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Abstract

Background Birt-Hogg-Dubé (BHD) syndrome is associated with an increased risk of pneumothorax. This study aimed
to determine the prevalence of spontaneous pneumothorax among individuals diagnosed with BHD syndrome.

Method A comprehensive literature search was conducted across PubMed, EMBASE, Cochrane Controlled Register
of Trials (CENTRAL), and Web of Science databases up to March 10, 2024. Studies reporting on the prevalence of spon-
taneous pneumothorax in BHD syndrome patients were included. Eligibility assessment, data extraction, and quality
assessment were performed independently by two reviewers. Random-effects or fixed-effect models were conducted
to calculate pooled incidence rates, and subgroup analyses were performed to explore sources of heterogeneity. The
publication bias was assessed by funnel plot and Egger’s test.

Results Eighteen studies, conducted between 2009 and 2023, were included in the systematic review. The meta-
analysis revealed a pooled incidence rate of spontaneous pneumothorax in BHD syndrome patients at 0.61 (95% Cl
0.46; 0.76). Subgroup analyses based on region, study design, and diagnostic methods further elucidated variations

in incidence rates among different patient groups. Specifically, the Asian subgroup demonstrated a higher pooled
incidence rate of 0.71 (95% Cl 0.60; 0.81), while the Caucasian subgroup showed a lower pooled incidence rate of 0.43
(95% Cl 0.26; 0.60). The subgroup analysis by study design revealed a pooled incidence rate of 0.60 (95% Cl 0.45; 0.76)
for retrospective studies and 0.70 (95% Cl 0.42; 0.98) for the sole prospective study. Additionally, the subgroup analysis
by diagnostic methods showed pooled incidence rates of 0.64 (95% Cl 0.48; 0.81) for studies using FLCN mutation
testing and 0.51 (95% Cl 0.33; 0.70) for those using clinical criteria and imaging findings. Potential publication bias
was identified by Egger’s test (P<0.05).

Conclusion The study indicated a pooled prevalence rate of 61% for pneumothorax in BHD syndrome patients,

with subgroup analyses revealing higher rates among Asian individuals and in prospective studies. Further researches,
particularly large-sample prospective studies, are needed to address publication bias and improve the reliability

of prevalence estimates. PROSPERO: CRD42024567520.
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Introduction

Birt-Hogg-Dubé (BHD) syndrome is a rare autosomal
dominant genetic disorder, which was first described
in 1977 by Birt, Hogg, and Dubé [1]. BHD syndrome is
characterized by a spectrum of clinical manifestations
affecting multiple organ systems, including cutaneous
fibrofolliculomas, renal tumors, and an increased suscep-
tibility to spontaneous pneumothorax [2, 3]. The underly-
ing genetic defect responsible for BHD syndrome involves
mutations in the folliculin (FLCN) gene located on chro-
mosome 17p11.2 [4]. The primary diagnosis of BHD syn-
drome can be made using genetic testing, which detects
specific mutations in FLCN [5]. The diagnosis can also be
made based on clinical criteria including the presence of
fibrofolliculomas, multiple lung cysts, renal tumors, and a
relevant family history [2]. Among these manifestations of
BHD syndrome, the recurrent occurrence of spontaneous
pneumothorax is of particular concern due to its poten-
tial for life-threatening complications [6]. In Asian popu-
lations, 85-98% of patients with BHD syndrome exhibit
pulmonary cystic changes, and despite most being asymp-
tomatic, there is a significantly elevated risk of spontane-
ous pneumothorax, with 58—71% of these patients having
a history of this condition [7].

Spontaneous pneumothorax refers to the sudden accu-
mulation of air in the pleural cavity, the space between
the lung and the chest wall, without any traumatic injury
[8]. This condition can lead to lung collapse, resulting in
symptoms such as sudden chest pain, shortness of breath,
and difficulty breathing [9]. In severe cases, untreated
pneumothorax can lead to significant dyspnea, thoracic
pain, and decreased or absent breath sounds on auscul-
tation. BHD syndrome presents with bilateral, multi-
ple lung cysts that can rupture, leading to spontaneous
pneumothorax, and patients with BHD are at high risk
of recurrent pneumothorax [10]. Several studies have
indicated the association of pneumothorax and BHD
syndrome. Toro et al. conducted a study involving 198
patients with BHD syndrome, and revealed that pneu-
mothorax occurring in approximately 24% of individuals
[11]. Lee et al. reported a higher incidence of pneumo-
thorax among individuals with BHD syndrome [12]. Spe-
cifically, in their study involving 12 patients diagnosed
with BHD syndrome, 8 patients experienced pneumotho-
rax [12]. However, despite several studies reporting on
the incidence of pulmonary complications in individu-
als with BHD syndrome, the precise prevalence of these
complications remained unclear. To address this, con-
ducting a meta-analysis to calculate the pooled incidence
rate is important. By synthesizing findings across various
researches, meta-analysis enhanced the reliability and
generalizability of the results, facilitating evidence-based
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decision-making in clinical practice. Moreover, gaining
insights into the prevalence and clinical implications of
spontaneous pneumothorax in BHD syndrome patients
can help the development of targeted therapeutic inter-
ventions and preventive measures. Understanding how
pulmonary involvement manifests in this population can
guide clinicians in implementing personalized treatment
plans and optimizing patient outcomes.

