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Abstract

Background: Inherited ichthyoses represent a group of rare skin disorders characterized by scaling, hyperkeratosis
and inconstant erythema, involving most of the tegument. Epidemiology remains poorly described. This study aims
to evaluate the prevalence of inherited ichthyosis (excluding very mild forms) and its different clinical forms in France.

Methods: Capture – recapture method was used for this study. According to statistical requirements, 3 different lists
(reference/competence centres, French association of patients with ichthyosis and internet network) were used to
record such patients. The study was conducted in 5 areas during a closed period.

Results: The prevalence was estimated at 13.3 per million people (/M) (CI95%, [10.9 – 17.6]). With regard to autosomal
recessive congenital ichthyosis, the prevalence was estimated at 7/M (CI 95% [5.7 – 9.2]), with a prevalence of lamellar
ichthyosis and congenital ichthyosiform erythroderma of 4.5/M (CI 95% [3.7 – 5.9]) and 1.9/M (CI 95% [1.6 – 2.6]),
respectively. Prevalence of keratinopathic forms was estimated at 1.1/M (CI 95% [0.9 – 1.5]). Prevalence of syndromic
forms (all clinical forms together) was estimated at 1.9/M (CI 95% [1.6 – 2.6]).

Conclusions: Our results constitute a crucial basis to properly size the necessary health measures that are required to
improve patient care and design further clinical studies.
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Background
Inherited ichthyoses represent a large group of mono-
genic Mendelian disorders of cornification due to muta-
tions in genes involved in skin barrier function [1]. Skin
changes, affecting all or most of the tegument, are char-
acterized by scaling, hyperkeratosis or both. Erythema
is inconstantly present. According to a recent ichthyosis
expert consensus, the classification should be clinically
based and distinguish between syndromic and non-
syndromic ichthyoses [2].
Except for very mild forms of ichthyosis, the disease was

demonstrated to have a significant impact on quality of life
(QOL) [3-7]. During the past few years, much progress
has been achieved in describing the molecular basis of
these disorders and in establishing genotype-phenotype
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correlations [8]. However, prevalence remains poorly
described [9-16] and no patient registration exists. Un-
derstanding epidemiology of rare skin disorders such as
ichthyosis is one of the main objectives advocated in
the Plan Maladies Rares defined by the French Health
ministry [17].
The objective of our study was to estimate the preva-

lence of inherited ichthyoses having a significant impact
on QOL (excluding accordingly very mild forms) and
to determine the prevalence of their different clinical
forms. Patients suffering from such inherited ichthyoses
are primarily diagnosed by private or hospital physicians
and subsequently usually followed in hospital. Neverthe-
less, a “hospital list” may not be exhaustive to enumerate
such patients, since some of them, who could have been
demotivated by the lack of effective treatment for ex-
ample, might have interrupted their medical care and
thus are “out of the hospital healthcare system”. It is
therefore necessary to identify these patients via additional
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lists of recruitment, hence the choice of capture-recapture
method [18-24].
Capture-recapture models are commonly used for esti-

mating prevalence in epidemiological studies when infor-
mation comes from incomplete lists [18,19]. Estimation
is based on the number of cases recorded on each list, as
well as the overlapping of cases between the lists. This
thereby allows for estimation of the number of cases of
the target population appearing on no list. The standard
statistical approach uses log-linear models. They allow
for dealing with possible dependencies between lists, but
also include, in particular, the independent model which
assumes independence between lists [20,21]. The imple-
mentation of such an approach requires at least 3 sources
of data.

