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Abstract

Background: Cognitive development plays an important role in a child’s life. Cognitive development and sleep patterns can in-
terfere with the brain cell growth related to health and nutrition in children. Many children are reported to have eating difficulty
in infantile anorexia. Infantile anorexia is an eating disorder during the children’s period of learning (6 - 36 months of age). The
disorder is characterized by extreme refusal of eating, deficiency of growth, and loss of typical appetite.
Objectives: This study aimed to determine the association of infantile anorexia at 12 - 36 months of age with cognitive development
and sleep patterns in children.
Methods: This analytic observational study with a case-control design was conducted on the subjects divided into 40 infantile
anorexia children and 40 controls. Infantile anorexia was diagnosed by a trained pediatrician. Cognitive assessment was measured
by the Capute Scale test. The Brief Infant Sleep Questionnaire measured the data on children’s sleep patterns. The association of
infantile anorexia and children’s cognitive development was analyzed by the chi-square test.
Results: The result showed a significant association between infantile anorexia and children’s cognitive development (OR: 52.76;
95% CI: 6.58 - 423.0; P < 0.001). A similar association was also observed between children’s sleep patterns and infantile anorexia (OR:
4.88; 95% CI: 1.80 - 13.21; P < 0.002).
Conclusions: The findings of this study demonstrated that children with infantile anorexia are more likely to have impaired cog-
nitive development and abnormal sleep patterns.

Keywords: Capute Scale, Cognitive Development, Infantile Anorexia, Sleep Disorders, Sleep Patterns

1. Background

Cognitive development plays an important role in a
child’s life and learning. Sleep decreases the rates of re-
sponse and interaction with an environment that can be
reversed and occur quickly. Sleep is one of the basic hu-
man needs varying by age. The average sleep duration for
neonates is approximately 14 - 15 h per day (1). Most chil-
dren have normal sleep patterns; however, 15 - 30% of chil-
dren have sleep problems when they are neonates. Cog-
nitive development and sleep patterns can interfere with
brain cell growth related to health and nutrition in chil-
dren (2, 3).

Nutrition is one of the essential concerns during child-
hood. Eating difficulties were reported in 25 - 40% of chil-

dren (4). The dominant age group with eating difficulty is
1 - 5 years of age (58%). A study examined 24.8% of children
who refused to eat (5). Studies performed on nutrition in
childhood have provided a great deal of information about
eating disorders. One of the eating disorders in children is
infantile anorexia. Infantile anorexia is an eating disorder
during a child’s period for learning (6 - 36 months of age).
The disorder is characterized by the extreme refusal of eat-
ing, deficiency of growth, and loss of typical appetite (6, 7).

2. Objectives

Studies have been rarely performed on infantile
anorexia in Indonesia; therefore, the present study aimed
to examine the association between infantile anorexia
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with cognitive development and sleep patterns among
children in a referral hospital in the southern part of
Central Java, Indonesia.

3. Methods

This analytic observational study with a case-control
design was conducted on 40 children with infantile
anorexia and 40 healthy children as a comparison group.
The subjects were consecutively recruited from 1900 pa-
tients who visited the Pediatric Outpatient Clinic at Prof.
Dr. Margono Soekarjo Hospital during 2018 - 2019. Mar-
gono Soekarjo Hospital is an academic hospital located
in the southwestern region of Central Java province, In-
donesia, and a referral hospital for six districts located in
the region. The inclusion criteria (case group) were chil-
dren aged 12 - 36 months with feeding difficulties meet-
ing the criteria for infantile anorexia. The subjects with
a history of premature birth, low birth weight, asphyxia,
and chronic diseases were excluded from the study. This
study received ethical approval from the Ethics Commit-
tee of Prof. Dr. Margono Soekarjo Hospital (reference no.:
070/16642/XII/2018). All the legal guardians of the subjects
gave written consent to participate in the study.

