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Effect of Down syndrome and 
keratoconus on corneal density and 
volume: a triple comparative study
Soheila Asgari1, Mohammadreza Aghamirsalim2, Shiva Mehravaran3 & Hassan Hashemi1 ✉

Keratoconus (KCN) and Down syndrome affect the corneal density and volume. In this study included 
Down syndrome patients with and without KCN (24 Down-KCN and 204 Down-nonKCN eyes) and 
normal age- and gender-matched individuals (184 eyes). Studied parameters were the corneal density 
measured with Pentacam HR in 5 concentric zones and annuli (0–2 mm, 2–6 mm, 6–10 mm, 10–12 mm, 
and 0–12 mm) in 4 different depth layers (anterior 120 µm, posterior 60 µm, middle layer, and the 
full thickness of the cornea), and the 10 mm zone corneal volume. In Down-KCN, Down-nonKCN, 
and control groups, respectively, mean full thickness density in the 0–12 mm zone was 19.35 ± 2.92, 
17.85 ± 2.55, and 15.78 ± 2.67 GSU, and mean corneal volume was 57.45 ± 4.37, 56.99 ± 3.46, and 
61.43 ± 3.42mm3. All density readings were significantly different between the three studied groups (all 
P < 0.01) except full thickness density in 0–2 mm and 2–6 mm (P > 0.05) and corneal volume (P = 0.519) 
between Down-KCN and Down-nonKCN groups; these inter-group densitometry differences within the 
6 mm zone were only in the middle layer, and not the anterior or posterior thickness layers (all P > 0.05). 
Corneal density increased with age and corneal thickness, but there was no significant relationship with 
gender. Overall, Down syndrome is associated with increased density and light scatter in all corneal 
layers up to the 12 mm diameter. In Down patients with KCN, the increased light scatter and density 
in the 6 mm zone is only in the middle thickness layer. Corneal volume is reduced in Down syndrome 
irrespective of the presence or absence of KCN.

Corneal density is an indicator of corneal transparency, and densitometry readings provide useful information 
about corneal clarity. Using the new Pentacam (Oculus Optikgeräte GmbH, Wetzlar, Germany) densitometry 
module, it is possible to evaluate backscattered light in different corneal regions expressed in standardized gray-
scale units (GSU) on a scale from 0 (for no clouding in the cornea) to 100 (maximum opacity and an opaque 
cornea)1. The range of corneal density has been described for healthy subjects2, keratoconus (KCN) patients3,4, 
and high myopic eyes5. Also, there have been studies reporting density changes after corneal cross-linking6,7, 
refractive surgeries8,9, and keratoplasty10. All these studies point to the value of this index in distinguishing nor-
mal from abnormal corneas and assessing the efficacy of different treatments.

Down syndrome patients have a different corneal structure compared to the normal population. Studies have 
shown that their corneas are steeper and thinner than normal11–13. These findings can be interpreted as KCN, 
especially early stage KCN, such that the reported prevalence of KCN in Down syndrome patients has been as 
high as 71.3%11. Therefore, it is necessary to properly define KCN diagnostic criteria and the normal range of 
common KCN indices for this population. One such index is the corneal density which can discriminate between 
KCN and normal eyes, [3, 4] but its normal range has not been determined in Down syndrome individuals. This 
study has been designed to assess corneal density in three groups (Down syndrome patients with and without 
KCN and a normal comparison group) and compare results to determine the individual effects of these condi-
tions and answer the following questions: What is the effect of Down syndrome on corneal density and volume? 
How does KCN affect the corneal density and volume in Down syndrome patients? What is the normal range of 
corneal density and volume readings in this population?
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Results
Of the 250 participants with Down syndrome, 16 were excluded from the study due to concurrent autism 
or Klinefelter syndrome, and from the 200 subjects enrolled in the normal control group (non-Down and 
non-KCN), 10 were excluded due to a family history of mental disability. Corneal density and volume data were 
available for 228 of the 234 Down syndrome patients (24 Down-KCN and 204 Down-nonKCN) and 184 of the 
190 subjects in the normal control group. Mean age in the Down-KCN, Down-nonKCN, and control groups was 
16.71 ± 4.25, 17.19 ± 4.84, and 17.30 ± 4.47 years (P = 0.836), and 45.8%, 53.9%, and 50.5% of them were male 
(P = 0.666), respectively.

