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Diagnostic value of fundus examination in familial

adenomatous polyposis

Anne Tiret, Magali Taiel-Sartral, Emmanuel Tiret, Laurent Laroche

Abstract

Background—Multiple, bilateral lesions
of congenital hypertrophy of the retinal
pigment epithelium (CHRPE) have been
described in patients suffering from fa-
milial adenomatous polyposis (FAP) since
1980. This study aimed to determine a
reliable diagnostic criterion, based on the
size and number of retinal CHRPE le-
sions, allowing the screening of patient
carriers of the gene responsible for FAP.
Methods—32 control subjects and 144
patients belonging to 85 FAP families were
studied, divided into 124 carriers of the
genetic alteration and 20 non-carriers.
Results—In carriers of the deleted gene,
multiple, bilateral retinal lesions were
consistently observed. Lesion situation,
size, shape, and degree of pigmentation
were variable however. A positive crite-
rion for FAP was defined as the presence
of at least four lesions whatever their size,
or at least two lesions one of which is
large. This criterion showed a high sensi-
tivity (0.68) and a maximal specificity (1).
Within each family, the retinal phenotypic
expression was homogeneous. CHRPE
lesions were observed in two thirds of the
FAP families and absent from the remain-
ing third.

Conclusion—By using this new positive
diagnostic criterion, fundus examination
allows early detection of those children
carrying the gene responsible for FAP in
families positive at ocular examination.
(Br ¥ Ophthalmol 1997;81:755-758)

Familial adenomatous polyposis (FAP) is an
autosomal dominant disease, the diagnosis of
which is made on the presence of more than
100 adenomatous polyps in the colon and rec-
tum. These adenomata generally appear at
puberty and their malignant change is un-
avoidable without prophylactic total colec-
tomy. The gene responsible for FAP, called the
adenomatous polyposis coli (APC) gene, was
localised to the long arm of chromosome 5
(5921-g22) in 1987 and cloned in 1991." > The
development of extracolonic manifestations in
FAP has, since 1953, been termed Gardner’s
syndrome.’ * In spite of unexplained variation
of the expression of these extracolonic lesions,
no study has shown genetic heterogeneity
between the different clinical forms, which are
now considered phenotypic variations of the
same disease.”” These extracolonic manifesta-
tions are proliferations of different tissues, and

frequently include duodenal tumours and
desmoid tumours.®

Since 1980, the existence of multiple,
bilateral lesions of congenital hypertrophy of
the retinal pigment epithelium (CHRPE) has
been reported in patients affected by FAP.”"
These retinal lesions, notable for their fre-
quency, are asymptomatic and have no malig-
nant potential. Their number, shape, size, situ-
ation, and pigmentation are variable, but
multiple lesions are a constant finding. Their
ophthalmoscopic characteristics are identical
to the isolated lesions of CHRPE observed in
the general population.’*™ The aim of this
study was to define reliable positive criteria on
examination of the fundus with optimal
sensitivity and specificity.

Methods

PATIENTS

Between 1990 and 1993, 144 patients belong-
ing to 85 FAP families were examined by the
same ophthalmologist (AT). An FAP family
was defined by at least one single affected
member. The status of each patient was estab-
lished by clinical examination, colonoscopy,
and molecular analysis of the APC gene.
Among the 144 patients, 124 were affected and
20 unaffected by FAP.

As a control group, 32 subjects, who did not
belong to a FAP family, received a fundus
examination; 30 of these had a hereditary non-
polyposis colorectal cancer (the HNPCC
syndrome), one had a Peutz—Jeghers syn-
drome, and one had a hyperplastic polyposis.

At the time of examination, the ophthal-
mologist was not informed of the status of
affected or non-affected patients, or control
subjects.

OPHTHALMIC EXAMINATION
The ophthalmic examination was performed
with a Goldmann lens after maximal dilatation
of the pupil in all the adults and children more
than 8 years old. In younger children, the fun-
dus was examined with a Schepens binocular
ophthalmoscope or Volk lenses. For each eye
examined, a diagram was produced specifying
the number, size, situation, shape, and degree
of pigmentation of the CHRPE lesions. Size of
the lesion was defined as small or large,
depending on whether its surface was greater
or less than a quarter of the surface of the optic
disc (diameter of the optic disc measuring
1500 pm). The situation was specified at the
posterior pole when the lesion was within the
temporal arcades or in the periphery when it
was beyond the temporal arcades. The shape
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Figure 1  Fundus photography of congenital hypertrophy of the retinal pigment epithelium
(CHRPE) lesions. Two large and four peripheral punctiform CHRPE lesions.

was punctiform, rounded, oval, or linear. Con-
cerning the degree of pigmentation, the lesions
appeared pigmented, depigmented, or hetero-
geneous (containing areas of pigmentation and
depigmentation). Retinal photographs were
taken when possible.

