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SYSTEMATIC REVIEW

Sex Differences in Pediatric Sepsis Mortality:  
A Systematic Review and Meta-Analysis
OBJECTIVES: Pediatric sepsis remains a leading cause of childhood mortality 
worldwide. Sex differences have been shown to modify risk factors, treatment, 
and outcome of various diseases, and adult studies revealed sex differences in 
pathophysiological responses to septic shock. We aimed to perform a systematic 
review and meta-analysis on the association of sex with outcomes in hospitalized 
children with sepsis.

DATA SOURCES: Medline and Embase databases were searched for studies of 
children < 18 years with sepsis published between January 01, 2005, and March 
31, 2022.

STUDY SELECTION: We included cohort studies, and randomized controlled 
trials in children greater than or equal to 37-week-old postconception to 18 years 
which included sepsis, severe sepsis or septic shock, and mortality as an outcome.

DATA EXTRACTION: Study characteristics, patient demographics, and illness 
severity scores were extracted from eligible articles. Random-effects meta- 
analysis was performed.

DATA SYNTHESIS: We screened 14,791 studies, with 912 full-text reviews 
and inclusion of 124 studies. The total population involved 426,163 patients, of 
which 47% (201,438) were girls. Meta-regression showed moderate evidence 
for a higher mortality in boys compared with girls. The estimated risk difference 
of mortality between boys and girls with all types of sepsis was −0.005 (95% CI, 
−0.0099 to −0.00001; p = 0.049), indicating slightly higher mortality for boys. 
When including the World Bank income level as a moderator, the effect was 
−0.008 (95% CI, −0.013 to −0.002; p = 0.005).

CONCLUSIONS: This large systematic review and meta-analysis on sex differ-
ences in pediatric sepsis mortality showed moderate evidence for a higher sepsis 
mortality in boys compared with girls. The effect persisted when adjusting for 
country’s income level.

KEYWORDS: child; gender; infection; mortality; sex

Despite advances in modern medicine, sepsis remains a major con-
tributor to childhood mortality and morbidity worldwide, with more 
than 3 million deaths annually (1–5). Population-based studies dem-

onstrated differences in pediatric sepsis outcomes according to age groups, 
socioeconomic status, comorbidities, and pathogen, while the contribution of 
sex and gender as key biological and social determinants of health have been 
less focused on (1, 6–9). Sex is a biological categorization that relates to sexual 
anatomy, sex hormones, sex chromosomes, and sex-specific gene expression 
from autosomes (10, 11). Gender is a socially constructed definition, which 
encompasses cultural aspects, behaviors, and identities (12, 13). Sex and gender 
differences can affect outcomes through multiple mechanisms, such as differ-
ences in biological vulnerability, differences in biological response to treatment, 
or socioeconomic differences. The importance of including sex and gender as 
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determinants of health in clinical research has been 
increasingly recognized and guidelines on how to in-
corporate this into clinical research have been devel-
oped (Sex and Gender Equity in Research [SAGER] 
Guidelines) (14). In adults, studies revealed distinct 
differences in pathophysiological responses to septic 
shock when comparing male and female patients (15), 
including the response to corticosteroid treatment, 
as well as a possible protective effect of estrogens on 
critical illness (16, 17), which may translate to differ-
ent risks of sepsis hospitalization, sepsis-related ICU 
admission, death, and readmission to hospital (18). 
Women with sepsis have been reported to receive less 
timely initiation of antibiotics (19, 20) and less vital 
organ support compared with men (21).

Despite known sex-specific differences in the immu-
nological response and the maturation of host defenses 
across pediatric age groups (22), there is limited litera-
ture on the role of sex and gender in outcomes of sepsis 
in children (23, 24). To address this gap, we aimed to 
quantify the association of sex with hospital mortality 
in children with sepsis through a systematic review 
and meta-analysis.

