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Abstract

OBJECTIVE—To characterize the relationship between stress and future risk of sepsis. We also
evaluated the role of depression in this relationship.

METHODS—We used population-based data on 30,183 participants in the Reasons for
Geographic and Racial Differences in Stroke (REGARDS) cohort, characterizing stress using the
Perceived Stress Scale (PSS) and depressive symptoms using the Center for Epidemiologic
Studies Depression Scale (CES-D). We identified incident sepsis events as hospitalizations for a
serious infection with the presence of =2 SIRS criteria. We assessed associations between PSS and
incidence of sepsis over one- and ten-years of follow-up, adjusting for demographics and chronic
medical conditions and assessing the role of health behaviors and CES-D in these relationships.

RESULTS—During 2003-2012, 1,500 participants experienced an episode of sepsis. Mean PSS
and CES-D scores were 3.2+2.9 and 1.2+2.1. PSS was associated with increased one-year adjusted
incidence of sepsis (HR 1.21 per PSS standard deviation; 95% CI: 1.06-1.38); multivariable
adjustment for health behaviors and CES-D did not change this association (1.20; 1.20; 1.03-
1.39). PSS was also associated with increased 10-year adjusted incidence of sepsis (HR 1.07 per
PSS standard deviation; 95% CI: 1.02-1.13). Multivariable adjustment showed that health
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behaviors did not affect this long-term association whereas addition of CES-D reduced the
association between PSS and sepsis during 10-year follow-up (HR 1.04; 0.98-1.11).

CONCLUSIONS—Increased stress was associated higher one-year adjusted incidence of sepsis,
even after accounting for depressive symptoms. The association between stress and ten-year
adjusted incidence of sepsis was also significant, but this association was reduced when adjusting
for depressive symptoms. Reduction of stress may limit short-term sepsis risk.
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INTRODUCTION

Sepsis, the clinical syndrome of microbial infection complicated by systemic inflammatory
response, is a major public health problem. Severe sepsis is associated with an estimated
750,000 hospitalizations, 570,000 Emergency Department visits and over 215,000 deaths
annually in the United States (US), and the national cost of sepsis care exceeds $16.7 billion.
(1) Despite a thorough understanding of the pathophysiology of sepsis, relatively little is
known of its associated clinical or demographic risk factors.

Psychological or social (psychosocial) stress is believed to greatly affect baseline health and
has been associated with the onset and progression of diseases such as cardiovascular
disease, acquired immune deficiency syndrome (AIDS), autoimmune diseases, and
respiratory tract infections.(2) The interplay between stress and the immune system is
complex, with different types of stressors elucidating varied natural and specific responses.
(3) This is pertinent to sepsis, as down-regulation of cellular or humoral immunity could
potentially lead to increased infection susceptibility, but up-regulation of pro-inflammatory
cells and cytokines could lead to a state of heightened inflammation.(3, 4) Current evidence
indicates a relationship between psychosocial stress and chronic, low-grade inflammation,
which may be responsible for observed stress-disease associations that are not fully
explained by hypothalamic-pituitary-adrenal axis and sympathetic nervous system alteration.
(5) The stress-sepsis relationship could represent such an association, with prior work
demonstrating a strong link between chronic inflammation and increased risk of sepsis.(6)

Depression frequently coexists with stress with much debate ongoing regarding the
relationship between the two conditions.(7) Depression has plausible connections with
sepsis risk. For example, depression has been linked with altered immune function and a
pro-inflammatory state.(8—10) These mechanisms have been implicated in the impaired
wound healing and increased risk of infection reported among individuals suffering from
depression and other affective mood disorders.(8, 11)

While numerous studies have characterized the course of acute sepsis episodes, few studies
have assessed the association of baseline perceived stress with future sepsis episodes. Stress
has plausible links with short term health effects, but there is also evidence of its longer-
term health effects. For example, in a cohort of >21,000 adults >60 years old, Draper, et al.
found that childhood physical and sexual abuse were associated with poor current physical

Psychosom Med. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Ojard et al.

METHODS

Page 3

health.(19) In this study we sought to determine the association of perceived stress with
short- and long-term incidence of sepsis events in the Reasons for Geographic and Racial
Differences in Stroke (REGARDS) study, one of the nation’s largest population-based
cohorts of community-dwelling individuals in the US. In addition, because stress could lead
to depression, thereby resulting in increased incidence of sepsis, we also sought to determine
if the presence of depressive symptoms explained the association between stress and sepsis.
(5,8,9)

Study Design

Selection of

This study used data from the Reasons for Geographic and Racial Differences in Stroke
(REGARDS) study, a national, population-based, longitudinal cohort. The study was
granted approval by the Institutional Review Board of the University of Alabama at
Birmingham.

