Ko et al. Critical Care (2023) 27:229 Critic a | C are
https://doi.org/10.1186/s13054-023-04515-5

RESEARCH Open Access

: ®
Influence of gender on age-associated sl

in-hospital mortality in patients with sepsis
and septic shock: a prospective nationwide
multicenter cohort study

Ryoung-Eun Ko'", Danbee Kang®*', Juhee Cho??, Soo Jin Na', Chi Ryang Chung', Sung Yoon Lim?,
Yeon Joo Lee?, Sunghoon Park®, Dong Kyu Oh®, Su Yeon Lee®, Mi Hyeon Park®, Haein Lee®, Chae-Man Lim® and
Gee Young Suh'”" on behalf of the Korean Sepsis Alliance (KSA) investigators

Abstract

Background Numerous epidemiological studies investigating gender-dependent clinical outcomes in sepsis have
shown conflicting evidence. This study aimed to investigate the effect of gender on in-hospital mortality due to sepsis
according to age group.

Methods This study used data from the Korean Sepsis Alliance, an ongoing nationwide prospective multicenter
cohort from 19 participating hospitals in South Korea. All adult patients diagnosed with sepsis in the emergency
departments of the participating hospitals between September 2019 and December 2021 were included in the analy-
sis. Clinical characteristics and outcomes were compared between male and female. Eligible patients were stratified
by age into 19-50 years, 50-80 years, and >80 years old individuals.

Results During the study period, 6442 patients were included in the analysis, and 3650 (56.7%) were male. The
adjusted odds ratio (OR) [95% confidence interval (CI)] for in-hospital mortality for male compared with female was
1.15 (95% Cl=1.02-1.29). Interestingly, in the age 19-50 group, the risk of in-hospital mortality for males was signifi-
cantly lower than that of females [0.57 (95% Cl=0.35-0.93)]. For female, the risk of death remained relatively stable
until around age 80 (P for linearity =0.77), while in males, there was a linear increase in the risk of in-hospital death
until around age 80 (P for linearity <0.01). Respiratory infection (53.8% vs. 37.4%, p <0.01) was more common in
male, whereas urinary tract infection (14.7% vs. 29.8%, p <0.01) was more common in female. For respiratory infec-
tion, male had significantly lower in-hospital mortality than female in the age 19-50 groups (adjusted OR=0.29, 95%
C1=0.12-0.69).

Conclusions Gender may influence age-associated sepsis outcomes. Further studies are needed to replicate our
findings and fully understand the interaction of gender and age on the outcomes of patients with sepsis.
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Background

Despite major medical advances, sepsis continues to
affect a large number of patients and remains one of
the leading causes of hospital death worldwide [1-4].
Over the past several decades, numerous epidemiologi-
cal studies on sepsis have been published. However, the
epidemiology of sepsis remains unclear as sepsis is a
heterogeneous syndrome.

Sepsis is characterized by a systemic dysregulated
host response to infection [5]. Therefore, most of the
studies on risk factors for mortality in sepsis focus on
a patient’s predisposition to infection and develop-
ing organ dysfunction. Besides age, immunosuppres-
sive disease, and diabetes, which are well-established
patient susceptibility risk factors, gender may also
influence the clinical outcomes of sepsis [6]. The impact
of gender on sepsis has been explored by various clini-
cal and epidemiological studies in the past decade [7,
8]. Some epidemiological studies have found a lower
incidence of sepsis in females than in males [9-11].
However, the evidence for gender-dependent clini-
cal outcomes in sepsis is inconsistent among numer-
ous observational clinical studies, and there is no clear
data on how gender influences the outcome once sepsis
occurs [7, 8].

This study aimed to investigate the effect of gender
on in-hospital mortality due to sepsis using data from
a nationwide prospective multicenter cohort in South
Korea. To better understand the effects of gender, sub-
group analyses were performed to assess whether the
effects of gender differed significantly across age groups.

