
ARTICLE

School performance of children with neurofibromatosis 1: a
nationwide population-based study
Karoline Doser1, Federica Belmonte2, Klaus Kaae Andersen2, John R. Østergaard3, Hanne Hove4, Mette M. Handrup3, Cecilie Ejerskov3,
John J. Mulvihill5, Jeanette F. Winther 1,6 and Line Kenborg 1✉

© The Author(s), under exclusive licence to European Society of Human Genetics 2022

Children with neurofibromatosis 1 (NF1) may have a high burden of somatic disease and cognitive impairments, which can lead to
poor academic performance. We evaluated school grades from exams ending mandatory schooling (usually around age 15 or 16
years) of children with NF1 in a population-based registry study using a within-school matched design. The study included 285
children with NF1 and 12,000 NF1-free peers who graduated from the same school and year during 2002–2015. We estimated
overall and gender-specific grades by subject and compared the grades of children with NF1 with those of NF1-free peers in linear
regression models. We also examined the effect of social and socioeconomic factors (immigration status and parental education,
income and civil status) on grades and age at finalizing ninth grade. School grades varied considerably by socioeconomic stratum
for all children; however, children with NF1 had lower grades by an average of 11–12% points in all subjects. In the adjusted
models, children with NF1 had significantly lower grades than their NF1-free peers, with largest negative differences in grades
observed for girls with NF1. Finally, children with NF1 were 0.2 (CI 0.1–0.2) years older than their peers on graduating from ninth
grade, but only maternal educational modified the age at graduating. In conclusion, students with NF1 perform more poorly than
their peers in all major school subjects. Gender had a strong effect on the association between NF1 and school grades; however,
socioeconomic factors had a similar effect on grades for children with NF1 and their peers.
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INTRODUCTION
Neurofibromatosis 1 (NF1) is a common single gene disorder with
an incidence of ~1/2000 live births [1]. The disorder is inherited from
a parent in approximately 50% of diagnosed individuals, while de
novo pathogenic NF1 variants result in NF1 in the remaining
individuals [2]. The diagnostic criteria include café-au-lait macules,
neurofibromas, axillary and inguinal freckling, optic glioma, iris Lisch
nodules, distinctive osseous lesion and identification of an NF1
pathogenic variant; the diagnosis is met if one criteria is present in
individuals with a parent with NF1 or at least two of the criteria are
present when no parent is diagnosed with NF1 [3].
NF1 is a complex disorder, associated with a variety of clinical

manifestations and complications, which reduce life expectancy
[4, 5]. Although NF1 appears to be completely penetrant by age 20
years, the features vary widely, even among family members with
the same pathogenic variant [6], and the symptoms that will
develop in an affected individual cannot be predicted [7]. Aside
from high hospitalization rates and accelerated mortality [8],
persons with NF1 also experience an increased risk for psychiatric
disorders and emotional burden [9, 10], loneliness [11], impaired
quality of life [9] and cognitive impairments including lowered
intelligence quotient (IQ) [12], impaired memory [13], symptoms
of attention deficits [14] and impaired executive functioning [15].

To date, education of persons with NF1 has mainly been
analyzed by addressing academic difficulties and specific dis-
orders that may challenge children with NF1 in school such as
visual–spatial deficits, dyslexia and dyscalculia, writing difficulties,
attention deficits and executive dysfunction [16–21]. Both a
Danish and Finnish population-based cohort study found overall
lower academic level in adults with NF1 [22, 23], and a delayed
progression in reaching academic milestones was also reported in
the Danish study [22]. Although poor school performance can
have long-term consequences for subsequent occupational and
social life, the actual academic performance of schoolchildren with
NF1 is currently unknown. Therefore, we used a population-based
approach with the comprehensive nationwide Danish registries to
investigate the ninth grade school grades of children with NF1
who attended public schools during the period 2002–2015. As
social and parental socioeconomic factors are likely to influence
academic performance and the effect might be different for
children with NF1 than for their healthy peers, we also examined
whether these factors modified the association between NF1 and
school performance. In Denmark, ninth grade marks an educa-
tional milestone usually around age 15 or 16 years, ending
mandatory schooling and opening the door for further educa-
tional or career paths.
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MATERIALS AND METHODS
Study population and comparison cohort
Our source population included all Danish students registered in the
Education Registry (N= 852,684) who finished ninth grade between 2002
and 2015. Within this population, we identified 285 children with NF1
diagnosed before the age of 15 years by linking the unique personal
identification number of each child to our large cohort of all known
patients with NF1 in Denmark (see detailed description of the cohort here
[8]). Briefly, the national NF1 cohort comprises 2576 individuals who have
been discharged from a hospital in Denmark with a diagnosis of NF
according to the International Classification of Diseases (ICD) version 8
743.49 or ICD-10 Q85.0 during the period 1977–2013 or followed in one of
two centers for rare diseases in Denmark. After exclusion of those with
symptoms of NF2 (N= 59), the cohort consisted of 2517 individuals [8].
Within the source population, NF1-free peers who were in the same