Therefore, the objective of this study was to system-
atically review the existing literature and perform a
meta-analysis to analyze the prevalence of spontaneous
pneumothorax among patients diagnosed with BHD
syndrome.

Methods

This systematic review and meta-analysis adhered to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines to evaluate
prevalence of spontaneous pneumothorax in patients
with BHD syndrome [13]. A systematic review protocol
was developed and registered with International Pro-
spective Register of Systematic Reviews (PROSPERO:
CRD42024567520).

Search strategy

A comprehensive literature search was conducted across
four major databases from inception to March 10, 2024:
PubMed, EMBASE, Cochrane Controlled Register of Tri-
als (CENTRAL), and Web of Science, to identify studies
reporting on the prevalence of spontaneous pneumotho-
rax in patients with BHD syndrome. The search strategy
was designed to encompass a wide range of terms related
to BHD syndrome, and spontaneous pneumothorax, with
the aim of capturing relevant studies without imposing
restrictions on language or publication date. The detailed
search strategy employed for each database was provided
in Supplementary Table 1.

Inclusion and exclusion criteria

The inclusion and exclusion criteria were as follows. The
inclusion criteria included: (1) studies reporting patients
with BHD syndrome; (2) studies reporting the incidence
of spontaneous pneumothorax; (3) consecutive patients,
defined as those included in the study based on the order
in which they were diagnosed or presented. The exclusion
criteria were as follows: (1) reviews; (2) conference papers;
(3) case reports; (4) animal studies; (5) studies lacking
specific data on patients diagnosed with BHD syndrome.

Study selection
Two independent reviewers assessed the eligibility of
retrieved records by screening their titles and abstracts.
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Subsequently, they thoroughly evaluated the full texts
of potentially relevant studies. Any discrepancies were
resolved through discussion or by consulting a third
reviewer. The selection process was documented in a
PRISMA flow diagram.

Data extraction and quality assessment

Data extraction was performed by two independent
reviewers based on the characteristics of the included
studies. Each study was carefully reviewed to extract rel-
evant information, including study design, sample size,
patient demographics, diagnostic criteria for BHD syn-
drome, prevalence of spontaneous pneumothorax, pul-
monary manifestations, and any additional outcomes
of interest. The quality assessment of the included stud-
ies was conducted by two independent reviewers using
the Methodological Index for Non-Randomized Studies
(MINORS) score [14]. The MINORS score was a vali-
dated tool for assessing the methodological quality of
non-randomized studies. It evaluates various aspects
of study design, including the reporting of aims, patient
selection, comparability of study groups, data collection
methods, follow-up, and statistical analysis. Any discrep-
ancies were resolved through discussion or consultation
with a third reviewer.

Data analysis

All statistical analyses were conducted using Stata 12.0
software. The prevalence of spontaneous pneumothorax
in patients with BHD syndrome along with their corre-
sponding 95% confidence intervals (CI) were calculated.
The fixed-effects or random-effects models were adopted
depending on the observed heterogeneity among the
included studies. Heterogeneity was assessed using the
I? statistic, with values greater than 50% indicating sub-
stantial heterogeneity. For studies with low heteroge-
neity (I><50%), fixed-effects models were employed.
Conversely, for those with high heterogeneity (I>>50%),
random-effects models were utilized. Forest plots were
generated to visually represent the prevalence and 95%
CI of the included studies. Sensitivity analyses were per-
formed using a leave-one-out approach, in which each
study was individually removed from the meta-analysis
to assess its impact on the overall results. Subgroup anal-
yses were conducted to explore potential sources of het-
erogeneity and to examine the effects of various factors,
including region, study design (prospective vs. retrospec-
tive), and diagnostic method (FLCN mutation testing
vs. others) on the overall findings. Publication bias was
assessed visually through funnel plot inspection and sta-
tistically using Egger’s test [15]. In addition, to address
publication bias, the trim-and-fill method was employed
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to estimate the number of potentially missing studies and
adjust the effect size accordingly [16]. A significance level
of p<0.05 was considered statistically significant.