The diagnosis of infantile anorexia was made by a pe-
diatrician based on the diagnostic classification of mental
health and developmental disorders of infancy and early
childhood-revised. The data were recorded in the medi-
cal records and then extracted to be analyzed in the study.
The data were measured using a nominal dichotomous
scale and classified under infantile anorexia and healthy.
The cognitive development of the subjects was directly as-
sessed by a trained pediatrician using the Capute scale test
categorized into “normal” and “impaired”. The children’s
sleep patterns were examined using the Brief Infant Sleep
Questionnaire (BISQ) and categorized into “normal” and
“abnormal”. The data on age, gender, nutritional status,
and maternal educational background were also collected
directly to describe the characteristics of the subjects.

All the study variables were described based on their
measurement scale. The categorical data were presented
using absolute and relative frequencies (percentage); how-
ever, the numerical data were presented using mean and
standard deviation. For the assessment of the association
between dependent and independent variables, bivariate
analysis was performed using the chi-square test. A P-value
of less than 0.05 was considered statistically significant.
The odds ratio (OR) with a 95% confidence interval (95% CI)
was also calculated to indicate the strength of the associa-
tion. The Kolmogorov-Smirnov test was used as an alterna-
tive test when the conditions for applying the chi-square
test could not be fulfilled.

4. Results

Table 1 shows the characteristics of the study subjects.
According to gender, 55% of the patients were female chil-
dren, which was higher than the percentage of the male
children (45%). In this study, 38 children had mothers with
a high school diploma (47.5%). The nutritional status of the
majority of respondents was classified as good (n = 64; 80%)
(Table 1).

Table 1. Characteristics of Nutritional Status and Educational Background of Sub-
jects

Characteristics No. (%) Mean ± SD

Age 18.91 ± 7.69

Gender

Male 36 (45)

Female 44 (55)

Nutritional characteristics

Good nutrition 64 (80.0)

Moderate malnutrition 7 (8.75)

Severe malnutrition 9 (11.25)

Maternal educational background

Primary school 13 (16.25)

Junior high school 18 (22.5)

High school 38 (47.5)

University 11 (13.75)

Table 2 shows the characteristics distribution based on
cognitive development value. In this study, 9 male chil-
dren (11.25%) were reported with impaired cognitive devel-
opment; nevertheless, 27 male children (33.75%) were nor-
mal. In addition, 15 female children (18.75%) were reported
with impaired cognitive development; nonetheless, 29 fe-
male children (36.25%) were normal. The most frequent nu-
tritional status, both in impaired and normal cognitive de-
velopment, was good. The most common maternal edu-
cational background was the high school with 13 mothers
(16.25%) in children with impaired cognitive development
and 25 mothers (31.25%) in healthy children. Gender, nutri-
tional status, and maternal education did not have a signif-
icant relationship with children’s cognitive development
(P > 0.05).

Table 3 shows the characteristics distribution based on
infantile anorexia. The results in Table 3 revealed that in-
fantile anorexia was more frequently observed in female
subjects (n = 22; 27.5%). Gender, nutritional status, and
maternal education did not have a significant correlation
with infantile anorexia (P > 0.05).

Table 4 shows the characteristics distribution based
on children’s sleep patterns. The results of the study in
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Table 2. Characteristics Distribution Based on the Value of Cognitive Development (Capute Scale) a

Variables
Cognitive Development

P-Value OR 95% CI
Impaired Normal Total

Gender 0.377 0.64 0.24 - 1.71

Male 9 (11.25) 27 (33.75) 36 (45)

Female 15 (18.75) 29 (36.25) 44 (55)

Nutritional status (BB/U) 1.000

Good nutrition 19 45 64 (80)

Moderate malnutrition 3 4 7 (8.75)

Severe malnutrition 2 7 9 (11.25)

Maternal educational background 0.911

Primary school 6 7 13 (16.25)

Junior high school 4 14 18 (22.5)

High school 13 25 38 (47.5)

University 1 10 11 (13.75)

a Values are expressed as No. (%) unless otherwise indicated.