school as the 285 children with NF1 were selected for a comparison cohort
of 12,000, thus obtaining a matched study population. All children were
linked to the Danish Civil Registration System, which was established in
1968, to obtain information on migration and vital status.

Education registry
In Denmark, school grades of all students in public schools have been
systematically registered annually in the Education Registry since the
school year 2001–2002 [24]. We selected ninth class grades as the outcome
measure of school performance and calculated average mean rank grades
[25] for each student in each school year by including all available school
grades. We evaluated general proficiency based on all grades obtained by
nationwide standardized test with external evaluation and grades based
on the performance over the academic year given by the subject teacher.
We also distinguished the grades according to whether they were oral or
written grades. Finally, we included grades for the following subjects:
Danish, English and mathematics. Rank-based grades by default have a
mean of 50 (50th percentile). As mean rank grades were calculated for the
entire student population, 50 is the median grade for the entire
population. This means that if the grade of a child was calculated to 80
then the child’s grade corresponded to the 80th percentile among children
attending the same school that given year. The method used has been
described in detail by Andersen et al. [25, 26]. Use of a matched design
minimized unmeasured confounding, as all comparisons were made in the
same school with the same teachers.

Information on social and socioeconomic factors
The parents of the students were identified in the Danish Civil Registration
System and linked to their children though the Danish Fertility Database.
For all students, we included four markers of social and socioeconomic
status: parents’ educational level, income and civil status (married/
unmarried) and child’s immigration status. Information on parental
educational level was obtained from the Attainment Register, which was
established in 1970 [24] and was classified into three groups according to
the corresponding International Standard Classification of Education
(ISCED-2011) codes: short (ISCED codes 1–2, ≤9 years), medium (ISCED
3–4, 10–12 years) and long (ISCED 5–8, >12 years) [27]. Parental income
was obtained from the Income Statistics Register, established in 1970 [28],
and grouped into quintiles, the first quintile representing the lowest
income group. Information on civil status was retrieved from the Danish
Civil Registration system as a binary variable, “married” (married couples
and registered partnerships) and “unmarried” (individuals who were
divorced, widower/ed or never married). Information on the child’s
immigrant status and country of origin was also retrieved from the Danish
Civil Registration System as a binary variable, divided into immigrant or
children of immigrants (children whose parents were neither born in
Denmark nor had the Danish citizenship) and Danish origin [29].

Statistical analysis
The characteristics of the study population were reported as proportions
stratified by NF1 status. We tested differences between children with NF1
and their NF1-free peers by means of chi-squared tests. We used linear
regression models to investigate marginal associations and tested
differences in mean rank grades between children with NF1 and NF1-
free peers within each stratum of the variable. We examined whether
social and socioeconomic factors (parental education, income and civil
status and immigration status of the child) modified the association
between NF1 and the mean rank grades after adjustment for gender, birth

Table 1. Characteristics and subject-specific mean rank grades.