Results

Study selection

A comprehensive search across four databases includ-
ing PubMed, Embase, Cochrane, and Web of Science
was conducted, which resulted in the identification of
1518 records initially. After removing 479 duplicate
records, 1039 records remained for screening on title and
abstract. This screening stage excluded 596 records for
various reasons: meeting abstracts (n=242), review arti-
cles (n=218), case reports (n=94), meta-analysis (n=1),
and other irrelevant documents (n=41), leaving 443
articles that were retrieved for further review. Of these,
we excluded 421 reports for reasons including irrelevant
outcomes and irrelevant participants. This process left 22
reports for a detailed eligibility assessment on full-text,
with 3 records excluded due to unavailability of full text
and one record excluded for not reporting spontaneous
pneumothorax prevalence. Ultimately, 18 studies were
included in the review (Fig. 1) [6, 11, 12, 17-31].

Characteristics of included studies

This systematic review and meta-analysis included
18 studies, conducted between 2009 and 2023, which
explored the genetic and clinical features of BHD syn-
drome across various countries including Korea, Ger-
many, Japan, China, France, the Netherlands, and the
United States (Table 1) [6, 11, 12, 17-31]. The major-
ity of these studies were retrospective, apart from a
single prospective study conducted in Korea in 2023
[26]. Diagnoses in these studies were mainly confirmed
through FLCN mutation testing or a combination of
clinical and imaging diagnostic criteria being the stand-
ard methods used to identify BHD syndrome. The total
sample size across the studies varied, highlighting dif-
ferent scales of research with some studies involving as
few as six participants and others including up to 334
participants. The radiological pulmonary manifesta-
tions were consistently documented, with some studies
noting the progression in size and complexity of these
cysts over time, providing valuable insights into the dis-
ease progression over time. Lung cysts were universally
reported in BHD patients across all studies. The num-
ber and size of lung cysts varied significantly. Choi et al.
observed that over 80% of patients exhibited more than
40 lung cysts, with a maximum diameter of approxi-
mately 4.1 cm [26]. Yang et al. documented 2323 lung
cysts among 23 subjects, with sizes ranging from 4 to
110 mm [17]. Lung cyst morphology was diverse. Xu
et al. reported the presence of fusiform cysts in 82% of
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Fig. 1 PRISMA study selection flow diagram. PRISMA, preferred reporting items for systematic reviews and meta-analyses

patients, with a predominance near the mediastinum
[18]. Additionally, Lee et al. [12] noted that cysts were
predominantly found in the lower, peripheral, and sub-
pleural regions of the lungs. Cho et al. [25] observed
that the size of pulmonary cysts progressed over time
in longitudinal follow-up thoracic CT in patients
with BHD. Daccord et al. [32] found that 95% of BHD
patients had multiple pulmonary cysts on CT.

The quality of the included studies was assessed using
the MINORS score (Table 2). A total of 14 studies scored
14 out of a possible 16 for non-comparative study crite-
ria, reflecting a generally high level of methodological
soundness. All of the four comparative studies demon-
strated high methodological quality, which scored above
20. The quality assessment revealed a strong adherence
to several critical methodological standards across the
included studies.

Main results of the meta-analysis

As illustrated in Fig. 2, a total of 18 studies reported the
incidence of spontaneous pneumothorax in patients
with BHD syndrome [6, 11, 12, 17-31]. This compre-
hensive analysis incorporated data from multiple stud-
ies, showing significant heterogeneity among the results
(I>=98.0%, p<0.01). Due to this observed heterogeneity,
a random effects model was utilized to better account
for the variance among the different studies. This model
estimated a pooled incidence rate for spontaneous pneu-
mothorax at 0.61 (95% CI 0.46; 0.76), indicating a rela-
tively high incidence rate across the population studied.
The sensitivity analysis confirmed that the results of
the meta-analysis are stable and reliable (Supplemental
Fig. 1). The minor fluctuations in the incidence estimates
upon the exclusion of individual studies indicated that
the overall conclusions drawn from the meta-analysis are
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Table 2 MINORS score for quality assessment of the included studies
Study/year Methodological items Total
1 2 3 4 5 6 7 8 9 10 11 12
[26] 2 2 2 2 2 2 2 2 2 2 2 2 24
[19] 2 2 2 2 2 2 2 0 2 2 2 2 22
[34] 2 2 2 2 2 2 2 0 0 0 0 0 14
[23] 2 2 2 2 2 2 2 0 2 2 2 2 22
[12] 2 2 2 2 2 2 2 0 0 0 0 0 14
[20] 2 2 2 2 2 2 2 0 0 0 0 0 14
[21] 2 2 2 2 2 2 2 0 0 0 0 0 14
(171 2 2 2 2 2 2 2 0 0 0 0 0 14
[25] 2 2 2 2 2 2 2 0 0 0 0 0 14
[22] 2 2 2 2 2 2 2 0 0 0 0 0 14
[32] 2 2 2 2 2 2 2 0 0 0 0 0 14
[18] 2 2 2 2 2 2 2 0 0 0 0 0 14
[6] 2 2 2 2 2 2 2 0 2 2 2 2 22
[24] 2 2 2 2 2 2 2 0 0 0 0 0 14
[11] 2 2 2 2 2 2 2 0 0 0 0 0 14
[30] 2 2 2 2 2 2 2 0 0 0 0 0 14
[29] 2 2 2 2 2 2 2 0 0 0 0 0 14
[31] 2 2 2 2 2 2 2 0 0 0 0 0 14

