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Sepsis remains a common and costly disease. With early recognition and

guideline-based treatment, more patients are surviving to hospital discharge.

Many survivors experience adverse health events in the months following

discharge, while others su�er long-term physical and cognitive decline. Social,

biological, and environmental factors a�ect all aspects of the disease process,

from what pathogens one is exposed to, how/if disease develops, what avenues

are available for treatment, as well as short- and long-term sequelae of survival.

Disparities in sepsis care exist at all stages of a patient’s clinical course, but

increased survivorship has highlighted the extent to which Social Determinants

of Health (SDoH) influence post-discharge adverse events. Despite increased

interest in the last decade, a nuanced understanding of causal relationships

remains elusive. This is due to several factors: the narrow range of social

determinants of health (SDoH) variables typically studied, the inconsistent

and non-standardized methods of documenting and reporting SDoH, and

the inadequate acknowledgment of how social, environmental, and biological

factors interact. Lack of clear understanding of how SDoH influence post-

discharge outcomes is an obstacle to development and testing of strategies

to mitigate their harms. This paper reviews the literature pertaining to the

e�ects of SDoH on post-discharge outcomes in sepsis, highlights gaps therein,

and identifies areas of greatest need for improving the quality and impact of

future investigations.

KEYWORDS

sepsis, social determinants of health, readmission, environmental factors, social risk
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Introduction

Sepsis affects millions of patients each year, with estimated associated costs in the

United States (US) of $38 billion annually (1). Sepsis-associated mortality has decreased

in the last two decades (2, 3), but increased survivorship brings new challenges for patients

and healthcare systems. Sepsis survivors experience a high frequency of re-admission

Frontiers inDisaster and EmergencyMedicine 01 frontiersin.org

https://www.frontiersin.org/journals/disaster-and-emergency-medicine
https://www.frontiersin.org/journals/disaster-and-emergency-medicine#editorial-board
https://www.frontiersin.org/journals/disaster-and-emergency-medicine#editorial-board
https://www.frontiersin.org/journals/disaster-and-emergency-medicine#editorial-board
https://www.frontiersin.org/journals/disaster-and-emergency-medicine#editorial-board
https://doi.org/10.3389/femer.2024.1357806
http://crossmark.crossref.org/dialog/?doi=10.3389/femer.2024.1357806&domain=pdf&date_stamp=2024-03-01
mailto:rehrman@med.wayne.edu
https://doi.org/10.3389/femer.2024.1357806
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/femer.2024.1357806/full
https://www.frontiersin.org/journals/disaster-and-emergency-medicine
https://www.frontiersin.org


Ehrman et al. 10.3389/femer.2024.1357806

[up to 26% at 30 days (4) and 43% at 90 days (5)], with estimated

costs up to $17,000 per visit, and >$3.5 billion annually in the

US (6). While infection/sepsis is the most common reason for re-

admission, exacerbation of underlying medical problems is also

frequent, and presence of chronic conditions (e.g., heart failure,

kidney disease, diabetes) is associated with greater risk for re-

admission (7).

Racial disparities in sepsis incidence and outcomes have

been reported, but substantially less data exist about how social

variables—other than race and socioeconomic status—contribute

to such disparities (8, 9). Similar inequities have been reported in

terms of adverse post-discharge events, but extant data is limited

in terms of the social variables that have been assessed, and

investigation of the impact of environmental factors is lacking

(10). The effects of complex interactions between individual

patient characteristics and place-based/area-level factors (such as

areas with greater social deprivation or exposure to pollution)

remain unexplored. These gaps in our understanding preclude

the development of strategies to reduce these harms and address

the long-term morbidity and mortality of sepsis, which has been

identified as one of the top priorities in sepsis research (11).

There is increasing recognition of the impact that Social

Determinants of Health (SDoH) have on the provision of

emergency healthcare (12). For example, health literacy and other

SDoH factors have been found to affect ED recidivism (13, 14).

Post-discharge readmissions are relevant to Emergency Medicine

as most hospital admissions begin with an ED visit. Understanding

how SDoH affect patients with sepsis—at initial visits and revisits—

will help emergency physicians provide optimal care. Research

focused on design and implementation of strategies lessen the

deleterious effects of SDoH should involve Emergency Medicine

because the ED is the initial point of contact with the healthcare

system for so many patients. Given that EDs provide care for

diverse populations, including vulnerable groups who experience

an abundance of social stressors, such efforts are likely to provide

benefit for many patients, not only those with sepsis.

The goal of this paper is to review the literature on risk factors

for adverse outcomes after discharge from a sepsis admission,

with a focus on place-based factors (social, environmental) and

their interactions with patient-level characteristics. Within this

framework, limitations of existing data, as well as barriers to

collection of reliable and accurate SDoHmeasures will be discussed.

Finally, analytic considerations for future studies in this area

will also be explored. As a narrative review, literature search

and decisions for inclusion/exclusion were at the discretion of

the authors.

What are social determinants of
health?

Social determinants of health are the intrinsic qualities of the

areas where people are born, live, work, receive their education,

socialize and worship.1 The environmental influences inherent in

diverse settings lead to differences of health outcomes, manifesting

1 https://health.gov/healthypeople/priority-areas/social-determinants-

health (accessed January 12, 2023).

as variations in quality of life, physical function, and disease

susceptibility (15–18). SDoH are stratified into five domains:

economic stability, education access and quality, healthcare access

and quality, neighborhood and built environment, and social and

community access (15, 16). SDoH are distinct from social risk

factors in that SDoH exert an effect on everyone, cannot bemodified

on an individual level, and are not inherently negative in their

impact. Social risk factors occur on a personal or family unit level

and can sometimes bemodified at that level to improve or constrain

health, although typically the term is used to refer to “specific

adverse social conditions associated with poor health” (15, 19). The

most influential of the social risk factors in determining health on

an individual level are income, wealth, education, occupation, race,

gender identity and social equality attributable to race or ethnic

group (20). A brief, comparative overview of terms/definitions is

provided in Table 1.

