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ABSTRACT

Objective To assess the role of sex as an independent
prognostic factor for mortality in patients with sepsis
admitted to intensive care units (ICUs).

Design Systematic review and meta-analysis.

Data sources MEDLINE, Embase, Web of Science,
ClinicalTrials.gov and the WHO Clinical Trials Registry from
inception to 17 July 2020.

Study selection Studies evaluating independent
associations between sex and mortality in critically ill
adults with sepsis controlling for at least one of five core
covariate domains prespecified following a literature
search and consensus among experts.

Data extraction and synthesis Two authors
independently extracted and assessed the risk of bias
using Quality In Prognosis Studies tool. Meta-analysis
was performed by pooling adjusted estimates. The Grades
of Recommendations, Assessment, Development and
Evaluation approach was used to rate the certainty of
evidence.

Results From 14304 records, 13 studies (80520
participants) were included. Meta-analysis did not find
sex-based differences in all-cause hospital mortality (OR
1.02, 95%Cl 0.79 to 1.32; very low-certainty evidence)
and all-cause ICU mortality (OR 1.19, 95%Cl 0.79 t0 1.78;
very low-certainty evidence). However, females presented
higher 28-day all-cause mortality (OR 1.18, 95%Cl 1.05
to 1.32; very low-certainty evidence) and lower 1-year
all-cause mortality (OR 0.83, 95% Cl 0.68 to 0.98; low-
certainty evidence). There was a moderate risk of bias in
the domain adjustment for other prognostic factors in six
studies, and the certainty of evidence was further affected
by inconsistency and imprecision.

Conclusion The prognostic independent effect of sex on
all-cause hospital mortality, 28-day all-cause mortality
and all-cause ICU mortality for critically ill adults with
sepsis was uncertain. Female sex may be associated with
decreased 1-year all-cause mortality.

PROSPERO registration number CRD42019145054.

INTRODUCTION

Sepsis, a life-threatening organ dysfunction
produced by a dysregulated host response
to inflammation,' is a leading cause of death
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Strengths and limitations of this study

» To our knowledge, this systematic review is the first
addressing the prognostic independent effect of sex
on mortality for patients with sepsis following the
recommended standards for reviews of prognostic
factor studies.

» The meta-analysis pooled adjusted estimates for at
least one of five core covariate domains prespecified
following a literature search and consensus among
experts.

» The certainty of the evidence was evaluated us-
ing the Grades of Recommendations, Assessment,
Development and Evaluation approach.

» Heterogeneity was substantial between the included
studies.

in intensive care units (ICUs) and accounts
for one of five deaths worldwide.*™ Tt is a
heterogeneous illness affecting males more
often than females.” Evaluating if outcomes
differ by sex is a recognised health research
priority.’ It has been hypothesised that sex may
have a prognostic effect on sepsis outcomes.
Biological mechanisms concerning the rela-
tion between sex hormone metabolism and
immune responses are known to underpin
this hypothesis.”"'  However, individual
studies evaluating the relationship between
sex and outcome of sepsis report conflicting
and imprecise findings.'*"*

Prognostic research that identifies patient
characteristics associated with outcomes in
people with a particular condition' can be
collated in evidence syntheses to examine
the role of sex in mortality among patients
with sepsis. It may help in risk stratification
of these patients by combining independent
prognostic factors within prognostic models,
which contribute to the selection of the most
appropriate therapeutic options."” Using a
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systematic review search filter in PubMed, we found two
potentially relevant citations.'® '’ Their detailed assess-
ment showed several weaknesses. For example, there was
no definition of eligibility criteria concerning studies that
capture independent associations, a feature that is crit-
ical for focussing the review on prognostic evidence.'®
In addition, specific tools' for the assessment of risk of
bias in prognostic studies were not applied. Therefore,
an evidence synthesis tailored to the specific methodolog-
ical requirements of prognostic research is required to
help delineate the significance of sex in sepsis outcomes
in critically ill patients.

We conducted a systematic review and meta-analysis
to summarise the available evidence to assess the role of
sex as an independent prognostic factor for mortality in
patients with sepsis admitted to the ICU.

METHODS

We registered the protocol with PROSPERO
(CRD42019145054) and published it in full.* Online
supplemental table 1 details the differences between the
protocol and the review. We adhered to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
statement.’

