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ABSTRACT
Background The aetiology of keratoconus (KC) remains 
poorly understood. KC has typically been described as a 
non- inflammatory disorder of the cornea. Nonetheless, 
there is increasing presumptive evidence for the role of 
the immune system in the pathogenesis of KC.
Aim To evaluate the association between KC and 
immune- mediated diseases on a population level. We 
hypothesise that KC is immune- mediated rather than a 
predominantly degenerative disease.
Methods Data were obtained from the largest health 
insurance provider in the Netherlands. Dutch residents 
are obligatorily insured. The data contained all medical 
claims and sociodemographic characteristics from all KC 
patients plus all those data from a 1:6 age- matched and 
sex- matched control group. The primary outcome was the 
association between KC and immune- mediated diseases, 
as assessed by conditional logistic regression.
Results Based on our analysis of 2051 KC cases 
and 12 306 matched controls, we identified novel 
associations between KC and Hashimoto’s thyroiditis 
(OR=2.89; 95% CI: 1.41 to 5.94) and inflammatory 
skin conditions (OR=2.20; 95% CI: 1.37 to 3.53). We 
confirmed known associations between KC and atopic 
conditions, including allergic rash (OR=3.00; 95% CI: 
1.03 to 8.79), asthma and bronchial hyperresponsiveness 
(OR=2.51; 95% CI: 1.63 to 3.84), and allergic rhinitis 
(OR=2.20; 95% CI: 1.39 to 3.49).
Conclusion Keratoconus appears positively associated 
with multiple immune- mediated diseases, which 
provides a population- based argument that systemic 
inflammatory responses may influence its onset. The 
identification of these particular diseases might shed 
light on potential comparable pathways through which 
this proinflammatory state is achieved, paving the way 
for pharmacological treatment strategies.

INTRODUCTION
Keratoconus (KC) is an eye disease characterised by 
progressive thinning and cone- shaped protrusion of 
the cornea, resulting in a decrease in visual acuity 
due to myopia and irregular astigmatism. The 
disease usually manifests during the puberty or early 
adulthood. KC has an estimated annual incidence of 
1:7500 and prevalence of 1:375 KC patients based 
on the same dataset used for this article.1 This 
corresponds with approximately 16 500 patients in 
the Netherlands.

The classic triad of histopathological features 
found in KC eyes are the thinning of the corneal 

stroma, breaks in Bowman’s layer and deposition 
of iron in the basal layers of the corneal epithe-
lium.2 The aetiology of KC, however, remains 
poorly understood. It appears to be of a multifac-
torial origin with involvement of both genetic and 
environmental factors.2 Most commonly, KC is 
presented as an isolated disorder without the pres-
ence of any systemic or ocular disease. However, 
KC has also been reported to be associated with 
other conditions such as atopy, sleep apnoea and 
numerous genetic disorders, including Down’s 
syndrome.3 Although no specific KC genes have 
been reported up to now, genome- wide association 
studies (GWAS) have identified genes associated 
with central corneal thickness and corneal curva-
ture.4 Environmental factors as contact lens wear 
and eye rubbing seem to influence the progression 
of the disorder in genetically predisposed individ-
uals.2 5

KC has typically been described as a nonin-
flammatory disorder of the cornea.2 Nonetheless, 
there is increasing presumptive evidence for the 
role of the immune system in the pathogenesis of 
KC. Compelling evidence has been supplied for an 
upregulation of proinflammatory mediators in KC 
eyes and the involvement of Toll- like 2/4 receptors 
as a systemic inflammatory mediator for KC devel-
opment.6 7 Furthermore, allergic conjunctivitis, 
which invariably results in a chronic inflammation 
of the ocular surface, has long been associated with 
KC.8 9

We hypothesise that KC is an immune- mediated 
inflammatory disorder (IMIDs), and that local 
changes in the microenvironment of the eye are a 
reflection of the systemic activity of the immune 
system. Typically, different systemic inflammatory 
diseases are characterised by uniform, common 
pathways and networks.10 Consequently, diseases 
with immune- mediated pathogeneses occur with 
increased frequency in patients with a history of 
another immune- mediated disease.11 If an under-
lying systemic autoimmune pathway in the patho-
genesis of KC exists, one would expect significantly 
higher odds of being diagnosed with immune- 
mediated diseases in KC patients, when compared 
with a control group. Evaluating these disease asso-
ciations may help to better understand the patho-
physiology of KC.

