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Abstract Male gender predisposes
to severe sepsis and septic shock.
This effect has been ascribed to
higher levels of testosterone. The
ESPNIC ARDS database was
searched, to determine if there was
evidence of a similar male prepon-
derance in severe sepsis in prepu-
bertal patients in spite of low levels
of male sex hormones at this age. A
total of 72 patients beyond neonatal
age up to 8 years of age with sepsis
were identified. The male/female
(M/F) ratio was 1.7 (1.0;2.7) and
differed significantly from non-sep-
tic ARDS patients in this age group
[n = 209; M/F = 1.0 (0.8;1.3)]. The
highest M/F-ratio was observed in
the first year of life. The gender-
ratio was the same as reported in
adult patients with sepsis. In infants
between 1 month and 12 months 
of age, the ratio was 2.8 (1.2;6.1)
(Chi2= 5.6; P< 0.01), in children
from 1 year to 8 years of age it was
1.2 (0.7;2.2) (n.s.). In a subgroup of
patients with severe sepsis or septic
shock, caused by other bacteria than

Intensive Care Med (2003) 29:1770–1773
DOI 10.1007/s00134-003-1948-z N E O N ATA L  A N D  P E D I AT R I C  I N T E N S I V E  C A R E

Lutz Bindl
Stephan Buderus
Peter Dahlem
Sueha Demirakca
Martin Goldner
Ralf Huth
Martina Kohl
Martin Krause
Peter Kühl
Peter Lasch
Klaus Lewandowski
Ulrich Merz
Jens Moeller
Yehya Mohamad
Mark Peters
Wolfgang Porz
Anne Vierzig
Jochen Rüchard
Jochem Scharf
Verena Varnholt

Gender-based differences in children 
with sepsis and ARDS: 
The ESPNIC ARDS Database Group

L. Bindl (✉) · S. Buderus · J. Rüchard
University Childrens Hospital,
Adenauerallee 119, 53113 Bonn, Germany
e-mail: bindl@mailer.ukb.uni-bonn.de
Tel.: +49-228-2873274
Fax: +49-228-2873267

P. Dahlem
Academic Medical Center, Amsterdam,
The Netherlands

S. Demirakca
University Childrens Hospital, Giessen,
Germany

M. Goldner · P. Lasch
University Childrens Hospital, Mannheim,
Germany

R. Huth
University Childrens Hospital, Mainz, 
Germany

M. Kohl · J. Moeller
University Childrens Hospital, Lübeck,
Germany

M. Krause
University Childrens Hospital, Kiel, 
Germany



1771

Neisseria meningitidis, the M/F-
ratio was 2.1 (1.2;3.6) (Chi2= 4.9;
P<0.05), while in patients with
meningococcal sepsis (n=20) the
M/F-ratio was 1.0 (0.4;2.3). In pre-

Background

A high proportion of male patients among surgical pa-
tients with sepsis was first reported by McGowan in 1975
[1]. Male gender as a risk factor for the development of
severe sepsis and septic shock has been highlighted re-
cently [2, 3, 4]. The interaction between gender and the
occurrence of critical illness in children is not new. An ex-
cess morbidity of boys has been described in upper respi-
ratory infection, bronchiolitis, pneumonia, and septicae-
mia [5]. The influence of sex hormones on the host im-
mune response has been proposed as an explanation for
this unequal gender distribution in sepsis [3, 6, 7, 8]. To
investigate the influence of gender on the occurrence of
severe sepsis and septic shock we analysed data of the
ESPNIC ARDS database (www.meb.uni-bonn.de/ards).
This database, originating from an informal German
working group on paediatric Acute Respiratory Distress
Syndrome (ARDS) and endorsed by the European Society
of Paediatric and Neonatal Intensive Care (ESPNIC) since
2000, has compiled clinical data on around 400 cases of
paediatric ARDS since 1991. The data collection has been
performed restrospectively and prospectively. All patients
fulfil the definition criteria of ARDS according to the con-
sensus conference [9]. Data have been made anonymous
in accordance with European regulations [10].

pubertal ARDS patients with sepsis
an increased frequency of male 
patients is found, comparable to
adults. No male preponderance 
exists in patients with ARDS due to
meningococcal septic shock. Since
levels of testosterone and other sex

hormones are extremely low at this
age, we conclude that factors others
than testosterone are involved in 
the male preponderance in severe
sepsis.

