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ABSTRACT ARTICLE HISTORY
Background: There is growing awareness that sex differences are associated with different patient Received 23 May 2023
outcomes in a variety of diseases. Studies investigating the effect of patient sex on sepsis-related iiZ:Stde dzo1 JXL{; 53232’023
mortality remain inconclusive and mainly focus on patients with severe sepsis and septic shock
in the intensive care unit. We therefore investigated the association between patient sex and both KEYWORDS
clinical presentation and 30-day mortality in patients with the whole spectrum of sepsis severity ~ SSPSisi s€x; sex
. . R differences; emergency
presenting to the emergency department (ED) who were admitted to the hospital. department; critical care;
Materials and methods: In our multi-centre cohort study, we retrospectively investigated adult mortality
medical patients with sepsis in the ED. Multivariable analysis was used to evaluate the association
between patient sex and all-cause 30-day mortality.
Results: Of 2065 patients included, 47.6% were female. Female patients had significantly less
comorbidities, lower Sequential Organ Failure Assessment score and abbreviated Mortality
Emergency Department Sepsis score, and presented less frequently with thrombocytopenia and
fever, compared to males. For both sexes, respiratory tract infections were predominant while
female patients more often had urinary tract infections. Females showed lower 30-day mortality
(10.1% vs. 13.6%; p = .016), and in-hospital mortality (8.0% vs. 11.1%; p = .02) compared to males.
However, a multivariable logistic regression model showed that patient sex was not an
independent predictor of 30-day mortality (OR 0.90; 95% Cl 0.67-1.22; p = .51).
Conclusions: Females with sepsis presenting to the ED had fewer comorbidities, lower disease
severity, less often thrombocytopenia and fever and were more likely to have a urinary tract
infection. Females had a lower in-hospital and 30-day mortality compared to males, but sex was
not an independent predictor of 30-day mortality. The lower mortality in female patients may be
explained by differences in comorbidity and clinical presentation compared to male patients.

KEY MESSAGES

« Only limited data exist on sex differences in sepsis patients presenting to the emergency
department with the whole spectrum of sepsis severity.

- Female sepsis patients had a lower incidence of comorbidities, less disease severity and a
different source of infection, which explains the lower 30-day mortality we found in female
patients compared to male patients.

+  We found that sex was not an independent predictor of 30-day mortality; however, the study
was probably underpowered to evaluate this outcome definitively.
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Introduction

There is growing awareness that differences between
men and women exist in presentation, treatment and
outcome in many diseases. Sepsis is a life-threatening
syndrome characterized by organ dysfunction caused
by a dysregulated host response to infection [1]. With
regard to sex-based differences, stronger innate,
humoral and cellular immune responses to infection
are found in females compared to males [2,3], which
may be caused by genetic, hormonal as well as envi-
ronmental factors [2-4].

Although females show a possible advantageous
immune response during infections, studies investigating
the effect of sex on sepsis related mortality are inconclu-
sive. Some studies reported no difference [5-12], whereas
others reported higher mortality in women [13-16], or
conversely in men [17-21]. All of these sex-specific sepsis
studies focused on sepsis patients in the intensive care
unit (ICU) only, despite evidence that many sepsis patients
never need intensive care [22]. Only limited data exist on
sex differences in sepsis patients presenting to the emer-
gency department (ED) and the results of these studies
are also conflicting. Two studies included patients present-
ing to the ED with severe sepsis or septic shock [23,24].
Only one study analysed sex-related outcomes in patients
with the whole spectrum of sepsis severity presenting to
the ED [25]. Gaining insight into risk factors and sex dif-
ferences in presentation and outcome in sepsis may help
to personalize treatments and achieve better patient
outcomes.

The aim of our multi-centre, retrospective cohort
study was to investigate the association between
patient sex and both clinical presentation and 30-day
mortality in medical patients presenting with the
whole spectrum of sepsis severity to the ED who were
admitted to the hospital.

Materials and methods
Design, setting and study population

This multicentre retrospective cohort study was per-
formed in three large teaching hospitals in the
Netherlands. The Maastricht University Medical Centre+
(MUMCH) in Maastricht is a secondary and tertiary care
university hospital with approximately 20,000 patients
visiting the ED annually. Rijnstate Hospital in Arnhem
and Zuyderland Medical Centre in Heerlen are both
secondary care teaching hospitals with annually
approximately 39,500 and 33,000 ED visits, respectively.