Materials and methods
Study design and population
This study used data from a prospective cohort of the
Korean Sepsis Alliance, an ongoing nationwide prospec-
tive multicenter study evaluating the clinical character-
istics, management, and outcomes of sepsis and septic
shock patients. Patients were enrolled from 19 partici-
pating hospitals between September 2019 and Decem-
ber 2021. The detailed protocol for patient enrolment
and data collection have been previously described [12].
Patients were included if they were 19 years of age or
older and were diagnosed with sepsis or septic shock in
the emergency department. The diagnoses of sepsis and
septic shock were based on the third International Con-
sensus Definitions for Sepsis and Septic Shock (Sepsis-3)
[5]. Patients were excluded if sepsis was first detected in
the general ward.

The study was approved by the institutional review
boards of each participating hospital, including Samsung
Medical Center (IRB No. 2018-05-108). The requirement
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for informed consent was waived owing to the observa-
tional nature of the study.

Data collection

Data on demographic characteristics, coexisting condi-
tions, severity of illness, and treatment were collected by
trained nurses [12]. In this study, we used demographic
factors, including age, gender, body mass index (BMI),
and clinical characteristics, including Charlson comor-
bidity index, illness severity using the initial Sequential
Organ Failure Assessment (SOFA) score at time zero
[13], recognition of sepsis by physicians in the emergency
department, site of infection (e.g., respiratory, abdominal,
urinary or skin/soft tissue), admission source (commu-
nity, nursing home, or hospital actuated), identification of
the pathogen, microbiological type (Gram-positive bac-
teria, Gram-negative bacteria, virus, fungus, and tuber-
culosis), appropriateness of antibiotics, Surviving Sepsis
Campaign (SCC) bundle and its individual component
completion at 3 h [14], surgical or radiologic intervention
for source control, admission/transfer to intensive care
unit (ICU), and length of hospital stay. The appropriate-
ness of antibiotics was determined according to the drug
susceptibility test results or the guideline recommenda-
tions [15].

The primary endpoint was in-hospital mortality rate.
The main exposure was gender. Since age was also a
strong confounding factor, we stratified the patients by
age.

Statistical analysis

Baseline characteristics of patients were summarized as
numbers and proportions for categorical variables and
mean with standard deviation or median with inter-
quartile range (IQR, 25-75th percentiles) for continu-
ous variables. Age was stratified into 19-50, 50—80, and
>80 years based on the average age of menopause and the
influence of aging-related frailty [16, 17].

We calculated the odds ratio (OR) with 95% confi-
dence intervals (CI) for in-hospital mortality by gen-
der using a conditional logistic regression model, with
the hospital as a matching variable to account for the
potential confounding effect of the hospital. To con-
trol for other potential confounding factors, a literature
review was conducted to identify relevant variables.
Age and Charlson scores were selected to represent
patients’ baseline condition. The year of study was
included to control the time effect, including the effect
of the Coronavirus disease 2019 pandemic and techni-
cal or treatment changes with time. Initial SOFA score
was selected to adjust for the baseline severity of the
disease. To address multicollinearity issues, we exam-
ined the correlation between variables and selected
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the most comprehensive variables from those with
high correlations. The final model was adjusted for age,
Charlson comorbidity score, initial SOFA score, pres-
ence of septic shock, site of infection, type of infec-
tion, ICU admission/transfer, and year of infection. We
also performed a subgroup analysis to confirm that the
association between gender and in-hospital mortal-
ity was consistent across the three age groups. For this
analysis, we did not adjust for age. Patients were further
divided according to presence and absence of septic
shock. Another subgroup analysis to evaluate whether
the association between gender and mortality was
consistent across different sites of infection was also
performed.

To further investigate the influence of age by gen-
der, we modelled age as a continuous variable using
restricted cubic splines. Four knots were selected based
on the model comparison by Akaike Information Crite-
rion. To determine the optimal location of knots, Har-
rell's suggested knot locations recommend using the
5th, 35th, 65th, and 95th percentiles of the continuous
variable [18]. Thus, we performed cubic splines for age
with knots at the 5th, 35th, 65th, and 95th percentiles
of our sample distributions (male: 47.5, 68, 78, and 88,
respectively, and female: 47, 71, 81, and 91, respec-
tively). We then calculated the linearity and nonlin-
earity of the association between age and in-hospital
mortality by testing that the coefficients associated
with the nonlinear components are equal to zero [19].

