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Abstract
Purpose: To investigate the effect of nutritional status on pupillary responses in children aged 5 to 18 years.

Methods: This cross-sectional study comprised 92 eyes of malnourished children and 80 eyes of age- and gender-

matched healthy children based on BMI Z-score. Serum ferritin, hemoglobin, serum 25-hydroxyvitamin D, and vitamin

B12 levels were recorded. Pupillary responses were taken using Sirius topography (CSO, Italy) with the automated pupil-

lometry function. Static pupillometry consisted of pupil diameters at scotopic, mesopic, and photopic luminances. In

dynamic pupillometry, the mean pupil dilation speed at the 10th second was calculated by dividing the distance by

time in each 0.2 s period.

Results: No significant difference was observed between the groups regarding age, gender, visual acuity, and spherical

equivalent (p > 0.05). Mean hemoglobin, serum ferritin, serum 25-hydroxyvitamin D, and vitamin B12 levels were

lower in malnourished children than healthy children (p < 0.001). The malnutrition group had lower mean pupil diameters

under all luminance and higher speed of pupil dilation compared to the control group (p < 0.05). While malnutrition sub-

groups were similar in terms of pupil diameters under all luminance (p > 0.05), the speed of pupil dilation was significantly

different between the groups (p= 0.024). BMI z-score was positively correlated with mesopic and photopic pupil diam-

eter but also negatively correlated with the speed of pupil dilation (p < 0.05).

Conclusion: Malnourished children have smaller pupil diameters and higher speed of pupil dilation than healthy controls,

indicating an autonomic impairment.
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Introduction
Evidence has shown that the maturation of the visual system,
which has neurological and ocular components, requires a
balanced diet. Thus, malnourished children are more suscep-
tible to problems with visual development.1 Deficiency of
micronutrients can cause a wide range of ocular diseases,
from the ocular surface to the optic nerve, including riboflavin
deficiency–related ocular surface damage, thiamine deficiency–
related nystagmus, copper deficiency–related optic atrophy,
cobalamin deficiency–related optic atrophy, strabismus,
macular degeneration, and iron deficiency–related retinal
nerve fiber layer thinning.2–4

Measuring pupil size and reactivity has been recom-
mended as a valuable method for obtaining information

about the neurological system, including the optic nerve,
posterior visual pathways, and sympathetic nerves to the
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eye.5 Pupil diameters under low light conditions and the
dilation status project the function of the sympathetic
nervous system by stimulating the α-adrenergic receptors.
In addition, pupil diameters in light luminance and the con-
traction status indicate the parasympathetic system func-
tion by activating the muscarinic receptors.6,7 Hence,
pupillometry is particularly well suited for interpreting
the balance of the autonomic nervous system.

Recent advances in automated pupillometric devices
have quantitatively revolutionized the diagnosing and
monitoring of numerous ocular and neurological condi-
tions.8,9 Its usability has been established in children
with various diseases, such as attention deficit hyperactiv-
ity disorder, autism spectrum disorder, and obstructive
sleep apnea.10–12 A limited number of studies have
focused on the effects of serum levels of selected micronu-
trients on static and dynamic pupillary responses in chil-
dren.13,14 Given that marked alterations in cardiac
autonomic modulation have been described in malnour-
ished children, no study has yet addressed static and
dynamic pupillary responses as a part of the autonomic
system in malnourished children.15 The aim of this study
was to investigate whether malnutrition compromises the
autonomic nervous system in the pediatric population
through pupillary responses.

Methods
This cross-sectional study was conducted at the ophthal-
mology department of the Faculty of Medicine of Alanya
Alaaddin Keykubat University Training and Research
Hospital, Turkey, in collaboration with the pediatrics
department. The study sample consisted of children who
applied to the pediatric clinic for screening or were inci-
dentally diagnosed with malnutrition between November
2023 and December 2024. The study was designed to
adhere to the Declaration of Helsinki and approved by
the local ethical review committee (Registration number:
10354421-2023/14-18 and 18/10/2023). Informed
consent was obtained from each parent or legal guardian
before the examination.

