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Introduction

It is estimated

Language

(CAT/CLAMS) [7], [8].

The role of nutrition in the first 1000 days
cognitive development.
Adequate nutrition plays important role in rapid brain

of life is important for

12-16%
developmental disorders in the United States [1] and
8% of them are cognitive and language disorders [2].
In Indonesia, data showed 34% of 2634 children aged
0-72 months had developmental deviation and 44% of
them were language disorders [3]. In addition, 14.3% of
children aged <36 months suffered delay in cognitive
and language development in Denpasar [4]

development is
children’s cognitive abilities. Language development
will be good if cognitive are good [5], [6]. Delay in
cognitive and language development will affect various
life functions, causing obstacles to work in adulthood.
Therefore, Indonesia Ministry of Health recommend
diagnostic instrument that has been validated and
available in Indonesian, namely Capute scale-Cognitive
adaptive test/Clinical linguistic and auditory milestone

Abstract

BACKGROUND: Delay in cognitive and language development caused by multifactor including chronic deficiency of
zinc. There were inconsistencies in previous studies between zinc levels and development.

AIM: The study aims to prove low hair zinc level is associated with delays of cognitive and language development
in children 9-24 months old.

METHOD: This analytical observational study with case-control design, each group consisted of 69 children. Case
group with cognitive and language development delays, Cognitive adaptive test/Clinical linguistic and auditory
milestone <85 meanwhile control group with normal cognitive and language development. Chi-square test was used
to assess association between zinc levels and incidence of cognitive and language delays. Multivariate analysis was
performed by logistic regression.

RESULTS: Univariate analysis showed no association between low zinc level and delays of cognitive and language
development meanwhile logistic regression showed screen time >2 h and lack of stimulation were risk factors
(adjusted odds ratio [OR] 2.78; 95% Confidence interval [CI] 1.284—6.058; p = 0.010; adjusted OR 3.96; 95% CI
1.833-8.581; p < 0.001).

CONCLUSION: There is no relationship between low hair zinc level and delays in cognitive and language
development, but there is an association between screen time more than 2 h and lack of stimulation with delays in
cognitive and language development in children aged 9-24 months old.

development. Nutrients that roles in brain development
are macronutrients carbohydrates, proteins and fats
as well as micronutrients such as zinc, choline, iodine,
iron, folic acid, and vitamin A[9], [10], [11].

Zinc as micronutrient plays the most important
role in neurogenesis [12], [13], [14], [15], [16].
Sufficient level of zinc is required for regulation of
neurotransmitters such as glutamate, G-aminobutyric
acid (GABA) and acetylcholine, so that neurotransmitter
remains balanced and prevent excitotoxicity which
can cause brain damage and interfere learning
process [16], [17], [18], [19].

The prevalence of zinc-deficient in children
in Indonesia is quite high, 36.1% since Indonesia is
still developing country with low socioeconomic [20].
Meassurement of zinc level through hair tissue has
advantages such as noninvasive and less expensive.
Zinc concentration in hair is higher, stable, and reflect
zinc concentration in tissues. This is because during
the hair grow, follicle is exposed to blood supply and
after passed through scalp, the zinc traps in hair matrix
and will be retained because of keratinization [21].
The average human hair growth about 1 cm/month,
so 2-3 cm haircut taken from base of the head can

children have

indicator of
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reflect what has been absorbed by hair over the past
2—-3 month time period [21], [22].

The role of zinc in brain has been proven asin a
study in Iran girls aged 9-13 years, significant difference
was found between the average level of zinc in hair and
Intelligence Quotients (1Q) test scores [23]. Therefore,
researchers are interested in conducting repeat study
to determine the relationship between hair zinc level
and delay of cognitive and language development in
children aged 9-24 months in Indonesia, especially in
Bali, which has high prevalence of zinc deficiency.

This research has been approved by
Committee Ethics Faculty of Medicine Udayana/
Sanglah Hospital Denpasar No.670/UN14.2.2.VII.14/
LT/2020 and permission from Sanglah Central General
Hospital No: LB.02.01/X1V.2.2.1/34968/2020.

Method

This analytical observational study with
case-control design was carried out in children aged
9-24 months whom visited pediatric outpatient clinic
or were treated in pediatric ward of Sanglah Hospital.
Inclusion criteria for case group was child with Full-
Scale Developmental Quotient (FSDQ) Capute Scales
(CAT/CLAMS) <85 who were newly diagnosed and had
never been treated for developmental disorder before.
Hence, inclusion criteria for control group was child
with FSDQ Capute Scales (CAT/CLAMS) >85 who had
never been treated for developmental disorders.