METHODS

We performed a systematic literature review and 
meta-analysis of the association of sex with hospital 
mortality in children with sepsis. Even though most 
pediatric critical care studies use the terms sex and 

gender interchangeably, the majority of them refer to 
the biological variable, sex. In the pediatric sepsis lit-
erature, there is practically no reporting on “gender” 
specifically, as defined earlier. As it was not possible to 
determine on what basis sex was defined in individual 
studies (e.g., self-reporting or assigned following ex-
amination of external or internal body character-
istics or by other means), we used the term “sex” to 
reflect the presented data and equated sex and gender 
for this work. To describe male and female study par-
ticipants, we used the gender-affirming terminology 
“boy” and “girl” (25, 26). The study protocol including 
the search strategy was registered on PROSPERO 
(CRD42022315753) and has been published (27).

Search Strategy and Selection Criteria

The databases MEDLINE and Embase were searched 
for relevant studies published between January 01, 
2005, and March 31, 2022, using the following search 
terms: “sepsis, severe sepsis, septic shock, child, pedi-
atric, mortality” (eFig. 1, http://links.lww.com/CCX/
B480). We chose this time frame due to the publica-
tion of the International Pediatric Sepsis Definition 
Consensus Conference statement in 2005 (28), which 
for the first time provided age-specific criteria for 
sepsis in children. Inclusion criteria for studies were: 
1) prospective or retrospective cohort studies or ran-
domized trials; 2) study population of children greater 
than or equal to 37 weeks post gestational age to less 
than 18 years; 3) study population with sepsis, severe 
sepsis or septic shock; and 4) primary study setting: 
hospitalized children.

Exclusion criteria were: 1) abstracts, case stud-
ies, narrative reviews, systematic reviews, and meta- 
analysis; 2) studies including adults, preterm infants, 
full-term neonates that never left the hospital or a 
study population including more than 20% neonates; 
3) cohort studies with fewer than 20 children with 
sepsis, severe sepsis or septic shock; as smaller studies 
would not be adequately powered to detect a difference 
in outcome between the sexes; 4) primary study setting 
outpatient or neonatal ICU; 5) studies that do not men-
tion mortality; 6) mortality not analyzed according to 
sex; 7) clearly overlapping study populations, deter-
mined by the reviewers during full-text screening; 8) 
article not available; and 9) article not in English or no 
English translation available.

 
RESEARCH IN CONTEXT

	 •	 Pediatric sepsis is a leading cause of childhood 
morbidity and mortality worldwide.

	 •	 There is limited knowledge of sex differences 
in children with sepsis, even though sex and 
gender have been shown to influence risk 
factors and treatment outcomes of various 
diseases.

	 •	 This is a systematic review and meta-analysis 
of all pediatric sepsis literature published be-
tween January 01, 2005, and March 31, 2022, 
including over 14,000 abstracts and a study 
population of more than 420,000 patients.

http://links.lww.com/CCX/B480
http://links.lww.com/CCX/B480
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Data Extraction

Each abstract and subsequently full text from the 
search were screened for eligibility using the system-
atic review platform Covidence (29) by two separate 
reviewers (U.K.K., J.M., J.L., L.B., M.G., L.H.). At each 
screening level, conflicts were resolved by discussion 
with a third reviewer (L.J.S.) (27). Data from the in-
cluded full-text articles were extracted by two sepa-
rate reviewers (J.M., J.L.) using a Research Electronic 
Data Capture platform (30) hosted at the Children’s 
Hospital of Zurich, Switzerland. A third reviewer 
(U.K.K.) checked for errors and merged the data to 
create a single dataset. For some studies reporting odds 
ratios or risk differences for sex regarding mortality or 
for large sepsis studies that did not report mortality 
according to sex, authors were contacted to provide 
the missing raw data.

To assess the quality of the articles, we used the first 
four domains of the “Quality In Prognosis Studies” 
tool for each study (31). The final two domains relate 
to confounding factors and statistical analysis, which 
were not relevant to the unadjusted data in our meta-
analysis. Risk of bias assessment was reported as “low 
risk,” “intermediate risk,” or “high risk” (eFig. 2, http://
links.lww.com/CCX/B480). The following parameters 
were extracted and further analyzed: on a study level, 
we analyzed demographic data including sample size, 
study region, income level of the study site accord-
ing to according to the World Bank classification of 
2019–2020 (32) and year of publication. With regards 
to the study population, we collected demographic data 
(ethnicity), data on sepsis severity (sepsis, severe sepsis, 
septic shock as defined by respective study authors), 
comorbidities, type of infection, sepsis severity scores 
(Pediatric Index of Mortality, Pediatric Risk of Mortality,  
pediatric Sequential Organ Failure Assessment score, 
Pediatric Logistic Organ Dysfunction Score), and age/
age categories of the study population.