Eligibility criteria

We included studies (experimental or any observational
design) that sought to confirm the independent prog-
nostic effect of sex on mortality in critically ill adults
with sepsis controlling for covariates (called phase
2-confirmatory studies, which means the objective state-
ment outlined sex as a prognostic factor of interest and

analyses adjusted for covariates).'® We included patients
aged 16 years and older with a sepsis diagnosis, as defined
by the study authors, treated in an ICU. Studies including
both adult and paediatric patients were eligible if adults
represented more than 80% of the study sample. Sex
and gender are distinct concepts, though often errone-
ously interchanged in the medical research reports.* We
accepted any assessment of sex as a biological character-
istic. We also appraised operational concepts of sex and
gender provided by the study authors using the classifi-
cation detailed in online supplemental table 2.** After a
literature search and consensus among experts (online
supplemental table 3), we prespecified the following core
set of adjustment factors: age, severity score (Sequential
Organ Failure Assessment score, Simplified Acute Phys-
iology Score II or Acute Physiologic Assessment and
Chronic Health Evaluation II), comorbidities (immuno-
suppression, pulmonary diseases, cancer, liver diseases
or alcohol dependence), non-urinary source of infec-
tion, and inappropriate or late antibiotic coverage. The
coprimary outcomes were all-cause hospital mortality and
28-day all-cause mortality. Secondary outcomes were 7-day
all-cause hospital mortality, 1-year all-cause mortality and
all-cause ICU mortality. Table 1 describes the review ques-
tion according to the population, index, comparator,
outcome (s), timing, setting.

Search strategy and selection process

We searched MEDLINE Ovid, Embase Elsevier and Web
of Science for studies published from inception to 17
July 2020, and ClinicalTrials.gov and the WHO Interna-
tional Clinical Trials Registry Platform for unpublished

Table 1 PICOTS system

Index

prognostic
Population factor Comparator Outcome(s) Timing Setting
Adults with sepsis Sex Non-applicable to this Primary outcomes ICUs

review*

All-cause hospital
mortality

The longest follow-up
provided by the study
authors (until death of
hospital discharge)

28-day all-cause mortality 28 days from sepsis

diagnosis

Secondary outcomes

7-day all-cause hospital
mortality

1-year all-cause mortality
All-cause ICU mortality

7 days from sepsis
diagnosis

1year from sepsis diagnosis
The longest follow-up
provided by the study

authors (until death of ICU
discharge)

*Core set of adjustment factors: age, severity score (Sequential Organ Failure Assessment score, Simplified Acute Physiology Score Il or Acute
Physiologic Assessment and Chronic Health Evaluation Il), comorbidities (immunosuppression, pulmonary diseases, cancer, liver diseases or alcohol
dependence), non-urinary source of infection and inappropriate or late antibiotic coverage.

ICUs, intensive care units; PICOTS, population, index, comparator, outcome(s), timing, setting.
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and ongoing studies, regardless of language. The search
strings included terms related to the population (sepsis),
the prognostic factor (sex), prognostic study methods and
the outcome (mortality). Furthermore, we handsearched
conference proceedings from 2010 to 2019 of the fore-
most critical care and infectious diseases symposia. Online
supplemental table 4 presents the full search strategy.

We used the online software EPPI-Reviewer V.4 to
manage the study selection process.”* Pairs of review
authors independently screened the title and abstracts,
and when appropriate, full texts to determine their
eligibility. We used a consensus method and consulted a
third author if disagreement remained.

Data extraction and risk of bias assessment

Two authors independently extracted data and reached a
consensus using electronic extraction templates in EPPI-
Reviewer V.4. We used the checklist for critical appraisal
and data extraction for systematic reviews of prediction
modelling studies for prognostic factors guidance for data
collection.”” We contacted all study authors for missing infor-
mation. Two authors independently assessed the risk of bias
of the included studies, agreed on ratings and a third author
participated when required. We applied an outcome-level
approach and amended the Quality In Prognosis Studies
(QUIPS) tool using four categories (low, moderate, high or
unclear risk)." ® * We defined studies controlling for less
than three of the aforementioned covariates as ‘minimally
adjusted for other prognostic factors or moderate risk’,
and those controlling for at least three of these covariates
as ‘adequately adjusted or low risk of bias’ for the QUIPS
adjustment domain.”” We assessed selective reporting bias
by: (1) searching for a prospective study protocol or regis-
tration, (2) dealing with related conference abstracts and
(3) carefully examining the study methods section.'?

