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Parent-Reported Social Skills in Children with
Neurofibromatosis Type 1: Longitudinal Patterns and Relations
with Attention and Cognitive Functioning
Danielle M. Glad, MS,* Christina L. Casnar, PhD,† Brianna D. Yund, MS,‡ Kristin Lee, MS,*
Bonita P. Klein-Tasman, PhD*

ABSTRACT: Objective: Social skills difficulties are commonly reported by parents and teachers of school age
(SA) children with neurofibromatosis type 1 (NF1). Investigations of social skills of young children with NF1
are scarce. This study aimed to characterize the emergence of social skills challenges beginning in early
childhood, examine social skills longitudinally into SA, and explore interrelations with attention-deficit hy-
peractivity disorder (ADHD) symptomatology and cognitive functioning among children with NF1 cross-
sectionally and longitudinally.Method: Three samples of children with NF1 and their parents participated: (1)
early childhood (n 5 50; ages 3–6; mean [M] 5 3.96, SD 5 1.05), (2) SA (n 5 40; ages 9–13; [M] 5 10.90, SD 5
1.59), and (3) both early childhood and SA (n 5 25). Parent-reported social skills (Social Skills Rating System
and Social Skills Improvement System), ADHD symptomatology (Conners Parent Rating Scales – Revised and
Conners – Third Edition), and parent-reported cognitive abilities (Differential Ability Scales – Second Edition)
were evaluated. Results: Parental ratings of social skills were relatively stable throughout childhood. Ratings
of social skills at the end of early childhood significantly predicted school-age social skills. Parental ratings of
ADHD symptomatology showed significant negative relations with social skills. Early childhood inattentive
symptoms predicted school-age social skills ratings. Cognitive functioning was not significantly related to
social skills. Conclusion: Parent-reported social skills difficulties are evident during early childhood. This
work adds to the literature by describing the frequency and stability of social skills challenges in early
childhood and in the school-age period in NF1. Research about interventions to support social skills when
difficulties are present is needed.

(J Dev Behav Pediatr 42:656–665, 2021) Index terms: neurofibromatosis type 1, NF1, social skills, longitudinal.

Social functioning difficulties are commonly reported
for school-age children with neurofibromatosis type 1
(NF1) based on parent, teacher, and peer reports,1–5 but
little is known about these difficulties in young children
with NF1 or about the trajectory of social functioning
across development. NF1 is an autosomal dominant ge-
netic disorder caused by a mutation of the NF1-gene on
chromosome 17q11.2 responsible for encoding the tu-
mor suppressor protein, neurofibromin.6 Approximately
half of cases are familial, and half represent de novo NF1

mutations. NF1 has a prevalence rate of 1 in 3500 births7

and includes medical, cognitive,6 and psychosocial dif-

ficulties.7 Using peer reports, children with NF1 are more
sensitive and more socially isolated, show less leadership
behavior, are chosen as a best friend less often, have
fewer reciprocated friendships, and are less liked in
comparison with classroom peers.5 Most previous re-
search about social functioning, using parent-rated ques-
tionnaire measures, demonstrates that school-age children
with NF1 display poorer social skills compared with nor-
mative data1 and unaffected controls,2–4 display more so-
cial problems compared with unaffected controls3,4,7–10

and normative data,10,11 and have less social competence
compared with unaffected controls.10,12

Relations of social functioning with attention prob-
lems have been explored in school-age children with
NF1. Attention deficits are recognized as a central part of
the cognitive phenotype of individuals with NF1 with a
prevalence of 30% to 50% meeting DSM criteria for
attention-deficit hyperactivity disorder (ADHD).13 Sig-
nificant correlations between attention problems and
social skills have been found for school-age children with
NF1.1 Furthermore, children with NF1 and comorbid
ADHD show poorer social skills than children with NF1
only and children with NF1 and comorbid learning def-
icits.1,13 However, attention difficulties among young
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children are not consistently indicated in young children
with NF114; they may be subtle and difficult to detect.15

Investigations of associations between cognitive
and social functioning in children with NF1 have
yielded inconsistent findings. Most individuals with
NF1 show overall intellectual functioning in the low
average to average range,16 with lowering in verbal
and performance IQ relative to same-age peers.4,9,17

Some studies of social skills, social problems, and so-
cial competence have not found significant correla-
tions with intellectual functioning in children with
NF1.1,8,12 Other studies, however, have provided ev-
idence for such relations.11,18 A study of young chil-
dren with NF1, whose sample overlaps with this
study, observed a trend for stronger social skills in
children with stronger intellectual functioning.19