Outcomes

The primary outcome was all-cause hospital mor-
tality. Hospital mortality was reported as 28- or 30-day 
mortality, ICU mortality, in-hospital or unspecified 
mortality. For our analysis, we included all forms of 
mortality that were reported (eTable 1, http://links.
lww.com/CCX/B480). The effect measure was the risk 
difference in hospital mortality, measured as risk of 

girls minus risk of boys for all analyses. Negative risk 
differences indicated higher hospital mortality in boys 
as compared with girls. The risk difference was re-
ported together with its 95% CI.

Data Analysis

We analyzed the data using the R programming language 
(33) in combination with dynamic reporting with knitr 
(34) following a fully scripted approach for reproduci-
bility. For descriptive statistics, we reported frequencies 
with percentages for all categorical variables. For the 
meta-analysis, a random-effects model was assumed 
due to the anticipated large between-study heterogeneity 
among the individual studies. Study-specific results and 
pooled estimates were visualized using forest plots. We 
used meta-regression for specific questions, treating cer-
tain variables (age, main site study region, World Bank 
income classification) as moderators, and exploring their 
associations with sepsis-related deaths. We assessed sta-
tistical heterogeneity of the random-effects model using 
the parameter τ2 estimated with the restricted maximum 
likelihood method and with the DerSimonian–Laird 
method (35) in a sensitivity analysis. Additionally, I2 and 
χ2 statistics were calculated, and CIs, as well as prediction 
intervals, both at 95% level were reported (36). Funnel 
plots were used for the assessment of publication bias.

RESULTS

Our literature search resulted in 14,791 publications 
of which 917 underwent full-text review. Of these, 
793 were excluded, leaving 124 studies included in our 
meta-analysis (Fig. 1) (8, 23, 37–157). Study demo-
graphics and patient characteristics of included studies 
are shown in Table 1 and eTable 2 (http://links.lww.
com/CCX/B480). The setting for most studies was a 
PICU (n = 112), followed by the general ward (n = 14). 
Nine studies included both settings. The total studied 
population involved 426,163 patients, of whom 201,438 
(47%) were girls and 224,719 (53%) were boys. A total 
of 408,809 patients (96%) were from high-income 
countries (32). A total of 21,846 patients (9,711 girls 
and 12,135 boys) had severe sepsis and 9,412 patients 
(4,465 girls and 4,947 boys) had septic shock (Fig. 1). 
Overall mortality across all included studies was 10.6% 
(44,988 deaths) with a mortality of 10.3% (20,684 
deaths) in the female population and a mortality of 
10.8% (24,304 deaths) in the male population.

http://links.lww.com/CCX/B480
http://links.lww.com/CCX/B480
http://links.lww.com/CCX/B480
http://links.lww.com/CCX/B480
http://links.lww.com/CCX/B480
http://links.lww.com/CCX/B480
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The meta-analysis to esti-
mate the pooled risk difference 
of sepsis mortality between girls 
and boys showed moderate ev-
idence for a higher mortality 
in boys compared with girls. 
Specifically, the estimated risk 
difference of mortality between 
boys and girls with all types 
of sepsis was −0.005 (95% CI, 
−0.0099 to −0.00001, 95% pre-
diction interval −0.024 to 0.014; 
p = 0.049).

