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A B S T R A C T

Background: Filaggrin is a major structural protein in the skin barrier and null mutations in the filaggrin gene
(FLG) increase the risk of developing atopic dermatitis (AD). Previous studies report an association between
keratoconus (KC) and the presence of AD, and FLG mutated patients with concomitant AD may have a more
severe KC. We investigated if FLG genotype and AD correlate to the frequency and severity of KC.
Methods: One hundred and eight patients were recruited and distributed in four groups based on KC and AD
status. Patients with high myopia comprised the reference group. We used the topographical keratoconus
classification (TKC), Kmax and central corneal thickness (CCT) to compare the groups and analyzed FLGmutation
status by DNA sequencing.
Results: In total, 15 patients (14%) in our cohort harbored mutation in FLG. Nine of 49 patients (18%) with AD
were FLG mutated whereas 6/59 (10%) without AD were carriers of FLG mutation (P = 0.22). There was no
difference in Kmax between KC patients with and without AD (median Kmax 56.9 and 57.6, respectively –
P = 0.81). Patients with FLG mutation had a median Kmax of 62.5 whereas FLG wild-type patients had a median
Kmax of 56.9, P = 0.29. There was no difference in CCT between FLG mutated KC patients (median CCT 420 µm)
and KC patients with FLG wild-type (median CCT 448 µm), P = 0.21.
Conclusion: In our cohort, the frequency of FLG mutations was low and genotype equally distributed between
patients with and without AD and KC. There was no aggravation in KC severity parameters in FLG mutated
patients compared to patients with FLG wild-type. Future studies powered to assess the synergistic influence of
AD and FLG genotype may identify patients at risk of severe KC.

1. Introduction

Keratoconus (KC) is a progressive ocular condition where central
thinning of the corneal stroma leads to conal configuration, and thereby
astigmatism and decreased visual acuity [1].

The incidence of KC is 1/2,000 in the general population with equal
sex distribution and the affection is usually bilateral. The condition is
mainly diagnosed in early adolescence and is progressive until the 3rd
or 4th decade of life [2]. Diagnosis of KC can be made by a combination
of slit-lamp examination and corneal topography of which the latter
accurately reflects the shape of the cornea and hence is employed for
standardized grade classification [3,4]. The etiology of KC remains
unknown but pathological mechanisms may include both genetic and
environmental factors [5]. KC is most commonly an isolated condition
but may be associated with other diseases, including atopic dermatitis
(AD) [2].

AD is a chronic or chronically relapsing inflammatory disease which
typically affects children and young adults. The disease is characterized
by an intense itchy eczematous rash with papules and vesicles [6]. The
pathogenesis is complex and includes a T-helper-2/T-helper-22 skewed
inflammatory response in the skin, dysregulation of epidermal anti-
microbial peptides, and an impaired skin barrier function [7]. The
major risk factor for a dysregulated skin barrier function is null muta-
tions in the filaggrin (FLG) gene, which encodes the structural skin
barrier protein filaggrin [8]. This protein is synthesized as a pro-mo-
lecule, pro-filaggrin, which is cleaved into filaggrin by different en-
zymes, one of them being caspase-14 [9,10]. The most common loss-of-
function FLG mutations are R501X and 2282del4 affecting up to 10% of
the European population [8]. However, the inflammatory reaction in
AD itself may downregulate the expression of filaggrin and thereby
impair the skin barrier function [11]. Previous studies report a pre-
disposition of FLG null mutations to AD [10,12].
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Filaggrin is also present in the corneal epithelium and since this
tissue shares structural similarities with the skin, filaggrin may play a
significant role in the corneal epithelial barrier [12–14]. Approximately
30% of AD patients are carriers of a FLG mutation [10,13] and may be
at increased risk of developing KC. We investigated if FLG genotype in
synergy with AD affects the risk and severity of KC in a Danish cohort.
We hypothesized that KC patients with FLG mutation had a more severe
condition of KC compared to KC patients without mutation.

2. Materials and methods

2.1. Patients

Patients with KC and AD were recruited from the Department of
Ophthalmology and the Department of Dermatology, Aarhus University
Hospital, between October 2012 and June 2016. Patients with high
myopia comprised the reference group.

All patients were screened for KC and AD, and four groups were
established:

Group 1: Patients with both KC and AD (KC+/AD+), group 2:
Patients with KC without AD (KC+/AD−), group 3: Patients without
KC with AD (KC−/AD+), group 4: Reference group without KC or AD
(KC−/AD−). Patients with KC were divided by the median of Kmax, in
Kmax

low and Kmax
high. Baseline characteristics were obtained from

medical records.
Written informed consent was received from study participants ac-

cording to the declaration of Helsinki. The study was approved by the
Research Ethic Committee of the Central Region, Denmark.

