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Abstract
The Birt-Hogg-Dubé syndrome, a genodermatosis
characterized by benign tumors of the hair follicle, has
been associated with renal and colonic neoplasms and
spontaneous pneumothorax, but the risk of developing
these disorders is unknown. We identified risk factors for
renal tumors and spontaneous pneumothorax in 98
patients affected with the Birt-Hogg-Dubé syndrome, in
13 Birt-Hogg-Dubé haplotype carriers, and in 112
unaffected family members. Development of renal tumors
was strongly associated with the Birt-Hogg-Dubé
syndrome and age. The odds ratio for renal tumor in
BHD-affected family members adjusted for age was 6.9
(95% confidence interval, 1.5–31.6) and �9.0 for the
other risk factors considered. Chromophobe renal
carcinoma, an uncommon type of renal cancer, was the
predominant type of renal cancer found. Spontaneous
pneumothorax was also strongly associated with the Birt-
Hogg-Dubé syndrome and age. The odds ratio for
pneumothorax in BHD-affected individuals, adjusted for
age, was 50.3 (95% confidence interval, 6.4–392), and
about 32 times higher adjusting for the other risk
variables. Colon cancer and colon polyps were not related
to the Birt-Hogg-Dubé syndrome. The Birt-Hogg-Dubé
syndrome confers an increased risk for the development

of renal tumors and spontaneous pneumothorax. We
found no increase in risk for the development of colon
polyps or colon carcinomas.

Introduction
In 1977, Drs. Birt, Hogg, and Dubé described a family whose
members were affected with multiple, small, white or skin-
colored papules located on the face and neck (1). Skin papules
developed after age 30 and were frequently associated with
acrochordons (skin tags); the disorder seemed to be inherited as
an autosomal dominant trait. Pathological studies of these skin
lesions showed disorganization of hair follicle structure with
thin, elongated, anastomosing strands of epithelial cells extend-
ing from hair follicles, and increased numbers of dermal fibro-
blasts and mucin located adjacent to the epithelial strands.
These benign skin tumors, designated fibrofolliculomas (FFs),
were considered to be hamartomas (2).

Subsequently, other families with members affected with
multiple fibrofolliculomas were described and this genoderma-
tosis was named the BHD.3 BHD was reported to be associated
with renal tumors, spontaneous pneumothorax, colon polyps,
colon carcinomas, lipomas, parathyroid adenomas, and parotid
gland oncocytomas (3–12). It was not possible to determine
whether the health problems reported to be associated with
BHD represented chance occurrences, or whether BHD predis-
posed to a number of neoplastic and developmental disorders.
To define the spectrum of health problems associated with
BHD, we recruited patients with BHD from dermatologists
throughout the United States and Canada and determined the
frequency of associated health problems with particular empha-
sis on renal and colonic tumors and spontaneous pneumothorax.
If BHD predisposed to renal and colonic tumors and sponta-
neous pneumothorax, we would expect the risk of these health
problems to be increased in patients affected with BHD com-
pared with their unaffected siblings.

A precise way to define the risk of health problems asso-
ciated with an inherited disease is to compare the frequency of
health problems in all family members who possess the disease
gene (both clinically affected individuals and disease gene
carriers) to the frequency of these problems in family members
who do not carry the disease gene. We tested whether the
inheritance of BHD or the BHD haplotype predisposed to the
development of renal or colonic neoplasms or of spontaneous
pneumothorax by performing a cross-sectional study of BHD
families.