Social risk factors and SDoH are separate still from behavioral

risk factors, which also occur on an individual level and include

negative habits such as substance use, smoking, unhealthy eating,

and lack of exercise (15). Social risk factors heavily influence

and intersect with behavioral risk factors to compound health

disparities. It should be noted that these are distinct, and

independent of mental health risks, though they both exert obvious

influence on the role of mental health and overall wellness at

an individual level (15, 18). Individual-level factors also include

immutable characteristics such as genetics, age and the biology of

chronic disease states, which are discussed separately in this paper.

Though separate from social and behavioral risk factors, SDoH

can influence both. Evidence indicates that overall, SDoH and

social and behavioral risk factors may have more influence than

direct medical care in determining who becomes sick or injured

than previously thought (15, 17). For example, a meta-analysis

that utilized data on deaths in the United States in 2000 reported

that mortality attributable to low-education, racial segregation, and

inadequate social support were comparable to those attributed to

lung cancer, cerebrovascular disease and myocardial infarction,

respectively (21).

SDoH have broad reaching, significant effects on health and

medical outcomes at both individual and population levels. Far

from being as simple in their influence as their aforementioned

domain categories, SDoH are complicated and multidimensional.

SDoH exert influence on health from micro to macro levels,

and are complexly intertwined in their temporal relationships

with each other and with social and behavioral risk factors (15–

17). SDoH begin impacting populations at the macro level of

government and institutional policy and through their effect on

laws and distribution of wealth and resources. They exert further

downstream effects on a more individual level by influencing jobs,

community access to food, money and necessities of daily living

(15). Additionally, they are inexorably connected and influenced by

each other on multiple levels. For example, physical environment

and social environment can influence one another such that poor

interpersonal relationships in the presence of deleterious social

networks may increase crime in a neighborhood, which directly

affects area businesses and infrastructure leading to poor physical

environment. This, in turn, may negatively influence interpersonal

relationships, thus creating a negative feedback loop effecting

multiple aspects of SDoH of an entire community. The additive
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TABLE 1 Definitions, examples, and outcome associations for key terms used in the manuscript.

Term Definition Key points Examples Adverse post-discharge
outcome associations

Social determinants

of heath (SDoH)

Intrinsic qualities of areas

where people are born, live,

work, etc. that affect health of

all individuals in a particular

area

• Umbrella term for

non-individual,

non-biologic factors

• Not inherently negative

• Not modifiable at the

individual level

Literacy rate, Social

Vulnerability Index,

healthcare and school access,

crime rate

• Greater degree of vulnerability

and disadvantage associated with

readmission, cognitive/physical

decline and 1-year mortality

• Extensive confounding exists owing

to lack of consistent definitions and

robust data collection methods

Social risk factors Individual level,

non-biological (i.e., social)

characteristics that negatively

affect health at the

person-level

• Distinct from SDoH but

often used interchangeably

• May be modifiable

Income/wealth, level of

education, occupation, social

equality attributable to gender

identity, ethnicity, or race

Behavioral risk

factors

Person-level activities that

adversely affect health

• May be tied to or

influenced by SDoH and/or

social risk factors

Smoking, substance use,

sedentary lifestyle,

non-salubrious food

consumption

Worse baseline health associated with

↑30-day readmission and 1-year

mortality

Place-based factors Characteristics of the natural

and/or built environment that

affect heath directly or

indirectly

• Some overlap with SDoH

• Explicitly includes physical

aspects of an area while

SDoH does not

Pollution, access to

parks/areas for

exercise/recreation,

transportation infrastructure,

full-service food stores

Sparse data for physical factors limits

conclusions that can be drawn

Biologic factors Conditions resulting from

abnormal physiology or organ

dysfunction

• May be acquired or

inherited

• May be modifiable

Diabetes, heart failure,

obesity, etc.

Greater co-morbidity burden associated

with ↑30-day readmission and 1-year

mortality

effect of SDoH can be exemplified by the findings from a large,

retrospective study examining the association between income and

life expectancy in the United States, which found a compounding

effect from SDoH that led to the poorest 1% of the population

having an associated 10–15 year shorter life expectancy than the

richest individuals in the cohort (22).

Intersectionality is an additional concept integral to

understanding the influence of SDoH on overall health and

barriers to medical care. Butkus et al. (18) describe intersectionality

as a theoretical framework positing that multiple social categories

(e.g., race, gender, sexual orientation, socioeconomic status)

intersect at the level of individual experience to reflect

multiple intertwined systems of higher-level oppression and

privilege, borne out at the societal structural level (e.g.,

racism, gender discrimination). Intersectionality leaves some

individuals exceptionally vulnerable to negative influence from

multiple facets of SDoH if they are simultaneously members

of more than one social category. Assessing disease states,

health disparities, and barriers to care through the lens of

intersectionality helps avoid inappropriately attributing negative

outcomes to individual level factors and instead examines

the causality from a multifactorial and systemic perspective

(18, 23).

What are adverse post discharge
outcomes?

Re-hospitalization is amongst the most common post-

discharge events for sepsis survivors. A meta-analysis from 2020

reported mean re-hospitalization at 30-days of 21.4% (95% CI

17.6–25.45%) and 38.1% (95% CI 34.3–42.0%) at 90-days (24).

Infection or a repeat episode of sepsis is the most common

reason for readmission, accounting for up to 60% in some

cohorts (4). Exacerbation of chronic medical conditions (e.g., heart

failure, COPD, chronic kidney disease) occurs with individual

frequencies of 1%−4%, and nearly 20% when combined (25).

Some admissions for “ambulatory care sensitive conditions”

(COPD, heart failure, etc.) are thought to be preventable in

the general population, but whether this is true after surviving

sepsis requires further study (25). Surviving a sepsis event is

associated with overall increased utilization of inpatient healthcare

facilities (hospitals, skilled nursing facilities, and long-term acute

care centers) up to 2 years after index hospitalization (26).