The aim of this study was to investigate the asso-
ciation between KC and immune- mediated diseases 
using a healthcare insurance database containing all 
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medical claims from KC patients and a control sample matched 
by age and sex. We used data from the largest health insurance 
provider in the Netherlands (Achmea), covering 4.3 million 
people; approximately 33% of all residents of the Netherlands 
(years 2010–2015).12

METHODS
Case–control study design
We performed a case–control study with six randomly selected 
age- matched and sex- matched controls for every KC patient. 
Data for this study were obtained from the Achmea Health Data-
base (AHD). The AHD contains all medical claims and patient 
characteristics, including sex, postal code, date of birth and date 
of death (if applicable). An individual enrolee was characterised 
by a unique pseudoidentification number. For each enrolee, the 
database included all medical claims submitted over 6 years; 
between 1 January 2010 and 31 December 2015. Diagnoses and 
treatments in hospital care are assigned a specific code; the Diag-
nosis and Treatment Combination (DTC; in Dutch: Diagnose 
Behandel Combinatie). Each registered claim contains this DTC. 
Every medical specialty, diagnosis and type of care delivered has 
its own unique combination. KC is coded in the ophthalmology 
DTC- listing under code 457: ‘KC/cornea dystrophy’. In the 
Netherlands, this code can only be registered after evaluation 
by an ophthalmologist. In our data set, patients with a registered 
claim with this code were defined as cases. Both pre- existing 
and new registrations were included. Code 457 is a registration 
code that includes more clinical entities than KC. To select solely 
patients with KC within this group of records, the study popu-
lation was limited to patients aged 10–40 years. This is the age 
category in which the vast majority of KC patients are diagnosed. 
Other disorders within DTC code 457 are predominantly found 
either in older patients (ie, Fuchs endothelial dystrophy) or in 
younger patients (congenital corneal pathology).13

Definitions of sociodemographic characteristics
Every person who lives or works in the Netherlands is legally 
obliged to arrange health insurance. Health insurance plans in 
the Netherlands always last one calendar year, so any individual 
can switch to another insurance company only at the end of each 
year. ‘Years of enrolment in the plan’ is based on the total years 
a record was insured by Achmea between 2010 and 2015. More 
disease registrations are available in the database when an indi-
vidual has been enrolled for a longer period of time.

Socioeconomic status and urbanisation status were estimated 
by linking the four- digit postal codes of our records to data from 
the Statistics Netherlands.14 Socioeconomic status is a well- 
known determinant for health status in general. It is represented 
by a score that included a neighbourhood’s average income, 
level of unemployment, percentage of low- income households 
and percentage of people with a low level of education. Urban-
isation status is associated with allergic conditions and IMIDs. 
These diseases have been reported to be more common in urban 
areas, driven by environmental factors, such as air pollution and 
a reduced early- life exposure to microbe diversity.10 The degree 
of urbanisation is based on households per km2. Urban and rural 
areas are defined as ≥1000 and <1000 households per km2, 
respectively.

Selection of diseases of interest
The dataset contained all reimbursed healthcare per enrolee, 
and as such also DTCs covering IMIDs and atopic diseases. 
These diseases of interest were manually identified, based on 

current insights on disease biology and expert opinion (JK, see 
the acknowledgments section). The diseases with established 
immunological pathways were selected in order to explore our 
primary objective.2 3 15 16 Subsequently, sleep apnoea, a condition 
that had been reported in previous research to be associated with 
KC, was also included in order to validate our methodology.17 18 
If similar conditions appeared in multiple listings, these were 
combined; for example, sarcoidosis is defined by three different 
DTC codes; for rheumatologists, internal medicine and pulmo-
nologists. If a condition was registered multiple times, this vari-
able was only counted once. Consequently, all studied disease 
registrations in the database were binary variables.

Statistical analysis
Conditional logistic regression was used to test our hypotheses 
about possible associations between immune- mediated diseases 
and the diagnosis of KC. This extension of logistic regression 
allows one to take into account matching and stratification.19 
The dependent variable in this model was a diagnosis of KC and 
the explanatory variables were the diseases of interest. Disease 
associations were studied by univariate analyses with adjustment 
for age, sex, socioeconomic status and urbanisation status. Data 
are represented as ORs with 95% CIs for having been diagnosed 
with KC. For all analyses, a p<0.05 was considered statistically 
significant. Statistical analyses were performed with IBM SPSS 
Statistics V.25 (IBM).

