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Abstract: Sepsis, a syndrome characterized by systemic inflammation during infection, continues
to be one of the most common causes of patient mortality in hospitals across the United States.
While standardized treatment protocols have been implemented, a wide variability in clinical
outcomes persists across racial groups. Specifically, black and Hispanic populations are frequently
associated with higher rates of morbidity and mortality in sepsis compared to the white population.
While this is often attributed to systemic bias against minority groups, a growing body of literature has
found patient, community, and hospital-based factors to be driving racial differences. In this article,
we provide a focused review on some of the factors driving racial disparities in sepsis. We also suggest
potential interventions aimed at reducing health disparities in the prevention, early identification,
and clinical management of sepsis.
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1. Introduction

Sepsis, a syndrome characterized life threatening organ dysfunction secondary to infection,
is one of the most common causes of inpatient mortality [1,2]. In the United States, sepsis affects
approximately 1.7 million patients annually and contributes to 265,000 deaths each year [3].
The economic burden related to sepsis management is significant with approximately 38 billion
USD spent annually in inpatient costs [4]. The excess charges related to readmission and increased
healthcare utilization following the initial event are significant [5-7]. Current efforts are focused on
early detection and protocol-driven management or “sepsis bundles” [8,9]. These bundles include
interventions such as administration of resuscitative fluids, antibiotics, and vasoactive medications
to maintain physiologic parameters at recommended levels. They should also be completed within
discrete time frames (such as three- and six-hour bundles), since prompt management is critical [9].
Bundle target adherence has been associated with decreased in-hospital mortality and thus is regarded
as the standard of care in sepsis management [10].

Nonetheless, wide variability in mortality rates persist despite standardization of care.
This suggests the presence of healthcare disparity, which is defined as the “differences in the quality of
health care that are not due to access-related factors or clinical needs, preferences and appropriateness
of intervention” [11]. Disparities based on factors such as gender, socioeconomic status, and race
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are found across the spectrum of healthcare [11-13]. In regards to infection and sepsis, minority
populations have a higher adjusted incidence, hospitalizations, complications, and deviations from
standard care compared to white populations [4,14-17].

While the presence of racial disparities in the management of sepsis has been commonly established
in the literature, recent studies have produced seemingly contradictory results. Since minority race is
a marker for poverty, chronic comorbidities, and reduced access to healthcare, the association between
race and negative clinical outcomes is often fraught with residual confounders [18-20]. The purpose of
this review is to summarize the current state of the literature on these factors contributing to racial
disparities in sepsis and to suggest potentially efficacious interventions. Specifically, we will be focusing
on the impact of racial disparities on long-term outcomes since sepsis results in significant morbidity
and mortality several years after the initial insult [21,22]. This review will also address the factors
contributing to racial disparities under the framework of patient, community, and hospital-based
factors [11,23].

2. Definitions of Race

Although racial differences in health outcomes have been studied throughout the past several
decades, our understanding of race is still an evolving concept. However, it is important to define
the racial populations that are commonly analyzed in epidemiologic studies on sepsis. These will
be the definitions applied to later sections. In 1977, The Office of Management and Budget (OMB)
offered a standardized classification of race for the purpose of census and subsequently revised the
classification in 1997 [24]. According to the 1997 revision, “blacks” or “African-Americans” are defined
as people having origins in any black racial group in Africa. “Hispanics” are defined as a people
of Cuban, Mexican, Puerto Rican, Cuban, South or Central American, or any other Spanish culture.
“Whites” are defined as people having origins in any of the original people of Europe, North Africa,
or the Middle East [25]. Finally, “minority” race refers to any race (black, Hispanic, and others not
discussed in this article) that is non-white.

3. Patient-Based Factors

3.1. Genetic Susceptibility

There is a growing body of literature discussing genetic determinants as a cause of increased
susceptibility to infection and sepsis [2,8,15,18,23,26]. Single nucleotide polymorphisms (SNPs) have
garnered much interest as a potential diagnostic and prognostic tool for septic patients. Many of the
gene SNPs associated with an increased predisposition to sepsis are involved in vital cellular functions
such as pathogen recognition, phagocytosis, and cytokine production [26,27]. Polymorphisms in the
toll-like receptor (TLR) 1 gene, an important component of the innate immune response to pathogens,
are associated with increased organ dysfunction and mortality in sepsis. This association persisted
when evaluating white and black patients separately [28].

Gene SNPs can also confer a decreased susceptibility and survival benefit against sepsis and its
complications [26]. A recent study by Rautanen and colleagues found that common variants in the FER
gene, a non-transmembrane receptor tyrosine kinase involved in cell—cell adhesion, was associated
with a significant decrease in 28-day mortality from pneumonia-derived sepsis. One FER allele,
SNP rs4957796, was associated with a 44% reduction in 28-day mortality for each allele present.
However, this study utilized a cohort of white European patients, which limits external validity to
other patient demographics [29]. Another study by Ferwerda and colleagues found that an SNP
within the Mal gene, an adaptor protein downstream from the TLR pathway, conferred resistance to
septic shock. Compared across several populations, the authors found the allele to be in much higher
frequency in West Eurasian populations compared to African [30].

In the age of genomic medicine, it appears that minority populations are among the last to
benefit from its advances. Countless studies have provided genetic insights into conditions that
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predispose patients to sepsis such as diabetes and renal disease, but virtually all recent genomic
studies utilized patients of European descent. This limits their generalizability to populations that are
disproportionately affected by these conditions [23,31,32]. Currently no study has correlated genomic
data with long-term outcomes beyond 90-day mortality [26,27,29,30,33].

While genetic susceptibility influences racial disparities in sepsis outcomes, social and
environmental factors likely play a more significant role [11,13,32].

3.2. Presence of Comorbidities

Chronic conditions such as diabetes, renal failure, chronic obstructive pulmonary disease, obesity,
and Human Immunodeficiency Virus infection (HIV) all place patients at an increased susceptibility
to infection and sepsis. Preexisting comorbidities are also associated with an increased severity of
disease and risk of hospital readmission following the initial event [3,5-7]. Racial disparities exist
across many of these conditions with blacks experiencing both an increased prevalence and reduction
in life expectancy compared to whites [13,34]. Blacks also possess more chronic comorbidities that
alter immune function such as diabetes, HIV, and renal failure, which is associated with a greater risk
of acute organ dysfunction and a relatively worse clinical course [15,16,35].

HIV infection is of particular importance since sepsis is one of the most common causes of
mortality in these patients. One study found that 11.98% of black sepsis patients had an HIV-positive
status compared to 0.69% of white sepsis patients [16]. The effect of HIV infection on long-term
outcomes following sepsis is conflicting. A single-institution study in Brazil found severe sepsis
to be an independent predictor of both 28-day mortality (adjusted hazard ratio (HR) of 3.13) and
6-month mortality (adjusted HR of 3.25) [36]. However, a recent study conducted at two European
institutions found no significant difference in sepsis mortality between HIV-positive (50% mortality)
and HIV-negative (42.8% mortality) up to 1 year following initial hospitalization [37].

Data regarding the relationship between gender and outcome in sepsis is relatively limited. A past
study by Eachempati and colleagues found that gender was an independent predictor of mortality in
critically ill octogenarian patients with sepsis [38]. There does not appear to be a significant difference
in the incidence or rate of hospitalization based on gender, and these rates are similar across races in
women [16]. In terms of management, a recent retrospective study found that there were no gender
disparities in the sepsis bundle completion and in-hospital mortality [39].

