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Abstract Individuals with Neurofibromatosis type 1

(NF1) are at increased risk for pediatric brain tumors

(PBTs), especially optic gliomas; however, factors influ-

encing their development are largely unknown. Extensive

research suggests that allergic conditions protect against

brain tumors, particularly gliomas in individuals without

NF1. In this large cross-sectional study, we employed two

different data sources to evaluate evidence for the

hypothesis that allergic conditions (allergies, asthma, and

eczema) may protect against PBT development in indi-

viduals with NF1. We used self- and parent/legal guardian

reported questionnaire data from participants in the NF1

Patient Registry Initiative (NPRI, n = 1660) born from

1933 to 2014 to ascertain allergic condition and PBT

diagnosis histories. Medical records (MRs) of 629 NF1

patients at a large medical center born from 1930 to 2012

were also reviewed for PBT and allergic condition diag-

noses to evaluate additional evidence for our hypothesis.

We used logistic regression to calculate odds ratios (ORs)

and 95 % confidence intervals (CIs) for associations

between allergic condition diagnoses and PBTs. Both data

sources provided limited to no support for a protective

effect of allergies or eczema on PBT development. Non-

significant inverse associations between asthma and PBTs

were observed (NPRI: OR = 0.80, 95 % CI 0.55–1.17;

MR: OR = 0.71, 95 % CI 0.40–1.28) with stronger

associations for optic gliomas specifically. Additionally, a

significant inverse association was observed in an NPRI

subgroup analysis where the reported asthma diagnosis age

was younger than the reported PBT diagnosis age

(OR = 0.57; 95 % CI 0.36–0.89). Our study supports the

hypothesis that asthma protects against PBT development

in NF1.

Keywords Neurofibromatosis type 1 � Brain tumors �
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Introduction

Neurofibromatosis Type 1 (NF1) is an autosomal dominant

disorder caused by germline mutations in the NF1 tumor

suppressor gene [1] that affects an estimated 1 in 3000

individuals [2, 3]. Individuals with NF1 have a variety of

clinical manifestations, including pigmentary abnormalities

(café-au-lait spots, skinfold freckling, and Lisch nodules),

peripheral nerve sheath tumors (neurofibromas), bone

defects, learning and behavioral deficits, and increased

tumor susceptibility [4]. Despite having complete genetic

penetrance, phenotypic expression of NF1 varies widely

among affected individuals, even in individuals from the

same family [5].

Children with NF1 are at high risk for pediatric brain

tumors (PBTs), particularly optic pathway gliomas (OPGs)

that are diagnosed in *15–20 % of children with this

condition and can impair vision [6]. By comparison,

\0.1 % of individuals\ age 20 years will be diagnosed

with a brain tumor [7]. Despite the high PBT incidence in

the NF1 population, risk factors for their development are

largely unknown. In addition to informing the underlying

biology of PBTs, identification of factors that modulate risk
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is a critical component of developing PBT risk prediction

models for this population and for developing prevention

strategies. To date, some studies have indicated that indi-

viduals with African ancestry are at lower risk of PBT

development than those with European ancestry [8–13] and

two small studies have suggested that children harboring

NF1 gene mutations closer to its 50 end are more likely to

develop OPGs [14, 15].

Recent studies evaluating risk factors for gliomas in

adults in the general population have emphasized the

potential role of immune factors in their etiology, partic-

ularly that allergic conditions may protect against their

development [16–19] through enhanced immune surveil-

lance [20]. There is also evidence indicating that allergic

conditions may confer protection against the development

of PBTs [21]. However, associations between allergic

conditions and PBTs in the NF1 population specifically

have not previously been investigated.

In the present study, our goal was to evaluate evidence

for the hypothesis that individuals with NF1 who have

allergic condition diagnoses (allergies, eczema, asthma) are

at lower risk of PBTs and OPGs using data collected

through two different sources: (1) the web-based Neurofi-

bromatosis Patient Registry Initiative (NPRI), and (2)

patient medical records (MRs) from a large tertiary referral

medical center. The results of this study may inform the

etiology of PBTs in individuals with NF1.