RESULTS
Patient characteristics
From a pool of approximately 4.3 million enrollees, a data-
base with 10 646 KC patients and 63 876 controls (age and sex 
matched by ratio 1:6) was provided. Our analysis, within the 
relevant age group 10–40 years, included 14 357 records, of 
which 2051 KC and 12 306 controls. The characteristics of these 
KC cases and controls can be found in table 1. The mean age of 
KC cases and controls was 30 years (±6.5 SD) and the majority 
was male (62.8%). Most individuals were enrolled in the insur-
ance plan for multiple years. The distribution of socioeconomic 
status was comparable among both groups, with the majority 
of enrollees scoring ‘average’ (50.6% of cases and 55.5% of 
controls). The proportion of enrollees living in urban areas was 
slightly higher in the KC group than in the control group (79.7% 
vs. 71.4%).

Associations of diseases with KC
Table 2 shows the diseases of interest that we selected, the 
frequencies of these diseases in our study population and their 
associations with KC. The results of the univariate conditional 
logistic regression analyses with adjustment for age, sex, socio-
economic status and urbanisation status show a positive associa-
tion between KC and Hashimoto’s thyroiditis, between KC and 
inflammatory skin conditions, between KC and several atopic 
conditions, and between KC and obstructive sleep apnoea. No 
negative associations were identified in our analyses. Univariate 
conditional multiple logistic regression without adjustment for 
potential confounders did not materially alter the results.

KC was positively associated with Hashimoto’s thyroiditis 
(OR=2.89; 95% CI: 1.41 to 5.94, p=0.004) and with inflamma-
tory skin conditions (OR=2.20; 95% CI: 1.37 to 3.53, p=0.001). 
As expected, we found a statistically significant positive associ-
ation between KC and atopy. There were positive associations 
for the following registrations: allergic rash (OR=3.00; 95% CI: 
1.03 to 8.79, p=0.045), asthma/bronchial hyper- responsiveness 
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(OR=2.51; 95% CI: 1.63 to 3.84, p=2.50×10−5) and allergic 
rhinitis (OR=2.20; 95% CI: 1.39 to 3.49, p=0.001) Addition-
ally, we found a positive association of KC with obstructive sleep 

apnoea (OR=2.33; 95% CI: 1.12 to 4.83, p=0.023). Other 
hypothetical associations did not reach statistical significance

DISCUSSION
The aim of this study was to investigate the association between 
KC and immune- mediated diseases. Based on our analysis, KC is 
positively associated with Hashimoto’s thyroiditis, with inflam-
matory skin conditions, and with several atopic conditions. 
The latter is in line with the current body of evidence. We also 
confirmed the known association between KC and obstructive 
sleep apnoea. The immune system is highly involved in the posi-
tively associated diseases. Even though we did not demonstrate 
a causal relationship between KC and the associated immune- 
mediated diseases, we believe that the associations with these 
diseases suggest that activity of the immune system contributes 
to the development of KC.

Major strengths of this study are the large sample size and the 
accuracy of our dataset. The database is expected to be complete 
and accurate because of the financial consequences of medical 
claims registrations. Healthcare providers fully rely on these 
registrations to be reimbursed for their work. The enrollees 
in the database are expected to be a representative sample of 
the general population since all residents of the Netherlands 
are obliged to have a medical insurance provider that covers 
the majority of their healthcare needs, including primary care 
and hospital care. Since coverage provided by a health insur-
ance plan is largely determined by the government, insurance 
plans are comparable among the different providers. In partic-
ular, KC care is completely reimbursed (hospital consultations, 
medically prescribed visual aids, lasers and surgery). As a result, 
our database includes enrollees from all socioeconomic classes. 
A limitation of the reimbursement data is that only hospital 
care is registered and that health expenditures for optome-
trists practicing outside hospitals are not entered. However, in 
the Netherlands, virtually all KC patients will regularly visit 

Table 1 Characteristics of keratoconus patients and age- matched/
sex- matched control group of the Achmea Health Database

Characteristics
Keratoconus 
cases Controls Total

No. of enrollees (%) 2051 (14.3) 12 306 (85.7) 14 357

Years of enrolment in plan, no. (%)

  1 year 45 (2.2) 973 (7.9) 1018 (7.1)

  2 years 101 (4.9) 956 (7.8) 1057 (7.4)

  3 years 183 (8.9) 1217 (9.9) 1400 (9.8)

  4 years 218 (10.6) 1304 (10.6) 1522 (10.6)