3.3. Socioeconomic Status

Socioeconomic status (SES) is a very strong predictor of health outcomes in the United
States [12,32,34]. Lower SES and minority groups are associated with lower rates of health insurance,
decreased access to preventive health services, and poor health habits that contribute to inferior health
outcomes [23,34]. Lack of insurance is independently associated with more severe clinical presentation,
increased mortality, and lower utilization of acute care hospitalization following sepsis [16,40—43].
This suggests that uninsured patients often delay hospital presentation due to cost and receive lower
intensity of medical treatment [41]. Key studies are summarized in Table 1.

Communities with higher rates of poverty, an indicator of lower SES, are associated with worse
outcomes in sepsis [42,44]. Although minority populations are more likely to reside in communities
with poverty, blacks still have a higher incidence of severe sepsis when adjusted for SES. Interestingly,
Hispanic populations were found to have a slightly lower incidence after adjusting for urbanicity and
poverty with an adjusted rate ratio of 0.91 compared to whites [44]. A similar finding was described in
the context of post-surgical complications. The authors posited that family structures in Hispanics may
be more conducive to an effective recovery and health promotion compared to other racial groups [45].

Sepsis often leads to additional comorbidities, and functional impairments following
hospitalization and readmissions are common [5-7]. A recent study estimated the cost to be greater
than 30,000 USD per sepsis-related readmission [5]. Since minority populations are more likely to be
uninsured, they are forced to assume a greater share of the cost of care [40]. This only further hinders
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social mobility in this population and worsens their economic outlook as a greater share of disposable
income is allocated to medical expenses. Since managing functional limitations and comorbidities
is vital to reducing readmissions and mortality, these factors likely contribute to adverse long-term
outcomes in septic patients [21,22,46].

Table 1. Selected studies on the association of socioeconomic status (SES), race, and sepsis outcomes.

Reference Data Source Years Findings

Uninsured patients were more likely to be younger, male, non-white,
and lived in lower income ZIP codes than insured patients
Uninsured patients had fewer comorbidities than insured patients,

(401 Nationwide sample 20002008 but were more likely to have cirrhosis or HIV infection
Uninsured patients had a higher adjusted mortality rate than those
with private insurance (OR, 1.43; 95% CI, 1.37-1.47)
Less blacks have commercial insurance compared to whites

[41] Pennsylvania 2004-2006 (14.9% vs. 23.4%), but more likely to have Medicaid or no insurance.

statewide sample Medicaid patients are less likely to be discharged to long-term care
facilities (OR, 0.17; 95% CI, 0.13-0.24)

Counties with higher rates of sepsis mortality were associated with
2003-2012  higher percentage of black residents (13.4% vs. 1.7%) and lower
educational achievement (12.8% vs. 17.2% completing college)

U.S. county-level

421 mortality data

California Lack of insurance was associated with a higher risk of organ
[43] statewide sample 2010 dysfunction on presentation (adjusted OR, 1.26)
P Lack of insurance predicted in-hospital mortality (adjusted OR, 1.15)

QOdds ratio (OR), confidence interval (CI).

4. Community-Based Factors

4.1. Access to Health Care

Differences in accessibility to health care such as preventive health services, primary care,
and behaviors that promote health has been identified as a contributing factor to racial health disparities.
Minority populations have limited access to healthy food options, exercise facilities, health information,
safe environments, and quality healthcare [19,34,47,48].

Increased rates of obesity in blacks is frequently attributed to lack of access to healthy and
affordable food options, while foods rich in fats are commonly available in these areas [47]. This pattern
of diet characterized by added fats, fried foods, organ meats, and sugar-sweetened beverages
has been associated with an increased risk of sepsis among blacks (adjusted HR of 1.41) [49].
Minority populations also exhibit higher rates of leisure-time physical inactivity, but these differences
are eliminated when adjusted for education level [48]. This affirms several other studies noting
educational achievement as a social determinant highly associated with positive health behaviors and
outcomes [13,19,48].

4.2. Preventive Health Behaviors

Since many diseases are avoidable through lifestyle modification and access to primary care
services, preventive health is at the forefront of health promotion initiatives. However, these efforts fall
short in reducing health disparities for minority and disadvantaged populations. There is substantial
evidence that minority populations have less access to primary care facilities and preventive health
services [18,19,23]. One study found that communities with higher proportions of blacks were 28 times
more likely to have lower access to primary care, even after adjustment for demographics and insurance
status [50].

Pneumococcal vaccination (PCV-13 and PPSV-23) effectively reduces the incidence of pneumonia
and sepsis [15,51,52]. Vaccination rates are consistently lower in minority groups and uninsured
patients [34,51]. Also, patients who have a usual place for health care such as a community health center
or outpatient primary care facility are more likely to be vaccinated than those who did not, regardless
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of insurance status [51,53]. Minority nursing home patients, who benefit most from vaccination,
receive vaccinations at a rate of up to 15% less than white patients [54]. Substandard vaccination
among elderly minority population places them at substantial risk for recurrent sepsis and adverse
long-term outcomes.

4.3. Environmental Factors

The role of environmental factors such as geographic location, education, employment, and
SES indicators have been associated with differences in susceptibility to disease [13,18,19,34,35,55].
Moore and colleagues described three regions in the southern United States that experienced
significantly increased age-adjusted sepsis mortality rates from 2003 to 2012 relative to the rest of the
United States (93.1 vs. 59.6 deaths per 100,000 persons respectively). These regions were characterized
by lower education, income, insurance coverage, and higher unemployment [55]. Residence in
a medically-underserved region, which is often the case in rural settings, has also been found to
be associated with significantly higher sepsis mortality rates compared to better served areas [56].
This suggests that there is a complex interaction of socioeconomic factors that results in differences in
sepsis outcomes that may not be fully explained by race alone.

Racism is a well-studied factor contributing to disparities in healthcare, but there is currently
no literature describing racism in sepsis management [11,19,23]. Significant racial differences have
been observed in the emergency department (ED) setting, which is where minority patients with
sepsis commonly present [16,57,58]. One study found that black patients presenting to the ED received
lower acuity ratings and experience significantly longer wait times following triage compared to white
patients. For example, black patients waited an average of 95.6 and 98.3 minutes for chest pain and
dyspnea respectively compared to 74.6 and 74.9 minutes in white patients [57]. This suggests that
racial differences in the early identification and management of sepsis may be partially explained by
the ED triage process.

Implicit bias, or the unconscious association of negative attitudes to individuals based on
irrelevant characteristics such as race or gender, has been observed among healthcare professionals [59].
However, there are currently no studies that studied the role of implicit bias in the identification and
management of sepsis. Implicit bias among physicians has been shown to diminish relationships with
black patients based on patient-reported satisfaction surveys [60]. Racism also is a known contributor to
residential segregation in the United States, creating areas with a high proportion of non-whites lacking
access to medical care [11,19,50]. All these conditions may foster distrust of the medical profession
within minority communities, which may limit the success of health promotion initiatives [11,19,60,61].