In this study, parent-reported social skills of chil-
dren with NF1 are examined in both early childhood
and the school-age years separately and also among a
subsample of children seen at both time points. To
date, there have been limited studies about social skills
among young children, and there has been no exami-
nation of social skills longitudinally in children with
NF1. Studies of early childhood have found parental
ratings of social skills to be comparable with contrast
groups but used broad behavioral screening question-
naire measures rather than measures focused specifi-
cally on social skills.14,18,19 This study primarily aims to
examine the developmental trajectory of social skills in
children with NF1 cross-sectionally and longitudinally.
The emergence of social skills difficulties, the fre-
quency of social skills difficulties, and the persistence
of these difficulties over time are investigated using a
measure focused on assessment of social skills. Given
that social deficits are apparent for school-age chil-
dren, teenagers,20 and adults with NF121,22 and given
the progressive nature of NF1,23 social skills difficul-
ties in NF1 may emerge over time, highlighting the
importance of a longitudinal approach. Overall, it is
hypothesized that parents of young children (early
childhood [EC] Subsample) and school-age children
(school-age [SA] Subsample) with NF1 will report
poorer social skills in comparison with normative data.
Using a subset of participants who were followed
longitudinally into the school-age years (Longitudinal
Subsample), it is expected that parent-reported school-
age social skills will be poorer than in early childhood,
there will be higher frequency of social skills difficul-
ties in the school-age years than in early childhood,
and social skills will be significantly correlated
over time.

Previous research has emphasized that attention and
cognitive difficulties are present during early childhood
for children with NF1.14,24 The literature on children
without NF1 points to links between attention25 and
cognitive26 functioning with social functioning. The
secondary aims of this study are to (1) replicate previous
school-age findings of relations between parent-reported

attention difficulties and parent-reported social skills
with school-age children and extend the description of
social skills to younger children with NF1, (2) examine
relations between cognitive functioning and parent-
reported social skills in NF1 during both developmental
periods given inconsistent findings in the literature, and
(3) examine the predictive value of early childhood
ADHD symptomatology and cognitive functioning for
later parent-reported social skills. Parent-reported ADHD
symptomatology and cognitive functioning are expected
to be significantly correlated with parent-reported social
skills cross-sectionally during early childhood (EC Sub-
sample), school age (SA Subsample), and longitudinally
across time (Longitudinal Subsample).

METHODS
Participants

Participants were 65 children with a confirmed clini-
cal diagnosis of neurofibromatosis type 1 (NF1) and their
parents. This study has a mixed design with cross-
sectional and longitudinal approaches. The sample con-
sists of 3 somewhat overlapping subsamples: (1) children
with NF1 seen between 1 and 4 times yearly beginning
between ages 3 and 6 (we refer to this as the “early
childhood” time point, although it does extend to the
early school-age years [early childhood [EC]]; n 5 50);
this approach resulted in 22 participants assessed at 3
years old, 30 participants at 4 years old, 33 participants at
5 years old, and 28 participants at 6 years old; (2) chil-
dren with NF1 seen once during school age (SA; ages 9–
13; n 5 40) with 14 participants at 9 years old, 10 par-
ticipants at 10 years old, 4 participants at 11 years old, 6
participants at 12 years old, and 6 participants at 13 years
old; and (3) a subset of children with NF1 who were
seen during both early childhood (T1) and during school
age (T2; n 5 25), referred to as the longitudinal sample.
The first assessment time point during early childhood
(visit 1) was used as the T1 time point for longitudinal
analyses. The mean time between T1 visit 1 and T2 for
the longitudinal sample was 6.28 years (SD 5 0.76).
Table 1 describes the participant demographic in-
formation for each subsample.

Procedure
Recruitment took place at several midwestern neuro-

fibromatosis clinics and through flier distribution through
NF organizations. For the school-age study, previous re-
search participants who had consented to be informed of
future studies were mailed a study flier or called. Inclusion
criteria included (1) a confirmed clinical diagnosis of NF1
by a physician, (2) age 3 to 8 years (for early childhood
study) and/or 9 to 13 years (school-age study), and (3) first
and main language spoken in the home is English. Early on
in the study, enrollment of 7- and 8-year-olds was dis-
continued; because of the small sample size at these ages,
participants at 7 and 8 years old were excluded from this
investigation. Although no participants were excluded for
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the following reasons, exclusion criteria included (1) any
comorbid conditions not commonly associated with NF1
and (2) a significant surgery within the past 6 months.
Consent forms and questionnaire measures were mailed
to participants for parental completion before the assess-
ment appointment. Informed consent was obtained. Each
participant was administered an age-appropriate neuro-
psychological battery. This study was conducted with
approval by the University of Wisconsin-Milwaukee’s In-
stitutional Review Board.