Exclusion criteria were child with: History of
preterm, low birth weight, vegetarian diet, history of
vegetariandietduring pregnancy, increased metabolism,
impaired absorption or increased excretion and use of
diuretic therapy for >4 weeks, acute malnutrition, genetic
disorders, children with family history of language delay,
history of asphyxia, history of Central nervous system
(CNS) infections, CNS malformations, craniofacial
malformations, hearing loss, history of exposure to
teratogenic chemicals, maternal history of exposure to
X-ray radiation or computed tomography-scan.

The independent variable was hair zinc
content, dependent variable was delay in cognitive
and language development and confounding variables
were gender, nonexclusive breastfeeding, stunting,
low socio-economic status, history of preterm, history
of low birth weight, vegetarian diet during pregnancy,
increased metabolism, impaired absorption, increased
excretion, and severe acute malnutrition.

External variables were anemia, history of
seizures, mother’s education level, father’s education

level, primary caregiver, screen time, stimulation,
genetic disorder, history of asphyxia, history of
CNS infections, CNS malformations, craniofacial

malformations, hearing loss, exposure to chemicals in
the womb, radiation exposure during pregnancy.

Data were analyzed by computer program.
Categorical data were expressed in frequency and
percentage distributions, while continuous data are
expressed in medians. Hypothesis testing was carried
out in this study using chi-square test with significance
limit p < 0.05 and 95% confidence interval (Cl).

The relationship between zinc level in hair
with delay of cognitive and language development is
expressed as odds ratio (OR). Multivariate analysis was
conducted to rule out confounding variables in this study
using logistic regression test to assess the relationship
between zinc level in hair with cognitive and language
delays after controlling confounding variables.

Procedure

Hair material was taken in occipital area and
cut with length approximately 3 cm near scalp then
wrapped in opaque paper and stored in plastic clip. The
materials used were informed consent form, research
form, Kuesioner Praskrining Perkembangan (KPSP)
form, hearing test form, Capute scales (CAT/CLAMS),
measure tape with accuracy 0.1 cm, digital body scale,
ICPE-9000 spectrometer, scissors, opaque paper,
plastic clips, Easy Touch GCHb® personal diagnostic
tool and Easy Touch® hemoglobin (Hb) stick.

Result

During study period, 185 subjects metinclusion
criteria and 47 subjects were excluded (Figure 1).
All subjects filled those sheets, underwent physical
examination, KPSP examination, Capute scales
examination, hearing test, measurement of Hb level,
and hair zinc level.

Children age 9-24 months old from pediatric outpatient clinic
and pediatric wards

| Inclusion criteria(n=185) '_’ _.I Exclusion criteria (n=47)|

Subjects
(n=138)

/\

Case Control
(n=69) (n=69)

T

Zinc level not
low (n=34)

Zinc level not
low (n=30)

Low Zinc level

(n=39)

Low zinc
level (n=35)

Figure 1: Flowchart of the study

The characteristics of both groups did not
differ clinically, except for screen time and stimulation
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(Table 1). The age of the subjects in this study was
not normally distributed with median age in case
group 23 (9-24) months and control group 20 (9-24)
months. The distribution of zinc level in this study was
not normally distributed with the lowest concentration
being 0 mg/kg (<0.0001) and the highest being
1108.0 mg/kg. Hair zinc level in case group had
median (minimum-maximum) 76.66 (0—838.21) mg/kg
and control group had median (minimum-maximum)
132.99 (0-1108.00) mg/kg.

Table 1: Characteristics of subjects

Characteristics Case n =69 Control n = 69
Gender, n (%)

male 39 (56.5) 38 (55.1)

Female 30 (43.5) 31 (44.9)
Exclusive breastfeeding

No 44 (63.8) 38 (55.1)

Yes 25 (36.2) 31(44.9)
Stunting

Yes 17 (24.6) 7(10.1)

No 52 (75.4) 62 (89.9)
Anemia

Yes 14 (20.3) 16 (23.2)

No 55 (79.7) 53 (76.8)
History of seizure

Yes 9(13) 5(7.2)

None 60 (87) 64 (92.8)
Sosioeconomy status

Low 18 (26.1) 11 (15.9)

High 51(73.9) 58 (84.1)
Mother’s educational degree

Low 28 (40.6) 25(36.2)

High 41 (59.4) 44 (63.8)
Father’s educational degree

Low 31 (44.9) 27 (39.1)

High 38 (55.1) 42 (60.9)
Primary caregiver

Others 23(33.3) 20 (29.0)

Parents 46 (66.7) 49 (71.0)
Screen time

>2h 52 (75.4) 30 (43.5)

<2h 17 (24.6) 39 (56.5)
Stimulation

Lack 43 (62.3) 17 (24.6)

Enough 26 (37.7) 52 (75.4)

In this study, most children with cognitive and
language delays had low zinc level (56.5%) compared
to group without cognitive and language delays (50.7%).
Bivariate analysis using chi-square hypothesis test
and OR calculation showed that low zinc level had no
relationship with cognitive and language development
delays in children aged 9—24 months (Table 2).

