr (R.0. Dénmez). eight weeks after birth and decreases after 12 weeks.™
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Although it is stated in the literature that infantile colic is a
common health problem affecting 5—40% of healthy infants,
there are no definite data on the incidence of colic since its eti-
ology cannot be explained completely.*®> Due to the crying
behavior in early infancy, about half of parents consult a physi-
cian, and therefore, the costs of the provided care are very
high.® Crying that cannot be calmed may result in ’shaken baby
syndrome’ as an indicator of child neglect.”-® 5.6% of parents
have engaged in this dangerous behavior at least once by the
age of six months to stop their infants from crying.® Thus, the
diagnosis of colic constitutes a cost-effective approach both by
reducing unnecessary care and diagnosis expenditures and by
improving the quality of life of infants and their families.''°

Wessel et al. described infantile colic as unexplained and
uncontrollable crying episodes that occur in the first weeks
after birth, are usually observed in the first three months, last
for more than three hours a day, occur more than three days a
week, and continue for at least three weeks, and usually occur
in the afternoon and evening.”'" Then, the Rome | criteria
were developed in 1992, Rome Il criteria were developed in
1999, and Rome lll criteria developed in 2006 were used for a
long time."? Due to the very strict rules of the criteria in the
diagnosis of infantile colic, an infant’s restlessness was
accepted as the criterion for diagnosis in the Rome IV criteria
in 2016. According to the Rome IV criteria, in the physical
examination or phone call to parents, uncontrollable crying or
restlessness observed in infants younger than five months with-
out clear causes and any cause such as illness or fever, lasting
for at least three hours a day in the last week and occurring at
least three days a week was defined as infantile colic.”

In a study conducted in Indonesia, it was determined that
57.3% of pediatricians used Rome IV for the diagnosis of infan-
tile colic. However, in this study, 70% of these physicians had
average knowledge of diagnosing infantile colic with Rome IV.
Only 14.5% knew Wessel’s rule of threes (crying for > 3 h per
day, > 3 days per week, for > 3 weeks)."* In a study in Turkey,
78.7% of physicians confuse the diagnosis of infantile colic
with infantile spasm.’ Failed diagnosis and treatment may
exacerbate the parents’ emotional stress.®'?

The Infant Colic Scale (ICS) developed by Ellett et al. can
be used to determine risk factors for colic and also to diagnose
colic."® The validity and reliability study of the Turkish version
of the ICS was conducted by Cetinkaya and Basbakkal.'® While
using the scale, the decrease in the total score obtained from
the scale is interpreted that the probability of colic in an
infant increases. However, a definitive diagnosis of colic can-
not be made in this way. Furthermore, if the scale will be used
in clinical practice for diagnostic purposes, it is stated that
the predictive validity of the tool should be taken into
consideration.'”'® It was found that the predictive validity of
the ICS was not determined in any study. When the predictive
value or the cut-off point for this scale is determined, health-
care professionals will be able to diagnose infantile colic in
infants and identify the associated causes.

This study aimed to determine the predictive validity and
cut-off point of the ICS in the diagnosis of colic. In this study,
the answers to the following research questions were sought:

1. What is the predictive validity value of the ICS?
2. What is the cut-off point of the ICS to diagnose colic?

Material and methods
Design and participants

This methodological study was conducted in the pediatric
outpatient clinic of a university hospital in Turkey between
February 2017 and May 2018. For routine follow-up, the
number of infants admitted to the pediatric outpatient clinic
every month was 500, and 150 of them were 6—16 weeks
old. The sample size was determined by Power and Sample
size calculation (PS) (version 3.0.43)." The data in the study
conducted by Canivet et al. were used for power analysis.?’
Accordingly, the sample size was determined to be 124
infants. This study was completed with 133 infants who
were 6—16 weeks old.

Inclusion criteria for the study

- The infant being born after the 37th week of gestation
- The infant birth weight of 2500 g and above

- The infant being 6—16 weeks old

- The mother being literate

- The mother volunteering to participate in the study

Exclusion criteria for the study

- Infants will be excluded from the scope of the study if
their parents do not want their information to be used in
the study and if they withdraw from the study.

The Standards for Reporting of Diagnostic Accuracy
(STARD) checklist was used in the study design and drafting
of the manuscript.?'

Assessment

In the study, the data were collected using the Mother-Infant
Description Form (MIDF), Rome IV criteria form, and the ICS.