Participants

One of the largest ongoing national cohorts of community-dwelling individuals in the US,
REGARDS was designed to identify the reasons for stroke geographic and racial disparities
in the United States (US).(10) REGARDS includes 30,239 community-dwelling adults =45
years old from all regions of the continental US. The study oversampled the participants
from the Southeastern US, with 21% of the cohort originating from the coastal plains of
North Carolina, South Carolina and Georgia (the “stroke buckle”), and 35% originating
from the remainder of North Carolina, South Carolina and Georgia plus Tennessee,
Mississippi, Alabama, Louisiana and Arkansas (the “stroke belt”). The cohort is 42%
African American and 45% men, and 69% of individuals are >60 years old. The cohort did
not include Hispanics where stroke mortality disparities are small to non-existent. The
REGARDS cohort encompasses healthy community-dwelling adults — not just individuals
with a history of stroke.

Enrollment for REGARDS occurred from 2003-7. The study obtained comprehensive
baseline data for each individual from phone interviews and in-person assessments. Initial
data included functional status, medical history, physical and physiological characteristics
(heart rate, blood pressure, electrocardiogram), health behaviors (diet, activity, tobacco and
alcohol use), and current medication use. Blood and urine samples were also taken at the
initiation of the study. Self-administered questionnaires assessed psychosocial factors,
family history of disease and aspects of social history (residency, education, income).
During follow-up, study personnel contact participants on a semi-annual basis to collect data
regarding the date, location and reason for any hospitalizations and emergency department
visits during the follow-up interval. The study also collected information about participants
that expired during the study period, including recent hospitalizations and the circumstances
surrounding the death.
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Identification of Sepsis Events

We reviewed all hospitalizations and emergency department visits for a serious infection as
reported by the participant. Two trained abstractors independently reviewed relevant
medical records to confirm the presence of a serious infection as the primary reason for
hospitalization previously published infection classification taxonomies.(1, 11) Medical
record review included clinical and laboratory findings from the first 28-hours of
hospitalization. Additional physician-level review resolved discrepancies.

Using international consensus definitions, we defined sepsis as presentation to the hospital
with a serious infection and two or more criteria for systemic inflammatory response
syndrome (SIRS), including 1) heart rate >90 beats/minute, 2) fever (temperature >38.3°C
or <36°C), 3) tachypnea (>20 breaths/min) or PCO»<32 mmHg, and 4) leukocytosis (white
blood cells [WBC] >12,000 or <4,000 cells/mm3 or >10% band forms). Vital signs and
laboratory findings were used for the initial 28-hours of medical care in order to account for
acute changes in patient conditions during the early hospitalization period. Initial review of
1,349 hospital records indicated excellent inter-rater agreement for presence of a serious
infection (kappa=0.92) and the presence of sepsis (kappa=0.90) upon hospital presentation.

Definition of Perceived Stress and Depressive Symptoms

Covariates

Participants reported stress levels using a shortened four-question version of the perceived
stress scale (PSS). The original PSS is a 14-item instrument designed to measure the degree
to which individuals appraise life situations as stressful.(12) Cohen, et al., developed and
validated a shortened four-question version of the PSS gauging feelings of control,
confidence, coping and management over the prior month, with total scores ranging from 0—
16.(13) (Appendix 1, Supplemental Digital Content 1) The PSS has been validated in a large
probability sample in the United States and exhibits a Cronbach’s a of 0.60.(12, 14)

At the beginning of the REGARDS study, participants completed a shortened four-question
version of the Center for Epidemiologic Studies Depression Scale (CES-D).(15) The
original CES-D encompassing 20 questions was developed for use in epidemiologic studies
of depressive symptoms in the general population. Melchior, et al. validated a shortened
four-question version of the CES-D gauging feelings of depression, loneliness, crying spells
and sadness over the prior week, and with total scores ranging from 0 to 12.(16) (Appendix
2, Supplemental Digital Content 2) Cronbach’s a for the four-question CES-D is 0.81.(16)

We considered various covariates that may influence the relationship between stress and
sepsis, including sociodemographic characteristics, health behaviors (tobacco and alcohol
use) and chronic medical conditions. REGARDS measured all covariates at the time of
participant enrollment in the study. We used categories defined by the parent REGARDS
study for each of the variables.