Materials and Methods
Patient Recruitment. We recruited members of families af-
fected with BHD by mailings to members of the American
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Academy of Dermatology. About 33,000 patient recruitment
letters were sent in three mailings over a 2-year period. We also
recruited members of the original family described by Birt,
Hogg, and Dubé (1). All of the BHD families were invited to
participate in the study regardless of the number of affected
individuals in the family or of the presence or absence of
associated health problems. Subjects were evaluated in consec-
utive order with one excluding factor. To avoid overestimating
the frequency of renal tumors in BHD, we excluded patients/
families referred because of renal tumors who were subse-
quently found to have BHD, and we also excluded three fam-
ilies with renal tumors and BHD previously seen at the National
Cancer Institute (4, 13). We evaluated BHD family members
over age 20. The protocol was approved by the Institutional
Review Boards of the National Cancer Institute and of the
University of Manitoba. All of the members of BHD families
who participated in this study gave written informed consent.
Patient Evaluation. Families affected with BHD were evalu-
ated at the Clinical Center, NIH, and also on field trips. Patients
were interviewed for a prior history of renal or colonic tumors
and spontaneous pneumothorax. Each patient had a detailed
examination (by M. T. or J. T.) of the skin including biopsies of
lesions suspected to be fibrofolliculomas.

To detect occult renal malignancies, family members who
came to the Clinical Center, NIH, were examined by renal
ultrasound and abdominal CT scans. To detect occult colonic
neoplasms, family members were examined by colonoscopy.
To detect parenchymal changes in the lung, family members
were examined by high resolution thoracic CT scans. Helical
CT was performed through the chest and abdomen using 5-mm
collimation. The kidneys were scanned before and after the
administration of �120 ml of Ioxilan 300 (Cook Imaging Corp.
Bloomington, IN). High-resolution (1-mm) sections were ob-
tained through the chest at 10-mm intervals. Renal ultrasound
was performed with 3–5-Mhz gray scale and color-Doppler
transducers with one of two units (Acuson Sequoia, Mountain
View, CA, or ATL HDI 8000; Bellevue, WA).
Definitions. We defined an individual as affected with BHD
when the individual showed �10 skin lesions clinically com-
patible with fibrofolliculomas and a minimum of 1 lesion
histologically confirmed as a fibrofolliculoma. The pathologi-
cal diagnosis of fibrofolliculomas required the finding of elon-
gated, anastomosing epithelial strands originating from a hair
follicle. We defined a family as affected with BHD when it had
one or more members affected with BHD.

We defined a BHD haplotype carrier as an individual
who possessed the BHD haplotype but did not possess fibro-
folliculomas (below).

Renal tumors were diagnosed on the basis of histological

examination of resected tumors or on the basis of CT scans and
renal ultrasound. Solid renal lesions �1 cm in diameter with
greater than 20 Hounsfield units enhancement were considered
renal tumors. Pneumothorax was documented by a review of
medical records, by an examination of chest X-rays, and by
reviewing the patient’s history.
Identification of BHD Haplotype Carriers. Because we
wished to determine the frequency of health problems in all of
the family members who possessed the BHD gene, we con-
structed haplotypes based on genotyping results to identify
individuals predicted to possess the BHD disease gene but who
lacked cutaneous signs of the disease (BHD haplotype carriers).
We have recently shown that the BHD gene is located at
chromosome 17p11.2 in a 4-cM region between the polymor-
phic DNA markers D17S1857 and D17S805 (14). Haplotypes
were constructed by examining the inheritance of polymorphic
DNA markers located in the BHD gene region to iden-
tify alleles that were consistently inherited with the disease
phenotype.
Statistical Analysis. Significant univariate associations with
renal tumors as the criterion variable were identified using the
�2 test of independence. Associations for renal cancer and
colon polyps were assessed with Fisher’s exact test. We report
Ps from likelihood ratio �2 statistics because these were iden-
tical to those obtained in logistic regression runs with renal
tumor and pneumothorax modeled, respectively, as criterion
variables. [Pearson �2 estimated values were in close agreement
with those provided by likelihood ratio criterion and provided
identical interpretations.] We report Ps between 0.05 and 0.10
as marginally significant and those �0.05 as significant. We
considered BHD as the primary exposure variable of interest,
and age, sex, smoking status, hypertension, BMI and screening
status (patients seen on field trips were not examined by CT) as
possible confounding risk variables. Variables associated with
the development of renal tumors and spontaneous pneumotho-
rax were identified by univariate and multivariate logistic re-
gression (15, 16).