The final score comprises the results of 8 items or 12 items in cases of comparative studies: 1 A clearly stated aim; 2 Inclusion of consecutive patients; 3 Prospective
collection of data; 4 Endpoints appropriate to the aim of the study; 5 Unbiased evaluation of the study endpoint; 6 Follow-up period appropriate to the aim of the
study; 7 Loss to follow-up less than 5%; 8 Prospective calculation of the study size; 9 An adequate control group; 10 Contemporary groups; 11 Baseline equivalence of

groups; 12 Adequate statistical analysis

robust against the potential bias of any single study (Sup-
plemental Fig. 1).

Subgroup analysis

The subgroup analysis of this meta-analysis investigated
the variations in the incidence of spontaneous pneumo-
thorax among patients with BHD syndrome based on
region, study design, and diagnostic methods.

The subgroup analysis by region divided studies into
two groups: Asian and Caucasian. This Asian subgroup
comprising 12 studies demonstrated a higher pooled
incidence rate of 0.71 (95% CI 0.60; 0.81), with high het-
erogeneity (I2=90.8%, Fig. 3) [6, 12, 17, 18, 20-23, 25, 26,
28, 29]. This suggests that Asian patients may be more
likely to develop or be diagnosed with spontaneous pneu-
mothorax. In contrast, the Caucasian subgroup pooled
six studies and showed a lower pooled incidence rate of
0.43 (95% CI 0.26; 0.60) with considerable heterogeneity
(I’=96.2%, Fig. 3) [11, 19, 24, 27, 30, 31]. The differences
between the Asian and Caucasian subgroups were statis-
tically significant (P<0.01).

The subgroup analysis differentiating findings from
retrospective and prospective studies provided the
impact of study methodologies on reported incidence
of spontaneous pneumothorax in patients with BHD

syndrome. Retrospective studies subgroup included 17
studies [12, 19-25, 27-31]. The pooled incidence rate
for retrospective studies was 0.60 (95% CI 0.45; 0.76),
reflecting significant variability and a high degree of
heterogeneity (I>=98.1%, Fig. 4). Choi et al. [26] con-
ducted the sole prospective study, which reported a
higher incidence rate of 0.70 (95% CI 0.42; 0.98) (Fig. 4).
The differences between the retrospective and prospec-
tive subgroups were statistically significant (P <0.01).

The subgroup analysis focusing on diagnostic meth-
ods specifically compared the incidence of spontane-
ous pneumothorax in patients with BHD syndrome
based on whether FLCN mutation testing was used or
other diagnostic criteria were applied. This subgroup
using FLCN mutation testing reported high heteroge-
neity (I>=96.8%, Fig. 5) [12, 17-24, 26, 28]. The pooled
incidence rate for this subgroup was 0.64 (95% CI 0.48;
0.81). Studies in subgroup that used clinical criteria and
imaging findings to diagnosis BHD syndrome showed
even higher heterogeneity (I=95.2%, Fig. 5). The
pooled incidence rate for this subgroup was 0.51 (95%
CI 0.33; 0.70) (Fig. 5) [6, 11, 25, 27, 29, 31]. The differ-
ences between the subgroups were also statistically sig-
nificant (P <0.01).
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Study
ID

Choi 2023
Steinlein 2023
Furuya 2012
Kunogi 2009

Lee 2019

Park 2022

Namba 2023
Yang 2022

Cho 2023

Liu 2017

Daccord 2020

Xu 2020

Wang 2023
Johannesma 2016
Toro 2006

Gupta 2016

Guo 2020
Houweling 2011
Overall (l-squared =98.0%, p = 0.000)

NOTE: Weights are from random effects analysis
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Fig. 2 Forest plot of the incidence of spontaneous pneumothorax in patients with BHD syndrome

Publication bias

The funnel plot displayed an asymmetric distribution
of dots around the pooled effect size, indicating poten-
tial publication bias (Fig. 6). Furthermore, Egger’s test
confirmed this bias with significant results (t=9.34,
p<0.001), underscoring the presence of publication bias
among the studies analyzed. The trimming procedure
was adopted to investigate the effect of potential outliers
or influential studies, which confirmed the robustness of
the effect size estimate as stable.