Table 1 compares the mean corneal density in the three anterior, middle, and posterior layers, and the cor-
neal volume in the three groups. Most corneal density indices were significantly higher in Down-KCN than 
Down-nonKCN subjects; exceptions were anterior density in the 0–2 mm (P = 0.107), 2–6 mm (P = 0.171), and 
10–12 mm annuli (P = 0.102), posterior density in the 0–2 mm (P = 0.111), and 2–6 mm annuli (P = 0.078), and 
the corneal volume (P = 0.519). All indices in the Down-KCN group were higher than normal (all P < 0.05). All 
indices in the Down-nonKCN group were higher than the normal control group except for anterior density in the 
10–12 mm annulus (P = 0.654).

Figure 1 shows the full thickness density readings in different zones and annuli which were all significantly 
different between the three studied groups (all P < 0.01) except full thickness density in the 0–2 mm zone between 
Down-KCN and Down-nonKCN groups (19.59 ± 3.17 vs. 18.45 ± 2.64 GSU, respectively, P = 0.184), and the 
2–6 mm annulus between Down-KCN and Down-nonKCN groups (17.52 ± 2.55 vs. 16.60 ± 2.41 GSU, respec-
tively, P = 0.235).

Index Annulus
Down-KCN 
(n = 24 eyes)

Down-nonKCN 
(n = 204 eyes)

Normal 
(n = 184 eyes) P-value* P-value** P-value***

Density in anterior 
layer (120 µm)

0–2 mm 26.62 ± 4.75 25.16 ± 4.14 21.75 ± 4.47 0.116 <0.001 <0.001

2–6 mm 23.57 ± 3.73 22.49 ± 3.67 19.71 ± 3.90 0.183 <0.001 <0.001

6–10 mm 24.22 ± 5.88 21.51 ± 4.14 18.19 ± 3.73 0.002 <0.001 <0.001

10–12 mm 34.33 ± 11.40 30.45 ± 10.88 30.04 ± 6.84 0.055 0.035 0.665

0–12 mm 25.65 ± 4.46 23.76 ± 3.81 21.23 ± 3.90 0.025 <0.001 <0.001

Density in middle 
layer

0–2 mm 17.48 ± 3.06 16.32 ± 2.52 14.15 ± 2.42 0.033 <0.001 <0.001

2–6 mm 15.53 ± 2.49 14.61 ± 2.27 12.87 ± 2.07 0.050 <0.001 <0.001

6–10 mm 16.52 ± 3.40 14.67 ± 2.64 12.38 ± 2.09 0.002 <0.001 <0.001

10–12 mm 25.32 ± 6.87 21.80 ± 6.56 19.03 ± 4.11 0.004 <0.001 <0.001

0–12 mm 17.47 ± 2.71 15.99 ± 2.45 13.92 ± 2.21 0.004 <0.001 <0.001

Density in posterior 
layer (60 µm)