All tests were two-sided, and a P value <0.05 was
considered to indicate statistical significance. All analy-
ses were performed using SAS® Visual Analytics (SAS
Institute Inc., USA) and STATA version 16 (StataCorp
LP, College Station, TX, USA).

Results

During the study period, 8081 patients were enrolled
in the registry (Fig. 1). In this study, patients diag-
nosed with sepsis or septic shock in the emergency

September 2019 - December 2021
(N =8,081)

—

‘ patients with sepsis at ER ’

‘ Adult patients with sepsis ’

Exclusion (n=1,639)
Enrolled in general ward

(n=6,442)

|
) l

‘ Male ’ ‘ Female ’

(n=3,650) (n=2,792)
Fig. 1 Flow diagram of the eligible study cohort from the Korea
Sepsis Alliance
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department were included, while those diagnosed in
the general ward (n=1639) were excluded. Finally, 6442
patients were included in the analyses (3650 male and
2792 female).

Baseline characteristics of study patients

Of the 6442 eligible patients, 3650 (56.7%) were male, and
the median age was 75 years. The baseline characteris-
tics of the study cohort are shown in Table 1. Compared
with females, males were more likely to be younger (73
[IQR, 64-81] years vs. 77 [IQR, 66—84] years, p<0.01),
have lower BMI (21.5+4.0 vs. 22.1+4.5, p<0.01), and
have a higher initial SOFA score (6 [IQR, 48] vs. 5 [IQR,
4-8], p<0.01). No significant difference in the proportion
of septic shock was observed between the two groups.
Regarding the infection site, respiratory infection (53.8%
vs. 37.4%, p<0.01) was more common in males, whereas
urinary tract infection (14.7% vs. 29.8%, p<0.01) was
more common in females. Microbiological pathogens
were identified in 3822 (59.3%) patients. Among them,
Gram-positive bacteria (30.7% vs. 25.1%, p<0.01) and
viruses (3.5% vs. 2.3%, p=0.03) were more common in
males, while gram-negative bacteria (72.3% vs. 77.7%,
p<0.01) was more common in females. The appropri-
ateness values of initial empiric antibiotics in males and
females were 88.7% and 88.3%, respectively (p =0.88). The
time to antibiotics administration (2 [IQR, 1-4] hours vs.
2 [IQR, 1-3] hours, p=0.53) was similar for both groups.
Four-hundred and ten patients (11.2%) received surgical
or radiological intervention for source control in males
versus 343 (12.3%) for females (p =0.08). Time to source
control was similar for the two groups (13 [IQR, 6-26]
hours vs. 12 [IQR, 6-25] hours, p=0.40). There was no
significant difference between the two groups in the SCC
bundle completion rate at 3 h (61.3% vs. 59.2%, p=0.08).
However, among individual components of the bundle,
there was significant difference in lactate measurement
(94.8% vs. 93.4%, p=0.02). In addition, the rates of ICU
admission (44.4% vs. 43.8%, p=0.66) and length of hos-
pital stay (12 [IQR, 6-21] days vs. 11 [IQR, 6-19] days,
p=0.30) were similar in both groups.

Comparison of in-hospital mortality according to age

Among males, the proportions of patients in the age
19-50, age 50-80, and age >80 groups were 6.2%,
64.7%, and 29.1%, while among females, the corre-
sponding proportions were 6.6%, 52.8%, and 40.5%,
respectively. There were no significant differences in the
baseline characteristics of patients among the three age
groups, with similar differences among male and female
in the whole population except for some individual
components of the SSC bundle in certain age groups
(Additional file 1: Table S1). SSC bundle completion
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Table 1 Baseline characteristics of patients, infection, and
treatments according to gender