Table 2: The association of hair zinc level with cognitive
and language delay in children age 9-24 months old

Level of Zinc, n (%) Cognitive and language delay OR Cl 95% p-value
Case (n=69) Control (n = 69)
Low 39 (56.5) 35 (50.7) 1.263 0.646-2.469 0.495
Not low 30 (43.5) 34 (49.3)
Screen time >2 h and stimulation had

different proportions size, which is clinically important.
Multivariate analysis was conducted in low hair zinc
level with both variables that thought to be associated
with cognitive and language delays. It was found that
low hair zinc levels did not associated with cognitive
and language development delay in children aged
9-24 months; however, screen time and lack of
stimulation could increase the risk of delays in
cognitive and language development by 2.788 times
and 3.966 times. Multivariate analysis of cognitive
and language development delays in children with
confounding variables is shown in Table 3.

Table 3: Multivariate analysis of low zinc level and confounding
factors with cognitive and language delay in children

Adjusted OR Cl 95% p-value
Low level of zinc 1.404 0.665-2.967 0.373
Screen time >2 h 2.788 1.284-6.058 0.010
Lack of stimulation 3.966 1.833-8.581 0.000

Discussion

In this study, the median age of subjects in
case group was 23 months, in accordance with Joint
Committee on Infant Hearing which found children with
speech delay were generally noticed by parents when
they were 18—24 months old [24]. Most of the variables
did not show any clinical important characteristic
differences between case groups compared to control
group. Children with partial cognitive and language
development delay had screen time >2 h (75.4%) and
had less stimulation (62.3%).

Screen time and simulations provided by
parents seems to affect children’s cognitive and
language abilities. All children in this study have been
introduced to screen media since the age <2 years,
especially television which can affect duration time of
stimulation.

Based on recommendations of American
Academy of Pediatrics 2016, children under 18 months
should not be introduced to screen devices other than
for video calls and recommends parents whom wish to
introduce smartphones to children aged 18-24 months
must choose good program and provide assistance
while children watching the program [25].

Canadian study found media exposure
>2 h daily was experienced by 85% of children aged
<3 years in Canada so this study used media exposure
limit >2 h [26].

Stimulation in this study also showed clinical
different of effect size in case group. As many as
62.3% children who experience delays in cognitive
and language development had insufficient stimulation
according to their age compared to 24.6% of children
without delay. Stimulation through games and verbal
interactions between mothers and their children could
increase development quotient values [27].

Several confounding variables and other
external variables which can bias the relationship of hair
zinc levels with cognitive and language development
delays did not show any clinically important differences
in this study. This can be caused the minimum sample
size for each of these variables weren’t measured.

In this study, boys dominated in case group
than control group. Based on previous studies, it is
known that boys have 2.6 times greater tendency
to experience delays in cognitive and language

484

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Paramita et al. Association of Hair Zinc Level with Cognitive and Language Delays

development compared to girls due to slower male
physiology and effect of testosterone that slows the
growth of left hemisphere neurons [28], [29]. Naturally,
boys tend to be more easily distracted and have lower
sense of self-control than girls [30].

This study also found that exclusive
breastfeeding or nonexclusive breastfeeding did not
provide clinically important difference in incidence of
cognitive and language development delays. In contrast
to meta-analysis showed breastfed increased children’s
cognitive 5.32 times (95% CIl = 4.51-6.14) compared
to formula-fed children [31]. Breastfeeding more than
4 months increase the value of Mental Development
Index from Bayley scale at age 1 and 2 years [31]. In
this study, 58.3% children with low hair zinc level did not
receive exclusive breastfeeding, since zinc in formula
milk could only be absorbed 20% compared to breast
milk which could be absorbed 60% [32].

Case group in this study whom suffered stunting
was 24.6%, bigger than control group which only 10.1%
suffered stunting. The minimum sample calculation was
not carried out for stunting variable, so it is possible that
sample in this study was too small to cause statistic
significant effect size. Chronic malnutrition/stunting
conditions that occur in infancy in postnatal period up to
2 years need to be aware because these conditions will
cause cognitive impairment and poor school and work
performance, due to low cognitive abilities including
literacy, numeracy, vocabulary, and reasoning [19], [33].