Prescott et al. reported severe sepsis survivors spent more

days (16 vs. 7, p < 0.001), and a greater proportion of days

(9.6 vs. 1.9 %, p < 0.001), in a facility in the year after

hospitalization, compared to the year before. While this was similar

to survivors of non-sepsis-related hospitalizations, sepsis survivors

had substantially greater post-discharge mortality (44.2 vs. 31.2%)

and fewer days at home (difference-in-differences,−38.6 days, p <

0.001) (26).

Other long-term sequela of sepsis are reported in survivors. In

a cohort of 516 sepsis survivors with a mean age of 76.9 years, there

was a 10.6% increase in moderate to severe cognitive impairment

(27). There was also an increase in new functional limitations both

for those with prior limitations (mean 1.5 new limitations) and

those without (mean 1.57) (27). Patients who survive sepsis-related

Acute Respiratory Distress Syndrome, despite recovering to nearly

normal pulmonary function, experience long-term reduction in

exercise capacity (only 76% of predicted distance on the 6-min

walk test), and physical quality of life (28). A meta-analysis of

38 studies found that one-third of survivors from ICU admission

experience depressive symptoms up to 12-months after discharge
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(29). Development of anxiety (32%) and post-traumatic stress

disorder (44%) also occurs (30).

Multiple factors contribute to these adverse outcomes,

including new or worsening organ function, resultant increased

need for care, and immunomodulation (30). Some patients

develop Persistent Inflammation, Immunosuppression, Catabolism

Syndrome (PICS), although development of PICS is not limited

to patients with sepsis. Contributors to PICS are incredibly

diverse, including genetics (31, 32), lipids (33), and diet (34).

Sepsis patients with hyperinflammation and immune suppression,

compared to those without this phenotype, have greater all-cause

and cardiovascular-related mortality and readmission at 6-months

[hazard ratio (HR) 1.53 and 5.07, respectively], and greater 1-year

mortality (OR 8.26) (35). Social and environmental factors are

likely to play a role in development of immune dysfunction but

remain understudied.

Place-based factors: an overview

“Place” refers to factors located within a particular geographic

area, including schools, housing, recreational facilities, and retail

stores. Environmental factors, such as air quality, also contribute

important place-based characteristics. Place is a critical factor to

consider from a public health standpoint (36) as characteristics of

place are inextricably tied to health outcomes (8, 9, 37, 38), yet

health-promoting features are inequitably distributed (39).

Healthcare-related factors, such as living in a medically

underserved area [defined using (1), the ratio of primary care

physicians per 1,000 people, (2) the infant mortality rate, (3)

the proportion of the population with income below the poverty

level, and (4) the percentage of the population ≥65 years of age]

have been associated with increased adverse health outcomes for

innumerable conditions (18, 39–42). Many stand-alone (e.g., race,

income, education) and combined metrics of socioeconomic stress

[e.g., Social Vulnerability Index (SVI), Neighborhood Deprivation

Index (NDI), and Area Deprivation Index (ADI)] across variably-

sized geographic areas (zip code, county, census tract) have found

reduced healthcare access and worse health outcomes in areas with

greater socioeconomic disadvantage (38, 43–45).

Lifestyle factors, such as diet and exercise, have been linked

to health outcomes across myriad conditions. While historically,

diet and exercise have been referred to as “lifestyle choices,”

current evidence shows that place-based features—by determining

what resources are available within a geographic area—may be

substantial drivers of “choice” (46, 47). The landscape of food

availability varies widely, with low-income areas often having

greater density of fast-food restaurants and convenience stores,

with fewer full-service supermarkets, when compared to high-

income areas (47–49). The latter offer more healthful options (e.g.,

fresh fruits and vegetables) while the former two largely offer

highly-processed foods that tend to be more calorie dense, and high

in sodium, fat, and sugar. A plausible link between living in a food

desert (defined as areas with limited access to affordable healthy

food) and development of chronic conditions such as diabetes,

hypertension, and coronary artery disease exists (50). However,

food deserts often occur in low-income areas where this and other

socioeconomic stressors may confound the relationship between

food availability and health outcomes (51–53).

Physical activity has a strong relationship with health status,

and there are established benefits for primary and secondary

prevention across many diseases (54). In general, patients with

the lowest levels of physical activity tend to have greater all-cause

mortality (55–57) and disease-specific adverse events (58, 59) than

more active counterparts. Place-based factors influence physical

activity, as spaces are needed for such endeavors (parks, trails,

gyms, etc.) and they need to be safe and accessible (both in terms

of distance and affordability). Poor access to such spaces can act

as a barrier to being physically active, and thus increase risk of

disease. Distribution of spaces for exercise is unequal, as low-

income areas often have fewer parks. Crime or violence maybe

deter people from being active in their own place of residence

or traveling to/from recreation areas. A variety of socioeconomic

status (SES) variables have been linked with reduced levels of

physical activity (60), but as with diet, understanding the influence

of place-based factors—alone or in combination with other SES

measures—remains challenging and understudied.

Place-based factors: outcomes and
evidence

A variety of place-based factors have been shown to be

associated with greater incidence of sepsis and increased adverse

outcomes. Rate of hospitalization for sepsis was found to be greater

in medically underserved areas (8.6 vs. 6.8/1,000 people, p < 0.1);

inpatient mortality rate was also increased (15.5 vs. 11.9/10,000, p

< 0.1) (8). Areas with lower overall educational attainment, greater

income inequality, and rural location have increased sepsis-related

mortality (9). Greater mortality is also seen in locations with fewer

physicians per capita (9), a potential indicator of limited access

to healthcare. Another potential contributor is between-hospital

differences in quality of care. For example, a study conducted

in New York City found that hospitals serving predominately

minority populations were less likely to provide guideline-adherent

sepsis care (61). Another study reported delays in antibiotic

administration for Black patients with septic shock, compared to

White patients (62). Environmental factors also influence sepsis-

related outcomes. In a cohort of 53 million Medicare beneficiaries,

a mean increase of 10 µg/m3 in small particulate matter (PM2.5)

exposure over 1-year increased incident sepsis mortality risk by

9% (63).

