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OBJECTIVES: To characterize associations between race/ethnicity/sex, time-to-
antibiotics, and mortality in patients with suspected sepsis or septic shock.

DESIGN: Retrospective cohort study, with race/ethnicity/sex as the exposure, 
and time-to-antibiotics (relative to emergency department arrival) and in-hospital 
mortality as the outcome.

SETTING: Five Massachusetts hospitals.

PATIENTS: Forty-nine thousand six hundred nine adults admitted 2015–2022 
with suspected sepsis or septic shock (blood cultures drawn and IV antibiotics 
administered within 24 hr of arrival, plus evidence of organ dysfunction for sepsis, 
and hypotension or lactate ≥ 4.0 mmol/L for septic shock).

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Among included patients, 22,598 
(46%) were women, 36,626 (75%) were White, and 4,483 (9.2%) were Black. 
Women had longer median time-to-antibiotics than men when presenting with 
either suspected sepsis (203 vs. 190 min) or septic shock (160 vs. 142 min). 
Differences in time-to-antibiotics for women vs. men persisted after adjusting for 
age, race, comorbidities, source of infection, and severity of illness (adjusted odds 
ratio [aOR] for 3–6 vs. < 3 hr; 1.16 [95% CI, 1.07–1.25] for sepsis and aOR, 
1.09 [95% CI, 1.01–1.18] for septic shock). Median time-to-antibiotics was also 
longer for Black vs. White patients for both sepsis (215 vs. 194 min; aOR for 3–6 
vs. < 3 hr; 1.24 [95% CI, 1.06–1.45]) and septic shock (median 159 vs. 148 min; 
aOR, 1.32 [95% CI, 1.12–1.55]). There was no association between race/eth-
nicity/sex and in-hospital mortality for sepsis without shock; however, women 
with septic shock had higher mortality (aOR, 1.16; 95% CI, 1.04–1.29) vs. men. 
Higher mortality for women with septic shock persisted when also adjusting for 
time-to-antibiotics (aOR, 1.16; 95% CI, 1.03–1.32).

CONCLUSIONS: In a large cohort of patients with sepsis, time-to-antibiotics 
was longer for both women and Black patients even after detailed risk-adjustment. 
Women with septic shock had higher adjusted in-hospital mortality than men, but 
this association was not moderated by time-to-antibiotics.
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Sepsis is a leading cause of death among hospitalized patients (1). Clinical 
guidelines and quality measures emphasize rapid recognition and treat-
ment, yet in-hospital mortality rates remain high with minimal evidence 

of improvement in recent years (1). Disparities in access to healthcare, care pro-
cesses, and long-term outcomes of treatment are well-documented in U.S. pop-
ulations and manifest in part from structural racism and sexism (2, 3). Recent 
studies have highlighted racial and ethnic disparities in emergency department 
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(ED) triage procedures (4, 5). Observational studies 
suggest that American women and Black and Hispanic 
patients hospitalized with severe infections receive 
antibiotics later than White men and may have higher 
mortality, even after adjusting for individual and hos-
pital characteristics (6–8). However, most analyses of 
disparities in sepsis management have been limited 
by small cohort sizes, lack of detailed risk-adjustment 
for comorbidities and severity of illness, and failure 
to report associations between differences in care and 
patient outcomes. We therefore evaluated a large mul-
tihospital cohort of patients with suspected sepsis or 
septic shock for differences in time-to-antibiotics and 
risk of in-hospital mortality, comparing 1) men vs. 
women of all races and ethnicities and 2) people of dif-
ferent races and ethnicities, using detailed clinical data 
for risk adjustment.

METHODS

We retrospectively analyzed electronic health record 
(EHR) data for all adults 18 years old or older admit-
ted via the ED to five Mass General Brigham (MGB) 
hospitals in Massachusetts from June 2015 to August 
2022. The MGB Institutional Review Board approved 
this study on April 12, 2018 (2018P000602, title 
“Developing evidence-based sepsis time zero criteria 

and quality metrics using electronic health record 
data”) with a waiver of informed consent. All proce-
dures adhered to institutional ethics standards and the 
Helsinki Declaration of 1975.