Discussion

This systematic review and meta-analysis included 18
studies to assess the prevalence of spontaneous pneu-
mothorax in patients with BHD syndrome. Employing a
random effects model to account for the observed het-
erogeneity across studies, this meta-analysis reported a
pooled prevalence rate of spontaneous pneumothorax at

0.61 (95% CI 0.46; 0.76). This finding emphasized the sig-
nificant clinical impact of BHD syndrome on pulmonary
health. The subgroup revealed that Asian patients display
a higher prevalence compared Caucasian patients. More-
over, prospective studies suggested higher prevalence
rates compared with retrospective studies. Furthermore,
studies utilizing FLCN mutation testing, a genetic marker
for BHD syndrome, reported more consistent and slightly
higher prevalence rates of pneumothorax compared to
those employing other diagnostic criteria.

This meta-analysis uncovered a significant varia-
tion in prevalence rates across studies. Namba et al.
[21] revealed that pneumothorax is prevalent in Asian
patients with BHD syndrome, reporting an incidence
rate of 94%. Houweling et al. [31] reported a high lifetime
risk of pneumothorax risk (24%) in FLCN mutation car-
riers with BHD syndrome, which emphasized the impor-
tance of early surveillance and management strategies
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Study
ID

Asian
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Fig. 3 Subgroup analysis of the incidence of spontaneous pneumothorax in patients with BHD syndrome by region

for BHD-associated conditions. Toro et al. [11] reported
an incidence rate of 24% pneumothorax in patients with
BHD syndrome, and indicated a significant association
between lung cysts and spontaneous pneumothorax.
Such variability underscored the necessity for sensitiv-
ity analysis to confirm the stability and reliability of our
meta-analysis findings. The sensitivity analysis reported
that excluded additional studies showed only minor vari-
ations in the pooled estimates, which highlighted the
overall robustness of our meta-analysis findings. The
asymmetric funnel plot and Egger’s test suggested poten-
tial publication bias in the included studies. To address
this, we employed the trim and fill method, a recognized
technique for evaluating and adjusting for publication

bias in meta-analyses [16]. This method further con-
firmed the robustness of the result.

The subgroup analysis indicated a notable difference
in prevalence between Asian individuals and Caucasian
individuals, with Asian individuals showing a higher
prevalence. These differences are likely influenced by
genetic and ethnic factors that affect the clinical manifes-
tations of the syndrome. Sattler et al. found that in Cauca-
sian patients with BHD syndrome, significant differences
in pneumothorax risk were observed based on age, sex,
and specific FLCN mutations, with the highest risks asso-
ciated with mutations ¢.1300G > C and c.250-2A > G[33].
Specific FLCN mutations found in Asian populations
might predispose these individuals to a higher risk of
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Fig. 4 Subgroup analysis of the incidence of spontaneous pneumothorax in patients with BHD syndrome by study design

developing pulmonary cysts and spontaneous pneumo-
thorax [34]. Currently, there are no studies comparing
the frequencies of the mutations identified in Asian and
Caucasian populations with BHD syndrome. Further
research is needed to conduct a comparative analysis of
these mutations across different ethnic groups to bet-
ter understand the potential genetic and epidemiologi-
cal differences. The observed regional differences in the
incidence of spontaneous pneumothorax have important
implications for clinical practice and patient manage-
ment, and clinicians should be aware of these disparities
and consider regional and ethnic factors when diagnosing

and treating BHD syndrome. Previous study identified
that the number of cysts located on the pleural surface,
along with cyst size, cyst number, and cyst volume, are
key factors associated with an increased risk of spontane-
ous pneumothorax in patients with BHD syndrome [11].
The subgroup analysis suggested that prospective studies
report higher prevalence rates than retrospective stud-
ies, which suggested potential methodological differences
that may influence the reported incidence of pneumo-
thorax risk in patients with BHD syndrome. Prospective
studies typically involve more rigorous data collection
protocols, including regular follow-up examinations and
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Fig. 5 Subgroup analysis of the incidence of spontaneous pneumothorax in patients with BHD syndrome by diagnostic method

standardized diagnostic criteria, which may enhance the
detection of pneumothorax cases compared to retrospec-
tive studies [26]. Additionally, prospective studies may
have longer study durations, allowing for a more com-
prehensive assessment of pneumothorax occurrence over
time. However, only one study included in the analysis
was prospective, highlighting the need for more prospec-
tive large-scale studies to validate and further elucidate
the prevalence rates of pneumothorax risk in patients
with BHD syndrome [26]. Previous studies have sug-
gested that BHD syndrome is caused by mutations in the
folliculin (FLCN) gene located on chromosome 17p11.2