Results
Patient Description. We studied 223 members of 33 Cauca-
sian BHD families (Fig. 1; Table 1). The number of individuals
studied per family ranged from 1 to 57. The number of indi-
viduals affected with BHD studied per family ranged from 1 to
15. We were able to determine BHD haplotypes in 182 (82%)
of 223 individuals (Table 1). In our study, there were 98 BHD
affected individuals, 13 BHD haplotype carriers, and 112 non-
affected individuals. The characteristics of members of the
study are in Table 2. The mean age of the BHD affected group

Fig. 1. Scheme of the study.
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was 50.8 years; the mean age of the BHD not-affected group
was 43.9 years. One hundred twenty-three family members
were seen at NIH and had abdominal and thoracic CT scans
(Fig. 1); 100 family members were seen on field trips and were
not examined by CT. The gross and histological characteristics
of the skin lesions characteristic of this disorder are shown in
Fig. 2, A and B.

Renal Tumors in BHD Families. There were 18 patients with
renal cancer in this series of 223 members of BHD families.
Fifteen cases of renal cancer occurred in individuals affected
with BHD, 1 case of renal cancer occurred in a BHD-haplotype
carrier, and 2 cases of renal cancer occurred in family members
not affected with BHD. Individuals with renal cancer were
found in 14 of the 33 BHD families. In 10 cases, family
members had a history of renal cancer; in 8 cases, renal cancer
was detected by screening procedures.
Univariate Analyses: Renal Tumors. Of the 223 subjects
investigated, 8.1% had renal tumors. We defined “affected with
BHD” by two different sets of criteria in the univariate analyses
(Table 3). In the first analysis, we considered both individuals
who were clinically affected with BHD and individuals who
carried the BHD haplotype as “affected.” By this criterion,
14.4% of those affected possessed renal tumors compared with
1.8% not affected (P � 0.0002). The odds of developing a renal
tumor was 9.3 times greater for persons affected with BHD. In
the second analysis, individuals who carried the BHD haplo-
type (carriers) were considered as not affected. By this crite-
rion, 15.3% of those affected possessed renal tumors compared
with 2.4% of those not affected (P � 0.0003). In this case, the
odds of contracting a renal tumor was 7.3 times as great for
those affected with BHD. In subsequent calculations, both

Table 1 Description of BHD families in the study

Family
IDa

No. of family
members

No. of affected
family members

No. of family
members with

haplotype
determined

BHD haplotype
carriers no. of

patients

Proband with
renal cancer

Renal cancer
no. of patients

Pneumothorax
no. of patients

Colon polyps
no. of patients

Colon cancer
no. of patients

172 57 15 57 4 1 5 1
174 29 9 31 2 Yes 3 0 3 1
175 1 1 0 0
176 1 1 0 1
182 2 2 0 0 1
183 1 1 Yes 1 1
184 2 1 1 0
185 1 1 Yes 1 1
188 2 2 0 0
193 2 2 0 0
198 4 1 0 0
200 7 3 6 1 1 2 1
201 8 5 7 0 0 0 1
202 20 7 20 3 3 0 2
207 1 1 0 0 1
208 3 1 0 0
209 2 2 0 0
210 9 5 9 2 0 3 1
211 1 1 0 0 1
213 2 1 1 0
215 1 1 0 0
216 7 5 7 0 2 2
217 1 1 1 1
224 1 1 0 0
226 1 1 0 0
228 20 9 20 1 2 3
230 17 4 17 Yes 1 2 1
231 2 2 0 1 1
232 11 5 8 0 0 3
233 1 1 0 0
234 2 2 0 2
235 3 3 0 1
236 1 1 0 1

Totals 223 98 182 13 4 18 26 15 3

a ID, identification number.

