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ABSTRACT—Introduction: The objective of our study was to explore the association between sex and clinical outcome in
sepsis patients in a large, diverse population. Materials and Methods: We analyzed 6,134 adult patients with sepsis from
the critical care units of Beth Israel Deaconess Medical Center between 2001 and 2012. Study data were retrospectively
extracted from Medical Information Mart for Intensive Care-lll, a multiparameter intensive care database. Results: There
were 2,677 (43.6%) female and 3,457 (56.4%) male patients. Compared with female patients, male patients with sepsis had
a higher 1-year mortality rate (55.6% vs. 51.4%, P=0.001), and so did the 90-day mortality rate (45.1% vs. 42.1%,
P=0.018). 33.8% of male and 31.3% of female patients with sepsis died during hospitalization (P=0.041). The median
length of hospitalization and intensive care unit (ICU) stay for male patients was 19.54 and 7.54 days, while that for female
patients was 16.49 and 6.75 days (P<0.001, P=0.002, respectively). Male patients were more likely to require dialysis
therapy (P=0.109), ventilation support (P=0.012) and more vasoactive agents (dopamine P=0.113, norepinephrine
P=0.016, and epinephrine P=0.093) during the ICU period than female patients. Our Cox proportional hazard regression
model confirmed that the risk of death within 1 year of ICU admission in male patients is 1.083 times that in female.
Conclusion: Female patients with sepsis have better clinical outcomes than male patients in terms of mortality and length of
hospitalization and ICU stay.

KEYWORDS—Big data analytics, gender, medical information mart for intensive care, mortality, septic patients

ABBREVIATIONS—MIMIC—Medical Information Mart for Intensive Care; BIDMC—Beth Israel Deaconess Medical Center;
MIT—Massachusetts Institute of Technology; ICU—intensive care unit; SICU—surgical intensive care unit; CCU—cardiac
care unit; CSRU—cardiac surgery recovery unit; MICU—medical intensive care unit; LOS—Ilength of stay; Cl—confidence
interval; OR—odds ratio; SAPS—Simplified Acute Physiology Score; SOFA—Sequential Organ Failure Assessment;
VECs—vascular endothelial cells; PICS—postintensive care syndrome

INTRODUCTION

Sepsis is a common clinical syndrome characterized by life-
threatening organ dysfunction caused by a dysregulated host
response to infection (1). Despite increased research efforts and
continuous exploration of the pathophysiology of sepsis, this
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illness is still a major cause of death in the ICU and remains a
public health issue that affects quality of life for many sufferers
around the world every year (2—4). Previous studies have
confirmed that patients of different sex show different clinical
manifestations and outcomes during infection with bacteria,
viruses, and fungi (5). The literature has documented that the
way men and women respond to infection is different. Women
can produce better humoural and cellular immune responses
after infection than men but are also prone to autoimmune
diseases (6, 7). Epidemiological studies consistently report a
higher prevalence of sepsis in males relative to that in females
(8). However, the influence of sex on the clinical outcomes of
sepsis is still highly controversial. The results of human studies
focusing on the impact of sex on sepsis-associated mortality are
inconsistent. A prospective, observational clinical study (9) in
Germany concluded that the mortality of female sepsis patients
is higher than that of male sepsis patients. Another prospective
study by Nasir et al. (10) reported a completely opposite
conclusion; their study showed that higher levels of plasma
IL-6 lead to higher mortality in male patients with sepsis.
However, a recent study declared that there is no effect from
sex on the clinical outcome of patients with sepsis (11). Thus
far, there is no conclusive consensus on this issue. Clinicians
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are often confused by the different perspectives and thus cannot
correctly predict the prognosis. Understanding this problem is
of great significance to comprehensive prevention and treat-
ment of sepsis. To obtain more convincing results, this problem
must be studied in a large, diverse group of people. In our study,
we aimed to gain insight into sex-related differences in sepsis
outcomes in large sample populations.