Methods

Study populations

This study included participants from the NPRI (https://

nf1registry.wustl.edu), an online registry for individuals

with NF1, who enrolled between 17 May 2011 and 3 April

2015 and provided information about past brain tumor

diagnoses (1660 of 2147 participants were included).

Registry methodological details have been previously

published [21–23]. Briefly, adults and minors with self- or

parent/legal guardian-identified NF1 are eligible to partic-

ipate in the NPRI. Following online consent, individuals

C18 years at the time of registration or a parent/legal

guardian of individuals\18 years of age are instructed to

complete a 30–45 min questionnaire (with specific versions

for adults and minors) that inquires about demographic,

clinical (including NF1 clinical signs), and psychosocial

history. Participant data are stored at Washington Univer-

sity in St. Louis behind a secure firewall. Link Plus (http://

www.cdc.gov/cancer/npcr/tools/registryplus/lp.htm), a

probabilistic record linkage program created by the Center

for Disease Control and Prevention’s Division of Cancer

Prevention and Control, was used to identify individuals

who had multiple questionnaire records in the NPRI with

only data obtained from the most complete questionnaire

included in the analytic dataset.

This study also included MR data from subjects who were

ascertained from the Clinical Investigation Data Exploration

Repository (CIDER), a comprehensive inpatient and outpa-

tient research patient data warehouse created by the Wash-

ington University Center for Biomedical Informatics (http://

cbmi.wustl.edu/?q=project/cider). We queried CIDER for

International Classification of Diseases Ninth Revision (ICD-

9) codes 237.70 or 237.71 for Neurofibromatosis to identify

an initial set of 820 individuals with NF ICD-9 codes docu-

mented in their medical records from 1 July 1997 to 1 Jun

2014. Of these, 634 unique cases were verified through

medical record review for the NF1 NIH diagnostic criteria

[24] as described previously [25]. Patient records that inclu-

ded physician notes (history and physical), patient question-

naires, anesthesia records, outpatient surgery and pre-

hospitalization forms, imaging records, administrative notes,

and allergy status notes from inpatient recordswere examined

for reported brain tumor and allergy/asthma diagnoses along

with age of diagnoses. A RedCap database (http://project-

redcap.org/) was constructed to allow for abstraction of rel-

evant analytic variables from patient records. Only individ-

uals withMRs containing sufficient information to determine

that their brain tumor diagnosis occurred\18 years of age

were included (n = 629 of 634). All procedures performed in

studies involving human participantswere in accordancewith

the ethical standards of the institutional research committee

and with the 1964 Helsinki declaration and its later amend-

ments or comparable ethical standards. For the MR study,

formal consent is not required. The Institutional Review

Board at Washington University in St. Louis approved all

protocols for this study.

Variable measurement

NPRI subjects

Demographic information obtained from the questionnaire

was used to construct variables for sex (male, female), race

(Black, White, Asian, Other/Unknown), ethnicity (His-

panic, non-Hispanic), birth year category (\1969,

1969–1984, 1985–2001,[2001), residency (US, non-US),

having an NF-specialist (yes, no), and highest household

education level (B to high school or a high school/high

school equivalent degree, some college/no degree or a

technical degree, C to a college degree). Brain tumor

diagnoses were ascertained on the minor and adult ques-

tionnaires through the question: ‘‘[Has the participant/Have

you] ever been diagnosed with a brain tumor?’’ with pos-

sible responses of ‘Yes’, ‘No’, and ‘Don’t Know’. If the

respondent selected ‘Yes’, they were further prompted to
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specify the diagnosis age through the question: ‘‘How old

[was the participant/were you] when the brain tumor was

diagnosed?’’. PBTs were defined based on responses to

these two questions as those diagnosed\18 years of age. If

the age at diagnosis was missing, a brain tumor diagnosis

occurring during childhood was inferred if the subject was

reported to be\18 years old at the time of NPRI partici-

pation. The NPRI questionnaire did not specifically ask

about specific brain tumor subtypes, however we were able

to determine OPG diagnoses for a subset of respondents.