Table 2 Characteristics of family members affected and not affected
with BHD

Variable
BHD

Overall
Affected Not affected

Current age, yr 50.8 (14.1)a 43.9 (15.9) 47.3 (15.4)
Male 58 (52%)b 57 (51%) 115 (52%)
Female 53 (48%)b 55 (49%) 108 (48%)
Hypertension 25 (23%)b 18 (16%) 43 (20%)
Smokers (current or previous) 41 (37%)b 34 (31%) 75 (34%)
BMI 27.3 (4.9)c 26.9 (5.4) 27.1 (5.1)
Seen at NIH 73 (66%)b 50 (45%) 123 (55%)

a Mean (SD) in years.
b n (percentage).
c Mean (SD) in kg/m2.
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individuals who were clinically affected with BHD and BHD
haplotype carriers were considered together.

Age was associated with the development of renal tumors
(P � 0.0054): 11.9% of patients over 40 years of age developed
renal tumors compared with 2.3% younger patients (�41

years). The persons were 5.8 times more likely to develop renal
tumors than those in the younger age bracket.

Gender was marginally associated with the development
of renal tumors (P � 0.063), males being about twice as likely
as females to develop tumors. History of hypertension was also

Fig. 2. Clinical manifestations of BHD. A, appearance of forehead and nose of a 65-year-old man affected with BHD: numerous shiny, white papules, 2–3 mm in diameter,
on the nose and forehead. B, photomicrograph of a fibrofolliculoma from a 73-year-old man affected with BHD. The elongated, anastomosing epithelial strands and the
dense connective tissue stroma are visible. C, abdominal CT scan showing the location of a renal tumor in a 41-year-old man with BHD; the resected neoplasm was a
chromophobe renal carcinoma. D, photomicrograph of a renal chromophobe renal carcinoma from a patient with BHD; �200. E, thoracic CT showing appearance of lung
cysts in a patient with BHD. F, appearance of the pleural surface of the left lower lobe from a 46-year-old man with BHD and recurrent spontaneous pneumothorax.
Numerous purple blebs on the surface of the lung can be seen. The image was obtained by video-assisted thoracoscopy.
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related to the development of renal tumor (P � 0.046). Those
with a history of hypertension were about 3 times as likely to
develop renal tumors as those with no history.

In our study, there was no significant relationship between
BMI and renal tumor. Neither smoking status, nor screening
showed a significant relationship with renal tumor.
Multivariate Analyses: Renal tumors. We next performed
multivariate logistic regression analyses to determine whether
age, gender, smoking status, hypertension, BMI, and screening
status might act as confounding variables when BHD was
considered as the primary exposure variable (Table 4). When
BHD was adjusted for age, the OR for a person with BHD
developing a renal tumor was 6.9 times that for a person not
affected with BHD (P � 0.0025). Age was significantly related
to the exposure factor (BHD; P � 0.0001) and was also sig-
nificantly related to the criterion variable (renal tumor; P �
0.0054) although not a consequence of the exposure factor,
BHD. It is, therefore, a confounding risk variable (15, 16).

None of the other potential risk factors qualified as con-
founding variables. Gender, smoking status, hypertension, and
BMI were not related to the exposure variable, BHD. Screening
status, although related to BHD, was not significantly related to
the criterion variable, renal tumor. For each of these variables
taken individually, the odds of BHD-affected individuals for
developing renal tumors were about 9 times the odds of those
who were not affected (Table 4) and equivalent to the odds for
developing renal tumors without adjustment (Table 3).
Pathology of BHD Renal Tumors. We were able to evaluate
the pathology of renal tumors in 12 BHD-affected and 2 non-