Measures
The Social Skills Rating System (SSRS)27 and the Social

Skills Improvement System (SSIS)28 are parent report
questionnaires used to assess social skills during early
childhood and school age, respectively. The SSIS is a
revised version of the SSRS and has a moderate-to-strong
correlation with the SSRS. Both measures demonstrate
adequate reliability and validity. Internal consistency es-
timates are as follows: SSRS Preschool a 5 0.90, SSRS
Elementary a 5 0.87, SSIS Elementary a 5 0.95, and SSIS
Secondary a 5 0.96. The SSRS Parent Elementary form
Social Skills scale is moderately correlated (0.58) with
the Child Behavior Checklist Social Competence scale.
The SSIS is moderately to strongly correlated (0.85 for
preschool and 0.52 for elementary) with the Behavior
Assessment System for Children-Second Edition and
moderately with the Vineland-II (0.44). The SSRS Pre-
school form was used for children ages 3 to 5 years and
the Elementary form for children in K–first grades. The
SSIS Elementary form was used for children in K–sixth
grades grades and the Secondary form for children in
seventh and eighth grades. The Social Skills scale stan-
dard score (Mean [M] 5 100, SD 5 15) on each measure

was used to assess the presence of positive social be-
haviors. Higher scores represent more positive social
behaviors. Standard scores of ,85 are classified as a
difficulty, and $85 are classified as not a difficulty.

The Conners Parent Rating Scales – Revised (CPRS-R)
Short Form29 and Conners – Third Edition (Conners-3)
– Parent Short Form30 are parent report questionnaire
measures that were used to assess attention difficulties in
early childhood and school age, respectively. Both mea-
sures have demonstrated good reliability and validity.
The CPRS-R Hyperactivity and Cognitive Problems/
Inattention scales’ T-scores (M 5 50, SD 5 10) were
used to examine attention-deficit hyperactivity disorder
(ADHD) symptomatology during early childhood. The
Conners-3 Hyperactivity/Impulsivity and Inattention
scales’ T-scores were used during the school-age years.
Higher scores on both measures represent more ADHD
symptomatology.

The Differential Ability Scales – Second Edition (DAS-
II)31 was used to assess cognitive abilities. The DAS-II
demonstrates excellent reliability and validity. The DAS-
II Early Years version was used during early childhood,
and the School-Age version was used during school age.
Standard scores (M 5 100, SD 5 15) for an overall gen-
eral conceptual ability (GCA) and verbal, nonverbal, and
spatial reasoning were examined. The DAS-II GCA is
highly correlated with the commonly administered
Wechsler Preschool and Primary Scale of Intelligence-
Third Edition Full Scale IQ (0.87) and the Wechsler In-
telligence Scale for Children-Fourth Edition Full Scale IQ
(0.84). Higher scores represent higher cognitive abilities.

The Four-Factor Index of Social Status (Hollingshead,
unpublished data, 1975) was used as a measure of so-
cioeconomic status (SES) for each participant at both

Table 1. Participant Demographic Data for the Early Childhood Sample, School-Age Sample, and a Subset of Longitudinal Participants Seen at Both
Time Points

Variable

Cross-Sectional Longitudinal Subset

Early Childhood School Age T1 T2

n 5 50 n 5 40 n 5 25

Mean age (SD) 3.96 (1.05) 10.9 (1.59) 4.12 (1.09) 10.40 (1.35)

Sex (frequency, %)

Female 19 (38) 18 (45) 11 (44) —

Male 31 (62) 22 (55) 14 (56) —

NF etiology (frequency, %) Familial: 19 (38); de novo: 31 (62) Familial: 13 (32.5); de novo: 27 (67.5) Familial: 7 (28); de novo: 18 (72) —

Race/ethnicity (frequency; %)

White 37 (74) 33 (82.5) 20 (80) —

African American 5 (10) 4 (10) 3 (12) —

Latino 5 (10) — — —

Asian 1 (2) 1 (2.5) 1 (4) —

Mixed ethnicity 2 (4) 2 (5) 1 (4) —

Hollingshead SES index mean (SD) 41.92 (14.86) 46.13 (12.43) 43.04 (14.26) 44.99 (10.82)

