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ABSTRACT 
 

Purpose: To study the influence of atopic conditions in the progression of corneal 

ectasia in keratoconus patients. 

 

Methods: Retrospective study of 56 eyes of 56 patients with Keratoconus, aged from 14 

to 30 years old. Ectasia progression was evaluated between two scans separated by 

12±3 months, using the tomographic variables Kmax, Km, K2, PachyMin, D-index, PCR 

and Corneal Astigmatism. Data regarding atopy and eye rubbing habits were collected 

from patients’ clinical records, accessed through the SClinico System. 

 

Results: The prevalence of atopy in this sample was 60.7% and the prevalence of eye 

rubbing habits was 76.8%. As for the prevalence of rhinitis, asthma and atopic dermatitis, 

it is 53.6%, 12.5% and 16.1%, respectively. A statistically significant association was 

found between atopy and eye rubbing (p=0.007), indicating that atopic patients have 

more tendency to rub their eyes. No significant difference was found in the variation of 

the tomographic indices Kmax, Km, K1, K2, PachyMin, D-index, PCR and Astig between 

the two scans, when comparing the atopic and non-atopic groups of patients (p=0.821, 

p=0.759, p=0.794, p=0.883, p=0.969, p=0.747, p=0.442 and p=0.720, respectively). 

There were no significant associations between ectasia progression and atopy, eye 

rubbing, rhinitis, asthma and atopic dermatitis (p=0.300, p=0.573, p=0.765, p=0.071 and 

p=1.000, respectively). 

 

Conclusion: Despite the lack of difference in ectasia progression found between KC 

patients with and without atopy, an effective control of atopic conditions should be done 

in order to reduce eye rubbing, a well-stablished risk factor for Keratoconus. 

 



  



INTRODUCTION 

 

 Keratoconus (KC) is a primary ectatic disease characterized by corneal thinning 

and cone-shaped protrusion, leading to irregular astigmatism, myopia and ultimately 

severe vision loss(1-15). Its prevalence is currently estimated at 265 per 100,000 in the 

general population(15), with no significant difference between sexes, being considered 

one of the most common ectatic disorders affecting the cornea(10, 15). It usually starts at 

the second or third decades of life and progresses until the fourth decade, when the 

progression normally slows down or might even arrest(4, 6, 10). Although classically defined 

as a noninflammatory disease, recent evidence suggests that inflammatory mediators 

such as interleukin-1 (IL-1), interleukin-4 (IL-4), interleukin 6 (IL-6), interleukin-10 (IL-10), 

Interferon-gamma (IFN gamma) and Tumor necrosis factor alpha (TNF alpha) may play 

a role in the pathogenesis of KC, since their expression is altered in the tears of KC(1, 4, 

7, 16). Also, the levels of superoxide dismutase, aldehyde dehydrogenase class 3 (ALDH3) 

and catalase are reduced in KC, enzymes that remove reactive oxygen species which 

have a known role in inflammatory reactions(4). Despite the uncertainty underlying the 

etiology and pathophysiology of the disease, there are some recognized/stablished 

genetic and environmental risk factors, such as atopy, eye rubbing, exposure to sunlight, 

family history of KC, ethnic differences and contact lens use(2, 4-6, 8, 10, 15, 17-19). 

 The exact mechanism linking atopy and KC is still unsettled. Atopy is defined as 

an increased predisposition to hypersensitivity reactions, comprehending asthma, 

eczema/atopic dermatitis and allergy, the latter including conditions such as rhinitis, 

vernal keratoconjunctivitis (VKC) and allergic conjunctivitis (AC)(4, 10). In patients with 

allergic diseases, the exaggerated and vigorous eye rubbing due to increased ocular itch 

is one of the causal associations proposed, since eye rubbing is a long known and well-

established risk factor(4, 8, 10, 20). The microtrauma caused to the KC corneas epithelium 

by rubbing leads to increased levels of inflammatory mediators and matrix 



metalloproteinases (MMPs) degradative enzymes, resulting in excessive degradation of 

extracellular matrix(1, 4, 7, 10, 19). Higher levels of active forms of some MMPs were reported 

in the tears of a majority of VKC patients and, in both VKC and AC, T cells infiltrate the 

conjunctiva and are able to stimulate the expression of these enzymes, resulting in 

