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ABSTRACT

Purpose: To compare choroidal thickness (CT) and the choroidal vascularity index (CVI) between underweight children and age-
matched peers with normal body mass index (BMI), and to explore potential associations between BMI and choroidal parameters.

Methods: This cross-sectional study included 72 children (35 underweight, 37 normal weight) who underwent enhanced depth imaging
optical coherence tomography (EDI-OCT). CT was measured at subfoveal, 1000 um nasal, and 1000 um temporal locations. Image
binarization in ImageJ software was used to calculate total choroidal area (TCA), luminal area (LA), stromal area (SA), CVI (LA/TCA),
and LA/SA ratio. Group comparisons and correlations between BMI and choroidal parameters were performed.

Results: There were no significant differences between the groups in terms of age, sex, axial length, or intraocular pressure (p > 0.05).
TCA, LA, and SA were significantly higher in underweight children than in controls (p < 0.001 for all), whereas CT, CVI, and LA/
SA ratios did not differ significantly between groups (p > 0.05). BMI showed significant negative correlations with subfoveal CT (r =
—0.236, p = 0.040), TCA (r=-0.457, p <0.001), LA (r =—0.414, p < 0.001), and SA (r =—-0.475, p <0.001).

Conclusion: Underweight children demonstrated increased choroidal structural areas (TCA, LA, SA), while CVI remained unchanged,
suggesting a proportional increase in both vascular and stromal components. These findings indicate that BMI may influence choroidal
structure, although the vascular-stromal balance appears to be preserved.
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INTRODUCTION children with undernutrition may exhibit systemic micro-

Malnutrition and being underweight in childhood are still ~ vascular alterations.’

major public health concerns. According to global esti-
mates, approximately 23.2% of children under 5 years old
were stunted, 7.4% were wasted, and 13.9% were under-
weight.! Malnutrition is closely associated with impaired
growth and neurocognitive development, increased sus-
ceptibility to infections, immune system dysfunction, and
long-term cardiovascular morbidity.” Nutritional status has

a profound impact on vascular structure and function, and

The choroid is a layer of highly vascularised tissue embed-
ded between the sclera and the retina, playing a pivotal role
in sustaining retinal function and ocular homeostasis. Due
to its extensive vascular network, the choroid is particular-

ly susceptible to various ocular and systemic disorders. 43

Optical coherence tomography (OCT) enables rapid,

non-contact, and non-invasive evaluation of the optic
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nerve and retina. Enhanced depth imaging OCT (EDI-
OCT) provides improved visualization of deeper structures
such as the choroid.® The choroidal vascularity index (CVI)
has emerged as a robust and reproducible biomarker for

assessing choroidal vascular status.’

Previous pediatric studies have demonstrated that choroi-
dal thickness (CT) may be influenced by refractive errors,
amblyopia, and obesity.*!> While several adult studies have
evaluated CT and CVI in underweight individuals, investi-

gations in pediatric underweight populations remain scarce.

The present study aimed to compare CT and CVI between
underweight children and age-matched children with nor-
mal body mass index (BMI). By employing EDI-OCT
imaging and image binarization techniques, we sought to
determine whether nutritional status influences choroidal

structural parameters in the pediatric population.

MATERIALS AND METHODS

This cross-sectional designed study was conducted with
the approval of the local ethics committee (Approval No:
2022-110) and in accordance with the Declaration of Hel-
sinki. Written informed consent was secured from all sub-

jects and their parents.

The study was conducted on a total of 72 children, com-
prising 35 underweight participants (BMI < 18.5 kg/m?)
and 37 age- and sex-matched controls with normal BMI
(18.5-24.9 kg/m?), according to reference values for Turk-
ish children.®* Exclusion criteria included: best-corrected
visual acuity (BCVA) worse than 10/10, spherical equiva-
lent (SE) refractive error > £3.00 diopters, history of oc-
ular surgery, strabismus, amblyopia, glaucoma, retinal or
uveal disease, systemic diseases (e.g., diabetes mellitus,
hypertension), use of systemic or topical medication, and

poor cooperation during OCT imaging.