  5 years 205 (10.0) 1146 (9.3) 1351 (9.4)

  6 years 1299 (63.3) 6710 (54.5) 8009 (55.8)

Age in years, mean (SD) 29.7 (6.5) 29.8 (6.4) 29.8 (6.5)

Sex, no. (%)

  Male 1289 (62.8) 7734 (62.8) 9023 (62.8)

  Female 762 (37.2) 4572 (37.2) 5534 (37.2)

Socioeconomic status, no. (%)

  Below average 688 (33.5) 3227 (26.2) 3915 (27.3)

  Average 1038 (50.6) 6824 (55.5) 7863 (54.8)

  Above average 277 (13.5) 1708 (13.9) 1985 (13.8)

  Unknown 48 (2.3) 1546 (4.4) 594 (4.1)

Urbanisation status, no. (%)

  Urban 1635 (79.7) 8790 (71.4) 10 425 (72.6)

  Rural 378 (18.4) 3050 (24.8) 3428 (23.9)

  Unknown 38 (1.9) 466 (3.8) 504 (3.5)

Data are no. (%) or mean (SD).
Socioeconomic status and urbanisation status are based on ‘postal codes’-related data 
from the Statistics Netherlands.14 Socioeconomic status is determined by a neighbourhood’s 
average income, level of unemployment, percentage of low- income households, and 
percentage of people with a low level of education. Urban and rural areas are defined as 
≥1000 and <1000 households per km2, respectively.

Table 2 Frequencies and conditional logistic regression model estimating associations of diseases with keratoconus compared with matched 
controls of the Achmea Health Database

OR (95% CI) P values Keratoconus cases, no. (%) Controls, no. (%)

IMIDs and atopic diseases

Allergic rash 3.00 (1.03 to 8.79) 0.045 5 (0.2) 10 (0.1)

Hashimoto’s thyroiditis 2.89 (1.41 to 5.94) 0.004 11 (0.5) 23 (0.2)

Asthma/BHR 2.51 (1.63 to 3.84) 2.50×10–5 30 (1.5) 74 (0.6)

Allergic rhinitis 2.42 (1.06 to 5.49) 0.035 8 (0.4) 20 (0.2)

Rheumatoid Arthritis 2.22 (0.71 to 6.97) 0.173 4 (0.2) 11 (0.1)

Inflammatory skin conditions* 2.20 (1.37 to 3.53) 0.001 24 (1.2) 66 (0.5)

Psoriasis and psoriatic arthritis 1.60 (0.89 to 2.89) 0.116 14 (0.7) 53 (0.3)

Diabetes mellitus 1.60 (0.85 to 3.03) 0.149 12 (0.6) 46 (0.4)

Ulcerative colitis 1.46 (0.54 to 3.86) 0.463 5 (0.2) 21 (0.2)

Crohn’s Disease 0.94 (0.33 to 2.70) 0.942 4 (0.2) 26 (0.2)

Graves’ disease 0.92 (0.21 to 4.07) 0.910 2 (0.1) 13 (0.1)

Multiple sclerosis 0.63 (0.15 to 2.72) 0.538 2 (0.1) 19 (0.2)

Ankylosing spondylitis 0.59 (0.76 to 4.62) 0.617 1 (0.0) 10 (0.1)

Sarcoidosis 0.42 (0.06 to 3.16) 0.396 1 (0.0) 15 (0.1)

Other diseases

Obstructive sleep apnoea 2.33 (1.12 to 4.83) 0.023 10 (0.5) 26 (0.2)

Univariate analysis with adjustment for age, sex, socioeconomic status and urbanisation status. An uncorrected analysis of disease associations did not materially differ from presented outcomes 
above (data not shown). Bold values represent statistically significant outcomes.
*Inflammatory skin conditions include contact dermatitis, hives/urticaria and other non- specified inflammatory dermatoses.
BHR, bronchial hyperresponsiveness; IMIDs, immune- mediated inflammatory diseases.
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ophthalmologists, so we do not expect this to highly impact the 
generalisability of our outcomes.

Another limitation of our study is that the DTC code for KC 
also includes registration of other corneal dystrophies, leading 
to a possible dilution of the observed associations. This effect 
was mitigated by limiting the study population to people aged 
10–40 years old. A previously published sensitivity analysis of 
the Achmea insured cases from our own institution (a referral 
centre for corneal pathology) found that more than 90% of 
patients within this age category were indeed KC patients.1 
Other disorders within DTC code 457 are predominantly found 
either in older patients (i.e. Fuchs endothelial dystrophy) or in 
younger patients (congenital corneal pathology).20 A weakness 
of not including patients older than 40 years of age is that late 
onset/diagnosis of KC or IMIDs will be missed. The typical age 
of onset of both these conditions is at a younger age, however, so 
the impact of this omission is considered limited.