PATIENTS AND METHODS

Database

This article aimed to reveal the impact of sex on the clinical outcome of
sepsis using data from Medical Information Mart for Intensive Care III
(MIMIC-III) (12, 13), which is a large, publicly available database that includes
unidentified health-related data from approximately sixty thousand patients
who were admitted to critical care units of the Beth Israel Deaconess Medical
Center (BIDMC). MIMIC is made available largely through the work of
researchers at the Massachusetts Institute of Technology (MIT) Laboratory
for Computational Physiology and collaborating research groups. After com-
pleting the National Institutes of Health web-based training course “‘Protecting
Human Research Participants,” we obtained approval to access the database
(Certification Number: 2093226).

Study population

2 <

All patients diagnosed with “sepsis,” ““severe sepsis,” or ‘““septic shock™ in
the MIMIC-III clinical database were potentially eligible for the present
analysis. The only exclusion criterion was an age less than 18 years old.

Data extraction and management

Data on the following aspects were extracted: age, ethnicity, Simplified
Acute Physiology Score (SAPS), sequential organ failure assessment (SOFA)
score, admission type and location, first ICU service, date of ICU admission and
discharge, date of birth and death, mechanical ventilation time, amount of
vasoactive drug applied, and dialysis demand. The database had obscured the
true ages of patients over 89 years old. The median age of those patients was
91.5 years, and we used this value as a surrogate age for those patients. Both the
SOFA score and SAPS were computed using the code directly provided by
Johnson et al. (14).

The primary endpoint in our study was 1-year mortality, which was defined
as death observed within 1 year after ICU admission. The hospital and ICU
length of stay (LOS) were selected as the secondary outcomes, with the former
calculated from the date of admission and discharge and the latter extracted
directly from the database. Hospitalization and 90-day mortality were also
assessed. For patients who were discharged alive, we extracted the date of death
from the social security database to determine out-of-hospital mortality.

Data extraction was accomplished using structure query language (SQL) by
PostgreSQL tools (v9.6; PostgreSQL Global Development Group). Data were
extracted from the following tables: ADMISSIONS, ICUSTAYS, PATIENTS,
CHARTEVENTS, and DIAGNOSIS_ICD.

STATISTICAL ANALYSIS

If the measurement data were normally distributed and the
variance was homogeneous, the data were described as the mean
= standard deviation and compared between groups using a 7 test.
If the requirements were not satisfied, data were represented by the
median and interquartile range, and the Wilcoxon rank-sum test
was used for comparisons between groups. Numeration data were
expressed as absolute values and percentages; the chi-square test
or Fisher exact test was chosen for statistical analyses as appro-
priate. Survival analysis was performed with the log-rank test to
determine whether sex affects 1-year mortality. Kaplan—Meier
survival curves were generated.

Univariate analysis was carried out between survivors and
non-survivors to screen variables associated with 1-year mor-
tality by Pearson chi-square test. The variables with P < 0.1 in
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the univariate analysis were included in the Cox proportional
hazard regression model as covariates to determine the factors
that impact the 1-year survival rate.

All data analyses were performed by SPSS software (v21.0;
IBM, Armonk, NY); a two-tailed P <0.05 was considered
statistically significant.

RESULTS

Demographic and clinical characteristics

Results from the univariate analysis of patients’ basic infor-
mation stratified by sex are summarized in Table 1. There were
2,677 female and 3,457 male patients, accounting for 43.6%
and 56.4% of the total population, respectively. Male patients
were slightly younger than female patients, and the proportion
of White (75.1%, P=0.002) and Hispanic or Latino (4.1%,
P =0.001) patients was higher while the proportion of Asian
patients was lower among male patients than among female

TasLE 1. Univariate analysis of demographic and hospital charac-
teristics by gender category

Female Male

(2,677) (3,457) P value

Age, n (%) 69 (57,81) 67 (56,79) <0.001
<45 259 (9.7) 321 (9.3) 0.605
45-64 820 (30.6) 1,187 (34.4) 0.002
65—-89 1,349 (50.4) 1,766 (51.1) 0.591
>90 249 (9.3) 181 (5.2) <0.001
Ethnicity, n (%) <0.001
White 1,915 (71.5) 2,597 (75.1) 0.002
Black 369 (13.8) 273 (7.9) <0.001
Hispanic or Latino 70 (2.6) 143 (4.1) <0.001
Asian 85 (3.2) 119 (3.4) 0.563
Other 238 (8.9) 325 (9.4) 0.492
First ICU service, n (%) <0.001
Ccu 238 (8.9) 318 (9.2) 0.677
MICU 1,854 (69.3) 2,230 (64.5) <0.001
CSRU 78 (2.9) 151 (4.4) 0.003
SICU 507 (18.9) 758 (21.9) 0.004
Marital status, n (%) <0.001
Married 930 (34.7) 1,883 (54.5) <0.001
Single/separated/ 1,634 (61.0) 1,408 (40.7) <0.001