Methods
The study protocol was reviewed and approved both by
an independent health ethics committee in Toulouse,
France and by the CNIL, the French National authority
for registers.
The target population consisted of patients suffering

from inherited ichthyosis with a confirmed diagnosis
performed by a physician at a given time of their illness.
We excluded very mild forms that can be defined as
ichthyoses with a very mild clinical severity (visual
analogue scales (VAS) for erythema and scaling < 1.5/10,
in the absence of systemic therapy by acitretin). In practice,
these very mild forms correspond to ichthyosis vulgaris or
ichthyoses with similar severity.
According to statistical requirements, 3 lists of patients

were selected: patients registered in reference/competence
centres that are experts for rare skin diseases (L1), mem-
bers of the French association of patients with ichthyosis
(named AIF) (L2) and members of the Facebook social
network: “L’ichtyose qu’est-ce que c’est?” (L3). The study
was conducted in 5 French areas (Aquitaine, Bourgogne,
Midi-Pyrénées, Pays de la Loire, Provence Alpes Côte
d’Azur (PACA)) during a closed period of 6 weeks (from
June 1st 2011 to July 15th 2011). Patients were contacted
either by phone (L1, L2) or by email (L3) to obtain their
consent. Overlaps between lists were identified by check-
ing the first 3 letters of the surname, the first 2 letters of
the first name and the date of birth. In order to confirm
the population prerequisite closed in time and space, all
patients were also asked about their zip code and whether
they resided in the selected area for a minimum of 6 weeks
(without migratory movements).
For the patients recruited via L1, the diagnosis of the

clinical form of ichthyosis and the severity were deter-
mined by the clinician in charge. The patients recorded
via L2 or L3 (without overlapping with L1) were asked
to fill-in a questionnaire exploring ichthyosis charac-
teristics (including VAS for erythema and scaling), which
was then reviewed by a board of ichthyosis experts to de-
fine the clinical form and the severity (data not shown).
The number of patients suffering from ichthyosis was

estimated by considering a set of log-linear models, tak-
ing into account possible interactions between lists. In
addition to area, individual covariates - such as gender,
age (older than 15 years or younger) and grade of sever-
ity (mild/moderate/severe/very severe) - were introduced
in the model in order to improve the prevalence estima-
tion [25]. A selection model procedure was implemented
using the GENMOD procedure of SAS: the best model
being the one with the maximum weighted Akaike Infor-
mation Criterion (wAIC) [26]. The selected model allowed
for estimation of the number of ichthyosis patients at sev-
eral levels: estimation for each area and for the pooled
areas, as well as estimation by age group and by severity.
Estimated prevalence was finally deduced from the esti-
mated number of ichthyosis patients and the French 2008
census: for each area (regional prevalence) and for the
pooled areas (global prevalence), which can be considered
as national prevalence, subject to representativeness of the
selected areas.
With regard to clinical form, a separate ad hoc statis-

tical procedure was implemented (clinical form cannot
be introduced as covariate in the log-linear model because
of a very low number of detected patients for some clinical
forms). The prevalence of each clinical form was estimated
by applying the distribution of clinical forms observed
among the reported cases to the estimated global preva-
lence. This ad hoc procedure is based on the assumption
that the capture probability depends on the clinical form
mainly through the severity grade, which seems reasonable
from a dermatological point of view.

Results
Three-source observed data
A total of 119 patients suffering from ichthyosis were
identified. The observed frequencies according to pres-
ence or absence on each list for each area are presented
in Table 1. Data was unbalanced: the majority of patients
were identified via L1, whereas very few patients were
recorded via L3. Overlaps were rather rare and mostly
observed between L1 and L2. No patient was captured
simultaneously in the 3 lists. Furthermore, some geo-
graphic disparities were observed concerning the recruit-
ment of the patients.

Estimation of the number of patients
Global estimation (pooled-areas level)
Among all log-linear models considered (Table 2), the
independent sources model with 3 covariates effects was
selected: it assumes that the 3 sources are independent,
and that the capture probabilities depend on each source
and on the 3 individual covariates (area, age and severity



Table 1 Numbers of patients reported in the three lists,
in each of the 5 selected areas

Area 100a 010 001 110 011 101 111 Total

Aquitaine 5 5 1 3 0 0 0 14

Pays de Loire 10 3 2 5 0 0 0 20

Midi-Pyrénées 44 1 0 8c 0 1 0 54b

PACA 22 3 0 2 1 0 0 28

Bourgogne 2 1 0 0 0 0 0 3

Pooled areas 83 13 3 18 1 1 0 119

Legend:
3 digits: First position: list 1 (hospital department); Second position: list 2 (AIF);
Third position: list 3 (Facebook network).
Presence in the list: notified as 1; absence in the list: notified as 0.
Examples:
aIchthyoses cases reported in list 1 but not reported in lists 2 and 3.
bIn Midi Pyrénées area, 54 cases were reported in at least one of the 3 lists.
cAmong these 54 patients, 8 patients were recorded in list 1 and in list 2 but not
in list 3.