Data synthesis

For each study and prognostic factor estimate, we extracted
the measures of associations alongside its Cls. We trans-
formed association measures into an OR with its 95% CIs
to allow statistical pooling whenever adequate.”® We esti-
mated no data from Kaplan-Meier curves because of the
risk of overestimation of events and censorship concerns.”
We presented results consistently, so associations above
one indicated a higher mortality for female participants.
We pooled estimates in meta-analyses when valid data
were available. For the primary analyses, we used estimates
from the model that adjusted for more covariates from the
core of adjustment factors. We performed random-effects
meta-analyses applying the Hartung-Knapp-Sidik-Jonkman
(HKSJ) adjustment,go using RevMan V.5.3 (The Cochrane
Collaboration, Copenhagen, Denmark) and the template
for conversion provided by IntHout” We examined
statistical heterogeneity computing prediction intervals
when the random-effects meta-analysis contained at least
three studies.” * We also calculated I* and 1° statistics to
provide further quantifications of statistical heterogeneity.
We planned to explore possible methodological causes of

heterogeneity performing subgroup analyses. We under-
took a single prespecified subgroup analysis for prospective
vs retrospective studies when appropriate. We compared
differences between subgroups by performing a test of
interaction.”® We carried out no subgroup analyses based
on other study characteristics because there were insuffi-
cient studies. We conducted sensitivity analyses accounting
for the risk of bias excluding studies with either a high or
moderate risk of bias in one of the following QUIPS key
domains: study attrition, prognostic factor measurement,
outcome measurement and adjustment for other prog-
nostic factors. Additionally, we explored potential differ-
ences between meta-analyses based on unadjusted (crude)
and adjusted estimates, and the impact of the unique infor-
mation reported in abstract conferences.”* We could not
perform further sensitivity analyses as no other compari-
sons met the predefined criteria. Although we planned to
assess publication bias for each meta-analysis including =10
studies by funnel plot representation and Peter’s test at a
10% level,” no meta-analysis met this criterion.

Assessment of the certainty of evidence

We assessed the certainty of evidence using the Grades of
Recommendations, Assessment, Development and Eval-
uation (GRADE) approach and guidance for prognosis
studies (online supplemental table 5).27 3! We tabulated
our findings for each outcome using the GRADEpro GDT
software.*” We described results for prognostic effect esti-
mate considering the certainty of evidence and its clinical
importance (important effect, slight effect and little or no
effect). As we found no well-established clinically important
thresholds for prognostic effects, we agreed a priori on
an absolute risk difference of at least +10%o as clinically
important difference.

Patient and public involvement
No patients or the general public involved.

RESULTS

Our searches threw a total of 14 304 records. After removing
duplicates, we screened 13115 titles and abstracts and
identified 146 full texts for further examination. Finally,
the review included 13 studies*° (figure 1). One study
included® was reported as a conference abstract. Thus,
we examined database information published elsewhere™
to obtain further details on study methods. The included
studies involved a total of 80520 adult participants (45.25%
females). Table 2 and online supplemental table 6 display
their characteristics. Online supplemental table 7 and
online supplemental table 8 show the sepsis definition and
covariates included in the adjusted models of each study,
respectively. Although four studies” °* % * had phase 2
designs and provided adjusted data on mortality, their time
frames differed from ours and/or reported unadjusted
estimates for some of the review outcomes. Hence, we only
used those data for sensitivity analyses.
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14304 records identified
13708 through database search
29 through conferences, reference list,
handsearching
567 through trial registers

1189 duplicates removed
»
—
13115 unique records screened 12969 records excluded
»
Ll
146 full-text articles assessed for eligibility 133 full-text articles excluded
w| 34 wrong participants
P71 26 wrong prognostic factor
1 wrong outcome

12 wrong research question
58 wrong design study
2 duplicate

13 studies included in qualitative synthesis

\ 4
11 studies included in quantitative (meta-analysis)
4 studies for hospital all-cause mortality
3 studies for 28-day all-cause mortality
1 study for 1-year all-cause mortality
5 studies for all-cause ICU mortality

Figure 1 Flow diagram. ICU, intensive care unit.