Similar place-based characteristics are likely to influence post-

discharge events, although less evidence exists in this domain. A

study from an urban academic medical center found that mean

ADI (higher scores indicate greater disadvantage) was greater in

patients re-hospitalized at 30-days compared to those who were

not (62.5 vs. 51.8, p < 0.001) (64). In contrast, a study of >1.3

million Medicare beneficiaries found no relationship between ADI

and 30-day readmission (65). Mortality—which is a competing

risk for readmission—was greater in the most deprived (ADI =

100), vs. least deprived (ADI =1) areas (OR 1.35, CI 1.29–1.42),

which could distort the ADI-readmission relationship. Overall,

however, one cannot conclude that the latter study is “correct”

simply due to larger sample size. Differences in model assumptions
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and covariates, included patients (all patients with sepsis vs. only

Medicare enrollees), or well-documented potential for errors in

large administrative data sets (see “Limitations” section) could

explain conflicting results. In addition, area-level factors may

demonstrate heterogeneity of treatment effect (HTE): the effect

of ADI on 30-day readmissions may vary by area. In the single

center study in Baltimore, ADI has a detectable association with

readmission whereas in the study using place-aggregated data,

positive associations in certain locations may be diluted by negative

or null associations in others, resulting in the finding of no overall

association. The implications of HTE in studies of critically ill

patients is a well-recognized phenomenon (66).

Sepsis and social risk factors:
outcomes and evidence for
individual-level, non-biologic factors

Health disparities related to individual social risk factors

such as race, SES and gender are found throughout healthcare,

but with regard to sepsis outcomes and hospital readmissions,

minority groups are noted to have a greater adjusted incidence

of hospitalization, disease-related complications, and divergence

from standard care when compared to white counterparts (67–

69). Variations across racial and ethnic groups have been reported,

and despite the association between minority identity and living

in an impoverished area, studies have found that Black individuals

had a greater incidence of severe sepsis compared to other racial

identity groups, while Hispanic individuals were found to have a

lower incidence of severe sepsis compared to white counterparts

(70, 71). In a large retrospective study by Chang et al. (4), patients

identifying as Black or Native American had associated greater odds

of 30-day readmission following sepsis hospitalization (OR 1.29

and 2.39, respectively). Another study evaluating factors associated

with readmission following index sepsis hospitalization noted that

race along with age, SES and comorbid disease burden were all

associated with readmission (7). Attributing these differences in

sepsis outcomes and severity solely to racial identity incompletely

represents the causality of the findings, however, and likely fails

to capture the true gamut of influences underlying these data as

minority race is often a proxy identifier for poverty, chronic disease

states and inadequate, healthcare access (4, 72).

Likewise, sepsis data related to income level show disparities

between individuals of higher income, compared to those of lower

income, as well as homelessness (a proxy for low or lack of

income) (4, 72). In the United States, SES is a strong predictor of

health outcomes as individuals with low SES tend to lack health

insurance or easy access to primary care, and are more likely

to exhibit behaviors that contribute to overall poor health (72).

Additionally, individuals lacking health insurance are more likely

to present to a hospital for sepsis care at a more advanced state

of disease and thus, lack of insurance is independently associated

with greater sepsis mortality (73, 74). A large retrospective study

of ICU patients in 2019 found that homeless ICU patients with

sepsis did not experience a greater degree of mortality or longer

ICU LOS compared to their non-homeless counterparts but did

experience significantly longer overall hospitalization (75). This

finding was despite the greater burden of other social risk factors in

the homeless population such as substance abuse, mental illness and

liver disease. The authors propose that this LOS difference was due

to difficulties arranging post discharge follow up and appropriate

step-down locations for further outpatient recovery (75). Sub-

optimal post-discharge care in this group may increase risk for

re-admission, a hypothesis supported by a statewide retrospective

study of sepsis readmissions that found that lower-income level was

associated with increased odds of readmission at 30 days following

an inpatient stay (4). While SES strongly predicts individual health,

truly quantifying the impact of SES on sepsis outcomes is difficult,

as income level is often a surrogate for neighborhood, race and

education (75).

Data pertaining to sepsis-related mortality based on gender

are limited and conflicting. Incident cases are greater in males,

but studies generally do not show a significant outcome difference

between gender groups, although the overall quality of evidence

is low (76, 77). In terms of re-admission, one retrospective study

found male gender was associated with greater odds for 30-

day readmission following sepsis hospitalization (4). However,

current data evaluating the influence of gender on sepsis outcomes

and readmission is fraught with multiple confounders, including

the lack of a specific definition for gender in most studies,

general non-inclusion of pregnant patients (despite sepsis causing

11% of maternal deaths) and a lack of adjustment for baseline

comorbidities (7, 72, 76). Most data on this subject was obtained

evaluating gender through a binary, social lens, or without explicit

definition of what is meant by male or female gender (7, 18, 23).

According to a scoping review by Miani et al. (23) of gender

as a SDoH, “. . . In this context, gender should be understood as

an individual’s socially ascribed attributes, roles, responsibilities,

and expectations in a given society based on their gender

expression and how others perceive it, in contrast to sex being

about the biological, physiological, genetic and hormonal bodily

characteristics of a person.” With the increasingly broad definitions

and characterizations of gender identity, the knowledge that some

members of the LGBTQIA population tend to delay seeking

healthcare or avoid it altogether, and are less likely to possess

health insurance, it stands to reason that sepsis outcomes are

likely to be influenced by specific gender identities (18, 76). Future

investigations assessing the influence of gender on sepsis outcomes

should utilize more precise dimensions and definitions of gender

identity and evaluate their data through a lens of intersectionality.

Biologic factors: outcomes and
evidence

In this context, we define “biologic factors” as conditions or

states that occur at the level-of the individual that are the result

of deranged physiology and/or departure from normal function of

an organ or the body as a whole. Overall, worse pre-septic health

status is associated with greater likelihood of adverse long-term

outcomes (25). An enormous volume of literature exists in this area,

and the following paragraphs represent a brief overview of the most

proximate person-level associations.

