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Introduction

Whether gender influences the outcome of severe sepsis remains a matter of debate.
Because many confounding variables may affect observed associations between gen-
der and mortality, high-quality statistical analyses are essential to carefully adjust
the two groups of patients. About 55% to 65% of patients with sepsis have chronic
co-morbidities associated with immune dysfunction (e.g., chronic renal failure, dia-
betes mellitus, human immunodeficiency virus [HIV] infection, and alcohol abuse),
which increase the susceptibility to sepsis [1]. Genetic polymorphisms that affect the
susceptibility to infection and/or the severity of the systemic response to infection
[2] may lead to variability among individuals and between males and females [3].
Access to healthcare, another determinant of the incidence and outcome of sepsis,
varies according to age, ethnic group, and gender, although a recent study conducted
in the USA found only relatively small quality-of-care differences between males and
females or across income groups compared to the gap for each subgroup between
observed and desirable quality of health care [4]. Here, we review the data on the
existence of, and reasons for, associations between gender and outcome of severe
sepsis (Fig. 1).

Fig. 1. Diagram showing the main
factors that may lead to discrepan-
cies in data from clinical studies
into the influence of gender on
survival of patients with severe
sepsis. Confounders include differ-
ences in age, case-mix, nature of
the injury preceding sepsis devel-
opment (e.g., trauma, hemorrhage,
or burns), infection source, co-mor-
bidities, and menopausal status. In
addition, level of care may differ
between men and women. Finally,
gender-related genetic polymorphisms that affect innate immunity have been identified. Estrogen (17 q
estradiol) may exert beneficial effects and testosterone deleterious effects.



Epidemiological Data

Severe sepsis remains among the leading causes of death in western Europe and
North America [5, 6]. Mortality rates in patients with severe sepsis range from 20%
to 50% depending on the nature and number of organ dysfunctions. The incidence
of sepsis has increased over the last two decades [5], and disparities have been iden-
tified across ethnic groups and between genders. In the US, the incidence of sepsis
was lower in females than in males for all sources of infection except the genitouri-
nary tract. After adjustment for gender, men were more likely to have sepsis than
women in every year of a 22-year study, the mean annual risk being 1.28 [5]. Simi-
larly, other studies showed that men had a higher risk of infection [6] and were
more likely to develop sepsis after surgery or trauma [7, 8]. Acute lung injury (ALI)
was more common, and was associated with worse outcomes, in men compared to
women [7, 9–11]. In a study of 545 patients older than 15 years who were admitted
for trauma, male gender was associated with a dramatically increased incidence of
major infection in all age groups, and the difference between genders was greatest
for moderately severe trauma (Injury Severity Score 16–25) [8]. The lower incidence
in women of pneumonia, sepsis and multiple organ failure after trauma has been
confirmed in other clinical studies [8, 12–14]. Thus, there is general agreement that
the incidence of sepsis is higher in males than in females. However, the influence of
gender on the outcome of established sepsis is far more difficult to assess.

Assessment of the influence of gender on the outcome of established sepsis in
clinical studies has produced conflicting results, perhaps as a result of differences in
age, case-mix, nature of the injury (e.g., trauma, hemorrhage, or burns), infection
sources, co-morbidities, and menopausal status [7, 8, 11, 13, 15–18]. For instance, in
surgical units, survival has been reported to be better in women [11], better in men
[18], and independent of gender [7]. Although differences in sample size and case-
mix probably contributed to these discrepancies, the main factor may be imperfect
matching of males and females. By using a propensity score computed for patients
with severe sepsis included in the Outcomerea database®, we were able to adjust
carefully for confounding variables. We found that hospital mortality was signifi-
cantly lower in women [19]. This difference was present in older patients but not in
pre-menopausal patients ( ‹ 50 years of age).

Effects of Hormones

Sex hormones [20] or gender-related gene polymorphisms [3, 21] may protect
women against sepsis and death from sepsis. Differences in hormone profiles have
been widely suggested as the cause of gender-based differences in the incidence and
outcome of sepsis.