Table 4 show that 36 children (72%) had good nutritional
status and abnormal sleep patterns. The results of the
Kolmogorov-Smirnov test showed a P-value of 0.924, indi-
cating that gender, nutritional status, and maternal educa-
tion did not have a significant relationship with children’s
sleep patterns.

Table 5 shows the relationship between infantile
anorexia and children’s cognitive development. The re-
sults of the bivariate analysis in Table 5 show that there
was a significant relationship between infantile anorexia
and cognitive development (P = 0.001).

Table 6 shows the relationship between children’s
sleep patterns and infantile anorexia. The results of the bi-
variate analysis in Table 6 also show that there was a signifi-
cant relationship between children’s sleep patterns and in-
fantile anorexia (P = 0.002).

5. Discussion

The results of Table 2 in the gender section show a
higher rate of normal cognitive development in the non-
infantile anorexia group than that in the infantile anorexia
group, with 27 males (33.75%) and 29 females (36.25%) chil-
dren. The results indicated that there was no signifi-
cant difference (P > 0.05) between gender, nutritional sta-
tus, and maternal educational background with children’s
cognitive development in Prof. Dr. Margono Soekarjo Hos-
pital. Statistically, in a study performed by Husien et al.,
there was no relationship between gender and develop-
mental status (8). This result is in line with the results of

a study conducted by Sinto et al. explaining that male ado-
lescents get more frequently sick, thereby causing the pos-
sibility of developmental disorders (9).

The results of the study in Table 3 in the gender sec-
tion show that infantile anorexia was more frequently ob-
served in female children. The results of the chi-square
test obtained a p-value of 1.000, indicating that there was
no significant relationship between gender and infantile
anorexia in children in Prof. Dr. Margono Soekarjo Hospi-
tal. The findings of the current study differed from the find-
ings of previous studies. Powell et al. stated that male ado-
lescents experienced more eating difficulties than female
adolescents (10). This finding might be due to the fact that
male adolescents were more susceptible than female ado-
lescents (11). However, the results of the present study are
similar to the results of a study conducted by Ostberg and
Hagelin, indicating that female subjects have more eating
difficulties than male subjects (12).

The results of the study in Table 4 in the gender section
show more abnormal sleep patterns in female children (n
= 27; 54%). The results of the chi-square test obtained a p-
value of 1.000. The P-value of > 0.05 indicated that there
was no significant relationship between gender and chil-
dren’s sleep patterns at Prof. Dr. Margono Soekarjo Hospi-
tal. The results of a study performed by Schlarb et al. (13)
demonstrated that there was no relationship between chil-
dren’s gender and sleep disorders (P = 0.561). This result
is in contrast to the results of a study conducted by Quan
et al (14), in which there were more women (56.4%) experi-
encing sleep problems than men (38.6%; P = 0.001), indicat-
ing that there was a relationship between gender and sleep
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Table 3. Characteristics Distribution Based on Infantile Anorexia a

Variables
Infantile Anorexia

P-Value OR 95% CI
Yes No Total

Gender 1.000 1.00 0.41 - 2.41

Male 18 (22.5) 18 (22.5) 36 (45)

Female 22 (27.5) 22 (27.5) 44 (55)

Nutritional status 0.671 -

Good nutrition 29 (36.25) 35 (43.75) 64 (80)

Moderate malnutrition 6 (7.5) 1 (1.25) 7 (8.75)

Severe malnutrition 5 (6.25) 4 (5.0) 9 (11.25)

Maternal educational background 0.187 -

Primary school 8 (10.0) 5 (6.25) 13 (16.25)

Junior high school 7 (8.75) 11 (13.75) 18 (22.5)

High school 22 (27.5) 16 (20.0) 38 (47.5)

University 3 (3.75) 8 (10.0) 11 (13.75)

a Values are expressed as No. (%) unless otherwise indicated.