Table 1 Comparison of the gender-ratio (M/F-ratio) between prepubertal ARDS patients with and without sepsis

Acute causative disease Male Female M/F-ratio χ2

Other than sepsis 105 104 1.0(0.8;1.3) 0.0; n.s.
Sepsis (total) 45 27 1.7(1.0;2.7) 3.2; P<0.05

Causative organism
N. meningitidis 10 10 1.0(0.4;2.3) 0.00; n.s.
Other gram-negative 7 4 1.8(0.5;5.6) n.a.
Gram-positive 7 2 3.5(0.8;15) n.a.
Fungi, and not specified 21 11 1.9(0.9;3.9) 2.6; n.s
Organisms except N. meningitidis (total) 35 17 2.1(1.2;3.6) 4.9; P<0.05

Age Male Female M/F-ratio χ2

1–12 months 22 8 2.8(1.2;6.1) 5.6; P<0.01
>12–96 months 23 19 1.2(0.7;2.2) 0.3; n.s.

Underlying chronic diseases Male Female M/F-ratio χ2

None 22 15 1.5(0.8;2.8) 1.1; n.s.
Immunocompromising disease 15 9 1.7(0.7;3.7) 1.3; n.s.

Other chronic disease 8 3 2.7(0.8;9.3) n.a.

To test the hypothesis that higher levels of testoster-
one or other sex hormones are responsible for male pre-
ponderance in severe sepsis and septic shock, the dat-
abase was searched for patients without sepsis before pu-
berty, in whom sex hormone levels are low.

Methods

The “ARDS Database” was searched for all prepubertal patients
with a diagnosis of sepsis or septic shock, treated from 1 January
1991 through 31 December 2001. Precocious puberty is defined
by the onset before the age of 8 years in females and 9 years in
males. To avoid statistical bias, male patients between 8 years and
9 years of age were omitted. Patients with X-linked immunodefi-
ciency (X-linked lymphoproliferative disease, Wiskott-Aldrich
syndrome) were excluded. The database does not include any term
neonates or ex-premature patients younger than 43 gestational
weeks. Patient demographics and underlying diseases are given in
Table 1. All patients fulfilled the criteria of severe sepsis or septic
shock according to the ACCP/SCCM consensus conference, defin-
ing it as a systemic inflammatory syndrome (SIRS) in response to
infection that is associated with acute organ dysfunction [11]. De-
scriptive statistics (frequency, 95% confidence interval) of the sex-
ratio were applied to the group of patients with severe sepsis
and/or septic shock as a whole, and to subgroups according to the
causative agent, to chronic underlying diseases, and to age.

The frequency of male gender in the groups of patients with
sepsis was compared to the frequency among ARDS patients of
the same age group without sepsis, using the chi-square test where
appropriate.
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Results

Information on patient gender was available in 384/391
cases registered from January 1991 to December 2001.
Five patients suffered from X-linked immunologic disor-
ders (Wiskott-Aldrich Syndrome, septic granulomatosis,
X-linked lymphoproliferative disease). Excluding patients
older than 8 years and patients with X-linked chronic un-
derlying disease, 281 cases were eligible for analysis
(Fig. 1). Seventy-two patients had a diagnosis of sepsis
with an overall mortality of 43.6%. The highest mortality
(83.3%) was observed in immunocompromised patients,
in immunocompetent patients it was 24%. Overall mortal-
ity declined from 58.3% before 1996 to 37.5% in later
years. Mortality was 40% in boys and 53% in girls.

The descriptive statistics of the groups of patients are
given in Table 1. Compared to patients without a diagnosis
of sepsis, frequency of male gender was increased in the
total group of patients with severe sepsis or septic shock
(Table 1). Patients in various subgroups were not equally
affected by an increased M/F-ratio. No male preponder-
ance was found in a subgroup of meningococcal septic
shock and it was not significant in children after infancy.

Discussion

Our data show that the increased prevalence of male gen-
der in patients with severe sepsis and septic shock exists
before the onset of puberty. There is no difference to the
sex ratio observed in adults. Wichmann [3] reports a
M/F-ratio of 1.86 in adult surgical ICU patients with an
odds ratio for the development of septic shock of 1.5. The
proportion of male patients in children with sepsis with
ARDS is even higher than recently reported by Watson et
al. [12], who found a M/F-ratio of 1.22 and 1.33 in in-
fants and in children from 1 year to 9 years of age, re-
spectively. This study analysed data of 9,675 patients
from the USA, including neonates, who were treated in
1995 and had a diagnosis of sepsis with failure of one or
more organ systems. A low case fatality rate of 10%
shows that the average severity of disease in this analysis
was lower than in patients of the ARDS database.