Male Female P value
(N=3650) (N=2792)
Age, years 73 (64-81) 77 (66-84) <001
Body mass index, kg/m? 2150400  22.1(45) <0.01
Charlson comorbidity index 54-7) 54-7) 0.01
Initial SOFA score 6 (4-8) 5(4-8) <0.01
Septic shock 636 (174) 461 (16.5) 033
Sepsis suspected from the ER 1517 (41.6) 1211 (43.4) 0.14
Site of infection
Respiratory 1962 (53.8) 1045(374) <0.01
Abdominal 956 (26.2) 756 (27.1) 043
Urinary 538(14.7) 831(29.8) <0.01
Skin/soft tissue 107 (2.9) 100 (3.6) 0.14
Catheter-related 18 (0.5) 18 (0.6) 042
Neurologic 31(0.8) 18 (0.6) 035
Type of infection <0.01
Community 2527 (69.2) 1790 (64.1)
Nursing home acquired 243 (6.7) 279 (10)
Nursing hospital acquired 494 (13.5)  432(15.5)
Hospital acquired 386 (10.6) 291 (104)
Pathogen identification 2093 (57.3) 1729(61.9)
Microbiological Type (N=3822)
Gram-positive bacteria 642 (30.7) 434(25.1) <001
Gram-negative bacteria 1514 (72.3) 1343(77.7) <0.01
Virus 73 (3.5) 39(2.3) 0.03
Fungus 123 (5.9) 102 (5.9) 0.98
M. tuberculosis 26(1.2) 15(0.9) 0.26
Appropriateness of initial empirical 0.88
therapy
Appropriate 3236 (88.7) 2464 (88.3)
Inappropriate 393(10.8) 311 (11.1)
Not applicable 21 (0.6) 17 (0.6)
Time to antibiotics, hours 2(1-4) 2(1-3) 0.53
Source control 410(11.2)  343(12.3) 0.19
Time to source control, hours 13(6-26) 12 (6-25) 040
SSC bundle completion at 3 h 2239 (61.3) 1652 (59.2) 0.08
Measure lactate 3461 (94.8) 2608 (93.4) 0.02
Blood culture 3234 (88.6) 2491 (89.2) 044
Antibiotics 2377 (65.1) 1803 (64.6) 0.65
Fluid administration 3606 (98.8) 2760 (98.9) 0.83
Apply vasopressor 3506 (96.1) 2702 (97.8) 0.13
ICU admission/transfer 1620 (44.4) 1224 (43.8) 0.66
Length of hospital stay 12 (6-21) 11 (6-19) 030

Data are presented as mean (SD), median (interquartile range), or number (%)

ER emergency room; ICU intensive care unit; SSC Surviving Sepsis Campaign;
SOFA Sequential Organ Failure Assessment
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at 3 h was significantly higher in males compared to
females in age >80 group (63.2 vs. 58.6%, p =0.03). Lac-
tate measurements were more frequently performed in
age 50—80 group in males compared to females (95.0%
vs. 93.0%, p<0.01). In the age 19-50 group, blood cul-
ture was less frequently performed in males at 3 h com-
pared to females (85.0% vs. 92.4%, p =0.02).

The crude in-hospital mortality rate of the over-
all population was 27.7%, and the in-hospital mortal-
ity rates for males and females were 30.0% and 24.7%,
respectively (p<0.01). The adjusted OR (95% CI) for
in-hospital mortality for males compared with females
was 1.15 (95% CI=1.02-1.29).

In the age 50-80 and age >80 groups, the adjusted
ORs (95% CI) for in-hospital mortality followed the
overall trend, with males showing significantly higher
risk of mortality compared with females with adjusted
OR values of 1.25 (95% CI=1.07-1.47) for the age
50-80 group, and 1.10 (95% CI=0.90-1.33) for the age
>80 group. However, in the age 19-50 group, the mor-
tality risk for males was significantly lower than that
of females, with an OR of 0.57 (95% CI=0.35-0.93)
(Table 2).

Restricted cubic splines used to estimate the risk of
in-hospital mortality by age according to gender are
shown in Fig. 2. The risk of in-hospital mortality by age
showed a markedly different pattern between the two
gender groups. In females, the risk of death remained
relatively stable until around 80 years of age (P for line-
arity =0.81), when the risk of death increased (P for lin-
earity <0.01). On the other hand, in male, there was a
linear increase in risk of in-hospital death until around
age 80 (P for linearity <0.01), which seemed to plateau
(P for linearity = 0.87).

Comparison of in-hospital mortality according

to the presence of shock

In sepsis patients without shock, in-hospital mortal-
ity rates in male and female were 27.3% and 22.4%
(p<0.01), respectively, with an adjusted OR of 1.15
(95% CI=1.01-1.31). In the three age groups, males
were more likely to have a higher risk of in-hospital
death than females in the age 50-80 group, but the
association was not significant in the age 19-50 and
>80 groups.