In this study, control group had more anemia
(23.3%) than case group. This condition occurred
because some of the samples in control group were
obtained from pediatric ward suffered acute infections
such as acute diarrhea, bronchiolitis and pneumonia
as well as children who had febrile seizures and first
seizure without fever. Anemia can be a risk factor for
acute infections such as pneumonia and diarrhea, and
thus anemia is found more frequent [34].

In this study, although there was no clinically
significant differences in history of seizures, the case
group showed bigger number than control group (13%
and 7.2%). Children with epileptic seizures or non-
epileptic seizures with onset age of seizure <1 year/
history of focal seizures/serial seizures within 24 h or
seizures longer than 15 min were found have significant
lower IQ scores than control. They also tend to have
lower speed in processing memory and information
index than normal children [35].

In this study, most children with cognitive and
language development delays came from family with low
socioeconomic status than control group (26.1% and
15.9%). Low family economic status is associated with
macronutrient and micronutrient deficiency conditions
which also potentially delay children’s cognitive and
language development [36], [37].

The proportion of children who have cognitive
and language development delays was higher in those

with low maternal education level, low paternal education
level and non-parental primary caregivers, although
these differences were not clinically different from control
group. Based on previous studies, socio-economic
factors role in these three variables. The primary
caregivers of biological mothers who have low education
level and come from low socio-economic families tend
to be associated with children whom suffered cognitive
and motor delays. They do not know how to provide age-
appropriate stimulation and unable to provide optimum
stimulation facilities to their children [37].

This study found that case group had low zinc
level was 56.5%, while control subjects with low zinc
level was 50.7%. OR of low zinc level for experiencing
cognitive and language development delays in this
study was 1.404 times, with 95% CI 0.665-2.967. These
results prove that there is no relationship between
low zinc levels with cognitive and language delays in
children aged 9-24 months (p = 0.373).

In this study, more than 50% of the subjects
had zinc deficiency despite exclusion of several factors.
It can be explained through study in Indonesian healthy
adolescents aged 13-18 years, with normal diet, had
zinc deficiency 77.48% [38]. Zinc deficiency often
occurs when children start complementary foods,
especially in developing countries, which factory-
made fortified complementary foods are rarely given
due to economic considerations. Mothers often make
homemade complementary foods with traditional
recipes thus doesn’t met micronutrients requirement.
Socio-economic and mother’s education level role in
choosing the composition of complementary foods, but
this study did not analyze the daily complementary foods
for children so that it was not possible to determine the
cause of the zinc deficiency.

In this study, case group had more hair
zinc level below the cutoff point 130 mg/kg. These
results resemble study in 112 term neonates with
birth weight >2500 g and come from low socio-
economic group. This study showed that hair zinc
concentrations have low sensitivity to detect marginal
zinc deficiency, but impaired cognitive development
could be seen in marginal zinc deficiency [39]. Zinc
is needed for optimal brain development since womb
for neurogenesis, myelination, synaptogenesis, and
release of neurotransmitters [40].

A clinical trial in 52 low birth weight
infants compared between the groups receiving zinc
supplements and those receiving placebo until the age
of 5 months showed no difference in serum zinc levels at
12 months of age. This could be due to complementary
foods had been given at the age of 12 months and no
difference in types of complementary foods between
the two groups. Differences in cognitive scores at the
age of 12 months are thought to indicate differences in
zinc level in brain tissue that affect cognitive and these
differences cannot be evaluated through fluctuating
zinc serum [41].

Open Access Maced J Med Sci. 2022 Feb 06; 10(B):482-488.
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Another study conducted in group girls aged
9-13 years also showed children with lower 1Q level;
the mean zinc level was also lower than the group of
children with normal 1Q level [23].

Research in Lubuk Rumbai Village showed
96.5% children with zinc intake <77% recommended
dietary allowance had intelligence level below average.
It showed that low zinc level increase the incidence of
children have low intelligence 24.5 times compared
to normal zinc and low socio-economic level causes
insufficient intake of nutrients that rich of zinc such
as nutrients from animal origin. In this study, the zinc
results was fluctuating but showed low zinc level as
risk factor, in accordance with research in developing
country, weak socio-economic condition risky for
insufficient intake of zinc-containing nutrients and risky
for suffering chronic zinc deficiency that is not visible
through serum zinc analysis [42].