Table 3 Estimated numbers of patients and estimated
capture probabilities by individual covariates

Individual
covariate

Numbers
of recorded
patients

Estimated
number of
patients*

95% CI Estimated
capture
probability*

Age

Under 15 years 42 58 [49–79] 72%

Older than 15 years 74 133 [102–197] 56%

Severity grade

Grade 1 (mild) 40 79 [55–141] 50%

Grade 2 (moderate) 40 67 [51–107] 59%

Grade 3 (severe) 26 34 [28–49] 77%

Grade 4 (very severe) 10 11 [10–17] 95%
*Estimation obtained from the best log-linear model (independent sources
model with three covariates effects).

Dreyfus et al. Orphanet Journal of Rare Diseases 2014, 9:1 Page 3 of 7
http://www.ojrd.com/content/9/1/1
grade). Estimation was based on data collected from 4
areas (Aquitaine, Midi-Pyrénées, PACA and Pays de Loire),
Bourgogne area being excluded because of non-valid esti-
mations due to very low counts. This model gave a global
estimation of 191 patients (95% CI [157–253]) for the 4
selected areas.

Estimation according to individual covariates
From this model, we also estimated the number of ich-
thyosis patients by age group (Table 3): 58 patients under
15 years old (95% CI [47–79]) and 133 patients aged 15
and older (95% CI [102–197]), deducing that 70% of esti-
mated cases were 15 years and older. For each age group,
Table 2 Estimations of number of cases from log-linear
models including covariates (based on data of four areas,
Bourgogne data excluded)

Weighted AIC* Estimated
numbers
of cases

95% CI

Independent sources model <.001 184 [150–251]

Independent sources model
with age effect

<.001 181 [148–247]

Independent sources model
with area effect

<.001 174 [139–260]

Independent sources model
with severity effect

<.001 208 [157–324]

Independent sources model
with age and area effects

<.001 171 [141–237]

Independent sources model
with age and severity effects

<.001 204 [158–299]

Independent sources model
with area and severity effects

0.047 194 [154–274]

Independent sources model
with three covariates effects

0.951 191 [157–253]

*Weighted AIC: weighted Akaike Information Criteria representing the weight
of evidence in favor of a particular model among a set of several models.
the associated probability of appearing in at least one list
was estimated by the ratio recorded/estimated number of
patients: 0.72 for patients under 15 years old and 0.56 for
patients aged 15 and older. Similarly, we obtained estima-
tions according to the grade of severity. There were more
estimated cases with mild disease than with severe disease:
79 (95% CI [55–141]) vs. 11 (95% CI [10–17]). The prob-
ability of appearing in at least one list increased with dis-
ease severity: it was estimated that 95% of very severe
patients (grade 4) were detected in the study vs. only half
of mild patients (grade1).

Estimation for each area
The estimated number of ichthyosis patients for each
area is presented in Table 4. Bourgogne data were excluded
from analysis but can be included in models without covar-
iate. When comparing estimates from these models on
4 or 5 areas, we deduced that the estimated number of
patients in Bourgogne was around 9 (no confidence inter-
val available with this ad hoc approach).

Estimated prevalence of ichthyosis
The estimated regional prevalence of ichthyosis (95% CI)
is presented in Table 4. Estimated prevalence differed by
area. The global prevalence of ichthyosis based upon data
of the 4-pooled areas was estimated at 13.3 per million
people (/M) (95% CI, [10.9–17.6]), which can be consid-
ered as national prevalence. When considering preva-
lence by age group, the prevalence of patients under 15
years old and patients aged 15 and older were estimated
at 23/M (95% CI [19–31]) and 11/M (95% CI [9–17]),
respectively.