[4, 35]. The FLCN gene encodes the folliculin protein,
which plays a role in cell signaling pathways and cellu-
lar metabolism regulation [36]. FLCN mutation testing
served as a genetic marker for BHD syndrome and ena-
bled more precise identification of affected individuals
[2]. Mutations in the FLCN gene cause functional loss
of the folliculin protein, and these mutations can occur
at various positions within the gene. Patients with FLCN
mutations in exons 9 and 12 had a higher frequency of
pneumothorax compared to patients with mutations in
other exons [11]. Studies using FLCN mutation testing
may thus capture a more homogeneous population with
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a higher likelihood of having BHD syndrome, leading to  Conclusion

more consistent and slightly higher prevalence rates of
pneumothorax. Furthermore, Wang et al. reported that
the deletion of exons 1-3 in FLCN was associated with
a significantly higher risk of pneumothorax compared to
those with point mutations, underscoring the complex
relationship between FLCN mutations and clinical out-
comes in BHD syndrome [6].

This study has several limitations to be addressed.
First, only one prospective study was included in this
study, and the lack of sufficient prospective data might
restrict the ability to draw firm conclusions about the
prevalence of spontaneous pneumothorax in patients
with BHD syndrome. More prospective cohort studies
should be conducted to provide high-quality evidence.
Second, the Egger’s test indicated the presence of publi-
cation bias, leading to an overestimation of the true effect
size. Further large-sample prospective studies should be
conducted to offer advantages in addressing publication
bias and improving the validity of research outcomes.
Additionally, several studies included in the analysis
originated from the same hospital, which could introduce
potential bias. Future research should include data from a
wider range of institutions to improve the generalizability
of the results.

In conclusion, this systematic review and meta-analysis
assessed the prevalence of spontaneous pneumotho-
rax in patients with BHD syndrome, revealing a pooled
prevalence rate at 61%. Subgroup analyses highlighted
higher prevalence rates of pneumothorax among Asian
individual and a tendency for prospective studies to
report higher rates. Furthermore, the presence of pub-
lication bias underscored the necessity for large-sample
prospective studies to enhance the reliability of the
results.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513023-025-03726-z.

[ Additional file1 }

Acknowledgements
None.

Author contributions

() Conception and design: Zhangyanan. (Il) Administrative support: chenjuan.
(1) Provision of study materials or patients: Zhangyanan and Liping. (IV) Col-
lection and assembly of data: zhangyanan and wangyuling and wangjinxia.
(V) Data analysis and interpretation: wangyuling and wangjinxia and Ivruonan.
(VI) Manuscript writing: All authors. (VII) Final approval of manuscript: All
authors.


https://doi.org/10.1186/s13023-025-03726-z
https://doi.org/10.1186/s13023-025-03726-z

Zhang et al. Orphanet Journal of Rare Diseases (2025) 20:218

Funding
National Natural Science Foundation of China (NSFC) (82060013).

Availability of data and materials
All data generated or analysed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
None.

Author details

'Department of Respiratory and Critical Care Medicine, General Hospital

of Ningxia Medical University, Yinchuan 750004, Ningxia, China. 2Ningxia
Medical University, Ningxia 750004, China. >Department of Key Laboratory

of Ningxia Stem Cell and Regenerative Medicine, Institute of Medical Sciences,
General Hospital of Ningxia Medical University, Yinchuan 750004, Ningxia,
China.

Received: 28 August 2024 Accepted: 7 April 2025
Published online: 07 May 2025

References

1. Birt AR, Hogg GR, Dubé WJ. Hereditary multiple fibrofolliculomas with
trichodiscomas and acrochordons. Arch Dermatol. 1977;113:1674-7.

2. Menko FH, van Steensel MA, Giraud S, Friis-Hansen L, Richard S, Ungari
S, et al. Birt-Hogg-Dube syndrome: diagnosis and management. Lancet
Oncol. 2009;10:1199-206.

3. Bruinsma FJ, Dowty JG, Win AK, Goddard LC, Agrawal P, Attina D, et al.
Update of penetrance estimates in Birt-Hogg-Dubé syndrome. J Med
Genet. 2023,60:317-26.

4. van de Beek |, Glykofridis IE, Oosterwijk JC, van den Akker PC, Diercks
GFH, Bolling MC, et al. PRDM10 directs FLCN expression in a novel
disorder overlapping with Birt-Hogg-Dubé syndrome and familial
lipomatosis. Hum Mol Genet. 2023;32:1223-35.