All patients in this study had “suspected infection,” 
defined as collection of greater than or equal to 1 blood 
culture and administration of IV antibiotics within 24 
hours of ED arrival. We created two mutually exclu-
sive analytical cohorts of “suspected sepsis” (organ 
dysfunction) and “suspected septic shock” (hypoten-
sion or lactate ≥ 4.0 mmol/L) patients (inclusion/ex-
clusion criteria summarized in Supplement Fig. 1, 
http://links.lww.com/CCM/H590) (9). The exposures 
of interest were: 1) sex assigned at birth and 2) pooled, 
mutually exclusive race/ethnicity categories (White, 
Black, Hispanic, Asian, Multiracial, and other) using 
data recorded during patient registration similarly 
to prior studies (5, 10). After excluding patients with 
missing data on sex or race/ethnicity, we calculated 
summary statistics and performed multivariable lo-
gistic regression in each cohort to evaluate the asso-
ciations between these categories and: 1) the interval 
from ED arrival to first IV antibiotic administration 
(“time-to-antibiotics,” categorized into 0–3 vs. 3–6 hr 
windows from ED arrival) and 2) in-hospital mortality.

We adjusted for a comprehensive set of confounders 
(9), including: 1) demographics (age, insurance type, 
English vs. non-English language preference, median 
income of the patient’s home ZIP code categorized 
into quintiles, academic vs. community hospital, ar-
rival from a healthcare facility, arrival by ambulance, 
hospital discharge within the past 90 d, and admis-
sion year); 2) selected Elixhauser comorbidities and 
the overall Elixhauser comorbidity index; 3) severity 
of illness (presenting laboratory data and vitals within 
12 hr of arrival, pre-arrival intubation, highest respi-
ratory support, and vasopressor administration); 4) 
suspected sources of infection derived from “present-
on-admission” International Classification of Diseases, 
10th Revision, Clinical Modification codes; and 5) his-
tory of penicillin or beta-lactam allergy.

Models of time-to-antibiotics and in-hospital mor-
tality included interaction terms for each combination 
of sex and race/ethnicity categories to assess for inter-
sectional effects. To test whether time-to-antibiotics 
mediates the association between demographics and 
mortality, we repeated the mortality analysis add-
ing time-to-antibiotics and its interactions with race/

 
KEY POINTS

Question: Are differences in race, ethnicity, 
and sex associated with differences in time-to- 
antibiotics or in-hospital mortality for patients with 
suspected sepsis or septic shock?

Findings: Among patients presenting to five hos-
pitals with suspected sepsis, time-to-antibiotics 
was longer for women vs. men, and for Black vs. 
White patients. Women with septic shock had 
higher risk of death vs. men, but this was not 
mediated by time-to-antibiotics.

Meanings: Antibiotic timeliness differs by sex and 
by race/ethnicity among patients presenting with 
suspected sepsis; mortality rates are higher for 
women vs. men with septic shock. Further work is 
needed to identify reasons and solutions for these 
disparities.
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ethnicity/sex as covariates. We also performed sub-
group analyses by hospital type, insurance status, and 
admission during the COVID-19 pandemic (2020–
2022) vs. prior years (2015–2019). ses were used to 
calculate Wald 95% CIs for each odds ratio. Wilcoxon 
rank-sum and Kruskal-Wallis tests were used for un-
adjusted comparisons of time-to-antibiotics. Analyses 
were performed in R (Version 4.2.1; The R Foundation, 
Vienna, Austria).

RESULTS

Characteristics of Study Cohort

The cohort included 23,619 patients with suspected 
sepsis and 25,990 patients with suspected septic shock, 
of whom 23,259 (98%) and 25,524 (98%), respectively, 
had data recorded for sex and race/ethnicity (Table 
1). Of these, 46% were female, 75% were White, 9.2% 
were Black, and 7.0% were Hispanic. Antibiotics were 
administered within 6 hours in 18,325 patients (78%) 
with suspected sepsis and 21,606 patients (83%) with 
suspected septic shock (Supplement Table 1, http://
links.lww.com/CCM/H590).