0–2 mm 14.64 ± 2.08 13.87 ± 1.73 12.34 ± 2.69 0.111 <0.001 <0.001

2–6 mm 13.43 ± 1.76 12.69 ± 1.63 11.38 ± 2.28 0.078 <0.001 <0.001

6–10 mm 14.69 ± 2.25 13.32 ± 2.06 11.59 ± 2.13 0.003 <0.001 <0.001

10–12 mm 19.77 ± 4.75 17.47 ± 4.16 14.91 ± 3.15 0.005 <0.001 <0.001

0–12 mm 14.91 ± 1.93 13.81 ± 1.81 12.18 ± 2.29 0.013 <0.001 <0.001

Corneal volume 10 mm 57.45 ± 4.37 56.99 ± 3.46 61.43 ± 3.42 0.519 <0.001 <0.001

Table 1. Corneal density (standardized grayscale units) and volume (mm3) indices in Down patients with 
(Down-KCN) and without keratoconus (Down-nonKCN) and the normal age- and gender-matched control 
group. *Comparison of Down-KCN and Down-nonKCN groups. **Comparison of Down-KCN and normal 
groups. ***Comparison of Down-nonKCN and normal groups.

Figure 1. Full thickness corneal density (mean and standard deviation) in different zones and annuli centered 
on the apex in Down patients with (Down-KCN) and without keratoconus (Down-nonKCN) and the normal 
age- and gender-matched control group.
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According to the multiple regression analysis, full thickness density in the 0–12 mm increased with age in 
Down-KCN (β = 0.16, P = 0.036), Down-nonKCN (β = 0.14, P < 0.001), and the normal control (β = 0.12, 
P = 0.006) groups. Figure 2 shows the full thickness density in different zones and annuli in two age subgroups 
(≤20 and >20 years) in the three groups. The 0–12 mm full thickness density directly correlated with the aver-
age 0–8 mm corneal thickness value in the Down-nonKCN (β = 0.01, P = 0.011) and normal control (β = 0.01, 
P = 0.016) groups. However, there were no significant correlations with gender (all P > 0.050) or corneal volume 
(all P > 0.050) in any of the three groups. In the other words, corneal density significantly correlated with age and 
corneal thickness, but not with corneal volume.

Discussion
In the present study, we determined the corneal density in two groups of Down syndrome patients (Down-KCN 
and Down-nonKCN) and compared results with a group of normal (non-Down and non-KCN) age- and 
gender-matched individuals. To our knowledge, this is the first report concerning light backscatter in different 
corneal layers and zones in patients with Down syndrome. Owing to the groups included in the study, it was pos-
sible to evaluate the individual effect of Down syndrome and KCN on corneal density. The average repeatability 
for this index, as measured with Pentacam, is reported to be 3.3 ± 1.8%, which is affected by the poor measure-
ment repeatability in peripheral regions14.

Effect of KCN on Densitometry. Literature suggests that several factors, such as the size and arrangement 
of collagen fibrils, can influence corneal transparency and density15. Given the disarrangement of the corneal col-
lagen structure in KCN patients, their corneal densitometry is expected to differ from normal subjects16. In this 
study, all middle layer indices were higher in the Down-KCN group than the Down-nonKCN patients. Despite 
numerous studies, there is still no consensus whether KCN is a disease of the anterior or posterior cornea. Some 
believe that KCN affects the anterior layers of the cornea17,18 and some consider KCN a posterior phenome-
non19,20. In our Down-KCN group, since density readings in the middle layer were significantly different from 
Down-nonKCN in all zones and annuli, KCN appears to have affected the middle thickness layer of the cor-
nea most. In the anterior and posterior thickness layers however, inter-group differences were only significant 
in the corneal periphery (beyond the 6 mm zone) where the repeatability of the measurements should also be 
taken into consideration. In a study of normal subjects14, the variability of full thickness densitometry readings in 
6–10 mm and 10–12 mm annuli was reported 2.8% and 6.4%, respectively. In patients with Down syndrome, the 

Figure 2. Full thickness corneal density (mean and standard deviation) in the 0–12 mm zone in Down patients 
with (Down-KCN) and without keratoconus (Down-nonKCN) and the normal age- and gender-matched 
control group compared in subgroups of age ≤20 and >20 years.
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repeatability of peripheral measurements may be even weaker due to specific eye morphology and a different cor-
neal structure. Therefore, it can be said that the peripheral difference between Down-KCN and Down-nonKCN 
groups in all three thickness layers falls within the measurement repeatability of the indices, and the real differ-
ence between the two groups is in the middle thickness layer and up to the 6 mm zone. Therefore, in Down syn-
drome patients, this index (densitometry of the middle thickness layer of the central 6 mm zone) could be a more 
sensitive parameter for the diagnosis of early KCN when there is still no visible change in topographic, elevation, 
or pachymetric parameters21.