Cross-sectional refers to analyses of 1 time point. Longitudinal subset refers to analyses across early childhood and school age within the same participants. NF, neurofibromatosis; SES, socioeconomic status; T1, early childhood visit for the longitudinal subset; T2,
school-age visit for the longitudinal subset.
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time points. Education and occupational levels of par-
ents, marital status, and sex contribute to an overall SES
index score. Educational levels are rated on a 7-point
scale, with a score of 1 indicating less than seventh grade
to a score of 7 indicating graduate or professional train-
ing. Occupational levels are rated on a 9-point scale, with
a score of 1 indicating menial service workers to a score
of 9 indicating higher executives and major profes-
sionals. Each educational code is multiplied by 3, and
each occupational code is multiplied by 5 and then
summed and averaged to compute a SES index score,
ranging from 8 to 66. Higher SES index scores indicate
higher overall SES. Criticisms have arisen related to this
method of calculating SES32; however, many studies have
used this method and demonstrated reliability and high
correlation with other methods of SES calculations.33

Statistical Analysis
IBM SPSS for Windows, version 25, was used for

data analysis. False discovery rate correction was used
to control for multiple comparisons (q value of , 0.05
indicated significance). Analyses of 1 time point are
referred to as cross-sectional examinations (i.e., EC
Subsample and SA Subsample). Analyses across early
childhood and school age within the same partici-
pants are referred to as longitudinal examinations
(i.e., Longitudinal Subsample). Spearman’s rho corre-
lations were used where specified. Attrition analyses
were conducted to compare early childhood children
who returned for a visit at T2 and those who did not
return for a visit at T2 and to illustrate the represen-
tativeness of the longitudinal sample and the validity
of the longitudinal findings, using independent sam-
ples t test and x2 tests of independence. Attrition
within early childhood was also examined comparing
early childhood participants who had a visit at age 6
years and those who did not, using independent
samples t test and x2 tests of independence. Group
differences among the subsamples were examined
using independent samples t test and correlations.
One sample t test was used to compare social skills
with the normative mean. One-way analysis of vari-
ance and Fisher’s least significance difference post
hoc tests were used to examine differences between
ages during early childhood. Longitudinal examina-
tions were explored using a paired samples t test,
correlations, and exact McNemar’s tests.

RESULTS
Attrition

When examining attrition from early childhood to
school age, no significant differences were found for sex
(x2[1, N 5 50] 5 0.76, q 5 0.44), socioeconomic status
(SES) (t[48] 5 0.53, q 5 0.59, d 5 0.15), neurofibro-
matosis (NF) etiology classification (x2[1, N 5 50] 5
2.12, q 5 0.35), or general conceptual ability (GCA)
(t[48] 5 0.92, q 5 0.44, d 5 0.26) among individuals

with a visit at school-age (SA) (Longitudinal Subsample;
n 5 25) and those who did not have a visit at SA (n 5
25). Notably, social skills were significantly higher for
those who did return at SA (t[48] 5 23.05, q 5 0.014,
d5 0.86). Conners Parent Rating Scales – Revised (CPRS-
R) Short Form Hyperactivity during early childhood was
significantly lower for those who did return at SA com-
pared with those who did not return at SA (t[34.4] 5
3.35, q 5 0.014, d 5 0.95), suggesting that those with
more hyperactivity difficulties were more likely to drop
out, and thus, this investigation could be examining a
less impaired group of individuals with NF1. There was
no significant difference for CPRS-R Cognitive Problems/
Inattention (t[48] 5 1.14, q 5 0.44, d 5 0.32). As a note,
although there were no differences in the representation
of familial and de novo NF etiology classification within
the early childhood (EC) Subsample and SA Subsample,
there was a significant difference in the Longitudinal
Subsample with more participants with de novo NF eti-
ology classification.

For analysis of stability during early childhood (within
EC Subsample), 18 individuals with a visit at age 3 or 4
years and a visit at age 6 years were examined. When
examining attrition within early childhood, no significant
differences were found for sex (x2[1, N 5 50] 5 1.25, q
5 0.38), SES (t[48] 5 21.12, q 5 0.38, d 5 0.35), NF
classification (x2[1, N 5 50] 5 1.25, q 5 0.38), GCA (t
[48] 5 0.29, q 5 0.81, d 5 0.11), social skills (t[48] 5
0.24, q 5 0.81, d 5 0.19), or attention-deficit hyperac-
tivity disorder (ADHD) symptomatology (CPRS-R Hyper-
activity: t[47.77] 5 2.00, q 5 0.20, d 5 0.607 and
Cognitive Problems/Inattention: t[48] 5 1.95, q 5 0.20,
d 5 0.604) among young children included in this anal-
ysis and those who were excluded because they did not
have a visit at age 6 years.