In MUMC+, patients were included between January
2015 and December 2016. In Rijnstate Hospital and

Zuyderland Medical Centre, patients were enrolled
between July and December 2015. The medical records of
all consecutive adult patients (=18 years old) presenting
to the ED and who were subsequently admitted to the
general ward, the medium care (MC) or ICU for the
departments of internal medicine or gastroenterology
during this inclusion period were screened. Sepsis was
defined as a suspected infection with two or more sys-
temic inflammatory response syndrome (SIRS) criteria [26],
a Sequential Organ Failure Assessment (SOFA) score >two
points or at least two criteria of the quick SOFA (qSOFA)
score [27]. These clinical scores were calculated retrospec-
tively. Septic shock was defined as follows: (1) a systolic
arterial blood pressure below 90mmHg, or a mean arte-
rial blood pressure below 60mmHg, or a reduction in sys-
tolic blood pressure of more than 40mmHg from baseline
despite adequate volume resuscitation [28,29]; (2) and/or
a serum lactate level >2mmol/L in the absence of hypo-
volemia and requiring vasopressors to maintain a mean
arterial pressure >65mmHg [27]. All patients who met the
criteria for sepsis or septic shock, independent of the pri-
mary diagnosis made at the moment of admission, were
included in this study.

We used the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines for
reporting this observational study [30]. The Ethics
Committee of MUMC+, Zuyderland and Rijnstate hospital
approved the protocol of this study and waived the
requirement for informed consent because of the anony-
mous nature of the data set and the non-interventional
nature of the study (METC 13-4-103.12).

Data collection

All data were retrieved from electronic hospital charts.
The following premorbid parameters were extracted
for all patients: age, sex, comorbidity using the
Charlson Comorbidity Index (CCl) score [31], and living
situation. Living situation was categorized as either
independent, nursing- or care home, or other.

In addition, the following items were retrieved in
the ED: triage category (using the Manchester Triage
System (MTS)) [32], vital signs, laboratory data (leuko-
cytes, C-reactive protein (CRP) and thrombocytes), SOFA
score, abbreviated Mortality Emergency Department
Sepsis (abbMEDS) score [33] and presence of septic
shock. The SOFA score quantifies the degree of organ
dysfunction and can be used to predict the prognosis
of patients with sepsis. The abbMEDS score aims to
assess sepsis severity and predicts 28-day mortality in
patients with sepsis at the ED [33]. The five MTS triage
categories were dichotomized in high treatment



priority patients (red and orange) vs. lower treatment
priority patients (yellow, green and blue) [32]. The used
reference ranges for the laboratory values were: leuko-
cytes 4.0-12.0 x 10%L, and thrombocytes >150 x 10%L.
The CRP cut-off levels used in previous sepsis studies
were between 50mg/L and 150mg/L [34-36]. A dichot-
omized CRP cut-off level of 100mg/L was used.

The following outcome parameters were collected:
all-cause mortality during hospital admission and
within 30 days after admission, MC/ICU admission,
length of ICU stay, length of stay in the hospital, and
final diagnosis regarding focus of infection. The pri-
mary outcome was all-cause 30-day mortality after ED
presentation. Mortality after hospital discharge was
checked in the Municipal Personal Records Database.
This national database registers all deaths and date of
deaths of Dutch citizens in the Netherlands.

Sample size

A sample size calculation using a two-tailed test was
performed. With an expected mortality in males of
22% [37], the sample size to show a =5% difference in
30-day mortality was calculated to be 1968 patients.
These calculations assumed a power of 80% with an a
value of 0.05.

Data analysis

We performed descriptive analyses of baseline charac-
teristics, scores and outcome on the observed data
without imputation of missing values. Continuous vari-
ables were presented as medians with the 25th and
75th percentile interquartile ranges (IQRs) and categor-
ical variables as proportions. Comparisons between
women and men were made using the Mann-Whitney
U-test for continuous non-Gaussian data and Person’s
x? for categorical data. The Kaplan-Meier method was
used to calculate 30-day survival probability; a log-rank
test was used to compare survival between the sexes.

To assess the association of patient sex and all-cause
30-day mortality, multivariable logistic regression was
performed incorporating several potential predictors
(age, CClI score, SOFA score and focus of infection)
based on the set of adjustment factors suggested in a
recent systematic review [38]. If patient data on any
variable included in the multivariable analysis were
missing, that patient was excluded from the analysis.
Odds Ratios (ORs) with 95% confidence intervals (95%
Cls) were calculated.

