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Abstract Background Neurofibromatosis type 1 (NF-1) is an autosomal dominant neurocuta-
neous disorder that increases the risk of developing benign and malignant tumors.
Several associated endocrine diseases in NF-1 patients have been explained in the
literature. Thus, this study aims to assess the endocrine manifestations as there no
previous local data have discussed this association.
Methods A retrospective cross-sectional study was conducted at KAMC and KASCH,
Riyadh, Saudi Arabia by including all patients genetically confirmedwith NF1 from 2004
until 2019 using a consecutive non-probability sampling technique. The included data
were demographics, consanguinity, genetic variant mutations as well as associated
endocrine diseases.
Results The prevalence of patients with associated endocrine diseases was estimated
to be 19.4%. Short stature showed the highest frequency of associated endocrine
diseases followed by subclinical hypothyroidism. Positive consanguinity, sporadic
mutation, and pathogenic variant showed high frequencies.
Conclusion The coexistence of endocrine diseases was found in NF-1 patients.
Therefore, screening for endocrine abnormality in patients with NF-1 by comprehen-
sive history and physical exam as well as investigations to minimize complications and
the late presentation should be considered; however, further studies are necessary to
address the need.
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Introduction

Neurofibromatosis type 1 (NF-1), was first described by Von
Recklinghausen in 1882,1–3 is a common neurocutaneous
disorder that increases the risk of developing benign and
malignant tumors in patients with NF-1.1 It is considered to
be an autosomal dominant caused by a mutation in the NF1
gene located in 17q11.2with half of the cases are familial and
the other half are sporadicmutations.4 The prevalence of NF1
has been estimated to be �1/3500 in the USA and the United
Kingdom.5 The clinical manifestations include cafe au lait
spots; cutaneous, subcutaneous, and plexiform neurofibro-
mas; axillary and/or inguinal freckling; Lisch nodules; intra-
cranial gliomas; malignant peripheral nerve sheath tumors;
vascular and bone dysplasia.6 Endocrine diseases and neo-
plasia also occur in patients with NF-1, which may include
phaeochromocytomas/paragangliomas (PPGLs), primary hy-
perparathyroidism (PHPT), gastroenteropancreatic neuro-
endocrine tumors, thyroid, and other adrenal tumors.2

Growth hormone deficiency and short stature are com-
mon in children with NF-1, but with unknown incidence.3

Central precocious puberty represents the most common
endocrine disorder associated with NF-1 during childhood
with a prevalence of 3%, compared with 0.6% in the general
population.7 Primary hyperparathyroidism (PHPT) has been
rarely reported as isolated cases and the majority is due to
the presence of solitary parathyroid adenoma.8 The preva-
lence of phaeochromocytomas/paragangliomas (PHAEO/PG)
in patients with NF-1 is �1 to 5.7%.8

The purpose of this study was to identify the endocrine
manifestations in patientswith NF-1 as there are no previous
local data that have discussed this association in the litera-
ture. In addition, this study will help to consider implement-
ing a screening evaluation of endocrine dysfunction in NF-1
patients, thus minimizing complications and late
presentations.

Materials and Methods

This study was a retrospective cross-sectional study con-
ducted at King Abdulaziz Medical City (KAMC) and King
Abdullah Specialized Children’s hospital, Riyadh, Saudi Ara-
bia, by including all patients diagnosed with NF1 from 2004
until 2019 to identify associated endocrine diseases. The
studywas approved by the ethical Institutional ReviewBoard
(IRB) committee at King Abdullah International Medical
Research Center (KAIMRC) under a protocol (RC19/306/R).
Data were retrospectively collected by reviewing the elec-
tronic medical records from the BestCare system and the
Molecular Pathology and Genetics database. It included
patients’demographic data that were generated frompatient
history and physical examination records. Data included age,
gender, consanguinity, mode of mutations, genetics variants
as well as associated endocrine diseases. All patients’ geno-
mic DNA samples were tested for the full NF1 gene using
bidirectional Sanger sequencing and mutations were identi-
fied using CLC Genomics Workbench v8.0 (CLC bio, Aarhus,
Denmark), and the mutations were checked against the

updated public database (dSNPs; http://www.ncbi.nih.gov)
and the Catalogue of Somatic Mutation in Cancer (COSMIC,
https://cancer.sanger.ac.uk). Mutations pathogenicity (dis-
ease-causing) were detected using various bioinformatics
methods, such as “Mutation Taster” (http://www.muta-
tiontaster.org). A consecutive non-probability sampling
technique was used. Data entry was performed using the
Excel program and was statistically analyzed using the
Statistical Package for the Social Sciences [SPSS], Version
20.0 (IBM Corporation, Armonk, NY, USA). Descriptive statis-
tics were presented as frequency and percentage for categor-
ical variables (gender, presence of consanguinity, mode of
mutations, genetics variants classifications). Mean� stan-
dard deviation will be used for numerical variables (age).
This studywas approved by the Institutional Review Board in
KAIMRC.