All participants underwent slit-lamp biomicroscopy,
best-corrected visual acuity (BCVA) assessment with a
Snellen chart, and fundus examination. The IOP and the
spherical equivalent (SE) of the participants were mea-
sured with an autorefractometer (Topcon KR-8900; Topcon

Corporation, Japan).

Height and weight were measured without shoes and in

light clothing using an automated stadiometer and weigh-

ing scale (Densi GL-150, DENSI Industrial Weighing Sys-
tems). BMI was calculated as weight (kg) / height? (m?).

The measurement of axial length (AL) was conducted util-
ising an optical biometer (AL-Scan; Nidek Corp., Japan).
Macular images were acquired using a spectral-domain
OCT (Heidelberg Engineering, GmbH, Heidelberg, Ger-
many) and choroidal images were acquired in enhanced
depth imaging (EDI) mode between 10:00 and 13:00 to
minimize diurnal variation. Only the right eye of each par-

ticipant was analyzed.

The measurement of CT was conducted manually, defined
as the vertical distance from the outer border of the reti-
nal pigment epithelium to the choroidal-scleral interface.
The measurement was taken at three points: the subfoveal
region, the 1000 um nasal region, and the 1000 pm tem-
poral region, referenced to the fovea. The central macu-
lar thickness (CMT) was obtained automatically using the
OCT device.

The choroidal structures, including the total choroidal area
(TCA) and the luminal area (LA) were calculated using the
binarisation of EDI-OCT images using the ImagelJ software
programme (National Institutes of Health, USA).Stromal
area (SA) was found from the difference of TCA and LA.
The CVI values were calculated using the LA/TCA ratio
(Figure 1).

STATISTICAL ANALYSIS
SPSS V22 (IBM Corp.,NY, USA) was used for data anal-

ysis. Normality was assessed using the Kolmogorov—
Smirnov / Shapiro-Wilk test. Intergroup comparisons were
performed using independent samples t-test for normally
distributed variables and the Mann—Whitney U test for
non-normally distributed variables. Categorical variables
were compared using the chi-square test. Correlations be-
tween BMI and choroidal parameters were assessed with
Spearman’s correlation analysis. The data are expressed as
the mean =+ standard deviation (SD). P-values < 0.05 were

considered statistically significant.

RESULTS
The study included 72 children: Thirty-five were in the un-

derweight group and 37 were in the normal-weight control
group. The mean age was 12.57+3.66 years in the under-
weight group and 12.03 + 3.78 years in the control group,



J Ret Vit 2025; 34: 319-326 Oztiirk et al. 321

24.12.2020, 0D

24.12.2020, 0D

IR&OCT 30° ART EDI [HS] ART(36) Q- 37 " HEIDELBErS)
ENGINEENNG

Figure 1: A)Subfoveal, 1000 um temporal and nasal choroidal thickness measurement, B) The image was binarized using
Niblack's auto-local threshold, C) The color threshold tool was used to select the dark pixels, representing the luminal

area.



Evaluation of Choroidal Thickness and the

322 Choroidal Vascularity Index in Underweight Children: Case-Control Study

with no significant difference between groups (p = 0.601).
The sex distribution was comparable (p = 0.799).

There were no significant intergroup differences in height,
SE, IOP, AL, or CMT (p > 0.05 for all). As expected, BMI,
BMI standard deviation score (BMI SDS), and weight were
significantly lower in the underweight group (p < 0.001 for
all) (Table 1).

Choroidal measurements are summarized in table 2. Subfo-
veal, temporal, and nasal CT values were higher in the un-
derweight group; however, these differences were not sta-
tistically significant. (p = 0.070, p = 0.175, and p = 0.336,

respectively).

In contrast, SA, LA, and TCA were significantly larger in
underweight group (p < 0.001 for all). Neither the LA/SA
ratio nor the CVI (LA/TCA) differed significantly between
groups (p = 0.626 and p = 0.774, respectively).