For these individuals, we confirmed brain tumor presence

through medical records that were obtained or through a

write-in response that indicated a subtype on the NPRI

questionnaire to a question that asked about other

cancer/tumor diagnoses in the participant.

Asthma, allergy, and eczema history were each assessed

through the following question: ‘‘Has a doctor or other health

professional EVER told you that [the participant has/you

have] [asthma/allergies/eczema]?’’ In addition, for each of

these conditions, respondents were asked the age at which

they were told that they had or the minor participant had the

condition. Allergy types were further identified through the

following question: ‘‘[Has the participant/Have you] EVER

had allergic reactions (rash, itchy/watery eyes, itchiness,

congestion, diarrhea, vomiting or difficulty breathing) to any

of the following (please select all that apply)?’’ Respondents

could check boxes for animals (dogs, cats, rabbits, birds,

horses, etc.), eggs, dairy products, shellfish, wheat, peanuts

or peanut butter, other nuts, house dust, mold or mildew,

trees, grass, weeds, pollen, poison oak/ivy, stinging or biting

insects, soy, none, and other. If the respondent checked other,

they were given the option to specify another type of allergy

through a write-in response. Individuals were classified as

having food allergies if they indicated one of the food

allergies listed above through checking a box or through

foods that were specified through the write-in response,

otherwise they were classified as not having a food allergy.

We also created a variable to assess seasonal allergies and

general allergic rhinitis. If the participant checked any of the

boxes for pollen, trees, grass, weeds, or reported seasonal or

hay allergies through the write-in response then they were

classified as having seasonal allergies, otherwise they were

classified as not having seasonal allergies. Our allergic

rhinitis definition included seasonal allergies and reported

allergies to mold or mildew, house dust, and animals that

were indicated either through checkboxes or write-in

responses. If none of these allergy types were specified, the

participant was classified as not having allergic rhinitis.

MR subjects

Demographic and clinical information abstracted from

MRs was used to construct variables for sex, race/ethnicity

(White, Black, Asian, Hispanic, Unknown, Other), and

birth year category (\1969, 1969–1984, 1985–2001,

[2001). Clinical information on brain tumor history (sub-

type and age first detected), allergy history, other allergic

condition history (eczema, psoriasis, none), and asthma

history were abstracted to construct analytic variables as

described below. As for the NPRI, PBTs ascertained from

MRs were defined as those reported to be diagnosed at

\18 years of age. Individuals were classified as having any

allergy if there was a report of any allergy in their record

excluding medication allergies. Individuals were classified

as having seasonal allergies if the MR specifically docu-

mented ‘‘seasonal’’ allergies, ‘‘hay fever’’, or there was a

report of allergies to plants (e.g. plants, trees, ragweed,

grass, pollen). For allergic rhinitis, individuals were clas-

sified as having allergic rhinitis if the MR indicated that

they had any of the seasonal allergies noted above or if

there was a report of animal, dust, and/or mold allergies.

Individuals were categorized as having a food allergy,

eczema, and asthma if their MR indicated the presence of

any of these conditions. If an individual’s MR did not

contain any documentation of specific allergic conditions

as noted above, they were classified as not having the

condition.