5. Hospital-Based Factors

5.1. Quality of Care

“Quality” in sepsis management is defined as adherence to clinical guidelines and outcome
measures such as mortality and readmission rate [9,10]. Several studies have suggested that
inter-hospital differences play a significant role in racial disparities of sepsis management. Minority
patients are more likely to be treated at safety net hospitals and urban teaching hospitals, which often
experience increased financial constraints while treating diverse patient populations [18,23,44,62,63].
Mayr and colleagues found that hospitals that treated higher proportions of black patients were
less likely to receive antibiotics within 4 hours for pneumonia (odds ratio (OR) of 0.72 relative to
whites) [63]. This difference was also seen in sepsis, where hospitals treating predominately minority
patients have increased rates of organ dysfunction and mortality [15,44]. Key studies relating to the
quality of sepsis management is summarized in Table 2.

However, there is increasing evidence refuting claims that minority patients receive inferior care
in sepsis [16,35,55,64-67]. Dombrovskiy and colleagues found that while blacks experienced higher
population-based mortality, age-adjusted case fatality rate was similar to whites (26.15 vs. 25.88 per
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100 sepsis hospitalizations respectively) [16]. A similar finding was shown in a large retrospective study
of United States acute care hospitals. The authors suggested that much of the differences in mortality
among races was explained by preexisting conditions [16,35]. Several studies have even demonstrated
a relative survival advantage among minority patients in pneumonia and sepsis, providing a stark
contrast to previous literature [55,64—67].

Table 2. Selected studies on the quality of sepsis management among racial groups.

Reference Data Source Years Findings

Blacks less likely to receive antibiotics within 4 h
(OR, 0.55; 95% CI, 0.43-0.70) and to receive

[63] 28 U.S. hospitals 20012004 guideline-adherent therapy (OR, 0.72; 95% CI, 0.46-0.76)
Within the same hospital, blacks and whites received
similar quality of care (OR, 1.0; 95% CI, 0.97-1.04)

Blacks had greater rates of hospitalization in sepsis
across all age groups with the greatest disparity at age
New Jersey State 2002 35-44 (RR, 4.35; 95% CI, 3.93-4.82)
Inpatient Database Blacks had similar case fatality rates compared to whites
(26.15 £ 0.36 vs. 25.88 £ 0.79 in whites and
blacks, respectively)

[16]

Blacks and other races more likely to develop sepsis than
whites (average black annual RR, 1.90; 95% CI,1.82-1.98;
average annual other race RR, 1.85; 95% CI, 1.75-1.95)
The median length of hospital stay was longer in blacks
compared to whites and other races (1.0 day greater,
95% CI, 1.8-2.2)

Case fatality rates were lower in other races (18%)
compared to whites (21%) and blacks (21%)

National Hospital
[35] Discharge Survey  1979-2003
(NHDS)

Incidence of first-sepsis events lower among blacks
(adjusted HR, 0.64; 95% ClI, 0.57-0.72)

Odds of sepsis similar between blacks and whites
(adjusted OR, 1.01; 95% CI, 0.84-1.21)

Blacks more likely to be diagnosed with severe sepsis
among first-sepsis events (76.9% vs. 71.5%)

[55] Nationwide sample  2003-2007

Blacks and whites equally likely to receive
guideline-concordant antibiotic therapy (adjusted OR,
Yeterans Health 0.98; 95% CI 0.87-1.10)
[64] (VHA) nationwide 2002-2007  Blacks had a shorter hospital length of stay (adjusted OR,
sample 0.84; 95% CI, 0.76-0.93)
Blacks experienced a lower 30-day mortality
(adjusted OR, 0.82; 95% CI, 0.68-0.99)

Blacks were less likely to be hospitalized for sepsis
42-state sample of 2012-2014 (adjusted OR, 0.97; 95% CI, 0.96-0.98)
~420 U.S. hospitals Blacks had lower hospital mortality than whites
(adjusted OR, 0.85; 95% CI, 0.84-0.86)

California The unadjusted case fatality rate for blacks (14.0%) and

[67] statewide sample 2011 Hispanics (13.8%) was less than whites (15.1%)
P (p < 0.001)

Odds ratio (OR), confidence interval (CI), relative risk (RR), hazard ratio (HR).

[65]

5.2. Intensity of Care

Common interventions in the management of sepsis include mechanical ventilation, vasopressor
and antibiotic administration, and admission to the intensive care unit (ICU) [2,9]. Several previous
studies found that among sepsis patients, blacks were more likely to be hospitalized, require ICU-level
care during the hospitalization, and experience a longer length of stay [15,16,23,35]. However,
the conclusions of more recent studies have been inconsistent with prior literature. A retrospective
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study of administrative claims from six states found that blacks had a significantly higher incidence of
sepsis and were less likely to receive ICU care, but had similar adjusted case fatality rates compared to
whites [44]. A similar study by Moore and colleagues found that blacks had a lower incidence of sepsis
and received similar intensity of care compared to whites [55]. An advantage to this study is that
comprehensive chart review was employed for defining sepsis events, which is often more sensitive
than administrative claims data [3,18,55].

Insurance status is a highly important predictor of health outcomes in critical illness, and appears
to be a factor that limits the intensity of care in sepsis [18,19,23]. The association between black
patients and lack of medical insurance or subsidized federal insurance such as Medicaid has been
established [16,19,41,63,66]. Uninsured patients are more likely to delay necessary medical care,
which results in increased organ dysfunction on presentation for sepsis [40,67]. Among patients
admitted to the ICU for sepsis, uninsured patients experience a shorter length of stay, receive
less interventions, and have inferior clinical outcomes compared to insured patients [40,42].
Lacking insurance is also associated with greater use of low-quality hospitals that fail to deliver
guideline-adherent therapy [63,68,69].

5.3. Post-Acute Care Facility Utilization

With increasing hospitalizations and decreasing case fatality rates, there is a growing number
of severe sepsis survivors with complex medical needs [21,22,46,70]. Approximately 25% of elderly
patients hospitalized for sepsis are discharged to post-acute care facilities such as a skilled nursing
facility (SNF) or long-term acute care hospital (LTACH) [7]. Non-white patients with sepsis are
more likely to be discharged to home instead of an LTACH [14,35,41]. However, racial differences in
post-acute care disposition was eliminated after controlling for insurance status [41]. This suggests
that insurance status plays a more significant role in post-acute care utilization, and this has been
supported in previous literature [40,41].

While this difference could be attributed to bias, it is more likely caused by factors differences
in patient demographics and preferences for care [23]. Nonwhite sepsis patients, while more often
presenting with increased organ dysfunction, are younger and could make a full recovery [14,16,23,55].
Black patients are also less likely to receive do-not-resuscitate orders in the ICU, so they more frequently
undergo life-sustaining treatments during hospitalization regardless of previous comorbidities or
functional status [71,72].

Discharge to a care facility has been frequently associated with increased likelihood of readmission
among sepsis survivors [5-7,73]. Recurrent infection sepsis is one of the most common causes of
readmission in this population and is associated with poor long-term outcomes and mortality [22,73].
There is also a great deal of variability in care delivered at SNFs in regards to readmission and mortality
rates [54,73]. More research is needed to understand the factors that drive increased readmissions and
poor outcomes at post-acute care facilities.