NF1 N= 285 NF1-free
N= 12,000

T test P

All grades,
Mean (SD)

39.2 (27.9) 50.7 (28.8) <0.001

Oral, Mean (SD) 40.0 (30.7) 50.6 (30.0) <0.001

Written,
Mean (SD)

37.9 (29.7) 50.7 (30.8) <0.001

Danish, Mean (SD) 38.1 (29.6) 51.3 (30.0) <0.001

English, Mean (SD) 40.3 (35.3) 52.0 (34.0) <0.001

Mathematics,
Mean (SD)

40.6 (31.6) 51.5 (32.9) <0.001

Gender (%)

Male 142 (49.8) 6189 (51.6) 0.60

Female 143 (50.2) 5811 (48.4)

Birth year (%)

1983–1990 86 (30.2) 2937 (24.5) 0.01

1991–1995 115 (40.4) 4586 (38.2)

1996–2000 84 (29.5) 4477 (37.3)

School year

2002–2005 58 (20.4) 2089 (17.4) 0.12

2006–2010 104 (36.5) 4014 (33.5)

2011–2015 123 (43.2) 5897 (49.1)

Maternal income

Quintile 1 54 (19.4) 1850 (15.7) 0.10

Quintile 2 63 (22.6) 2367 (20.0)

Quintile 3 63 (22.6) 2476 (21.0)

Quintile 4 49 (17.6) 2708 (22.9)

Quintile 5 50 (17.9) 2410 (20.4)

Paternal income

Quintile 1 56 (20.5) 2054 (18.0) 0.06

Quintile 2 68 (24.9) 2183 (19.1)

Quintile 3 47 (17.2) 2403 (21.0)

Quintile 4 50 (18.3) 2368 (20.7)

Quintile 5 52 (19.0) 2434 (21.3)

Maternal education

Short 65 (23.6) 2196 (18.9) 0.05

Medium 131 (47.6) 5393 (46.5)

Long 79 (28.7) 4016 (34.6)

Paternal education

Short 55 (21.0) 2026 (18.3) 0.27

Medium 143 (54.6) 5912 (53.3)

Long 64 (24.4) 3157 (28.5)

Maternal civil status

Unmarried 81 (29.0) 3480 (29.5) 0.91

Married 198 (71.0) 8300 (70.5)

Paternal civil status

Unmarried 74 (27.4) 3018 (26.6) 0.83

Married 196 (72.6) 8309 (73.4)

Immigration status

Danish origin 260 (91.2) 10,746 (89.5) 0.41

Immigrant/child
of immigrants

25 (8.8) 1254 (10.4)

NF1 neurofibromatosis 1, SD standard deviation.
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year, and school year in ninth grade. All variables were modelled as
categorical variables, as defined previously. The possible effect modifica-
tion by each social and socioeconomic factor was tested in separate
models, and the significance of model terms was evaluated by means of
likelihood-ratio tests with a 5% significance level. Similarly, we examined
whether the social and socioeconomic factor modified the association
between NF1 and age at graduation from ninth grade, adjusted for gender,
birth year, and school year in ninth grade.
Finally, we analyzed the effect of NF1 on ninth-year grades in a fully

adjusted model for school year in ninth grade, birth year, parental civil
status, parental education, parental income and child’s immigration status,

with the reference being the NF1-free peers. The analysis was conducted
for the overall mean grade and for subject-specific grades, stratified by
gender. We used the statistical software R version 3.5.1 (R Foundation for
Statistical Computing) for data analysis. All statistical tests were two-sided.

RESULTS
The NF1 cohort consisted of 285 students (50% female) who were
compared with 12,000 NF1-free peers (48% female) (Table 1). The
gender distribution, school year in ninth grade, parental income,

Table 2. Overall mean rank grades by social and parental socioeconomic factors.

