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Abstract 

Background Neurofibromatosis 1 (NF1) is a rare, neurogenetic disorder predisposing individuals to multiple tumors 
and other issues requiring expert care and regular health monitoring. We sought to assess U.S. patients’ access to spe-
cialized NF1 clinics and receipt of evidence-informed health surveillance.

Methods An online survey was distributed to NF Registry participants in May 2021. Rate of NF1 clinic attendance 
and self-reported receipt of health surveillance amongst NF Registry participants was estimated using inverse propen-
sity scores. Differences in these outcomes based on participant demographics were assessed using weighted logistic 
regression and robust linear regression, respectively.

Results 322 individuals responded (160 adults, 162 parents; 4.7% overall response rate). We estimate that 51.7% 
of children and 35.6% of adults attend NF1 clinics. Younger children were more likely to attend an NF1 clinic, as were 
adults living in urban areas, with a college degree or higher, or with a household income ≥ $130,000 (all ps < 0.05). 
Completion rates for each individual health surveillance evaluation ranged from 41 to 79% for children and 33–61% 
for adults. Higher rates of recommended evaluations were reported by both adults and children who attend a special-
ized NF1 clinic, non-Hispanic White adults, and adults with commercial or Medicare insurance (all ps < 0.05).

Conclusions Adults with NF1 experience significant sociodemographic disparities in care, and patients of all ages 
attending NF1 specialty clinics receive more recommended health surveillance. Given the limited access to specialty 
NF clinics, quality improvement efforts are needed to increase access for underserved adults and improve provision 
of recommended health surveillance outside specialty clinics.
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Introduction
Neurofibromatosis 1 (NF1) is an autosomal dominant 
genetic disorder that predisposes individuals to develop 
multiple benign and malignant nerve sheath tumors and 
many other physical, neurocognitive, and psychosocial 
manifestations [1, 2]. Because of the complex, heteroge-
neous, and age-dependent clinical manifestations of NF1, 
patients require specialist care and regular health moni-
toring to identify and treat disease complications. Despite 
consensus recommendations that people with NF1 be 
evaluated by, managed by, or have care coordination 
from specialized neurofibromatosis (NF) clinics [3, 4], 
access to these clinics is limited in the United States (US). 
In 2007, the Children’s Tumor Foundation established an 
NF Clinic Network (NFCN) to identify clinics that pro-
vide comprehensive medical care to individuals with NF. 
By 2015, the 50 NF clinics in this network served an esti-
mated 13.4% of the US NF1 population [5]. Prior research 
indicated low rates of NF clinic attendance among peo-
ple residing in the Southwest and Far West and identified 
that adults with NF1 experience significant travel barriers 
to reach high-volume centers compared to children with 
NF1 [5]. However, non-geographic factors that influence 
whether US NF1 patients attend specialty NF clinics have 
not been explored.

Clinical practice resources from the American Col-
lege of Medical Genetics and Genomics (ACMG) and 
the American Academy of Pediatrics (AAP), [3, 6] as well 
as additional expert consensus statements, [7, 8] provide 
guidance on the range and schedule of recommended 
health surveillance for people with NF1. Prior research 
has shown that US-based NF specialists support most 
of these clinical recommendations, with the majority of 
surveyed individuals strongly agreeing with 17 published 
NF1 care recommendations [9]. To date, there is no data 
on the degree to which US NF1 patients receive these 
recommended evaluations in routine clinical practice. 
Comprehensive data on current rates of adherence to 
these consensus-based health surveillance recommenda-
tions could help researchers, health systems, and disease 
advocacy organizations prioritize their efforts to improve 
the quality of NF1 care. The goal of this study was to eval-
uate self-reported attendance at specialty NF1 clinics and 
receipt of expert recommended care for US-based NF1 
patients as an initial step in monitoring the quality and 
provision of NF1 care at a national level.