Statistical analyses

We used Statistical Analysis Software (SAS) version 9.3

(SAS Institute, Cary, NC) to conduct all analyses. Multi-

variate logistic regression was used to calculate odds ratios

(ORs) and 95 % confidence intervals (CIs) for associations

between allergic conditions and PBTs after adjusting for

covariates. We also conducted subgroup analyses that

accounted for the temporal order of allergic condition and

PBT diagnoses to evaluate whether the data were consis-

tent with the hypothesis that allergic conditions protect

against PBT development. For these analyses, we first

identified PBT cases whose brain tumor diagnosis age was

reported to have occurred at a younger age than their

allergic condition diagnosis age. We then matched these

PBT cases to non-cases who had a reported birth year and

allergic condition diagnosis age within 3 years of age of

the PBT case ages for these variables using the gmatch

algorithm [26]. The matched sets of PBT cases and non-

cases were then excluded from the analytic dataset. Model

fit was assessed by the Hosmer and Lemeshow goodness-

of-fit test [27] using the lackfit option in SAS. Tests for

interaction were performed by including the cross product

of the allergic condition variable and the subgroup defining

variable (i.e. age group and household education level) in

logistic regression models to determine if there was evi-

dence that associations between allergic conditions and

PBTs were significantly different between subgroups. All
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statistical tests were two sided with results considered

statistically significant at p\ 0.05.

Results

A total of 1660 and 629 individuals with data obtained

from the NPRI and MRs, respectively, were included in

analyses. One hundred thirty-eight subjects were in both

datasets. The median reported PBT diagnosis age was

5 years for both NPRI and MR subjects. For the NPRI,

individuals with reported PBTs included a higher per-

centage of males than those without reported PBTs, while

for MR individuals there was higher percentage of females

among those with PBTs than non-cases. For both data

sources, a higher frequency of individuals with PBT

diagnoses than without PBT diagnoses had reported White

race with no marked difference in the distribution of His-

panic ethnicity by PBT diagnosis status. Cases were more

likely to be born in recent birth years than non-cases for

both data sources. For the NPRI, the distribution of highest

household education level and US residency was similar

between cases and non-cases. Finally, more NPRI PBT

cases had a reported NF specialist than non-cases

(Table 1).

In models adjusted for birth year category and sex, we

observed no significant associations between any reported

allergy (NPRI: OR 1.34, 95 % CI 0.99–1.83; MR: OR 0.82,

95 % CI 0.47–1.41), allergic rhinitis (NPRI: OR 1.05,

95 % CI 0.77–1.44; MR: OR 1.13, 95 % CI 0.61–2.09), or

seasonal allergies (NPRI: OR 1.11, 95 % CI 0.79–1.55;

MR: OR 1.03, 95 % CI 0.55–1.93) and PBTs. Similarly,

for food allergies and eczema, we did not find evidence to

support a protective effect with ORs of 1.25 (95 % CI

0.85–1.82) and 1.07 (95 % CI 0.77–1.50) respectively

based on NPRI data only where numbers were sufficient for

analysis. In support of our hypothesis, there were consistent

non-significant inverse associations between asthma his-

tory and PBTs with ORs of 0.80 (95 % CI 0.55–1.17) and

0.71 (95 % CI 0.40–1.28) for NPRI and MR subjects

respectively (Table 2). Of note, models were also run that

included race and US residency as covariates; however the

results were not materially different and therefore only

birth year category and sex were included in final models in

Table 2. We also examined whether associations varied by

household education level and age category (\20 vs.

C20 years) for the NPRI where data on education was

available and found no significant interactions (data not

shown).

Although numbers were small, additional analyses

indicated that the inverse association between asthma and

PBTs was stronger for OPGs specifically in both data

sources after adjusting for birth year category and sex

(NPRI: OR 0.64, 95 % CI 0.32–1.28, n = 10 and 60 PBT

cases with and without asthma, respectively; MR:

OR = 0.64, 95 % CI 0.33–1.25, n = 12 and 77 PBT cases

with and without asthma, respectively) (table not shown).

Because allergic conditions would only be expected to

protect against PBT development when present prior to its

development, we conducted subgroup analyses using NPRI

data for any allergy, asthma, and eczema where cases (and

matched non-cases) were excluded from the analysis if

their allergic condition diagnosis was reported to have

occurred at the same or at an older age than their PBT

diagnosis. For any allergy, asthma, and eczema, 51, 14, and

23 matched case and non-case sets were excluded,

respectively. All associations became inverse with ORs of

0.85 for any allergy (95 % CI 0.60–1.21), 0.81 for eczema

(95 % CI 0.56–1.19), and 0.57 for asthma (95 % CI

0.36–0.89) (Table 3). Of note, we did not conduct a similar

analysis for MR subjects, because the data on diagnoses

ages for allergic conditions was based on the record date

that the allergic condition was recorded with the age at

initial diagnosis often not recorded in the MR (Table 3).