Overall mean rank grades (CI)

NF1 N= 285 NF1-free N= 12,000 P

Gender (%)

Male 37.9 (33.2–42.6) 46.2 (45.4–46.9) <0.001

Female 40.5 (35.6–45.2) 55.6 (54.9–56.3) <0.001

Birth year (%)

1983–1990 39.0 (32.9–45.1) 50.1 (49.0–51.1) <0.001

1991–1995 44.3 (39.0–49.5) 50.4 (49.5–51.2) 0.03

1996–2000 32.5 (26.3–38.7) 51.5 (50.7–52.4) <0.001

School year

2002–2005 40.0 (32.6–47.4) 50.5 (49.2–51.7) 0.006

2006–2010 41.4 (35.9–47.0) 50.8 (49.9–51.7) 0.001

2011–2015 37.0 (31.9–42.1) 50.8 (50.1–51.5) <0.001

Maternal income

Quintile 1 28.2 (20.7–35.7) 42.2 (40.9–43.5) <0.001

Quintile 2 32.3 (25.3–39.3) 45.3 (44.2–46.5) <0.001

Quintile 3 41.7 (34.7–48.6) 50.4 (49.3–51.5) 0.02

Quintile 4 48.5 (40.6–56.3) 54.9 (53.9–56.0) 0.11

Quintile 5 47.7 (39.9–55.6) 58.6 (57.5–59.7) 0.007

Paternal income

Quintile 1 31.9 (24.4–39.3) 44.0 (42.7–45.2) 0.002

Quintile 2 35.4 (28.7–42.2) 46.6 (45.4–47.8) 0.001

Quintile 3 40.6 (32.5–48.7) 51.0 (49.9–52.2) 0.01

Quintile 4 42.3 (34.5–50.2) 54.8 (53.7–56.0) 0.002

Quintile 5 45.6 (37.9–53.3) 57.1 (56.0–58.3) 0.004

Maternal education

Short 31.8 (25.1–38.5) 39.5 (38.4–40.7) 0.03

Medium 36.9 (32.2–41.7) 48.3 (47.5–49.0) <0.001

Long 49.2 (43.1–55.3) 61.1 (60.2–61.9) <0.001

Paternal education

Short 29.2 (21.9–36.6) 41.4 (40.2–42.6) 0.001

Medium 38.6 (34.0–43.1) 49.2 (48.5–49.9) <0.001

Long 51.1 (44.3–57.9) 61.4 (60.5–62.4) 0.003

Maternal civil status

Unmarried 34.9 (28.7–41.2) 47.3 (46.4–48.3) <0.001

Married 41.0 (37.0–45.0) 52.3 (51.7–52.9) <0.001

Paternal civil status

Unmarried 37.6 (31.1–44.1) 46.8 (45.8–47.9) 0.006

Married 39.2 (35.2–43.2) 52.5 (51.9–53.1) <0.001

Immigration status

Danish origin 40.1 (36.6–43.6) 51.7 (51.2–52.3) <0.001

Immigrant/child of immigrants 29.9 (18.7–41.1) 42.3 (40.7–43.9) 0.03

NF1 neurofibromatosis 1, SD standard deviation.

K. Doser et al.

1407

European Journal of Human Genetics (2022) 30:1405 – 1412



parental education, parental civil status and child’s immigration
status did not differ significantly between children with NF1 and
their NF1-free peers. Paternal income and maternal education
were lower at borderline significance in the NF1 group (Table 1);
however, students with NF1 were significantly older than their
peers when they finished ninth grade (P= 0.01).
Table 2 shows the estimated mean rank grade for each school

subject stratified by social and parental socioeconomic factors. In
the univariate analyses, significant differences were found in mean
rank grades between children with NF1 and their peers for most
socioeconomic factors, including parental income, parental
education, parental civil status and child’s immigration status
(P < 0.05) (Table 1). The average deficit in rank grades was 11–12%
point (Table 2).
Figures 1 and 2 show the effects of social and socioeconomic

factors on the association between school grades and age at
finishing ninth grade. We found no significant effect modifica-
tion of social or socioeconomic factors on the association
between NF1 and mean rank grades, after adjustment for
gender, birth year and school year in ninth grade (Fig. 1). In
other words, children with NF1 were affected by social and
socioeconomic factors to the same extent as their NF1-free
peers. Maternal education, however, modified the association
between NF1 and age at finishing ninth grade (P= 0.002). Thus,
students with NF1 whose mothers had short or medium
education were older than their peers when they finished ninth
grade, while NF1 students of mothers with long education
finished at a similar age as their peers. Maternal income was of
borderline significance (P= 0.09), probably due to the significant
correlation with maternal education (Fig. 2).