The Mother-Infant Description Form consisted of a total of
17 questions describing the characteristics of the mother and
the infant.*'>"2? |n the characteristics of the mother sec-
tion, there were 9 questions to determine the socio-demo-
graphics of the mothers, drinking tea or coffee, and smoking
status. In the characteristics of the infant section, there were
a total of eight questions about the sex, birth method, feeding
style, birth order, birth weight, and birth week of the infants.

The Rome IV criteria form was prepared based on the
Rome IV Diagnostic Criteria for Functional Gastrointestinal
Disorders.””'? In the form, the three following criteria were
questioned in infants younger than 6 months:

- Crying or restlessness lasting for at least 3 days a week in
the last week and for at least 3 hours a day (yes/no),

- Aninability to control crying or restlessness (yes/no),

- In addition to the mentioned criteria in the form, to
exclude an organic disease in the infant, a history of vom-
iting, respiratory problems, and atopy was questioned
(yes/no).

The Infant Colic Scale consists of a total of 19 items and
the subscales of “cow’s milk/soy protein allergy/intoler-

ance,” “immature digestive system,
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nervous system,” “problematic infant,” and “parent-infant
interaction + problematic infant.” The items of the ICS were
evaluated on a 6-point Likert-type scale. The six response
options were “strongly disagree,” “moderately disagree,”
“slightly disagree,” “slightly agree,” “moderately agree,”
and “strongly agree”. Negative questions are coded
reversely to ensure consistency in the interpretation of
scores. A minimum score of 19 and a maximum score of 114
can be obtained from the ICS. A low mean total score
obtained from the scale indicates that the probability of
colic increases, while a high mean score indicates that the
probability of colic decreases. The ICS was developed by
Ellet et al., and its validity and reliability studies in the Turk-
ish population were carried out by Cetinkaya and
Basbakkal.""® They found the Cronbach’s alpha coefficient
of the scale to be 0.70." In this study, Cronbach’s alpha
coefficient of the ICS was determined to be 76.9.

Procedure

The Rome IV criteria were used as the gold standard. While
infants were in the routine outpatient follow-up, they were
evaluated by the physician-researcher according to the
Rome IV criteria for colic/non-colic. The data collection
forms presented in the mother-infant description form and
the ICS were filled out by the nurse researcher while infants
were waiting in the same outpatient clinic. The ICS score
was determined for each infant. The evaluations of the phy-
sician-researcher and the nurse researcher were compared
according to the protocol number.

Ethical Considerations

The permission from the authors to use the scale, the Ege
University Scientific Research Ethics Committee approval
(Date = 14/02/2017, Number = 17—1.1/8), and the permis-
sion from participants were obtained.

Statistical analysis

After a sufficient sample size was reached, the data were
analyzed using SPSS 16.0 software for number, percentage,
mean, logistic regression analysis was used for the cut-off
point of the ICS, and the McNemar test was used for discrimi-
nant function analysis. The best sensitivity and specificity
values gave the cut-off point of the scale. According to the
cut-off point, the positive predictive value (PPV) and the
negative predictive value (NPV) were calculated.

Results
Participants’ characteristics

The descriptive characteristics of participants are given in
Table 1. The mean age of the mothers was 30.8 + 5.4
(Min = 19 - Max = 43) years. 36.8% of them had 15 years or
more education and 90.2% were from nuclear families.
Income-expenditure status of 68.4% of them was equal.
90.2% of them drank tea every day, 50.4% drank coffee every
day, and 92.5% were non-smokers. The mothers were drink-
ing 2.8 +£ 2.1 (Min = 0 — Max = 10) cups of tea, 0.6 + 0.7
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(Min = 0—Max = 3) cups of coffee per day on average. They
smoked an average of 3.2 + 1.1 (Min = 1 — Max = 5) ciga-
rettes a day. 55.2% of infants were boys and 71.2% were born
by cesarean section. The mean gestational week of the
infants was 38.4 £+ 1.3 (Min = 37- Max = 41), the mean birth
weight was 3.239 + 14.3 (Min = 2550 — Max = 4000) g, and
the mean birth height was 50.3 + 1.9 (Min = 45 — Max = 54)
cm. 44.8% of them were the first child, 64.8% were exclu-
sively breastfed. The mean age of the infants was 10.0 + 2.4
(Min = 7—Max = 16) weeks during the study.