Anthropometric measurements
In the recent Academy of Nutrition and Dietetics/American
Society of Parenteral and Enteral Nutrition (AND/ASPEN)
2014 Pediatric Malnutrition Consensus Statement, the use of
z-scores for weight for height/length, BMI for age, length/
height for age, or mid-upper arm circumference is estab-
lished as a primary indicator when only a single data point
is available for use as a criterion for identifying and diagnos-
ing malnutrition-related undernutrition.16 Even though a
standardized approach is not available in the pediatric popu-
lation older than 60 months, using z-scores to identify and
document pediatric malnutrition/undernutrition is highly

recommended.16 A z score is a statistical measure of the
standard deviations that compare above or below the mean
in a normal distribution of values from a study population.

In this regard, the height, weight, and body mass index
(BMI) of all participating children measured on admission
were noted from medical records. The BMI z-scores were
calculated according to the validated percentiles for
Turkish children by the same pediatrician (BY).17

According to AND/ASPEN malnutrition criteria, children
in the study group had a BMI z-score <−1, defined as
malnutrition-related undernutrition. The control group
comprised healthy children with a BMI z-score between
−1 and 1, represented as normal nutrition. When compar-
ing malnutrition subgroups, all children were divided into
three groups based on severity: mild (−1 to −1.9 z-score),
moderate (−2 to −2.9 z-score), and severe malnutrition
(−3 or greater z-score).16

Laboratory analysis
Serum concentrations of ferritin, hemoglobin, vitamin
B12, and vitamin D levels were recorded for each partici-
pant. The reference ranges for micronutrient levels were
based on laboratory reference values used in the hospital.18

In the study, having ferritin levels <15 ng/mL were consid-
ered low values. Anemia was defined as hemoglobin <11.5
g for children aged under 12 years, hemoglobin <12 g for
children aged 12 to 18 years in girls, hemoglobin <12 g
for children aged 12 to 15 years in boys, and hemoglobin
<13 g for children aged 15 to 18 years. Serum vitamin
B12 level <200 pg/mg was classified as deficiency,
between 200 and 300 pg/mg as insufficiency, and >300
pg/mg as normal. The 25-hydroxyvitamin D level was
determined as sufficiency between 20 and 100 ng/mL and
deficiency <20 ng/mL.19

Ophthalmic and pupillary examinations
Participants 5 to 18 years of age with spherical refractive
error < 2.00 D, cylinder refractive error < 1.00 D, and
best corrected visual acuity≤ 0.10 logMAR were included
in the study. Participants with any ocular disease (e.g.,
corneal disease, ptosis, optic neuropathy, or any optic neur-
opathy); any disease affecting pupillary motility (e.g., ani-
socoria or synechiae); a history of ocular surgery or head or
ocular trauma; or any neurological disease were excluded
from the study. All parents or legal guardians were asked
whether their children were taking any medications that
could have influenced pupillary movement (e.g.,
decongestants).

Each participant underwent a detailed ophthalmological
examination, including best-corrected visual acuity
(BCVA), slit-lamp biomicroscopy, and dilated posterior
segment examination. Pupil responses were recorded by
the same clinician (FY) using Sirius topography (CSO,
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Italy) with the automated pupillometry function. This
device allows monitoring of pupil size from maximum illu-
mination to a non-light condition.

After a 5-minute dark adaptation, the measurements
were performed based on the method of Prakash et al.20

in the following order: scotopic (0.4 lux), mesopic
(4 lux), and photopic (40 lux) luminance. Following the
static measurements, dynamic pupillometry (500 lux)
was performed (Figure 1). The mean pupil dilation speed
was calculated by dividing the pupil size by the time inter-
val, the difference between the 0th and 10th second (mm/s).
The right eye was recorded first, followed by the left eye.

All pupillometry measurements were performed at the
same time of day (between 9:00 a.m. and 12.00 p.m.) to
minimize the effect of circadian rhythm on pupillary func-
tion. During pupillometry, patients were asked to look at a
target 3 m away instead of the light source to avoid the
accommodative reflex. Only the right eye of each partici-
pant was chosen to obtain data in this cross-sectional
study. Pupil diameters at scotopic, mesopic, and photopic
light intensities and pupil dilation speed data at 10 s were
compared between the groups.

