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e PURPOSE: To determine the age-specific incidence and
prevalence of keratoconus in the modern era of diagnos-
tics.

e DESIGN: Epidemiologic study.

e PARTICIPANTS: Total of 4.4 million patients from a
mandatory health insurance database.

e METHODS: Data were extracted from the largest health
insurance provider in the Netherlands. Patients aged
10-40 years were defined as the relevant age category
for newly diagnosed keratoconus and the annual inci-
dence of newly diagnosed keratoconus was determined.
The prevalence of keratoconus was estimated based on
the annual incidence, mean age at diagnosis, and average
life expectancy. Main outcome measure was the annual
incidence and prevalence of keratoconus.

e RESULTS: The annual incidence of keratoconus was
1:7500 in the relevant age category (13.3 cases per 100
000, 95% confidence interval [CI]: 11.6-15.2) and
the estimated prevalence of keratoconus in the general
population was 1:375 (265 cases per 100 000, 95% CI:
260-270). These values are 5-fold to 10-fold higher
than previously reported values in population studies.
The mean age at diagnosis was 28.3 years and 60.6% of
diagnosed patients were male.

e CONCLUSIONS: Both the annual incidence and the
prevalence of keratoconus were 5-fold to 10-fold higher
than previously reported. (Am J Ophthalmol
2017;175:169-172. © 2016 Elsevier Inc. All rights
reserved.)

ERATOCONUS IS A PROGRESSIVE DISEASE OF THE
cornea that leads to a decrease in visual acuity
owing to corneal thinning and irregular astigma-
tism. Although visual acuity can often be restored in
most patients through the use of glasses or rigid contact
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lenses, complex corneal grafting procedures are ultimately
indicated in approximately 10%-20% of keratoconus
patients. 1=

The most frequently cited occurrence of keratoconus is
1:2000. This value is based on a registration study in the
United States that was conducted from 1935 until 1982.
This study reported a prevalence of 54.5 cases per 100
000 individuals.* Estimates of the annual incidence of kera-
toconus based on epidemiologic studies range from 1:3000
to 1:80 000 per year."” This wide range may be attributed
to the increased sensitivity of modern diagnostic devices,
regional differences with respect to accessibility of health
care, and/or differences in study design. Furthermore,
ethnic differences with respect to the incidence of
keratoconus have also been reported.®™

Incidence is defined as the number of new cases diag-
nosed within a specific period of time (usually 1 year),
whereas prevalence is the number of existing cases at a
given point in time. The onset of keratoconus typically
occurs in the second to fourth decade of life (ie, from age
10 through age 40) and the condition affects patients for
the remainder of their lives." Therefore, the prevalence
of keratoconus is by definition always higher than the
annual incidence.

As computer-based technologies and imaging tech-
niques have improved, the ability to diagnose keratoconus
has also increased. New treatment options for keratoconus
are currently being implemented. Therefore, determining
the incidence and prevalence of keratoconus in the modern
era will provide a more accurate estimate of the impact of
such new treatment options on healthcare costs. We
performed a nationwide registration study to determine
the annual incidence of keratoconus and to calculate the
prevalence of keratoconus in the population. To perform
this analysis we used data from the largest health insurance
provider in the Netherlands.

All residents of the Netherlands are required to have
coverage for the majority of their standard healthcare
needs, including primary care and hospital care. Achmea
is the largest health insurance provider in the Netherlands,
covering 31% of all residents.” In the Netherlands, health
insurance providers are required to provide basic health
insurance coverage for all applicants who request it. The
coverage provided by this basic health insurance plan is
determined by the Dutch government and is equal among
all health insurance providers.'® Therefore, populations
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among different healthcare providers are similar, and
Achmea provides a representative sample for the popula-
tion. Given the financial consequences associated with
both healthcare providers and insurance providers, health
care is monitored carefully using automated systems.
Most expenses related to ophthalmic care for keratoconus
(such as outpatient visits, diagnostic procedures, contact
lenses, and corneal transplants) are reimbursed, regardless
of the setting in which it was provided (ie, at a private prac-
tice or at a hospital).