Differences in Time-to-Antibiotics

Median time-to-antibiotics for patients with suspected 
sepsis was 190 minutes (interquartile range [IQR], 114–
328 min) for men vs. 203 minutes (IQR, 122–347 min) 
for women (Table 1). Among race/ethnicity categories, 
median time-to-antibiotics was 215 minutes (IQR, 
123–373 min) for Black patients, 197 minutes (IQR, 
117–338 min) for Hispanic patients, 194 minutes (IQR, 
117–330 min) for White patients, and 180 minutes (IQR, 
111–326 min) for Asian patients. Time-to-antibiotics 
was shorter among all patients with suspected septic 
shock, but differences between groups remained: 142 
minutes (IQR, 79–157 min) for men vs. 160 minutes 
(IQR, 92–290 min) for women and 159 minutes (IQR, 
88–289 min) for Black patients vs. 156 minutes (IQR, 
87–293 min) for Hispanic patients vs. 148 minutes (IQR, 
84–267 min) for White patients vs. 143 minutes (IQR, 
76–255 min) for Asian patients. All differences were sig-
nificant at p value of less than 0.05 (Table 1).

After adjusting for confounders, women were sig-
nificantly more likely than men to receive antibiotics 
3–6 hours after arrival instead of 0–3 hours for both 
suspected sepsis (adjusted odds ratio [aOR], 1.16; 95% 

CI, 1.07–1.25) and septic shock (aOR, 1.09; 95% CI, 
1.01–1.18) (Fig. 1A). Among race/ethnicity categories, 
when compared with White patients, Black patients 
were significantly more likely to receive antibiotics 
3–6 hours after arrival instead of 0–3 hours for both 
suspected sepsis (aOR, 1.24; 95% CI, 1.06–1.45) and 
suspected septic shock (aOR, 1.32; 95% CI, 1.12–1.55). 
Hispanic patients were significantly more likely to re-
ceive antibiotics 3–6 hours after arrival for suspected 
sepsis (aOR, 1.21; 95% CI, 1.01–1.46) but not for sus-
pected septic shock (aOR, 1.07; 95% CI, 0.88–1.29). 
Subgroup analyses by hospital type, insurance status, 
and the COVID-19 pandemic showed consistent di-
rectionality for these associations (Supplement Figs. 
2A–4A, http://links.lww.com/CCM/H590). Significant 
differences in time-to-antibiotics were not observed 
among other categories of race/ethnicity nor any inter-
sectional categories (Supplement Table 2, http://links.
lww.com/CCM/H590).

Differences in In-Hospital Mortality

There were no significant associations between sex 
or race/ethnicity and mortality among patients with 
suspected sepsis (Fig. 1B). However, among patients 
with suspected septic shock, women had signifi-
cantly higher mortality than men (aOR, 1.16; 95% CI, 
1.04–1.29). This difference persisted after adjusting for 
time-to-antibiotics (aOR, 1.16; 95% CI, 1.03–1.32). 
Subgroup analyses again showed consistent direction-
ality for this association (Supplement Figs. 2B–4B, 
http://links.lww.com/CCM/H590). There were no sig-
nificant associations between race/ethnicity categories 
and in-hospital mortality in patients with suspected 
septic shock (Supplement Tables 3 and 4, http://links.
lww.com/CCM/H590).

DISCUSSION

In this large multihospital cohort of patients pre-
senting to EDs with suspected sepsis or septic shock, 
women were more likely to receive antibiotics later 
than men and Black patients later than White patients. 
These differences persisted after adjusting for detailed 
clinical data including demographics, socioeconomic 
indicators, comorbidities, site of infection, and se-
verity of illness. We additionally found that Hispanic 
patients presenting with suspected sepsis without 
shock received antibiotics later than White patients, 
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and women with suspected septic shock were more 
likely to die than men.

Our findings raise concern for inequities in care and 
outcomes for patients with severe infections, particu-
larly those with septic shock. A previous single-center 
study in Rhode Island (n = 771) found that time-to-
antibiotics was 1.18 times longer in women of all races/
ethnicities presenting with sepsis or septic shock (7). 
Another study of 16 million U.S. sepsis hospitalizations 
found that Black and Hispanic patients with sepsis 

or septic shock were more likely to die than White 
patients (6). Our study did not support a moderating 
effect of time-to-antibiotics on differences in septic 
shock mortality between men and women. Their dis-
parate outcomes might be influenced more strongly by 
other patient, provider, and institutional factors both 
at the time of admission and over the subsequent hos-
pital course.