5. Maffé A, Toschi B, Circo G, Giachino D, Giglio S, Rizzo A, et al. Consti-
tutional FLCN mutations in patients with suspected Birt-Hogg-Dubé
syndrome ascertained for non-cutaneous manifestations. Clin Genet.
2011,;79:345-54.

6. WangV, Cai M, Jiang X, Lv G, Hu D, Zhang G, et al. Exons 1-3 dele-
tion in FLCN is associated with increased risk of pneumothorax in
Chinese patients with Birt-Hogg-Dube syndrome. Orphanet J Rare Dis.
2023;18:115.

7. Expert Consensus Group of the Expert Consensus on the D, Manage-
ment of Birt-Hogg-Dube S, China Alliance for the Rare Lung D, Chinese
Thoracic Society CMA, Southern China Rare Lung Disease Committee
of China Primary Health Care F. [Expert consensus on the diagnosis and
management of Birt-Hogg-Dube syndrome]. Zhonghua Jie He He Hu
Xi Za Zhi. 2023; 46:897-908.

8. Gilday C, Odunayo A, Hespel AM. Spontaneous pneumothorax: patho-
physiology, clinical presentation and diagnosis. Top Companion Anim
Med. 2021;45:100563.

9. Noppen M. Spontaneous pneumothorax: epidemiology, pathophysiol-
ogy and cause. Eur Respir Rev. 2010;19:217-9.

10. Daccord C, Good J-M, Morren M-A, Bonny O, Hohl D, Lazor R. Birt—
Hogg-Dubé syndrome. Eur Respir Rev. 2020;29(157):200042. https://
doi.org/10.1183/16000617.0042-2020.

11. Toro JR, Pautler SE, Stewart L, Glenn GM, Weinreich M, Toure O, et al.
Lung cysts, spontaneous pneumothorax, and genetic associations in

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 13 of 14

89 families with Birt-Hogg-Dubé syndrome. Am J Respir Crit Care Med.
2007;175:1044-53.

Lee JH, Jeon MJ, Song JS, Chae EJ, Choi JH, Kim GH, et al. Birt-Hogg-
Dubé syndrome in Korean: clinicoradiologic features and long term
follow-up. Korean J Intern Med. 2019;34:830-40.

Moher D, Liberati A, Tetzlaff J, Altman DG. Group P. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement.
BMJ. 2009;339:b2535.

Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J. Methodo-
logical index for non-randomized studies (minors): development and
validation of a new instrument. ANZ J Surg. 2003;73:712-6.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997;315:629-34.

Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based method of
testing and adjusting for publication bias in meta-analysis. Biometrics.
2000;56:455-63.

Yang J, Hu X, Li J, Zhang G, Ge Y, Wei W. Correlative analysis of lung CT
findings in patients with Birt-Hogg-Dubé syndrome and the occur-
rence of spontaneous pneumothorax: a preliminary study. BMC Med
Imaging. 2022;22:22.

XuW, Xu Z, LiuY, Zhan, Sui X, Feng R, et al. Characterization of CT
scans of patients with Birt-Hogg-Dubé syndrome compared with those
of Chinese patients with non-BHD diffuse cyst lung diseases. Orphanet
J Rare Dis. 2020;15:176.

Steinlein OK, Reithmair M, Syunyaeva Z, Sattler EC. Risk of pneumotho-
rax in Birt-Hogg-Dubé syndrome during pregnancy and birth. Front
Med. 2023. https://doi.org/10.3389/fmed.2023.1289948.

Park HJ, Kim YJ, Kim MJ, Kim HC. Epidemiology and clinical features of
Birt-Hogg-Dubé syndrome: a nationwide population-based study in
South Korea. PLoS ONE. 2022;17:€0269358.

Namba Y, Ebana H, Okamoto S, Kobayashi E, Kurihara M, Sekimoto

Y, et al. Clinical and genetic features of 334 Asian patients with Birt-
Hogg-Dube syndrome (BHDS) who presented with pulmonary cysts
with or without a history of pneumothorax, with special reference to
BHDS-associated pneumothorax. PLoS ONE. 2023;18:0289175.

LiuY, Xu Z, Feng R, Zhan Y, Wang J, Li G, et al. Clinical and genetic
characteristics of chinese patients with Birt-Hogg-Dubé syndrome.
Orphanet J Rare Dis. 2017;12:104.

Kunogi M, Kurihara M, lkegami TS, Kobayashi T, Shindo N, Kumasaka

T, et al. Clinical and genetic spectrum of Birt-Hogg-Dube syndrome
patients in whom pneumothorax and/or multiple lung cysts are the
presenting feature. J Med Genet. 2010;47:281-7.