METHODS

e DATABASE AND KERATOCONUS SELECTION: We used
data obtained from the Achmea Health Database (AHD)
for this study. Data were extracted from the AHD for pa-
tients whose information was entered for the period
January 1, 2011 until December 31, 2014. Diagnoses and
treatments are assigned a Diagnosis and Treatment Combi-
nation (DTC; in Dutch: Diagnose Behandel Combinatie).
Each DTC includes the diagnosis, the associated medical
specialty, and type of care delivered (including whether
or not it is a new DTC). Keratoconus is coded as ophthal-
mologic care under DTC code 457: keratoconus/cornea
dystrophy.

The data also included sex, date of birth, date of death (if
applicable), and the date the DTC code was assigned (ie,
the date of diagnosis). To extract keratoconus cases within
DTC code 457, patients aged 10-40 years were defined as
the relevant age category based on the pathologic proper-
ties of keratoconus; this is the age category in which the
majority of new keratoconus cases are diagnosed.' Other
clinical entities that fall under the DTC code 457 were
generally excluded by specifying this age category. These
other diagnoses are predominantly found either in older
patients (Fuchs endothelial dystrophy) or in younger
patients (congenital corneal pathology), although DTC
code 457 could contain corneal dystrophies within the
specified age category (eg, epithelial basement membrane
dystrophy)."" To extract new cases of keratoconus in
2014, patients linked to DTC 457 in a previous year were
excluded.

The data provided were anonymized and this study was
performed with the permission of the scientific board of
Achmea and in accordance with Dutch privacy laws and
the Declaration of Helsinki. It was therefore impossible
to match insurance records with (electronic) patient
charts.

e DATA ANALYSIS: The annual age-specific incidence of
keratoconus was calculated by dividing the number
of new keratoconus cases in 2014 by the total number of
insured individuals in the same age category registered in
the AHD within the same year. The prevalence of

170 AMERICAN JOURNAL OF OPHTHALMOLOGY

keratoconus was then estimated based on the age-specific
incidence, the total number of individuals registered in
the AHD in 2014, mean patient age at the time of diag-
nosis, and average life expectancy in the Netherlands
(based on data from Statistics Netherlands).'? Calculations
were performed using Stata, version 13.1 (StataCorp, Col-
lege Station, Texas, USA). Data are represented as the
annual incidence and prevalence with the corresponding
95% Poisson exact confidence interval (CI).

RESULTS

e PATIENT CHARACTERISTICS: There were 4 357 044
individuals registered in the AHD in 2014 and a total of
1635 517 individuals were within the relevant age category
for newly diagnosed keratoconus (ie, 1040 years). Within
this group of eligible individuals, 218 new diagnoses of
keratoconus were identified. At the time of the keratoconus
diagnosis, the mean age was 28.3 years and 60.6% of the
patients were male.

e INCIDENCE OF KERATOCONUS: The age-specific annual
incidence of keratoconus was calculated by dividing the
number of individuals who were newly diagnosed with
keratoconus (218) by the number of individuals within
the relevant age category (1 635 517), yielding an annual
incidence of approximately 1:7500, or 13.3 new cases per

100 000 (95% CI: 11.6-15.2 per 100 000).

e PREVALENCE OF KERATOCONUS: The prevalence of
keratoconus was estimated based on the annual incidence
of keratoconus in the relevant age category (ie, 13.3 new
cases per 100 000), the total number of individuals regis-
tered in the AHD (4 357 044), the mean age at the time
of diagnosis (28.3 years), and the average life expectancy
in the Netherlands (81.2 years). Based on these factors,
the estimated prevalence of keratoconus in the general
population is 1:375, or 265 cases per 100 000 (95% CI:
260-270 per 100 000).