Interestingly, the overall prevalence of the immune- mediated 
diseases is relatively low. Even though our dataset is of reason-
able size and derived from a pool of 4.3 million enrollees, true 
associations might have been missed due to a lack of statistical 
power. In addition, we manually selected diseases of interest: 
associations with diseases that have not been studied may still 
exist.

A positive association between KC and Hashimoto’s thyroid-
itis has been reported before, in line with our findings.21 22 To 
some extent this association might be indirect, since KC and 
thyroid dysfunction are both more prevalent in patients with 
Down’s syndrome.23 Down’s syndrome is not identified in our 
database as there is no specific DTC- code for this syndrome. 
Considering the size of the Dutch Down syndrome population 
(est. 13 000 in 2016),24 we estimate that the AHD contains 
approximately 860 Down syndrome patients aged 10–40 year 
old. On a total of 14 357 enrollees, we expect the effect of this 
potential confounder (6%) to be limited.

Alterations of histopathological skin characteristics in KC 
patients have been described before. Most notable is the increased 
prevalence of connective tissue disorders, such as Marfan’s 
syndrome or Ehlers- Danlos syndrome, among KC patients.25 
Interestingly, the association between inflammatory skin condi-
tions and KC has not extensively been described before. Inflam-
matory skin conditions are characterised by a T- cell- mediated 
inflammation of the skin. An appropriate balance of T helper 
(Th) and regulatory T (Treg) cells is essential for immune toler-
ance and host defence. A number of immune- mediated diseases, 
including Hashimoto and immune- mediated skin conditions, are 
characterised by a disruption of the Th17- Treg cell balance.26 
This imbalance is caused by a dysregulation of the insulin- like 
growth factor (IGF) system. Recent novel therapies, such as 
teprotumumab (an IGF- 1 inhibitor) have initiated a revolution in 
the treatment of Graves’ orbitopathy.27 Based on our found asso-
ciations and suggestion that KC is immune mediated, it could be 
hypothesised that KC patients benefit from (future) biological 
treatments.

KC and rheumatoid arthritis have been reported to be strongly 
associated by Nemet et al.22 Yet, we did not reproduce this 
finding. It should be noted that the study populations differ 
because Nemet et al assessed one hospital database, and our 
study is based on a more representative sample of the general 
population. Importantly, we only considered individuals up to 
40 years of age. The onset of rheumatoid arthritis can be at any 
age but the disorder is most typical in elderly people.28 This 
might explain the low number of registrations of rheumatoid 
arthritis in our database. It is plausible that the association was 

not identified in our study, but the KC patients will still develop 
rheumatoid arthritis later in life.

Our study did not find a significant association between KC 
and diabetes mellitus (DM). It is important to note that the 
DTC- code does not distinguish between type 1 or type 2 DM. 
Type 1 DM is the condition we are interested in by reason of 
its immune- mediated aetiology. We expect the great majority 
of our studied disease registrations to be type 1 DM, since the 
study population is limited to patients aged 10–40 years old. 
Previous studies on the associations between DM and KC have 
found conflicting results. Both positive and negative associa-
tions have been reported.3 29 It has been suggested that glyco-
sylation, which occurs in hyperglycaemic states, strengthens 
the cornea by collagen crosslinking, thus slowing down 
corneal damage. A study supporting this hypothesis reported 
no significant association between KC and DM, but did report 
that having DM decreases the odds of having more severe 
KC.30 An effect of the DM on the severity of KC cannot be 
demonstrated by our dataset, since information on KC severity 
is lacking.

Our study did not find a positive association for KC and ulcer-
ative colitis or for KC and Crohn’s disease, contrary to Nemet 
et al.22 In their study, the positive association between KC and 
ulcerative colitis was statistically significant, though the number 
of patients was very small in both the KC and the control groups 
(3 and 1, respectively). This is also true for the identified cases 
in our dataset: small differences can swing the ORs. We cannot 
completely rule out a possible association between KC and these 
inflammatory bowel diseases.