Correlation analysis revealed a significant negative rela-
tionship between BMI and subfoveal CT (r = —0.236, p =
0.040), TCA (r =-0.457, p <0.001), LA (r=-0.414, p <
0.001), and SA (r =-0.475, p <0.001). There were no sig-
nificant correlations between BMI and either CVI or LA/
SA ratio (Figure 2).

Table 1:Comparison of demographic characteristics of groups

Underweight (n=35) Control (n=37) P

Gender (m/f) 10/25 9/28 0.799"
(%) 28.6/71.4% 24.3/75.7%

Age (year) 12.57+3.66 12.03+3.78 0.601"
Height (cm) 152.93+£19.35 150.08+18.33 0.577"
Weight (kg) 36.71£12.51 49.46+11.14 <0.001"""
BMI (kg/m?) 15.17+1.49 21.77+1.45 <0.001"*
BMI SDS -1.78+0.62 0.87+0.80 <0.001"*
SE (D) -1.0£1.91 -0.51£1.27 0.107
IOP (mmHg) 14.00+2.44 14.2442.43 0.679"
AL (mm) 23.78+1.03 23.50+1.02 0.386™"
CMT (pum) 263.79+16.75 263.19+15.23 0.947*

samples T test, bold p<0.05.

m/f: male/female, BMI: Body mass index, BMI SDS: body mass index standart deviation score, SE: sferical equivalent, D: Diopter, IOP:
Intraocular pressure, AL: Axial length, CMT: Central macular thickness, *: Chi-square test, **: Mann Whitney U test, ***: Independent

Table 2: Comparison of temporal CT subfoveal CT, nasal CT, TCA, LA, SA, LA/SA and CVI between groups

Underweight (n=35) Control P
(m=37)
Temporal CT (um) 353.29+61.17 320.84£82.90 0.175"
Subfoveal CT(um) 37.50+£68.22 322.19+88.21 0.070
Nasal CT (um) 318.29+65.41 296.05+86.48 0.336"
TCA (mm?) 0.66+0.14 0.50+0.12 <0.001"
LA (mm?) 0.44+0.11 0.33+0.08 <0.001"
SA (mm?) 0.22+0.04 0.17+0.04 <0.001"
LA/SA (%) 1.96+0.23 1.95+0.27 0.626™
CVI (%) 0.66+0.03 0.66+0.03 0.774

CT: Choroidal thickness, TCA: Total choroidal area, LA: Luminal area, SA: Stromal area, LA/SA: Luminal area and stromal area ratio,
CVI: Choroidal vascularity index, *: Independent samples T test, **: Mann Whitney U-test, bold p<0.05.
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Figure 2: Linear regression line between BMI and a) Subfoveal choroidal thickness (CT) b) Total choroidal area (TCA) c)

Luminal area (LA) d) Stromal area (SA).

DISCUSSION
There are limited studies evaluating the both CT and CVI

in underweight children. Our results demonstrated that the
LA, TCA, and SA were larger in underweight children. Al-
though CT values were higher at subfoveal, nasal and tem-
poral locations in the underweight group, these differences
were not statistically significant. Importantly, there were no
significant differences observed in CVI or LA/SA ratios,
suggesting a proportional enlargement of both vascular and
stromal components in underweight eyes. Furthermore,
BMI was inversely correlated with subfoveal CT, TCA,
LA, and SA.

In healthy pediatric populations, reported mean subfove-
al CT values have ranged from approximately 330 to 356
um.'"* Our cohort showed similar values, with an overall
mean of 339.68 + 85.97 um.

Choroidal thickness is influenced by multiple factors in-
cluding age, AL, and sex, as well as systemic parameters
such as BMI.!>!6 Prior studies investigating the relationship
between CT and BMI, have primarily focused on obesity,
and the results have been inconsistent. Panon et al. reported
no significant CT differences between obese and non-obese
individuals.'” A study conducted on obese women showed
that CT was higher in the obese group than in the non-obese
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group.'® In contrast, Yilmaz et al. showed that people with
low and normal BMI had higher CT than overweight and
obese people in their study involving 160 adults aged 18—
39." Several studies have also examined CT in pediatric
obese populations. For example, Bulus et al. showed that
CT was higher in obese children compared to healthy con-
trols in a study involving 44 obese and 42 normal-weight
children.® In contrast, Ozen et al. observed reduced cho-
roidal thickness in 38 obese children relative to 40 age-
matched healthy children® Similarly, Topcu-Yilmaz et al.
found that choroidal thickness was lower across all quad-
rants in 36 obese children compared to 26 normal-weight
peers, with the most significant reduction observed in the

temporal quadrant.?!