Experimental evidence suggested a protective role for female sex hormones [20].
Female mice tolerate polymicrobial sepsis better than do male mice [22]. In “two-
hit” models, animals are exposed to hemorrhagic shock or trauma, which is
expected to alter or suppress the response to a second insult, such as sepsis [23–25].
In murine two-hit models with sepsis as the second insult, survival was improved in
males after testosterone receptor blockade [26] or administration of the inactive tes-
tosterone metabolite, dehydroepiandrosterone [27]. Suggested explanations for these
findings include better preservation of innate immunity [28], the endothelium [29]
or the gut barrier via improved splanchnic perfusion [25]. Cristafaro et al. [30]
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reported that oral administration of WAY-202196, a selective estrogen-receptor- q
agonist, preserved gastrointestinal barrier function and improved outcomes in three
different models of murine sepsis (Listeria infection, Pseudomonas aeruginosa infec-
tion in neutropenic rats, and cecal ligation and puncture in mice).

Thus, estrogens may exert beneficial effects and testosterone detrimental effects
in experimental sepsis. However, clinical studies have produced conflicting results.
And in a more recent study, mortality in elderly patients with severe sepsis was
independent from gender but correlated with higher serum levels of 17 q -estradiol
and progesterone in males and of 17 q -estradiol and testosterone in females [31].

The most extensively studied estrogen is 17 q -estradiol, which is the most active.
It suppresses major histocompatibility complex II (MHC II) proteins in a tissue-spe-
cific manner [32–34] and acts centrally on the immune system by helping to acti-
vate 5HT2A receptors in the thymus [35]. Estrogen treatment also indirectly sup-
presses MHC II protein expression via serotonin production. Specifically, increased
5HT2A activity causes decreased MHC II production and decreased selection against
self-reactive helper T cells (Th1) [36, 37]. Interplay between estrogen and serotonin
has also been demonstrated in the vascular system, one important result being alter-
ation of coagulation [38], which is also closely linked to inflammation [39]. Other
estrogen effects that protect against acute injury include p38 mitogen-activated pro-
tein kinase (MAPK) activation, antioxidant effects, increased nitric oxide (NO) pro-
duction, modulation of calcium influx and release, activation of KATP channels, and
decreased apoptosis [20].

The above-described potential mechanisms of gender-related differences in
responses to sepsis would lead to expect better survival in pre-menopausal women
than in men. However, this was not usually the case in clinical studies. In post-men-
opausal women, estrogens are produced outside the ovaries, presumably within the
adrenal cortex, although other sources such as T cells, macrophages, and fat tissue
may contribute to the high sex-steroid levels observed in severe sepsis. The metabo-
lism of the adrenal hormone, dehydroepiandrosterone, is a major determinant of
sex-steroid status in post-menopausal women. Dehydroepiandrosterone is a very
weak androgen but can be converted either to more potent androgens or to estro-
gens by peripheral tissue enzymes (5-reductase for conversion to dihydrotestoste-
rone and aromatase for conversion to 17-estradiol) [40]. The higher body mass
index observed in women than men may lead to better protection as a result of
greater aromatase activity in fat tissue. Both obesity and advancing age are known
to increase aromatase activity [40]. In a recent study [31], survival in elderly patients
with severe infection was similar in men and women but varied with the sex-steroid
profile. The absence of a gender difference may be ascribable to the small sample
size and to the inclusion of patients with sepsis with or without organ dysfunction
[31]. Furthermore, confounding factors were not correctly taken into account [31].
Moreover, sex hormone profiles during severe sepsis may fail to reflect baseline hor-
mone production, since severe sepsis is often preceded by several days of systemic
inflammation, a process known to decrease testosterone levels [41–43] and to
increase 17 q -estradiol synthesis via an increase in aromatase activity [44, 45].

Testosterone may be deleterious in patients with sepsis. Testosterone exerts
immunosuppressive effects [46], chiefly through activation and repression of tran-
scription [47]. Testosterone administration causes death in female mice with Plas-
modium chaboudi blood-stage malaria, which is normally self-limited [48]. Interest-
ingly, the detrimental effects of testosterone occurred in the liver rather than the
spleen [48]. Testosterone administration altered the activity of the reticular endothe-
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lial system in the liver, dramatically suppressing both the malaria-protective gene
encoding plasminogen activator inhibitor (PAI-1) and the gene encoding hydroxy-
steroid sulfotransferase (STA2). Moreover, testosterone increased p38 MAPK activa-
tion, upregulated adrenergic receptors and calcium-channel expression, and induced
apoptosis (for a review see [20]). These effects were mainly observed in acute myo-
cardial inflammatory response to acute injury, and were also present, at least in part,
in a trauma-hemorrhage mouse model [49]. Nevertheless, whether these mecha-
nisms are operative in severe sepsis remains to be determined.