Atopic conditions have long been reported to be associ-
ated with KC.2 8 31 A recent study by Mazzotta et al identified 
similar associations as the present study.32 Importantly, a high 
correlation between severity of allergy and KC progression 
was reported. Atopy provokes eye rubbing by local irritation, 
resulting in mechanical corneal damage. Besides, increased levels 
of proteases and inflammatory mediators (Matrix metallopepti-
dase 13, Interleukin 6 and Tumor Necrosis Factor α) in the tear 
film, exacerbating KC, have been described after eye rubbing, 
even in healthy individuals.33

It is important to note that association does not necessarily 
imply causality. We propose that chronic systemic inflammation 
influences KC onset and progression both directly and indirectly. 
Directly, systemic inflammatory pathways may lead to periocular 
inflammation and changes in the tear film in KC eyes. Indirectly, 
local inflammation may trigger a variety of ocular surface and 
anterior segment diseases which are directly associated with the 
development and progression of KC. Any comorbidity that is 
inflammatory in nature (e.g. dry eye syndrome or ocular rosacea) 
may add synergistically to other forms of KC- related inflamma-
tion, and hence lead to KC progression.34 In this association 
study, the independent effects of confounding ocular comorbid-
ities are not distinguishable.

In conclusion, the present observational study identifies that 
KC is associated with several immune- mediated diseases on a 
population level. We found positive associations between KC 
and Hashimoto’s thyroiditis, inflammatory skin conditions, and 
several atopic diseases. We did not identify a significant associa-
tion with DM or other systemic IMIDs. However, due to the low 
prevalence of the studied diseases in our database, we cannot 
rule out possible associations with these diseases. The positively 
associated diseases involve systemic activity of the immune 
system, which suggests that KC onset is partly favoured by a 
chronic, systemic proinflammatory state. This may help clini-
cians in better understanding the course of KC and contribute 
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to future research investigating novel treatment options, such as 
biologicals.

Acknowledgements The authors are grateful to Jonas Kuiper, MSc PhD, 
(University Medical Centre Utrecht, Utrecht, The Netherlands) for defining the IMID 
classes, for providing us with constructive comments regarding immunology and for 
critical reading of the manuscript.

Contributors Study conceptualisation: JC, DG and RW. Statistical analysis plan 
and critical revision of methodology: LF and GV. Data analysis: JC. Drafting the 
manuscript: JC. Critical revision of manuscript and final approval: all authors.

Funding The work was supported by a grant facilitated by Utrecht University, focus 
area Applied Data Science). (http://www.uu.nl/ads).

Competing interests RW is a paid speaker for Thea Pharma BV (https:// 
theapharma.nl/), paid speaker for Carl Zeis the Netherlands, and medical advisor/
consultant/shareholder for Easee BV.

Patient consent for publication Not required.

Ethics approval All records in our database were anonymised. The study was 
performed with the permission of the scientific board of Achmea Health Insurance 
and in accordance with Dutch privacy laws and the Declaration of Helsinki.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data may be obtained from a third party (Achmea) 
and are not publicly available.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Janneau L J Claessens http://orcid.org/0000-0001-9586-9080

REFERENCES
 1 Godefrooij DA, de Wit GA, Uiterwaal CS, et al. Age- specific incidence and prevalence 

of keratoconus: a nationwide registration study. Am J Ophthalmol 2017;175:169–72.
 2 Rabinowitz YS, Yaron S. Keratoconus. Surv Ophthalmol 1998;42:297–319.
 3 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;123:457–65.

 4 Valgaeren H, Koppen C, Van Camp G. A new perspective on the genetics of 
keratoconus: why have we not been more successful? Ophthalmic Genet 
2018;39:158–74.

 5 Mas Tur V, MacGregor C, Jayaswal R, et al. A review of keratoconus: diagnosis, 
pathophysiology, and genetics. Surv Ophthalmol 2017;62:770–83.

 6 Wisse RPL, Kuiper JJW, Gans R, et al. Cytokine expression in keratoconus and its 
corneal microenvironment: a systematic review. Ocul Surf 2015;13:272–83.

 7 Sobrino T, Regueiro U, Malfeito M, et al. Higher expression of Toll- like receptors 2 and 
4 in blood cells of keratoconus Patiens. Sci Rep 2017;7:1–7.

 8 Rahi A, Davies P, Ruben M, Amjad R, Montague R, et al. Keratoconus and coexisting 
atopic disease. Br J Ophthalmol 1977;61:761–4.