6. Interventions to Reduce Racial Disparities in Sepsis

Racial disparities are frequently described, but interventions to reduce such disparities are
sparse [18,23,34]. While there have been several studies describing the implementation of quality
improvement programs in sepsis management, there are currently no studies that report reductions in
racial disparity as an outcome [23,74-77].

Patient-based interventions should address the lack of inclusion of minority patients in genomic
studies of sepsis. This population offers an exciting opportunity for researchers to uncover genomic
insights into social determinants of heath [31,32]. Future research efforts should also focus on the
impact of quality initiatives on reducing disparities in the management of chronic comorbidities such
as diabetes and chronic kidney disease [23,78,79].

Community-based interventions should focus on increasing access to primary care health services
in lower SES neighborhoods. This could include the expansion of community health centers and
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mitigating barriers to healthcare access such as lack of availability of services and the financial burden
of care [11,23,80]. To better elucidate geographic disparities in healthcare, methods such as county-level
health statistics and census studies have shown promise and should continue to be utilized [42,50].
Public policy efforts should also be directed towards uniform vaccination coverage, especially among
susceptible populations such as minority nursing home residents [51,54,73]. Finally, further research is
needed to understand the impact of implicit bias and racism among healthcare providers on processes
of care for minority populations [11,19,23,61].

Hospital-based interventions should aim at reducing inter-hospital and intra-hospital variation
in clinical management. This includes systematically analyzing physician adherence to treatment
protocols and establishing uniform admission to post-acute care facilities [22,23,77]. Administrative
efforts should also explore strategies to mitigate the effects of insurance status as a source for disparities
in sepsis management [40,41].

Finally, further research should aim to develop more sophisticated statistical methods to address
factors that confound the relationship between race and outcomes in sepsis. Race has been shown to
be associated with differences relating to access to health care, preventive health services, and health
literacy. It is very unlikely that these differences are being adequately controlled in statistical analysis,
so it is important to continue to develop methods to address variables with complex implications on
health outcomes.

7. Conclusions

Sepsis is a common condition associated with significant morbidity and mortality. The literature
describes racial disparities in the management of sepsis with several underlying factors contributing
to the differences in patient outcomes. Only through addressing the complex interaction between race
and these factors can policy makers enact quality improvement initiatives that effectively addresses
these disparities.

Author Contributions: M.D. and K.L. were responsible for project conceptualization, literature review, manuscript
writing, and editing. ].D., S.S. and R.P. were responsible for literature review and manuscript editing.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Hall, MJ; Levant, S.; DeFrances, C.J. Trends in Inpatient Hospital Deaths: National Hospital Discharge Survey,
2000-2010; No. 118; US Department of Health and Human Services, Centers for Disease Control and
Prevention, National Center for Health Statistics: Washington, DC, USA, 2013; pp. 1-8.

2. Singer, M.; Deutschman, C.S.; Seymour, C.W.; Shankar-Hari, M.; Annane, D.; Bauer, M.; Bellomo, R.;
Bernard, G.R.; Chiche, J.-D.; Coopersmith, C.M.; et al. The third international consensus definitions for sepsis
and septic shock (sepsis-3). JAMA 2016, 315, 801-810. [CrossRef] [PubMed]

3.  Rhee, C,; Dantes, R.; Epstein, L.; Murphy, D.J.; Seymour, C.W.; Iwashyna, T].; Kadri, S.S.; Angus, D.C.;
Danner, R.L.; Fiore, A.E.; et al. Incidence and trends of sepsis in us hospitals using clinical vs claims data,
2009-2014. JAMA 2017, 318, 1241-1249. [CrossRef] [PubMed]

4. Rubens, M.; Saxena, A.; Ramamoorthy, V.; Das, S.; Khera, R.; Hong, J.; Armaignac, D.; Veledar, E.; Nasir, K.;
Gidel, L. Increasing sepsis rates in the United States: Results from national inpatient sample, 2005 to 2014.
J. Intensive Care Med. 2018. [CrossRef] [PubMed]

5. Chang, D.W,; Tseng, C.-H.; Shapiro, M.F. Rehospitalizations following sepsis: Common and costly.
Crit. Care Med. 2015, 43, 2085-2093. [CrossRef] [PubMed]

6. Goodwin, A.J.; Rice, D.A.; Simpson, K.N.; Ford, D.W. Frequency, cost, and risk factors of readmissions
among severe sepsis survivors. Crit. Care Med. 2015, 43, 738-746. [CrossRef] [PubMed]

7. Prescott, H.C.; Langa, K.M.; Liu, V.; Escobar, G.J.; Iwashyna, TJ. Increased 1-year healthcare use in survivors
of severe sepsis. Am. |. Respir. Crit. Care Med. 2014, 190, 62—69. [CrossRef] [PubMed]


http://dx.doi.org/10.1001/jama.2016.0287
http://www.ncbi.nlm.nih.gov/pubmed/26903338
http://dx.doi.org/10.1001/jama.2017.13836
http://www.ncbi.nlm.nih.gov/pubmed/28903154
http://dx.doi.org/10.1177/0885066618794136
http://www.ncbi.nlm.nih.gov/pubmed/30175649
http://dx.doi.org/10.1097/CCM.0000000000001159
http://www.ncbi.nlm.nih.gov/pubmed/26131597
http://dx.doi.org/10.1097/CCM.0000000000000859
http://www.ncbi.nlm.nih.gov/pubmed/25746745
http://dx.doi.org/10.1164/rccm.201403-0471OC
http://www.ncbi.nlm.nih.gov/pubmed/24872085

Healthcare 2018, 6, 133 90f12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Cohen, J.; Vincent, ].-L.; Adhikari, N.K.J.; Machado, ER.; Angus, D.C.; Calandra, T.; Jaton, K.; Giulieri, S.;
Delaloye, J.; Opal, S.; et al. Sepsis: A roadmap for future research. Lancet Infect. Dis. 2015, 15, 581-614.
[CrossRef]

Rhodes, A.; Evans, L.E.; Alhazzani, W.; Levy, M.M.; Antonelli, M.; Ferrer, R.; Kumar, A.; Sevransky, ].E.;
Sprung, C.L.; Nunnally, M.E; et al. Surviving sepsis campaign: International guidelines for management of
sepsis and septic shock. Crit. Care Med. 2017, 45, 486-552. [CrossRef] [PubMed]

Van Zanten, A.R.H.; Brinkman, S.; Arbous, M.S.; Abu-Hanna, A.; Levy, M.M.; de Keizer, N.F. Netherlands
Patient Safety Agency Sepsis Expert Group Guideline bundles adherence and mortality in severe sepsis and
septic shock. Crit. Care Med. 2014, 42, 1890-1898. [CrossRef] [PubMed]

Institute of Medicine (US) Committee on Understanding and Eliminating Racial and Ethnic Disparities
in Health Care. Unequal Treatment: Confronting Racial and Ethnic Disparities in Health Care; Smedley, B.D.,
Stith, A.Y., Nelson, A.R., Eds.; National Academies Press (US): Washington, DC, USA, 2003.