Estimated prevalence of the different clinical forms
of ichthyosis
The diagnosis of the clinical form of ichthyosis was per-
formed by the clinician in charge for 85.7% (102/119) of



Table 4 Estimated number of patients and estimated prevalence by area

Area Numbers of
recorded patients

Estimated number
of patientsb

95% CI Population (number
of residents)c

Estimated
prevalenced

95% CI

Aquitaine 14 30 [19–58] 3 177 625 9.4 [6.0–18.3]

Pays de Loire 20 35 [26–60] 3 510 170 10.0 [7.4–17.1]

Midi-Pyrénées 54 60 [56–77] 2 838 228 21.1 [19.7–27.1]

PACA 28 66 [41–134] 4 882 913 13.5 [8.4–27.4]

4 pooled areasa 116 191 [157–253] 14 408 936 13.3 [10.9–17.6]
aData from Bourgogne were not taken into account in this analysis.
bEstimation obtained from the best log-linear model (independent sources model with three covariates effects).
cProvided by the French 2008 census.
dPer million people.
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patients. For the remaining 17 patients (registered in L2
and L3, without overlapping with L1), inclusion criteria
were encountered (no patient without ichthyosis, no very
mild forms) and the clinical form was unequivocally deter-
mined by the expert board. Estimated prevalence for each
clinical form is presented in Table 5.
More than 85% of the patients had a non-syndromic

form of ichthyosis, with two-thirds diagnosed as Auto-
somal Recessive Congenital Ichthyosis (ARCI). Prevalence
Table 5 Estimated prevalence of the different clinical forms o

Clinical forms of ichthyosis Number o
(percentag

All clinical forms 116

Non syndromic ichthyoses (ichthyosis vulgaris excluded) 99 (85.3)

ARCI 61 (52.6)

Major variants:

Lamellar ichthyosis 39 (33.6)

Congenital ichthyosiform erythroderma 17 (14.7)

Minor variants:

Bathing suit ichthyosis 4 (3.4)

Self healing collodion baby 1 (0.9)

X-linked ichthyosis 21 (18.1)

Keratinopathic ichthyosis 10 (8.6)

Other forms 7 (6.0)

Erythrokeratodermia variabilis 4 (3.4)

Peeling Skin Disease 1 (0.9)

KLICK syndrome 2 (1.7)

Syndromic ichthyoses 17 (14.7)

Syndromic X-linked ichthyosis 1 (0.9)

Conradi – Hünermann – Happle syndrome 2 (1.7)

Netherton syndrome 7 (6.0)

Trichothiodystrophy 2 (1.7)

Sjögren – Larsson syndrome 1 (0.9)

KID syndrome 3 (2.6)

Neutral lipid storage disease 1 (0.9)

*Bourgogne area excluded (3 patients).
of ARCI was estimated at 7/M (95% CI [5.7–9.2]) with a
ratio Lamellar Ichthyosis (LI)/Congenital Ichthyosiform
Erythroderma (CIE) of 2.4. When considering prevalence
of ARCI by age group, the prevalence of patients
under 15 years old and aged 15 and older were esti-
mated at 12.1/M (95% CI [10.2 – 16.5] and 5.9/M (95% CI
[4.5 – 8.7]), respectively. Prevalence of recessive X-linked
Ichthyosis (XLI) was estimated to 2.4/M, i.e. 4.9 cases per
million males (CI 95% [4.1 – 6.6]), according to a ratio
f ichthyosis

f recorded patients
e)*

Estimated prevalence per million people
(95% confidence interval)

13.3 [10.9 – 17.6]

11.3 [9.3 – 15.0]

7.0 [5.7 – 9.2]

4.5 [3.7 – 5.9]

1.9 [1.6 – 2.6]

0.46 [0.38 – 0.61]

0.11 [0.09 – 0.15]

2.4 [2.0 – 3.2]

1.1 [0.9 – 1.5]

0.80 [0.66 – 1.06]

0.46 [0.38 – 0.61]

0.11 [0.09 – 0.15]

0.23 [0.19 – 0.30]

1.9 [1.6 – 2.6]

0.11 [0.09 – 0.15]

0.23 [0.19 – 0.30]

0.80 [0.66 – 1.06]

0.23 [0.19 – 0.30]

0.11 [0.09 – 0.15]

0.34 [0.28 – 0.45]

0.11 [0.09 – 0.15]
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female/male: 51.4%/48.6%, provided by the French 2008
census). Prevalence of keratinopathic forms was even
lower: 1.1/M (95% CI [0.9–1.5]).
Less than 15% of patients had syndromic ichthyosis

with an estimated prevalence of 1.9/M (95% CI [1.6–2.6]).
Netherton syndrome was the most frequent form, with
0.80/M (95% CI [0.66–1.06]).