affected individuals (Fig. 2, C and D). Renal tumors were
multiple in 8 of 12 BHD-affected patients and were multiple
and bilateral in 4 of 12 BHD-affected patients. Renal tumors in
BHD-affected family members were classified as chromophobe
renal carcinoma (seven patients), chromophobe-oncocytic tu-
mor (hybrid tumor, one patient), and clear-cell renal carcinoma
(four patients; Refs. 17, 18). Microscopic foci of oncocytosis
were seen in the kidneys of 5 of 12 BHD-affected patients. The
two nonaffected family members had single clear-cell renal
carcinomas. The median age for detection of renal tumors in
patients affected with BHD was 51 years.
Spontaneous Pneumothorax in BHD Families. There were
26 patients with spontaneous pneumothorax in this series of 223
members of BHD families. Twenty-one cases of pneumothorax
occurred in family members affected with BHD; 4 cases oc-
curred in BHD gene carriers; and 1 case of pneumothorax
occurred in a family member not affected with BHD. Because
of the small size of this individual’s family, we were unable to
determine whether this individual was a BHD gene carrier.
Cases of pneumothorax occurred in 13 of 33 BHD families.

In some individuals, pneumothorax occurred repeatedly
and pneumothorax affected both lungs (Fig. 2, E and F). Epi-
sodes of pneumothorax ceased after surgical intervention. At
the time of surgical repair for repeated spontaneous pneumo-
thorax, numerous blebs were seen on the pleural surface
(Fig. 2F).
Univariate Analyses: Spontaneous Pneumothorax. Of the
223 patients investigated, 11.7% had a history of spontaneous
pneumothorax (Table 5). To reiterate, we defined “affected
with BHD” by two different sets of criteria in the univariate
analyses. In the first analysis, we considered both individuals
who were clinically affected with BHD and individuals who
carried the BHD haplotype as affected. By this criterion, 22.5%
of those affected possessed pneumothorax compared with 0.9%
not affected (P � 0.0001). The odds of a person developing
pneumothorax was 32.3 times greater for persons affected with
BHD. In the second analysis, individuals who carried the BHD

Table 3 Renal tumor according to exposure (BHD) and other potential risk
variables (univariate analyses)

Variable n
Renal tumor

n (%)
OR

(95% CIa)
LR �

P

BHDb 223 18 (8.1)
Not affected with

BHD
112 2 (1.8) 1

Affected with BHD 111 16 (14.4) 9.3 (2.1–41.3) 0.0002
BHDc 223 18 (8.1)

Not affected with
BHD

125 3 (2.4) 1

Affected with BHD 98 15 (15.3) 7.3 (2.1–26.2) 0.0003
Aged 223 18 (8.1)

40 yr and younger 88 2 (2.3) 1
Over 40 yr old 135 16 (11.9) 5.8 (1.3–25.8) 0.0054

Sex 223 18 (8.1)
Female 108 5 (4.6) 1
Male 115 13 (11.3) 2.6 (0.9–7.6) 0.063

Smoker 221 18 (8.1)
No 146 10 (6.8) 1
Yese 75 8 (10.7) 1.6 (0.6–4.3) 0.33

History of hypertension 220 18 (8.2)
No 177 11 (6.2) 1
Yes 43 7 (16.3) 2.9 (1.1–8.1) 0.046

BMI 222 18 (8.1)
Low (�23.85) 66 3 (4.5) 1
High (�23.85) 156 15 (9.6) 2.2 (0.6–8.0) 0.18

Site 223 18 (8.1)
Seen on field trip 100 6 (6.0) 1
Screened for renal

tumors at NIH
123 12 (9.8) 1.7 (0.6–4.7) 0.30

a CI, confidence interval; LR, likelihood ratio.
b Carriers of BHD included as affected with BHD.
c Carriers of BHD not included as affected with BHD.
d Age at diagnosis for patients with renal tumors.
e Includes smokers and former smokers.