Methods
Participant recruitment
In 2012, the Children’s Tumor Foundation established 
the NF Registry, an international, web-based platform 
consisting of participant-entered health information 

[10]. Enrollees in the NF Registry who lived in the US, 
had a self-reported diagnosis of NF1, and had previously 
consented to share their de-identified health informa-
tion for research purposes were eligible to participate. 
Both adults with NF1 (age ≥ 18) and parents/caregivers 
of children with NF1 (age < 18) were eligible to partici-
pate. Recruitment for the survey ran from May 4 to May 
31, 2021, coinciding with NF Awareness Month. Initial 
survey invitations and up to two follow-up reminders 
were emailed to all eligible enrollees by the NF Registry 
administrator. All survey responses were linked to each 
individual’s NF Registry account, preventing multiple 
participation from the same participants; however, par-
ticipants’ identities were not shared with the study team 
to protect patient privacy and confidentiality.

Data collection
This cross-sectional survey was administered online 
within the NF Registry interface using the OpenApp 
platform. Respondents were asked to self-report demo-
graphic data [e.g., age, gender, race/ethnicity, state of 
residence, location type (urban/suburban/rural), educa-
tion level, insurance coverage type, household income] 
and information about their NF care team [e.g., timing 
of most recent visit with their NF care team, attendance 
at any specialized NF clinic within the prior 3 years, and 
attendance at an NFCN clinic within the prior 3 years]. 
Participants who had not attended a specialized NF 
clinic within the last 3 years were asked to rate whether 
five pre-identified barriers to accessing specialized clin-
ics were a major problem, minor problem, or not at all 
a problem; these participants also had the option to pro-
vide free-text answers describing any additional reasons 
for not attending an NF clinic.

Participants were also asked to self-report whether they 
had received various ACMG- and AAP-endorsed health 
evaluations. Seven evaluations were selected for analy-
sis based on their high rates of agreement among US NF 
specialists; [9] suitability for self-report; and applicabil-
ity to a large proportion of children or adults with NF1 
(rather than assessing age-, gender-, or symptom-spe-
cific guidelines). These evaluations included blood pres-
sure check, skin exam, scoliosis screening, assessment 
of pubertal development (pediatric participants only), 
tracking of developmental milestones/school progress 
(pediatric participants only), education about warning 
signs/symptoms of malignant peripheral nerve sheath 
tumor (MPNST) (adult participants only), and education 
about family planning options for this genetic disease 
(adult participants only). Most survey questions assessed 
care provided at the most recent visit or within the prior 
year, in accordance with the recommended frequency in 
published guidance.
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Data analysis
To explore how representative our survey sample was, 
we compared the demographics of survey respondents to 
all living, US-based NF Registry members with NF1 who 
had provided, at a minimum, their age and gender. Dif-
ferences in race/ethnicity were assessed using mutually 
exclusive categories established by the NF Registry. Geo-
graphic differences were assessed by aggregating state-
level residence data into 8 US regions as defined by the 
Bureau of Economic Analysis [11]. Differences in clinic 
type were assessed according to clinics’ membership in 
the NFCN at the time of the survey.

Due to significant differences in survey respondents 
and non-respondents in age, geographic region, and 
attendance at NFCN clinics [Supplemental Table  1], we 
utilized analysis techniques that allow for re-weighting of 
participants based on these three characteristics to mini-
mize non-response error and provide more generalizable 
estimates. We used inverse propensity score weighting 
to estimate the rate of specialized NF clinic attendance, 
barriers to NF clinic attendance, and receipt of recom-
mended health surveillance among all people with NF1 
enrolled in the NF registry. To examine factors affecting 
attendance at NF clinics, we used (1) weighted logistic 
regression to examine potential sociodemographic dis-
parities in clinic attendance and (2) qualitative content 
analysis to inductively summarize survey respondents’ 
free-text comments describing barriers to attending a 
specialized NF clinic [12].