Statistical analysis
Statistical analyses were performed using SPSS (Statistical
Package for the Social Sciences, Chicago, IL, USA) soft-
ware, version 23. A Kolmogorov–Smirnov test was used
to confirm the normality of the data. The data are presented
as means with standard deviations for continuous data and
frequencies and percentages for categorical data.
Chi-square tests for categorical variables and Mann–
Whitney U-tests for continuous variables were used to
compare the study and control groups. The Kruskal–
Wallis test was used to compare demographic and pupil-
lary responses between malnutrition subgroups (mild,
moderate, and severe), followed by post-hoc analysis for
multiple comparisons. The Spearman method was
applied to determine the correlation coefficients and sig-
nificance between pupillary responses and both BMI
z-score and laboratory values. A P-value < 0.05 was con-
sidered statistically significant.

Results
A total of 172 eyes of 172 children, comprising 92 from the
malnutrition group and 80 from the control group, were
enrolled in this study. Of the 92 participants, 28 were in
the mild, 40 were in the moderate, and 24 were in the
severe malnutrition subgroups.

The demographic and clinical characteristics of the mal-
nutrition and control groups are displayed in Table 1. The
groups were similar in terms of age, gender, visual acuity,
and spherical equivalent (p= 0.351, p= 0.555, p= 0.290,
and p= 0.238, respectively). The mean hemoglobin,

serum ferritin, vitamin D, and vitamin B12 levels in the
malnutrition group were lower than in the control group
(p < 0.001). The malnutrition group had lower mean
pupil diameters under three different levels of illumination
and higher speed of pupil dilation than the control group,
as shown in Table 2 (p= 0.046, p= 0.013, p= 0.022, and
p < 0.001, respectively).

When analyzing the demographic characteristics of the
malnutrition subgroups, no significant differences were
observed in any demographic variables (p > 0.05), except
for gender and vitamin D level (p < 0.001 and p= 0.008,
respectively, in Table 3). Vitamin D levels were statistic-
ally lower in the severe malnutrition group than in the
mild and moderate malnutrition groups (mild vs severe;
p= 0.015, moderate vs severe; p= 0.003, respectively).

As demonstrated in Table 4, while there were no signifi-
cant differences in pupil diameters under three different
levels of illumination (p > 0.05), a significant difference
was found in the speed of pupil dilation between the sub-
groups (p= 0.024). The severe malnutrition group had a
higher speed of dilation than the mild malnutrition group
(p=0.007). No other significant difference existed regarding
the speed of pupil dilation in the subgroup analyses mild vs
moderate; p = 0.059, moderate vs severe; p = 0.281,
respectively.

As depicted in Figure 2, mesopic and photopic pupil
diameters were positively correlated with BMI z-score
(r= 0.227, p= 0.029; r= 0.280, p= 0.007, respectively).
There was no relationship between BMI z-score and sco-
topic pupil diameter (p= 0.765). A moderate negative cor-
relation was also noted between BMI z-score and speed of
pupil dilation (r=−0.313 p= 0.004, in Figure 2). No rela-
tionship existed between pupillometry and selected labora-
tory values (p > 0.05).

Discussion
In the present study, malnourished children had smaller
pupil diameters under three different illuminations and a
higher pupil dilation speed than healthy children. Also, a
significant increase in the mean speed of pupil dilation
was noted in children with severe malnutrition compared
with mild malnutrition. To the best of our knowledge,
this is the first study to investigate the influence of malnu-
trition on pupil responses obtained by an automated pupil-
lometry system in the pediatric population.