We also estimated the effect of NF1 on overall oral and written
grades, grades in Danish, English and mathematics and age at
graduation from ninth grade, stratified by gender. Students with
NF1 had significantly lower rank grades than their peers after
adjustment for school year in ninth grade, birth year, parental civil
status, parental education, parental income and child’s immigra-
tion status (Fig. 3). In all subjects, girls with NF1 had lower mean
rank grades than their NF1-free peers (girls with NF1: −11.7 to
−14.5; boys with NF1: −6.9 to −8.0), corresponding to the 35–38
percentile for girls with NF1 and 42–43 percentile for boys with
NF1 (Fig. 3). The effect of NF1 on age at graduation showed a
coefficient of 0.2 years (95% CI 0.1–0.2) in comparison with NF1-
free peers (data not shown). Thus, students with NF1 were older
than their NF1-free peers when they finished ninth grade.

DISCUSSION
To our knowledge, this is the first nationwide population-based
study to explore the academic performance of children with NF1
and to assess if social and socioeconomic factors modified their
school performance. Our primary findings showed that children
with NF1 had an overall significant impairment in school
performance, which was more pronounced in girls with NF1 than
in boys with NF1 when compared with NF1-free girls and boys,
respectively. This result was consistent for all written and oral
course subjects and categories.
The effect of NF1 on overall school grades in this study was even

larger than the effect reported in a similar Danish study of school
grades in students after childhood cancer. Here, the largest effect
was seen in survivors of central nervous system tumors with a
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6 percentile deficit [25], which is similar to our observation in boys
with NF1 (7 percentile deficit), but less than in girls with NF1 (14
percentile deficit). With the median being the 50 percentile, girls
and boys with NF1 belong to the 43 and 36 percentile, and have a
similar or lower mean rank score than children previously diagnosed
with a central nervous system tumor. Thus, we found that NF1-free
boys had a lower overall mean rank score than NF1-free girls
(Table 2), which is in line with results from previous international
surveys where boys tend to underachieve in e.g. reading at primary-
and secondary-school levels [30]. The results from the linear
regression showed, however, a larger effect of NF1 on school
grades for girls than boys with NF1, which might be explained by
the higher school grades observed in NF1-free girls than in NF1-free
boys. We have shown that adults with NF1 reach significantly lower
educational levels than NF1-free matched population comparisons
[22]. As low early school achievement has been found to be the
strongest predictor of low and short educational achievement in
adulthood [31], both girls and boys with NF1 should be given
additional support to optimize their school performance.
As NF1 is a Mendelian disease, where about half of all

individuals inherit NF1 from a parent, we examined whether the
socioeconomic status of the families had a different effect on
school grades of children with and without NF1. Although the
mean rank grades varied considerably among children with NF1
and their healthy peers in all social and socioeconomic strata, the
effects of social and socioeconomic factors on school grades were
similar for children with and witout NF1. However, the children
with NF1 were older than their peers when they finished ninth
grade. While long maternal education was associated with a
similar age at graduation, short maternal education was asso-
ciated with an older graduation age in children with NF1. In a

Finnish population-based register study of 1,000,000 individuals in
the general population, the mothers’ education affected school
peformance in the early school years [31], whereas the fathers’
educational level seem to have more influence in later school
years and early adulthood [32]. As children with NF1 of mothers
with a short education level appear to be at higher risk for
repeating a grade or starting later in school, additional attention
should be paid to the school performance of these children.
Of 17 Belgian schoolchildren with NF1 (mean age, 9.2 years;