Results

DESCRIPTION OF THE LESIONS

Among the 124 FAP affected patients exam-
ined, the sex ratio was 1 (62 women and 62
men). The average age was 30.9 (range 13
months to 69.8 years). One or more retinal
lesions were observed in 107 patients out of
these 124 patients. The lesions were generally
multiple, with an average of seven in the two
eyes, varying from one to 23 (Fig 1). In 80
patients, lesions were observed bilaterally. No
significant difference (paired Student’s ¢ test)
was noted in the numbers of lesions between
the right and left eye. The lesions were more
frequent peripherally than at the posterior pole
(84% and 16%, respectively). Most lesions
(56%) were small. The large lesions were
found preferentially at the posterior pole.
Regarding the shape, 39% of the lesions were
rounded or oval, 56% of the lesions puncti-
form, and 5% linear. Most lesions—that is,
76%, were pigmented, 10% depigmented, and
14% heterogeneous. The punctiform lesions
were always pigmented; the large lesions were
divided into 46% pigmented, 21% depig-
mented, and 33% heterogeneous.

Retinal lesions were observed in four out of
the 20 unaffected patients belonging to FAP
families. Each of them had a single lesion.

In the controls, retinal lesions were observed
in only five subjects out of the 32 controls and
the total number of lesions was not greater
than three. These lesions were peripheral,
small, punctiform, and pigmented.

SENSITIVITY AND SPECIFICITY

Several analyses were performed according to
the laterality, the number, and the size of the
lesions, as shown in Table 1. Eighty FAP
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Table 1  Sensitivity and specificity according to positive
criteria

Positive criteria Sensitivity Specificity
Bilateral lesions 0.645 (80/124) 0.969 (31/32)
At least 2 lesions 0.742 (92/124) 0.906 (29/32)
At least 3 lesions 0.645 (80/124) 0.969 (31/32)
At least 4 lesions 0.605 (75/124) 1 (32/32)

At least 4 lesions, whatever
their size, or at least 2
lesions, one of which is
large 0.677 (84/124) 1 (32/32)

affected patients out of 124 were affected bilat-
erally, and one control out of 32. The
specificity for this criterion was thus 0.969 and
the sensitivity was 0.645. At least four lesions
were found in 75 carriers and in none of the
controls. The specificity for this criterion was
thus 1 and the sensitivity 0.605. At least three
lesions were found in 80 carriers out of 124
and in one control out of 32. The specificity for
this criterion was thus 0.969 and the sensitivity
0.645.

We defined a new criterion as the presence of
at least four lesions whatever their size, or two
lesions at least one of which is large. This crite-
rion was present in 84 carriers and in no con-
trols. The specificity of this criterion was thus 1
and the sensitivity 0.677. The positive predic-
tive value—that is, the proportion of carriers of
the APC gene among all the individuals having
a positive fundus examination, equalled 1.
There were no control subjects with a positive
fundus examination.

HOMOGENEITY WITHIN FAMILIES

Among the 85 FAP families who were
examined, 26 had at least two patients affected
by polyposis. In 17 of these 26 families, the
examination of the fundus was positive in the
41 affected patients. In eight families, no char-
acteristic lesion was observed in the 18 affected
patients. There was one family in which one of
the three affected patients had three puncti-
form lesions and thus did not fulfil the positive
criterion on fundus examination.