We also examined whether participant demograph-
ics and location/timing of NF care impacted receipt of 
recommended health surveillance using robust linear 
regression [regression with an iteratively reweighted 
least squares which allows for the inverse propensity 
score weighting and is less sensitive to divergence from 
the normality assumption]. Our primary outcome meas-
ure for receipt of recommended care was the number of 
recommended NF-related evaluations (ranging from 0 to 
5) completed per individual, analyzed separately for chil-
dren and adults with NF1. For adults, the five evaluations 
were annual blood pressure check, skin exam, scolio-
sis screening, malignant peripheral nerve sheath tumor 
(MPNST) education, and family planning education; for 
children, the five evaluations were annual blood pres-
sure check, skin exam, scoliosis screening, assessment 
of pubertal development, and tracking of developmental 
milestones/school progress. Given the risk of type 1 error 
associated with assessing multiple predictors of receiving 
multiple evaluations, we did not examine how participant 
demographics or NF1 care location/timing impacted 
receipt of each individual evaluation criteria. Data was 
analyzed in R program and a p-value of ≤ 0.05 was con-
sidered statistically significant for all tests.

Results
A total of 322 US-based NF1 patients and parents/
caregivers completed the survey, representing 4.7% 
(322/6908) of eligible NF Registry enrollees. There were 
no significant differences in gender or race/ethnicity 
between the subset of survey respondents and all NF 
Registry enrollees; significant differences in age, U.S. 
region, and NFCN clinic attendance were adjusted for 
using inverse propensity scores (Supplemental Table  1). 
Survey respondent demographics and location/timing of 
NF1 care are shown in Table 1. The majority of respond-
ents (83.3% of children and 55.0% of adults) had seen 
their NF1 care provider in the prior year, and 14.0% of 
respondents had delayed or foregone necessary medical 
care due to cost in the prior year.

Attendance at NF specialty clinics
We estimate that 51.7% of children and 35.6% of adults 
in the NF Registry visited a specialty NF clinic within the 
prior 3 years. Adults living in urban areas, with a 2-year 
college degree or higher, or with a household income 
≥ $130,000 were more likely to have visited a specialized 
NF clinic in the prior 3 years (all ps < 0.05); age, gender, 
ancestry, and insurance coverage were not significantly 
related to NF clinic attendance (Table  2). The largest 
predictor of adult NF clinical attendance was household 
income; adults with the highest income (> $130,000, 
approximately the top quintile of U.S. household income) 
had 12.9 times higher odds of attending a specialized 
NF clinic than adults with the lowest income (< $25,000, 
approximately the lowest quintile of U.S. household 
income). For children, only age was significantly associ-
ated with NF clinic attendance; for each additional year 
of age, there was 11% decreased odds that a child had vis-
ited a specialized NF clinic in the prior 3 years (p < 0.001).

Participants who did not attend a specialized NF clinic 
rated the importance of five pre-identified barriers to vis-
iting these clinics; responses were then weighted using 
inverse propensity scores (Supplemental Table  2). The 
most frequently endorsed “major problem” to clinic 
attendance was insurance coverage for adults (18.5%) 
and lack of knowledge that specialized NF clinics exist 
for parents of children with NF1 (17.0%). In addition, 68 
of 121 (56.2%) of these respondents provided free-text 
comments regarding barriers to NF clinic attendance. 
The most common barrier was the travel required due to 
the lack of nearby NF clinics (n = 19). The second most 
frequent barrier was perceived lack of value in attending 
a specialized clinic (n = 18). These individuals fell into 
three categories: 1) they already had a doctor or team of 
doctors they felt could follow their NF adequately, e.g., 
“His specialist works within a division of neurology at a 
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Table 1 Survey respondent characteristics by age group

Children (n = 162) Adults (n = 160)

Age, mean (SD) 7.5 years (4.5) 43.8 years (14.7)

Gender, n (%)

Female 75 (46.3%) 112 (70%)

Male 87 (53.7%) 48 (30%)

Race/ethnicity, n (%)

White 126 (77.8%) 126 (78.8%)

Native American or Alaskan Native 2 (1.2%) 5 (3.1%)

Black, Afro-Caribbean, or African-American 9 (5.6%) 9 (5.6%)

Native Hawaiian or other Pacific Islander 0 (0.0%) 0 (0.0%)

Latino/Hispanic 9 (5.6%) 4 (2.5%)

East Asian 5 (3.1%) 6 (3.8%)