As a nongenetic factor, malnutrition has adversely
affected central nervous system development, including
retinal development, in animal studies.21,22 In malnourished
rats, alterations in the ultrastructure of the optic nerve, such
as irreversible disorganization, myelination defects, and
impaired nerve transmission, have been revealed during
the developmental process of myelination.23 Additionally,
deleterious effects of malnutrition on the retina and its long-
lasting degenerative process during the postnatal period in
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rats have been reported by Bevilaqua et al.22 There is clear
evidence that nutrition is also crucial in regulating the auto-
nomic nervous system.24,25

On the other hand, studies investigating the nutritional
status and pupillary responses are rare in the literature,
restricting discussion of our findings. In a study by Healy
et al.26 evaluating pupillary threshold or pupillary respon-
siveness using the Portable Field Dark Adaptometer
(PFDA), the variations in pupillary responsiveness in mal-
nourished children aged 4 to 8 years have been associated
with altered parasympathetic activity. In our study, pupil
diameters under scotopic and mesopic illumination levels
were lower in the malnutrition group than in the control
group, suggesting insufficient dilation. Given that the
effect of luminance on pupil size is well known, the
effect was most marked at low luminance, as postulated
by Guillon.27 Meanwhile, parasympathetic withdrawal
and sympathetic activation are responsible for pupil dila-
tion.6 Our study hypothesized that discrepancies in pupil-
lary responses in children with malnutrition could be a
consequence of not only altered parasympathetic activity
but also altered sympathetic system activity. Similar altera-
tions in the autonomic nervous systems characterized by a
reduction in both sympathetic and parasympathetic modu-
lation have been highlighted in malnourished children, as
reported by Barreto et al.15

The current study also highlighted a higher speed of
pupil dilation in children affected by malnutrition com-
pared to healthy controls. Besides, it was also inversely
correlated with BMI z-score. It is known that a more
rapid pupillary light reflex is observed in conditions char-
acterized by autonomic dysfunction.6 In the aforemen-
tioned study by Healy et al.,26 children with anemia

appeared to have a more rapid pupillary light reflex than
nonanemic children in their marginally nourished popula-
tion. Another study by Healy et al.28 emphasized that exag-
gerated pupillary responsiveness to light stimuli under
dark-adapted conditions due to chronic hypoxia was an
adaptive and overcompensatory reaction of autonomic
functions. The possible explanation was an excessive and
unregulated sympathetic response, as postulated by
Healy.28 Likewise, a higher speed of pupil dilation may
have also appeared as a nutritional compensation mechan-
ism. The speed of pupil dilation calculated in dynamic
mode may be pivotal as a supportive diagnostic tool for
assessing the sympathetic nervous system.

Malnutrition-induced retinal degeneration has also been
reported to last from childhood into adulthood.22 A study
by Tekin et al.,29 in their study of malnourished children
aged between 5 and 10 years, demonstrated reduced
retinal nerve fiber layer and choroidal thickness without
clinically observable ocular pathology. In addition, positive
correlations were noted between BMI for age z-score and
both retinal nerve fiber layer thickness and foveal central chor-
oidal thickness in malnourished children.29 The relationships
between thinning of the retinal nerve fiber layer and slower
pupillary responses, such as smaller response amplitude,
slower velocity, and longer time to peak constriction and dila-
tion, have been reported in the glaucoma population.30

Impaired pupillary responses are anticipated in malnourished
children, as studies have demonstrated thinning of the retinal
ganglion cell layer and choroidal thickness in malnutri-
tion.26,29 In the current study, the BMI z-score was positively
correlated with mesopic and photopic pupil diameters but not
scotopic pupil diameter. In this regard, our findings should be
interpreted cautiously due to the lack of retinal structure

Figure 1. Pupillometric analysis via Sirius (CSO, Firenze, Italy). The right upper graphic indicates pupil diameters under scotopic,

mesopic, and photopic illumination, and the right lower graphic indicates dynamic pupillometry analysis over time for every 2 seconds.
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analysis, including retinal nerve fiber thickness as a marker of
optic nerve function.

Previous studies have shown the effects of serum levels of
selected micronutrients on retina and choroid structures, as
well as pupillary responses in children.4,13,14,29 Positive cor-
relations of the retinal nerve fiber layer and choroidal thick-
ness with hemoglobin, iron, and ferritin levels have been
reported in children with iron deficiency anemia.4,31 Tekin
et al.29 demonstrated similar correlations between foveal
central choroidal thickness and ferritin, hemoglobin,

and vitamin B12 levels in malnourished children.
Interestingly, the strong negative relationship between
hemoglobin and pupillary responsiveness has been high-
lighted as the most important nutritional correlation by
Healy et al.26

In addition to its role in the myelination of the nervous
systems, vitamin B12 is essential for maintaining normal
neurological function and various metabolic processes.2

Özkasap et al.3 stated thinning of the retinal nerve fiber
layer in children with vitamin B12 deficiency, based on a

Table 1. Demographic and clinical characteristics of participants.