In underweight populations, available data are limited and
largely restricted to adults. Moschos et al. reported reduced
CT in women with anorexia nervosa, whereas Yaprak et al.
found greater subfoveal CT and choriocapillaris flow area
in underweight women. ?*?* Our findings align more close-
ly with the latter, suggesting that in children, low BMI may
be associated with greater choroidal dimensions, possibly
reflecting developmental or hormonal influences on choroi-

dal vasculature.

The inverse association between BMI and CT parameters
in our study may be explained by differences in systemic
vascular regulation. Obesity is associated with reduced ni-
tric oxide (NO) availability and increased vasoconstrictors
such as endothelin-1 and angiotensin-1I, potentially leading
to vascular narrowing.?*?* Conversely, underweight status
may be linked to higher NO levels, promoting vasodilation
and increasing choroidal perfusion. Experimental studies
in animal models have shown a positive correlation be-
tween NO levels and choroidal thickness, supporting this
hypothesis.?’? While our data are consistent with these
mechanisms, biochemical studies in pediatric cohorts are

warranted to confirm this relationship.

CT provides a useful structural measure but is influenced
by multiple ocular and systemic factors, including refrac-
tive status, blood pressure, and axial length. In contrast,
CVI—a ratio reflecting the vascular-to-stromal proportion
of the choroid—has been shown to be more stable and less
susceptible to such confounders.”?*32 Recent studies have
also investigated the relationship between BMI and the

CVI, although findings have been inconsistent. Agrawal

et al. reported a decrease in CVI among individuals with
higher BMI, suggesting that increased adiposity may im-
pair choroidal vascular health, potentially due to systemic
inflammation and endothelial dysfunction associated with
obesity.” Although many studies emphasize the impact of
BMI on choroidal parameters, some evidence suggests that
CVI remains relatively unaffected even when CT chang-
es occur with BMI alterations. For instance, a prospective
study by Dogan et al. evaluated 60 obese patients (30 un-
dergoing bariatric surgery and 30 managed conservative-
ly) using swept-source OCT and OCT-angiography. The
results showed that after 3 months, while CT significantly
increased in the surgery group, CVI did not change signifi-

cantly in either group compared to baseline.*

Only one study in the literature has analysed CT and CVI
in underweight children. Siikiin et al. reported that CVI was
significantly lower in underweight children compared to
controls, while choroidal thickness showed no significant
difference.’* In our study, although underweight children
exhibited significantly larger choroidal areas (TCA, LA,
SA), the CVI remained comparable between groups. This
may suggest a proportional increase in both luminal and
stromal components in underweight individuals, thereby

preserving the vascular—stromal balance of the choroid.

This research has a number of limitations. The findings’
generalisability may be limited by the relatively small sam-
ple size. The cross-sectional design precludes conclusions
about causality or temporal changes in CT and CVI. Par-
ticipants included children with a range of refractive errors
within £3.00 diopters, which may influence choroidal met-
rics. Future longitudinal studies involving larger cohorts

and a broader spectrum of refractive statuses are warranted.

Nevertheless, the strengths of our study include well-
matched groups in terms of age, AL, and sex, and rigorous
OCT methodology including EDI-OCT and ImagelJ-based
binarization. To the best of our knowledge, this is the sec-
ond study to investigate both CT and CVI in underweight
children.

CONCLUSION

In conclusion, underweight children exhibited significant-
ly higher TCA, LA, and SA compared to normal-weight
peers, and BMI was negatively correlated with subfoveal

CT and choroidal structural areas. However, no difference
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was observed in CVI, indicating that the vascular-stromal

balance within the choroid is preserved. These findings in-

dicate that nutritional status may influence choroidal struc-

ture, and emphasise the need for further research to clarify

the clinical significance of these changes.