Discussion

In 1980, Blair and Trempe described the exist-
ence of CHRPE lesions in three patients
affected with FAP.’ These lesions have the
same clinical and angiographic characteristics
as the isolated lesions of CHRPE described
first by Reese and Jones in 1956.% > They are
flat, with sharply defined borders, and most
often oval. They can be pigmented, depig-
mented, or heterogeneous. Their size is vari-
able: they can be punctiform or measure
several disc diameters. They can be present all
over the retina, though the large lesions are
preferentially localised within the equator.”*”*
No preferential arrangement by quadrant is
found. The punctiform lesions are generally
peripheral or satellites of bigger lesions. Ac-
cording to form and pigmentation, lesions are
frequently oval, pigmented with areas of depig-
mentation encircled by a fine greyish halo. This
kind of lesion, oval and heterogeneous, is the
most specific appearance in FAP patients. The
lesions of CHRPE are congenital since they
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have been observed in the newborn and even in
a premature baby born at 7 months.” In this
series, the youngest affected patient examined
was 13 months old and showed four retinal
lesions on fundus examination. Some modifi-
cations of pigmentation and size have been
described in the isolated lesion of CHRPE,**®
but no study has documented an increase in
the number of lesions in the course of familial
adenomatous polyposis. Several histological
studies have stated that these lesions were
hamartomatous lesions of retinal pigment epi-
thelium, in which the hypertrophied cells are
arranged in several layers, associated with an
increase in number and size of melanin
granules, a thickening of Bruch’s membrane,
and an alteration of the subjacent
photoreceptors.”!

A single or atypical lesion may be difficult to
differentiate from a choroidal melanoma or
naevus, a chorioretinal scar from toxoplasma,
or a secondary hyperplasia of the retinal
pigment epithelium.**** However, the clinical
picture and a family history of adenomatous
polyposis should make the diagnosis clear. In
view of the multiple, bilateral character of the
retinal lesions observed in FAP, they can be
considered a clinical marker of the illness,
defined by sensitivity and specificity. A number
of authors have confirmed the high specificity
(close to 1) of these retinal lesions but with a
lower and more variable sensitivity (between
0.6 and 0.8)."* # # ** 3 Until now no hypothesis
has been proposed to explain the absence of
retinal lesions in 20-40% of the FAP patients.

The diagnostic criteria have been developed
progressively since the initial study of
Traboulsi ez al in 1987,"* which acknowledged
as a positive criterion the presence of more
than four lesions whatever their size in two
eyes. In different studies, the presence of at
least four lesions whatever their size corre-
sponds to a sensitivity close to 0.630 with
maximal specificity.”? '* > Fluctuating sensitivi-
ties (0.518 to 0.903) and a lower specificity
were obtained in the patients with bilateral
ICSiODS.M 22 24 35 37

No statistical study has established until now
the best combination of factors which can be
used as a diagnostic criterion. We have
evaluated the data from the individual retinal
examinations according to the bilateral nature
of the lesions, the number, and the number
combined with the size. The existence of at
least four lesions whatever their size and the
bilateral character of the lesions corresponds to
a sensitivity and a specificity equivalent to the
data in the literature. A higher sensitivity for a
specificity of 1 is obtained by the combination
of the number and the size of the lesions. Thus,
the presence of at least four lesions whatever
their size or at least two lesions of which one is
large constitutes the best diagnostic criterion of
the examination of the fundus in patients
affected by FAP.

Since 1984, several authors have observed
that multiple retinal lesions were present in
about two thirds of families affected by adeno-
matous polyposis and that they were absent or
fewer in nearly a third of the families."" '* %" *®
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In our study, there were 41 patients from 17 of
the 26 families where several patients affected
by adenomatous polyposis were examined,
who all had positive fundus examinations
according to our diagnostic criterion. No
member of eight other families had a lesion. In
one family, from which five members were
examined, there was a discrepancy between the
examination of the fundus and the genetic sta-
tus. The retinal examination of an affected
13-year-old child had only three peripheral
punctiform lesions. The examination, although
carried out with a Goldmann lens, could have
missed a lesion. With the exception of this
family, the presence or absence of retinal
lesions was a familial characteristic, and the
families can be divided into two groups—those
in which all the affected patients are positive on
fundus examination and those in which all the
affected patients are negative on fundus
examination.