MMPs activation and, therefore, excessive epithelium turnover(10). Moreover, the levels 

of tissue inhibitor of metalloproteinases-1 (TIMP-1) seem to be reduced in the corneas 

of KC patients(1). Such data points toward a possible relationship between atopy and KC 

that is independent from eye rubbing(10, 19). Results of many studies show a positive 

association between atopy and KC, namely, an increased prevalence of atopic 

conditions in KC patients when compared to normal controls and more severe disease 

in KC patients with atopic conditions in comparison to KC patients without history of 

atopy(4, 10, 12, 14, 21). Other studies, some that used a control group from the general 

population rather than an age- and sex- matched group, didn’t find this positive 

association(4, 11, 13, 14). Also, the parameters used to study atopy in this context vary widely 

between studies, since some authors used the parameter “atopy” as a whole, while 

others chose to analyze the individual atopic conditions (allergy, asthma and atopic 

dermatitis, or even specific allergic diseases)(4, 9). 

 Based on the apparent association mentioned above, it becomes pertinent to 

further explore the implications of atopy in KC patients, including the possible 

consequences in terms of disease progression. As far as literature is concerned, many 

of the previous studies focused mainly on studying the prevalence of atopy in 

keratoconus patients and its relation with disease severity. Nonetheless, only a few of 

them presented results specifically regarding the association between atopic conditions 

and ectasia progression. Such knowledge would be of extreme value for practitioners, 

since it may indicate or not the necessity of a closer follow-up or a more aggressive 

therapeutic approach for those patients. Despite the lack of a clear and consistent 

definition, the term “ectasia progression” is defined in the Global Consensus on 

Keratoconus and Ectatic Diseases (2015) by “a consistent change in at least 2 of the 



following parameters (…): 1. Steepening of the anterior corneal surface; 2. Steepening 

of the posterior corneal surface; 3. Thinning and/or an increase in the rate of corneal 

thickness change from the periphery to the thinnest point”(17). Nowadays, modern corneal 

tomography devices, such as Pentacam, allow to quantitatively evaluate changes in 

these parameters and so evaluate the ectatic progression over a certain period of time(3, 

22). 

 Considering all the above, the scientific question that the present study intends 

to answer is: “Is there an association between the presence of atopic conditions in 

patients diagnosed with keratoconus and the progression of disease related corneal 

ectasia?”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



MATERIALS AND METHODS 

 

 Retrospective study of 56 eyes of 56 patients diagnosed with Keratoconus (KC) 

in the Department of Ophthalmology of Centro Hospitalar Universitário de São João, 

Portugal. This study was approved by the local ethics committee and conducted in 

accordance to the requirements of Helsinki Declaration. 

 Patients included, aged from 14 to 30 years old, were patients followed in the 

Ophthalmology Corneal Department for 1 year minimum by a corneal specialist (JPC, 

LT or RM) and with a clinical and tomographic diagnose of clinical or subclinical KC, 

including at least 3 Scheimpflug tomography measurements (Pentacam HR, OCULUS 

Optikgeräte GmbH, Wetzlar, Germany). For the purpose of this study, the tomographic 

data selected to study ectactic progression was from two scans separated by 12±3 

months of one eye of each patient (right eye chosen by default; left eye when absence 

of disease in the right eye). All measurements were performed by experienced 

Orthoptists and only patients whose measurements were labeled with “OK” by 

automated image quality check were included. All stages of KC were included, including 

subclinical Keratoconus only with early tomographic alterations if the other eye showed 

clear signs of clinical Keratoconus. For the assessment of atopic conditions, information 

was collected from clinical records of the patients using the SClínico informatic system. 

 Patients were eliminated if they met the following exclusion criteria: corneal cross-

linking treatment before or during the interval between the 2 scans; intracorneal ring 

treatment before or during the interval between the 2 scans; patients with genetic 

syndromes, other ocular diseases besides Keratoconus or diseases with ocular injury; 

absence of clinical data regarding positive or negative history of atopic conditions. 

Excluding the latter, the adoption/selection of such exclusion criteria appears in the 

attempt to minimize factors that may influence the natural progression of KC and, thus, 

function as confounding factors in relation to atopy effects on ectactic progression.    