In patients with septic shock, in-hospital mortal-
ity rates were 42.6% and 36.2% for males and females,
respectively (p=0.03), but adjusted OR 1.12 (95%
CI=0.86-1.45) was not statistically significant.
When analyzed according to the three age groups, the
adjusted OR for in-hospital death was not significantly
different.
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Table 2 Odds ratios (95% confidence interval) for in-hospital mortality associated with gender

Number of death (%) P-values Male versus female
Male Female OR (95% Cl)*

All patients

Overall (N=6442) 1095 (30.0) 690 (24.7) <0.01 1.15(1.02,1.29)
Age 19-50 (N=412) 44.(194) 48 (26.0) 0.11 0.57 (0.35,0.93)
Age 50-80 (N=3836) 707 (29.9) 341 (23.1) <0.01 1.25(1.07,1.47)
Age >80 (N=2194) 344 (32.4) 301 (26.6) <001 1.10(0.90, 1.33)

P for interaction for age <0.01

Without septic shock

Overall (N=5345) 824 (27.3) 523 (224) <0.01 1.15(1.01,1.31)
Age 19-50 (N=340) 18(12.8) 29 (22.3) 0.19 0.66 (0.38, 1.16)
Age 50-80 (N=3142) 389 (26.6) 191 (20.9) <001 1.34(1.12,1.60)
Age >80 (N=1863) 179 (28.5) 159 (24.8) 0.02 1.15(0.93,1.43)

P for interaction for age 0.04

With septic shock

Overall (N=1097) 271 (42.6) 167 (36.2) 0.03 1.12(0.86, 1.45)
Age 19-50 (N=72) 15(33.3) 14 (51.9) 0.12 045(0.17,1.22)
Age 50-80 (N=694) 173 (40.1) 84 (32.1) 0.04 1.32(0.95, 1.85)
Age >80 (N=331) 83(52.2) 69 (40.1) 0.03 147 (0.94,231)

P for interaction for age 0.10

For the subgroup analysis by age group, age was not adjusted for
Cl confidence interval; ICU intensive care medicine; OR odds ratio; SOFA Sequential Organ Failure Assessment

*Hospital as a stratification factor in logistic models and further adjusted for age, Charlson comorbidity score (<9 and > 9), initial SOFA score, septic shock, site of
infection, type of infection, ICU admission/transfer, and year
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Fig. 2 Multivariable-adjusted odds ratios (95% Cl) for in-hospital death according to age in A male and B female. The curves represent adjusted
odds ratios (solid line) and their 95% confidence intervals (dashed lines) for in-hospital death based on restricted cubic splines for age with knots
at the 5th, 35th, 65th, and 95th percentiles of their sample distributions (male: 47.5, 68, 78, and 88, respectively, and female: 47, 71,81, and 91,
respectively). The reference value (diamond dot) is set at the 25th percentile (age 64 years for male, 66 years of female). The model is adjusted for
age, Charlson comorbidity score (<9 and >9), initial SOFA score, septic shock, site of infection, type of infection, ICU admission/transfer, and year
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Table 3 Odds ratios (95% Confidence interval) for in-hospital mortality associated with gender by the site of infection

Infection type Number of death (%) P values Male versus female
Male Female OR (95% Cl)*

Respiratory

Overall (N=3007) 666 (33.9) 337(32.3) 0.35 1.11(0.94,1.32)
Age 19-50 (N=145) 1(122) 18 (32.7) <0.01 0.29(0.12,0.69)
Age 50-80 (N=3836) 413 (34.2) 147 (28.7) 0.03 1.30(1.03, 1.64)
Age >80 (N=2194) 242 (36.5) 172 (36.0) 0.86 1.01(0.78,1.29)

P for interaction for age <0.01

Abdominal

Overall (N=1712) 260 (27.2) 178 (23.5) 0.09 1.03(0.81,1.31)
Age 19-50 (N=132) 20(25.0) 15 (28.9) 0.63 0.78 (0.34,1.81)
Age 50-80 (N=3142) 185 (27.1) 108 (24.4) 032 1.02 (0.76, 1.38)
Age >80 (N=1863) 55(28.7) 55(21.1) 0.06 1.07 (0.67, 1.70)