Results of the Rome IV criteria and the Infant Colic
Scale

According to the Rome IV criteria, 32.3% of infants were cry-
ing at least 3 days a week and 23.3% of them were crying for
more than 3 h a day. Crying was uncontrollable in 22.6% of
infants. 58.6% of them had a history of vomiting, 12% had a
history of respiratory problems, and 8.3% had a history of

Table 1 Descriptive characteristics of participants
(n=133).
Characteristics N %
Mother’s educational level

>15 years 49 36.8

>11 years 48 36.1

>8 years 36 27.1
Family type

Nuclear 120 90.2

Extended 13 9.8
Family income status

Income less than expenses 30 22.6

Income equal to expenses 91 68.4

Income more than expenses 12 9.0
Mother’s daily tea drinking

Yes 120 90.2

No 13 9.8
Mother’s daily coffee drinking

Yes 67 50.4

No 66 49.6
Mother’s smoking status

Yes 10 7.5

No 123 92.5
Infant’s sex

Girl 60 44.8

Boy 73 55.2
Infant’s birth method

Vaginal delivery 38 28.8

Cesarean section 95 71.2
Order of the infant

First 56 44.8

Second 52 41.6

Third and more 25 13.6
Infant’s feeding style

Exclusive breastfeeding 86 64.8

Only formula 14 10.4

Breast milk + formula 33 24.8
Total 133 100.0
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atopy. According to the Rome IV criteria as the gold stan-
dard, 26.3% of infants had colic.

“Cow’s milk/soy protein allergy/intolerance subscale” of
the ICS the total mean score was 5.7 &+ 3.61, “Immature
digestive system subscale” total mean score was 7.3 + 3.05,
“Immature central nervous system subscale” total mean
score was 23.2 + 5.26, “Problematic infant subscale” total
mean score as 12.7 + 4.85, and “Parent - baby interaction
problem baby subscale” was determined as 10.4 & 3.92. The
mean score obtained from the ICS was 59.4 + 13.7
(Min = 28.0- Max = 88.0) (Table 2).

Predictive validity results of the Infant Colic Scale

In this study, it was found that the area under the ROC curve
was 87.4% (SE = 0.30, p = 0.001, 95% Cl = 0.815—0.934), and
the sensitivity and specificity values for determination with
the least error were found to be at the ICS cut-off point of
60.5. According to this cut-off point, the ICS has 88.6% sensi-
tivity, 70.5% specificity, 51% PPV, and 94% NPV in detecting
colic in infants (Table 3).

58.5, 59.5, 61.5, and 62.5 were determined to be the
other closest cut-off points for the diagnosis of colic by the
ICS. Sensitivity, specificity, PPV, and NPV for these cut-off
points are shown in Table 3.

Discriminant function analysis was performed to deter-
mine the scope of the ICS in the groups with or without
infantile colic. It was found that the ICS could accurately
predict 75.2% of colic and non-colic infants with a cut-off
point of 60.5 (p = 0.001) (Table 4). The predictive power was
obtained by dividing true positive values and true negative
values by the total number of cases. According to the logistic
regression analysis, the testing power of the ICS was deter-
mined to be 75.2%.

Discussion

Diagnosis of infantile colic with Rome IV criteria requires
experience.® Infantile colic can also be diagnosed with the
ICS. The ICS contains more questions than Rome IV but pro-
vides ease of diagnosis based on the cut-off point. According
to the cut-off point for the ICS scale, healthcare professio-
nals working in the field of infant health can decide whether
an infant has colic. The use of the scale also provides infor-
mation on the etiology of colic. In this study, 26.3% of the
infants had colic according to the Rome IV criteria, and the
sensitivity and specificity values for determination with the
least error were found to be at the cut-off point of 60.5.
Determining the cut-off point of a measurement tool
closely affects the sensitivity and specificity of that mea-
surement tool. If a low cut-off point is selected, a large num-
ber of normal individuals may also be diagnosed as patients.
However, all patients may be identified. In this case, the
sensitivity and specificity of the test are also low. On the
contrary, when a high cut-off point is selected, all healthy
individuals can be identified. Nevertheless, some of the real
patients may also be diagnosed as healthy. In this case, the
sensitivity of the test is low, but the specificity is high.
Therefore, patients and healthy individuals may be misdiag-
nosed (false positive and false negative) at close rates, and
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Table 2  The distribution of total mean scores of the Infant
Colic Scale total and subscales.