We found only a moderate increase in the M/F-ratio,
comparable to the observation of Watson et al. [12] in
children beyond infancy, while infants from 1 month to 12
months of age showed marked male preponderance. The
difference between both age groups cannot be explained
by the influence of sex hormones. No increased frequency
of male gender was observed among patients with sepsis
due to N. meningitidis. Seventy-five percent of these pa-
tients were older than 1 year. This may contribute to the
unequal M/F-ratio in the two age groups. Unfortunately,
the low number of patients and the lack of information
about the causative organism in nearly half of the patients
made multivariant statistical analysis impossible.

The only subgroup caused by a single organism, large
enough to allow statistical testing, were patients with
meningococcal sepsis. An equal gender distribution in
meningococcal septic shock was also described in the pa-
tient characteristics of the rBPI21-study [13] and ob-
served in the patients investigated for PAI-1-gene poly-
morphism (W. Zenz, personal communication). Patients
with a severe course of meningococcal septic shock differ
from others by the presence of purpura fulminans. Arteri-
al thrombotic occlusion is pivotal for the clinical course
in purpura fulminans and individual characteristics of the
coagulation system predispose to a more severe course.
Geishofer et al. [14] described an increased frequency of
the 4G/4G polymorphism of the promoter region of 
the plasminogen activator inhibitor 1 (PAI-1) gene in 
patients with severe meningococcal sepsis, especially in
patients with ARDS. This polymorphism correlates with
a more severe course of the disease. PAI-1 is inherited
autosomally. This may explain why no male preponder-
ance was observed in patients with meningococcal septic
shock.

Male preponderance was more pronounced in patients
with sepsis-induced ARDS, due to other bacteria than N.
meningitidis. The high proportion of male individuals is
not explained by an elevated M/F-ratio in patients at
risk. Severe sepsis and septic shock due to other organ-
isms than N. meningitidis as the cause of paediatric
ARDS mostly occurred in patients with immunocompro-
mising disease, which in majority resulted from malig-
nant diseases or in patients with other chronic underlying
disease. It is a major disadvantage of this type of study
that no exact denominator in terms of patients with
chronic disease in the total population or total number of
those patients treated at the participating institutions is
available. It is known, however, that the M/F-ratio in
paediatric patients with malignant disease is below 1.2/1
[15]. Patients with X-linked immuncompromising dis-
ease were excluded from our analysis. Selection bias
could evolve from the fact that critical respiratory illness
in children predominantly affects male patients [5].
However, the M/F-ratio was only 1.12 in patients in
whom sepsis and ARDS were secondary to pneumonia,
and no male preponderance was found in non-septic pae-

Fig. 1 Gender distribution (Male/Female ratio) in prepubertal pa-
tients with ARDS with and without sepsis
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diatric ARDS cases. Selection bias might also result
from male preponderance in immunocompetent patients
with chronic disease. In these patients the need of inva-
sive procedures or an impaired inability to clear secre-
tions eventually increase the risk of sepsis. However, the
M/F-ratio in infants with ARDS without sepsis was 1.35,
while the M/F-ratio in patients with sepsis of the same
age group was 2.7. From this we conclude that the ob-
served gender difference is not explained by selection bi-
as. Testosterone levels in prepubertal children are ex-
tremely low and are below the levels in adult women.
Therefore, it is unlikely that the observation of a compa-
rable sex-ratio in pre- and postpubertal patients with sep-
sis is due to the presence of high levels of testosterone or

the absence of female sex. This is further supported by
the observation that in adults the male preponderance of
severe sepsis is lower in the age group with highest tes-
tosterone levels, in adolescents, and adult patients below
30 years of age [12, 16]. In contrast, a strong male pre-
ponderance is found in low birth-weight infants [12].
Neonates are not included in our study.

Since higher levels of male sex hormones are no ex-
planation for the observed gender difference, it is likely
that variations of X-chromosomal encoded regulatory
factors of the immune system are contributing to a proin-
flammatory shift in immune response. These gender ef-
fects seemingly are not independent from the causative
organism.
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