Group Differences in Social Skills
No group differences in social skills were found by

sex (EC: t[48] 521.71, q 5 0.26, d 5 0.51; SA: t[38] 5
21.84, q 5 0.26, d 5 0.59; T1 Social Skills Rating
System [SSRS]” t[23] 5 20.78, q 5 0.53, d 5 0.31; and
T2 Social Skills Improvement System [SSIS]: t[23] 5
22.70, q 5 0.13, d 5 1.12). No significant differences
in social skills were evident for familial compared with
de novo NF etiology classification (EC: t[48] 5 21.52,
q 5 0.27, d 5 0.43; SA: t[15.64] 5 20.86, q 5 0.53,
d 5 0.32; T1 SSRS: t[23] 5 0.62, q 5 0.54, d 5 0.26;
and T2 SSIS: t[23] 5 20.93, q 5 0.53, d 5 0.37). Social
skills were not significantly related to SES (EC: rho[50]
5 0.29, q 5 0.13; SA: rho[40] 5 20.03, q 5 0.53; T1
SSRS: rho[25] 5 0.25, q 5 0.26; and T2 SSIS: rho[25] 5
20.006, q 5 0.53).

Emergence and Stability of Social Skills Challenges
During Early Childhood

Young children with NF1 had significantly lower so-
cial skills compared with the normative mean (Table 2;
mean [M] 5 100, SD 5 15; t[49] 5 24.41, q 5 0.002,
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d 5 0.67), and children ages 3, 4, and 5 years had sig-
nificantly lower social skills compared with the norma-
tive mean (M 5 100, SD 5 15; age 3: M 5 81.73, SD 5
13.46, t(21) 5 26.37, q 5 0.002, d 5 1.28; age 4: M 5
89.97, SD 5 18.23, t(29) 5 23.01, q 5 0.007, d 5 0.60;
age 5: M5 90.67, SD5 18.22, t(32)522.94, q5 0.007,
d 5 0.56). Children age 6 years did not significantly
differ from the normative mean (M 5 96.96, SD 5 17.42,
t(27) 5 20.92, q 5 0.37, d 5 0.19). Early childhood
social skills were significantly correlated with age (rho5
0.44, q 5 0.002). There was a statistically significant
difference between age groups [F(3, 109) 5 3.23, q 5
0.028]. Post hoc tests revealed that the children with
NF1 age 3 years had statistically significantly more im-
paired social skills compared with children with NF1 age
6 years (q 5 0.004, d 5 0.98). Social skills at ages 3 or 4
years were strongly significantly correlated with social
skills at age 6 years [rho(18) 5 0.71, q 5 0.002].

Emergence and Stability of Social Skills Challenges
During School Age and Longitudinally Across Time

School-age children with NF1 had significantly lower
social skills compared with the normative mean (Table 2;
M 5 100, SD 5 15; t[39] 5 23.38, q 5 0.004, d 5 0.54).
School-age social skills were not significantly correlated
with age (rho 5 0.049, q 5 0.38).

EC social skills (M 5 96.24, SD 5 16.58) did not differ
significantly from SA social skills for children with NF1
(M 5 92.76, SD 5 13.51, Z[24] 5 21.09, q 5 0.35, d 5
0.23) and were not significantly correlated across time
(using visit one data; rho 5 0.29, q 5 0.17) with a small
to medium effect size. To further explore longitudinal
relations, early childhood was grouped into 2 age groups
using any visit number rather than visit 1 only: (1) 3- and
4-year-olds and (2) 5- and 6-year-olds. Sixteen participants

were represented in both age groups. EC social skills for
the 3- and 4-year-olds were not significantly correlated
with SA social skills (rho[17] 5 0.32, q 5 0.17), with a
small to medium effect size. EC social skills of the 5- and
6-year-olds were significantly correlated with SA social
skills (rho[24] 5 0.56, q 5 0.01). Social skills difficulties
were observed for 32% of young children and 24% of
school-age children with NF1. Exact McNemar’s test in-
dicated no significant difference in the proportion of
social skills difficulties over time (q 5 0.69). Further
examination of social skills difficulties revealed that 4%
of young children and 8% of school-age children had
social skills difficulties greater than 2 standard deviations
below the mean.

Relations of Attention-Deficit Hyperactivity Disorder
Symptomatology and Cognitive Functioning with
Social Skills

Table 3 includes the correlations of social skills with
ADHD symptomatology and cognitive functioning during
early childhood, school age, and across time. ADHD
symptomatology within the longitudinal sample in-
creased from early childhood to school age (Inattention:
Z[24]522.89, q5 0.008, d5 0.94 and Hyperactivity: Z
[24] 5 23.37, q 5 0.004, d 5 1.03). EC CPRS-R Hyper-
activity and Cognitive Problems/Inattention had signifi-
cant negative correlations, ranging from weak to
moderate strength, with EC SSRS social skills. T1 CPRS-R
Cognitive Problems/Inattention was significantly nega-
tively correlated with T2 SSIS social skills with a medium
effect size. SA Conners-3 Hyperactivity/Impulsivity and
Inattention were significantly negatively correlated with
SA SSIS social skills, with strength in the moderate range.
Cognitive functioning was not significantly correlated
with social skills.