Sociodemographic characteristics included age, sex, race, geographic region, self-reported
annual household income and self-reported level of education. REGARDS recruited only
participants of black and white race. Geographic region was categorized as current residence
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in the “stroke belt” (Alabama, Arkansas, Georgia, Louisiana, Mississippi, North Carolina,
South Carolina and Tennessee), “stroke buckle” (the coastal plains of Georgia, North
Carolina and South Carolina) and elsewhere, included here to account for the unequal
sampling used to establish the REGARDS cohort.(10) We defined alcohol use as none,
moderate (1 drink per day for women or 2 drinks per day for men) and heavy (>1 drink per
day for women and >2 drinks per day for men) according to the National Institute on
Alcohol Abuse and Alcoholism classification.(17) Tobacco use was defined as current, past
and never.

Chronic medical conditions included a history of hypertension, diabetes, obesity,
dyslipidemia, coronary artery disease, chronic kidney disease and chronic lung disease.
REGARDS defined hypertension as a systolic blood pressure =140 mm Hg, a diastolic
blood pressure =90 mm Hg, or the self-reported use of antihypertensive medication.
Diabetes was defined as a fasting glucose =126 mg/L, a random glucose =200 mg/L, or the
reported use of insulin or oral hypoglycemic medication. Obesity was categorized as a body
mass index =30 kg/m? or a waist circumference >102 cm for men and >88 cm for women.
Dyslipidemia included individuals currently using lipid lowering medication or self-
reporting the presence of high cholesterol. A history of coronary artery disease consisted of
individuals with a self-reported history of myocardial infarction, coronary intervention or
baseline electrocardiographic evidence of myocardial infarction.

REGARDS defined chronic kidney disease as an estimated glomerular filtration rate <60
ml/min/1.73 m2, calculated using the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation.(18) Because REGARDS data collection did not include lung
conditions (-e.g. asthma, chronic obstructive pulmonary disease), we defined as current use
of pulmonary medications as a surrogate marker for chronic lung disease. Pulmonary
medications included beta agonists, leukotriene inhibitors, inhaled corticosteroids,
combination inhalers and other pulmonary medications such as ipratropium, cromolyn,
aminophylline and theophylline.

Data Analysis

We centered and normalized PSS and CES-D scores by subtracting their mean values and
dividing by their standard deviation. Using t-tests for binary variables, ANOVA for
categorical variables, and Pearson’s correlation for continuous variables, we compared mean
PSS and CES-D scores for each participant characteristic category.

We could not establish the exact temporal relationship between stress and each participant
characteristic. However, since they likely were present before the onset of stress, we
conceptualized each demographic characteristic and chronic medical condition as a
confounder in the stress-sepsis relationship. Because stress may adversely affect health
behaviors, leading to increased incidence of sepsis, we examined the role of tobacco and
alcohol use in the stress-sepsis relationship. Finally, based upon our theoretical framework,
we investigated whether the stress-sepsis relationship remained significant when adjusting
for depressive symptoms (CES-D).
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We used Cox proportional hazards models to determine the associations between normalized
PSS and time to first sepsis event, examining the associated hazard ratios and 95%
confidence intervals. We defined person-time at risk as the elapsed time in days from first
interview to the first episode of sepsis or the last follow-up interview. We fit models
assessing the association between normalized PSS and incidence of first sepsis events,
adjusting for demographics (age, sex, race, income, education, geographic region) and
chronic medical conditions (chronic kidney disease, chronic lung disease, diabetes,
hypertension, myocardial infarction, obesity, stroke). To determine their effects upon the
stress-sepsis association, we next added health behaviors (tobacco and alcohol use) to the
multivariable model, examining the change in hazard ratio and 95% confidence interval for
PSS. Finally, we added CES-D to the model, examining its effect upon the hazard ratio and
95% confidence interval for PSS.

We verified the proportional hazards assumption by examining Schoenfeld residuals and
[PSS x time] interactions. We conducted all analyses using Stata v.12.1 (Stata, Inc. College
Station, Texas)

RESULTS

From February 5, 2003 through December 31, 2012, a total of 1,500 REGARDS participants
experienced a sepsis event (incidence 8.0 per 1000 person-years; 95% CI: 7.6-8.5). The
most common infections associated with these sepsis events were pneumonia, kidney and
urinary tract infections and abdominal infections. (Table 1)

PSS and CES-D scores were available for 99.9% and 99.3% of REGARDS participants,
respectively. The median and mean PSS scores were 3 (interquartile range 0-5) and 3.2 (SD
2.9). The incidence of sepsis events was higher among those with PSS 4-16 than those with
PSS 0-3 (10.0 vs 5.2 per 1000 person-years). (Figure 1) The median and mean CES-D
scores were 0 (interquartile range 0-2) and 1.2 (SD 2.1). Correlation between PSS and CES-
D was moderate (Spearman p=0.43).