Carter-Pokras, O.; Baquet, C. What is a “health disparity”? Public Health Rep. 2002, 117, 426-434. [CrossRef]
Wong, M.D.; Shapiro, M.F.; Boscardin, W.J.; Ettner, S.L. Contribution of major diseases to disparities in
mortality. N. Engl. J. Med. 2002, 347, 1585-1592. [CrossRef] [PubMed]

Martin, G.S.; Mannino, D.M.; Eaton, S.; Moss, M. The epidemiology of sepsis in the United States from 1979
through 2000. N. Engl. ]. Med. 2003, 348, 1546-1554. [CrossRef] [PubMed]

Mayr, EB.; Yende, S.; Linde-Zwirble, W.T.; Peck-Palmer, O.M.; Barnato, A.E.; Weissfeld, L.A.; Angus, D.C.
Infection rate and acute organ dysfunction risk as explanations for racial differences in severe sepsis. JAMA
2010, 303, 2495-2503. [CrossRef] [PubMed]

Dombrovskiy, V.Y.; Martin, A.A.; Sunderram, J.; Paz, H.L. Occurrence and outcomes of sepsis: Influence of
race. Crit. Care Med. 2007, 35, 763-768. [CrossRef] [PubMed]

Tyler, PD.; Stone, D.J.; Geisler, B.P; McLennan, S.; Celi, L.A.; Rush, B. Racial and geographic disparities in
interhospital ICU transfers. Crit. Care Med. 2018, 46, e76—e80. [CrossRef] [PubMed]

Vogel, T.R. Update and review of racial disparities in sepsis. Surg. Infect. 2012, 13, 203-208. [CrossRef]
[PubMed]

Richardson, L.D.; Norris, M. Access to health and health care: How race and ethnicity matter. Mt. Sinai
J. Med. 2010, 77, 166-177. [CrossRef] [PubMed]

Kaufman, ].S.; Cooper, R.S.; McGee, D.L. Socioeconomic status and health in blacks and whites: The problem
of residual confounding and the resiliency of race. Epidemiol. Camb. Mass 1997, 8, 621-628. [CrossRef]
Yende, S.; Angus, D.C. Long-term outcomes from sepsis. Curr. Infect. Dis. Rep. 2007, 9, 382-386. [CrossRef]
[PubMed]

Prescott, H.C.; Costa, D.K. Improving Long-term outcomes after sepsis. Crit. Care Clin. 2018, 34, 175-188.
[CrossRef] [PubMed]

Soto, G.J.; Martin, G.S.; Gong, M.N. Healthcare disparities in critical illness. Crit. Care Med. 2013,
41, 2784-2793. [CrossRef] [PubMed]

Mays, V.M.; Ponce, N.A.; Washington, D.L.; Cochran, S.D. Classification of race and ethnicity: Implications
for public health. Annu. Rev. Public Health 2003, 24, 83-110. [CrossRef] [PubMed]

Office of Management and Budget. Standards for the classification of federal data on race and ethnicity.
Federal Register 1997, 62.

Giamarellos-Bourboulis, E.J.; Opal, S.M. The role of genetics and antibodies in sepsis. Ann. Transl. Med. 2016,
4. [CrossRef] [PubMed]

Taudien, S.; Lausser, L.; Giamarellos-Bourboulis, E.J.; Sponholz, C.; Schéneweck, F.; Felder, M.; Schirra, L.-R.;
Schmid, F.; Gogos, C.; Groth, S.; et al. Genetic Factors of the disease course after sepsis: Rare deleterious
variants are predictive. EBioMedicine 2016, 12, 227-238. [CrossRef] [PubMed]

Waurfel, M.M.; Gordon, A.C.; Holden, T.D.; Radella, F; Strout, J.; Kajikawa, O.; Ruzinski, ].T.; Rona, G;
Black, R.A.; Stratton, S.; et al. Toll-like receptor 1 polymorphisms affect innate immune responses and
outcomes in sepsis. Am. J. Respir. Crit. Care Med. 2008, 178, 710-720. [CrossRef] [PubMed]

Rautanen, A.; Mills, T.C.; Gordon, A.C.; Hutton, P.; Steffens, M.; Nuamah, R.; Chiche, ]J.-D.; Parks, T.;
Chapman, S.J.; Davenport, E.E.; et al. Genome-wide association study of survival from sepsis due to
pneumonia: An observational cohort study. Lancet Respir. Med. 2015, 3, 53-60. [CrossRef]


http://dx.doi.org/10.1016/S1473-3099(15)70112-X
http://dx.doi.org/10.1097/CCM.0000000000002255
http://www.ncbi.nlm.nih.gov/pubmed/28098591
http://dx.doi.org/10.1097/CCM.0000000000000297
http://www.ncbi.nlm.nih.gov/pubmed/24670937
http://dx.doi.org/10.1016/S0033-3549(04)50182-6
http://dx.doi.org/10.1056/NEJMsa012979
http://www.ncbi.nlm.nih.gov/pubmed/12432046
http://dx.doi.org/10.1056/NEJMoa022139
http://www.ncbi.nlm.nih.gov/pubmed/12700374
http://dx.doi.org/10.1001/jama.2010.851
http://www.ncbi.nlm.nih.gov/pubmed/20571016
http://dx.doi.org/10.1097/01.CCM.0000256726.80998.BF
http://www.ncbi.nlm.nih.gov/pubmed/17255870
http://dx.doi.org/10.1097/CCM.0000000000002776
http://www.ncbi.nlm.nih.gov/pubmed/29068859
http://dx.doi.org/10.1089/sur.2012.124
http://www.ncbi.nlm.nih.gov/pubmed/22913281
http://dx.doi.org/10.1002/msj.20174
http://www.ncbi.nlm.nih.gov/pubmed/20309927
http://dx.doi.org/10.1097/00001648-199710000-00002
http://dx.doi.org/10.1007/s11908-007-0059-3
http://www.ncbi.nlm.nih.gov/pubmed/17880848
http://dx.doi.org/10.1016/j.ccc.2017.08.013
http://www.ncbi.nlm.nih.gov/pubmed/29149939
http://dx.doi.org/10.1097/CCM.0b013e3182a84a43
http://www.ncbi.nlm.nih.gov/pubmed/24121467
http://dx.doi.org/10.1146/annurev.publhealth.24.100901.140927
http://www.ncbi.nlm.nih.gov/pubmed/12668755
http://dx.doi.org/10.21037/atm.2016.08.63
http://www.ncbi.nlm.nih.gov/pubmed/27713886
http://dx.doi.org/10.1016/j.ebiom.2016.08.037
http://www.ncbi.nlm.nih.gov/pubmed/27639823
http://dx.doi.org/10.1164/rccm.200803-462OC
http://www.ncbi.nlm.nih.gov/pubmed/18635889
http://dx.doi.org/10.1016/S2213-2600(14)70290-5

Healthcare 2018, 6, 133 10 of 12

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Ferwerda, B.; Alonso, S.; Banahan, K.; McCall, M.B.B.; Giamarellos-Bourboulis, E.J.; Ramakers, B.P,;
Mouktaroudi, M.; Fain, PR.; Izagirre, N.; Syafruddin, D.; et al. Functional and genetic evidence that
the Mal/TIRAP allele variant 180L has been selected by providing protection against septic shock. Proc. Natl.
Acad. Sci. USA 2009, 106, 10272-10277. [CrossRef] [PubMed]

Bustamante, C.D.; Burchard, E.G.; De La Vega, EM. Genomics for the world. Nature 2011, 475, 163-165.
[CrossRef] [PubMed]

West, K.M.; Blacksher, E.; Burke, W. Genomics, health disparities, and missed opportunities for the nation’s
research agenda. JAMA 2017, 317, 1831-1832. [CrossRef] [PubMed]

Mansur, A.; Hinz, ].; Hillebrecht, B.; Bergmann, I.; Popov, A.F.; Ghadimi, M.; Bauer, M.; Beissbarth, T.;
Mihm, S. Ninety-day survival rate of patients with sepsis relates to programmed cell death 1 genetic
polymorphism rs11568821. . Investig. Med. Off. Publ. Am. Fed. Clin. Res. 2014, 62, 638-643. [CrossRef]
[PubMed]

Centers for Disease Control and Prevention. CDC health disparities and inequalities report. Morb. Mortal.
WKly. Rep. 2013, 62, 184.