A large cohort study from hospitals across the United States

found that malignancy, diabetes, and chronic diseases of the
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heart, lungs, liver, and kidneys were associated with increased

OR (range 1.11–1.34) of 30-day readmission (78). Similar risk

factors and effect sizes are reported in other studies (6). Younger

patients tend to have increased risk of re-admission (4, 78), but

some of this effect may be related to poor functional status

in older individuals and patients who transition to palliation

rather repeated hospitalizations (7, 25). Characteristics of index

sepsis hospitalization associated with increased risk of readmission

include ICU admission, longer length of stay, and discharge to a

nursing home or other healthcare facility (7, 24).

A limitation of all these studies is that while biologic factors

may be multifactorial in etiology (genetics, obesity, and tobacco

use all contribute to hypertension), studies linking biologic factors

to sepsis readmissions tend to be cause-agnostic. This is at least

in part because determining how much each etiologic agent

contributes to blood pressure elevation (or other physiologic

derangement) is difficult or impossible. Each contributing factor

likely has pleiotropic health-effects, which adds further complexity

to these relationships. Analytic strategies that attempt to mitigate

some of this confounding do exist (see “Analytic considerations”

section), but they are unlikely to completely solve the problem.

Thus, a pragmatic approach is to consider biologic factors as

potentially modifiable risks for adverse post-discharge events while

acknowledging that sufficient heterogeneity exists such that the

effect of a given biologic factor may vary across populations

or locations.

The intersection of biologic, social,
and environmental factors

For any individual, overall health is influenced by, and

dependent upon, multiple factors. Some biologic factors are

immutable, such as age and genetics, while others may vary widely

both within- and between-individuals (weight, blood pressure,

etc.). These person-level biologic factors interact with individual

(e.g., education, income, health literacy) and area-level SDoH

variables (e.g., neighborhood or census tract SVI). For example, the

effect of living in an area with high SVI may be different for an

obese male with a strong family history of coronary artery disease

than for a non-obese person with a less at-risk genetic profile.

Environmental factors, such as exposure to fine particulate matter

(PM2.5) may increase heart failure incidence and mortality (79),

but there is likely to be effect modification by both biologic and

social factors.

These relationships may be further confounded by the fact

that some factors that are considered “social,” including race, may

have biologic and non-biologic components. In the United States,

there is increased incidence of hypertension in African Americans,

with some of this risk attributable to genetic predisposition (80).

Undoubtedly, however, race is also a proxy (although imperfect) for

structural health inequities, such as racism, poverty, and exposure

to environmental pollutants, all of which have deleterious effects

on health. Furthermore, persistent segregation tends to influence

the physical and social landscape of neighborhoods through

perpetuation of historically established concentration of poverty

and limited access to education and employment opportunities

(39). These same factors also lead to inequities in access to

healthcare, further eroding individual and community health (81).

Note that we do not, in any way, promulgate the notion of a biologic

basis for initiation or perpetuation of social inequities. Rather,

any social construct, regardless of how or why it was created,

will, by definition, have a biologic component because it pertains

to humans.

The intersectionality of biologic, social, and environmental

factors plays a key role in the development of infections,

progression to sepsis, recovery, and post-discharge outcomes.

Socially disadvantaged groups experience greater burden of a

variety of infectious diseases (82–84), with individual-level factors

(e.g., diabetes, HIV, tobacco use) increasing risk for adverse

outcomes. Focus on the individual level is insufficient, however, as

it ignores what puts people at risk for risks. Fundamental Cause

Theory posits that social and environmental factors function as

upstream causes of disease as they influence so many aspects of

life that affect health—food, housing, education, personal safety,

and access to healthcare (85). Structural racism, for example,

influences where a person can live, work, and play, as well

as what they eat; it is also tied to other factors, such as

economic disparity, environmental pollution, and reduced access to

healthcare and education. The multitudinous pathways, however,

connecting structural inequities to adverse health outcomes remain

incompletely described.

Noppert et al. (86) developed a conceptual framework as a

starting point in the explanation of the complex relationships

between social and environmental factors and infectious disease

disparities. They hypothesize that this occurs via two related

pathways: (1) increased pathogen exposure (via the household,

the neighborhood, and the work environment) and (2) greater

susceptibility to infection (via stress, underlying heath condition,

and immune suppression) (86). They posit that while exposure and

susceptibility occur at the individual level, they are inextricably

linked to the exposome, which itself is heavily influenced by

structural factors, such as economic disadvantage and racism.

Many biologic factors that predispose to infection (e.g.,

diabetes, HIV, lung disease) are themselves influenced by the

exposome. These same factors (and thus, the exposome) affect

post-discharge outcomes in many ways, including greater need

for follow-up care, given their medical complexity, as well as

potentially constrained access to care. Strategies to improve post-

discharge outcomes for patients with sepsis must, therefore, include

attention to proximal causes of disease. Such approaches will have

the added benefit of potentially reducing the risk of developing

infection (by reduced exposure and susceptibility) and reduced

incidence of conditions that predispose to adverse outcomes.

Limitations and di�culties in
collecting SDoH data

Recognition of the impact of SDoH on post-discharge sepsis

outcomes is rising. A recent scoping review found the number

papers considering SDoH factors as contributors to post-sepsis

mortality and readmission has increased in the last two decades

(10). However, of 103 articles selected for full review, only 28

(27%) reported any SDoH factors, suggesting that this this remains

a relatively understudied topic. The most often studied SDoH
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factor was “race/ethnicity” (n = 21 studies, 75%); income/wealth

(n = 8, 29%), and insurance payor type (n = 10, 36%) were the

next most common. A paucity of the included papers considered

environmental characteristics (n = 6/21% for both urban vs.

rural residence and neighborhood socioeconomic status). None of

the studies specifically discussed structural racism or individual

physical characteristics of the environment, nor did any study

consider social-biologic-environmental interactions.