 For the evaluation of ectactic progression, tomographic variables analyzed were 

maximum keratometry (Kmax), minimum pachymetry (PachyMin), mean keratometry 

(Km), keratometry of flat meridian (K1), keratometry of steepest meridian (K2), corneal 

astigmatism (Astig = K2 – K1), posterior radius of curvature from 3.0 mm centered on 

the thinnest point (PCR) and Belin/Ambrósio D-Index (D). Except for K1, these variables 

are commonly accepted as progression markers with described cut-offs, although not 

validated. Values corresponding to progression in each parameter are presented in 

Table 1. Progression of KC was defined when at least two of the studied variables 

confirm progression. 

 Information collected from clinical records of selected patients focused on 

whether atopy was present or absent and, in the atopic patients, if they suffer from 

rhinitis, asthma, atopic dermatitis or different combinations of the three. Data regarding 

eye rubbing habits and use of corticosteroids or immunosuppressive drugs during the 

evaluation period was also collected. 

 

Statistical Evaluation 

 

 For the description of the sample’s characteristics, data are presented as counts 

and proportions for categorical variables, and as mean and standard deviation for 

continuous variables. To calculate the prospective variation in keratometric indices, 

values obtained from the first tomographic scan (readings at baseline) were subtracted 

from the second measurement readings. Therefore, a positive delta value corresponds 

in this case to an increase in the readings of the respective parameter. 

 Statistical analysis was conducted using SPSS statistical software package 

version 24 (SPSS inc., Chicago IL., USA), including descriptive statistical measures, 

inferential statistical measures, Chi-square tests to analyze differences in qualitative 

variables between groups and Student’s T-Test to analyze differences in quantitative 

variables between groups. Levene’s Test and Kolmogorov-Smirnov Test were used to 



assess homogeneity of variances and normal distribution assumptions, respectively. To 

analyze progression, a multiple logistic regression model was applied to the variables of 

interest. Statistical significance level for p-value was set at 0,05 (i. e. p-values below 0,05 

indicate statistically significant results). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



RESULTS 

 

 A total of 56 eyes from 56 KC patients were included in this study, as they met 

the inclusion criteria, with data of 47 right eyes (83.9%) and 9 left eyes (16.1%) subjected 

to analysis. A sample characterization at baseline is presented in Table 2. 

Descriptive analysis of the patients’ sample shows a mean age of 24.34 years 

(s.d. 4.091), male sex predominance (73.2% men vs. 26.8% women) and a prevalence 

of atopy of 60.7%. As for the prevalence of each atopic conditions: 20 patients (35.7%) 

of all patients had only rhinitis; 1 patient (1.8%) had only asthma; 3 patients (5.4%) had 

only atopic dermatitis; 4 patients (7.1%) had rhinitis and asthma; 4 patients (7.1%) had 

rhinitis and atopic dermatitis; 2 patients (3.6%) had all of the three conditions (Table 3). 

This accounts for a total prevalence of 53.6% for rhinitis, 12.5% for asthma and 16.1% 

for atopic dermatitis. 

A total of 13 patients (23.2%) reported no eye rubbing habits; 19 patients (33,9%) 

said they rarely rub their eyes, 18 patients (32.1%) said they sometimes rub their eyes 

and 6 patients (10.7%) said they often rub their eyes, making a total of 43 patients 

(76.8%) with eye rubbing habits. 

As for the prevalence of eye rubbing in atopic patients, 31 patients (91.0%) of the 

34 patients with atopy reported eye rubbing habits. Overall prevalence of eye rubbing 

habits was significantly higher in patients with atopy than in non-atopic patients 

(p=0.007). 

Only 1 patient (1,8%) reported the use of corticosteroids or immunosuppressive 

drugs during the ectactic progression assessment period between the two tomographic 

scans. 

At baseline, best corrected visual acuity was 0.80±0.21, with glasses or contact 

lenses, and the mean spherical equivalent of the studied eyes was -2.14±2.09 dioptres. 



Concerning keratoconus severity classification, the majority of eyes were graded 

as stage 2 (n= 11; 19,6%) or stage 3 (n=14; 25,0%). Eyes in all stages of keratoconus 

were included except stage 4. 