Effect of Down Syndrome on Densitometry. In the present study, all indices were higher in the 
Down-nonKCN group compared to the normal control group up to the 10 mm diameter. Wang et al.22 showed 
that alterations in chromosome 21 can be associated with changes in corneal collagen fibers and consequently 
corneal biomechanics, which may explain the results of the present study that show increased corneal densitom-
etry in patients with Down syndrome. Patients with Down syndrome, even in the absence of KCN, have thinner 
and steeper corneas as well23,24. A thin corneal stroma25 as well as hydrops26 in patients with Down syndrome 
can contribute to increased light scatter. Since in addition to the middle layer, the anterior and posterior layers 
showed different scatter in both Down syndrome groups (with and without KCN) compared to normal cases, 
further studies are needed to examine the changes in the anterior and posterior thickness layers and distinguish 
the impact on the epithelium and endothelium compared to the stroma.

The multiple analysis showed that total corneal densitometry increased with age which is in line with other 
studies27,28. This may be due to increased corneal opacity as a result of aging, and the increase has been reported 
to occur even in the 20- to 30-year age range2. Results also indicated that total corneal density directly cor-
related with age and corneal thickness, albeit to a weaker degree. This correlation was observed both in the 
Down-non-KCN and normal control groups, but not in the Down-KCN group which had a smaller sample size. 
Given the weak correlation coefficient between corneal density and thickness in the former groups (β = 0.01), 
the association may be attributed to the larger sample sizes of these two groups, and thus, considered clinically 
negligible. In other words, the association between corneal density and thickness is due to the effect of age, and 
corneal density is independent of corneal thickness and volume.

We found no relationship between gender and densitometry. Previous studies have been inconclusive on the 
association between gender and corneal transparency. For example, Olsen27 and Ni Dhubhghaill et al.14 found 
no relationship while Hillenaar et al.28 reported more scatter in men, and Garzon et al.2 reported more scatter in 
women (clinically insignificant). A comprehensive study can help us understand the role of inter-gender hormo-
nal or chromosomal differences that may affect corneal density.

The limitation of this study was the small size of the Down-KCN group that may have affected the results in 
terms of inter-group differences. In conclusion, the findings of study suggest that Down syndrome is associated 
with increased density and light scatter in all corneal layers up to the 12 mm diameter, even in the absence of 
KCN. In the presence of KCN, however, there is increased density and light scatter in the middle layer within the 
central 6 mm zone with no additional impact on the density in the anterior or posterior thickness layers. In other 
words, in Down syndrome patients, increased corneal density is a characteristic of Down syndrome, however, a 
middle-layer corneal density >17.5 GSU in the 0–2 mm zone and >15.5 GSU in the 2–6 mm zone can be indic-
ative of KCN. These results can help clinicians distinguish KCN in Down syndrome patients and avoid misdi-
agnoses and overestimations. Further studies are needed to understand when such changes occur compared to 
other signs and symptoms of KCN, and to determine the value of densitometry indices in identifying KCN cases.

Methods
Participants. This report is part of a comparative study conducted in 2016 at Noor Eye Hospital in Tehran. In 
this study, 250 patients with Down syndrome were recruited through the nation’s special needs schools, relevant 
non-profit organizations, and the Down Syndrome Society. The sampling details were mentioned in another 
paper29. Diagnosis of Down syndrome was based on the results of karyotype testing in their medical records. 
These patients underwent complete examinations by two independent subspecialists, and the diagnosis of KCN 
was made based on clinical examinations and tomographic data. The diagnostic criteria have been described pre-
viously30. In brief, a definitive diagnosis of KC was made when there were clinical signs and two or more abnor-
mal topographic parameters. All suspected KCNs were followed for one year and no KCN signs was observed. 
The comparison group consisted of 200 normal (non-Down and non-KCN) samples referring to the Anterior 
Segment Clinic for refractive surgery consultation (initial preoperative evaluation) or a routine check-up. All 
these participants had normal corneas and underwent refractive surgery later.