Data were analysed using IBM SPSS Statistics for
Windows, version 26.0 (IBM Corp., Armonk, NY). A p
value <.05 was considered statistically significant.
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Results
Patient characteristics

In total, 2065 patients were included (MUMC+ 1371
patients, Rijnstate Hospital 359 patients and Zuyderland
Medical Centre 335 patients). There were 47.6% females
and 52.4% males (Table 1). The median age was 69
(56-79) years and did not differ significantly between
both groups.

Clinical presentation

Females had a significantly lower median CCl, SOFA
score and abbMEDS score and presented less fre-
quently with thrombocytopenia and a body tempera-
ture above 38°C at the ED, compared to males (Table
1). The leading focus of infection in both male and
female patients was the respiratory tract. Female
patients were more likely to have a urinary tract infec-
tion than male patients (25.5% vs. 20.0%; p = .003).
There were no significant differences between the
sexes regarding the prevalence of septic shock, MC/
ICU admissions, nor hospital length-of-stay.

Mortality

Within 30 days of ED presentation, mortality was signifi-
cantly lower in female patients (10.1%) compared to male
patients (13.6%, log rank test, p = .016, Figure 1).
In-hospital mortality was significantly lower in females
compared to males as well (8.0% vs. 11.1%; p = .02).

Logistic regression analysis

The univariable and multivariable analyses for all-cause
30-day mortality are shown in Table 2 and Figure 2.
The multivariable logistic regression model excluded
21 patients (1.0%) because of missing values. After
adjusting for age, comorbidity, SOFA score and focus
of infection, the multivariable analysis showed that
patient sex was not an independent predictor of
30-day mortality (OR 0.90; 95% ClI 0.67-1.22; p = .51).

Higher age, a higher CCl score and a higher SOFA
score were independently associated with higher 30-day
mortality in patients with sepsis. Urinary tract infections
were associated with a lower 30-day mortality risk.

Discussion

This multicentre retrospective cohort study is one of
the first studies that analysed sex-related outcomes in
patients with the whole spectrum of sepsis severity
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Table 1. Comparison of patient characteristics by sex.

Female (N = 983, 47.6%) Male (N = 1082, 52.4%) p Value
Premorbid characteristics
Age in years® 69 (55-80) 69 (57-79) 95
ca 2 (1-3) 2 (1-4) <.001
0 226 (23.1%) 199 (18.6%)
1 177 (18.1%) 169 (15.8%)
2 233 (23.8%) 236 (22.1%)
>3 342 (35.0%) 464 (43.4%)
Living situation .50
Independent 829 (84.3%) 919 (84.9%)
Nursing- or care home 89 (9.1%) 84 (7.8%)
Other 65 (6.6%) 79 (7.3%)
On admission
MTS high treatment priority (red and orange) 187 (19.4%) 229 (21.6%) 22
Body temperature <36°C 1 (5.2%) 59 (5.5%) .76
Body temperature >38°C 600 (61.4%) 710 (66.4%) .02
Mean arterial pressure <65mmHg 103 (10.5%) 94 (8.8%) 17
Heart rate >90/minute 779 (79.2%) 830 (77%) 22
Respiratory rate (cycles/minute) 8 (14-22) 18 (14-22) 14
Laboratory findings
Leukocytes <4 or >12 x 10/L 725 (74.0%) 769 (71.1%) 15
C-reactive protein >100mg/L 444 (45.2%) 485 (44.9%) .90
Thrombocytes <150 x 10/L 173 (18.0%) 281 (26.6%) <.001
qSOFA score >2 194 (20.0%) 190 (18.0%) 24
SOFA score >2 538 (54.7%) 708 (65.4%) <.001
SIRS criteria >2 962 (97.9%) 1049 (97%) 19
abbMEDS score 5(3-8) 6 (3-8) .001
<4 (low risk) 400 (40.7%) 381 (35.2%)
5-12 (moderate risk) 547 (55.6%) 650 (60.1%)
13-24 (high risk) 6 (3.7%) 1 (4.7%)
Septic shock 3 (7.5%) 9 (9.2%) 15
Outcome
MC admission 21 (2.1%) 21 (1.9%) 75
ICU admission 65 (6.6%) 75 (6.9%) .70
ICU length of stay in days 3 (2-9) 3 (2-7) .96
Hospital length-of-stay in days 6 (3-11) 6 (3-12) 13
Focus of infection? <.001
Respiratory system 293 (29.8%) 363 (33.6%)
Urinary tract 251 (25.5%) 216 (20.0%)
Abdominal 135 (13.7%) 153 (14.2%)
Skin and soft tissue 58 (5.9%) 1 (8.4%)
Sepsis after chemotherapy 59 (6.0%) 4 (3.1%)
Unknown origin 86 (8.7%) 102 (9.4%)
Other 44 (4.5%) 0 (6.5%)
No infection 7 (5.8%) 2 (4.8%)
In-hospital mortality 79 (8.0%) 120 (11.1%) .02
30-day mortality 99 (10.1%) 147 (13.6%) .01