Table 4. Characteristics Distribution Based on Children’s Sleep Patterns (the Brief Infant Sleep Questionnaire) a

Variables
Sleep Patterns

P-Value OR 95% CI
Abnormal Normal Total

Gender 1.000 1.11 0.44-2.77

Male 23 (46) 13 (43.3) 36 (45)

Female 27 (54) 17 (56.7) 44 (55) 0.924

Nutritional status (BB/U)

Good nutrition 36 (72) 28 (93.3) 64 (80)

Moderate malnutrition 7 (14) 0 (0) 7 (8.75)

Severe malnutrition 7 (14) 2 (6.7) 9 (11.25)

Maternal educational background 0.664

Primary school 7 (14) 6 (20.0) 13 (16.25)

Junior high school 10 (20) 8 (26.7) 18 (22.5)

High school 29 (58) 9 (30.0) 38 (47.5)

University 4 (8) 7 (23.3) 11 (13.75)

a Values are expressed as No. (%) unless otherwise indicated.

Table 5. Relationship Between Infantile Anorexia and Children’s Cognitive Development a

Infantile Anorexia
Cognitive Development

P-Value OR 95% CI
Abnormal Normal Total

Yes 23 (28.7) 17 (21.25) 40 (50) 0.01 52.76 6.58 - 423.01

No 1 (1.25) 39 (48.7) 40 (50)

a Values are expressed as No. (%) unless otherwise indicated.
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Table 6. Relationship Between Infantile Anorexia and Children’s Sleep Patterns

Sleep Patterns
Infantile Anorexia

P-Value OR 95% CI
Abnormal Normal Total

Yes 32 (40) 18 (22.5) 40 (62.5) 0.002 4.88 1.80 - 13.20

No 8 (10) 22 (27.5) 40 (37.5)

patterns. Gender can interfere with sleep patterns after pu-
berty. Menstrual patterns, pregnancy, and menopause can
change the sleeping cycle (15).

5.1. Nutritional Status

The investigation of nutritional status was performed
based on body weight according to age. The results of
the study in Table 2 show that the most frequent nutri-
tional status was good. As previously reported, 45 children
(56.25%) with good nutritional status had normal cogni-
tive development; nevertheless, 19 children (23.75%) with
good nutritional status also had cognitive development
disorders. The results of the Kolmogorov-Smirnov test ob-
tained a P-value of 1.000. The p-value of > 0.05 indicated
that there was no significant relationship between the nu-
tritional status and cognitive development of children at
Prof. Dr. Margono Soekarjo Hospital. This finding is consis-
tent with the findings of previous studies in which there
was no relationship between nutritional status and child
cognitive development.

At the age of 1 - 2 years, most children receive much at-
tention regarding food from their mothers and still have
breast milk; accordingly, the development included in the
doubtful category was not included in the category of de-
viation (16, 17). The results of the study in Table 3 show nu-
tritional status in children with infantile anorexia (n = 29;
36.25%) and healthy children (n = 35; 43.75%). The results of
the Kolmogorov-Smirnov test obtained a P-value of 0.671.
The P-value of > 0.05 indicated that there was no signifi-
cant relationship between nutritional status and infantile
anorexia in children at Prof. Dr. Margono Soekarjo Hospi-
tal. The results of this study are in line with the results of
a study conducted by Anzarkusuma et al., demonstrating
that the average weight of respondents with eating diffi-
culty was in the ideal or normal weight category (18).

The results of the study in Table 4 show that there
was no significant relationship between the nutritional
status and sleep patterns of children at Prof. Dr. Mar-
gono Soekarjo Hospital. Sleep is one of the most important
factors affecting the components of mental and physical
health. Various factors, such as nutritional status, can in-
fluence the quality and quantity of sleep. Based on a study
conducted by Nachvak et al., there was a relationship be-
tween nutritional status and sleep patterns. The aforemen-

tioned study demonstrated that the normal-weight sub-
jects had sleeping quality three times higher than over-
weight or obese subjects (OR: 3; 95% CI: 1.04 - 8.63; P = 0.04)
(19).