P for interaction for age 0.81

Urinary

Overall (N=1369) 101 (18.8) 131(15.8) 0.15 1.18 (0.87, 1.60)
Age 19-50 (N=72) 3(13.0) 3(6.5) 037 2.11(0.37,12.09)
Age 50-80 (N=694) 55(183) 50(13.0) 0.05 147 (0.95,2.27)
Age >80 (N=331) 43(20.0) 78(19.5) 0.88 091 (0.59,1.41)

P for interaction for age 0.24

Others

Overall (N=292) 50 (32.1) 35(25.7) 024 1.11 (0.59, 2.06)
Age 19-50 (N=37) 6(22.2) 2(20.0) 0.88 0.86(0.12,6.11)
Age 50-80 (N=180) 31(31.3) 19 (23.5) 0.24 1.14(0.53,2.44)
Age >80 (N=331) 13(433) 14 (31.1) 0.28 1.01(0.31,3.32)

P for interaction for age 0.96

For the subgroup analysis by age group, age was not adjusted for

Cl confidence interval; ICU intensive care medicine; OR odds ratio; SOFA Sequential Organ Failure Assessment

*Hospital as a stratification factor in logistic models and further adjusted for age, Charlson comorbidity score, initial SOFA score, septic shock, site of infection, type of

infection, ICU admission/transfer, and year

Comparison of in-hospital mortality according to site

of infection

The adjusted ORs for gender-related in-hospital mortality
stratified by site of infection are shown in Table 3. In res-
piratory infection, males had significantly lower in-hos-
pital mortality rates than female in the age 19-50 groups
(adjusted OR=0.29, 95% CI=0.12-0.69). In contrast, in
the age 50-80 group, males had significantly higher in-
hospital mortality rates than females (adjusted OR=1.30,
95% CI=1.02-1.64). There was a significant interaction
between age and in-hospital mortality (p <0.01 for inter-
action). Overall, for other sites of infection, there was
no significant differences in adjusted OR for in-hospital
mortality between male and female patients.

Discussion

In this study, males had higher overall adjusted in-hospi-
tal mortality rates than females. Interestingly, the influ-
ence of gender on in-hospital mortality differed among

the age groups. In the age 19-50 group, males had sig-
nificantly lower adjusted odds for in-hospital mortality
than females, while the reverse was true in older patients.
In addition, in the restricted cubic splines, there was a
linear increase in mortality in males up to age 80 years,
while in females, the effect of age on in-hospital mortal-
ity seemed to be stable over the same age range. When
stratified by site of infection, the interaction between age
and gender was most prominent in patients with respira-
tory infections.

Numerous observational studies investigating the
effects of gender on mortality in patients with sepsis have
reported conflicting results. While most studies showed
no difference in clinical outcomes between the two gen-
ders [20-23], some reported higher mortality rates in
males [10, 11, 24] and others reported the opposite
results [25, 26]. In this study, we found that overall, males
had higher mortality rates than females (OR=1.24, 95%
CI=1.10-1.40). This diversity observed in gender-related
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mortality reported in patients with sepsis may be related
to the case mix of patient populations included in differ-
ent studies. One of the important clinical features that
differed across the sepsis cohorts was age; the average age
of the previous study cohorts ranged from 60 to 76 years
[10, 22].

In this study, to investigate the influence of age on
gender-related mortality, two detailed analyses were per-
formed. One was the stratification of patients into three
age groups: 19-50, 50—80, and >80 years. The other was
the restricted cubic splines to investigate whether the
influence of age on in-hospital mortality was similar for
the two genders. Interestingly, we found that male had
significantly lower in-hospital mortality rate than female
in the age 19-50 group, and the results were reversed in
the age 50—80 and >80 groups. In addition, the shape of
the restricted cubic splines for age-associated in-hospital
mortality was markedly different between the two gender
groups, suggesting that the effect of age is different for
each gender.