Our study is larger and includes more granular meas-
ures of severity of illness than prior studies of disparities 

TABLE 1.
Cohort Sizes and Median Time-to-Antibiotics by Race/Ethnicity and Sex

Cohort Count (%)
Median Time-to-Antibiotics, Min  

(25th–75th Percentiles, Min) p

Suspected sepsis 23,619 (100) 196 (118–336)

 � Excluding missing dataa 23,259 (98) 196 (118–336)

 � By sexb <0.001

  �  Male 13,344 (56) 190 (114–328)

  �  Female 10,275 (44) 203 (122–347)

 � By race/ethnicityc 0.036

  �  White 17,320 (73) 194 (117–330)

  �  Black 2,257 (9.6) 215 (123–373)

  �  Hispanic 1,616 (6.8) 197 (117–338)

  �  Asian 857 (3.6) 180 (111–326)

  �  Other 300 (1.3) 194 (120–384)

  �  Two or more 909 (3.8) 209 (125–356)

  �  Missing data 360 (1.5) 191 (114–341)

Suspected septic shock 25,990 (100) 150 (84–273)

 � Excluding missing dataa 25,524 (98) 150 (84–272)

 � By sexb <0.001

  �  Male 13,667 (53) 142 (79–257)

  �  Female 12,323 (47) 160 (92–290)

 � By race/ethnicityc 0.020

  �  White 19,306 (74) 148 (84–267)

  �  Black 2,226 (8.6) 159 (88–289)

  �  Hispanic 1,787 (6.9) 156 (87–293)

  �  Asian 976 (3.8) 143 (76–255)

  �  Other 314 (1.2) 143 (78–279)

  �  Two or more 915 (3.5) 161 (91–309)

  �  Missing data 466 (1.8) 162 (82–317)

aExcluding patients with missing race/ethnicity. These patients were not included in the multivariable regression models.
bSex was available for all patients in both cohorts. p values calculated using Wilcoxon rank-sum tests.
cCounts differ slightly from Table 1 in Pak et al (9) because additional ethnicity data fields were used to increase the accuracy of 
Hispanic categorization and reduce the number of patients with missing data. p values calculated using Kruskal-Wallis tests.
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in sepsis treatment. Nonetheless, residual confounding 
is possible, particularly since many potentially influen-
tial factors are not recorded as structured EHR data (e.g., 
education, income, health literacy, and cultural factors). 
We similarly could not include provider-specific factors, 
for example, provider demographics or assessment of 
provider-specific biases. Other limitations of our study 
include a focus on one regional healthcare system with 

relatively few non-White patients, decreasing power to de-
tect differences in all subgroups, particularly intersectional 
associations. We were limited to analyzing sex instead of 
gender identity due to small numbers of trans and gender 
diverse identities. Patient registration data can be incom-
plete and subject to unmeasured biases. Finally, we used 
proxies for socioeconomic status (e.g., linking patients’ 
home ZIP codes to census data) in lieu of direct measures.

Figure 1. Disparities in time-to-antibiotics (TTA) and in-hospital mortality by sex and race/ethnicity for suspected sepsis with and 
without shock. Multivariable regression was used to model associations between race/ethnicity/sex and odds of receiving antibiotics 
within 3–6 vs. 0–3 hr (A) or in-hospital mortality (B), adjusting for potential confounders (see Methods). In-hospital mortality was 
additionally adjusted for TTA using the same categorization. Models included interaction terms between either race/ethnicity and sex 
(A) or all combinations of race/ethnicity, sex, and TTA (B), but none were significant at p < 0.05, and they are not depicted in this figure. 
Adjusted odds ratios are drawn with 95% CIs (horizontal lines). The x-axis is logarithmically scaled. Point sizes are scaled to the number 
of patients in each subcohort (n, legend).
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All told, we document disparities by race, ethnicity, 
and sex in antibiotic timeliness for patients with pos-
sible sepsis. We also document differences in outcomes 
for women vs. men with septic shock not clearly related 
to time-to-antibiotics. Further work, including study 
of provider-specific factors, is needed to characterize 
the specific processes contributing to these delays and 
the full spectrum of care factors that affect sepsis out-
comes in different populations.
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