There are many challenges in the collection and reporting of

SDoH data. These variables are often obtained from the EHR or

other administrative datasets, despite evidence that these sources

are prone to errors or missingness (87). Some SDoH factors change

over time (education, income, etc.), but whether these changes

are accurately incorporated into existing data sources is unclear

(88). Obtaining SDoH data directly from patients, while considered

the gold standard, is challenging, owing to multiple factors: time

constraints on persons obtaining information, lack of standard

definitions and reporting methods, and reluctance by patients to

provide information that they may feel has pejorative connotations.

None of the studies in the review by Hilton et al. validated their

SDoH data, and data missingness was not reported in 71% of

included studies (10). Errors and omissions in source datasets

are thus likely to persist, potentially biasing results of analyses

thereby distorting the true relationship between SDoH variables

and outcomes. Furthermore, extant datasets include only a small

proportion of SDoH factors likely to influence health outcomes

(89), rendering existing studies incomplete.

Consideration of “race” as an SDoH variable deserves special

attention. Race is often used as a proxy for racism, but this is

problematic, for multiple reasons. First, errors in recording race

and ethnicity in administrative datasets have been recognized for

decades (90), and while accuracy has improved, misclassification

persists (91). More importantly, racism is not a single entity but

rather a manifestation of unequal opportunities across multiple

domains—access to housing, employment, education, healthcare,

etc. Structural inequities at any of these levels are not only

unjust, but grouping the varied domains of racism into a single

indicator variable (“race”) lacks scientific rigor. To posit that all

components and manifestations of structural racism act uniformly

at the individual, neighborhood, or population level, at discrete

timepoints or over the life course, is entirely implausible. Use

of “race” will thus capture some of the effects of racism, but

without sufficient detail to develop targeted interventions based on

root causes.

Analytic considerations

While a complete discussion of the varied statistical methods

applicable to this area of research is beyond the scope of this paper,

we wish to highlight two concepts germane to the study of social,

biologic, and environmental interactions in the setting of sepsis and

adverse post-discharge outcomes.

The first is the concept of time-varying risk of infection. There is

established seasonal variation in spread of some infectious diseases

(e.g., influenza) owing to pathogen, host, and environmental factors

(92, 93). However, relative risk of infection for a given pathogen

in one population, compared to another, have historically been

approached as fixed over time (94). This tacit assumption is the

basis for the commonly used Cox Proportional Hazards model.

While a biologic factor may increase risk for certain types of

infections, such as chronic lung disease predisposing to respiratory

pathogens, considering this relationship as time-invariant ignores

potential influence of social and environmental factors. This is

particularly important in the immediate post-discharge phase of a

sepsis admission, when patients are most likely to suffer a setback

leading to readmission.

At the patient level, time-varying risks may influence post-

sepsis outcomes in myriad ways, such as increased susceptibility

to new infections or re-infection, which itself may vary based on

the original source/type of infection that led to the sepsis episode.

Re-infection (and thus potential for re-admission) risk may be

moderated by particulate matter exposure or residing in a socially

disadvantaged area, but these factors may operate on different

time scales, and with different magnitudes based on patient-

level characteristics. From a population level, understanding how

infectious disease risk varies over time can lend insight into core

epidemiologic questions, including which populations are at risk

for contracting or transmitting infections (94). Characterizing these

time-varying risks is a key first step toward designing mitigation

strategies at both the individual and area-level.

The second analytic concept we wish to highlight is time-

oriented analysis of risks (95–97).When researchers seek knowledge

about what factors are associated with a particular outcome, a

common approach is to build a regression model with putative

risk factors entered as covariates. The analyst chooses criteria for

retention of covariates in the model, such as statistical significance

or the effect of adding a covariate to model fit (e.g., Bayesian

Information Criteria). Such approaches ignore the fact that

certain exposures (risk factors) occur in an ordered fashion. For

example, age and biological sex operate/occur ahead of downstream

phenomena, such as smoking status or body mass index. At the

community level, air pollution or residing in a high SVI census

tract precedes person-level evidence of need for re-admission on

presentation to the Emergency Department. Failure to consider

time-order can lead to elimination of early exposures as their effect

(s) are “overpowered” by those that come later. A time-oriented

analysis of risks approach instead carefully selects parameters

into small clusters of two-to-three parameters that are not multi-

colinear (known as “epochs”), and then examines magnitudes

of association sequentially with respect to time-order. Factors

found to be significantly associated in each epoch are retained

in all subsequent models, regardless of changes in statistical

association for the retained variable(s). This strategy helps ensure

that variables whose influences operate early are not supplanted by

those measured later, which is of particular import when the goal is

the earliest possible prediction of adverse outcomes.

Discussion

Sepsis remains a common and costly disease. As survival

from the index event improves, there is increased need to

understand the long-term sequelae and factors that influence

outcomes. As highlighted by Fundamental Cause Theory, SDoH

are likely key contributors to adverse post-discharge events.
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FIGURE 1

Conceptual framework depicting the potential pathways through which social, biological, and environmental factors can a�ect the

infection-recovery pathway. The process is cyclical, not linear, as the same factors that a�ect development of sepsis also a�ect disease progression,

recovery, and post-discharge outcomes. Interaction between SDoH factors also occurs, as does e�ect-modification and/or mediation.

Successful interventions have been described, such as use of

a nurse lead post-discharge transition service, which reduced

the odds of death or readmission compared to usual care at

both 30-days (OR 0.80, CI 0.64–0.98) and 12-months OR 0.70

CI 0.50–0.98 (98, 99). While encouraging overall, the only

SDoH variable included in these reports was “Race” (Black

vs. White vs. Other), so further investigation from an SDoH

standpoint is needed. Despite the increase in studies in this area

in recent years, the overall body of literature has several key

limitations, which act as obstacles to design and implementation of

targeted interventions.

Most importantly, methods for collection and reporting SDoH

factors lack the scientific rigor given to other health data.

Standardized definitions, collected directly from patients, with

regular updates, are needed to ensure accuracy and reliability.

As illustrated by our conceptual framework (Figure 1), the

relationship between SDoH and health outcomes is (1) cyclical,

and (2), extraordinarily complex. The process is cyclical (not

linear) because each exposure is influenced by prior exposures

and events while also influencing subsequent events/exposures.