Right weight and balanced nutrition cause to have
good sleeping quality. Sleep deprivation is an obesity fac-
tor in developing countries. Sleep deprivation has become
a concern because it has turned into a habit getting worse
and continues if there is no effort to change the habit (20).

5.2. Maternal Education

The education levels of the mothers of children in Ta-
ble 2 show that the highest level of educational attainment
was mainly a high school diploma (n = 38; 45.5%). The re-
sults of the Kolmogorov-Smirnov test obtained a P-value
of 0.911. The results indicated that there was no signifi-
cant relationship between maternal education and infan-
tile anorexia (P > 0.05). However, the results of a study con-
ducted by Bridges et al. on Mexican-American respondents
are different from the results of this study because it was
shown that the education level of mothers affected the de-
velopment level of children under 5 years of age (P < 0.01)
(21).

The findings of the present study are also in line with
the findings of a study conducted by Cassiano et al. on tod-
dlers in Brazil and Italy. They proved that the sociodemo-
graphic factor affecting children’s development was ma-
ternal educational level (P < 0.01) (22). Increasing posi-
tive interaction between parents and children is a founda-
tion for interventions given to children (23). The level of
parental knowledge and education shapes the interaction
between parents and children (24).

According to the results of the study in Table 3 22
children with anorexia (27.5%) had mothers with a high
school educational level, and 16 healthy children (20.0%)
had mothers with a high school diploma. The results of the
chi-square test obtained a P-value of 0.187. The P-value of
> 0.05 indicated that there was no significant relationship
between maternal education and infantile anorexia in chil-
dren at Prof. Dr. Margono Soekarjo Hospital. This result is
in contrast to the results of a study performed by Allen et
al. indicating that the respondents with eating difficulty
had mothers with a low educational level (25). High edu-
cational levels can affect the behavior of mothers in feed-
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ing children. Mothers with higher educational levels are
expected to apply the knowledge that has been shared with
families (26, 27).

The results of the study in Table 4 show that 29 children
(58%) with mothers with high school education had abnor-
mal sleep patterns. The results of the chi-square test ob-
tained a P-value of 0.664. The P-value of > 0.05 indicated
that there was no significant relationship between the ed-
ucational levels of mothers and sleep patterns of children
at Prof. Dr. Margono Soekarjo Hospital.

Sleep disorders often occur in neonates. Sleep routines
at initial development have a positive effect on sleep qual-
ity. A study conducted by Martins et al (28) assessed the im-
pact of maternal education on the development of neona-
tal sleep patterns. The results of this study showed that ma-
ternal education was positively related to sleep patterns
in neonates; accordingly, it can be a preventive strategy in
neonatal care. The results of the present study are in con-
trast to the results of a study performed by Sekartini et al.
They concluded that there was no significant relationship
between sleep disorders with paternal and maternal edu-
cational levels, income levels, and number of children (29).

5.3. Relationship of Children’s Cognitive Development with In-
fantile Anorexia

Table 5 tabulates the results of the chi-square test (OR:
52.76; 95% CI: 6.58-423.01; P < 0.001). The results indi-
cated that infantile anorexia and cognitive development
had a statistically significant relationship (P < 0.05). The
strength parameter of the OR relationship was 52.76. This
finding showed that children with infantile anorexia were
52.76 times more likely to have cognitive development dis-
orders than children with no eating disorders. The results
of this study are in line with the results of a study con-
ducted by Chatoor et al., indicating that children with in-
fantile anorexia had lower cognitive values (30).

The relationship is supported by the opinion of Ros-
ales et al. that food is significantly related to the body,
especially at the stages of physical growth, development,
and intelligence of school children (31). The number of
cells in the brain decreases, and imperfections in biochem-
ical organizations in the brain occur. This situation affects
the growth and development of children. Eating disor-
ders are focused on regulating appetite in the hypothala-
mus, which controls neurochemical mechanisms specifi-
cally for eating and satiety. Serotonin is considered to be
involved in the pathophysiology of eating disorders, al-
though this study is still in its developmental stage (32).
Serotonin plays a role in memory, learning process, sleep
pattern, mood, and appetite. Higher serotonin levels are
in accordance with the levels of anxiety and obsessive be-
havior (33).