Esper, A M.; Moss, M.; Lewis, C.A.; Nisbet, R.; Mannino, D.M.; Martin, G.S. The role of infection and
comorbidity: Factors that influence disparities in sepsis. Crit. Care Med. 2006, 34, 2576-2582. [CrossRef]
[PubMed]

Japiassti, A.M.; Amancio, R.T.; Mesquita, E.C.; Medeiros, D.M.; Bernal, H.B.; Nunes, E.P; Luz, PM,;
Grinsztejn, B.; Bozza, F.A. Sepsis is a major determinant of outcome in critically ill HIV/AIDS patients.
Crit. Care 2010, 14, R152. [CrossRef] [PubMed]

Wiewel, M.A,; Huson, M.A; van Vught, L. A.; Hoogendijk, A.J.; Klein Klouwenberg, PM.C.; Horn, J.;
Lutter, R.; Cremer, O.L.; Schultz, M.].; Bonten, M.].; et al. Impact of HIV infection on the presentation,
outcome and host response in patients admitted to the intensive care unit with sepsis; a case control study.
Crit. Care 2016, 20, 322. [CrossRef] [PubMed]

Eachempati, S.R.; Hydo, L.; Barie, P.S. Gender-based differences in outcome in patients with sepsis. Arch. Surg.
1999, 134, 1342-1347. [CrossRef] [PubMed]

Madsen, T.E.; Simmons, J.; Choo, E.K.; Portelli, D.; McGregor, A.J.; Napoli, A.M. The DISPARITY Study:
Do gender differences exist in Surviving Sepsis Campaign resuscitation bundle completion, completion of
individual bundle elements, or sepsis mortality? J. Crit. Care 2014, 29, 473.€7-473.e11. [CrossRef] [PubMed]
Kumar, G.; Taneja, A.; Majumdar, T.; Jacobs, E.R.; Whittle, J.; Nanchal, R.; Milwaukee Initiative in Critical
Care Outcomes Research (MICCOR) Group of Investigators. The association of lacking insurance with
outcomes of severe sepsis: Retrospective analysis of an administrative database. Crit. Care Med. 2014,
42,583-591. [CrossRef] [PubMed]

Lane-Fall, M.B.; Iwashyna, T.J.; Cooke, C.R.; Benson, N.M.; Kahn, ].M. Insurance and racial differences in
long-term acute care utilization after critical illness. Crit. Care Med. 2012, 40, 1143-1149. [CrossRef] [PubMed]
Moore, J.X.; Donnelly, J.P.; Griffin, R.; Howard, G.; Safford, M.M.; Wang, H.E. Defining sepsis mortality
clusters in the United States. Crit. Care Med. 2016, 44, 1380-1387. [CrossRef] [PubMed]

Baghdadi, ].D.; Wong, M.; Comulada, W.S.; Uslan, D.Z. Lack of insurance as a barrier to care in sepsis:
A retrospective cohort study. J. Crit. Care 2018, 46, 134-138. [CrossRef] [PubMed]

Barnato, A.E.; Alexander, S.L.; Linde-Zwirble, W.T.; Angus, D.C. Racial variation in the incidence, care,
and outcomes of severe sepsis. Am. J. Respir. Crit. Care Med. 2008, 177, 279-284. [CrossRef] [PubMed]

Witt, W.P,; Coffey, R M.; Lopez-Gonzalez, L.; Barrett, M.L.; Moore, B.J.; Andrews, R.M.; Washington, R.E.
Understanding racial and ethnic disparities in postsurgical complications occurring in U.S. hospitals.
Health Serv. Res. 2017, 52, 220-243. [CrossRef] [PubMed]

Prescott, H.C.; Angus, D.C. Enhancing recovery from sepsis: A review. JAMA 2018, 319, 62-75. [CrossRef]
[PubMed]

Ghosh-Dastidar, B.; Cohen, D.; Hunter, G.; Zenk, S.N.; Huang, C.; Beckman, R.; Dubowitz, T. Distance
to store, food prices, and obesity in urban food deserts. Am. |. Prev. Med. 2014, 47, 587-595. [CrossRef]
[PubMed]

Marshall, S.J.; Jones, D.A.; Ainsworth, B.E.; Reis, ].P; Levy, S.5.; Macera, C.A. Race/ethnicity, social class,
and leisure-time physical inactivity. Med. Sci. Sports Exerc. 2007, 39, 44-51. [CrossRef] [PubMed]


http://dx.doi.org/10.1073/pnas.0811273106
http://www.ncbi.nlm.nih.gov/pubmed/19509334
http://dx.doi.org/10.1038/475163a
http://www.ncbi.nlm.nih.gov/pubmed/21753830
http://dx.doi.org/10.1001/jama.2017.3096
http://www.ncbi.nlm.nih.gov/pubmed/28346599
http://dx.doi.org/10.2310/JIM.0000000000000059
http://www.ncbi.nlm.nih.gov/pubmed/24463978
http://dx.doi.org/10.1097/01.CCM.0000239114.50519.0E
http://www.ncbi.nlm.nih.gov/pubmed/16915108
http://dx.doi.org/10.1186/cc9221
http://www.ncbi.nlm.nih.gov/pubmed/20698966
http://dx.doi.org/10.1186/s13054-016-1469-0
http://www.ncbi.nlm.nih.gov/pubmed/27719675
http://dx.doi.org/10.1001/archsurg.134.12.1342
http://www.ncbi.nlm.nih.gov/pubmed/10593332
http://dx.doi.org/10.1016/j.jcrc.2014.01.002
http://www.ncbi.nlm.nih.gov/pubmed/24559576
http://dx.doi.org/10.1097/01.ccm.0000435667.15070.9c
http://www.ncbi.nlm.nih.gov/pubmed/24152590
http://dx.doi.org/10.1097/CCM.0b013e318237706b
http://www.ncbi.nlm.nih.gov/pubmed/22020247
http://dx.doi.org/10.1097/CCM.0000000000001665
http://www.ncbi.nlm.nih.gov/pubmed/27105174
http://dx.doi.org/10.1016/j.jcrc.2018.02.005
http://www.ncbi.nlm.nih.gov/pubmed/29929704
http://dx.doi.org/10.1164/rccm.200703-480OC
http://www.ncbi.nlm.nih.gov/pubmed/17975201
http://dx.doi.org/10.1111/1475-6773.12475
http://www.ncbi.nlm.nih.gov/pubmed/26969578
http://dx.doi.org/10.1001/jama.2017.17687
http://www.ncbi.nlm.nih.gov/pubmed/29297082
http://dx.doi.org/10.1016/j.amepre.2014.07.005
http://www.ncbi.nlm.nih.gov/pubmed/25217097
http://dx.doi.org/10.1249/01.mss.0000239401.16381.37
http://www.ncbi.nlm.nih.gov/pubmed/17218883