South Asian 3 (1.9%) 2 (1.3%)

Other 8 (4.9%) 8 (5.0%)

US region, n (%)

Far West 40 (24.7%) 20 (12.5%)

Rocky Mountain 11 (6.8%) 11 (6.9%)

Southwest 15 (9.3%) 16 (10.0%)

Plains 8 (4.9%) 12 (7.5%)

Great Lakes 24 (14.8%) 16 (10.0%)

Southeast 25 (15.4%) 28 (17.5%)

Mid-Atlantic 32 (19.8%) 37 (23.1%)

New England 6 (3.7%) 18 (11.3%)

Geographic location, n (%)

Rural 30 (18.5%) 25 (15.6%)

Suburban 100 (61.7%) 92 (57.5%)

Urban 27 (16.7%) 40 (25.0%)

Not Sure 1 (0.6%) 2 (1.3%)

Other 0 (0.0%) 1 (0.6%)

Missing 4 (2.5%) 0 (0.0%)

Primary insurance coverage, n (%)

Commercial or other insurance 126 (77.8%) 124 (77.5%)

Medicaid 32 (19.8%) 13 (8.1%)

Medicare 3 (1.9%) 22 (13.8%)

None 0 (0%) 1 (0.6%)

Missing 1 (0.6%) 0 (0%)

Family income, n (%)

Less than $25,000 15 (9.3%) 31 (19.4%)

$25,000 – $49,999 15 (9.3%) 37 (23.1%)

$50,000 – $79,999 21 (13.0%) 28 (17.5%)

$80,000 – $129,999 39 (24.1%) 23 (14.4%)

$130,000 – $250,000 45 (27.8%) 11 (6.9%)

More than $250,000 19 (11.7%) 3 (1.9%)

Prefer not to say 7 (4.3%) 26 (16.3%)

Missing 1 (0.6%) 1 (0.6%)

Education, n (%)

Some high school N/A 6 (3.8%)

Completed high school 31 (19.4%)

Some college 29 (18.1%)

Completed an associate’s (2 year) degree 18 (11.3%)
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major hospital, and we like him a lot”; 2) they reported 
mild symptoms that did not seem to require specialized 
care, e.g., “Not needed. Very mild case. Does not affect 
my day-to-day life”, or 3) they were unclear about the 
added benefit of a specialized clinic, e.g., “I don’t know 
if there is anything a specialized NF can offer me”. Addi-
tional recurring barriers included insurance problems/
high cost (n = 9), lack of knowledge that specialized clin-
ics existed or where they were located (n = 7), appoint-
ment availability/scheduling difficulty (n = 3), and no 
referral by their primary care provider (n = 2).

Receipt of evidence‑informed NF1 clinical care
We estimate that the proportion of children with NF1 in 
the NF Registry receiving recommended health surveil-
lance in the prior year was 79% for blood pressure meas-
urement, 69% for tracking of developmental milestones/
school progress, 69% for scoliosis screening, 67% for skin 
exam, and 41% for assessment of pubertal development. 
The proportion of adults receiving recommended evalu-
ations was 62% for blood pressure measurement, 61% for 
education about family planning options, 39% for scolio-
sis screening, 36% for education about MPNST warning 
signs, and 33% for skin exam. Only 23% of children and 
8% of adults received all five recommended evaluations 
noted above; one quarter of adults and just over half of 
children received at least 4 out 5 recommended evalua-
tions (Table 3).

Age, visiting a member of one’s self-described NF care 
team in the past year, and visiting an NF specialty clinic 

in the past 3 years and were significantly associated with 
the total number of recommended evaluations received 
for both children and adults (all ps < 0.05, Table 4). Teen-
agers and young adults received the greatest propor-
tion of recommended health surveillance. Patients who 
attended a specialized NF clinic in the previous 3  years 
received 0.8 to 0.9 more recommended NF1-related 
evaluations, on average, than those who had not visited 
a specialized NF clinic (Fig. 1). Race/ethnicity and insur-
ance coverage were significantly associated with the total 
number of recommended evaluations received for adults 
only (all ps < 0.05). Non-Hispanic White adults received 
more recommended evaluations than adults of other 
races/ethnicities; for example, this group received almost 
a full evaluation more than Black adults on average. 
Adults with commercial insurance or Medicare received 
at least one more evaluation, on average, than adults with 
Medicaid. Gender, family income, and location (urban/
suburban/rural) were not statistically significantly associ-
ated with the number of evaluations received for either 
adults or children.