Table 2. Descriptive Statistics of Study Measures for Children in Early Childhood (n5 50), School Age (n5 40), and Longitudinal Participants (n5 25)

Scale

Early Childhood

Scale

School Age

Cross-Sectional Longitudinal (T1) Cross-Sectional Longitudinal (T2)

n 5 50 n 5 25 n 5 40 n 5 25

M SD M SD M SD M SD

Social functioning (SSRS) Social functioning (SSIS)

Social SS 89.24 17.26 96.24 16.58 Social SS 91.85 15.25 92.76 13.51

ADHD symptomatology (CPRS-R) ADHD symptomatology (Conners-3)

Hyperactivity T 54.04 10.94 49.32 6.05 Hyperactivity/impulsivity T 61.33 13.98 59.00 11.81

Cognitive problems/inattention T 56.84 12.16 54.88 10.91 Inattention T 67.23 13.04 66.08 12.75

Cognitive functioning (DAS-II) Cognitive functioning (DAS-II)

GCA SS 93.02 11.87 94.56 9.87 GCA SS 93.90 13.24 94.60 15.09

Verbal SS 96.00 12.8 98.76 11.22 Verbal S 98.65 13.20 99.72 14.74

Nonverbal SS 93.54 12.59 93.88 11.99 Nonverbal SS 94.08 15.56 93.80 17.95

Spatial SS 92.5 12.59 94.10 9.91 Spatial SS 91.82 11.36 92.76 10.89

Cross-sectional refers to analyses of 1 time point. Longitudinal refers to analyses of the subset of participants seen both in early childhood and school age. ADHD, attention-deficit hyperactive disorder; CPRS-R, Conners Parent Rating Scales – Revised; DAS-II,
Differential Ability Scales – Second Edition; GCA, general conceptual ability; M, mean; SS, standard score; SSIS, Social Skills Improvement System; SSRS, Social Skills Rating System; T, T score; T1, early childhood visit for the longitudinal subset; T2, school-age
visit for the longitudinal subset.
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DISCUSSION
The emergence and stability of parent-reported social

skills challenges in children with neurofibromatosis type
1 (NF1) were characterized in the early childhood and
school-age periods in this investigation. As hypothesized,
parents of young and school-age children with NF1
reported poorer social skills compared with the norma-
tive mean. Rates of social skills difficulty were relatively
stable throughout early childhood and school age. Ap-
proximately one-third of young children and one-fourth
of school-age children with NF1 displayed social skills
difficulties with no significant difference in the pro-
portion of social skills difficulties at each time point.
Children with NF1 ages 3, 4, and 5 years (but not age 6)
had significantly lower social skills compared with the
normative mean, which provides partial support for our
hypothesis. Longitudinally, social skills ratings did not
differ from early childhood to school age, although they
were not significantly correlated. However, when mul-
tiple time points within early childhood were considered
as predictors of social skills in school age, social skills at
the end of early childhood (5- and 6-year-olds, which
could also be termed early school age) were indeed
predictive of social skills during school age.

This study, together with the available literature,
provides evidence that social skills difficulties in children
with NF1 are variable. In fact, Behavior Assessment Sys-
tem for Children and Behavior Assessment System for
Children 2nd Edition have been used as a measure of
social skills and have generally indicated that young
children with NF1 do not have poorer social skills
compared with normative data19 or unaffected con-
trols,14,19 which is distinct from the current findings with
a more comprehensive measure of social skills. There is a
need for continued research to determine which social
functioning measure is most sensitive to identifying so-
cial deficits in children with NF1. Here, parent-reported
social skills difficulties occurred in 24% to 32% of the
sample of children with NF1 (rates that are comparable
with another study1), which illustrates that many chil-
dren with NF1 (at least two-thirds) do not have signifi-
cant social skills difficulties. Distinctions between
terminology used to describe social skills and functions
have been made and suggest that social functioning
measures likely tap different social constructs, and these
constructs should be evaluated independently.34 An ex-
ploratory examination of the social skills items most
frequently endorsed by parents during early childhood

Table 3. Spearman’s rho Correlations Between Social Functioning Standard Scores and ADHD Symptomatology and Cognitive Functioning by Sample

Scale

Social Functioning

Early Childhood School Age

SSRS SSIS

rho q rho q

n 5 50 n 5 25

Early childhood

ADHD symptomatology (CPRS-R)

Hyperactivity 20.46 0.004** 20.05 0.42

Cognitive problems/inattention 20.25 0.046* 20.39 0.034*

Cognitive functioning (DAS-II)