divorced/widow

Unknown 113 (4,2) 166 (4.8) 0.279
Insurance, n (%) <0.001
Government 45 (1.7) 72 (2.1) 0.254
Medicaid/Medicare 2,039 (76.2) 2,410 (69.7) <0.001
Private 587 (21.9) 950 (27.5) <0.001
Self-pay 6 (0.2) 25 (0.7) 0.006
Admission type, n (%) 0.003
Elective 75 (2.8) 155 (4.5) 0.001
Emergency 2,562 (95.7) 3,247 (93.8) 0.002
Urgent 40 (1.5) 55 (1.6) 0.761
admission location, n (%) 0.003
Referral 684 (25.6) 805 (24.7) 0.432
Emergency 1,375 (51.4) 1,578 (48.3) 0.022
Transfer 618 (23.1) 881 (27) 0.001
SOFA” 6.97 +3.52 7.29+3.75 <0.001
SAPS’ 21.39+£5.73 21.06 £5.60 0.113

“Score calculated within 24 h after entering ICU.
SAPS indicates the simplified acute physiology score; SOFA, the
sequential organ failure score; ICU, intensive care unit; SICU, surgical
intensive care unit; CCU, cardiac care unit; CSRU, cardiac surgery
recovery unit; MICU, medical intensive care unit.
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TasLe 2. Univariate analysis of requirement of organ support therapy by gender category
Female Male P value
Ventilation (n, %) 1,345 (50.2) 1,848 (53.5) 0.012
Ventilation duration (h)” 106.00 (33.88, 236.68) 109.25 (32.66, 245.01) 0.606
Dialysis, n (%) 819 (30.6) 1,124 (32.5) 0.109
Vasoactive agent
Dopamine, n (%) 279 (10.4) 341 (9.9) 0.472
Dopamine (mg/kg)’ 3.07 (0.89, 10.45) 4.27 (1.15, 12.42) 0.113
Norepinephrine, n (%) 1,329 (49.6) 1,638 (47.4) 0.079
Norepinephrine (mg/kg)® 0.15 (0.04, 0.48) 0.18 (0.05, 0.54) 0.016
Epinephrine, n (%) 61 (2.3) 98 (2.8) 0.174
Epinephrine (mg/kg)* 0.03 (0.01, 0.10) 0.06 (0.01, 0.11) 0.093

“From the beginning of mechanical ventilation to the oxygen therapy start.

TThe total amount of vasoactive drugs required per kilogram of weight.

patients. The proportion of male patients from the medical
intensive care unit (MICU) was lower than that of female
patients (P < 0.001), while in the cardiac surgery recovery unit
(CSRU) and surgical intensive care unit (SICU), the proportion
of men was higher than that of women (P =0.003, P =0.004,
respectively). There were differences in admission type and
location between men and women (P =0.003 for each). The
SOFA score of the first day in the ICU was higher for men
(P <0.001), while there was no significant difference in the
SAPS between the two groups of men and women (P =0.113).

Univariate analysis of clinical outcomes

Calculations of the mortality rates and the hospital and
ICU LOS were stratified by sex and are summarized in
Table 2. Among male patients, 55.6% died within 1 year
after admission to the ICU, which was significantly higher
than the percentage of female patients (51.4%, P=0.001).
Additionally, 33.8% of male and 31.3% of female patients
died during hospitalization (P =0.041). Furthermore, there
was a significant difference in the 90-day mortality rate

between men and women (45.1% vs. 42.1%, respectively,
P =0.018). Considering that age represents an important
issue in the female group, we compared 1-year mortality
between males and females in different age groups (Fig. 1).
We established four life periods according to the child-
bearing, menopause, senescence, and longevity periods in
females. The mortality rate of males and females increased
with age. In patients younger than 90 years old, males had
significantly higher 1-year mortality than females. The
median length of hospitalization and ICU stay for male
patients with sepsis was 19.54 and 7.54 days, respectively,
while that for female patients was 16.49 and 6.75 days
(P<0.001, P=0.002 respectively). The Kaplan—Meier
curve for 1-year survival by sex is shown in Figure 2.