Eligibility criteria. The inclusion criterion for all three groups in this study was age between 10 and 30 years, 
and the exclusion criteria were the presence of pterygium or any history of ocular surgery. For Down syndrome 
cases, exclusion criterion was any concurrent disability including Klinefelter syndrome and autism. The exclusion 
criteria for the control group were any personal of family history of mental disability or having any signs of KCN.

Ethical consideration. The study protocol was reviewed and approved by the Ethics Committee of Tehran 
University of Medical Sciences (ID: 1397–091) and adhered to the tenets of the Helsinki Declaration at all stages. 
All procedures were performed in accordance with the relevant guidelines and regulations of the Committee. 
The purpose and methods of the study were explained to the control group, and written informed consents were 
obtained. Since the law regards Down syndrome patient’s incompetent to give consent, all necessary information 
was discussed in the presence of their parents who provided written informed consents for their children’s partic-
ipation in the study, and verbal assent was obtained from patients before each procedure.
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Measurements. All participants had complete vision tests and ophthalmic examinations. Clinical findings 
were insignificant, and there were no signs of inflammation or infection. Down syndrome cases had never used 
contact lenses, and participants in the control group had discontinued use at least three weeks prior to the exam. 
To avoid the effect of diurnal variations, ocular imaging with Pentacam HR (software version 6.08r27, data man-
agement version 1.21r24) was performed between 8:00 am and noon at least two hours after participants’ waking 
time. Imaging was repeated until the “Ok” quality status was obtained. In cases where imaging needed to be 
repeated more than three times, another appointment was made for 2–3 days later to avoid measurement error.

For measures of corneal density, expressed in GSU, a total of 20 indices were extracted. These included 
one densitometry reading from each of the 5 zones and annuli (0–2 mm, 2–6 mm, 6–10 mm, 10–12 mm, and 
0–12 mm) in 3 different depth layers of the anterior 120 µm, posterior 60 µm, the middle layer, and the full thick-
ness of the cornea. Corneal volume of the 10 mm diameter zone was also extracted and added to the database.

Statistical analysis. Given the high correlation between fellow eyes (lowest = 0.890 for density in 0–12 mm 
zone of the middle layer and highest = 0.942 for the 0–2 mm annulus of the anterior layer), only right eye data 
were used in the analyses. The normality of the data distribution was tested by Q-Q plot. The three groups were 
compared using analysis of variance and post hoc tests. Multiple linear regression was used to investigate the 
concurrent effects of age, gender, and group variables (Down-KCN, Down-nonKCN, and control) on each index 
of corneal density. In this model, corneal density indices were entered as dependent variables, the group was 
entered as the independent variable (as a dummy), and age and gender were treated as confounders. Multiple 
linear regression was also used to assess the correlation between 0–12 mm full thickness corneal density and total 
volume with adjustments for age, gender, total corneal thickness (0–8 mm) in three study groups. Given the fact 
that corneal indices tend to change with age, comparisons were repeated with subgroups of ≤20 and >20 years of 
age. The significant level was considered 0.05.

Data availability
Data supporting the findings in this report are available from the corresponding author (HH) upon reasonable 
request.

Received: 29 February 2020; Accepted: 15 May 2020;
Published: xx xx xxxx

References
 1. Cho, Y. K. et al. Anterior segment parameters using Pentacam and prediction of corneal endothelial cell loss after cataract surgery. 