DISCUSSION

THE AIM OF THIS STUDY WAS TO DETERMINE THE ANNUAL
incidence and prevalence of keratoconus using health in-
surance information obtained from approximately 4.4
million individuals in the Netherlands. The age-specific
incidence of keratoconus is 1:7500 (13.3 per 100 000) in
the relevant age category and the prevalence in the general
population is 1:375 (265 per 100 000).

Major strengths of this study are the large sample size and
the completeness of the registration. A large sample size is
essential in order to accurately determine both the inci-
dence and prevalence of keratoconus. Moreover, as
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healthcare providers only get reimbursement of their efforts
by using the DTC coding system, the database was previ-
ously found to be both accurate and complete.'” An addi-
tional strength of our study is generalizability of the
results: Health insurance is mandatory for all residents of
the Netherlands and basic health insurance coverage is
equal among all health insurance providers. Therefore,
populations among different health insurance providers
are similar and representative for the Dutch population.
Moreover, sophisticated diagnostic devices are widely
available throughout the Netherlands and the Dutch hos-
pital system is renowned for its excellent accessibility and
high standard of care."” Considering these factors, we feel
it is likely that our sample accurately reflects the level of
care both needed and provided for patients with keratoco-
nus.

The values for the incidence and prevalence of kerato-
conus obtained by our study are approximately 5-fold to
10-fold higher than previous reports from population
studies.*> A possible explanation for this difference
might be the recent increase in the availability of
corneal imaging techniques, resulting in increased
accuracy with respect to diagnosing keratoconus.
Nevertheless, we believe that our estimates are realistic
because the incidence of keratoconus in our study
population corresponds with the number of corneal
transplants performed annually in the Netherlands.
reports indicated that 10%-20% of all
keratoconus patients ultimately require a corneal
transplant, although advances in rigid gas-permeable con-
tact lenses and scleral lenses might have lowered those
rates in the most recent years. ” Approximately 6.2
million individuals in the Netherlands are 10—40 years
of age."* Given that the annual incidence of keratoconus
in this age category was approximately 1:7500, an esti-
mated 825 new keratoconus cases are diagnosed in the
Netherlands each year. Given that approximately 100

Previous

corneal transplants are performed for keratoconus in the
Netherlands each year,"” the lifetime chance of receiving
a corneal transplant is approximately 12%, which is
within the reported range of 10%-20%.

Our study also included possible weaknesses. The inci-
dence calculated in our study may be a slight overestimate,
as the diagnostic code that includes keratoconus also in-
cludes other conditions (eg, epithelial basement membrane
dystrophy). To examine whether this likely affected our
analysis, we determined how many patients who received
this diagnostic code in our treatment center (a referral cen-
ter for corneal pathology) were actual keratoconus cases.
We found that within the relevant age category (10—40
years), more than 90% of patients with this diagnosis
code were indeed keratoconus patients. On the other
hand, it is also possible that some patients had late-onset
keratoconus and were diagnosed after the age of 40;
such patients would not have been included in our
analysis and this omission could have led to a slight
underestimation.

Previous studies found that Asians have a higher risk of
developing keratoconus.®® The Dutch population consists
of 22% immigrants who migrated from Suriname, the
former Dutch Antilles, Aruba, Turkey, Morocco,
Indonesia, Japan, or other countries.'® It was impossible
to determine the incidence and prevalence among different
racial groups because health insurance providers in the
Netherlands do not acquire racial information.

In conclusion, our results provide accurate and up-
to-date information regarding the annual incidence and
prevalence of keratoconus. Obtaining accurate values is
essential for policymakers in order to estimate the true
impact of this disease on healthcare costs. Importantly,
our estimates of the annual incidence and prevalence of
keratoconus are 5-fold to 10-fold higher than previous re-
ports, indicating that keratoconus is more common than
previously suggested.
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