We studied the requirements of the two groups for mechani-
cal ventilation, dialysis, and vasoactive drugs during the ICU
period. The results of the comparison are shown in Table 3.
Among male patients, 53.5% required mechanical ventilation.
In comparison, the ratio of female patients who required
mechanical ventilation was lower (50.2%, P=0.012). There

80~
-o- female
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female (n,%) 74(28.6) 358(43.7) 784(56.9) 161(64.7)
119(37.1) 571(48.0) 1110(62.9) 123(68.0)
age category

male (n,%)

Fic. 1. Comparison of 1-year mortality between male and female sepsis patients in different age groups.
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Fic. 2. Kaplan—Meier curve for 1-year survival stratified by gender.
Kaplan—Meier curve for survival stratified by gender over a 1-year period. The
survival rate was significantly higher in the female group than in the male
group (P=0.007 by log-rank test).

was no difference in the number of patients who required
dialysis or vasoactive drugs between the two groups. The total
amount of dopamine, norepinephrine, and epinephrine required
per kilogram of weight for men during their ICU stay was more
than that for women (P=0.113, P=0.016, and P=0.093,
respectively) (Fig. 3).

Cox proportional hazards analyses of 1-year mortality
After comparing the variables between 1-year survivors and
non-survivors in the univariate analysis (see Table 4), we chose
to input sex, race, first ICU service, marital status, insurance,
admission location, SAPS and SOFA scores but not admission
type into the Cox proportional hazards regression model (see
Fig. 2). Our multivariate regression model revealed relations
between sex and 1-year mortality; the risk of death within
1 year in men was 0.083-times higher than that in women
(P=0.031, OR=1.083, 95% CI 1.007—-1.167). In addition,
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TasLe 3. Univariate analysis of clinical outcomes by gender cate-
gory
Female Male P

Mortality, n (%)

Hospital mortality 839 (31.3) 1,169 (33.8) 0.041
30-day mortality 888 (33.2) 1,219 (35.3) 0.087
90-day mortality 1,127 (42.1) 1,571 (45.1) 0.018
One-year mortality 1,327 (51.4) 1,923 (55.6) 0.001

Length of stay (day)
Hospital LOS 10.44 (5.73,20.84) 12.06 (6.13,24.01) <0.001
ICU LOS 3.37 (1.80,8.05) 3.80 (1.88,8.95) 0.002

ICU indicates intensive care unit; LOS, length of stay.

advanced age and higher admission SAPS and SOFA score
were correlated with increased mortality risk within 1 year
(P <0.001).

DISCUSSION

At present, there are many studies on the relationship
between sex and clinical outcomes in patients with sepsis,
but the results are still controversial. Hence, it is necessary
to further study this problem using a database. All data in the
MIMIC database are directly imported by the medical record
system or recorded by the medical staff. We then extracted the
relevant data according to our research requirements; the only
inclusion criterion was an adult patient diagnosed with sepsis,
irrespective of his or her primary disease, disease severity, and
special treatment. Data storage and assessment were performed
by different teams. Since data were already recorded in the
database before we formed the research plan, our subjective
consciousness did not interfere with patient inclusion and
treatment, which ensures that our data are true and that our
results are credible. However, selection bias or subjective
interference were difficult to avoid in previous retrospective