Online supplemental figure 1 depicts the risk of bias
assessment at outcome level of each included study using
QUIPS. Over half of the

studies™ *° #0 4350 5% yere at low risk for study participa-
tion, study attrition, and outcome measurement domains.
While three studies” **** described baseline characteris-
tics inadequately, and another two*™ *” provided insuf-
ficient data on drop-outs. All studies were at unclear
risk for the prognostic factor domain, given that none
defined sex. The risk of bias for the adjustment for
other prognosis factors domain was low for half of the
studies™ ***7 52545 and moderate for the others® *¢ 5!
because of an acceptable or minimal adjustment, respec-
tively. Three studies* *** were at unclear risk for the statis-
tical analysis and reporting domain, while the remaining
studies were at low risk of bias.

Evidence synthesis

Online supplemental table 9 presents the summary
outcome estimates for each study. Table 3 displays
‘Summary of findings’ for each review outcome.

Primary outcomes

We investigated the independent prognostic effect
of sex on all-cause hospital mortality. We found
seven studies®*® 47 %0 5% 55 (38016 recruited partic-
ipants) addressing this question. Among the five
studies™™ *7 % (30349 analysed participants) that
provided adjusted results, four of them® **7 % (28915
analysed participants) presented sufficiently similar data
allowing quantitative synthesis. Meta-analysis showed
inconclusive results on sex-based differences in all-cause

3

hospital mortality (OR 1.02, 95% CI 0.79 to 1.32; 1°=64%;
very low-certainty evidence) (figure 2A). The 95% predic-
tion interval ranged from 0.5 to 2.08. Sensitivity analyses
results remained unaltered either excluding the study™
only reported as a conference abstract (OR 0.95, 95% CI
0.55 to 1.64), or using unadjusted estimates (OR 1.00,
95% CI 0.88 to 1.14) (online supplemental figure 2 and
online supplemental figure 3, respectively).

We examined sex-based differences in 28-day all-cause
mortality. We found six studies** ***°%** (20980 recruited
participants) addressing this question. Three studies** ***
(12579 analysed participants) provided adjusted results.
Meta-analysis found higher 28-day all-cause mortality in
the female group (OR 1.18, 95% CI 1.05 to 1.82; I*=0%;
very low-certainty evidence) (figure 2B). Considering a
risk of 24% for 28-day all-cause mortality in male patients,
31 more female patients per 1000 will die (95% CI from
9 to 54 more), as compared with male patients. The 95%
prediction interval ranged from 0.56 to 2.5. Sensitivity
analysis results were inconclusive either pooling only
studies with low or uncertain risk of bias for all key QUIPS
domains (OR 1.17, 95% CI 0.88 to 1.56) or unadjusted
estimates (OR 1.05, 95% CI 0.84 to 1.32) (online supple-
mental figure 4).

Secondary outcomes

No study evaluated the prognostic role of sex on 7-day
all-cause hospital mortality. We sought sex-related differ-
ences in l-year all-cause mortality. Of two studies” ™ inves-
tigating this question, only one™ (6134 analysed patients)
provided adjusted estimates reporting as Cox propor-
tional hazard regression with OR (95% CI). We were
unable to get further clarification from the study authors;
therefore, we considered this a misspelling error, and so
we transformed their estimate (assumed HR) into OR.
This study showed lower 1-year all-cause mortality in the
female group (OR 0.83, 95% CI 0.68 to 0.98; low-certainty
of evidence). Considering a risk of 50.5% for 1l-year all-
cause mortality in male patients, 46 fewer female patients
per 1000 will die (95% CI from 95 to 5 fewer), as compared
with male patients. Sensitivity analysis results using unad-
justed estimates were inconclusive (OR 0.86, 95% CI 0.54
to 1.37) (online supplemental figure 5).