GCA 0.26 0.03* 20.06 0.39

Verbal 0.15 0.14 20.19 0.18

Nonverbal 0.21 0.07 0.15 0.24

Spatial 0.22 0.097 0.15 0.26

n 5 40

School age

ADHD symptomatology (Conners-3)

Hyperactivity/impulsivity — 20.35 0.021*

Inattention — 20.42 0.008*

Cognitive functioning (DAS-II)

GCA — 0.025 0.44

Verbal — 20.05 0.37

Nonverbal — 0.01 0.48

Spatial — 0.09 0.29
Significant Spearman’s rho correlations with false discovery rate (FDR) correction: *q , 0.05; **q , 0.01. ADHD, attention-deficit hyperactive disorder; Conners-3, Conners – Third Edition – Parent Short Form; CPRS-R, Conners Parent Rating Scales – Revised;
DAS-II, Differential Ability Scales – Second Edition; GCA, general conceptual ability; SSIS, Social Skills Improvement System; SSRS, Social Skills Rating System.
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and school-age years for children with NF1 was con-
ducted and revealed that the specific social skills that
were problematic varied across children. Few social
skills evaluated on the Social Skills Rating System (SSRS)
and Social Skills Improvement System (SSIS) emerged as
consistent weaknesses—compromising in conflict situ-

ations and introducing themselves to other people are
the only items to emerge as problematic for a substantial
subset of the children with NF1 across time. However, it
should be noted that without a control group in the
current investigation, areas of strengths and weaknesses
identified are strictly relative for children with NF1
rather than normative.

There has been suggestion within the NF1 literature
of an increased vulnerability for autism spectrum disor-
ders (ASD) with 13% to 33% of children with NF1
meeting criteria for ASD and frequently reported sub-
threshold ASD symptoms (social communication im-
pairment and restricted and repetitive behaviors).35,36 A
recent multisite study identified a strong correlation be-
tween a measure often used to examine ASD symptom-
atology (Social Responsiveness Scale-2) and the central
social skills measure used in this investigation (SSIS).37

Overlap with the autism spectrum remains somewhat
controversial. There is evidence to suggest that associa-
tions with ASD may be confounded by attention-deficit
hyperactivity disorder (ADHD) symptomatology, emo-
tional functioning, and communication challenges.38,39

At least one study has found that children with NF1 had
significantly milder social deficits compared with indi-
viduals with ASD.40 Most studies that have examined
social skills using the SSRS and SSIS in children and ad-
olescents with ASD have reported social skills in the
below average range,41 whereas the current in-
vestigation found mean social skills in the average range
for children with NF1. Some children with NF1 may in-
deed also show sociocommunicative and repetitive be-
haviors that are consistent with comorbid ASD diagnosis.
ASD symptomatology was not addressed in the current
investigation and may warrant additional attention in
future social skills investigations. Furthermore, studies of
the relatively new diagnostic category of Social Com-
munication Disorder among children with NF1 are
needed.

As hypothesized and consistent with previous re-
search with older children,1,8 ADHD symptomatology
was negatively correlated with social skills cross-
sectionally, with weak to moderate strength depending
on the scale, for young children and school-age children
with NF1. In addition, inattention in early childhood
predicted school-age social skills, whereas hyperactivity/
impulsivity did not show such relations over time. By
contrast, social skills were not related to cognitive
functioning, consistent with some previous investiga-
tions.1,8,12 It is evident that children with NF1 who
present with attention problems are at risk for social
difficulties1,42 and that this relation is seen even when
attention problems are assessed in young children. Pro-

viders should supply social skills training resources and
recommendations to aid in supporting social skills for
children with NF1 who present with ADHD symptom-
atology in early childhood.

The findings of this investigation correspond to the
socio-cognitive integrations of abilities (SOCIAL)
model (Fig. 1).34 This model suggests that multiple
dimensions, such as biological functioning, cognitive
functions, and internal and external factors, interact to
determine an individual’s social function. Any com-
ponent of this model could be altered during de-
velopment to influence social function directly or
indirectly as well as positively and negatively. Consis-
tent with the SOCIAL model, this study shows that
internal factors, such as NF1, have the capacity to
shape the emergence of social function. In addition,
ADHD symptomatology is directly influencing the so-
cial skills of children with NF1. The SOCIAL model also
includes physical attributes as a mediator of social
function, which have been discussed in relation to the
physical manifestations of NF1 as important for future
research. For example, impairments in social func-
tioning have been found to be associated with physical
manifestations of NF1 for adults22; however, studies in
children have not found relations with appearance5

but rather clinical severity broadly.1 Previous research
in older children has also indicated that greater NF1
neurological severity (which includes headaches,
brain tumors, seizures, vision impairments, and cog-
nitive, learning, attention, and behavior difficulties)
has been found to be associated with poorer social,
emotional, and behavioral functioning.5 It is important
to note that research describes the progressive nature
of NF1 physical symptomatology23; relations of social
functioning with NF1 physical manifestations and vis-
ibility may become more pronounced within adoles-
cence and adulthood when visible symptoms of NF1
are more likely to be present.