 9 Sharma N, Rao K, Maharana PK, et al. Ocular allergy and keratoconus. Indian J 
Ophthalmol 2013;61:407.

 10 Straub RH, Schradin C. Chronic inflammatory systemic diseases – an evolutionary 
trade- off between acutely beneficial but chronically harmful programs. Evol Med 
Public Health 2016:eow001.

 11 Somers EC, Thomas SL, Smeeth L, et al. Are individuals with an autoimmune disease 
at higher risk of a second autoimmune disorder? Am J Epidemiol 2009;169:749–55.

 12 Vektis. Vektis Zorgthermometer, 2016. Available: https://www.vektis.nl/uploads/ 
Publicaties/Zorgthermometer/Verzekerden in beeld 2016.pdf[Accessed 13 Oct 
2020].

 13 Weiss JS, Møller HU, Aldave AJ. IC3D classification of corneal dystrophies—edition 
2. cornea, 2015. Available: https://journals.lww.com/corneajrnl/Fulltext/2015/02000/ 
IC3D_Classification_of_Corneal_Dystrophies_Edition.1.aspx

 14 Sociaal en Cultureel Planbureau (SCP). Sociaal- economische status per postcode. 
Available: https://www.scp.nl/Onderzoek/Lopend_onderzoek/A_Z_alle_lopende_ 
onderzoeken/Statusscores [Accessed 1 Jul 2019].

 15 Davidson A, Diamond B. Autoimmune diseases. N Engl J Med 2001;345:340–50.
 16 El- Gabalawy H, Guenther LC, Bernstein CN. Epidemiology of immune- mediated 

inflammatory diseases: incidence, prevalence, natural history, and comorbidities. J 
Rheumatol Suppl 2010;85:2–10.

 17 Gupta PK, Stinnett SS, Carlson AN, Carlson AN. Prevalence of sleep apnea in patients 
with keratoconus. Cornea 2012;31:595–9.

 18 Pihlblad MS, Schaefer DP, laxity E. Eyelid laxity, obesity, and obstructive sleep apnea in 
keratoconus. Cornea 2013;32:1232–6.

 19 Breslow NE, Day NE, Halvorsen KT, et al. Estimation of multiple relative risk functions 
in matched case- control studies. Am J Epidemiol 1978;108:299–307.

 20 Weiss JS, Ulrik Møller H, Aldave AJ. IC3D classification of corneal Dystrophies- Edition 
2, 2014. Available: www.corneajrnl.com

 21 Koçak Altintas AG, Gül U, Duman S. Bilateral keratoconus associated with Hashimoto’s 
disease, alopecia areata and atopic keratoconjunctivitis. Eur J Ophthalmol 
1999;9:130–3.

 22 Nemet AY, Vinker S, Bahar I, et al. The association of keratoconus with immune 
disorders. Cornea 2010;29:1261–4.

 23 Amr NH. Thyroid disorders in subjects with Down syndrome: an update. Acta Biomed 
2018;89:132–9.

 24  Volk sgez ondh eide nzorg. info. ’Down syndroom - incidentie en prevalentie’ - RIVM. 
Available: https://www.volksgezondheidenzorg.info/onderwerp/downsyndroom/ 
cijfers-context/incidentie-en-prevalentie

 25 Robati RM, Einollahi B, Einollahi H, et al. Skin biophysical characteristics in patients 
with keratoconus: a controlled study. Scientifica 2016;2016:1–4.

 26 DiToro D, Harbour SN, Bando JK, et al. Insulin- Like growth factors are key regulators 
of T helper 17 regulatory T cell balance in autoimmunity. Immunity 2020;52:650–67.

 27 Douglas RS, Kahaly GJ, Patel A, et al. Teprotumumab for the treatment of active 
thyroid eye disease. N Engl J Med 2020;382:341–52.

 28 Scott DL, Wolfe F, Huizinga TWJ. Rheumatoid arthritis. Lancet 2010;376:1094–108.
 29 Kosker M, Suri K, Hammersmith KM, et al. Another look at the association between 

diabetes and keratoconus. Cornea 2014;33:774–9.
 30 Kuo IC, Broman A, Pirouzmanesh A, et al. Is there an association between diabetes 

and keratoconus? Ophthalmology 2006;113:184–90.
 31 Bawazeer AM, Hodge WG, Lorimer B. Atopy and keratoconus: a multivariate analysis. 

Br J Ophthalmol 2000;84:834–6.
 32 Mazzotta C, Traversi C, Mellace P, et al. Keratoconus progression in patients with 

allergy and elevated surface matrix metalloproteinase 9 point- of- care test. Eye 
Contact Lens 2018;44:S48–53.