We evaluated sex-related all-cause ICU mortality. We
found seven studies® **** 1 %*5* (51936 recruited partic-
ipants) addressing this question. Five studies® * *8 5 %
(31562analysed participants) provided adjusted estimates.
One of them® reported adjusted OR stratified by age,
and after failing to get an overall adjusted estimate from
the study author, we considered it as two substudies.
Pooled adjusted estimates found inconclusive results on
sex-based differences in all-cause ICU mortality (OR 1.19,
95% CI 0.79 to 1.78; 1°=69%; very low-certainty evidence)
(online supplemental figure 6). The 95% prediction
interval ranged from 0.49 to 2.89. Results of analyses
comparing subgroups by longitudinal designs showed no
differences (p=0.83). Sensitivity analysis results including
only studies with low or uncertain risk of bias for all key
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Table 3 Summary of findings

Anticipated absolute prognostic effects*

Effect estimate

(95% Cl) Certainty of the
Assumed risk  Risk in females ARD in females (95% prediction No of participants evidence

Outcomes in males (95% Cl) (95% CI)t interval) (studies) (GRADE)
All-cause hospital 303 per 1 000+ 307 per 1 000 4 more per 1000 OR 1.02 28915 1000
mortality (median (255 to 364) (47 fewerto 62  (0.79 to 1.32) (4 observational phase VERY LOW§Y**
observed length of more) (0.5 to 2.08) 2 studies)
stay ranged from 6
to 26 days)
28-day all-cause 240 per 1 000f 271 per 1 000 31 more per OR 1.18 12579 OO0
mortality (249 to 294) 1000 (1.05 t0 1.32) (3 observational phase VERY

(9 more to 54 (0.56 to 2.50) 2 studies) LOWS*™*t11f

more)
1-year all-cause 505 per 1 000F 459 per 1 000 46 fewer per OR 0.83 6134 OO
mortality (410 to 500) 1000 (0.68 to 0.98) (1 observational phase LOW**t1§§11

(95 fewer to 5 N/M 2 study)

fewer)
All-cause ICU 200 per 1 000F 229 per 1 000 29 more per OR1.19 31562 OO0
mortality (167 to 308) 1000 (0.80 to 1.78) (5 observational phase VERY LOW§Y**
(median observed (33 fewer to 108 (0.49 to 2.89) 2 studies)

length of stay
ranged from 2.7 to
13 days)

more)

Not meaningful: <3 studies for computing of the 95% prediction interval a meaningful estimate.
*The risk in the female group (and its 95% ClI) is based on the assumed risk in the male participants group and the estimated effect of sex (OR and its

95% Cl).

TWe considered an ARD of at least +10%. as large enough to be clinically meaningful. Thus, we defined the clinical importance of the absolute
prognostic effect for all the review outcomes as follows: important improvement (ARR of at least 10%o), slight improvement (10%.<ARR<5%o), minimal
or no effect (-5%0<ARD<5%o), slight worsening (5%.<ARI<10%.), and important worsening (ARI of at least 10%o).

FThe assumed risk in male participants is based on the median risk among the male participants in the included studies. We consider this risk

reflects the context of ICUs in high-resource countries adequately.

§Downgraded by two levels for very serious inconsistency due to a wide 95% prediction interval ranging from an increased mortality in male sex to
an increased mortality in female sex that could not be explained for any reason.

fIDowngraded by two levels for very serious imprecision because the 95% CI of the ARD in our assumed risk scenario ranges from an important
improvement to an important worsening in the prognosis of female participants compared with male participants. Besides, the OSS was smaller than

the OIS required.

**Publication bias not assessed because of the scarce number of included studies (<10).

ttDowngraded by one level for serious imprecision because the Cl 95% of the ARD in our assumed risk scenario exceeds one of our clinical
importance thresholds (ie, it is compatible with an important or a slight prognostic effect). The OSS was greater than the OIS.

ttDowngraded by one level for serious indirectness because one study® was responsible for 85% of the weight reported in-hospital and out-

hospital mortality.

§§Downgraded by one level for serious risk of bias because the effect estimate comes from a study with moderate and unclear risk of bias for half of

the QUIPS domains.
{Ylinconsistency not assessed because a single study was considered.

ARD, absolute risk difference; ARI, absolute risk increase; ARR, absolute risk reduction; GRADE, Grades of Recommendations, Assessment,
Development and Evaluation; ICU, intensive care unit; N/M, not meaningful; OIS, optimal information size; OSS, observed sample size; QUIPS,

Quality In Prognosis Studies.