Discussion
In this national survey of adults with NF1 and parent/
guardians of children with NF1, we explored access, qual-
ity, and equity of care for individuals with NF1 across the 
US, providing important insight into differences between 
individuals who attend specialized NF clinics and those 
who do not. The majority of individuals in a large online 
NF Registry had not been evaluated at a specialty NF 

Table 1 (continued)

Children (n = 162) Adults (n = 160)

Completed a bachelor’s (4 year) degree 39 (24.4%)

Completed graduate level degree 32 (20.0%)

Missing 5 (3.1%)

Primary language, n (%)

English 157 (96.9%) 157 (98.1%)

Spanish 5 (3.1%) 3 (1.9%)

Other 0 (0.0%) 0 (0.0%)

Missing 0 (0.0%) 0 (0.0%)

Attendance at NFCN clinic, n (%)

Yes 120 (74.1%) 79 (49.4%)

No 38 (23.4%) 47 (29.3%)

Missing 4 (2.5%) 34 (21.3%)

Last visit to NF care provider, n (%)

Within the last one year 135 (83.3%) 88 (55.0%)

One to three years ago 17 (10.5%) 24 (15.0%)

More than three years ago 1 (0.6%) 21 (13.1%)

Not sure 2 (1.2%) 23 (14.4%)

Missing 7 (4.3%) 4 (2.5%)
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clinic in the prior 3  years. Shortly after the publication 
of NF1 health surveillance guidance by the ACMG and 
AAP and 14 months into the COVID- 19 pandemic, we 
found variable application of recommended surveillance. 
Screening and education recommendations were per-
formed in one-third (skin exams for adults) to four-fifths 
(blood pressure measurement in children) of eligible 
patients according to patient/parent self-report.

Encouragingly, there were few sociodemographic dis-
parities in care for children with NF1, with access to NF 
clinics being the primary predictor of receiving recom-
mended health surveillance. However, significant soci-
odemographic disparities in both access to NF clinics and 
receipt of recommended NF1 health surveillance were 
present for adults with NF1. This gap in access to NF 
clinics likely reflects the paucity of adult NF clinics in the 
US compared to pediatric NF centers [5]. As reported in 
this survey, there are challenges in traveling to, or obtain-
ing insurance coverage for, out-of-state clinics. Limited 
access to rare disease care, exacerbated by insurance 
denials for specialist care, is a known problem across 
many rare diseases, [13, 14] and may be worse for adults 
due to barriers in transitioning from pediatric to adult 
centers [15]. Our findings emphasize the urgent need to 
develop and evaluate programs and policies that focus on 
improving care for adults with NF1.

While information on care for US NF1 patients is 
sparse, and often limited to individuals with specific 
manifestations of NF1, [16] research on NF1 care in Aus-
tralia reinforces and provides additional insight into the 
limited uptake of recommended health surveillance in 
our sample. In surveys and interviews with Australian 
adults with NF1, about half reported not receiving rou-
tine health surveillance for NF1, with many individuals 
unaware of the need for regular monitoring or unsure 
of where to access care [17, 18]. Qualitative interviews 
also revealed that some adults saw routine monitoring 
as unnecessary in the absence of bothersome NF1 symp-
toms or futile due to the limited treatments for NF1, [18] 
echoing similar findings in our survey regarding reasons 
for not attending NF clinics. Lastly, in qualitative inter-
views conducted specifically in young adults in Aus-
tralia, many interviewees had a poor understanding of 
NF1-associated complications and had not sought care 
for even severe NF1 symptoms, and this trend was exac-
erbated by NF1-related cognitive deficits in some indi-
viduals [19]. Overall, this data suggests a need to educate 
families about NF1 care recommendations, including 
the benefits of early detection for NF1-associated malig-
nancies as well as education regarding newly available 
treatment options for non-malignant tumors; education 
should be delivered in ways that are accessible to indi-
viduals with lower educational attainment, lower health 