 33 Balasubramanian SA, Pye DC, Willcox MDP. Effects of eye rubbing on the levels of 
protease, protease activity and cytokines in tears: relevance in keratoconus. Clin Exp 
Optom 2013;96:214–8.

 34 McMonnies CW. Inflammation and keratoconus. Optom Vis Sci 2015;92:e35–41.

by copyright.
 on D

ecem
ber 13, 2022 at U

trecht U
niversity Library. P

rotected
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjophthalm

ol-2021-318804 on 20 A
pril 2021. D

ow
nloaded from

 

http://www.uu.nl/ads
https://theapharma.nl/
https://theapharma.nl/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-9586-9080
http://dx.doi.org/10.1016/j.ajo.2016.12.015
http://dx.doi.org/10.1016/s0039-6257(97)00119-7
http://dx.doi.org/10.1016/j.ophtha.2015.10.035
http://dx.doi.org/10.1080/13816810.2017.1393831
http://dx.doi.org/10.1016/j.survophthal.2017.06.009
http://dx.doi.org/10.1016/j.jtos.2015.04.006
http://dx.doi.org/10.1038/s41598-017-13525-7
http://dx.doi.org/10.1136/bjo.61.12.761
http://dx.doi.org/10.4103/0301-4738.116063
http://dx.doi.org/10.4103/0301-4738.116063
http://dx.doi.org/10.1093/emph/eow001
http://dx.doi.org/10.1093/emph/eow001
http://dx.doi.org/10.1093/aje/kwn408
https://www.vektis.nl/uploads/Publicaties/Zorgthermometer/Verzekerden%20in%20beeld%202016.pdf
https://www.vektis.nl/uploads/Publicaties/Zorgthermometer/Verzekerden%20in%20beeld%202016.pdf
https://journals.lww.com/corneajrnl/Fulltext/2015/02000/IC3D_Classification_of_Corneal_Dystrophies_Edition.1.aspx
https://journals.lww.com/corneajrnl/Fulltext/2015/02000/IC3D_Classification_of_Corneal_Dystrophies_Edition.1.aspx
https://www.scp.nl/Onderzoek/Lopend_onderzoek/A_Z_alle_lopende_onderzoeken/Statusscores
https://www.scp.nl/Onderzoek/Lopend_onderzoek/A_Z_alle_lopende_onderzoeken/Statusscores
http://dx.doi.org/10.1056/NEJM200108023450506
http://dx.doi.org/10.3899/jrheum.091461
http://dx.doi.org/10.3899/jrheum.091461
http://dx.doi.org/10.1097/ICO.0b013e31823f8acd
http://dx.doi.org/10.1097/ICO.0b013e318281e755
http://dx.doi.org/10.1093/oxfordjournals.aje.a112623
www.corneajrnl.com
http://dx.doi.org/10.1177/112067219900900210
http://dx.doi.org/10.1097/ICO.0b013e3181cb410b
http://dx.doi.org/10.23750/abm.v89i1.7120
https://www.volksgezondheidenzorg.info/onderwerp/downsyndroom/cijfers-context/incidentie-en-prevalentie
https://www.volksgezondheidenzorg.info/onderwerp/downsyndroom/cijfers-context/incidentie-en-prevalentie
http://dx.doi.org/10.1155/2016/6789081
http://dx.doi.org/10.1016/j.immuni.2020.03.013
http://dx.doi.org/10.1056/NEJMoa1910434
http://dx.doi.org/10.1016/S0140-6736(10)60826-4
http://dx.doi.org/10.1097/ICO.0000000000000167
http://dx.doi.org/10.1016/j.ophtha.2005.10.009
http://dx.doi.org/10.1136/bjo.84.8.834
http://dx.doi.org/10.1097/ICL.0000000000000432
http://dx.doi.org/10.1097/ICL.0000000000000432
http://dx.doi.org/10.1111/cxo.12038
http://dx.doi.org/10.1111/cxo.12038
http://dx.doi.org/10.1097/OPX.0000000000000455
http://bjo.bmj.com/

	Nationwide epidemiological approach to identify associations between keratoconus and immune-mediated diseases
	Abstract
	Introduction
	Methods
	Case–control study design
	Definitions of sociodemographic characteristics
	Selection of diseases of interest
	Statistical analysis

	Results
	Patient characteristics
	Associations of diseases with KC

	Discussion
	References