QUIPS domains were inconclusive (OR 1.24, 95% CI
0.001 to 1223). Sensitivity analysis results using unad-
justed estimates remained unaltered (OR 1.15, 95% CI
0.87 to 1.52) (online supplemental figure 7).

DISCUSSION

Main findings

Our systematic review assessed whether sex is an indepen-
dent prognostic factor for mortality among adults with
sepsis admitted to ICUs. We are uncertain of the inde-
pendent prognostic effect of sex for all-cause hospital
mortality, 28-day all-cause mortality and all-cause ICU
mortality in critically patients, as the certainty of the
evidence was very low. Female sex may be associated
with an important reduction in l-year all-cause mortality

(low-certainty evidence). However, the CI of the absolute
reduction is also compatible with a slight protective effect.

Strengths and weaknesses of the study

Strengths of our review include a comprehensive and
non-language-restricted search strategy covering unpub-
lished resources, the inclusion of observational phase
2 explanatory studies, which initially provide high
certainty of the evidence for prognosis,'”® and an avail-
able published protocol to which we adhered.*” We also
prespecified a core set of adjustment factors based on a
literature review, the consensus among clinician review
authors, and inputs from reviewers during the protocol
publication process.” We handled the unique informa-
tion from a conference abstract by contacting the study
authors, examining register details published elsewhere,
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Subtotal (95% Cl)
Heterogeneity: Tau?= 0.00; Chi*= 0.44, df= 2 (P = 0.80); F= 0%
Test for overall effect: Z= 3.26 (P = 0.001)

83.5%  1.10[1.04,1.16]

A
Females Males Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight Rand 95% CI HKSJ adj! Rand 95% CI
Prospective nested case-control

Adrie 2007 188 608 336 1000 16.5% 0.75[0.57,0.97] —
Subtotal (95% CI) 16.5% 0.75[0.57,0.97] -
Heterogeneity: Not applicahle

Test for averall effect Z= 217 (P =0.03)

Retrospective cohort

Caceres 2013 34 114 49 205 3.7% 1.00[0.52,1.93] I E—
Dara 2012 1914 3667 2672 5003 36.7% 1.07[0.96,1.19] ‘:
Pietropanli 2010 3039 8702 3320 10055  43.2% 1.11[1.04,1.19] n

Total (95% Cl) 5175 13091 6377 16263 100.0% 1.02[0.79,1.32]
Heterogeneity: iction i X . k t t T t t |
geneity. 95% predlctlon‘mter\ral [0.50, 2.08] b o2 05 ] 3 —

Tau?=0.01; Chi*=8.32, df= 3 (P=0.04); F= 64% higherin males higher in females

Testfor overall effect Z=033 (P=0.74)

Testfor subgroup differences: Chi*=7.88, df=1 (P = 0.005), F= 87.3%

B

Females Males Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight Random, 95% CI HKSJ adijt nt, F 95% CI

Retrospective cohort

Caceres 2013 34 114 49 205 19% 1.00([0.52,1.93]

Samuelsson 2015 raw data per arm non-available* 85.0% 1.17 [1.06,1.29]

Sunden-Cullberg 2020 303 1210 349 1510 131% 1.28[1.00, 1.64]

Total (95% CI) 100.0% 1.12 [1.05,1.32] -

Heterogeneity: 95% prediction interval [0.56, 2.50] L | | n + s )
Tau®= 0.00; Chi*= 0.70, df= 2 (P = 0.71); F= 0% 01 02 05 1 2 510

Test for overall effect: Z= 3.63 (P = 0.0003)
Testfor subaroup differences: Not applicable

* only provided the adjusted estimate

higherin males higherin females

Figure 2 Forest plots of adjusted analyses for association between sex and all-cause hospital mortality (A) and 28-day all-

cause mortality (B). HKSJ, Hartung-Knapp-Sidik-Jonkman.

and exploring sensitivity analysis without these results.*
We performed the HKSJ procedure, which yields a wider
and more rigorous confidence interval,” and applied
the GRADE framework adaptations for prognostic factor
research to rate the certainty in pooled estimates.” ***
We established a clinical threshold based on the premise
that sex is a non-modifiable factor that affects the entire
population; therefore, an absolute risk difference of 10%o
on mortality may lead to a clinically important impact.
Besides, a more demanding threshold, for example,
+20%o0, would not modify the certainty of evidence
assessment.