Variation in single tomographic parameters (Kmax, Km, K1, K2, PachyMin, D,  

PCR, Astig) in the group of atopic patients and in the group of non-atopic patients is 

presented in Table 4. A statistically significant association between the variations of 

keratometric readings and atopy was not found in any of the analyzed parameters. 

Considering KC progression as a significant evolution in at least 2 tomographic 

variables, 38 eyes (67.9%) showed progression, with 23 of these eyes (41.1%) having 

progressed in 3 or more variables simultaneously. A total of 18 eyes were considered as 

non-progressive, including fourteen eyes (25.0%) with progression in only one variable 

and four eyes (7.1%) with no progression in any of the variables. 

As for the progression in each one of the variables, 15 eyes (26.8%) progressed 

in Kmax; 16 eyes (28.6%) progressed in Km; 17 eyes (30.4%) progressed in K2; 15 eyes 

(26.8%) progressed in D-index; 25 eyes (44.6%) progressed in Astigmatism; 23 eyes 

(41.1%) progressed in PCR; 14 eyes (25.0%) progressed in minimum pachymetry (Table 

5). 

Comparison between the progressive group and the non-progressive group, did 

not show any statistically significant differences in the variables eye rubbing, atopy, 

rhinitis, asthma and atopic dermatitis (p=0.300, p=0.573, p=0.765, p=0.071 and p=1.000, 

respectively). A negative association was found between KC progression and asthma, 

with a majority of asthma patients not showing disease progression, but this association 

was not statistically different (p=0.071). 

 

 

 

 



DISCUSSION 

 

 There is already some literature regarding the relation between atopy and 

keratoconus, specially the prevalence of certain atopic conditions and their possible role 

as risk factors for this primary ectactic disease. In this study, the main objective was to 

investigate the influence of atopy in keratoconus progression and, thus, the eventual 

necessity of a tighter follow-up in these patients, if faster or more severe ectasia evolution 

is present. 

 As far as the prevalence of atopy in Keratoconus patients is concerned, values 

vary widely among studies, although approximately concentrated in the 30% to 55% 

range(2, 4, 5, 8, 10, 14, 18). Therefore, the 60.7% percentage of atopic patients in our cohort is 

slightly higher than expected. This discrepancy may stem from the different atopic 

conditions included in the definitions of “atopy” or “allergic diseases” variables in each 

study. Regarding prevalence of specific atopic conditions, there is also a wide variation 

of reported values in literature, being our patients’ cohort percentages within the values 

described in previous studies(4, 5). 

Most authors report that around 50% of keratoconus patients have the habit of 

rubbing their eyes(2, 4, 18, 20), a value lower than the 76.8% percentage calculated in our 

patients’ sample. A significantly higher prevalence of eye rubbing habits was found in 

atopic patients comparing to non-atopic patients, a result that supports the hypothesis of 

eye rubbing being the link between allergic diseases and keratoconus, given its well-

stablished role as risk factor for KC(4, 8, 10, 20). 

 Analysis of single tomographic parameter progression in the atopic patients’ 

group and the non-atopic patients’ group did not show statistically significant differences 

between the two in any of the variables. Also, unlike the results of previous studies in 

which a significant difference was found between progressive and non-progressive 

keratoconus patients regarding eye rubbing and atopy(13, 18), a significant positive 

association between progression of KC and eye rubbing, atopy, rhinitis, asthma and 



atopic dermatitis could not be found in this study. The small sample size is one of the 

possible explanations for this lack of statistical significance. Other possible explanations 

are the absence of a clear definition for ectactic progression(17) and an excessively short 

progression evaluation period. It’s also worth noticing that, in some clinical records, 

patients’ data about their atopic conditions are self-reported instead of a diagnosis made 

by an immunoallergologist. This can lead to an information bias due to misdiagnosed 

allergic diseases reported by patients. In addition, some information might be missing, 

with some of the non-atopic patients having undiagnosed atopic conditions. 

 In conclusion, our results do not demonstrate a difference in ectasia progression 

between keratoconus patients with and without atopy. Nevertheless, a significant 

association was found between the presence of atopy and eye rubbing habits. In light of 

these findings, we can conclude that effective control of atopic conditions can be 

beneficial for keratoconus patients by reducing the frequency of eye rubbing, a well-

known risk factor for keratoconus and ectasia impairment. 