Results

The study included 62 patients (►Tables 1 and 2) who were
genetically confirmed with NF1. There were 32 (51.61%)
male patients and 30 (48.39%) female patients. Generally,
the mean age in years was 16.36�14.46, and the interquar-
tile range (IQR) was 12 with the majority of cases (69.35%)
below the mean age. In males, the mean age in years was
15.73�12.91, with an IQR of 11.75, whereas the mean age in
years and IQR were 16.94�15.66 and 13.25 in females,
respectively. Among NF-1 cases, 12 cases had endocrine
associated disorders. Positive consanguinity was found in
31 cases (50%), and sporadic mutation was found in 28 cases
(45.16%), whereas familial mutation was found in 30 cases
(48.39%). The pathogenic variant of gene classification car-
ried the highest rate with 66.13%. The prevalence of patients
with associated endocrine diseases (►Table 1) was estimated
to be 19.4%. Short stature showed the highest frequency of
associated endocrine diseases in five cases (8.06%), followed
by subclinical hypothyroidism, which was presented in four
cases (6.45%), and one case (1.61%) for each of the following
endocrine associated disorders namely thyroid nodule, pre-
cocious puberty, and MEN-II.

The mean age of patients with the associated endocrine
disease was 20.28�20.67 years (►Table 1). Among those
patients, males outnumbered females with a ratio of 4:1.
Positive consanguinity (58.30%) outnumbered negative con-
sanguinity (41.70%), and sporadic mutation (58.30%) out-
numbered familial mutation (41.70%) as well. Among the
seven cases who had a history of consanguinity, five cases
(41.70%) had their mode of mutation sporadic compared
with two cases (16.67%) who had a familial mode of muta-
tion. The pathogenic variant of gene classification carried the
highest rate among cases with endocrine disorders with
66.67%.

Discussion

The concomitant occurrence of endocrine diseases in
patients with NF-1 has been explained in many previous
studies.1–3,7However, there is an unknownprevalence in the
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literature that describes this association. This study aims to
identify the prevalence of associated endocrine diseases in
all ages and both genders with genetically confirmed NF-1
patients, which was found to be 19.4% with a mean age of
20.28�20.67 years. This high stander deviation describes
late presentations of some NF-1 patients with associated
endocrine abnormalities. Endocrine diseases that have been
discovered in our study were short stature, followed by
subclinical hypothyroidism, thyroid nodules, precocious pu-
berty, and one case of concurrent multinodular goiter,
bilateral pheochromocytoma, and primary hyperparathy-
roidism due to parathyroid adenoma. Short stature was
found in five patients (8.06%) who were all males with a
mean age of 13.4�3.1 years. Positive consanguinity was
found in two patients of those patients with short stature;
one had familial and the other had a sporadic mutation.
However, one out of the remaining three patients who had a
negative history of consanguinity was found to have a
sporadic mutation. Patients in this study with short stature

mainly carried the pathogenic variants. In previous studies,
children with NF-1 tend to be shorter than unaffected
individuals with two standard deviations or more below
the reference population mean in 13% and below the third
percentile in 15%.9 Subclinical hypothyroidism was discov-
ered in four cases (6.45%), three of whichweremales and one
female in this study with a mean age of 9.1�5.8 years.
Positive consanguinity was found in three patients who also
showed sporadic NF-1mutations. Moreover, one patient was
found to have negative consanguinity history with a familial
mutation. Pathogenic and variant of uncertain significance
was equally found in two patients of affected individuals
with subclinical hypothyroidism. Previous reports have
addressed the association of NF-1 with autoimmune thy-
roiditis, thyroid nodules, and neuroendocrine tumors.10–13

The prevalence of subclinical hypothyroidism in children
was estimated to be less than 2%.14 In Serhat Güler study, a
case of a 10-year-old girlwith coexistingNF-1 and subclinical
hypothyroidism was reported.10 They reported a 1.2% prev-
alence of subclinical hypothyroidism.10 However, we have
found four cases of subclinical hypothyroidism that corre-
sponded to 6.45% of our cases. It is yet unclear whether the
association of NF-1 with subclinical hypothyroidism is cer-
tain or coincidental. Nevertheless, the rarity of both con-
ditions and the relatively higher prevalence of subclinical
hypothyroidism in such a Saudi cohort would warrant fur-
ther research and investigations. Bilateral benign follicular
thyroid nodules, one nodule in each lobe, were discovered in
a 52-year-old womanwho had a sporadic NF-1mutation and
carried the pathogenic variant. In a previous Saudi study, the
incidence of thyroid nodules and malignancies increased
with age reaching its peak within the fifth decade.15 Al-
though this might fall against the certainty of associated
thyroid nodules in NF1, there is a higher probability of
nodules and malignancies to occur among NF1 patients.7,15

Table 1 Demographical data of NF-1 patients (n¼ 62)