CCl: Charlson Comorbidity Index; MTS: Manchester Triage System; qSOFA: quick Sequential Organ Failure Assessment; SOFA: Sequential Organ Failure
Assessment; SIRS: Systemic Inflammatory Response Syndrome; abbMEDS: abbreviated Mortality Emergency Department Sepsis; MC: medium care; 1CU:

intensive care unit.
Bold values signify p < .05.

Categorical variables given in totals and valid percentages (%), continuous variables in medians (IQR).

2Data missing for one patient (0.05%); bData missing for 19 patients (0.9%); “Data missing for 38 patients (1.8%); dData missing for 14 patients (0.7%);
eData missing for four patients (0.2%); ‘Data missing for 10 patients (0.5%); 9Data missing for 47 patients (2.3%); "Data missing for 37 patients (1.8%);

iData missing for 13 patients (0.6%).

presenting to the ED and admitted to the hospital. We
found several differences in presentation and outcome
of sepsis between the sexes. Female patients had
fewer comorbidities and were more likely to have a
urinary tract infection compared to males. Females
had a lower frequency of thrombocytopenia and fever,
and a lower abbMEDS and SOFA score compared to
males. Furthermore, we showed that females had a
lower rate of in-hospital and 30-day mortality com-
pared to males. However, after adjusting for other pre-
dictors of mortality in sepsis (age, comorbidities,

disease severity at presentation, and focus of infec-
tion), we found that patient sex was not an indepen-
dent predictor of 30-day mortality.

We found some differences in clinical presentation
between females and males. Female patients were
more likely to have a urinary tract infection compared
to male patients, a finding that has also been reported
in other studies [39,40]. Patients with a urinary tract
infection had a lower 30-day mortality risk in our
study, which is in line with other studies that found a
lower mortality rate in patients with genitourinary
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Figure 1. Kaplan-Meier’s survival curves for 30-days survival stratified by sex.

Table 2. Risk factors for all-cause 30-day mortality.

Variables Univariable analysis Multivariable analysis (missing: N = 21)
OR (95% CI) p Value OR (95% CI) p Value
Sex female vs. male 0.71 (0.54-0.93) .01 0.90 (0.67-1.22) 51
Age per year 1.05 (1.04-1.06) <.001 1.04 (1.03-1.06) <.001
ca 1.19 (1.12-1.25) <.001 1.14 (1.07-1.22) <.001
SOFA score 1.48 (1.39-1.56) <.001 1.41 (1.32-1.50) <.001
Focus of infection
Abdominal 1.10 (0.71-1.70) .69 1.06 (0.66—1.70) .82
Urinary tract 0.75 (0.50-1.14) a7 0.46 (0.29-0.72) .001
Respiratory system 1.63 (1.18-2.26) .003 0.95 (0.66-1.36) 77
Other focus, unknown or missing Reference - Reference -
OR: odds ratio; 95% Cl: 95% confidence interval; CCl: Charlson Comorbidity Index; SOFA: Sequential Organ Failure Assessment.
Bold values signify p < .05.
Univariable analysis Multivariable analysis
Sex female vs. male —— —
Age L ) *
CcCl _‘_ +
SOFA sore = ——
Focus of infection
Abdominal 23 L 3
Urinary tract —— ——
Respiratory system H— Hi
0 05 1 15 2 25 0 0.5 1 15 2
OR (95% CI) OR (95% C1)