Gender(ref,Female) P OR 95%C1
Male ot 0.031 1.083 (1.007, 1.167)
Age catagory (ref<45)
45-64 —— <0.001 1414 (1.208,1.655)
65-89 e <0.001 1913 (1.630, 2.244)
>90 —_———— .00 2338 (1.925,2.840)
Ethnicity (ref,White)
Black et 0.233 0.930 (0.825, 1.048)
Hispanic or Latino bt 0.601 0.948 (0.777,1.157)
Asian —t 0.486 0.932 (0.764,1.136)
Other —— 0.101 1,107 (0.980, 1.250)
Marital Status ( ref,married)
o i - 5 0.897 0.995 (0.923,1.073)
Unknown ——i 0.013 1233 (1.042,1.434)
First ICU Service (ref,CCU)
MIiCU ——t 0.027 0.877 (0.780, 0.985)
CSRU  —e—i 0.009 0.760 (0.620,0.933)
SICU e 0.001 0.790 (0.691,0.903)
Admission location (ref,Referral)
Emergency e— 0.075 1.082 (0.992,1.181)
Transfer - 0.066 1.099 (0.994,1.216)
Insurance (ref,government)
Medicald/Medk 0.100 1.209 (0.951,1.774)
Private [ S — 0.261 1197 (0.875, 1.637)
Self-pay 0.147 1.530 (0.857,2.803)
SPAS " <0.001 1.096 (1.084,1.107)
SOFA . <0.001 1.051 (1.043,1.058)
r T T 1
\] ) o ) 'a
o N N v o

Fic. 3. Result of the Cox proportional hazard regression analysis. Each horizontal line represents the 95% CI range, and the small black spots in the

middle of the crosses represent the OR value.
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TasLE 4. Univariate analysis of demographic and hospital charac-
teristics by category of 1-year outcome

Survival Non-survival P

Gender 67 (55, 79) 70 (58, 81) 0.001

Female 1,300 (48.6) 1,377 (51.4)

Male 1,534 (44.4) 1,923 (55.6)

Age <0.001
<45 387 (66.7) 193 (33.3) <0.001
45-64 1,080 (53.8) 929 (46.2) 0.003
65-89 1,221 (39.2) 1,894 (60.8) 0.127
>90 146 (34.0) 284 (66.0) <0.001

Ethnicity 0.026
White 2,066 (45.8) 2,466 (54.2) 0.354
Black 321 (50.0) 321 (50.0) 0.016
Hispanic or Latino 110 (51.6) 103 (48.4) 0.148
Asian 100 (49.0) 104 (51.0) 0.380
Other 237 (42.1) 326 (57.9) <0.001

First ICU Service 0.01
CCuU 227 (40.8) 329 (59.2) 0.088
MICU 1, 888 (46.2) 2,196 (53.8) 0.095
CSRU 9 (43.2) 130 (56.8) 0.113
SICU 620 (49.0) 645 (51.0) 0.994

Marital status, n (%) <0.001
Married 1,275 (45.0) 1,538 (46.6) 0.205
Single/separated/ 1,459 (51.5) 1,583 (48.0) 0.006

divorced/widow
Unknown 100 (3.5) 179 (5.4) <0.001

Insurance, n (%) <0.001
Government 5 (2.6) 42 (1.3) <0.001
Medicaid/Medicare 1 906 (67.3) 2,543 (77.1) <0.001
Private 837 (29.5) 700 (21.2) <0.001
Self-pay 6 (0.6) 15 (0.5) 0.545

Admission type 0.87
Elective 104 (45.2) 126 (54.8) 0.125
Emergency 2,684 (46.2) 3,125 (53.8) 0.076
Urgent 46 (48.4) 49 (51.6) 0.390

Admission location <0.001
Referral 784 (51.0) 753 (49.0) 0.008
Emergency 1,376 (45.1) 1,673 (54.9) 0.004
Transfer 674 (43.5) 874 (56.5) <0.001
SPAS 9 (15, 23) 22 (18, 26) <0.001
SOFA 5 (3, 8) 7 (3, 8) <0.001

“The patient is still alive after a year of ICU entry.

TThe patient died within 1 year after ICU entry.

ICU indicates intensive care unit; SICU, surgical intensive care unit; CCU,
cardiac care unit; CSRU, cardiac surgery recovery unit; MICU, medical
intensive care unit.

studies and may affect the research results to some extent. In
addition, the population number in our research study is four
times or more than that in previous studies, and our study
duration was also longer. Therefore, some of the confounding
factors are more balanced among the two groups of men and
women. Animal studies have also indicated that females appear
to have a survival advantage in terms of both immunologic and
cardiovascular responses (15).