Table 2 Factors affecting attendance at an NF specialty clinic in 
the prior 3 years

Odds ratios and p-values were calculated from weighted logistic regressions 
adjusted for age. All p-values < 0.05 are bolded. aIncludes Latino/Hispanic, Asian, 
Native American or Alaskan Native, Native Hawaiian or other Pacific Islander, and 
Other due to small sample sizes. b Includes 2- and 4-year undergraduate degrees 
and all graduate/professional degrees

Children odds ratio 
(p‑value)

Adult odds ratio 
(p‑value)

Age (years) 0.89 (p < 0.001) 0.98 (p = 0.10)

Gender

Male Reference Reference

Female 0.61 (p = 0.14) 0.73 (p = 0.39)

Race/ethnicity

Non-Hispanic White Reference Reference

Black 0.18 (p = 0.08) 1.00 (p = 1.00)

Othera 1.10 (p = 0.85) 0.75 (p = 0.56)

Household income

 < $25,000 Reference Reference

$25,000-$129,999 0.84 (p = 0.79) 1.89 (p = 0.21)

 > $130,000 0.50 (p = 0.27) 12.93 (p = 0.004)
Primary medical insurance

Medicaid Reference Reference

Medicare 0.65 (p = 0.70) 1.54 (p = 0.60)

Commercial or other insur-
ance

1.11 (p = 0.82) 2.90 (p = 0.13)

Home location

Rural Reference Reference

Suburb 1.14 (p = 0.74) 2.07 (p = 0.23)

Urban 1.67 (p = 0.41) 3.77 (p = 0.04)
Education

No college degree N/A Reference

College degree or  higherb 3.03 (p = 0.003)

Table 3 Inverse propensity score weighted estimates of the 
cumulative number of recommended health surveillance 
evaluations received by US-based NF Registry participants with 
NF1

*For adults, the five evaluations were annual blood pressure check, skin exam, 
scoliosis screening, malignant peripheral nerve sheath tumor education, and 
family planning education; for children, the five evaluations were annual 
blood pressure check, skin exam, scoliosis screening, assessment of pubertal 
development, and tracking of developmental milestones/school progress

Number of recommend 
evaluations  received*

Children (%) Adults (%)

0 11.8 8.7

1 2.2 24.6

2 12.7 26.5

3 19.8 15.0

4 30.5 17.0

5 23.1 8.2
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literacy, and/or learning disabilities, all of which are com-
mon in adults with NF1 [20–22].

Our paper has limitations. While we included 
responses from a relatively large number of participants 
with varying engagement in specialty care, our survey 
had a low response rate. We used inverse propensity 
scores to attempt to mitigate nonresponse bias; how-
ever, this analysis still only estimates care received by NF 
Registry members and not the U.S. NF1 population as 
a whole, who may differ in important demographic and 
clinical characteristics [10]. NF Registry participants may 
also have higher levels of interest in their condition and 
thus not be representative of care-seeking behaviors in 
the NF1 population as a whole; however this would sug-
gest access to care is even lower in the U.S. NF1 popu-
lation than our estimates and requires even more focus 
on quality improvement efforts [5]. Due to difficulties 

identifying NF1 patients within outpatient claims data 
[23] and the inability of medical record reviews to cap-
ture care received across health systems, we relied on 
self-reported data from patients/parents to understand 
receipt of recommended NF1 care. This data may be sub-
ject to inaccurate reporting or recall bias. To limit these 
biases, medical procedures were described in lay terms 
in the survey, and our analyses focused on care in the 
last year. Observed rates of attendance at NF clinics and 
provision of recommended healthcare may have been 
temporarily lessened due to the COVID- 19 pandemic 
[24–26]. To partially address this, we asked individuals 
whether they had been to an NF clinic in the prior 3 years 
rather than the prior year, and we plan to track changes 
in receipt of recommended care through additional sur-
veys over time. Finally, our analysis of factors affecting 
the receipt of recommended health surveillance used 