In the families negative on examination,
screening of FAP affected patients by ophthal-
moscopic examination is not helpful. In the
families positive, examination of the fundus
can be used to make a predictive diagnosis
from a young age. Mutation analysis of APC
gene is now possible in most of FAP families.
The study of the structural alterations of the
APC gene, responsible for FAP, has contrib-
uted to the understanding of the CHRPE
expression.' *™* Thus, a direct correlation
between the constitutional causal mutation
and the retinal expression appears when the
position of the mutation on the APC gene is
taken into account. The retinal lesions are only
present if the mutation is located between
codons 463 and 1387 of the APC gene.* So,
knowledge of CHRPE phenotype allows the
focused research of the mutation on a smaller
coding region of the APC gene.” ** Especially,
mutation de novo can be detected more easily
when retinal phenotype is known.* The
important heterogeneity between families and
the homogeneity within families of the retinal
phenotype are explained by the situation of
constitutional mutations of the APC gene in
each family. Last genetic studies have demon-
strated that CHRPE expression depends on
the length of abnormal protein produced by
defected APC gene.”

In conclusion, the definition of a reliable
positive criterion, determined at fundus
examination and based on the size and number
of CHRPE lesions, rests on the study of a large
series of patients affected by adenomatous
polyposis from a significant number of inde-
pendent families. This criterion necessitates
the presence of at least four lesions whatever
their size or at least two lesions of which one is
large. It has been found in 68% of the patients
affected by adenomatous polyposis without
any false positives. The patients who were
positive on fundus examination were distrib-
uted between two thirds of the families, the
remaining third made up of affected patients
all being negative on fundus examination. Sim-
ple, non-invasive, reliable, and reproducible
examination of the fundus allows early screen-
ing, before the age of the first colonoscopy, of
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children who are carriers of the affected gene,
the only condition being that they are part of a
family positive on fundus examination. More-
over, the information provided by fundus
examination plays an important part in the
management of genetic detection of constitu-
tional APC mutations.

The authors thank Sylviane Olschwang, MD, who carried out
the genetic investigations, and Julia Bache, MD, and Marina
Varastet for their help in preparing this manuscript.

—_

[N}

)

'S

wu

[}

N}

O 00

12

13

1

S

15

16

17

18

19

20
21
22

23

Groden ], Thliveris A, Samowitz M, Carlson M, Gelbert L,
Albertsen H, ez al. Identification and characterization of the
familial adenomatous polyposis coli gene. Cell
1991;66:589-600.

Kinsler KW, Nilbert MC, Su LK, Vogelstein D, Bryan TM,
Levy DB, er al. Identification of FAP locus genes from
chromosome 5q21. Science 1991;253:661-5.

Gardner EJ. A genetic and clinical study of intestinal
polyposis, a predisposing factor for carcinoma of the colon
and rectum. Am ¥ Hum Genet 1951;3:167-76.

Gardner EJ. Follow-up study of a family group exhibiting
dominant inheritance for a syndrome including intestinal
polyps, osteomas, fibromas, and epidermal cysts. Am ¥
Hum Gener 1962;14:376-90.

Nishisho I, Nakamura Y, Myioshi Y, Miki Y, Ando H, Horii
A, ez al. Mutations of chromosome 5921 genes in FAP and
colorectal cancer patients. Science 1991;253:665-9.

Lyons LA, Lewis RA, Strong LC. A genetic study of Gard-
ner’s syndrome and congenital hypertrophy of the retinal
pigment epithelium. Am ¥ Hum Genet 1988;42:290—6.

Myioshi Y, Anbo H, Nagase H. Germline mutations of the
APC gene in 53 familial adenomatous polyposis patients.
Proc Natl Acad Sci USA 1992;89:4452-6.

Herrera L. Familial adenomatous polyposis. New York: Alan R
Liss, 1990.

Blair NP, Trempe CL. Hypertrophy of the retinal pigment
epithelium associated with Gardner’s syndrome. Am ¥
Ophthalmol 1980;90:661-7.

Diaz Llopis M, Menezo JL. Congenital hypertrophy of the
retinal pigment epithelium in familial adenomatous poly-
posis. Arch Ophthalmol 1988;106:412-3.

Lewis RA, Crowder WE, Eierman LA, Nussbaum RL,
Ferrell RE. The Gardner syndrome. Significance of ocular
features. Ophthalmology 1984;91:916-25.

Romania A, Zakov ZN, MacGannon E, Schroeder T, Heyen
F, Jagelman DG. Congenital hypertrophy of the retinal pig-
ment epithelium in familial adenomatous polyposis.
Ophthalmology 1989;96:879-84.

Romania R. Retinal pigment epithelium lesions as a
biomarker of disease in patients with familial adenomatous
polyposis. Ophthalmology 1992;99:911-3.