Malnutrition Group (n= 92) Control Group (n= 80) P value

Age (year) 11.79± 3.38 (5 to 17) 12.28± 3.10 (6 to 16) 0.351*

Male/Female 47/45 38/42 0.555¥

Visual acuity (LogMAR) 0.02± 0.03 (0.00 to 0.10) 0.01± 0.03 (0.00 to 0.10) 0.290*

Spherical Equivalent (D) −0.13± 0.86 (−2.00 to +1.37) 0.02± 0.90 (−2.00 to +1.62) 0.238*

BMI Z-Scores −2.44± 1.15 (−6.54 to −1.10) 0.57± 0.43 (−0.47 to 0.99) <0.001*

Hemoglobine (g/dL) 12.00± 1.05 (9.80 to 14.50) 12.89± 0.58 (11.90 to 14.20) <0.001*

Serum Ferritin (ng/mL) 11.97± 5.16 (2.10 to 21.90) 42.86± 10.83 (22.10 to 67.90) <0.001*

Serum 25-hydroxyvitamin D (ng/mL) 13.18± 5.01 (5.97 to 32.23) 31.43± 4.88 (23.25 to 40.80) <0.001*

Vitamin B12 (pg/mL) 321.02± 70.60 (209 to 454) 413.41± 89.63 (300 to 638) <0.001*

*Mann-Whitney U test.
¥Chi-square test.

Table 2. Comparisons of pupillary responses between malnutrition and control groups.

Malnutrition Group (n= 92) Control Group (n= 80) P value*

Scotopic pupil diameter (mm) 6.00± 0.51 (4.90 to 7.09) 6.13± 0.55 (4.78 to 7.12) 0.046

Mesopic pupil diameter (mm) 5.51± 0.54 (4.48 to 6.69) 5.73± 0.60 (4.39 to 6.84) 0.013

Photopic pupil diameter (mm) 4.71± 0.56 (3.62 to 5.75) 4.90± 0.52 (3.64 to 5.82) 0.022

Speed of pupil dilation at the 10th second (mm/s) 0.27± 0.05 (0.16 to 0.37) 0.23± 0.06 (0.12 to 0.35) <0.001

*Mann-Whitney U test.

Table 3. Demographic and clinical characteristics of malnutrition subgroups.

Malnutrition status

Mild (n= 28) Moderate (n= 40) Severe (n= 24) P value

Age (year) 12.40± 3.82 (5 to 16) 11.28± 3.11 (6 to 16) 11.96± 3.26 (7 to 17) 0.226*

Male/Female 20/8 22/18 5/19 <0.001¥

Visual acuity (LogMAR) 0.01± 0.03 (0.00 to 0.10) 0.02± 0.03 (0.00 to 0.10) 0.02± 0.03 (0.00 to 0.10) 0.519*

Spherical Equivalent (D) −0.20± 1.02 (−2.00 to

+1.37)
−0.24± 0.83 (−1.87 to

+1.12)
0.13± 0.69 (−1.50 to +1.25) 0.211*

BMI Z-Scores −1.37± 0.24 (−1.85 to

−1.10)
−2.28± 0.23 (−2.81 to

−1.94)
−3.95± 1.14 (−6.54 to

−3.02)
<0.001*

Hemoglobine (g/dL) 12.16± 0.98 (9.80 to 13.90) 12.12± 0.95 (9.90 to 13.90) 11.60± 1.22 (10.00 to

14.50)

0.054*

Serum Ferritin (ng/mL) 13.08± 5.56 (2.10 to 21.90) 12.27± 5.13 (2.90 to 21.50) 10.17± 4.39 (3.20 to 20.00) 0.110*

Serum 25-hydroxyvitamin D

(ng/mL)