Higher PSS and CES-D scores were present in men, Blacks, participants with low income
and education, and those with chronic medical conditions. (Table 2) Participants with higher
PSS and CES-D scores were more likely to be current smokers but were less likely to
regularly use alcohol.

On unadjusted analysis higher PSS was associated with increased one-year incidence of
sepsis (HR 1.21 per one standard deviation PSS increase; 95% Cl: 1.06-1.38). (Table 3) The
association between PSS and one-year sepsis incidence persisted after adjustment for
demographics and chronic medical conditions. Addition of health behaviors (tobacco and
alcohol use) and CES-D did not change the one-year association between PSS and sepsis
(1.20 per one standard deviation PSS increase; 95% CI: 1.03-1.39).

Higher PSS was associated with increased 10-year incidence of sepsis after adjustment for
demographics and chronic medical conditions (1.07 per one standard deviation PSS
increase; 95% Cl: 1.02-1.13). (Table 3) While not affected by the addition of tobacco and
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alcohol, addition of CES-D did explain the association between PSS and 10-year incidence
of sepsis (1.04 per one standard deviation PSS increase; 95% CI: 0.98-1.11)

Assessment of scaled Schoenfeld residuals verified that PSS and CES-D satisfied the
proportional hazards assumption (global test p=0.50). The [PSS x time] and [CES-D x time]
interactions were also not statistically significant (p=0.86 and 0.64), further supporting
satisfaction of the proportional hazard assumption.

DISCUSSION

Prior studies suggest connections between stress, depression and a range of health risks.(2,
20-27) In this study, using the large REGARDS cohort, we observed an association between
baseline stress and increased adjusted one-year sepsis incidence, a relationship that was not
influenced by baseline depressive symptoms. Stress was associated with ten-year adjusted
incidence of sepsis; however, this association was explained by baseline depressive
symptoms.

Chronic stress, via various effects upon host immunity, may heighten the risk of infection.
For instance, stress has been shown to down-regulate innate immunity, antibody production,
and T-cell responses.(28) This immunomodulation is further evident in studies highlighting
increased risk of viral reactivation and increased risk of infectious respiratory illness among
those with increased stress.(29, 30) Alternatively, psychosocial stress also has plausible
connections with increased low-grade, chronic inflammation that could be related to sepsis
in a similar fashion as has been observed for CRP.(5, 6) Specifically, prior history of
childhood abuse as well as self-reported social isolation, anger, hostility, and depression
have been shown to be positively correlated with increased plasma concentrations of
inflammatory markers that exhibit strong associations with sepsis.(5)

There are biologically plausible links between depressive symptoms and stress-sepsis
relationship. Depressed states can result in elevated pro-inflammatory cytokines such as C-
reactive protein (CRP) and interleukin-6, which are prominent in sepsis pathophysiology.
(31) At the cellular level, clinical depression has been associated with decreased lymphocyte
function manifested by reduced proliferative responses and immune cell activity.(32) These
mechanisms have been implicated in the impaired wound healing and increased risk of
infection reported among individuals suffering from depression and other affective mood
disorders.(30, 33)

Furthermore, several studies describe the coexistence of stress and depression. Individuals
with depression often also exhibit increased stress, with several studies suggesting additional
infection risk among this population.(25, 31, 34) Up to 80% of depression cases have been
associated with preceding stressful events.(4, 35-37) For example, in a study of 100 adults,
Muscatell, et al. found that life stressors were associated with greater depression severity
and symptomatology.(38) In a study of 1,898 female twins, Kendler, et al. identified a
potential causal relationship between stressful life events and the onset of depression.(39)
An alternative model additionally suggests that cytokine-mediated and inflammatory stress
responses may have a role in the etiology of depression, as well as disease processes
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involving chronic low-grade inflammation.(9) While our results provide support for this
contention, the study was not designed to elucidate the exact mechanisms linking
depression, stress and sepsis risk. Additional investigation must identify the biologic
pathways linking these conditions.