Table 4 Factors affecting proportion of health surveillance evaluations received

Beta (β) coefficients and p-values were calculated from robust linear regressions adjusted for age. All p-values < 0.05 are bolded. aIncludes Latino/Hispanic, Asian, 
Native American or Alaskan Native, Native Hawaiian or other Pacific Islander, and Other due to small sample sizes. bIncludes 2- and 4-year undergraduate degrees and 
higher

Children β coefficient (p‑value) Adult β coefficient (p‑value)

Age (years) 0.1040 (p < 0.001) − 0.016 (p = 0.03)
Gender

Male Reference Reference

Female − 0.123 (p = 0.55) 0.096 (p = 0.71)

Ancestry

Non-Hispanic White Reference Reference

Black − 0.440 (p = 0.37) − 0.949 (p = 0.03)
Othera 0.391 (p = 0.11) − 0.700 (p = 0.04)
Household income

 < $25,000 Reference Reference

$25,000-$129,999 − 0.297 (p = 0.40) 0.370 (p = 0.25)

 ≥ $130,000 − 0.283 (p = 0.43) 0.780 (p = 0.14)

Primary medical insurance

Medicaid Reference Reference

Medicare 0.380 (p = 0.54) 1.346 (p = 0.008)
Commercial − 0.128 (p = 0.59) 1.096 (p = 0.01)
Home location

Rural Reference Reference

Suburb − 0.176 (p = 0.46) 0.344 (p = 0.34)

Urban − 0.330 (p = 0.32) 0.135 (p = 0.74)

Education

No college degree N/A Reference

College degree or  higherb 0.302 (p = 0.20)

NF specialty clinic attendance

No visit within prior 3 years Reference Reference

Visit within prior 3 years 0.858 (p < 0.001) 0.764 (p = 0.002)
Last visit with NF team

More than one year ago Reference Reference

Within the prior year 1.616 (p < 0.001) 1.233 (p < 0.001)
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a composite index due to concerns for type 1 statistical 
error, but the specific barriers inhibiting receipt of each 
individual recommended assessment may differ. Future 
research with clinicians from diverse practice settings 
and specialties must explore the facilitators and barriers 
to delivering recommended services.

Conclusions
In conclusion, our study demonstrates that a substantial 
number of NF1 patients in the US do not attend special-
ized NF clinics and do not receive all NF1-related health 
surveillance recommendations. Promoting patient aware-
ness of specialized clinics, utilizing telemedicine and 
hub-and-spoke models of care, and insurance reform are 
strategies that may improve access to NF clinics. How-
ever, given currently limited access to specialty NF clin-
ics, efforts to develop and implement NF care guidelines 
should also prioritize broad dissemination to non-disease 
specialists. To do this successfully, increased stakeholder 
engagement and a focus on the ease of implementation 

of guidelines in everyday clinical practice is essential [27]. 
Furthermore, disseminating lay language explanations of 
NF1 care recommendations directly to people with NF1 
and their family members could empower them to seek 
indicated medical services, as has been demonstrated in 
other genetic disorders such as trisomy 21 [28]. Together, 
these initiatives may reduce disparities in NF1 care in the 
US, ensuring all NF1 patients have access to high-quality 
care for their condition.
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Fig. 1 Total number of recommended health surveillance 
evaluations received by US adults and children with NF1 stratified 
by NF clinic attendance. Bars indicate the weighted percentage of NF 
registry participants estimated to have received the given number 
of health surveillance evaluations in the prior year. Results are 
stratified by whether participants had (black) or had not (gray) visited 
a specialized NF Clinic in the prior 3 years. A: Evaluations assessed 
for adults included annual blood pressure check, skin exam, scoliosis 
screening, malignant peripheral nerve sheath tumor education, 
and family planning education. B: Evaluations assessed for children 
included annual blood pressure check, skin exam, scoliosis screening, 
assessment of pubertal development, and tracking of developmental 
milestones/school progress
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