The lack of association between atopy and disease progression found in this 

study could be a small glimpse of what will be the answer to the posed scientific question, 

and it would be of great interest to further analyze this relation, namely, in studies with 

larger patient cohorts. 
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ABBREVIATIONS 

Astig: Corneal astigmatism  

D: Belin/Ambrósio D-index 



K1: Keratometry of flat meridian 

K2: Keratometry of steepest meridian 

KC: Keratoconus 

Kmax: Maximum keratometry 

Km: Mean keratometry 

PachyMin: Minimum pachymetry;  

PCR: Posterior radius of curvature from the 3.0 mm centered on the thinnest point  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



BIBLIOGRAPHY 
  
 
1. Balasubramanian SA, Pye DC, Willcox MD. Are proteinases the reason for 

keratoconus? Curr Eye Res. 2010;35(3):185-91. 

2. Bawazeer A, Hodge W, Lorimer B. Atopy and keratoconus: a multivariate 

analysis. British Journal of Ophthalmology. 2000;84:834-6. 

3. Duncan JK, Belin MW, Borgstrom M. Assessing progression of keratoconus: 

novel tomographic determinants. Eye Vis (Lond). 2016;3:6. 

4. Gordon-Shaag A, Millodot M, Shneor E, Liu Y. The genetic and environmental 

factors for keratoconus. Biomed Res Int. 2015;2015:795738. 

5. Harrison R, Klouda P, Easty D, Manku M, Stewart J. Association between 

keratoconus and atopy. British Journal of Ophthalmology. 1989;73:816-22. 

6. Hashemi H, Heydarian S, Hooshmand E, Saatchi M, Yekta A, Aghamirsalim M, 

et al. The Prevalence and Risk Factors for Keratoconus: A Systematic Review and Meta-

Analysis. Cornea Journal. 2019;00:1-8. 

7. Ionescu IC, Corbu CG, Tanase C, Ionita G, Nicula C, Coviltir V, et al. 

Overexpression of Tear Inflammatory Cytokines as Additional Finding in Keratoconus 

Patients and Their First Degree Family Members. Mediators Inflamm. 

2018;2018:4285268. 

8. Kok Y, Tan G, Loon S. Review: Keratoconus in Asia. Cornea Journal. 

2012;31(5):581-93. 

9. Merdler I, Hassidim A, Sorkin N, Shapira S, Gronovich Y, Korach Z. Keratoconus 

and Allergic Diseases Among Israeli Adolescents Between 2005 and 2013. Cornea 

Journal. 2015;34(5):525-9. 

10. Naderan M, Rajabi MT, Zarrinbakhsh P, Bakhshi A. Effect of Allergic Diseases 

on Keratoconus Severity. Ocul Immunol Inflamm. 2017;25(3):418-23. 

11. Shajari M, Eberhardt E, Muller M, Al Khateeb G, Friderich S, Remy M, et al. 

Effects of Atopic Syndrome on Keratoconus. Cornea Journal. 2016;35(11):1416-20. 

12. Woodward MA, Blachley TS, Stein JD. The Association Between 

Sociodemographic Factors, Common Systemic Diseases, and Keratoconus: An Analysis 

of a Nationwide Heath Care Claims Database. Ophthalmology. 2016;123(3):457-65 e2. 

13. Ahn SJ, Kim MK, Wee WR. Topographic progression of keratoconus in the 

Korean population. Korean J Ophthalmol. 2013;27(3):162-6. 

14. Lee H, Jung E, Cho B. Epidemiological Association Between Systemic Diseases 

and Keratoconus in a Korean Population: A 10-Year Nationwide Cohort Study. Cornea 

Journal. 2019;00:1-6. 



15. Pinheiro-Costa J, Viana Pinto J, Perestrelo S, Beato JN, Torrao L, Brandao E, et 

al. Increased Choroidal Thickness in Keratoconus Patients: Perspectives in the Disease 

Pathophysiology. J Ophthalmol. 2019;2019:2453931. 