Mortality across all sepsis 
categories was analyzed and is 
shown as forest plot in Figure 
2, which only includes studies 
with a sample size of more than 
1000 patients. eFigure 3 (http://
links.lww.com/CCX/B480) 
illustrates the corresponding 
funnel plot. In the studies with a 
sample size above 1000 patients, 
the risk difference was −0.0063 
(95% CI, −0.0115 to −0.0010, 
95% prediction interval −0.024 
to 0.011; p = 0.02). In the sub-
groups of sepsis, severe sepsis 
and septic shock, the risk dif-
ference was −0.0060, (95% CI, 
−0.0103 to −0.0018, 95% predic-
tion interval −0.0159 to 0.0038; 
p = 0.005), −0.0036 (95% CI, 
−0.0264 to 0.0192, 95% predic-
tion interval, −0.048 to 0.040,  
p = 0.76), and −0.0130 (95%  
CI, −0.1047 to 0.0787, 95% pre-
diction interval, −0.333 to 0.307;  
p = 0.78), respectively (eFigs. 
4–7, http://links.lww.com/
CCX/B480). Only 79 studies 
could be included in this sub-
group analysis, as the remaining 
studies included multiple sub-
groups without providing exact 
numbers for these subgroups.

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart 
with illustration of the patient collectives used in the meta-analysis.

http://links.lww.com/CCX/B480
http://links.lww.com/CCX/B480
http://links.lww.com/CCX/B480
http://links.lww.com/CCX/B480
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TABLE 1.
Study Characteristics Including Main Site Location, Study Design, and Patient Characteristics

Demographic Data
Studies in the Meta-Analysis 

(Total n = 124), n (%)
Patients in the Meta-Analysis 

(Total n = 426,163), n (%)

Main site location

 � Africa 3 (2.4) 2,087 (0.5)

 � America: Central/South 19 (15.3) 5,086 (1.2)

 � America: North 21 (16.9) 298,052 (69.9)

 � Asia: East 20 (16.1) 3,676 (0.9)

 � Asia: Rest 28 (22.6) 3,691 (0.9)

 � Europe 18 (14.5) 112,161 (26.3)

 � Middle East 15 (12.1) 1,410 (0.3)

Study design

 � Case–control 3 (2.4) 321 (0.1)

 � Other 4 (3.2) 505 (0.1)

 � Prospective cohort 59 (47.6) 28,170 (6.6)

 � Randomized controlled trial 2 (1.6) 99 (< 0.1)

 � Retrospective cohort 56 (45.2) 397,068 (93.2)

Patient characteristics

 � Comorbidities

  �  Cardiovascular 28 (22.9) 16,867 (4.0)

  �  Respiratory 23 (18.5) 5,665 (1.3)

  �  Gastrointestinal (including hepatic) 22 (17.7) 4,454 (1.0)

  �  Renal/urologic 20 (16.1) 15,827 (3.7)

  �  Neurologic/neuromuscular 31 (25.0) 33,452 (7.8)

  �  Endocrinologic 4 (3.2) 45 (0,01)

  �  Hematologic/immunologic 10 (8.1) 10,226 (2.4)

  �  Immunologic 16 (12.9) 3,232 (0.8)

  �  Hematologic: non-specified 3 (2.4) 59 (0.01)

  �  Metabolic 13 (10.5) 10,181 (2.4)

  �  Oncology 39 (31.5) 26,782 (6.3)

  �  Congenital or genetic 21 (16.9) 587 (0.1)

  �  All transplants 2 (1.6) 5,400 (1.3)

  �  Solid organ transplant 6 (4.8) 878 (0.2)

  �  Bone marrow transplant 6 (4.8) 1,143 (0.3)

  �  Surgical 6 (4.8) 178 (0.04)

  �  Burn patients 2 (1.6) 589 (0.1)

  �  Any chronic complex condition 9 (7.3) 18,709 (4.4)

 � Scoring systems

  �  Pediatric Index of Mortality II 18 (14.5) 6,334 (1.5)

  �  Pediatric Risk of Mortality 30 (24.2) 6,586 (1.5)

  �  Pediatric Sequential Organ Failure 
Assessment score 

6 (4.8) 819 (0.2)

  �  Pediatric Logistic Organ Dysfunction Score 17 (13.7) 3,734 (0.9)
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An analysis addressing sepsis mortality according to 
publication year showed no evidence of a moderating 
effect of time on sex-specific mortality (eFig. 8, http://
links.lww.com/CCX/B480). Data on type of infection, 
comorbidities, extracorporeal membrane oxygenation 
(ECMO), mechanical ventilation, renal replacement 
therapy, sepsis severity scores, and PICU length of stay 
were not reported by sex and could therefore not be 
analyzed.