Characteristic Frequency Percentage

Mean of age (y) 16.36� 14.46

Gender Male 32 51.61

Female 30 48.39

Consanguinity Positive 31 50

Negative 31 50

Mode of
mutation

Sporadic 28 45.16

Familial 30 48.39

Unknown 4 6.45

Presence of
consanguinity

Sporadic 18 29.03

Familial 13 20.97

Absence of
consanguinity

Sporadic 10 16.13

Familial 17 27.42

NF 1 mutation Pathogenic
Variant

41 66.13

Likely
pathogenic

13 20.97

Variants of
uncertain
significance

8 12.90

Endocrine disorder 12 19.35

Short stature 5 8.06

Subclinical hypothyroidism 4 6.45

Thyroid nodules 1 1.61

Precocious puberty 1 1.61

Variant of MEN II: Concurrent
of bilateral
pheochromocytoma, primary
hyperparathyroidism due to
parathyroid adenoma, and
multinodular goiter

1 1.61

Table 2 Characteristics of patients with associated endocrine
diseases (n¼ 12)

Characteristic Frequency Percentage

Mean of age (y) 20.28�20.67

Gender: male to female ratio 4:1 75:25

Consanguinity Positive 7 58.30

Negative 5 41.70

Mode of mutation Sporadic 7 58.30

Familial 5 41.70

Sporadic and consanguineous 5 41.70

Familial and consanguineous 2 16.67

NF-1 mutation Pathogenic
variant

8 66.67

Likely
pathogenic

2 16.67

Variants of
uncertain
significance

2 16.67
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Thyroid morphology and function studied in 17 patients
with NF-1 showed nodular goiter in 10 patients, and after
those 10 patients have undergone thyroidectomy, thyroid
cancer was found in 2 cases (11.76%), indicating that thyroid
disease may be underestimated in the context of NF-1.1,11

Although thyroid cancer is rarely reported in the literature, it
might be detected incidentally in patients by ultrasonogra-
phy especially when it is a small nodule, as the case reported
by Bu Kyung Kim, which promotes the need for screening in
NF-1 patients.16,17

Precocious puberty was noticed in a 15-year-old boy who
also had optic chiasm glioma andwas diagnosed at the age of
6 years old. He had positive consanguinity history with
sporadic mutation and pathogenic variant. Precocious pu-
berty is a common complication of NF-1 with a higher
incidence compared with the general population and it
happens mainly due to the optic pathway tumors.17 Howev-
er, precocious puberty could be found in NF-1 patients with
normal optic pathways but with the same frequency as in the
normal population.17 Because precocious puberty is consid-
ered a frequent presentation in NF-1 patients, evaluating
children growth and sexual development on a regular basis is
one of the well-established health supervision guidelines for
NF-1 children from the American Academy of Pediatrics.18

The last case that has been found in this study was a 73-
year-old womanwho had a positive history of consanguinity
with familial mutation of NF-1 and pathogenic variant. She
presented with concurrent bilateral pheochromocytoma,
multinodular goiter, and primary hyperparathyroidism
(PHPT) due to parathyroid adenoma. Recent studies have
reported that phaeochromocytomas/paragangliomas (-
PHAEO/PG) in NF-1 patients have a higher prevalence rate,
especially when screening asymptomatic and normotensive
NF-1 patients prospectively that suggested an underestima-
tion of true prevalence.19,20 The Mayo clinic group recom-
mended having biochemical testing for PHAEO/PG every
3 years starting at age 10 to 14 years as well as prior to
any surgical procedure and conception to prevent an unde-
sirable adverse event.2 Although the association between
PHPT and NF-1 is rare and remains unknown, it has been
reported.21 Since the 1970s, there have been �20 cases of
PHPT in NF-1 reported in the literature.2 In Zöller’s study,
therewas onlyone case of parathyroid adenoma in a 71-year-
old woman.22 Interestingly, the coexistence of pheochromo-
cytoma and PHPT has been reported in a few cases as in
Altinova, and AL-Wahhabi studies of a 37-year-oldman and a
65-year-old man with bilateral pheochromocytoma and
PHPT due to parathyroid adenoma, respectively.23,24 It has
been implied that the association between PHPT and
PHAEO/PG could be a variant of MEN2.24,25 However more
studies are required to determine the actual link between
NF-1 and MEN2.

Conclusion

In conclusion, this study showed that short stature and
precocious puberty are important manifestations in NF-1
patients that are affecting 8.06% and 1.61%, respectively.

Hence, supporting the adherence to guidelines that have
already been implemented by the American Academy of
Pediatrics. Although subclinical hypothyroidism associated
with NF-1 was rarely mentioned in the literature, it was
noted in 6.45% of NF1 cases in this study, which promotes the
screening of thyroid function tests to manage patients early
and accordingly. Further studies arewarranted to address the
need for screening thyroid nodules in NF-1 by ultrasonogra-
phy as they have an increased risk of cancer. The coexistence
of PHPT and PHAEO/PGwould expand the range of endocrine
abnormalities in NF-1 patients. However, given the concur-
rencebetween endocrine abnormality andNF-1 in this study,
detailed clinical analysis together with endocrine laboratory
and imaging screening for patients with NF-1 should be
considered to provide early diagnosis and management
and avoid complications.

Limitations

The limitations of this study were the retrospective chart
reviewmethod as themain source for data collection and the
relatively small sample size. Therefore, further prospective
studies with a larger sample size and involvement of other
national tertiary hospitals are recommended.
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