The same factors that affect risk of developing sepsis also

affect progression, recovery, and long-term outcomes, including

re-admission. There is additional complexity owing to the

longitudinal nature and time-varying effects of the exposome,

difficulty quantifying effects of multifaceted social phenomena

(e.g., racism), and effect modification and/or mediation of varied

SDoH variables on health outcomes. Interactions amongst SDoH

factors—particularly between place-based and individual factors—

remain largely unexplored.

Our conceptual framework was developed using ideas from

Syndemic Theory. The syndemic health model focuses on the

synergistic relationship between people, their health, and their

environment, rather than considering diseases as stand-alone

entities that act independently across space and time (100).

Approaching sepsis through a syndemic framework has been

suggested as a way to improve disparities in sepsis-related outcomes

(101). This is, however, a departure from the traditional paradigm

that a given disease requires the same treatment, regardless

of the patient and their circumstances. The ideological shift

is another challenge to the study of how SDoH impact post-

discharge outcomes in sepsis. Success will require collaboration

across multiple medical specialties (Emergency Medicine, Critical

Care/Inpatient Medicine, and outpatient clinics) and other

stakeholders who provide healthcare-related services (e.g., social

workers, physical therapists, skilled nursing facilities).

Existing literature covers only a limited number of variables,

and further studies addressing the full spectrum of SDoH are

needed to fill knowledge gaps. Main results from selected studies

included in this review that we wish to highlight are available

in Table 2. Careful interpretation of current and future studies

is warranted, as findings of studies from one location may not

transport/generalize to another. This is not because the findings

are untrue, but rather, because exposomes are highly variable. Local

characteristics (pathogens, social conditions, etc.) can act together
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TABLE 2 Description and main results from selected studies on adverse post-discharge outcomes in patients with sepsis.

Study Study type Data source Objectives Study size Main results

Chang et al.

(4)

Multi-center

retrospective cohort

Healthcare cost and

utilization project state

inpatient database

(California), large

administrative state database

Identify risk factors for

30-day readmission

240,198 Younger age (OR 1.34, CI 1.29–1.39), lower

income (OR 1.13, CI 1.10–1.16), Black vs.

White (OR 1.29, CI 1.24–1.33), female vs.

male (OR 0.87, CI 0.86–0.89)

Gadre et al. (6) Multi-center

retrospective cohort

Healthcare cost and

utilization project’s national

readmission data, large

administrative database

Identify predictors

associated with increased

30-day readmission

157,235 Diabetes (OR 1.07, 95% CI, 1.06–1.08; p <

0.001), CKD (OR 1.12, 95% CI; 1.10–1.14, p

< 0.001), HF (OR 1.16, 95% CI, 1.14–1.18; p

< 0.001), discharge to short-/longer-term

facility (OR 1.13, 95% CI, 1.11–1.14; p <

0.001)

Galiatsatos

et al. (64)

Single-center

retrospective cohort

Health database of an urban,

academic medical institution

Evaluate relationships

between ADI and 30-day

readmission post-sepsis

hospitalization

531 Mean ADI was greater for readmitted (62.5±

27.4) vs. not (51.8± 22.2), p < 0.001.

Increasing ADI associated with readmission

(beta 0.03, p < 0.001)

Goodwin et al.

(8)

Multi-center

retrospective cohort

Healthcare cost and

utilization state inpatient

databases (California, Florida,

New York), large

administrative state databases

Determine the

frequency, mortality,

cost, and risk factors

associated with

readmission after severe

sepsis hospitalization

43,452 At 30 days: 26% readmitted, 4% died; at 180

days: 48% of readmitted, 8% died. Greater

odds of 30-day readmission: malignancy (OR

1.34; CI, 1.24–1.45), CKD (OR 1.24; CI,

1.18–1.31), HF (OR 1.14; CI, 1.08–1.19), lung

disease (OR 1.12; CI, 1.06–1.18), and diabetes

(OR 1.12; CI, 1.07–1.17). Mean cost of each

readmission $25,505 (SD$38,765)

Herridge et al.

(28)

Multi-center

prospective,

longitudinal cohort

Four academic

medical–surgical ICUs in

Toronto, patients individually

consented and enrolled

To describe the extent of

physical, mental, and

quality-of-life

impairments after ARDS

109 At 5 years, 6-min walk test was 76% of

age/sex-matched controls. 6-min walk test

correlated to physical-component of the

36-Item health survey score from 3 months

to 5 years (p < 0.01). Reduced physical

quality of life scores noted 5 years after illness

Iwashyna et al.

(27)

Multi-center

prospective cohort

Health and Retirement Study

interviews & surveys (ongoing

national cohort of 27,000+

patients, ≥age 50, many with

linked Medicare claims)

To describe the change

in cognitive impairment

and physical functioning

in severe sepsis survivors

516 Increased moderate to severe cognitive

impairment in sepsis survivors (OR 3.33, CI;

1.53–7.25) vs. non-sepsis patients. New

functional limitations after sepsis: no prior

limits, mean 1.57 new limitations (CI: 0.99,

2.15); prior mild/moderate limitations, mean

1.50 new limitations (CI: 0.87, 2.12)

Lusk et al. (65) Retrospective

cohort

United States medicare

beneficiaries

To determine association

between ADI and 30-day

mortality and

readmission in sepsis or

critical illness

Mortality

analysis:

1,526,405.

Readmission

analysis:

1,354,548

30-day mortality: greater in most-deprived

neighborhoods, for patients with severe sepsis

(OR 1.35, CI 1.29–1.42) or with prolonged

MV with or without sepsis (OR 1.42, CI 1.31,

1.54). ADI not associated with 30-day

readmission for patients with severe sepsis

Prescott et al.