Healthcare 2018, 6, 133 11 of 12

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Gutiérrez, O.M.; Judd, S.E.; Voeks, ].H.; Carson, A.P,; Safford, M.M.; Shikany, ].M.; Wang, H.E. Diet patterns
and risk of sepsis in community-dwelling adults: A cohort study. BMC Infect. Dis. 2015, 15, 231. [CrossRef]
[PubMed]

Brown, E.J.; Polsky, D.; Barbu, C.M.; Seymour, ].W.; Grande, D. Racial disparities in geographic access to
primary care in Philadelphia. Health Aff. 2016, 35, 1374-1381. [CrossRef] [PubMed]

Williams, W.W. Surveillance of vaccination coverage among adult populations—United States, 2015.
MMWR Surveill. Summ. 2017, 66, 1-28. [CrossRef] [PubMed]

Waight, P.A.; Andrews, N.J.; Ladhani, S.N.; Sheppard, C.L.; Slack, M.P.E.; Miller, E. Effect of the 13-valent
pneumococcal conjugate vaccine on invasive pneumococcal disease in England and Wales 4 years after its
introduction: An observational cohort study. Lancet Infect. Dis. 2015, 15, 535-543. [CrossRef]

Lu, P; O’'Halloran, A.; Williams, W.W.; Lindley, M.C.; Farrall, S.; Bridges, C.B. Racial and ethnic disparities in
vaccination coverage among adult populations in the U.S. Vaccine 2015, 33 (Suppl. 4), D83-D91. [CrossRef]
[PubMed]

Travers, J.L.; Schroeder, K.L.; Blaylock, T.E.; Stone, PW. Racial/ethnic disparities in influenza and
pneumococcal vaccinations among nursing home residents: A systematic review. Gerontologist 2018,
58, €205-€217. [CrossRef] [PubMed]

Moore, ].X.; Donnelly, ].P,; Griffin, R.; Safford, M.M.; Howard, G.; Baddley, J.; Wang, H.E. Black-white racial
disparities in sepsis: A prospective analysis of the reasons for geographic and racial differences in stroke
(REGARDS) cohort. Crit. Care 2015, 19, 279. [CrossRef] [PubMed]

Goodwin, A.].; Nadig, N.R.; McElligott, ].T.; Simpson, K.N.; Ford, D.W. Where you live matters: The impact
of place of residence on severe sepsis incidence and mortality. Chest 2016, 150, 829-836. [CrossRef] [PubMed]
Schrader, C.D.; Lewis, L.M. Racial disparity in emergency department triage. J. Emerg. Med. 2013, 44, 511-518.
[CrossRef] [PubMed]

Richardson, L.D.; Irvin, C.B.; Tamayo-Sarver, ].H. Racial and ethnic disparities in the clinical practice of
emergency medicine. Acad. Emerg. Med. 2003, 10, 1184-1188. [CrossRef]

FitzGerald, C.; Hurst, S. Implicit bias in healthcare professionals: A systematic review. BMC Med. Ethics
2017, 18, 19. [CrossRef] [PubMed]

Blair, 1.V,; Steiner, J.F.; Fairclough, D.L.; Hanratty, R.; Price, D.W.; Hirsh, H.K.; Wright, L.A.; Bronsert, M.;
Karimkhani, E.; Magid, D.J.; et al. Clinicians’ implicit ethnic/racial bias and perceptions of care among black
and latino patients. Ann. Fam. Med. 2013, 11, 43-52. [CrossRef] [PubMed]

Penner, L.A.; Blair, I.V.; Albrecht, T.L.; Dovidio, J.F. Reducing racial health care disparities: A social
psychological analysis. Policy Insights Behav. Brain Sci. 2014, 1, 204-212. [CrossRef] [PubMed]

Jones, ] M.; Fingar, K.R.; Miller, M.A; Coffey, R.; Barrett, M.; Flottemesch, T.; Heslin, K.C.; Gray, D.T.; Moy, E.
Racial disparities in sepsis-related in-hospital mortality: Using a broad case capture method and multivariate
controls for clinical and hospital variables, 2004-2013. Crit. Care Med. 2017, 45, e1209-e1217. [CrossRef]
[PubMed]

Mayr, EB.; Yende, S.; D’Angelo, G.; Barnato, A.E.; Kellum, J.A.; Weissfeld, L.; Yealy, D.M.; Reade, M.C.;
Milbrandt, E.B.; Angus, D.C. Do hospitals provide lower quality of care to black patients for pneumonia?
Crit. Care Med. 2010, 38, 759-765. [CrossRef] [PubMed]

Frei, C.R.; Mortensen, E.M.; Copeland, L.A.; Attridge, R.T.; Pugh, M.].V.; Restrepo, M.I.; Anzueto, A.;
Nakashima, B.; Fine, M.]. Disparities of care for African-Americans and caucasians with community-acquired
pneumonia: A retrospective cohort study. BMC Health Serv. Res. 2010, 10, 143. [CrossRef] [PubMed]
Chaudhary, N.S.; Donnelly, ].P.; Wang, H.E. Racial differences in sepsis mortality at U.S. academic medical
center-affiliated hospitals. Crit. Care Med. 2018, 46, 878-883. [CrossRef] [PubMed]

Banta, J.E.; Joshi, K.P; Beeson, L.; Nguyen, H.B. Patient and hospital characteristics associated with inpatient
severe sepsis mortality in California, 2005-2010. Crit. Care Med. 2012, 40, 2960-2966. [CrossRef] [PubMed]
Sandoval, E.; Chang, D.W. Association between race and case fatality rate in hospitalizations for sepsis.
J. Racial Ethn. Health Disparities 2016, 3, 625-634. [CrossRef] [PubMed]

Popescu, I.; Heslin, K.C.; Coffey, R.M.; Washington, R.E.; Barrett, M.L.; Karnell, L.H.; Escarce, ].]J. Differences
in use of high-quality and low-quality hospitals among working-age individuals by insurance type. Med. Care
2017, 55, 148-154. [CrossRef] [PubMed]