Another factor that might influence the effect of gen-
der on the clinical outcome of sepsis patients may be the
site of infection. Although the site of infection is a crucial
factor related to the clinical outcomes of sepsis [27-29],
many previous epidemiological studies of sepsis do not
include detailed information [8]. In this study, the dif-
ferential effect of age on gender-specific outcomes was
most prominently seen in sepsis patients with respira-
tory infections, showing a statistically significant effect
of age group on gender-associated differences in mortal-
ity. This may explain the difference between the results of
this trial and a recent post-/oc analysis of the ARISE trial,
which reported no difference in outcomes between the
two genders. In that report, only 34.6% of patients had
respiratory infections, compared with 46.7% in this study.
The proportions of other infection sites were also differ-
ent from those in our study.

What are the possible mechanisms underlying the dif-
ferential effects of gender on age-associated in-hospital
mortality observed in our study? A potential factor that
could explain the difference in mortality in males and
females in the age group of 19-50 years is pregnancy.
Pregnancy may predispose patients to sepsis and its
rapid progression due to physiological and immunologi-
cal adaptations [30]. But unfortunately, we did not have
information on how many female patients were pregnant
at sepsis presentation. Considering that 13% of mater-
nal death are attributed to infection or sepsis, this effect
warranted further investigation [31]. Another potential
biological explanation may be the influence of gonadal
hormones, such as testosterone on the immune system
[32]. Further studies on the possible biological mecha-
nisms for our findings are needed.
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Several studies have suggested the presence of dif-
ferential care according to gender in the initial man-
agement of sepsis, which may lead to different clinical
outcomes [25, 33, 34]. In these studies, males were more
likely to receive individual elements of the sepsis bun-
dle much faster than females. In this study, there were
no significant differences in completion rates of the
SSC bundle [14] and its individual components at 3 h
except for significant higher completion rates for lac-
tate measurement in males (Table 1). But this difference
in lactate measurements is unlikely to have influenced
the findings of our study because the biggest difference
in lactate measurements was in the age 50-80 group
(Additional file 1: Table S1) while in the age 19-50 and
age >80 groups, there was no significant difference in
completion rates of lactate measurement at 3 h. Also,
in the age >80 group, completion of the SSC bundle
was more frequent in males which had higher OR for
adjusted mortality than females and the only compo-
nent of the SSC bundle that was significantly different
in the age 19-50 group was blood culture which was
more frequently completed in females.

This study has several limitations. First, the significance
of our findings may have been influenced by the inher-
ent biases of the observational study design. However,
we used a large database of prospectively collected data
of all consecutive patients diagnosed with sepsis in the
emergency room from 19 hospitals in Korea to mini-
mize selection bias. Additionally, we attempted to adjust
for important confounders, but the potential for residual
confounding remains. Second, we did not have detailed
information on the hormones and cytokines required to
better interpret our results. Third, small sample sizes in
certain types of infections may limit the ability to gen-
eralize the findings of this study to those types of infec-
tions. For example, out of 6422 sepsis patients, less than
100 patients with catheter-related infection or neuro-
logic infection were included. The subgroup analysis by
site of infection may have been underpowered. There-
fore, these results should be interpreted with caution and
validated by further studies with larger sample sizes for
these infections. Fourth, we only included Korean sep-
sis patients from ED, which may limit the generalization
of our findings to patients from other countries and to
hospital-acquired sepsis. Although Korean Sepsis Alli-
ance cohort comprised sepsis patients diagnosed from
ED and the general ward, we decided to exclude patients
enrolled from the general ward in our analysis because
the enrolment process is different for these two groups in
our cohort, and we wanted to use a homogenous data set
for our analysis. Finally, because we did not have data on
long-term outcomes, we could not evaluate the impact of
gender on long-term outcomes in patients with sepsis.
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Despite these limitations, this study included a large
number of sepsis patients and attempted to provide
detailed information on the influence of gender on
age-related mortality in sepsis. Another strength of
our study was that we had information available on the
site of infection and were able to analyze the effect of
gender on age-associated outcomes by infection sites.
Further studies are required to better understand the
effects of gender on sepsis outcomes according to age.

Conclusion

Gender may influence age-associated sepsis outcomes.
Further studies are needed to replicate our findings and
fully understand the effects of gender and age on the
outcomes of patients with sepsis.
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