Discussion
This is the first study investigating prevalence of inherited
ichthyosis (excluding very mild forms) in France. This
prevalence was estimated at 13.3/M (95% CI, [10.9–17.6]),
with more than half of the patients suffering from ARCI.
Capture-recapture method was appropriate for estimat-

ing prevalence of rare diseases. Indeed, cross-sectional
studies are the main alternative to estimate prevalence but
may fail in case of rare disease because, even in large sam-
ples, it is possible to detect no case [27]. Requirements of
the capture-recapture method were respected [18]. The
target population was closed (no entry or loss of patients
during the study period); individuals have been correctly
recorded; there was no matching error; any individual of
the target population had a strictly positive probability to
appear on any list.
The choice of our 3 lists was based on the followings

points: patients are often seen even once in expert cen-
tres for rare skin disease (L1). The association AIF (L2)
is the only patient support group in France and registers
a significant number of patients (approximately 250
members). The choice of a social network (L3) was based
on patients’ enthusiasm for searching information or com-
municating via internet (more than 100 members). Re-
cruitment via L2 and L3 (17 non-hospital patients: 14.3%)
was not negligible which confirmed the appropriateness of
the capture-recapture method and the choice of the lists.
The choice of the 5 areas was based on the presence of a
reference/competence centre. These areas can be consid-
ered as representative of France since they are scattered
throughout the country and cover more than 20% of the
population.
From a statistical point of view, sparse and unbalanced

data induced some difficulties. Indeed it was not pos-
sible to include the clinical form in our selection model
procedure because the statistical procedure implemented
by SAS did not provide valid estimates due to com-
putational difficulties. These statistical difficulties were
solved by implementing ad hoc approaches. Other stat-
istical approaches which require some specific theoret-
ical developments are possible and could be proposed
in future studies. To complete our statistical analysis, the
pseudo-R2 proposed by Mc Fadden [28] was calculated:
74% of data variability was explained by the selected
model, highlighting its good fitness and its explanatory
power.
One limitation of the study could be the use of a self-
assessment severity scoring by patients from L2 and L3
who could not be seen by the clinicians involved in the
study. Nevertheless, all diagnoses were unequivocally de-
termined by the expert board. In addition, our study did
not provide an estimation of the prevalence of the entire
ichthyosis population. This could be achieved in the fu-
ture by the creation of well-designed register involving
also private physicians.
In the literature, only a few studies have specifically fo-

cused on ichthyosis’s prevalence. Earliest studies were
conducted outside Europe (Saudi Arabia and Tunisia)
and concluded to prevalence which seems different than
European one because of a high level of consanguinity
[9-12]. In Europe, two recent Spanish studies have dealt
with ichthyosis prevalence [13,14]. Contrary to our
study, only ARCI were concerned. The first one found a
prevalence of ARCI consistent with ours, although
slightly higher (8.2/M) but the method used for estima-
tion was not clearly described [13]. The second one was
an epidemiological study (144 patients) that used the
same capture-recapture method [14]. ARCI’s prevalence
was almost identical to ours, with a similar proportion
of LI/CIE/minor variants: 7.2/M (CI 95% [5.7 – 9.7];
62.5/30.6/7%) for the Spanish estimation vs. 7/M (CI
95% [5.7 – 9.2]; 64/28/8%) for our study. In addition, es-
timates of ARCI’s prevalence in the Spanish population
depended on the age group (the younger the age group,
the higher the prevalence) with an ARCI’s prevalence of
16.2/M (CI 95% [13.3 – 23.0]) for the patients younger
than 10 years. This age effect was also found in our
estimates (23/M (95% CI [19–31]) for patients younger
than 15 years old (12.1/M (95% CI [10.2 – 16.5]) when
only considering ARCI). In the United States, incidence
of ichthyosis during the first year of life (excluding com-
mon forms which are not diagnosed at birth) was esti-
mated to 6.7 per 100.000 from large administrative claims
databases [15].
With regards to keratinopathic ichthyosis, a recent

