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Purpose: The incidence of neurofibromatosis 1 (NF1) is ~ 1/2,000
live births, but the current estimates of prevalence vary greatly. This
retrospective total-population study was aimed at determining the
prevalence of NF1 in Finland.

Methods: All secondary and tertiary referral centers of Finland
were searched for NF1 patients. Patient records were manually
reviewed and patients fulfilling the National Institutes of Health
diagnostic criteria for NF1 were included. Prevalence on 31
December 2005 was determined. Data on incidence and survival
were combined to refine the prevalence estimation.

Results: A total of 1,279 patients with NF1 were alive on 31
December 2005, yielding a prevalence of 1/4,088 (95% confidence
interval (CI) 1/4,320-1/3,869). The survival of patients with NF1 was

INTRODUCTION

Neurofibromatosis type 1 (NF1; OMIM 162200) is an autosomal-
dominant syndrome caused by mutations in the NFI tumor
suppressor gene on chromosome 17.' NF1 is most often
diagnosed based on symptoms visible on the skin: cutaneous
neurofibromas, café au lait macules, and skinfold freckling.>~> The
diagnostic signs typically emerge during childhood and puberty.®
NF1 is a multiorgan syndrome also associated with, e.g., learning
deficits, skeletal abnormalities, pregnancy and delivery complica-
tions, and a wide range of malignancies.*’~

We recently published a birth incidence of ~1/2,000 for
NF1 in Finland!® and we now report the prevalence of NF1.
Previous estimates of NF1 prevalence have typically been in
the range of 1/6,000-1/3,000.1° Prevalence estimates stratified
by age are helpful in assessing the total number of patients in
a certain population, e.g., for the allocation of health-care
resources!! and for cohort studies investigating associations
between NF1 and other diseases. Age-specific prevalence is
especially important in NF1 where mortality is high already at

a young age and the prevalence declines by increasing
age.10:12-14

MATERIALS AND METHODS
This register-based retrospective total population study was
approved by the Ethical Committee of the Hospital District of

inferior compared with the general population (hazard ratio 3.10, 95%
CI 2.73-3.53, P < 0.001). When the survival rates of NF1 patients and
the Finnish population were combined with an estimate of NF1
incidence, a prevalence of 1/2,052 (95% CI 1/2,176-1/1,941) was
estimated for NF1 in a population aged 0-74 years.

Conclusion: NF1 is a much more common disorder than previously
thought. A large proportion of NFI patients may not be correctly
identified by health-care systems or they do not seek secondary health
care for their NF1.
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Southwest Finland. Study permits were obtained from the
National Institute for Health and Welfare and all participating
hospitals.

The data collection of the Finnish NF1 cohort has been
previously described.!” Currently, the cohort consists of 1,476
patients (706 men and 770 women). The medical records
related to inpatient and outpatient hospital visits in the 5
tertiary and 15 secondary referral centers of Finland were
searched for diagnoses of neurofibromatosis during the
ascertainment period 1987-2011. The search covered the
whole country except a secondary referral center located in
the autonomous Aland Islands of ~28,000 residents. All
patients who fulfilled the National Institutes of Health
diagnostic criteria for NF1'> were included in the cohort.
Therefore, the cohort is nationwide, population-based, and
fully ascertained. Dates of birth, death, and emigration were
retrieved from the Population Register Centre of Finland
using personal identity code as a key, yielding complete
follow-up. Personal identity code is a unique identifier that is
given to every resident in Finland; it includes the date of birth
and remains unchanged over the individual’s lifetime.
Statistics Finland provided the age-, sex-, and calendar
year-specific mortality rates and population sizes of Finland.

Prevalence was calculated in 5-year age groups as the ratio
of live NF1 patients and the population of mainland Finland.
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Figure 1 The prevalence of neurofibromatosis type 1 (NF1) in Finland by calendar year and age. (a) The observed prevalence of NF1 by
calendar year. (b) The observed prevalence of NF1 stratified by calendar year and age group. Red color represents the highest prevalence while dark
blue shows the lowest prevalence (vertical bar on the right). (c) The observed prevalence of NF1 by age on 31 December 2005. (d) Maxima of NF1
prevalences observed 1990-2011 by age. (e) Overall survival of NF1 patients (solid line) and the Finnish general population (dashed line). The numbers
of NF1 patients at risk of death are shown below the figure. The population survival is weighted by the sex- and calendar year-specific distribution of
person years observed in the NF1 cohort. The total follow-up time in the NF1 cohort was 21,742 person-years, median 15.0 years per person, range
0.01-28.0 years. (f) The prevalence of NF1 by age as estimated by multiplying the incidence of NF1 by the ratio of NF1- and population-specific survival
probabilities. The shaded areas show 95% confidence intervals for men and women (a and c-e) or for the whole population (f).