In pre-menopausal women, 17-estradiol produced by the ovaries is the chief cir-
culating estrogen. Serum estradiol concentrations are low in prepubertal girls and
increase at menarche. In women, they range from about 100 pg/ml (367 pmol/l) in
the follicular phase to about 600 pg/ml (2200 pmol/l) at ovulation. Serum estradiol
may reach nearly 20,000 pg/ml (70,000 pmol/l) during pregnancy. After the meno-
pause, serum estradiol concentrations fall to values similar to or lower than those in
same-age men (5 to 20 pg/ml; 18 to 74 pmol/l). The protective effect of estrogen on
the cardiovascular system has been widely studied [50], and many of the pathophys-
iological mechanisms underlying atherosclerosis are also involved in the inflamma-
tory process that characterizes severe sepsis. However, in our study mortality was
lower in older post-menopausal women [19]. Moreover, mortality is also higher in
male children [16], who have extremely low levels of testosterone and other sex hor-
mones. These data suggest a role for other factors, such as gender-related genetic
polymorphisms.

Gender-related Genetic Polymorphisms

Gender-related genetic polymorphisms may contribute to the higher mortality from
sepsis in males compared to females. Data from a case-control study by Hubacek et
al. [21] suggest that common polymorphisms in the gene for lipopolysaccharide
binding protein (LBP) may increase both the risk of sepsis and the risk of death
from sepsis in men, but not in women. TNF q NcoI restriction fragment length poly-
morphism affected the amino acid at position 26 of the TNF q sequence, which was
aspariginase with one allele (TNFB1) and threonine with the other (TNFB2) [51].
The genotype distribution of patients homozygous for TNFB1 and heterozygous or
homozygous for TNFB2 was comparable between men and women with severe sep-
sis in a surgical ICU [3]. In women, no difference in survival rate was found between
the different genotypes, whereas mortality was significantly higher in men homozy-
gous for TNFB2 than in men with the other genotypes. The survival rate was higher
in women overall but was not significantly different between men and women with
the TNB2/B2 genotype [3]. The IL-1 receptor-associated kinase (IRAK-1) variant
haplotype is functionally significant in patients with sepsis, being associated with
increased nuclear translocation of nuclear factor-κB (NF-κB), greater severity of
organ dysfunction, and higher mortality [52]. Because the IRAK-1 haplotypes are
located on the X chromosome (at position q28), a larger percentage of men than
women are functionally homozygous. Therefore, men are more likely than women to
exhibit functional effects of the variant IRAK-1 haplotype, which may lead to an
increased risk of sepsis-associated multiple organ dysfunction and death. There was
no significant increase in adverse outcomes in heterozygous females [52], indicating
that the effects of the IRAK-1 haplotype are not dominant.
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Levels of Care

Studies in the USA showed that patients received about half the recommended level
of healthcare, with remarkably little variation across geographic regions [53, 54].
However, differences in quality of care have been found among population sub-
groups. Differences in the level of care may lead to differences in survival between
men and women. In one study, for instance, women received better care than men
overall; however, higher quality scores for preventive and chronic care masked lower
scores for acute care [4]. Similarly, poorer acute care in women has been reported
for cardiovascular disease [55]. In several studies, women were less likely than men
to undergo intensive evaluation and invasive treatment for cardiovascular disease
[56–58]. A large cohort study conducted in Austria in critically ill patients [59]
showed greater use of invasive procedures in men compared to women, in all age
groups. After adjustment for age, men were more likely than women to receive mul-
tiple invasive procedures, even in the youngest age groups. Although disease severity
was greater in women, survival was not significantly different, suggesting either an
inappropriately high level of care in men or a better potential for survival in women
masked by an inappropriately low level of care. However, resource use according to
gender may vary across healthcare systems, indicating a need for studies in coun-
tries that use different systems. In addition, this study [59] enrolled all ICU patients
rather than only those with severe sepsis. In our study, the Nine Equivalents of Nurs-
ing Manpower Score (NEMS-9) was similar in men and women, suggesting level of
care was identical in this particular subgroup of patients with severe sepsis in a
French ICU database (Outcomerea Database) [19].

Conclusion

Men are at greater risk for sepsis than are women. Numerous experimental data sug-
gest better outcomes in females with severe sepsis, compared to males. Nevertheless,
clinical data in humans are conflicting. Further work is needed to determine the
influence of gender on outcomes of severe sepsis. Studies must pay careful attention
to matching the males and females for the many potential confounding variables.
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