This study is, to our knowledge, the first to report on
social skills longitudinally in children with NF1 and the
first to report on relations with social skills over time.
However, the study design has several limitations that
indicate future directions. First, although previous lon-
gitudinal research in NF1 has used sample sizes smaller
than or similar to the current longitudinal sample
size,43,44 the sample size is nevertheless relatively small,
and there is a higher than expected frequency of de novo
cases in the longitudinal sample, which detracts from its
representativeness of the NF1 population. Second, the
current investigation relies on parent report of social
skills and attention difficulties, which introduces a pos-
sible response bias and common methods bias. These
measures might not capture the full range of skills nec-
essary to engage socially or the extent of ADHD symp-
tomatology that occurs in a variety of contexts including
real-world behavior. Parent report of children’s social
functioning may not correspond to a child’s acceptance
and status among peers, so peer nominations and peer
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report of social abilities may be a more useful measure
of social functioning.45,46 Although concerns about low
correspondence between parent report on the SSRS and
peer report of social abilities have been raised,45 studies
examining the effectiveness of the Program for the
Education and Enrichment of Relational Skills (PEERS)
intervention on social functioning in children with ASD
and ADHD have found improvements in both real-world
behavior, such as increased social knowledge and in-
creased frequency of hosted and invited get-togethers,
and increased parent ratings on the SSIS.47–49 No such
studies are available in the early childhood period.
There has been only one published study of social
functioning using peer reports in children with NF1,5

suggesting that such an approach may be less feasible in
a rare population than are parental questionnaires. Al-
though behavior rating scales do have limitations, they
have a number of advantages, including quantifiable
information with strong reliability, assessment of a
broad range of social behaviors, and available normative
data to compare individual performance with a repre-
sentative sample.50 Indeed, the Response Evaluation in
Neurofibromatosis and Schwannomatosis group, a col-
lective of experts about neurocognitive functioning in
NF1, has developed expert consensus about the mea-
surement of social functioning in NF1 as an endpoint in
clinical trials and has pointed to the SSIS as a core rec-
ommended measure (Janusz et al., under review).
Nevertheless, future research examining relations be-
tween parental ratings of social functioning and real-
world social behavior is needed. Third, this study is
limited by a lack of a comparison group, which would
have been useful in determining the presence of social
skills difficulties, the persistence of difficulties over
time, and social strengths and weaknesses in compari-
son with unaffected controls.

Future research should include a multisite approach
to help to ensure a large sample that has adequate rep-

resentation of all ages and NF etiologies, greater power
to detect significant findings, and the opportunity for a
comparison group. A multisituational and multiinformant
approach45 would be beneficial, including exploration of
relations among informants and with observational or
peer report approaches. In addition, research about early
indicators and trajectories of these challenges may help
identify areas of support at key developmental periods
for optimal social development. Finally, research should
focus on identification and implementation of evidence-
based social skills interventions for children with NF1
who experience social difficulties because there is no
currently available literature of the efficacy of such in-
terventions with children with NF1. In addition to social
skills group interventions (e.g., PEERS47–49), peer-based
interventions may also be a promising avenue to improve
status among peers.51

Overall, this research contributes to a better un-
derstanding of when social skills difficulties emerge, the
frequency at which social skills challenges occur for
young children and school-age children, and the persis-
tence of social skills difficulties over time in NF1 using
parent report. It is important given the reduction in
quality of life related to social functioning reported for
children with NF18,52 and the variety of negative out-
comes associated with social difficulties.53 This research
is important given the reduction in quality of life related
to social functioning reported for children with NF1 and
supports the importance of identification and imple-
mentation of early and effective intervention related to
social skills challenges.
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Figure 1. Graphic representation of the SOCIAL Model (Beauchamp and Anderson34) and a comparison with the current investigation. A unidirectional
arrow illustrates the factor’s impact on an outcome. The bidirectional arrows represent factors that influence each other. ADHD symptomatology, at-
tention-deficit/hyperactivity disorder symptoms including inattention, hyperactivity, and impulsivity; NF1, neurofibromatosis type 1; SOCIAL, socio-
cognitive integrations of abilities.
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