Our findings clarify that the association between stress and sepsis risk is limited to the short
term. The relationship between stress and long-term sepsis hazard appears to be explained
by depression, participant demographics, chronic medical conditions, and tobacco and
alcohol use. This observation is sensible since chronic medical conditions are often
associated with concurrent the presence of affective disorders. For example, Wells et al.
found that patients with at least one chronic medical condition have a 41% increased relative
risk of recent psychiatric disorder.(40) Conditions such as diabetes, obesity, chronic renal
disease and cardiovascular disease have all been associated with increased incidence of
depression.(41-44) In addition, depression is associated with negative health behaviors such
as smoking and elevated alcohol use.(45-48) In a prior study we observed associations
between chronic medical conditions, health behaviors and future sepsis events.(49)

While we examined stress and depression as precursor to sepsis events, a body of literature
suggests the reverse - that infections may lead to increased depression or stress.(50-52) For
example, pro-inflammatory cytokines released in response to peripheral infection can trigger
major depression in previously well individuals.(53) Additionally, associations between
atherosclerotic disease and depression have been noted, supporting the potential role of
chronic inflammation in the etiology of psychological disorders.(5, 9) Since depressive
symptoms and stress were measured at baseline, prior to the observed sepsis events, we were
unable to evaluate this hypothesis. Re-assessment of all REGARDS participants is currently
underway, and thus it may be possible to evaluate if sepsis events are associated with
changes in measures of stress and depression.

The observations of this study support our larger hypothesis that an individual’s future
sepsis risk may be potentially predicted by baseline participant characteristics. This
knowledge has clinical relevance. For example, for individuals with predicted elevated
sepsis risk, clinicians may exercise lower thresholds for antibiotic treatment of minor
infections or for hospital admission in response to more serious infections. If validated, our
findings would suggest that treatment of stress, independent of other comorbidities, may
effect a reduction in future sepsis risk. While some might consider treatment of depressive
symptoms as a strategy for sepsis prevention, our analysis suggests that this association is
largely explained by the presence of elevated stress. Additional study must validate if
changes in depressive symptoms or stress may result in transient or more sustained sepsis
risk reduction.

There are important limitations that must be considered when interpreting these results. The
REGARDS study measured depressive symptoms using the shortened version of the CES-D
scale.(15) More comprehensive batteries may be able to discern and identify other
dimensions of depression including the time course, severity and functional limitations
produced by the syndrome. However, a prior effort to validate the 4-item CES-D found the
4-item scale to be less specific than the full 20-item scale for depression screening, and thus
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we would not expect the observations of the current study to change significantly with the
use of the full CES-D scale.(16) Also, REGARDS measured depressive symptoms and
stress at only at the beginning of the observation period. Studies have verified that
depressive symptoms are cyclical in nature and may change over time.(54) However, while
the symptom windows for CES-D and PSS are relatively short, gauging symptoms within
the prior week or month, numerous studies have linked these measures with long-term
health outcomes.(55-58) Repetition of the study with more comprehensive or robust
assessment tools and periodic reassessments may alter the observations. The REGARDS
study is currently re-examining all members of the cohort, and in a future effort it may be
possible to determine if interval changes in reported depressive symptoms may be associated
with sepsis incidence.

An additional limitation is that individuals with depressive symptoms accounted for a
relatively small number of sepsis events, potentially affecting our ability to detect more
subtle associations. We did not examine severity variants of sepsis, such as severe sepsis or
septic shock, and did not examine longer term outcomes such as long-term death. By design,
the REGARDS cohort includes only African Americans and whites. While we were able to
detect the presence of chronic medical conditions, we did not characterize their level of
severity. We were also unable to differentiate the specific types of stress most strongly
associated with sepsis, and could not examine the specific components of the immune
system involved in this process. This is an important area of future study, as greater
understanding of the processes mediating the stress-sepsis relationship could improve risk
stratification, or identification of those most vulnerable to sepsis.

In conclusion, individuals reporting elevated stress exhibited higher one-year adjusted
incidence of sepsis, even after accounting for the influence of depressive symptoms.
Elevated stress was associated with higher ten-year adjusted incidence of sepsis; this
association was explained by increased depressive symptoms. Reduction or management of
stress may provide a strategy for reducing short-term sepsis risk.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Kaplan-Meier survival curves for stress and long-term incidence of sepsis. Stress

characterized by the short form of the Perceived Stress Scale (PSS). (12)
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Infection types associated with first hospitalizations for sepsis. Total of 1,500 first sepsis events.

TABLE 1

Infection Type Number of
First Sepsis
Hospitalizations
N (%)
Pneumonia 592 (39.5)
Kidney and Urinary Tract Infections 251 (16.7)
Abdominal 230 (15.5)
Bronchitis, Influenza and other Lung Infections 137 (9.1)
Skin and Soft Tissue 121 (8.1)
Sepsis 98 (6.5)
Fever of Unknown Origin 29 (1.9)
Catheter (1V / Central / Dialysis) 6 (0.4)
Surgical Wound 10 (0.7)
Meningitis 5(0.3)
Unknown/Other 21 (1.4)
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