Table 4 Adjusted ORs for development of renal tumor with BHD syndrome
taken as the primary exposure variable adjusted for each potential confounding

variable (multivariate analysis)

BHD adjusted for each variable
Adjusted OR

(95% CI)c
LR �2

Pa

BHD Adjusted for age
Not affected with BHD 1
Affected with BHD 6.9 (1.5–31.6) 0.0025

BHD Adjusted for gender
Not affected with BHD 1
Affected with BHD 9.4 (2.1–42.1) 0.0002

BHD Adjusted for smoking status
Not affected with BHD 1
Affected with BHD 9.1 (2.0–40.5) 0.0003

BHD Adjusted for hypertension
Not affected with BHD 1
Affected with BHD 8.9 (2.0–39.9) 0.0004

BHD Adjusted for BMI
Not affected with BHD 1
Affected with BHD 9.1 (2.0–40.5) 0.0003

BHD Adjusted for site
Not affected with BHD 1
Affected with BHD 9.0 (2.0–40.5) 0.0004

a CI, confidence interval.
b LR, likelihood ratio probability associated with the contribution of BHD in the
logistic regression equation after adjusting for the variable indicated.
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haplotype (carriers) were considered as not affected. By this
criterion, 21.4% of those affected possessed renal tumors com-
pared with 4.0% not affected (P � 0.0001). In this case, the
odds of a person having pneumothorax was 6.5 times as great
for those affected with BHD.

Age was inversely associated with pneumothorax (P �
0023). Only 5.0% of the older patients (�40 years) had pneu-
mothorax compared with 17.6% of younger patients (�41
years). Hence, younger patients were about four times as likely
as older patients to have pneumothorax. (The OR is the inverse
of the OR of 0.25 reported in Table 4.)

The remaining variables in Table 4, gender, smoking sta-
tus, history of hypertension, BMI, and screening status, were
not related to pneumothorax.
Multivariate Analyses: Spontaneous Pneumothorax. When
BHD was adjusted for age, the odds that a person would have
pneumothorax was 50.3 times greater than for a person not
affected with BHD (Table 6). This finding is because a greater
proportion of young people had pneumothorax.

For all other variables (gender, smoking status, hyperten-
sion, BMI, and screening status) the adjusted odds were about
32 times as great for those with BHD as for those without
(Table 6). These values are comparable with those obtained by
the crude OR that was computed for the impact of BHD on
pneumothorax without adjusting for potential confounders (Ta-
ble 5).
Pulmonary Cysts in Patients with BHD. To determine
whether there were precursor lesions in the lungs that predis-
posed to spontaneous pneumothorax, members of BHD fami-
lies were examined by high-resolution thoracic CT scans. Pul-

monary cysts were frequently detected (83%) in affected
members of BHD families; pulmonary cysts were identified in
10% of unaffected control members of BHD families (P �
0.0001; Fig. 2E). Pulmonary cysts were typically well circum-
scribed and separate from each other. Each cyst was lined by a
smooth, definable wall that did not enhance. The majority of
cysts were basilar and subpleural, but small intraparenchymal
cysts were also seen.
Frequency, Risk, and Characteristics of Colonic Tumors in
Patients with BHD. Of the 223 family members in the study,
3 individuals of the 111 BHD-affected group had colon cancer,
whereas none of the 112 non-BHD-affected group had colon
cancer. This result was not statistically significant (P � 0.12,
by Fisher’s exact test). There were four deceased BHD family
members with colon carcinoma in whom we were unable to
determine BHD affection status.

With respect to colon polyps, 83 persons were examined
by colonoscopy. Of the 45 BHD-affected persons, 8 had colon
polyps (18%). Of the 38 non-BHD-affected family members, 7
had colon polyps (18%). These proportions were not statisti-
cally different (P � 1.00 by Fisher’s exact test).