REFERENCES

1.

10.

11.

12.

Dani V, Satav A, Pendharkar J, et al. Prevalence of under nu-
trition in under-five tribal children of Melghat: A community
based cross sectional study in Central India. Clinical epidemi-
ology and global health. 2015;3:77-84.

Bhutta ZA, Berkley JA, Bandsma RH]J, et al. Severe child-
hood malnutrition. Nat Rev Dis Primers. 2017;3:17067.

. Kul S, Giiveng TS, CaliSkan M. Relationship between mal-

nutrition and coronary microvascular dysfunction in pa-
tientswith nonischemic dilated cardiomyopathy. Turkish jour-
nal of medical sciences. 2020;50:1894-902.

Nickla DL, Wallman J. The multifunctional choroid. Prog Re-
tin Eye Res. 2010;29:144-68.

Chua J, Tan B, Wong D, et al. Optical coherence tomography
angiography of the retina and choroid in systemic diseases.
Prog Retin Eye Res. 2024;103:101292.

Spaide RF, Koizumi H, Pozzoni MC. Enhanced depth im-
aging spectral-domain optical coherence tomography. Am J
Ophthalmol. 2008;0ct;146(4):496-500.

Agrawal R, Gupta P, Tan KA, et al. Choroidal vascularity in-
dex as a measure of vascular status of the choroid: Measure-
ments in healthy eyes from a population-based study. Sci Rep.
2016;Feb 12;6:21090.

Bulus AD, Can ME, Baytaroglu A, et al. Choroidal Thickness
in Childhood Obesity. Ophthalmic Surg Lasers Imaging Reti-
na. 2017;Jan 1;48(1):10-17.

Read SA, Collins MJ, Vincent SJ, et al. Choroidal thick-
ness in childhood. Invest Ophthalmol Vis Sci. 2013;May
1;54(5):3586-3593.

Chhablani JK, Deshpande R, Sachdeva V, et al. Choroidal
thickness profile in healthy Indian children. Indian J Ophthal-
mol. 2015;Jun;63(6):474-477.

Read SA, Collins MJ, Vincent SJ, et al. Choroidal thickness
in myopic and nonmyopic children assessed with enhanced
depth imaging optical coherence tomography. Invest Oph-
thalmol Vis Sci. 2013;Nov 15;54(12):7578-7586.

Kara O, Altintas O, Karaman S, et al. Analysis of Choroi-
dal Thickness Using Spectral-Domain OCT in Children With

Unilateral Amblyopia. J Pediatr Ophthalmol Strabismus.
2015; May-Jun;52(3):159-166.

13.

14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Neyzi O, Bundak R, Gokcay G, et al. Reference Values for
Weight, Height, Head Circumference, and Body Mass In-
dex in Turkish Children. J Clin Res Pediatr Endocrinol.
2015;Dec;7(4):280-293.

Sayin N, Kara N, Pirhan D, et al. Evaluation of subfoveal
choroidal thickness in children with type 1 diabetes mellitus:
an EDI-OCT study. Semin Ophthalmol. 2014;Jan;29(1):27-
31.

Kim SW, Oh J, Kwon SS;, et al. Comparison of choroidal
thickness among patients with healthy eyes, early age-related
maculopathy, neovascular age-related macular degeneration,
central serous chorioretinopathy, and polypoidal choroidal
vasculopathy. Retina. 2011;0ct;31(9):1904-1911.

Margolis R, Spaide RF. A pilot study of enhanced depth im-
aging optical coherence tomography of the choroid in normal
eyes. Am J Ophthalmol. 2009;May;147(5):811-815.

Panon N, Luangsawang K, Rugaber C, et al. Correlation be-
tween body mass index and ocular parameters. Clin Ophthal-
mol. 2019;Apr 30;13:763-769.