Lower mortality ~ Higher mortality Lowermortality  Higher mortality

= < >

Figure 2. Forest plots based on the results of the univariable and multivariable analyses of the risk factors associated with
all-cause 30-day mortality. CCl: Charlson Comorbidity Index; SOFA: Sequential Organ Failure Assessment; OR: odds ratio; 95% Cl:
95% confidence interval.
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tract infections compared to patients with lower respi-
ratory tract infections [41,42]. Furthermore, in our
study, females had significantly less comorbidities at
presentation. Comorbid medical conditions like
chronic lung disease, chronic kidney disease, coronary
artery disease and diabetes are risk factors for devel-
oping sepsis, and a higher number of comorbidities is
associated with developing acute organ dysfunction
and hospital mortality in sepsis [39,43,44]. In addition,
thrombocytopenia and fever were less frequently
present in female patients. Platelets are not only
involved in the activation of coagulation, but also play
a role in the acute phase response in infectious dis-
eases and promote innate immune cells responses
[45]. Thrombocytopenia is often seen during sepsis
and is associated with organ failure, a more disturbed
immunological response, and poor outcome [45,46].
Despite the fact that we found no significant sex dif-
ferences in the prevalence of septic shock, both the
abbMEDS score and the SOFA score were significantly
lower in female patients compared to male patients.
This lower disease severity in female patients can pos-
sibly be explained by the lower prevalence of comor-
bidities and a more favourable focus of infection in
females. All these factors can play a role in the lower
mortality we found in female sepsis patients.

Despite the fact that we found a lower mortality
rate in female patients, sex was not an independent
predictor of mortality when correcting for other risk
factors. Previous research focused on seriously ill
patients admitted to the ICU or only included patients
at the ED with severe sepsis or septic shock. A recently
published systematic review and meta-analysis with
more than 80,000 sepsis patients admitted to the ICU,
concluded that the role of sex as a prognostic factor
of mortality was uncertain because the quality of the
evidence was very low [38]. Two studies which
included patients with severe sepsis or septic shock
presenting to the ED showed conflicting results. One
study showed that females with severe sepsis or shock
had a higher chance of in-hospital mortality than
males [23], while another study did not identify sex as
independent predictor of mortality in patients pre-
senting to the ED with septic shock [24]. In our study,
the sepsis diagnosis encompassed the whole spec-
trum of sepsis severity, including those patients with
a low mortality risk. To date, only one other study
analysed the impact of sex differences in patients
with sepsis in the ED regardless of sepsis severity [25].
They reported that sex was not a risk factor of
in-hospital mortality, despite a trend towards lower
female mortality. In contrast to their study, which
included patients meeting sepsis-2 criteria, we

included patients who met the sepsis-3 criteria as
well, since the use of SIRS or SOFA/qSOFA score alone
may lead to missed sepsis diagnoses [47]. However,
despite this difference, our results are comparable. We
showed that female patients had a lower mortality in
sepsis, but sex was not an independent predictor of
mortality. The lower mortality might be explained by
the lower incidence of comorbidities, less disease
severity and a different source of infection in female
patients compared to male patients.

The strengths of our study are its multicentre
design, a large population of ED patients, and inclu-
sion of patients with the whole spectrum of sepsis
severity. The study population included in different
hospitals created a representative population of sepsis
patients in the ED. Furthermore, patients admitted to
the hospital with sepsis may receive another primary
admission diagnosis (e.g. pneumonia) and these
patients might be missed as sepsis patients. We there-
fore included all patients presenting to the ED who
met the criteria of sepsis or septic shock, independent
of the primary diagnosis made during admission. A
limitation may be the retrospective nature of the
study. Furthermore, we found significant and relevant
differences in presentation, comorbidities and mortal-
ity between the sexes. The study was probably under-
powered to detect patient sex as an independent
predictor of mortality, because of the lower observed
than expected mortality rate. To achieve enough
power, we would have needed a sample size of 600
patients more (total of 2674 patients). However, we
found relevant differences in clinical presentation
between women and men with sepsis. Given the
importance of the subject, to be able to individualize
treatment and to take sex-dependent factors into
account, this study needs to be repeated in an even
larger, multicentre study population in several
countries.

Conclusions

Females with sepsis presenting to the ED and admit-
ted to the hospital had fewer comorbidities, lower
disease severity, lower frequency of thrombocytope-
nia and fever, were more likely to have a urinary
tract infection and had a lower in-hospital and
30-day mortality compared to males. Sex was not an
independent predictor of 30-day mortality, however,
with regard to this outcome, the study was probably
underpowered. The lower mortality in female
patients may be explained by differences in comor-
bidity and clinical presentation compared to male
patients.
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