Discussion
We studied patients affected with BHD to determine whether
they were predisposed to develop renal and colonic tumors
and/or spontaneous pneumothorax and, if so, to quantify the
degree of risk and to describe the characteristics of the associ-
ated health problems. In agreement with earlier reports, we
found that BHD predisposed to renal tumors and spontaneous
pneumothorax. The increased risk of renal cancer in individuals
who possessed the BHD gene did not appear to be attributable
to the presence of a confounding variable. Age was the only
variable that acted as a confounder in our study. It partially
accounted for the development of renal tumors. However, even
with age taken into account, the odds were still 6.9 times greater
for those with BHD to develop renal tumors than for those

Table 5 Pneumothorax according to exposure (BHD) and other potential risk
variables (univariate analyses)

Variable n
Pneumothorax

n (%)
OR (95% CI)a LR �

P

BHDb 223 26 (11.7)
Not affected with
BHD

112 1 (0.9) 1

Affected with BHD 111 25 (22.5) 32.3 (4.3–243) 0.0001
BHDc 223 26 (11.7)

Not affected with
BHD

125 5 (4.0) 1

Affected with BHD 98 21 (21.4) 6.5 (2.4–18.1) 0.0001
Aged 221 24 (10.9)

40-yr and Younger 102 18 (17.6) 1
Over 40 yr old 119 6 (5.0) 0.2 (0.1–0.6) 0.0023

Sex 223 26 (11.7)
Female 108 14 (13.0) 1
Male 115 12 (10.4) 0.8 (0.3–1.8) 0.56

Smoker 221 26 (11.7)
No 146 16 (11.0) 1
Yese 75 10 (13.3) 1.2 (0.5–2.9) 0.61

History of hypertension 220 26 (11.7)
No 177 20 (11.3) 1
Yes 43 6 (14.0) 1.3 (0.5–3.4) 0.63

BMI 222 26 (11.7)
Low (�23.85) 66 8 (11.5) 1
High (�23.85) 156 18 (12.1) 0.9 (0.4–2.3) 0.90

Site 223 26 (11.7)
Seen on field trip 100 9 (9.0) 1
Seen at NIH 123 17 (13.8) 1.6 (0.7–3.8) 0.26

a CI, confidence interval; LR, likelihood ratio.
b Carriers of BHD included as affected with BHD.
c Carriers of BHD not included as affected with BHD.
d Age at diagnosis for patients with pneumothorax.
e Includes smokers and former smokers.

Table 6 Adjusted ORs for development of pneumothorax with BHD taken as
the primary exposure variable adjusted for each potential confounding variable

(multivariate analysis)

BHD adjusted for each variable
Adjusted OR

(95% CI)a
LRb �2

P

BHD adjusted for age
Not affected with BHD 1
Affected with BHD 50.3 (6.4–392) 0.0001

BHD adjusted for gender
Not affected with BHD 1
Affected with BHD 32.6 (4.3–245) 0.0001

BHD adjusted for smoking status
Not affected with BHD 1
Affected with BHD 32.2 (4.3–242) 0.0001

BHD adjusted for hypertension
Not affected with BHD 1
Affected with BHD 32.7 (4.3–246) 0.0001

BHD adjusted for BMI
Not affected with BHD 1
Affected with BHD 32.2 (4.3–243) 0.0001

BHD adjusted for site
Not affected with BHD 1
Affected with BHD 32.1 (4.2–244) 0.0001

a CI, confidence interval.
b Likelihood ratio probability associated with the contribution of BHD in the
logistic regression equation after adjusting for the variable indicated.
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without BHD. Adjusting for each of the other variables had no
impact on the OR for developing renal tumors.

The biological characteristics of the renal tumors found in
BHD patients also provided support for the concept that BHD
conferred an inherited predisposition to develop renal tumors.
In patients with an inherited predisposition to develop renal
cancer, renal tumors are usually multiple and bilateral; numer-
ous microscopic renal tumor precursors may be observed within
the normal renal parenchyma (19–22). Individuals with a par-
ticular type of inherited susceptibility to renal cancer may all be
affected with an uncommon histological type of renal cancer
(21). Renal tumors in BHD patients were multiple in 8 of 12
patients and multiple and bilateral in 4 of 12 patients. Some
BHD patients with renal tumors had foci of oncocytosis (18).
Chromophobe renal carcinoma, an uncommon histological type
of renal cancer, was the predominant type of renal tumor found
in BHD patients (17). A comprehensive evaluation of the pa-
thology of the renal tumors found in BHD patients is in pro-
gress.4

Thoenes et al. (17) identified a histologically distinct form
of renal carcinoma that they designated “chromophobe.” They
found two morphological variants of this tumor. Characteristic
pathological features of chromophobe renal carcinomas were
the presence of cytoplasmic microvesicles and the expression of
cytokeratins but not of vimentin. Patients with chromophobe
renal carcinoma appeared to have a better prognosis than pa-
tients with clear-cell renal carcinoma.