Korean J. Ophthalmol. 24, 284–290 (2010).
 2. Garzon, N. et al. Corneal densitometry and its correlation with age, pachymetry, corneal curvature, and refraction. Int. Ophthalmol. 

37, 1263–1268 (2017).
 3. Huseynli, S., Salgado-Borges, J. & Alio, J. L. Comparative evaluation of Scheimpflug tomography parameters between thin non-

keratoconic, subclinical keratoconic, and mild keratoconic corneas. Eur. J. Ophthalmol. 28, 521–234 (2018).
 4. Lopes, B., Ramos, I. & Ambrosio, R. Jr. Corneal densitometry in keratoconus. Cornea. 33, 1282–1286 (2014).
 5. Dong, J. et al. Corneal densitometry in high myopia. BMC Ophthalmol. 18, 182 (2018).
 6. Pircher, N., Pachala, M., Prager, F., Pieh, S. & Schmidinger, G. Changes in straylight and densitometry values after corneal collagen 

crosslinking. J. Cataract. Refract. Surg. 41, 1038–1043 (2015).
 7. Huang, J. et al. Two-year topographic and densitometric outcomes of accelerated (45 mW/cm2) transepithelial corneal cross-linking 

for keratoconus: a case-control study. BMC Ophthalmol. 18, 337 (2018).
 8. Cennamo, G., Forte, R., Aufiero, B. & La Rana, A. Computerized Scheimpflug densitometry as a measure of corneal optical density 

after excimer laser refractive surgery in myopic eyes. J. Cataract. Refract. Surg. 37, 1502–1506 (2011).
 9. Fares, U., Otri, A. M., Al-Aqaba, M. A., Faraj, L. & Dua, H. S. Wavefront-optimized excimer laser in situ keratomileusis for myopia 

and myopic astigmatism: refractive outcomes and corneal densitometry. J. Cataract. Refract. Surg. 38, 2131–2138 (2012).
 10. Bhatt, U. K. et al. Outcomes of deep anterior lamellar keratoplasty following successful and failed ‘big bubble’. Br. J. Ophthalmol. 96, 

564–569 (2012).
 11. Alio, J. L. et al. Corneal morphologic characteristics in patients with down syndrome. JAMA ophthalmology. 136, 971–978 (2018).
 12. Aslan, L., Aslankurt, M., Aksoy, A. & Gumusalan, Y. Differences of the anterior segment parameters in children with Down 

syndrome. Ophthalmic Genet. 35, 74–78 (2014).
 13. Aslankurt, M., Aslan, L., Aksoy, A., Kurt, M. M. & Özdemir, M. Evaluation of early corneal topographic changes in children with 

Down syndrome. Turk. J. Med. Sci. 43, 810–814 (2013).
 14. Ni Dhubhghaill, S. et al. Normative values for corneal densitometry analysis by Scheimpflug optical assessment. Invest. Ophthalmol. 

Vis. Sci. 55, 162–168 (2014).
 15. Freegard, T. J. The physical basis of transparency of the normal cornea. Eye . 11, 465–4671 (1997).
 16. Rozema, J. J., Koppen, C., Bral, N. & Tassignon, M. J. Changes in forward and backward light scatter in keratoconus resulting from 

corneal cross-linking. Asia Pac. J. Ophthalmol. 2, 15–19 (2013).
 17. Kenney, M. C., Nesburn, A. B., Burgeson, R. E., Butkowski, R. J. & Ljubimov, A. V. Abnormalities of the extracellular matrix in 

keratoconus corneas. Cornea. 16, 345–351 (1997).
 18. Mathew, J. H., Goosey, J. D. & Bergmanson, J. P. Quantified histopathology of the keratoconic cornea. Optom. Vis. Sci. 88, 988–997 

(2011).
 19. Silas, M. R., Hilkert, S. M., Reidy, J. J. & Farooq, A. V. Posterior keratoconus. Br. J. Ophthalmol. 102, 863–867 (2018).
 20. Krachmer, J. H. & Rodrigues, M. M. Posterior keratoconus. Arch. Ophthalmol. 96, 1867–1873 (1978).
 21. Koc, M. et al. An early finding of keratoconus: increase in corneal densitometry. Cornea. 37, 580–586 (2018).
 22. Wang, Y., Rabinowitz, Y. S., Rotter, J. I. & Yang, H. Genetic epidemiological study of keratoconus: evidence for major gene 

determination. Am. J. Med. Genet. 93, 403–409 (2000).
 23. Hashemi, H., et al. Mapping the corneal thickness and volume in Down Syndrome patients: a comparative population-based study. 