16. McMonnies C. Inflammation and Keratoconus. Optometry and Vision Science. 

2015;92(2):35-41. 

17. Gomes JAP, Tan D, Rapuano CJ, Belin MW, Ambrósio R, Guell JL, et al. Global 

Consensus on Keratoconus and Ectatic Diseases. Cornea Journal. 2015;34:359-69. 

18. Lopes AS, Silva D, Mota M, Pêgo P, Vendrell C, Prieto I. Estudo retrospetivo dos 

doentes com queratocone do HFF: características clínicas, epidemiológicas e 

topográficas e fatores preditivos de progressão. Oftalmologia.41:000-. 

19. Beck KM, Seitzman GD, Yang EJ, Sanchez IM, Liao W. Ocular Co-Morbidities of 

Atopic Dermatitis. Part I: Associated Ocular Diseases. Am J Clin Dermatol. 

2019;20(6):797-805. 

20. Weed KH, MacEwen CJ, Giles T, Low J, McGhee CN. The Dundee University 

Scottish Keratoconus study: demographics, corneal signs, associated diseases, and eye 

rubbing. Eye (Lond). 2008;22(4):534-41. 

21. Thyssen JP, Toft PB, Halling-Overgaard AS, Gislason GH, Skov L, Egeberg A. 

Incidence, prevalence, and risk of selected ocular disease in adults with atopic 

dermatitis. J Am Acad Dermatol. 2017;77(2):280-6 e1. 

22. Hashemi H, Mehravaran S. Day to Day Clinically Relevant Corneal Elevation, 

Thickness, and Curvature Parameters Using the Orbscan II Scanning Slit Topographer 

and the Pentacam Scheimpflug Imaging Device. Middle East Afr J Ophthalmol. 

2010;17(1):44-55. 

23. O'Brart DP, Chan E, Samaras K, Patel P, Shah SP. A randomised, prospective 

study to investigate the efficacy of riboflavin/ultraviolet A (370 nm) corneal collagen 

cross-linkage to halt the progression of keratoconus. Br J Ophthalmol. 

2011;95(11):1519-24. 

24. Chatzis N, Hafezi F. Progression of keratoconus and efficacy of pediatric 

[corrected] corneal collagen cross-linking in children and adolescents. J Refract Surg. 

2012;28(11):753-8. 

25. Choi JA, Kim MS. Progression of keratoconus by longitudinal assessment with 

corneal topography. Invest Ophthalmol Vis Sci. 2012;53(2):927-35. 

26. Suzuki M, Amano S, Honda N, Usui T, Yamagami S, Oshika T. Longitudinal 

changes in corneal irregular astigmatism and visual acuity in eyes with keratoconus. Jpn 

J Ophthalmol. 2007;51(4):265-9. 

27. Shajari M, Steinwender G, Herrmann K, Kubiak KB, Pavlovic I, Plawetzki E, et al. 

Evaluation of keratoconus progression. Br J Ophthalmol. 2019;103(4):551-7. 



TABLES 
 
 
Table 1. Keratoconus progression parameters and respective cut-off values used to document progression.  

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Variable Cut-off value 

Kmax(23) 1D increase 

PachyMin(24) 2% decrease 

Km(3) 0,75D increase 

K2(25) 1D increase 

Astig(26) 1D increase 

PCR(3) 0.085mm decrease 

D(27) 0.42 increase 

Kmax, maximum keratometry; PachyMin, minimum pachymetry; Km, mean 
keratometry; K2, keratometry of steepest meridian; Astig, corneal astigmatism; 
PCR, posterior radius of curvature from the 3.0 mm centered on the thinnest point; 
D, Belin/Ambrósio D-index. 



Table 2. Summary of the characteristics of the patients’ sample and characterization of tomographic indices. 
 