A study conducted by Kaye et al. (2009) reported that
starvation could improve mood by lowering serotonin lev-
els. However, when starvation continuously existed, the
compensatory mechanism of the brain occurred through
elevating the level of serotonin receptors. This soaring
level of serotonin can cause extreme anxiety and emo-
tional disturbance, difficult to recover without any suffi-
cient support (34).

One of the genetic factors believed to be susceptible to
eating disorders is the serotonin transporter (5-HTT) gene.
A study reported that the low expression of 5-HTTLPR allele
polymorphism had a relationship with anorexia (35). This
has an important role in the susceptibility of subtypes or
endophenotypes to eating disorders (36).

The subsequent discussion brings up other factors af-
fecting children’s cognitive impairment, one of which is
iron in the blood. Iron is a nutrient that is important for
children’s growth, mental development, and motor and
cognitive function. Iron deficiency anemia is associated
with poor performance in neonates, low scores in cogni-
tive function tests in preschool children, and low school
learning achievement (37, 38).

Other effective factors in cognitive impairment among
children are still closely related to the profile of hematol-
ogy, one of which is the content of iodine in the blood.
Iodine is a nutrient in thyroid hormone, which is respon-
sible for regulating thyroid function, supporting healthy
metabolism, and helping growth and development (39,
40). Iodine is also important for brain development over a
period affecting neurogenesis, neuron and glial cell differ-
entiation, myelination, neuron migration, and synaptoge-
nesis. Iodine supplementation from mothers to children
requires adequate attention. The adequate consumption
of iodine can avoid cognitive impairment in children (41,
42).

5.4. Relationship of Children’s Sleep Patterns with Infantile
Anorexia

Table 6 tabulates the results of the chi-square test (OR:
4.88; 95% CI: 1.80 - 13.21; P < 0.002). The results indicated
that there was a significant relationship between sleep pat-
terns and infantile anorexia in children at Prof. Dr. Mar-
gono Soekarjo Hospital (P < 0.05). This finding is in line
with the findings of a study conducted by Tauman et al.,
indicating that the parents of children with insomnia had
more frequent eating problems (26%), compared to con-
trols (9%) (P = 0.001). The effective factors in sleep disor-
ders are birth order, genetic factors, characteristics, per-
sonal and maternal psychological disturbance, caregiver
behavior, nighttime feeding, and co-sleeping (43).

The characteristics of children have an important role
in these two general conditions. It can lead to either sleep-
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ing disorders or eating difficulties. The characteristics of
children can affect the daily interactions of parents and
children, including interactions before bedtime and meal-
time. The sensory description is one of the characteristics
of children that is frequently revealed by parents and care-
givers. Sensory processing is the ability to integrate infor-
mation received from the body’s sensory systems and form
appropriate and efficient behavioral responses. Disrupted
sensory processing can cause various functional problems
and affect daily routines (44).

The Diagnostic Classification of Mental Health and De-
velopmental Disorders of Infancy and Early Childhood (DC:
0 - 3) defines three types of disorders of sensory process-
ing regulation in neonates, including hypersensitivity (i.e.,
excessive sensory response), hyposensitivity (i.e., lack of
sensory response), and sensory seeking. Sensory difficul-
ties mediate sleep development and eating disorders. The
early sensory characteristics of children can influence par-
ent and child interactions every day, including those occur-
ring during sleep and mealtimes (45).

5.5. Conclusion

The results of this study showed that infantile anorexia
has a strong association with impaired cognitive develop-
ment and abnormal sleep patterns. These findings under-
line the importance of early and adequate management of
infantile anorexia due to the possible long-term important
effects on the well-being of the children.
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