Items Mean SD Min-Max
Cow’s milk/soy protein 5.7 3.61 2.0-10.0
allergy /intolerance
subscale
1.What mom eats 2.8 1.91 1.0-6.0
whether the baby has
colic or not
2. What mom eats 3.0 1.91 1.0-6.0
affects how bad the
colic is
Immature digestive sys- 7.3 3.05 2.0-12.0

tem subscale
3. My baby does not usu- 3.7 1.79 1.0-6.0

ally vomit

4. My baby also vomits 3.5 1.69 1.0-6.0
between feeding

Immature central nervous 23.2 5.26 7.0—-42.0

system subscale

5. My baby is jittery 3.2 1.74 1.0-6.0
6. Colic occurs when my 3.4 1.74 1.0-6.0
baby has had a busy day

7. My baby does not need 4.0 1.85 1.0-6.0
to be rocked to sleep

8. Colic is not related to 3.5 1.91 1.0-6.0
my baby being tired

9. My baby can go to 3.4 1.73 1.0-6.0
sleep by him or herself
10.My baby is always in 2.2 1.02 1.0-6.0

motion when awake
11. My baby sleeps at dif- 3.6 1.80 1.0-6.0
ferent times every day

Problematic infant 12.7 4.85 4.0-24.0
subscale
12. My baby is cranky 3.1 1.67 1.0-6.0

most of the time

13. My baby does not cry 3.5 1.60 1.0-6.0
easily

14. My baby is happy 2.5 1.32 1.0-6.0
most of the time

15. My baby waits calmly 3.7 1.70 1.0-6.0
while | get the food

ready

Parent -baby interaction 10.4 3.96 4.0-24.0

+problem baby

subscale

16. When my baby starts 3.1 1.60 1.0-6.0
to fuss, nothing | do

helps
17. When the colic 2.5 1.27 1.0-6.0
starts, | can soothe him

or her
18. When the colic 2.7 1.43 1.0-6.0
starts, nothing | do

helps
19. I can tell what my 2.2 1.12 1.0-6.0
baby wants when he or

she starts to cry

Total 59.4 13.7  28.0-88.0

SD, standard deviation.
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Table 3  Cut-off points, sensitivity and specificity, positive and negative predictive values of the Turkish Version of the Infant
Colic Scale in the diagnosis of infantile colic according to the Rome IV Criteria (n = 133).

Cut-off point AUC Sensitivity (%) Specificity (%) PPV (%) NPV (%)
58.5 0.874 91.4 67.3 50.0 95.0
59.5 95% 88.6 69.4 50.0 94.0
60.5 Cl=0.815-0.934 88.6 70.5 51.0 94.0
61.5 SE=0.30 85.7 70.5 50.0 93.0
62.5 p =0.001 80.0 71.4 50.0 90.0

AUC, area of under curve, PPP, positive predictive value, NPV, negative predictive value.

it is appropriate to select the cut-off point at which the sen-
sitivity and specificity of the screening test are affected at
close rates.??

The first rule for determining the cut-off point is to
take at least a 70% value first for both specificity and
sensitivity. The second rule is to take the cut-off value,
which gives the highest sensitivity value.?®* According to
these criteria, it was determined that the sensitivity and
specificity values for colic infants to be determined with
the least error were at the ICS cut-off point of 60.5.
According to this cut-off point, the ICS has 88.6% sensi-
tivity, 70.5% specificity, 51.0% PPV, and 94.0% NPV in
detecting colic infants. In another study, since the cut-
off value for the ICS was not calculated, the conformity
of the 60.5 cut-off point could not be compared. How-
ever, theoretically, the sensitivity, specificity, PPV, and
NPV of the cut-off point of 60.5 for the ICS scale were
found to be acceptable and valid for the diagnosis of
colic.

The height of the area under the curve (AUC) shows that
the test has reached the highest sensitivity and specificity
values with the cut-off point, and the determined values are
significantly higher than the parametric values of sensitiv-
ity = 0.50 and specificity = 0.50.23> The AUC of 87.4% indi-
cates a significantly higher area (p = 0.001).

Discriminant function analysis was performed to deter-
mine the scope of the ICS in predicting colic and non-colic
groups. It was determined that the ICS was able to accu-
rately predict 75.2% of colic and non-colic infants with a
cut-off point of 60.5, and this rate had good predictive
power.

Table 4  Discriminant Function Analysis results (n = 133).
According to the According to p-value®
ICS’s cut-off Rome IV
point for 60.5 criteria
Colic Non-Colic

n % n %
Colic 31 88.6 29 29.6 0.001
Non-Colic 4 11.4 69 70.4

ICS, Infant Colic Scale.
3 McNemar test.
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Limitations

This study has some limitations. The study was conducted in
a pediatric clinic. Since the predictive validity of the ICS was
not examined in another study/culture, the results could
not be compared.

Conclusions

In this study, the predictive validity of the Turkish version of
the ICS was found to be at a good level with high sensitivity
and acceptable specificity for a cut-off point of 60.5.
Healthcare professionals working in this field can use the ICS
to exclude colic in infants. It can also be recommended to
test the predictive validity of the ICS in another population.
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