Examinations of the cornea were conducted at the Department of
Ophthalmology, Aarhus University Hospital, by trained optometrists
and consisted of slit lamp examination, corneal tomography and mea-
surement of visual acuity and refraction. All patients with atopic der-
matitis were all referred from the Department of Dermatology, Aarhus
University Hospital, which is a tertiary Center of Excellence for spe-
cialized treatment of atopic dermatitis or were in shared care with the
Department of Ophthalmology. Thus, all patients with atopic dermatitis
had been graded to have moderate to severe disease severity [14].

2.2. Pentacam

All patients underwent bilateral corneal tomography using rotating
Scheimpflug imaging with a Pentacam HR (Oculus, Wetzlar, Germany).
The parameter of main interest was the Kmax converted from the
minimum front surface radius of curvature (Rmin) assuming a refractive
index of 1.3375 as previously reported [15]. Severity of KC was cate-
gorized according to the Topographical Keratoconus Classification
(TKC), grade 1–4 [4]. Additionally, the parameter of central corneal
thickness (CCT) were included.

2.3. DNA analysis

Saliva (2 ml) was collected from all participants in the study using
Oragene DNA (OG-500) (DNAgeneotek). DNA was purified and the FLG
gene was sequenced and analyzed for the two most common FLG mu-
tations, R501X and 2282del4.

2.4. Statistical analysis

Continuous measurements were compared using student’s t-test. To
compare the distribution of categorical variables, the Chi2-test and
Fisher’s test were applied. Distributions of non-normality were com-
pared by the Mann-Whitney U test. A two-sided P-value less than 0.05
was considered statistically significant. All statistical analyses were
performed using the STATA statistical software package v. 13
(StataCorp, College Station, TX,).

3. Results

3.1. AD and KC

One hundred and eight patients were included in the study. Table 1
shows the baseline characteristics of the four groups. Patients with
KC+/AD− included more males than females (male/female ratio: 7.8)
compared to the three other groups (male/female ratio: 0.9,
P = 0.001.) Patients with KC−/AD+ were significantly older (median
age 41 years) than KC+/AD+ (median age 29 years, P = 0.006) and
KC+/AD− (median age 29 years, P < 0.001) but not compared to
KC−/AD− (median age 34 years, P = 0.17). There was no difference
in the distribution of FLG genotypes in the four groups (P = 0.34).

In patients with KC, concomitant AD did not affect TKC (median
TKC in KC+/AD+; 2 vs median TKC in KC+/AD−; 3, P = 0.22) nor
was AD associated with a higher Kmax (median Kmax in KC+/AD+;
56.9, range 46.7–97.6 vs. median Kmax KC+/AD−; 57.6, range
46.7–92.8, P = 0.81- Fig. 1A). Patients with AD were equally dis-
tributed by the median Kmax (Kmax

low, n = 13 (52%) vs. Kmax
high,

n = 12 (48%), P = 0.80). Median CCT was 467 µm (range 229–552) in
patients with AD and 442 µm (range 179–507) in patients without AD,
P = 0.29 (Fig. 1B).

Nine of 49 patients (18%) with AD were FLG mutated whereas 6/59
patients (10%) without AD were carriers of the FLG mutation
(P = 0.22). The number of FLG mutations was low in both KC-groups
(KC+/AD+, n = 3 (12%) and KC+/AD−, n = 4 (11%)) and the
additional influence of FLG mutations on KC in each group was there-
fore not evaluated. In the group with KC+/AD+ and FLG mutation the
TKC were 1.5, 2 and 4 and in the group with KC+/AD- and FLG mu-
tation the TKC were 3, 4, 3 and 3.

Table 1
Characteristics of the four patient groups.

Characteristics KC+/AD+
N = 25

KC+/AD−
N = 35

KC−/AD+
N = 24

KC−/AD−
N = 24

Sex, male/female (%) 14/11 (56/44) 31/4 (89/11)* 13/11(54/46) 7/17 (29/71)
Median age, years (range) 29 (14–68) 29 (19–49) 41 (20–64)** 34 (22–56)
Median Kmax (range) 56.9 (46.7–97.6) 57.6 (46.7–92.8) NA NA
TKC 2.0 (1–4) 3 (1–4) NA NA
CCT, µm (range) 467 (229–552) 442 (179–507) NA NA
FLGmut, n (%) 3 (12) 4 (11) 6 (24) 2 (8)