The LOS in the ICU or hospital was longer in male sepsis
patients than in female sepsis patients, which has been over-
looked by many studies. We agree with Sakr et al.’s (16)
interpretation of this finding that there may be a sex-related
bias in the treatment choice. Some studies have reached a
consensus that male patients require higher intensity ICU
support treatment than female patients (17). The ICU admission
rates among men were higher than those among women, and
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men were also more likely than women to receive advanced
therapy and undergo invasive procedures. In addition, male
patients required more norepinephrine than women to correct
hemodynamic abnormalities. That is, hypotension in male
patients with sepsis is more difficult to correct than that in
female patients. Some researchers have reported that fewer
females receive antibiotics than males (18), and females were
significantly less likely than males to receive antibiotics within
3h (19). The difference in the use of antibiotics may be related
to the different infection location. Some studies paid attention
to this issue and observed that there were clear differences in
infection sites based on sex. Two primary sites of infection
emerged: the chest (including pneumonia and respiratory tract
infection) and the urinary tract. Females were less likely to have
respiratory infections than males, but females more commonly
developed sepsis from genitourinary sources than males (18,
20). This outcome may be caused by lifestyle and anatomical
differences between men and women.

After comprehensive analysis of our data and related liter-
ature, we concluded that the difference in 1-year mortality
between men and women may be due to postintensive care
syndrome (PICS). PICS describes new or worse health prob-
lems after critical illness that remain after patients leave the
hospital (21). These problems can be related to the body,
thoughts, feelings, or mind of patients and may cause physical
weakness and affect disease recovery, further influencing the
long-term survival rate of patients. Some surveys have shown
that the incidence of PICS in males is significantly higher than
that in females (22). Sepsis, mechanical ventilation, and inva-
sive operation are high-risk factors for PICS occurrence (23).
As mentioned above, male patients are more likely to receive
more aggressive treatment in the ICU, including mechanical
ventilation, deep venous and artery puncture, and dialysis, than
female patients. These treatments also increase the risk of PICS
occurrence in male patients.

At present, the clinical interpretation of sex differences in the
outcome of sepsis is still undetermined. The mainstream view
regards the difference in the outcome of sepsis based on sex to
be caused by different levels of hormones in the body (24, 25).
Animal studies have confirmed that oestrogen, especially
oestradiol, can inhibit the inflammatory response and regulate
the immune system to achieve a balance of inflammatory and
anti-inflammatory reactions and promote the repair of damaged
tissues, thereby protecting the organs (26, 27). Oestrogen has
also been proven to have a direct protective effect on vascular
endothelial cells (VECs), which play an important role in
microcirculation. It was reported that oestrogen can promote
the growth of VECs and protect the normal function of blood
vessels (28). Oestrogen can also inhibit endothelial cell apo-
ptosis, induce endothelial cell proliferation and migration, and
promote microvessel regeneration (29). In addition to the effect
of oestrogen on the inflammatory response, whether the pro-
tective effect of oestrogen on endothelial cells underlies the
differences in sex-based sepsis outcomes requires more scien-
tists to investigate.

Although our research is based on a large, diverse popula-
tion, this is actually a retrospective single-center study. Limited
by our current capabilities and the extent to which the database
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can be used, our research discovered a phenomenon but cannot
fully explain its pathophysiological mechanism. The inflam-
matory response has a strong effect on the pathogenesis of
sepsis and is closely related to the mortality rate. However, in
this study, we did not extract indicators of the inflammatory
response, such as the level of inflammatory factors, in patients.
Therefore, we cannot directly compare the inflammatory
response between male and female patients. In patients with
sepsis, the indicators of VEC function are not routinely tested.
Thus, we should focus on whether there is a difference in
endothelial cell function between male and female patients with
sepsis in a future study.

The mechanism of the relationship between sex and clinical
outcomes in patients with sepsis also requires further study. A
large number of animals and molecular experiments must be
carried out to discover the relevant mechanisms, as an under-
standing of these mechanisms will be of great significance for
the prevention and treatment of sepsis.

CONCLUSION

The clinical outcome in women with sepsis is better than that
in men with sepsis in terms of mortality and the length of
hospitalization and ICU stay.
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