Johannesma PC, van de Beek |, van der Wel JW, Paul MA, Houweling
AC, Jonker MA, et al. Risk of spontaneous pneumothorax due to air
travel and diving in patients with Birt-Hogg-Dube syndrome. Springer-
plus. 2016;5:1506.

Cho SM, Chae EJ, Choe J, Lee SM, Song JW, Do KH. Progression of
pulmonary cysts in Birt-Hogg-Dubé syndrome: longitudinal thoracic
computed tomography study with quantitative assessment. BMC Pulm
Med. 2023;23:181.

Choi YJ, Park CH, Park HJ, Shin JM, Kim TH, Lee K-A, Moon DH, Lee S, Lee
SE, Byun MK. Characteristic chest computed tomography findings for
Birt—-Hogg-Dube syndrome indicating requirement for genetic evalu-
ation. Diagnostics. 2023;13(2):198. https://doi.org/10.3390/diagnostic
$13020198.

Daccord C, Cottin V, Prevot G, Uzunhan Y, Mornex JF, Bonniaud P, et al.
Lung function in Birt-Hogg-Dube syndrome: a retrospective analysis of
96 patients. Orphanet J Rare Dis. 2020;15:120.

3 M, Tanaka R, Koga S, Yatabe Y, Gotoda H, Takagi S, et al. Pulmonary
cysts of Birt-Hogg-Dubé syndrome: a clinicopathologic and immuno-
histochemical study of 9 families. Am J Surg Pathol. 2012;36:589-600.
GuoT, Shen Q, Ouyang R, Song M, Zong D, Shi Z, et al. The clinical
characteristics of East Asian patients with Birt-Hogg-Dube syndrome.
Ann Transl Med. 2020;8:1436.

Gupta N, Kopras EJ, Henske EP, James LE, EI-Chemaly S, Veeraraghavan
S, et al. Spontaneous pneumothoraces in patients with Birt-Hogg-
Dubé syndrome. Ann Am Thorac Soc. 2017;14:706-13.

. Houweling AC, Gijezen LM, Jonker MA, van Doorn MB, Oldenburg RA,

van Spaendonck-Zwarts KY, et al. Renal cancer and pneumothorax risk


https://doi.org/10.1183/16000617.0042-2020
https://doi.org/10.1183/16000617.0042-2020
https://doi.org/10.3389/fmed.2023.1289948
https://doi.org/10.3390/diagnostics13020198
https://doi.org/10.3390/diagnostics13020198

Zhang et al. Orphanet Journal of Rare Diseases (2025) 20:218

32.

33.

34,

35.

36.

in Birt-Hogg-Dube syndrome; an analysis of 115 FLCN mutation carriers
from 35 BHD families. Br J Cancer. 2011;105:1912-9.

Daccord C, Cottin V, Prévot G, Uzunhan Y, Mornex JF, Bonniaud P, et al.
Lung function in Birt-Hogg-Dube syndrome: a retrospective analysis
of 96 patients. Orphanet J Rare Dis. 2020. https://doi.org/10.1186/
$13023-020-01402-y.

Sattler EC, Syunyaeva Z, Mansmann U, Steinlein OK. Genetic risk factors
for spontaneous pneumothorax in Birt-Hogg-Dubé syndrome. Chest.
2020;157:1199-206.

Furuya M, Nakatani Y. Birt-Hogg-Dube syndrome: clinicopathological
features of the lung. J Clin Pathol. 2013;66:178-86.

Schmidt LS, Linehan WM. FLCN: the causative gene for Birt-Hogg-Dubé
syndrome. Gene. 2018;640:28-42.

Clausen L, Stein A, Gronbaek-Thygesen M, Nygaard L, Soltoft CL, Nielsen
SV, et al. Folliculin variants linked to Birt-Hogg-Dube syndrome are
targeted for proteasomal degradation. PLoS Genet. 2020;16:21009187.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 14 of 14


https://doi.org/10.1186/s13023-020-01402-y
https://doi.org/10.1186/s13023-020-01402-y

	The prevalence of spontaneous pneumothorax in patients with BHD syndrome: a systematic review and meta-analysis
	Abstract 
	Background 
	Method 
	Results 
	Conclusion 

	Introduction
	Methods
	Search strategy
	Inclusion and exclusion criteria
	Study selection
	Data extraction and quality assessment
	Data analysis

	Results
	Study selection
	Characteristics of included studies
	Main results of the meta-analysis
	Subgroup analysis
	Publication bias

	Discussion
	Conclusion

	Acknowledgements
	References