We performed additional meta-regression analyses 
with World Bank income classification, age, and study 
region as moderators. The effect on the primary out-
come when including the income level of the country 
as moderator in meta-regression was −0.008 (95% CI, 
−0.013 to −0.002, 95% prediction interval −0.027 to 
0.011; p = 0.005) (Fig. 3; and eTable 3, http://links.
lww.com/CCX/B480).

We found no evidence that age affected sex-specific 
sepsis mortality (Fig. 4; and eFig. 9, http://links.lww.
com/CCX/B480) when analyzing results overall and 
on a study level. In a meta-regression fitted to ad-
just for main site location per study (eTables 4 and 

5, http://links.lww.com/CCX/B480), no association 
between study region and risk for sepsis deaths could 
be found.

Figure 2. Forest plot of mortality of all sepsis types for all studies with more than 1,000 patients. In this plot, the estimate and 
heterogeneity parameters for the overall effect correspond to the evaluation of all 124 studies. For visualization purposes, the forest plot 
is additionally divided into subgroups regarding sample size: up to 50, > 50 to < 100, ≥ 100 to < 200, 200 to < 500, and 500 and more 
(see Supplementary Material, http://links.lww.com/CCX/B480). DL = DerSimonian-Laird method, REML = restricted maximum 
likelihood method.

Figure 3. Mortality risk difference of girls vs. boys for age per 
income level. The estimated total risk difference is printed in black, 
the corresponding 95% CI in gray. A negative risk difference 
indicates higher mortality risk in males.

http://links.lww.com/CCX/B480
http://links.lww.com/CCX/B480
http://links.lww.com/CCX/B480
http://links.lww.com/CCX/B480
http://links.lww.com/CCX/B480
http://links.lww.com/CCX/B480
http://links.lww.com/CCX/B480
http://links.lww.com/CCX/B480
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DISCUSSION

In this systematic review and meta-analysis on the as-
sociation of sex with mortality in sepsis in children, 
a total of 124 studies including over 400,000 patients 
across all continents were included with a predomi-
nance of ICU studies. The evidence synthesis showed 
moderate evidence for a higher sepsis mortality in 
boys compared with girls. This effect was confirmed 
when including the income level of the country as a 
moderator.

To the best of our knowledge, this is the first meta-
analysis on sex differences in pediatric sepsis mortality. 
In recent years, there has been increasing interest to ex-
amine social determinants of health and their impact 
on health and well-being. These might be even more 
relevant in the particularly vulnerable pediatric pop-
ulation. Sex differences may modify disease associa-
tions at multiple levels such as biological mechanisms, 
differences in response to treatment, or gender-related 
and socioeconomic factors. For sepsis and sepsis mor-
tality, there are well-known biological and socioec-
onomic risk factors, such as age, region, and income 
level of the country, which were included as modera-
tors in this review (4, 6).

From a biological perspective, males appear to have a 
higher susceptibility for many pathogens, which could be 
explained by a stronger CD4+ T-cell response in females 
(22, 158). This translated into a higher neonatal mortality 
and worse clinical long-term outcomes and survival in 
male neonates compared with females (159, 160).

Our main finding of a slightly higher sepsis mor-
tality in boys corresponds to previous pediatric studies, 
in which boys were shown to have increased suscepti-
bility to infections and to severe infections during early 
childhood (161). When looking at the full-text studies 
included in our review, most larger studies with study 
populations > 1000 showed a slight tendency for a 
higher sepsis mortality in boys. Overall, the effect size 
is small but consistent across the main sepsis group, 
the severe sepsis, and septic shock groups; however, 
the threshold for statistical significance was not met  
in the smaller subgroups. The sepsis group makes up 
for the majority of the studied population.

However, a recently published study evaluating sex 
differences in mortality in 389 children with septic 
shock did not reveal a mortality difference between 
the sexes (162). This difference as compared with our 
findings might be explained by the smaller cohort size.

A recent systematic review analyzing sex differ-
ences in overall PICU mortality showed that males 
were more likely to be admitted to the PICU, whereas 
overall female mortality was higher (163). However, 
when identifying the studies evaluating sex-specific 
differences in the pediatric sepsis population, these 
showed a higher male mortality, corresponding to the 
results of our review (23, 95).