Arq Bras Oftalmol. [in press] (2019(.
 24. Asgari, S. et al. Total corneal refractive power and shape in Down syndrome. Eur J Ophthalmol. https://doi.

org/10.1177/1120672119883594 (2019).
 25. Haugen, O. H., Hovding, G. & Eide, G. E. Biometric measurements of the eyes in teenagers and young adults with Down syndrome. 

Acta Ophthalmol. Scand. 79, 616–625 (2001).

https://doi.org/10.1038/s41598-020-66108-4
https://doi.org/10.1177/1120672119883594
https://doi.org/10.1177/1120672119883594


6Scientific RepoRtS |         (2020) 10:9098  | https://doi.org/10.1038/s41598-020-66108-4

www.nature.com/scientificreportswww.nature.com/scientificreports/

 26. Ozcan, A. A. & Ersoz, T. R. Severe acute corneal hydrops in a patient with Down syndrome and persistent eye rubbing. Ann. 
Ophthalmol. 39, 158–160 (2007).

 27. Olsen, T. Light scattering from the human cornea. Invest. Ophthalmol. Vis. Sci. 23, 81–86 (1982).
 28. Hillenaar, T. et al. Normative database for corneal backscatter analysis by in vivo confocal microscopy. Invest. Ophthalmol. Vis. Sci. 

52, 7274–7281 (2011).
 29. Makateb, A. et al. Ocular alignment, media, and eyelid disorders in Down syndrome. Strabismus. 1–7, https://doi.

org/10.1080/09273972 (2019).
 30. Hashemi, H. et al. Keratoconus detection by novel indices in patients with Down syndrome: a cohort population-based study. Jpn J 

Ophthalmol, https://doi.org/10.1007/s10384-020-00725-4 (2020).

Author contributions
S.A.: concept and design study, data analysis and interpretation, statistical analysis, drafting manuscript, critical 
revision of manuscript, final approval; M.A.: data acquisition, data analysis/interpretation, drafting manuscript, 
final approval. S.M.: drafting manuscript, final approval. H.H.: concept and study design, data analysis and 
interpretation, drafting manuscript, critical revision of manuscript, final approval.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to H.H.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-66108-4
https://doi.org/10.1080/09273972
https://doi.org/10.1080/09273972
https://doi.org/10.1007/s10384-020-00725-4
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Effect of Down syndrome and keratoconus on corneal density and volume: a triple comparative study
	Results
	Discussion
	Effect of KCN on Densitometry. 
	Effect of Down Syndrome on Densitometry. 

	Methods
	Participants. 
	Eligibility criteria. 
	Ethical consideration. 
	Measurements. 
	Statistical analysis. 

	Figure 1 Full thickness corneal density (mean and standard deviation) in different zones and annuli centered on the apex in Down patients with (Down-KCN) and without keratoconus (Down-nonKCN) and the normal age- and gender-matched control group.
	Figure 2 Full thickness corneal density (mean and standard deviation) in the 0–12 mm zone in Down patients with (Down-KCN) and without keratoconus (Down-nonKCN) and the normal age- and gender-matched control group compared in subgroups of age ≤20 and >20 
	Table 1 Corneal density (standardized grayscale units) and volume (mm3) indices in Down patients with (Down-KCN) and without keratoconus (Down-nonKCN) and the normal age- and gender-matched control group.