13.15± 3.20 (6.33 to 16.73) 14.67± 6.27 (5.97 to 32.23) 10.72± 3.20 (6.76 to 17.90) 0.008*

Vitamin B12 (pg/mL) 315.82± 69.40 (212 to 412) 325.53± 72.51 (215 to 437) 319.58± 71.28 (209 to 454) 0.836*

*Kruskal Wallis test.
¥Chi-square test.
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positive correlation. A study by Öztorun et al.,13 evaluating
static pupillary responses in children with vitamin B12
deficiency using the Sirius topography device, reported
larger pupil diameters under mesopic and photopic condi-
tions than healthy children, indicating insufficient pupil
constriction.

Despite its neuroprotective effect, no clear information
about the pathological effects of vitamin D on the autonomic
nervous system is well established in the literature. Previous
studies on vitamin D deficiency have addressed impaired
parasympathetic nerve fiber function and neuromuscular
coordination.32,33 Yıldırım Biçer et al.14 mentioned that chil-
dren with vitamin D deficiency had larger pupil diameters in

photopic conditions than healthy children, pointing to the
parasympathetic system dysfunction, pointing to the para-
sympathetic system dysfunction, similar to Öztorun et al.13

Also, the pupil dilation speed was slower in the group with
<12 ng/mL than≥12 ng/mL.14 Considering serum vitamin
D levels in our study, a higher speed of dilation was observed
in the severe malnutrition group (< 12 ng/mL) than in the
mild malnutrition group (≥ 12 ng/mL). No significant rela-
tionships existed between pupillary responses and serum
levels of selected micronutrients in our study. Since malnutri-
tion subgroups were created according to BMI z-score in our
population, these variations in pupillary responses may not be
solely attributable to serum levels of micronutrients.

Table 4. Comparisons of pupillary responses according to malnutrition status.

Malnutrition status

Mild (n= 28) Moderate (n= 40) Severe (n= 24) P value*

Scotopic pupil diameter (mm) 5.89± 0.47 (4.90 to

6.87)

6.03± 0.42 (4.98 to

7.09)

6.01± 0.57 (5.05 to

7.01)

0.580

Mesopic pupil diameter (mm) 5.60± 0.48 (4.54 to

6.39)

5.52± 0.53 (4.58 to

6.69)

5.38± 0.66 (4.48 to

6.39)

0.361

Photopic pupil diameter (mm) 4.85± 0.51 (3.73 to

5.75)

4.64± 0.58 (3.62 to

5.68)

4.65± 0.53 (3.71 to

5.65)

0.242

Speed of pupil dilation at the 10th second

(mm/s)

0.24± 0.03 (0.17 to

0.29)

0.26± 0.04 (0.16 to

0.36)

0.29± 0.06 (0.20 to

0.37)

0.024

*Kruskal Wallis test.

Figure 2. Scatter plots showing the correlations of BMI Z-score with A: scotopic pupil diameter, B: mesopic pupil diameter,

C: photopic pupil diameter, and D: speed of pupil dilation.
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Nevertheless, the lesser degree of variations in pupillary
responses at high luminance should be considered when
evaluating previous studies and their outcomes.

This study has some limitations. First, it is not possible
to establish causal relationships using a cross-sectional
design. Another drawback of this study is that the impact
of other micronutrient deficiencies, such as vitamins A,
C, and E, biotin, and zinc, could not be measured due to
unavailable kits. There is no information regarding serum
iron levels, which may help differentiate potential causes
of anemia in our study. Laboratory analysis has relied on
single measurements and indicators of nutritional status,
which are known to be affected by inflammation.
Differences in pupillary responses based on the severity
of malnutrition did not reach significance levels due to
the small sample size, which also affected the validity of
the results. Finally, the Sirius device is only able to
detect dilation speed in dynamic mode. Available pupillo-
metry devices comprehensively monitor and provide infor-
mation about dilation and contraction-related values, such
as amplitude, latency, duration, and velocity.