Some limitations of this review arise from poor
reporting in the included studies. First, included studies
referred to an unclear or inadequate definition of sex.
Although we anticipated no biological assessments, we
expected at least a statement based on sexual dimor-
phism observed by healthcare staff. Although we meta-
analysed studies providing all-cause hospital mortality to
improve precision, additional analyses to explore poten-
tial differences between short and medium/long-term
outcomes could not be performed because only two out
of four included studies reporting the length of stay.** **
Another issue is the ambiguous definitions used for the
28-day mortality outcome. Some studies provided a clear
description linked to in-hospital mortality, while others
combined in-hospital and out-hospital events or omitted
further details. After requesting additional clarifications,
only Samuelsson et al replied.” We pooled these studies

and downgraded evidence certainty for indirectness. As
well, clinical heterogeneity was substantial between the
included studies, which differed regarding the sepsis
definition used (ie, diagnostic criteria and sepsis and/
or septic shock), illness severity measurements and score
ratings, comorbidity burden, as well as in clinical prac-
tice (ie, treatment protocols). We quantified statistical
heterogeneity using 95% prediction intervals, which
help to assess the inconsistency criteria in GRADE, where
usually large study sample sizes may result in narrow Cls
alongside high 1°.% 575 However, these intervals are still
imprecise when meta-analysis includes few studies.” For
hospital mortality, 28-day mortality, and ICU mortality,
prediction intervals contained the value of null effect,
suggesting that sex may not be prognostic in at least some
situations.”  Also, most prespecified subgroup anal-
yses were not feasible because of the scarcity of studies.
Another limitation is that we cannot provide information
about the cause of death, which is particularly relevant
for late mortality. Lastly, the included studies were mainly
conducted in North America and Western Europe.

Implications for clinical practice

The certainty of evidence for all-cause hospital mortality,
28-day all-cause mortality and ICU mortality was very low.
Consequently, the available evidence to inform health-
care providers is limited. Female sex may be associated
with an important reduction in l-year all-cause mortality
(low-certainty evidence). Based on a risk of 50.5% for
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l-year all-cause mortality among male patients, 46 fewer
female patients per 1000 will die (95% CI from 95 to 5
fewer). Studies examining long-term mortality after sepsis
suggest that epigenetic regulation may cause post-sepsis
immunosuppression and atherosclerosis phenomena.™
Thus, sex as an independent prognostic factor for late
mortality may suggest the development of targeted
interventions.

Implications for research

Our systematic review and meta-analysis offer informa-
tion for future research in this field. To our knowledge,
this is the first synthesis on sex and mortality in adults
with sepsis admitted to ICUs following the recommended
standards for systematic reviews of prognosis factors. Our
core set of adjustment factors may be a supporting source
for prognostic factors selection in multivariable model-
ling in further study designs. This review also contrib-
utes to identifying knowledge gaps. Our meta-analysis
failed to provide definitive evidence on all-cause hospital
mortality, 28-day all-cause mortality and all-cause ICU
mortality in critically ill patients with sepsis. These incon-
clusive results showed a lack of evidence supporting sex
as an independent prognostic factor in these patients, not
as evidence of a lack of prognostic effect. Moreover, no
studies looked at 7-day mortality and a single study inves-
tigated long-term mortality. Therefore, well-designed
prospective studies are needed to test the adjusted prog-
nostic role of sex in patients with sepsis admitted to ICUs.
Finally, addressing the architecture for tracking of prog-
nosis research is required. Academics, journals, editors
and librarians may boost preregistering protocols to help
both reduce the risk of publication bias and detect selec-
tive outcome reporting bias. Also, they may encourage
a proper indexing process in electronic databases to
enhance the reliability of searches.

CONCLUSIONS

Our systematic review and meta-analysis found uncertain
evidence as to whether sex has an independent prognostic
impact on all-cause hospital mortality, 28-day all-cause
mortality and all-cause ICU mortality among critically ill
adults with sepsis since the certainty of the evidence was
very low. Female sex may be associated with decreased
l-year all-cause mortality (low-certainty evidence). High-
quality research is needed to test the adjusted prognostic
value of sex for predicting mortality in adults with sepsis
admitted to ICUs.
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