(26)

Observational

cohort

Health and retirement study

interviews & surveys (ongoing

national cohort of 27,000+

patients, ≥age 50, many with

linked Medicare claims)

To measure and compare

pre- and post-sepsis

inpatient hospital use of

severe sepsis survivors,

as well as compare use to

that of non-sepsis severe

disease survivors

1,083 severe

sepsis, 1,083

non-sepsis

For survivors, more days hospitalized

[median 16 (IQR 3–45) vs. 7 (0–29); p <

0.001] or a greater proportion of their days

alive spent in a facility [median 9.6% (IQR

1.4–33.8%) vs. 1.9% (0.0–7.9%); p < 0.001]

1-year post-sepsis vs. 1-year prior. Sepsis

survivors vs. non-sepsis survivors: greater

1-year post-discharge mortality (44.2%, CI,

41.3–47.2) vs. 31.4% CI, 28.6–34.2%); fewer

at-home days (difference-in-differences,

−38.6 days, p < 0.001); increased proportion

of days spent in a facility

(difference-in-differences, 5.4% (p < 0.001)

Prescott (5) Retrospective

cohort

Health and retirement study

interviews & surveys (ongoing

national cohort of 27,000+

patients ≥age 50, many with

linked Medicare claims)

Identify most common

readmission diagnoses

after severe sepsis

2,617 42.6% re-hospitalized by 90 days: 22.2% were

ambulatory care sensitive conditions (CHF,

PNA, COPD, and UTI), and 11.9% were for

infection

Prescott and

Angus (30)

Structured review PubMed (via search terms and

synonyms for “sepsis,”

“survivors”)

To provide guidance on

posthospital care or

recovery

N/A 1/6 of survivors have persistent impairment:

new functional limits, cognitive decline,

new/worsening mental health concerns

(anxiety 32%, depression 29%, PTSD 44%)

(Continued)
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TABLE 2 (Continued)

Study Study type Data source Objectives Study size Main results

Rabiee et al.

(29)

Systemic review

and meta-analysis

Five electronic databases To describe depression

symptoms in ICU

survivors

38 studies (9

RCTs, 24

cohort, 4

cross-

sectional, 1

case-series)

1/3 of ICU survivors experience clinically

important depressive symptoms. Symptoms

persisted through the 12-month follow-up

Shankar-Hari

et al. (24)

Systematic review

and meta-analysis

4 electronic databases To assess incidence, risk

factors, and reasons for

re-admission after sepsis

56 studies (36

papers, 20

abstracts), all

observational

Mean 7, 30, and 365-day readmissions were

9.3 (CI 8.3–10.3%), 21.4 (CI 17.6–25.4%), and

39.0 (CI 22.0–59.4%). Infection most

common readmit diagnosis. Increasing age,

illness severity, comorbidities, and male sex

associated with increased risk

Yende et al.

(35)

Multi-center

prospective cohort

12 US hospitals, patients

individually consented and

enrolled

Identify immune-related

sequelae and association

with adverse long-term

outcomes

483 Hyperinflammatory-immunosuppressed

phenotype: ↑1-year mortality (OR 8.26, CI,

3.45–21.69; p < 0.001), ↑6-month all-cause

readmission or mortality (HR 1.53, CI

1.10–2.13; p= 0.01)

OR, odds ratio; CI, 95% confidence interval; SD, standard deviation; ICU, intensive care unit; CHF, congestive heart failure; ADI, Area Deprivation Index; ARDS, acute respiratory distress

syndrome; IQR, interquartile range; ARF, acute renal failure; COPD, chronic obstructive pulmonary disease; UTI, urinary tract infection; RCT, randomized controlled trial; AMI, acute

myocardial infarction; PNA, pneumonia; US, United States; HR, Hazard ratio; MV, mechanical ventilation.

to create unique exposomes, such that associations from one

geographic location simply do not exist in others. A corollary to this

is that aggregated location data may bias toward null associations as

local effects are diluted in pooled data sets.

There is no debate that SDoH factors have a strong influence

on health outcomes. Consideration of these issues may seem

outside the scope of emergency care where the focus is on

the acute, presenting condition, rather than the factors that

influence development and outcomes of said condition. EM

practitioners often consider problems like poverty, structural

racism, or pollution as falling within the purview of Public Health,

as opposed to EM (102). Surveys have demonstrated that while

Emergency Physicians feel public health issues are important,

directly addressing them during clinical shifts is challenging

(103, 104).

In 2023, the Evaluation and Management coding guidelines

from the American Medical Association added SDoH as a

documentation component that contributes to medical complexity,

an indication of the increasing recognition of the impact SDoH

have on health outcomes.2 As these codes are used for billing

EM charts, emergency care providers are perhaps more aware

than ever of the importance of SDoH. The challenge moving

forward will be to ensure that SDoH are truly incorporated into

medical decision making for initial and repeat sepsis visits (and

others) rather than simply being added to charts solely for billing

purposes. A critical step toward achieving this goal is accurate

collection and thoughtful analyses of these data in order to provide

a detailed understanding of exactly how SDoH affect ED patients.

Quantitative data are needed to design and test interventions

aimed at reducing deleterious effects. Quantification has the added

benefit of taking an abstract concept (e.g., “living in poverty is

harmful”) and making it more concrete (e.g., living in a high SVI

neighborhood conveys a five-fold increased risk of 90-daymortality

2 https://www.ama-assn.org/system/files/2023-e-m-descriptors-

guidelines.pdf (accessed October 12, 2023).

after discharge from a sepsis admission). The latter is easier for an

Emergency Physician to act uponwhen seeing a recently discharged

patient during a busy ED shift.

Social, biological, and environmental factors play an integral

role in health maintenance and exposure to, development of, and

recovery from disease, including sepsis. Scientific investigations

in this area by acute care specialties are increasing, but the

volume of literature is miniscule in comparison to studies of direct

medical interventions. To be sure, the latter have improved sepsis-

related mortality in the last two decades (2, 3), but disparities

in short- and long-term outcomes remain. As detailed in this

review, studying SDoH, quantifying direction and magnitude of

effects, and elucidating causal pathways (or even associations) is

difficult. Identifying and overcoming these challenges and pursuit

of scientifically rigorous research in this field is necessary so that

high-quality, equitable care can be provided to all patients.
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