Japan survey had estimated the number of patients to
55 (CI 95% [35 – 75]) which corresponds to a lower
prevalence (0.44/M (CI 95% [0.28 – 0.59])) than ours.
Nevertheless, Japanese patients seen only in Dermatology
departments were concerned [16]. With regard to XLI,
some studies had concluded to a substantial prevalence,
possibly excessive, that ranges from 1 case per 10 000 to 1
case per 2 000 males (large ratio of 5:1), depending on the
study population and the method of assessment [29-32].
Our XLI prevalence was lower. It is therefore difficult to
conclude formally about the real prevalence of XLI. Our
prevalence may be underestimated and could mostly
concern patients who are suffering from moderate to
very severe forms. Mild forms of XLI are probably less
bothersome and these patients may not consult a hospital
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or be members of patient’s association or social network.
This is in accordance with the small number of patients
(n = 73) diagnosed as XLI during the 10 past years in
France using enzymatic blood test (personal data pro-
vided by the only French diagnosis centre).

Conclusion
This is the first French epidemiological study on ichthy-
osis. It focused on ichthyoses with significant impact on
QOL, usually followed in hospital and for which med-
ical, social or research progresses are needed. The ob-
tained results constitute an essential basis for properly
sizing the necessary health measures such as access to
molecular diagnosis or design of clinical studies, espe-
cially in the domain of therapeutics in which there is a
true lack.

Competing interests
The authors declare that they have no competing interest.

Authors’ contributions
ID designed and coordinated the study, contributed to collecting data,
performed the revision and the interpretation of all the clinical data and
wrote the manuscript. CC and JD co-designed the study, performed the
statistical analyses and co-wrote the manuscript. SP participated in the
statistical analyses. SH, CC, AM, LR, PV, LM, SM and SB contributed to collecting
data. KE contributed towards collecting data and revising the manuscript. JMH
designed and co-coordinated the study, contributed to the acquisition and
interpretation of data and co-wrote the manuscript. All authors read and
approved the final manuscript.

Acknowledgements
We would like to thank the patients and the support group AIF and
Guillaume Maneuf (Facebook: “L’ichtyose: qu’est ce que c’est?”) for their
important contribution to this work. This study was funded by Eucérin
laboratory, Paris, France and AIF.

Author details
1Reference Centre for Rare Skin Diseases, Dermatology Department, Larrey
Hospital, CHU Toulouse, Toulouse, France. 2Institut de Mathématiques de
Toulouse, Laboratoire de Statistique et Probabilités, CNRS (UMR 5219), Paul
Sabatier University, Toulouse, France. 3Reference Centre for Rare Skin
Diseases, Dermatology Department, CHU Bordeaux, Bordeaux, France.
4Reference Centre for epidermolysis bullosa, Dermatology Department, CHU
Nice, Nice, France. 5Competence Centre for Rare Skin Diseases Dermatology
Department, CHU Dijon, Dijon, France. 6Dermatology Department, CHU
Angers, Angers, France. 7Dermatology Department, CHU Marseille, Marseille,
France. 8Competence Centre for Rare Skin Diseases Dermatology
Department, CHU Nantes, Nantes, France.

Received: 26 July 2013 Accepted: 20 December 2013
Published: 6 January 2014

References
1. Oji V, Traupe H: Ichthyosis: clinical manifestations and practical treatment

options. Am J Clin Dermatol 2009, 10:351–364.
2. Oji V, Tadini G, Akiyama M, Blanchet Bardon C, Bodemer C, Bourrat E,

Coudiere P, DiGiovanna JJ, Elias P, Fischer J, Fleckman P, Gina M, Harper J,
Hashimoto T, Hausser I, Hennies HC, Hohl D, Hovnanian A, Ishida-Yamamoto A,
Jacyk WK, Leachman S, Leigh I, Mazereeuw-Hautier J, Milstone L, Morice-Picard F,
Paller AS, Richard G, Schmuth M, Shimizu H, Sprecher E, et al: Revised
nomenclature and classification of inherited ichthyoses: results of the First
Ichthyosis Consensus Conference in Sorèze 2009. J Am Acad Dermatol
2010, 63:607–641.