Traboulsi EI, Krush AJ, Gardner EJ, Booker SV, Offerhaus
GJA, Yardley JH, er al. Prevalence and importance of
pigmented oculars fundus lesions in Gardner’s syndrome.
N Engl ¥ Med 1987;316:661-7.

Traboulsi EI, Maumenee IH, Krush AJ, Alcorn D,
Giardiello FM, Burt RW), er al. Congenital hypertrophy of
the retinal pigment epithelium predicts colorectal polyposis
in Gardner’s syndrome. Arch Ophthalmol 1990;108:525-6.

Baker RH, Heinemann MH, Miller HH, DeCosse J]J.
Hyperpigmented lesions of the retinal pigment epithelium
in familial adenomatous polyposis. Am F Med Genet 1988;
31:427-35.

Berk T, Cohen Z, MacLeod RS, Parker JA. Congenital
hypertrophy of the retinal pigment epithelium as a marker
for familial adenomatous polyposis. Dis Colon Rectum
1988;31:253-7.

Chapman PD, Church W, Burn J, Gunn A. Congenital
hypertrophy of retinal pigment epithelium: a sign of famil-
ial adenomatous polyposis. BM¥ 1989;29:353—4.

Lynch HT, Priluck I, Fitzsimmons ML. Congenital
hypertrophy of retinal pigment epithelium in non-
Gardner’s polyposis kindreds. Lancer 1987;2:333.

Kurz GH, Zimmerman LE. Vagaries of the retinal pigment
epithelium. Int Ophthalmol Clin 1962;2:441.

Reese AB, Jones IS. Benign melanomas of the retinal
pigment epithelium. Am § Ophthalmol 1956;42:207—-12.

Baba S, Tsuchiya M, Watanabe I, Machida H. Importance
of retinal pigmentation as a subclinical marker in familial
adenomatous polyposis. Dis Colon Rectum 1990;33:660-5.

Burn J, Chapman P, Delhanty J, Wood C, Lalloo F,
Cachon-Gonzalez MB, er al. The UK Northern Region

24

2

u

2

(=

2

N

2

o]

29

3

(=)

3

—

32

33

34

3

)]

36

37

3

o)

3

o

40

4

—_

42

43

44

Tiret, Taiel-Sartral, Tiret, Laroche

genetic register for familial adenomatous polyposis coli: use
of age of onset, congenital hypertrophy of the retinal
pigment epithelium, and DNA markers in risk calculations.
F Med Gener 1991;28:289-96.

Heinemann MH, Baker RH, Miller HH, Decosse JJ. Famil-
ial polyposis coli: the spectrum of ocular and other extraco-
lonic manifestations. Graefes Arch Clin Exp Ophthalmol
1991;229:213-8.

Aiello LP, Traboulsi EI. Pigmented fundus lesions in a pre-
term infant with familial adenomatous polyposis. Arch
Ophthalmol 1993;111:302-3.

Boldrey EE, Schwartz A. Enlargement of congenital hyper-
trophy of the retinal pigment epithelium. Am ¥ Ophthalmol
1982;94:64-6.

Chamot L, Zografos L, Klainguti G. Fundus changes asso-
ciated with congenital hypertrophy of the retinal pigment
epithelium. Am ¥ Ophthalmol 1993;115:154-61.

Norris JL, Cleasby GW. An unusual case of congenital
hypertrophy of the retinal pigment epithelium. Arch
Ophthalmol 1976;94:1910-3.

Kasner L, Traboulsi EI, Delacruz Z, Green WR. A
histopathologic study of the pigmented fundus lesions in
familial adenomatous polyposis. Retina 1992;12:35-42.

Parker JA, Kalnins VI, Deck JHN., Cohen Z, Berk T, Cullen
JB, er al. Histopathological features of congenital fundus
lesions in familial adenomatous polyposis. Can ¥ Ophthal-
mol 1990;25:159-63.

Traboulsi EI, Murphy SF, De La Cruz ZC, Maumenee IH,
Green WR. A clinicopathologic study of the eyes in familial
adenomatous polyposis with extracolonic manifestations
(Gardner’s syndrome). Am § Ophthalmol 1990;110:550—
61.

Buettner H. Congenital hypertrophy of the retinal pigment
epithelium. Am ¥ Ophthalmol 1975;79:177-89.