http://dx.doi.org/10.1186/s12879-015-0981-1
http://www.ncbi.nlm.nih.gov/pubmed/26072206
http://dx.doi.org/10.1377/hlthaff.2015.1612
http://www.ncbi.nlm.nih.gov/pubmed/27503960
http://dx.doi.org/10.15585/mmwr.ss6611a1
http://www.ncbi.nlm.nih.gov/pubmed/28472027
http://dx.doi.org/10.1016/S1473-3099(15)70044-7
http://dx.doi.org/10.1016/j.vaccine.2015.09.031
http://www.ncbi.nlm.nih.gov/pubmed/26615174
http://dx.doi.org/10.1093/geront/gnw193
http://www.ncbi.nlm.nih.gov/pubmed/28329831
http://dx.doi.org/10.1186/s13054-015-0992-8
http://www.ncbi.nlm.nih.gov/pubmed/26159891
http://dx.doi.org/10.1016/j.chest.2016.07.004
http://www.ncbi.nlm.nih.gov/pubmed/27445093
http://dx.doi.org/10.1016/j.jemermed.2012.05.010
http://www.ncbi.nlm.nih.gov/pubmed/22818646
http://dx.doi.org/10.1197/S1069-6563(03)00487-1
http://dx.doi.org/10.1186/s12910-017-0179-8
http://www.ncbi.nlm.nih.gov/pubmed/28249596
http://dx.doi.org/10.1370/afm.1442
http://www.ncbi.nlm.nih.gov/pubmed/23319505
http://dx.doi.org/10.1177/2372732214548430
http://www.ncbi.nlm.nih.gov/pubmed/25705721
http://dx.doi.org/10.1097/CCM.0000000000002699
http://www.ncbi.nlm.nih.gov/pubmed/28906287
http://dx.doi.org/10.1097/CCM.0b013e3181c8fd58
http://www.ncbi.nlm.nih.gov/pubmed/20009756
http://dx.doi.org/10.1186/1472-6963-10-143
http://www.ncbi.nlm.nih.gov/pubmed/20507628
http://dx.doi.org/10.1097/CCM.0000000000003020
http://www.ncbi.nlm.nih.gov/pubmed/29438109
http://dx.doi.org/10.1097/CCM.0b013e31825bc92f
http://www.ncbi.nlm.nih.gov/pubmed/22926330
http://dx.doi.org/10.1007/s40615-015-0181-0
http://www.ncbi.nlm.nih.gov/pubmed/27294755
http://dx.doi.org/10.1097/MLR.0000000000000633
http://www.ncbi.nlm.nih.gov/pubmed/28079673

Healthcare 2018, 6, 133 12 of 12

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Taylor, S.P; Karvetski, C.H.; Templin, M.A_; Taylor, B.T. Hospital differences drive antibiotic delays for black
patients compared with white patients with suspected septic shock. Crit. Care Med. 2018, 46, e126—-e131.
[CrossRef] [PubMed]

Goodwin, AJ.; Ford, D.W. Readmissions among sepsis survivors: Risk factors and prevention. Clin. Pulm. Med.
2018, 25, 79-83. [CrossRef] [PubMed]

Chang, D.W.; Brass, E.P. Patient and hospital-level characteristics associated with the use of do-not-resuscitate
orders in patients hospitalized for sepsis. J. Gen. Intern. Med. 2014, 29, 1256-1262. [CrossRef] [PubMed]
Wenger, N.S.; Pearson, M.L.; Desmond, K.A.; Harrison, E.R.; Rubenstein, L.V.; Rogers, WH.; Kahn, K.L.
Epidemiology of do-not-resuscitate orders: Disparity by age, diagnosis, gender, race, and functional
impairment. Arch. Intern. Med. 1995, 155, 2056-2062. [CrossRef] [PubMed]

Prescott, H.C. Variation in postsepsis readmission patterns: A cohort study of veterans affairs beneficiaries.
Ann. Am. Thorac. Soc. 2017, 14, 230-237. [CrossRef] [PubMed]

Ferrer, R.; Artigas, A.; Levy, M.M.; Blanco, ].; Gonzélez-Diaz, G.; Garnacho-Montero, |.; Ibafiez, J.; Palencia, E.;
Quintana, M.; de la Torre-Prados, M.V. Improvement in process of care and outcome after a multicenter
severe sepsis educational program in Spain. JAMA 2008, 299, 2294-2303. [CrossRef] [PubMed]

Judd, W.R,; Stephens, D.M.; Kennedy, C.A. Clinical and economic impact of a quality improvement initiative
to enhance early recognition and treatment of sepsis. Ann. Pharmacother. 2014, 48, 1269-1275. [CrossRef]
[PubMed]

Paratz, ].D.; Kenardy, ]J.; Mitchell, G.; Comans, T.; Coyer, F; Thomas, P; Singh, S.; Luparia, L.; Boots, R.J.
IMPOSE (IMProving Outcomes after Sepsis)—The effect of a multidisciplinary follow-up service on
health-related quality of life in patients postsepsis syndromes—A double-blinded randomised controlled
trial: Protocol. BMJ] Open 2014, 4, e004966. [CrossRef] [PubMed]

Scheer, C.S.; Fuchs, C.; Kuhn, S.-O.; Vollmer, M.; Rehberg, S.; Friesecke, S.; Abel, P,; Balau, V.; Bandt, C.;
Meissner, K.; et al. Quality improvement initiative for severe sepsis and septic shock reduces 90-day
mortality: A 7.5-year observational study. Crit. Care Med. 2017, 45, 241-252. [CrossRef] [PubMed]

Sequist, T.D.; Adams, A.; Zhang, F; Ross-Degnan, D.; Ayanian, J.Z. Effect of quality improvement on racial
disparities in diabetes care. Arch. Intern. Med. 2006, 166, 675-681. [CrossRef] [PubMed]

Sehgal, A.R. Impact of Quality Improvement Efforts on Race and Sex Disparities in Hemodialysis. JAMA
2003, 289, 996-1000. [CrossRef] [PubMed]

Ayanian, ].Z.; Williams, R.A. Principles for Eliminating Racial and Ethnic Disparities in Health Care Under
Healthcare Reform. In Healthcare Disparities at the Crossroads with Healthcare Reform; Williams, R.A., Ed.;
Springer: Boston, MA, USA, 2011; pp. 421432, ISBN 978-1-4419-7136-4.

@ © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1097/CCM.0000000000002829
http://www.ncbi.nlm.nih.gov/pubmed/29116997
http://dx.doi.org/10.1097/CPM.0000000000000254
http://www.ncbi.nlm.nih.gov/pubmed/30237689
http://dx.doi.org/10.1007/s11606-014-2906-x
http://www.ncbi.nlm.nih.gov/pubmed/24928264
http://dx.doi.org/10.1001/archinte.1995.00430190042006
http://www.ncbi.nlm.nih.gov/pubmed/7575064
http://dx.doi.org/10.1513/AnnalsATS.201605-398OC
http://www.ncbi.nlm.nih.gov/pubmed/27854510
http://dx.doi.org/10.1001/jama.299.19.2294
http://www.ncbi.nlm.nih.gov/pubmed/18492971
http://dx.doi.org/10.1177/1060028014541792
http://www.ncbi.nlm.nih.gov/pubmed/24982314
http://dx.doi.org/10.1136/bmjopen-2014-004966
http://www.ncbi.nlm.nih.gov/pubmed/24861549
http://dx.doi.org/10.1097/CCM.0000000000002069
http://www.ncbi.nlm.nih.gov/pubmed/27661863
http://dx.doi.org/10.1001/archinte.166.6.675
http://www.ncbi.nlm.nih.gov/pubmed/16567608
http://dx.doi.org/10.1001/jama.289.8.996
http://www.ncbi.nlm.nih.gov/pubmed/12597751
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Definitions of Race 
	Patient-Based Factors 
	Genetic Susceptibility 
	Presence of Comorbidities 
	Socioeconomic Status 

	Community-Based Factors 
	Access to Health Care 
	Preventive Health Behaviors 
	Environmental Factors 

	Hospital-Based Factors 
	Quality of Care 
	Intensity of Care 
	Post-Acute Care Facility Utilization 

	Interventions to Reduce Racial Disparities in Sepsis 
	Conclusions 
	References