We also conducted analyses stratified by age group (\18

vs. C18 years) at the time the questionnaire was last

updated for NPRI participants to address whether associ-

ations varied by age of the participants. The goal of these

analyses was to evaluate potential differences in associa-

tions by age group that could be due to differential

reporting of allergic condition and PBT diagnoses by either

parents/legal guardians of minor participants versus older

participants. There were no significant differences in

associations by age group with p values for interaction of

0.40, 0.89, and 0.46 for allergies, eczema, and asthma

respectively. However, we note that the association

between asthma and PBTs was stronger in the younger (OR

0.46, 95 % CI 0.26–0.79) than in the older (OR 0.83; 95 %

CI 0.39–1.77) age group (Table 3).

Discussion

There is intense interest in the role of the immune system

in cancer development and treatment. To our knowledge,

this is the first study in the NF1 population to evaluate a

potential role for allergic conditions in PBT etiology. The

strongest evidence in support of our hypothesis was the

observed inverse association between asthma and PBTs,

especially when only individuals whose asthma diagnosis

was reported to occur before their PBT diagnosis were

included in the analysis.

Although this is the first study on this topic in the NF1

population, there is substantial evidence that allergic con-

ditions protect against adult gliomas from previous reports

in general population samples. Three meta-analyses of
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allergic history and adult glioma demonstrate a *20–40 %

risk reduction in individuals with asthma, eczema, hay

fever or allergy histories [16–18]. In children, this question

has been less well investigated. One study reported a sig-

nificant inverse association between asthma and CNS

tumors (OR 0.75; 95 % CI 0.58–0.97) but not eczema (OR

0.94; 95 % CI 0.74–1.18), with the strongest association

for individuals who had both asthma and eczema (OR 0.48;

95 % CI 0.28–0.81). However, this study reported that the

effect was strongest for medulloblastoma/primitive neural

ectodermal tumors, which are tumors of non-glial origin

not typically found in children with NF1 [28]. Similarly,

another study found an inverse association between asthma

and PBTs, with a magnitude similar to that found in our

study (OR 0.55; 95 % CI 0.33–0.93). These authors

reported non-significant associations for eczema (OR 0.52;

95 % CI 0.71–1.57) and for both asthma and eczema (OR

0.76; 95 % CI 0.18–3.2) [29]. Finally, a recent study

reported no evidence for an association between ever

having asthma and all PBTs, including glioma. The authors

also examined current and past asthma diagnoses and

found no significant association with PBTs overall or

specific subtypes. However, this study involved children

with brain tumors that were diagnosed between the ages of

7–19 years, which may have a different etiology than those

with younger ages of onset included in the former studies

[30].

Although the mechanisms underlying a protective effect

of asthma on brain tumor development are not well

understood, one of the leading hypotheses for inverse

associations between atopic conditions and cancer is

enhanced immune surveillance in individuals with these

Table 1 Characteristics of individuals with NF1 ascertained from the NPRI and MRs by pediatric brain tumor diagnosis history

Characteristic NPRI (n = 1660) MR (n = 629)

PBT cases (n = 239)

N (%)

Non-cases (n = 1418)

N (%)

PBT cases (n = 113)

N (%)

Non-cases (n = 516)

N (%)

Sexa

Male 104 (43.5) 520 (36.7) 57 (50.4) 275 (53.3)

Female 135 (56.5) 898 (63.3) 56 (49.6) 241 (46.7)

Racea

White 211 (88.3) 1108 (78.0) 95 (85.6) 327 (64.0)