Spontaneous pneumothorax was a prominent feature of
BHD. The strong association of spontaneous pneumothorax
with BHD suggests that the presence of spontaneous pneumo-
thorax in a member of a BHD family could be used as a
criterion for the diagnosis of BHD. Families have been de-
scribed with hereditary spontaneous pneumothorax as their
major health problem (23, 24). In some families, the predispo-
sition to pneumothorax was inherited as an autosomal dominant
trait. Germ-line mutations in the BHD gene may cause some
cases of inherited spontaneous pneumothorax.

Early reports from Germany suggested that BHD was
associated with a predisposition to colon neoplasms (7–9). This
putative association was named the Knickenberg-Hornstein
syndrome. In our series, we found that colonic neoplasms were
not associated with BHD.

In this study of health problems associated with an inher-
ited illness, we used unaffected family members as controls.
This study design has the advantage of producing a control
population closely matched to the test population in age, gen-
der, genetic background, and environmental exposure. With
this study design, comparisons can be drawn between family
members with and without the mutant gene. A disadvantage of
this test design is the possible presence of disease gene carriers
(susceptibles) in the control group (25). Disease gene carriers
who lack the diagnostic features of the inherited illness might
nevertheless have some manifestations of the disorder. Indeed,
we found obligate gene carriers (clinically unaffected parents of
affected children) with spontaneous pneumothorax. We also
found other “skin negative” family members with a history of
pneumothorax. To correct the problem associated with our
study design, we identified family members who inherited the
BHD haplotype (the chromosomal segment bearing the disease
gene) and, for risk determination, analyzed them together with
the BHD-affected group.

One limitation of the present study is that we were not able
to screen the entire population studied, and that fewer controls
were screened than affected. Of the 111 BHD affected individ-
uals, 71 (65%) were screened by abdominal CT scan; of the 112
unaffected control individuals, 50 (45%) were screened by
abdominal CT scan. The failure to screen the entire affected
population for renal tumors would lead to an underestimation of
risk. The failure to screen the entire unaffected control popu-
lation for renal tumors raises the possibility of overestimating
the risk. However, the frequency of renal tumors detected by
CT and ultrasound in our control group (0 of 50) are consistent
with the results of a study of 219,640 Japanese by abdominal
ultrasound examination. Renal carcinomas were detected by
abdominal ultrasound at a frequency of 1 (0.09%) of 1144
patients examined (26, 27). As noted above, whether patients
were screened by CT was not found to be a confounding
variable.

BHD needs to be considered in the differential diagnosis in
any patient with renal cancer, particularly in patients with
chromophobe renal carcinomas, and/or patients with multiple
or bilateral renal carcinomas. BHD also needs to be considered
in the differential diagnosis in any patient with spontaneous
pneumothorax, particularly when there is a family history of
pneumothorax. It is important to emphasize that in some pa-
tients, spontaneous pneumothorax and renal tumors occurred in
the absence of cutaneous manifestations of the syndrome. Al-
though in some patients affected with BHD, there were numer-
ous characteristic skin lesions, in other patients there were few
characteristic skin lesions, and the diagnosis was more difficult
to establish. Once the BHD gene is identified, it will be possible
to determine the role of germ-line BHD mutations in BHD and
in clinically overlapping disorders, and to determine the con-
tribution of somatic mutations in the BHD gene to the patho-
genesis of sporadic renal carcinomas.
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