 

 
 
 
 
 
 

 Mean (SD) Minimum Maximum 

Women, n n=15 (26.8%)   

Right eye, n n=47 (83.9%)   

Cort, n n=1 (1.8%)   

Age, years 24.34 (4.09) 14 30 

BCVA, decimal 0.80 (0.21) 0.10 1.00 

Spherical equivalent, 
diopters -2.14 (2.09) -8.50 0.50 

Kmax, diopters 55.29 (7.45) 42.40 78.00 

∆Kmax, diopters 0.44 (1.48) -2.20 5.90 

Km, diopters 47.47 (5.00) 39.90 66.40 

∆Km 0.32 (0.61) -1.00 2.20 

K1, diopters 45.91 (4.62) 39.20 63.60 

∆K1 0.39 (1.10) -0.90 7.30 

K2, diopters 49.06 (5.68) 41 69 

∆K2 0.37 (0.86) -1.70 2.90 

PachyMin, um 462.20 (47.23) 338 550 

∆PachyMin -0.6071 (11.25) -32 23 

D 8.44 (4.67) 1.90 24.22 

∆D 0.34 (0.99) -3.41 2.97 

PCR, mm 5.05 (0.68) 3.39 6.52 

∆PCR -0.66 (0.15) -0.57 0.52 

Astig, diopters 3.14 (2.33) -0.80 10.60 

∆Astig -0.02 (1.15) -6.60 2.30 

Results are expressed as mean ± SD (standard deviation) for continuous variables and female gender, 
right eyes and use of corticosteroids/immunosuppressive drugs are expressed as count and percentage. 
BCVA, Best corrected visual acuity; Kmax, maximum keratometry; Km, mean keratometry; K1, keratometry 
of flat meridian; K2, keratometry of steepest meridian; PachyMin, minimum pachymetry; D, Belin/Ambrósio 
D-Index; PCR, posterior radius of curvature from 3.0 mm centered on the thinnest point; Astig, corneal 
astigmatism. The ∆ before some of the variables represents the variation of readings between the first and 
the second measurement after 12±3 months in the respective variable. 



Table 3. Number and percent of atopic conditions in the patients’ sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4. Variations of tomographic indices in the atopic and the non-atopic groups of patients. 
 

 
 
 
 
 
 
 
 

 N (%) 

Rhinitis 20 (35.7%) 

Asthma 1 (1.8%) 

Atopic dermatitis 3 (5.4%) 

Rhinitis + Asthma 4 (7.1%) 

Rhinitis + Atopic dermatitis 4 (7.1%) 

Atopy (total) 34 (60.7%) 

 No atopy (n=22) Atopy (n=34) P value 

∆Kmax (mean, SD) 0.39 1.04 0.48 1.72 0.821 

∆Km (mean, SD) 0.35 0.52 0.30 0.66 0.759 

∆K1 (mean, SD) 0.34 0.58 0.42 1.35 0.794 

∆K2 (mean, SD) 0.39 0.53 0.36 1.03 0.883 

∆PachyMin (mean, 
SD) -0.68 8.68 -0.56 12.76 0.969 

∆D (mean, SD) 0.40 1.07 0.31 0.95 0.747 

∆PCR (mean, SD) -0.09 0.16 -0.05 0.13 0.442 

∆Astig (mean, SD) 0.05 0.45 -0.06 1.44 0.720 

Variations (represented by ∆) of tomographic indices in the group of patients with atopy (“Atopy”) 
and in the group of patients without atopy (“No atopy”) - measurements of the first tomographic 
scan subtracted from the measurements of the second tomographic scan. Kmax, maximum 
keratometry; Km, mean keratometry; K1, keratometry of flat meridian; K2, keratometry of steepest 
meridian; PachyMin, minimum pachymetry; D, Belin/Ambrósio D-Index; PCR, posterior radius of 
curvature from 3.0 mm centered on the thinnest point; Astig, corneal astigmatism.  

N, number of patients; %, percentage. 



Table 5. Number and percent of keratoconus eyes with progression according to each tomographic 
parameter. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Variable Progressors 

Kmax 15 (26.8%) 

Km 16 (28.6%) 

K2 17 (30.4%) 

D 15 (26.8%) 

Astig 25 (44.6%) 

PCR 23 (41.1%) 

PachyMin 14 (25.0%) 

Kmax, maximum keratometry; Km, mean keratometry; K2, 
keratometry of steepest meridian; D, Belin/Ambrósio D-
Index; Astig, corneal astigmatism; PCR, posterior radius of 
curvature from 3.0 mm centered on the thinnest point; 
PachyMin, minimum pachymetry; %, percentage. Cut-off 
values used to determine progression are presented in 
table 1. 
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