Black 0 (0.0) 82 (5.8) 5 (4.5) 122 (23.9)

Asian 1 (0.4) 70 (4.9) 1 (0.9) 4 (0.8)

Other/unknown 27 (11.3) 161 (11.3) 10 (9.0) 58 (11.4)

Ethnicitya

Hispanic 20 (8.5) 126 (9.0) 111 (98.2) 511 (99.0)

Non-Hispanic 216 (91.5) 1269 (91.0) 2 (1.8) 5 (1.0)

Birth yeara

\1969 6 (2.5) 422 (29.9) 2 (1.8) 93 (18.0)

1969–1984 19 (8.0) 384 (27.2) 4 (3.5) 95 (18.4)

1985–2001 89 (37.2) 293 (20.8) 51 (45.1) 152 (29.5)

[2001 125 (52.3) 313 (22.2) 56 (49.6) 176 (34.1)

Highest household education levela

B HS, HS/HS equivalent degree 54 (22.8) 363 (25.6) NR NR

Some college/no degree or a technical degree 94 (39.7) 578 (40.8) NR NR

C College degree 89 (37.6) 476 (33.6) NR NR

Residencya

US 187 (79.6) 1080 (77.3) NA NA

Non-US 48 (20.4) 318 (22.8) NA NA

Reported having an NF specialist

Yes 139 (58.2) 494 (34.8) NA NA

No 100 (41.8) 927(65.2) NA NA

NR not reported in medical records, HS high school, NA not applicable/available
a Missing data: sex (NPRI, n = 3), race (MR, n = 7), ethnicity (NPRI, n = 29), birth year (NPRI, n = 9), highest household education level

(n = 6), residency (NPRI, n = 27)
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conditions [20]. In this regard, the immune system in

individuals with allergic conditions is thought to recognize

and eliminate premalignant cells more effectively than the

immune system in individuals without these conditions.

Many investigators have focused on Immunoglobulin E

(IgE), an allergy biomarker, to evaluate evidence for a

protective role of allergic conditions in cancer develop-

ment; however, results from studies have been somewhat

mixed [31, 32]. This may partially be due to difficulties in

obtaining a pre-malignancy IgE measurement in cancer

cases, resulting in uncertainties about cause and effect

relationships. However, in one study that obtained samples

that were taken[20 years prior to the brain tumor diag-

nosis, an inverse association was reported [31]. Addition-

ally, evidence from Nf1 genetically-engineered mouse

studies has demonstrated that immune system-like cells

(microglia) are necessary for both optic glioma formation

and continued growth [33–36]. The relationship between

these brain microglia and those involved in atopic or

asthmatic conditions is unclear.

As with all observational studies, our study has strengths

and limitations. The major strengths of this study are its

size and the use of two different data sources to examine

associations between allergic conditions and PBTs. We

also note some limitations of our study. First, both the

NPRI and MR data were collected from non-population

based samples of individuals with NF1 raising the possi-

bility of selection bias. Obtaining, a large population-based

sample of individuals with NF1 to examine whether

allergic conditions are associated with PBT development is

not currently feasible in most countries, with the possible

exception of the Nordic countries that collect health

information through population-based registries. Therefore,

our results should be considered within the context of this

limitation and in need of further validation.

Second, since data on allergic condition and PBT

diagnoses are cross-sectional in nature, the temporal order

of their occurrence was difficult to discern for some indi-

viduals, particularly for MR subjects. We were able to

address this for the NPRI subjects in our analyses that

controlled for the temporal order of allergic condition and

PBT diagnoses, finding stronger evidence for a protective

effect on PBT risk for asthma when asthma was reported to

have been diagnosed prior to the PBT diagnosis.