The 95% confidence interval (CI) of the proportion was
estimated using the Wilson score interval with continuity
correction. Most NF1 patients fulfill the diagnostic criteria by
the age of 6 years.®!> We analyzed prevalence on 31
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December 2005 since the children born in 2005 should
present the diagnostic signs by the end of the ascertainment
period. In addition to the raw observed prevalence, the
prevalence of NF1 was estimated by assuming a constant
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years, 1/1,705, a steady decline in estimated prevalence was
observed (Figure 1f; Table 1). Applying these age-specific
estimates to the Finnish population resulted in an overall
estimated NF1 prevalence of 1/2,052 (95% CI 1/2,176-
1/1,941) in population aged 0-74 years.

When the observed prevalence of NF1 in the age group 0-4
years was highest, the prevalence was significantly lower
among girls than among boys (1/2,385 vs. 1/1,705, P = 0.04).
Age at diagnosis was not available for the whole cohort, but
analysis of 85 male and 80 female NF1 patients from a
previously published subset of our cohort!# suggests that the
difference is due to a delayed diagnosis of girls rather than a
sex difference in incidence. The median age at diagnosis was
9.9 years (interquartile range 16.8) among men and 17.9 years
(interquartile range 25.1) among women (P = 0.001) in this
subcohort collected in the early 1990s.14

DISCUSSION
The results imply that the prevalence of NF1 is higher than
previously thought. The survival of patients with NF1 was
inferior compared with the general population, and subsequently
the estimated prevalence declined from 1/1,706 among children
aged 0-4 years to 1/3,380 in the age group 70-74 years.

The number of patients in the Finnish NF1 cohort and,
consequently, the observed prevalence of NFI increase along
with years since the beginning of the ascertainment period.
This is due to an increasing proportion of patients being
diagnosed at an early age. The peak incidence of NF1 in the
Finnish cohort was reported among those born 1994-1996.1
The National Institutes of Health 1987 diagnostic criterial®
had been established in clinical practice by the time these
patients developed symptoms of NF1, and the symptoms had
emerged by the end of the ascertainment period.!” This is
consistent with the highest prevalence being observed in 2005.

Figure 1c shows an increase in NF1 prevalence from birth
to 10 years of age. However, the true prevalence of NF1 does
not increase by age, and the lower numbers observed in the
youngest age groups are due to children not yet diagnosed.
The age-stratified maxima of prevalences observed over
calendar time provide a better estimate of the prevalence
among children (Figure 1d), yet the steep decrease in
prevalence observed around 15 years of age is clearly
artificial and likely due to lower diagnosis rate among older
persons. The true prevalence at ages > 15 years is apparently
higher than observed in the current cohort.

The combination of survival and prevalence data allows
estimating the change in prevalence over lifetime, although no
more than 28 years of follow-up are available for any
individual. Although indirect, the resulting estimates are the
best approximation of NF1 prevalence currently obtainable
using the Finnish NF1 cohort. Accumulating follow-up time
will refine the estimates in the future and allow direct
calculation of prevalence. Because the prevalence estimates
were obtained using survival data, they reflect the age
distribution of the population and access to health care, and
may not be fully generalizable to populations with different
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demographics or health care. Increased awareness and
mutation analyses have enhanced the identification of NFI,
and ongoing epidemiological studies are likely to re-estimate
the prevalence in different parts of the world. Future studies
should aim at elucidating also the effects of demographic
factors other than age and sex on the prevalence of NF1, such
as education, occupation, income, and marital status.

The gap between observed and estimated prevalence
suggests that a large proportion of NF1 patients may not be
correctly identified by health-care systems or they do not seek
secondary health care for their NF1. This is the case especially
for older patients with NF1 whose symptoms have emerged
before the establishment of the modern diagnostic criteria and
broader awareness of NF1. It seems that older persons are less
likely to be diagnosed with NF1 than those whose symptoms
are noticed already in childhood or youth. In addition, the
data collection may have missed patients who have been
diagnosed with NF1 but have not been referred to secondary
or tertiary hospitals. Underascertainment may also be due to
missing diagnostic information in medical records of patients
treated for ailments not directly related to NF1.

The observed prevalence among boys aged 0-4 years was
significantly higher than among girls in this age group, and
the difference seems to be due to earlier NF1 diagnosis of the
boys. The sex difference in the age of diagnosis needs to be
replicated in other studies, and its reasons remain to be
elucidated. Although no sex difference in fulfilling the
diagnostic criteria of NF1 has been reported, boys may get
earlier medical attention due to higher incidence of other
symptoms, e.g., muscular hypotonia as an infant, delayed
motoric development, or speech delay. In addition, symptoms
of autism spectrum disorder have been found to be more
common among boys than among girls with NF1.!”

Despite the apparently missing patients, the current cohort
represents the most comprehensive completely ascertained NF1
cohort to date. Consequently, the resulting prevalence estimates
are among the highest reported with stratification by age group.
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