KC indicates keratoconus; AD, atopic dermatitis; TKC, Topographical Keratoconus Classification; CCT, central corneal thickness; FLG, filaggrin.
NA - not applicable.
* Sex KC+/AD- vs. the three other groups, P < 0.01.
** Median Age KC-/AD + vs KC+/AD + and KC+/AD-, P < 0.01.
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3.2. FLG mutation and KC

There was no difference in the distribution of FLG mutations be-
tween patients with and without KC (KC+/FLGmut: 7/60 (12%) vs.
KC-/FLGmut: 8/48 (17%), P = 0.46). Nor was there any difference in
distribution of FLG mutation in the two groups Kmax

low and Kmax
high

(Kmax
low, n = 2 (29%) vs. Kmax

high, n = 5 (71%), P = 0.23). Median
Kmax in patients with FLGmutation was 62.5 (range 51.9–84.9) whereas
median Kmax in patients with FLG wild-type was 56.9 (range
46.7–97.6), P = 0.29–Fig. 2A. There was no difference in CCT between
FLG mutated KC patients (median CCT 420 µm, range 280–472) and KC
patients with FLG wild-type (median CCT 448 µm, range 179–552),
P = 0.21 (Fig. 2B).

4. Discussion

The etiology of KC is unknown, but previous studies suggest that
both genetic and environmental factors may affect the condition
[1,2,5,16]. The structural difference between a normal and a KC cornea
is well established, but primary changes may be indistinguishable from
the effects of secondary inflammation and degeneration [5]. Thus, the
relative contribution of chronic inflammatory diseases such as AD on

KC severity and progression remains unclear. Eye rubbing is a known
risk factor for development of KC and patients with AD has increased
tendency for eye rubbing. The effect of eye rubbing depends on the
period and force of performing eye rubbing and is as such difficult to
quantify [17]. Trained dermatologists at our institution have confirmed
the diagnosis and optimized treatment in the majority of patients with
AD in this study.

FLG maintains elastic and structural properties in the skin and FLG
mutated individuals are at high risk of developing AD [18]. The asso-
ciation between FLG mutation and AD is of particular interest since
many KC patients have concomitant AD, and approximately 30% of AD
patients are carriers of a FLG mutation [10,13]. The present study
confirms the high frequency as approximately 20% of the patients with
AD carried FLG mutation. The suggestion of a shared pivotal role of
filaggrin in both cornea and skin [19] has generated the present study
hypothesis of a more severe KC phenotype in patients with both AD and
mutated FLG. Although the biomechanical strength of cornea is mainly
determined by the stromal composition [5], previous studies of epi-
thelial gene expression in KC patients appears to be characterized by
massive changes in the epithelial cytoskeleton, reduced extracellular
matrix remodeling, altered transmembrane signaling, and modified
cell-to-cell and cell-to-matrix interactions [20]. It is reasonable to

Fig. 1. Distribution of Kmax (1A) and central corneal thickness (CCT; 1B) in patients with keratoconus and atopic dermatitis (KC+/AD+) and patients with
keratoconus without atopic dermatitis (KC+/AD−). Circles depicts individuals with filaggrin wild-type; Squares, filaggrin mutation. Crosses indicate the median.

Fig. 2. Distribution of Kmax (2A) and central corneal thickness (CCT; 2B) according to filaggrin (FLG) genotype. Crosses indicate the median.

M. Juul-Dam, et al. Journal of EuCornea 7 (2020) 4–7

6



conceive that a reduction in the epithelial barrier of cornea may con-
tribute to progression of KC and, consequently, a more severe condition
in patients with FLG mutation. On the other hand, FLG is expressed but
only at diminutive levels in cornea compared to the skin both in dis-
eased and healthy individuals [18]. These findings suggest that even
though epithelial dysfunction may result in a severe KC, relative ab-
sence of filaggrin in mutated patients does not have a detrimental im-
pact on the condition. The low total number of FLG mutations in our
cohort impair the ability of this study to identify potential aggravated
KC in patients with both AD and FLG mutation. Our data does not in-
dicate that KC patients with FLGmutation have a more severe condition
compared to KC patients with FLG wild-type as we saw no significant
differences in Kmax nor CCT between the groups. FLG mutations were
equally balanced between KC patients and controls. It is, however,
important to emphasize that a non-significant difference in KC severity
between patients with and without FLG mutation in the current study
does not necessarily reflect a true equivalence. The additive effects of
FLG mutation and AD on KC progression should be subject for further
investigation in the future, probably in a multi-center setting in order to
encompass a sufficient number of patients.

In conclusion, patients with AD did not have a more severe KC but
often harbored FLG mutations. There was no difference in severity of
KC according to FLG genotype, but the potential interaction between
FLG mutations, AD and associated covariates on KC development and
progression should be subject for further investigation in future studies.
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