Third, medical condition information was participant or

parent/legal guardian reported for the NPRI and to some

extent for MR subjects where patient medical history is

sometimes captured from the patient or their parent/legal

guardian rather than from physical examination or medical

tests. Of note, our previous studies suggest that NF1 [23] and

Table 2 Associations between allergic conditions and PBT diagnoses in individuals with NF1

NPRI (n = 1660) MR (n = 629)

PBT cases

N (%)

Non-cases

N (%)

ORa

(95 % CI)

PBT cases

N (%)

Non-cases

N (%)

ORa

(95 % CI)

Any allergyb

Yes 106 (45.7) 587 (43.0) 1.34 (0.99–1.83) 20 (17.7) 92 (17.8) 0.82 (0.47–1.41)

No 126 (54.3) 777 (57.0) Ref. 93 (82.3) 424 (82.2) Ref.

Allergic rhinitisb

Yes 78 (33.8) 553 (40.0) 1.05 (0.77–1.44) 16 (14.2) 56 (10.9) 1.13 (0.61–2.09)

No 153 (66.2) 831 (60.0) Ref. 97 (85.8) 460 (89.2) Ref.

Seasonal allergiesb

Yes 64 (27.7) 446 (32.2) 1.11 (0.79–1.55) 15 (13.3) 56 (10.9) 1.03 (0.55–1.93)

No 167 (72.3) 938 (67.8) Ref. 98 (86.7) 460 (89.2) Ref.

Food allergyb

Yes 45 (18.8) 236 (16.7) 1.25 (0.85–1.82) 2 (1.8) 23 (4.5) ND

No 194 (81.2) 1174 (83.3) Ref. 111 (98.2) 493 (95.5) ND

Eczemab

Yes 67 (29.5) 299 (22.7) 1.07 (0.77–1.50) 4 (3.6) 23 (4.5) ND

No 160 (70.5) 1020 (77.3) Ref. 109 (96.5) 493 (95.5) ND

Asthmab

Yes 41 (17.5) 323 (23.4) 0.80 (0.55–1.17) 17 (15.0) 101 (19.6) 0.71 (0.40–1.28)

No 194 (82.6) 1057 (76.6) Ref. 96 (85.0) 415 (80.4) Ref.

a Adjusted for sex (male vs. female) and birth year category (\1970, 1970–1984, 1985–2001,[2001)
b Individuals with missing data on any of the model variables were excluded as follows for NPRI: any allergy n = 64; allergic rhinitis n = 45;

seasonal allergies n = 45; food allergy n = 11; eczema n = 114; asthma n = 45
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PBT diagnoses are reported with good accuracy for NPRI

participants [13]. For allergic condition diagnoses, partici-

pant or parent/legal guardian reported data could result in

misclassification of subjects with respect to allergic condi-

tion diagnoses if conditions are not actually present in the

participant or they are present and not reported. Reporting

accuracy of childhood diagnoses may be a particular prob-

lem in adults whomay not recall correctly or be aware of past

medical diagnoses. The association between asthma and

PBTs was stronger in younger children, which may reflect

more accurate reporting of recent asthma diagnoses and age

of diagnosis by caregivers than in adults whose childhood

asthma diagnoses may have occurred years ago. For asthma,

where we found the strongest inverse associations, reporting

accuracy has been noted to have high validity in general for

prevalent asthma in one study that compared self-reported to

physician diagnosed asthma [37].

Finally, we note that the MRs were often unclear with

respect to allergy type and minor allergies may not have

been reported in the MRs that were ascertained for this

study. Under-reporting seems less likely to be an issue for

asthma where the condition is often serious. More accurate

reporting for asthma versus other allergic conditions may

explain why the prevalence of asthma that was calculated

from data captured from MRs and the NPRI questionnaire

was more similar between these sources than for other

allergic conditions.

In conclusion, we found evidence in support of our

hypothesis for a protective effect of asthma but not other

allergic conditions on PBT development in individuals

with NF1. Replication across additional NF1 study popu-

lations will be necessary before making any causal infer-

ences about the role of asthma in PBT development in

NF1. Should these results be replicated, further investiga-

tions should focus on the mechanistic underpinnings of this

association. This work could ultimately impact clinical risk

prediction models for children with NF1.
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