In conclusion, the present study demonstrates smaller
pupil diameters under different luminance levels as well
as a higher speed of pupil dilation in malnourished chil-
dren. Early recognition of these changes in the pupillary
responses may be a sign of preventing malnutrition-related
ocular pathologies. Thus, more detailed data are needed to
clarify pupil characteristics in children with ocular symp-
toms. Further studies should also elaborate on the revers-
ibility of these outcomes before and after treatment in
malnourished children.
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BY).

Funding
The authors received no financial support for the research, author-
ship, and/or publication of this article.

Declaration of conflicting interests
The authors declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Data availability statement
The datasets generated and/or analyzed in the current study are
available from the corresponding author upon reasonable
request. Data are not publicly available, and further enquiries
can be directed to the corresponding author.

References
1. Brémond-Gignac D, Copin H, Lapillonne A, et al. Visual

development in infants: physiological and pathological
mechanisms. Curr Opin Ophthalmol 2011; 22: S1–S8.

2. Whatham A, Bartlett H, Eperjesi F, et al. Vitamin and
mineral deficiencies in the developed world and their effect
on the eye and vision. Ophthalmic Physiol Opt 2008; 28:
1–12.

3. Özkasap S, Türkyilmaz K, Dereci S, et al. Assessment of
peripapillary retinal nerve fiber layer thickness in children
with vitamin B12 deficiency. Childs Nerv Syst 2013; 29:
2281–2286.

4. Simsek A, Tekin M, Bilen A, et al. Evaluation of choroidal
thickness in children with iron deficiency Anemia. Invest
Ophthalmol Vis Sci 2016; 57: 5940–5944.

5. Tekin K, Sekeroglu MA, Kiziltoprak H, et al. Static and
dynamic pupillometry data of healthy individuals. Clin Exp
Optom 2018; 101: 659–665.

6. Wang Y, Zekveld AA, Naylor G, et al. Parasympathetic
nervous system dysfunction, as identified by pupil light
reflex, and its possible connection to hearing impairment.
PLoS One 2016; 11: e0153566.

7. Neuhuber W and Schrödl F. Autonomic control of the eye
and the iris. Auton Neurosci 2011; 165: 67–79.

8. Bergamin O, Zimmerman MB and Kardon RH. Pupil light
reflex in normal and diseased eyes: diagnosis of visual dys-
function using waveform partitioning. Ophthalmology
2003; 110: 106–114.

9. Schröder S, Chashchina E, Janunts E, et al. Reproducibility and
normal values of static pupil diameters. Eur J Ophthalmol 2018;
28: 150–156.

10. Aslan MG, Uzun F, Fındık H, et al. Pupillometry measure-
ment and its relationship to retinal structural changes in chil-
dren with attention deficit hyperactivity disorder. Graefes
Arch Clin Exp Ophthalmol 2020; 258: 1309–1317.

11. Bleimeister IH, Avni I, Granovetter MC, et al. Idiosyncratic
pupil regulation in autistic children. Autism Res 2024; 17:
2503–2513.

12. Philby MF, Aydinoz S, Gozal D, et al. Pupillometric findings
in children with obstructive sleep apnea. Sleep Med 2015; 16:
1187–1191.

13. Öztorun ZY, Biçer GY, Zor KR, et al. Evaluation of static
pupillary parameters in pediatric patients with vitamin B12
deficiency. Niger J Clin Pract 2025; 28: 539–544.

Kocabas et al. 73

https://orcid.org/0000-0001-5196-0106
https://orcid.org/0000-0001-5196-0106
https://orcid.org/0000-0001-5196-0106
https://orcid.org/0000-0002-0708-5508
https://orcid.org/0000-0002-0708-5508
https://orcid.org/0000-0003-3320-3739
https://orcid.org/0000-0003-3320-3739


14. Biçer GY, Yılmaz Öztorun Z, Biçer KE, et al. Analysis of pupil-
lary responses in pediatric patients with vitamin D deficiency.
Graefes Arch Clin Exp Ophthalmol 2024; 262: 2625–2632.

15. Barreto GS, Vanderlei FM, Vanderlei LC, et al. Impact of
malnutrition on cardiac autonomic modulation in children.
J Pediatr (Rio J) 2016; 92: 638–644.