The adult literature on this topic shows conflicting 
results: Several studies reported a higher risk for sepsis 
hospitalization, sepsis-related ICU admission, death, 
and readmission to hospital within 1 year after a sepsis 
hospitalization in adult men (18). A multicenter cohort 

  WHAT THIS STUDY MEANS

	 •	 This study is the first systematic review on 
sex differences in pediatric sepsis mortality 
including the entire published literature since 
publication of the Pediatric Sepsis Consensus 
Statement in 2005.

	 •	 Our study revealed moderate evidence for a 
higher mortality in boys compared with girls.

	 •	 This knowledge serves as foundation for study-
ing outcomes in the pediatric sepsis literature 
including sex differences as important determi-
nants of health.

Figure 4. Mortality risk difference of girls vs. boys for age per 
study by main site location.
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study involving more than 2000 patients observed a 
higher 30-day mortality in men with sepsis (17), which 
is in line with our findings. However, a recent meta-
analysis involving 130,000 patients across 89 stud-
ies showed women to be at higher risk of death from 
Staphylococcal infections (164). It remains unclear if 
these differences correspond to true biological differ-
ences or rather reflect the effect of sociodemographic 
factors (165).

In order to increase knowledge and understanding 
in the field of pediatric sepsis, more in-depth stud-
ies on the host response in sepsis by sex and their 
interaction with other disease-modifying factors are 
needed. Underreporting of social determinants of 
health in the field of pediatric sepsis has been shown 
to be an issue in understanding the role these factors 
play in sepsis development and severity (166). Thus, 
larger datasets with more specific reporting of social 
determinants of health, including sex and gender, will 
lead to an improved understanding of pediatric sepsis 
and a more individualized diagnostic and therapeutic 
approach.

An important limitation of our study is the over-
representation of high-income countries in included 
studies. Patients from high-income countries, such 
as Europe, North America, and Australia made up 
for 96% of the studied population and therefore our 
results might not be generalizable to upper- and lower-
middle income (UMIC and LMIC) and lower-income 
countries (LIC) on which a scarcity of high-quality ep-
idemiological data on sepsis persists. As 85% of sepsis 
cases and deaths worldwide involve LIC, LMIC, and 
UMIC settings (4), this search result is strikingly dis-
proportional to the global epidemiology and reflects 
the over-representation of literature from high-income 
countries with a predominance of ICU settings.

Our study has several additional limitations: We 
excluded studies that were not in English, which may 
have led to underrepresentation of certain study re-
gions. Sepsis coding might be inaccurate and we were 
unable to confirm the correct coding of sepsis catego-
ries within papers. As this review is not based on an in-
dividual data analysis, we cannot rule out that certain 
patients were included multiple times in our analysis 
due to overlapping datasets.

As many studies did not report on sex-specific out-
comes, this led to the exclusion of a considerable pro-
portion of pediatric sepsis studies which might have 

biased the effect estimate. Finally, while the review in-
cluded publications following the release of the 2005 
International Pediatric Sepsis Consensus Conference 
(IPSCC) definitions, these eminence-based criteria 
have been shown to be inconsistently applied (167), 
and the recently published data-driven Phoenix cri-
teria for sepsis in children were not yet available. It 
should also be noted that studies published within the 
first year after publication of the 2005 IPSCC criteria 
might not have used this definition yet. In addition to 
the challenges of applying the 2005 IPSCC criteria ro-
bustly across studies, there is increasing recognition of 
the heterogeneity of sepsis as a syndrome (165). Future 
studies should investigate whether gender-specific in-
formation may help identifying treatable traits in this 
population.

CONCLUSIONS

In conclusion, this large systematic review and meta-
analysis studying the association of sex with pedi-
atric sepsis mortality showed moderate evidence for 
a higher pediatric sepsis mortality in boys compared 
to girls. Our review provides an important foundation 
for studying outcomes in the pediatric sepsis literature 
with the inclusion of social determinants of health. This 
will pave the way for a more individualized approach 
to research in this field.
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