Yumusak E, Ornek K, Durmaz SA, et al. Choroidal thickness
in obese women. BMC Ophthalmol. 2016;May 4;16(1):48.

Yilmaz I, Ozkaya A, Kocamaz M, et al. Correlation of
Choroidal Thickness and Body Mass
2015;0ct;35(10):2085-2090.

Ozen B, Oztiirk H, Cath G, et al. Does obesity affect the oc-
ular choroid tissue in children and adolescents?. The Journal
of Pediatric Research. 2018; 5(3):112.

Topcu-Yilmaz P, Akyurek N, Erdogan E. The effect of obesi-

ty and insulin resistance on macular choroidal thickness in a

Index. Retina.

pediatric population as assessed by enhanced depth imaging
optical coherence tomography. J Pediatr Endocrinol Metab.
2018;Aug 28;31(8):855-860.

Moschos MM, Moustafa GA, Gonidakis F, et al. Retinal and
choroidal alterations in patients with anorexia nervosa with-
out vision loss. Int J Eat Disord. 2016;Apr;49(4):386-390.

Cetinkaya Yaprak A, Yaprak L. Analysis of Retinocho-
roidal Vasculature in Underweight Women Using Op-
tical Coherence Tomography Cureus.

2021;Dec21;13(12):€20562.

Angiography.

Iantorno M, Campia U, Di Daniele N, et al. Gut hormones and
endothelial dysfunction in patients with obesity and diabetes.
Int J Immunopathol Pharmacol. 2014;Jul-Sep;27(3):433-436.

Baretella O, Chung SK, Barton M, et al. Obesity and het-
erozygous endothelial overexpression of prepro-endothelin-1
modulate responsiveness of mouse main and segmental re-
nal arteries to vasoconstrictor agents. Life Sci. 2014;Nov
24;118(2):206-212.



Evaluation of Choroidal Thickness and the

326 Choroidal Vascularity Index in Underweight Children: Case-Control Study

26. Kamide K. Role of Renin-Angiotensin-Aldosterone System 31. Koh LHL, Agrawal R, Khandelwal N, et al. Choroidal vas-
in Metabolic Syndrome and Obesity-related Hypertension. cular changes in age-related macular degeneration. Acta Oph-
Curr Hypertens Rev. 2014;Aug 12. thalmol. 2017;Nov;95(7):¢597-¢601.

27. Nickla DL, Totonelly K, Dhillon B. Dopaminergic agonists 32. Tan KA, Laude A, Yip V, et al. Choroidal vascularity in-
that result in ocular growth inhibition also elicit transient dex - a novel optical coherence tomography parameter for
increases in choroidal thickness in chicks. Exp Eye Res. disease monitoring in diabetes mellitus? Acta Ophthalmol.
2010;Nov;91(5):715-720. 2016;Nov;94(7):e612-e616.

28. Nickla DL, Wilken E, Lytle G, et al. Inhibiting the transient 33. Dogan B, Karahan E, Guler E, et al. Effect of weight loss
choroidal thickening response using the nitric oxide synthase on the retinochoroidal structural alterations among pa-
inhibitor I-NAME prevents the ameliorative effects of visu- tients with exogenous obesity. Clin Exp Ophthalmol. 2020
al experience on ocular growth in two different visual para- Dec;69(2):301-306.
digms. Exp Eye Res. 2006;Aug;83(2):456-464. 34. Yiiksel Siikiin E, Yavrum F, Yavrum B. Choroidal thickness

29.

30.

Sekaran S, Cunningham J, Neal MJ, et al. Nitric oxide release
is induced by dopamine during illumination of the carp retina:
serial neurochemical control of light adaptation. Eur J Neuro-
sci. 2005;Apr;21(8):2199-2208.

Agrawal R, Chhablani J, Tan KA, et al. Choroidal Vascu-
larity Index in Central Serous Chorioretinopathy. Retina.
2016;Sep;36(9):1646-1651.

and choroidal vascular index in childhood malnutrition. Nu-
trition. 2025 May 14;138:112838.



	Button 281: 
	Button 280: 
	Button 282: 
	Button 283: 
	Button 284: 