Gass JDM. Focal congenital anomalies of the retinal
pigment epithelium. Eye 1989;3:1-18.

Shields JA, Shields CL, Shah PG, Pastore D], Imperiale
SM. Lack of association among typical congenital hyper-
trophy of the retinal pigment epithelium, adenomatous
polyposis, and Gardner syndrome. Ophthalmology 1992;99:
1709-13.

Polkinghorne PJ, Ritchie S, Neale K, Schoeppner G, Thom-
son JPS, Jay BS. Pigmented lesions of the retinal pigment
epithelium and familial adenomatous polyposis. Eye 1990;
4:216-21.

Traboulsi EI, Maumenee IH, Krush AJ, Giardiello FM,
Levin LS, Hamilton SR. Pigmented ocular fundus lesions
in the inherited gastrointestinal polyposis syndromes and in
hereditary nonpolyposis colorectal cancer. Ophthalmology
1988;95:964-9.

Moore AT, Maher ER, Koch DJ, Charles S]. Incidence and
significance of congenital hypertrophy of the retinal
pigment epithelium (CHRPE) in familial adenomatous
polyposis coli (FAPC). Ophthalmic Paediatrics and Genetics
1992;13:67-71.

Iwama T, Mishima Y, Okamoto N, Inoue J. Association of
congenital hypertrophy of the retinal pigment epithelium
with familial ademomatous polyposis. Br ¥ Surg 1990;77:
273-6.

Olschwang S, Tiret A, Laurent-Puig P, Muleris M, Parc R,
Thomas G. Restriction of ocular fundus lesions to a
specific subgroup of APC mutation in adenomatous
polyposis coli patients. Cell 1993;75:959—-68.

Paul P, Letteboer T, Gelbert L, Groden J, White R, Coppes
M. Identical APC exon 15 mutations result in a variable
phenotype in familial adenomatous polyposis. Human
Molec Genet 1993;2:925-31.

Varesco L, Gismondi V, James R, Robertson M, Gramma-
tico P, Groden ], er al. Identification of APC gene
mutations in Italian adenomatous polyposis coli patients by
PCR-SSCP analysis. Am ¥ Hum Gener 1993;52:280-5.

Caspari R, Olschwang S, Friedl W, Mandl M, Boisson C,
Boker T, er al. Familial adenomatous polyposis: desmoid
tumours and lack of ophthalmic lesions (CHRPE)
associated with APC mutations beyond codon 1444.
Human Mol Gener 1995;4:337—40.

Wallis YL, Macdonald F, Hultén M, Morton JEV,
McKeown CM, Neoptolemos JP, er al. Genotype-
phenotype correlation between position of constitutional
APC gene mutation and CHRPE expression in familial
adenomatous polyposis. Hum Gener 1994;94:543-8.

Caspari R, Friedl W, Boker T, Augustin A, Mandl M, Jaeger
K, et al. Predictive diagnosis in familial adenomatous
polyposis: evaluation of molecular genetic and ophthalmo-
logic methods. Z Gastroenterol 1993;31:646-52.


http://bjo.bmj.com/
http://group.bmj.com/

Downloaded from bjo.bmj.com on February 13, 2012 - Published by group.bmj.com

BJO

Diagnostic value of fundus examination in
familial adenomatous polyposis

Anne Tiret, Magali Taiel-Sartral, Emmanuel Tiret, et al.

Br J Ophthalmol 1997 81: 755-758
doi: 10.1136/bjo.81.9.755

Updated information and services can be found at:
http://bjo.bmj.com/content/81/9/755.full.html

References

Email alerting

These include:

This article cites 39 articles, 10 of which can be accessed free at:
http://bjo.bmj.com/content/81/9/755.full.html#ref-list-1

Article cited in:
http://bjo.bmj.com/content/81/9/755.full.html#related-urls

Receive free email alerts when new articles cite this article. Sign up in the
box at the top right corner of the online article.

service
Topic  Articles on similar topics can be found in the following collections
Collections ) ) )
Epidemiology (766 articles)
Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:

http://journals.bmj.com/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://bjo.bmj.com/content/81/9/755.full.html
http://bjo.bmj.com/content/81/9/755.full.html#ref-list-1
http://bjo.bmj.com/content/81/9/755.full.html#related-urls
http://bjo.bmj.com/cgi/collection/epidemiology
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bjo.bmj.com/
http://group.bmj.com/