3. Gånemo A, Lindholm C, Lindberg M, Sjödén PO, Vahlquist A: Quality of life
in adults with congenital ichthyosis. J Adv Nurs 2003, 44:412–419.
4. Gånemo A, Sjödén PO, Johansson E, Vahlquist A, Lindberg M: Health-related
quality of life among patients with ichthyosis. Eur J Dermatol 2004, 14:61–66.

5. Kamalpour L, Gammon B, Chen KH, Veledar E, Pavlis M, Rice ZP, Chen SC:
Resource utilization and quality of life associated with congenital
ichthyoses. Pediatr Dermatol 2011, 28:512–518.

6. Mazereeuw – Hautier J, Dreyfus I, Barbarot S, Serrentino L, Bourdon – Lanoy
E, Ezzedine K, Maza A, Aujoulat I, Le Rhun A: Factors influencing quality of
life in patients with inherited ichthyosis : a qualitative study using focus
groups. Br J Dermatol 2012, 166:646–648.

7. Dreyfus I, Bourrat E, Maruani A, Bessis D, Chiavérini C, Vabres P, Ezzedine K,
Mazereeuw–Hautier J: Factors associated with impaired quality of
life in adult patients suffering from inherited ichthyosis. Acta Derm
Venereol. in press.

8. Fischer J: Autosomal recessive congenital ichthyosis. J Invest Dermatol
2009, 129:1319–1321.

9. Al-Zayir AA, Al-Amro Al-Alakloby OM: Primary hereditary ichthyoses in the
eastern province of Saudi Arabia. Int J Dermatol 2004, 43:415–419.

10. Al-Zayir AA, Al-Amro Al-Alakloby OM: Clinico-epidemiological features of
primary hereditary ichthyoses in the eastern province of Saudi Arabia.
Int J Dermatol 2006, 45:257–264.

11. Al-Amro Al-Akloby OM, Al-Zayir AA: Clinico-epidemiological features
of congenital nonbullous ichthyosiform erythroderma in the eastern
province of Saudi Arabia. J Eur Acad Dermatol Venereol 2004,
18:659–664.

12. Kharfi M, El Fekih N, Ammar D, Khaled A, Fazaa B, Ridha Kamoun M:
Hereditary Ichthyosis in Tunisia: epidemiological of 60 cases. Tunis Med
2008, 86:983–986.

13. Rodríguez-Pazos L, Ginarte M, Fachal L, Toribio J, Carracedo A, Vega A:
Analysis of TGM1, ALOX12B, ALOXE3, NIPAL4 and CYP4F22 in autosomal
recessive congenital ichthyosis from Galicia (NW Spain): evidence of
founder effects. Br J Dermatol 2011, 165:906–911.

14. Hernández-Martín A, Garcia-Doval I, Aranegui B, de Unamuno P,
Rodríguez-Pazos L, González-Enseñat MA, Vicente A, Martín-Santiago A,
Garcia-Bravo B, Feito M, Baselga E, Círia S, de Lucas R, Ginarte M,
González-Sarmiento R, Torrelo A: Prevalence of autosomal recessive
congenital ichthyosis: a population-based study using the capture-
recapture method in Spain. J Am Acad Dermatol 2012, 67:240–244.

15. Milstone L, Miller K, Haberman M, Dickens J: Incidence of moderate to
severe ichthyosis in the United States. Arch Dermatol 2012, 148:1080–1081.

16. Kurosawa M, Takagi A, Tamakoshi A, Kawamura T, Inaba Y, Yokoyama K,
Kitajima Y, Aoyama Y, Iwatsuki K, Ikeda S: Epidemiology and clinical
characteristics of bullous ichthyosisform erythroderma (keratinolytic
ichthyosis) in Japan: results from a nationwide survey. J Am Acad
Dermatol 2013, 68:278–283.