The effect of zinc administration appears to
be beneficial when administered to older children.
Previous trials in group age 6-8 years and 9—-11 years,
found in the age group 6-8 years, combination of
zinc and iron deficiency significantly associated with
lower verbal memory test results compared to those
in sufficient group. There was significant increase
in average verbal memory test according to Mann-
Whitney test after Fe and zinc supplements were
given. In age group 6-8 years, a single zinc deficiency
did not significantly affect the results compared to
those without deficiency. Differences appear in older
age group 9-11 years, there was effect of single zinc
deficiency on significant decrease in memory test
results and increase in nonverbal memory test results
after being given zinc supplements for 3 months [15].

Similar results were also shown in study
assessed ability of verbal memory, nonverbal memory
and concentration. In age group 6-8 years, verbal and
nonverbal memory skills were most affected by Fe
deficiency compared to zinc deficiency, although the
combined deficiency had significant effect on lower
score of verbal memory test [43]. Contrary to previous
results, in 9-11 years old group showed zinc deficiency
affected verbal memory more than iron deficiency.
Umamaheswari et al. [15] and Chaudhary et al. [43]
showed that zinc affect cognitive at older age compared
to younger age.

Anotherstudyshowedthatzincsupplementation
20 mg for 6 months significantly increased intelligence
test scores in children aged 6-8 years [44]. Meghrazi
et al. conducted in group of children aged 9-13 years
showed children with lower 1Q level, mean zinc level
lower than the group of children with normal IQ level [23].

The studies mentioned above show similarities
with Castillo-Duran et al. [39] both studies were
conducted on children below 2 years old. Contradictory
with Meghrazi et al. [23], this can be explained
that during infancy and early childhood hair zinc

concentration decrease and reach its lowest value until
age 2-3 years [45], [46]. The reduced zinc concentration
of hair due to the usage of zinc in other tissues during
accelerated growth. Zinc in blood that pass through
hair follicles during this growth spurt are also reduced
because has been used by other tissues such as liver,
muscle, hormone glands, brain, and others [22]. Zinc
level will increase again during prepubertal period when
growth acceleration does not occur, this can cause hair
zinc level differ based on age [22].

Research on rats found that concentration
of zinc in brain after birth is quite high and increase
with growth but turnover of zinc in brain is also very
slow, as evidenced by zinc supplementation for
2 weeks—6 months in rats that did not increase the
concentration of zinc in brain, so that in younger
age population, zinc intake such as from food or
supplements does not significantly affect hippocampal
zinc level. Moreover zinc level affects cognitive
function in hippocampus. In the study, the role of
zinc supplementation in brain is to reduce copper
concentration in brain, while excess copper in brain
can catalyze the formation of free radicals, oxidative
damage occurs and disrupts cellular metabolism, so zinc
supplementation provides protection against cognitive
impairment due to copper excess [47]. Although hair
zinc can be used to assess tissue zinc status, hair zinc
at the age below 3 years cannot be used to assess
zinc level in brain tissue because mismatch between
zinc in brain and in other body tissues. Assessment
of zinc status using samples derived from hair should
be used to evaluate zinc level when the body is not in
catch-up period [47]. The results of this study did not
find significant relationship between hair zinc levels
and delays in cognitive and language development,
but found that screen time >2 h daily increased the
risk of cognitive and language development delays in
children 2.78 times (95% CIl 1.284-6.058; p = 0.010).
In addition to screen time, insufficient stimulation also
effect the occurrence of delay in cognitive and language
development 3.966 times (95% Cl 31.83-8.581;
p = 0.000).

A study conducted in children aged under
5 years found that exposure to smartphone and
television media more than 2 h daily had negative impact
on children’s cognitive and language development and
significantly hampered the value of communication in
the Ages and Stages Developmental Questionnaire [48].
Long-term exposure to smartphone may be associated
with lower cognitive abilities, especially short-term
memory, reading, counting, and language skills [26].
Children aged 3-5 years who have lower screen time
or in accordance with the recommendations tend to
have memory capacity 3.48 times higher than children
who have longer screen time [49]. Screen time without
interactive content, will distract children to practice
other important skills such as motor and communication
skills.
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Screen time affect interaction time of children
with parents which indirectly reduces verbal and
nonverbal stimulation from parents [50]. An increase
of 1 point of simulation in parenting will increase
0.57 points of child development [37]. Therefore, it is
important to reduce screen time to increase interaction
time of children with parents in the form of reading books
together, telling story, singing songs, playing outdoor,
naming objects, counting, and drawing so that these
stimuli provide good learning signals which important
for the development of children’s cognition [37], [50].

Conclusion

This study concluded that there was no
relationship between low hair zinc level and delay
in cognitive and language development in children
9-24 months, but screen time more than 2 h daily
and lack of stimulation were associated with delay in
cognitive and language development in children aged
9-24 months.
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