range, 7–11 years) fewer than half had learning problems after a
lower IQ was accounted for in evaluating academic performance.
Academic achievement may relate to complex executive functions
[33], including the creation and implementation of a plan, self-
monitoring and cognitive flexibility [34], which are needed skills of
school success [35]. With executive functioning, excellent reading,
writing and mathematical skills are essential for achieving high
grades. In a study of 86 children with NF1, 75% performed
significantly less well than their peers in at least one of the
domains of spelling, mathematics, technical reading or compre-
hensive reading, indicating learning disabilities [36]. Thus, some
children with NF1 seem to lack essential skills needed to perform
those academic tasks in school. Further, children with NF1 seem to
repeat early grades more frequently (53%) than NF1-free children
(25%) [37], which is in line with our finding of a higher age at
finishing ninth grade among children with NF1. Their lower
academic performance is probably also due to neurocognitive
deficits, including a reduced IQ [12], for which children with NF1
are at increased risk [38], as well to NF1-related treatment and
hospitalization [8] resulting in absence from school [16].
Both attention-deficit-hyperactivity disorder (ADHD) and autism

spectrum disorder are more prevalent in children with NF1 than in
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the general population [9, 39]. ADHD is, however, more often
underdiagnosed in girls than in boys [40], and they consequently
receive less support, which could limit their performance and may
explain in part our finding of a larger effect of NF1 on school grades
of girls with NF1 than boys with NF1. As previously shown [11],
loneliness has been correlated with illness burden in Danish
teenagers and young adults with NF1, which could be more striking
in teenage females, aggravating psychosocial problems that could
impair the school performance, including beingmore introverted or
less self-confident. As school grades are of great importance for
entering and accessing academic or career paths, low school
performance may limit occupational options. Thus, schoolchildren
with NF1 require early support to enhance their school performance
and complete school at the same age as their peers.

Strength and limitations
According to our knowledge, this is the first study to investigate
school grades using a comparison-cohort design. A strength of the
study is the availability of nationwide population-based registry
data on school performance and detailed social and socio-
economic indicators, which enabled us to conduct the largest
study of the academic performance in children with NF1 to date.
Furthermore, the availability of objective data on the hetero-
geneous national population of students limited the risks for
information bias on school grades as well as selection of a biased

study population. By using a design of matching children with NF1
with peers from same school, we were able to avoid unmeasured
confounding due to differences in school environment.
A major limitation of the study is the absence of grades of

children attending private schools, in which up to 18% of Danish
children in the compulsory form levels attend [41]. As private
schools in Denmark have fewer children with special needs than
public schools, we would expect that the differences in academic
performance would be even greater if grades from private schools
were included. Furthermore, school grades have been registered
only since 2001, resulting in a relatively small sample for the
present study and consequently in low statistical power. Lastly, we
had no information on additional support in schools to children
with special needs, which may have had a positive influence on
their grades.
Our findings suggest continuing research with a multi-

methodological study design of specific support approaches for
students with NF1 considering gender differences to improve their
school grades and increase their academic performance. It would
be important to evaluate whether school grades are correlated
with attained education in adult life by linking data from this study
with data from our study on the highest attained educational
levels in adults with NF1 and to include information on
occupational status and income. The effects of both somatic
and psychiatric diagnoses on these important milestones in life
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Estimate (95% CI)

 Male

−7.1

(−11.8; −2.4)

−7.0

(−11.9; −2.0)

−7.8

(−12.8; −2.8)

−8

(−12.8; −3.2)

−8.0

(−13.2; −1.7)

−6.9

(−12.4; −1.4)

Estimate (95% CI)

 Female

−13.6

(−18.3; −8.9)

−11.7

(−16.7; −6.7)

−14.3

(−19.3; −9.2)

−14.5

(−19.3; −9.6)

−13.5

(−19.2; −7.7)

−11.8

(−17.3; −6.2)

−20 −15 −10 −5 0

Difference in rank grades for children with NF1

Male Female

Fig. 3 Difference in overall school grades in ninth grade in children with NF1 with NF1-free peers as reference, stratified by gender.
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should be defined in order to identify children with NF1 who
require additional support in school.
In this nationwide cohort study, we found that children with NF1

obtained lower school grades than their NF1-free peers- Although
the effect of NF1 was larger on school grades in girls with NF1 than
boys with NF1, we observed the lowest mean rank grades for boys
with NF1. Children with NF1 were older when they finished ninth
grade, and maternal educational level had a significant effect on the
age at completing ninth grade among children with NF1. Children
with NF1 should receive additional school support, as low academic
performance has negative consequences for future socioeconomic
status, career choices and income.
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