16. Becker P, Carney LN, Corkins MR, et al. Consensus statement
of the academy of nutrition and dietetics/American society for
parenteral and enteral nutrition: indicators recommended for
the identification and documentation of pediatric malnutrition
(undernutrition). Nutr Clin Pract 2015; 30: 147–161.

17. Neyzi O, BundakR,GökçayG, et al. Reference values for weight,
height, head circumference, and body mass Index in turkish chil-
dren. J Clin Res Pediatr Endocrinol 2015; 7: 280–293.

18. Pagana KD, Pagana TJ and Pagana TN. Mosby’s®
Diagnostic and Laboratory Test Reference. 15th Edition.
St. Louis, MO: Elsevier, 2021.

19. Karabayir N, Teber BG, Dursun HK, et al. Is there an asso-
ciation between vitamin B12 level and vitamin D Status in
children? J Pediatr Hematol Oncol 2022; 44: e677–e681.

20. Prakash G, Srivastava D, Suhail M, et al. Assessment of bilat-
eral pupillary centroid characteristics at varying illuminations
and post-photopic flash response using an automated pupill-
ometer. Clin Exp Optom 2016; 99: 535–543.

21. García-Contreras C, Valent D, Vázquez-Gómez M, et al.
Fetal growth-retardation and brain-sparing by malnutrition
are associated to changes in neurotransmitters profile. Int J
Dev Neurosci 2017; 57: 72–76.

22. Bevilaqua MC, Andrade-da-Costa BL, Fleming RL, et al.
Retinal development impairment and degenerative altera-
tions in adult rats subjected to post-natal malnutrition. Int J
Dev Neurosci 2015; 47: 172–182.

23. Almeida MF, Silveira AC, Guedes RC, et al. Quantitative
ultrastructural evidence of myelin malformation in optic

nerves of rats submitted to a multideficient diet. Nutr
Neurosci 2005; 8: 91–99.

24. de Castro Mendes F, Paciência I, Rufo JC, et al. Increasing
vegetable diversity consumption impacts the sympathetic
nervous system activity in school-aged children. Nutrients
2021; 13: 1456.

25. Hall JE. Guyton and Hall Textbook of Medical Physiology.
13th ed. Philadelphia: Elsevier, 2016.

26. Healy K, Palmer AC, Barffour MA, et al. Nutritional Status
measures are correlated with pupillary responsiveness in
Zambian children. J Nutr 2018; 148: 1160–1166.

27. Guillon M, Dumbleton K, Theodoratos P, et al. The effects of
age, refractive Status, and luminance on pupil size. Optom
Vis Sci 2016; 93: 1093–1100.

28. Healy K, Labrique AB,Miranda JJ, et al. Dark adaptation at high
altitude: an unexpected pupillary response to chronic hypoxia in
andean highlanders. High Alt Med Biol 2016; 17: 208–213.

29. Tekin M, Simsek A, Bilak S, et al. Evaluation using spectral-
domain optical coherence tomography of the effects of mal-
nutrition on ocular parameters in pediatric patients. Optom
Vis Sci 2020; 97: 154–161.

30. Chang DS, Boland MV, Arora KS, et al. Symmetry of the
pupillary light reflex and its relationship to retinal nerve
fiber layer thickness and visual field defect. Invest
Ophthalmol Vis Sci 2013; 54: 5596–5601.

31. Türkyilmaz K, Oner V, Ozkasap S, et al. Peripapillary retinal
nerve fiber layer thickness in children with iron deficiency
anemia. Eur J Ophthalmol 2013; 23: 217–222.

32. Maser RE, LenhardMJ and Pohlig RT. Vitamin D insufficiency
is associated with reduced parasympathetic nerve fiber function
in type 2 diabetes. Endocr Pract 2015; 21: 174–181.

33. Yorulmaz IS, Demiraran Y, Özlü O, et al. The effect of
vitamin D status on different neuromuscular blocker agents
reverse time. Turk J Med Sci 2020; 50: 749–755.

74 European Journal of Ophthalmology 36(1)


	 Introduction
	 Methods
	 Anthropometric measurements
	 Laboratory analysis
	 Ophthalmic and pupillary examinations
	 Statistical analysis

	 Results
	 Discussion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