17. Le site santé du Ministère des Affaires sociales et de la Santé. http://www.
sante.gouv.fr/IMG/pdf/Plan_national_maladies_rares_2011-2014.pdf.

18. International Working Group for Disease Monitoring and Forecasting
(IWGDMF): Capture-recapture and multiple-record systems estimation I:
history and theoretical development. Am J Epidemiol 1995, 142:1047–1058.

19. International Working Group for Disease Monitoring and Forecasting
(IWGDMF): Capture-recapture and multiple-record systems estimation II:
application in human diseases. Am J Epidemiol 1995, 142:1059–1068.

20. Chao A, Tsay PK, Lin SH, Shau WY, Chao DY: The applications of capture-
recapture models to epidemiological data. Stat Med 2001, 20:3123–3157.

21. Hook EB, Albright SG, Cross PK: Use of Bernoulli census and log-linear
methods for estimating the prevalence of spina bifida in livebirths and
the completeness of vital record reports in New York State. Am J
Epidemiol 1980, 112:750–758.

22. Hook EB, Regal RR: Recommendations for presentation and evaluation of
capture-recapture estimates in epidemiology. J Clin Epidemiol 1999,
52:917–926.

23. Hook EB, Regal RR: On the need for a 16th and 17th recommendations
for capture-recapture analysis. J Clin Epidemiol 2000, 53:1275–1277.

24. Dupuis JA, Schwarz CJ: A Bayesian approach to the multistate Jolly–Seber
capture–recapture model. Biometrics 2007, 63:1015–1022.

25. Tilling K, Sterne J: Capture-recapture models including covariate effects.
Am J Epidemiol 1999, 149:392–400.

26. Burnham KP, Anderson DR: Model selection and multimodel inference: a
practical information-theoretic approach. New York: Springer; 2002.

27. Mann CJ: Cohort, cross sectional and case–control studies: research
design II. Emerg Med J 2003, 20:54–60.

http://www.sante.gouv.fr/IMG/pdf/Plan_national_maladies_rares_2011-2014.pdf
http://www.sante.gouv.fr/IMG/pdf/Plan_national_maladies_rares_2011-2014.pdf


Dreyfus et al. Orphanet Journal of Rare Diseases 2014, 9:1 Page 7 of 7
http://www.ojrd.com/content/9/1/1
28. Shtatland ES, Moore S, Barton MB: Why we need R2 measure of fit (and
not only one). In PROC LOGISTIC and PROC GENMOD. SUGI 2000 Proceeding.
Cary, NC: SAS Institute, Inc; 2000:1338–1343. SUGI 2000 Proceeding.

29. Lykkesfeldt G, Nielsen MD, Lykkesfeldt AE: Placental steroid sulfatase
deficiency: biochemical diagnosis and clinical review. Obstet Gynecol
1984, 64:49–54.

30. Wells RS, Kerr CB: Clinical features of autosomal dominant and sex-linked
ichthyosis in an English population. Br Med J 1966, 1:947–950.

31. Ingordo V, D’Andria G, Gentile C, Decuzzi M, Mascia E, Naldi L: Frequency of
X-linked ichthyosis in coastal southern Italy: a study on a representative
sample of the male population. Dermatology 2003, 207:148–150.

32. Sakura N, Nichimura SI, Matsumoto T, Ohsaki M: Frequency of steroid
sulfatase deficiency in Hiroshima. Acta Paediatr Jpn 1998, 40:63–64.

doi:10.1186/1750-1172-9-1
Cite this article as: Dreyfus et al.: Prevalence of inherited ichthyosis in
France: a study using capture-recapture method. Orphanet Journal of
Rare Diseases 2014 9:1.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Three-source observed data
	Estimation of the number of patients
	Global estimation (pooled-areas level)
	Estimation according to individual covariates
	Estimation for each area

	Estimated prevalence of ichthyosis
	Estimated prevalence of the different clinical forms of ichthyosis

	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


