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Objectives: To examine if incident severe sepsis is associated with increased risk of
subsequent depressive symptoms and to assess which patient characteristics are
associated with increased risk of depressive symptoms. Design: Prospective longitudinal cohort study. Setting: Population-based cohort of older U.S. adults interviewed
as part of the Health and Retirement Study (1998e2006). Participants: A total of 439
patients who survived 471 hospitalizations for severe sepsis and completed at least
one follow-up interview. Measurements: Depressive symptoms were assessed with
a modiﬁed version of the Center for Epidemiologic Studies Depression Scale. Severe
sepsis was identiﬁed using a validated algorithm in Medicare claims. Results: The
point prevalence of substantial depressive symptoms was 28% at a median of
1.2 years before sepsis, and remained 28% at a median of 0.9 years after sepsis.
Neither incident severe sepsis (relative risk [RR]: 1.00; 95% conﬁdence interval
[CI]: 0.73, 1.34) nor severe sepsiserelated clinical characteristics were signiﬁcantly
associated with subsequent depressive symptoms. These results were robust to
potential threats from missing data or alternative outcome deﬁnitions. After adjustment, presepsis substantial depressive symptoms (RR: 2.20; 95% CI: 1.66, 2.90) and
worse postsepsis functional impairment (RR: 1.08 per new limitation; 95% CI: 1.03,
1.13) were independently associated with substantial depressive symptoms after
sepsis. Conclusions: The prevalence of substantial depressive symptoms in severe
sepsis survivors is high but is not increased relative to their presepsis levels. Identifying this large subset of severe sepsis survivors at increased risk for major depression,
and beginning interventions before hospital discharge, may improve outcomes. (Am J
Geriatr Psychiatry 2013; 21:887e897)
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M

illions of Americans are surviving critical
illnesses annually, and patient-centered
outcomes such as emotional well-being are
becoming increasingly important.1,2 Serious acute
illnesses such as acute lung injury and severe sepsis
expose patients to enormous stressors such as respiratory insufﬁciency, pain, and delirium,3 and survivors may face considerable physical limitations
during recovery, which might plausibly cause
depression.3,4 Two systematic reviews of 24 cohort
studies of general intensive care unit and acute lung
injury survivors have found that 28% of patients
surviving critical illnesses may have substantial
depressive symptoms.3,5 Major depression after critical illness is an important public health problem
because depression is both a sizeable contributor to
disability worldwide and independently associated
with increased healthcare costs as well as adverse
medical outcomes.6e8 Depression may also hamper
patients’ ability to participate in their oftenprolonged post-illness rehabilitation and thereby
promote enduring disability.2
Yet, it is unclear if the illness experience, through
either illness or treatment-related exposures, independently increases the risk of subsequent depression.
Studies9e13 have argued that critical illnesses and their
associated treatment-related exposures may have
a causal role in increasing the risk of subsequent
depression; these studies have motivated a National
Institutes of Healthefunded randomized controlled
trial of empiric escitalopram for patients undergoing
mechanical ventilation (ClinicalTrials.gov identiﬁer:
NCT00872027). However, very few studies of postcritical illness depression are appropriately designed to
test this hypothesis—only two14,15 have examined the
contribution of premorbid depression using a standardized measure, of which only one15 examined
preecritical illness depressive symptoms prospectively in a small sample of critical illness survivors.
In particular, little is known about the mental
health outcomes of survivors of severe sepsis, the
most common noncardiac cause of critical illness.16
Depression in this patient population is especially
concerning in light of recent evidence that older
patients who survive severe sepsis are at increased
risk for incident cognitive impairment and functional
disabilities.17 Earlier studies10,14,18 have suggested
that postecritical illness physical and cognitive
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impairment may be associated with increased risk
of depression. Because hundreds of thousands of
patients develop severe sepsis annually,16 ascertaining the prevalence of, and risk factors for, depressive
symptoms in survivors is vital; depression could be
a contributor to functional decline in these patients
that is amenable to treatment.
The current study utilizes an ongoing longitudinal
cohort of older Americans to examine whether incident severe sepsis is associated with an increased risk
of subsequent substantial depressive symptoms. This
approach offers the distinct advantages of national
scope and prospective assessment of depressive
symptoms with a consistent instrument, and avoids
the challenges of using proxy or retrospective
assessment of baseline symptoms.19 We hypothesized
that hospitalization for severe sepsis in-and-of-itself
would not be signiﬁcantly associated with an
increased risk of subsequent substantial depressive
symptoms after controlling for presepsis depressive
symptoms. In addition, we tested for an increased risk
of substantial depressive symptoms among patients
with select baseline characteristics, severe sepsisrelated exposures, and postesevere sepsis functional
impairments, hypothesizing that patients with presepsis substantial depressive symptoms would be at
increased risk for postsepsis substantial depressive
symptoms.

METHODS
Study Sample
Our study cohort comes from the Health and
Retirement Study (HRS), a longitudinal investigation
of community-dwelling U.S. adults older than 50
years. The study began in 1992, and to date over
27,000 individuals have participated. Subjects (and
their spouses, if married) are reinterviewed every
2 years. The HRS follow-up rate has exceeded
90%e95%, including proxies,20 and 16,772 participants have consented for linkage of their Medicare
claims records with study data. The HRS protocol
was approved by the University of Michigan institutional review board. Study participants provided
informed consent upon enrollment and again for
linkage to Medicare claims.
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The present study examines all HRS respondents
with at least one interview from 1998 to 2004 and for
whom there were Medicare claimsebased data for
a subsequent hospitalization for severe sepsis from
1998 to 2005. All patients were observed through death
or the 2006 survey. Our analyses focus on severe sepsis
hospitalizations that patients survived long enough to
complete at least one interview.
Demographic and Clinical Characteristics
We obtained data on demographics (i.e., age, race
and ethnicity, sex, education, and marital/partnered
status), alcohol use, and smoking from the HRS
interviews.
Severe sepsis-related clinical characteristics were
abstracted from the Medicare claims, including chronic
medical conditions to compute a Charlson Comorbidity Index score,21 an organ dysfunction score (the sum
of the number of organ failures of cardiovascular,
neurologic, hematologic, hepatic, renal, or respiratory
origin),16,22 hospital length of stay, admission to an
intensive care unit, and requirements for mechanical
ventilation, major surgery, and dialysis.
Deﬁnition of Severe Sepsis
We utilized a clinically validated and widely used
claims-based deﬁnition of severe sepsis.16,23e26 The
deﬁnition requires evidence of a concomitant infection
and new-onset organ dysfunction during a single
hospitalization, consistent with the international
consensus conference deﬁnitions of severe sepsis.24
We focus on severe sepsis as a single syndrome,
rather than the underlying inciting infections, in line
with current thinking that emphasizes the importance
of the common host response in the pathogenesis and
treatment of severe sepsis.27e32 For patients who had
more than one distinct septic hospitalization, each
hospitalization was included, with appropriate
adjustment of the standard errors as described later.
Depressive Symptoms
The HRS assessed depression at each wave with an
8-item version of the Center for Epidemiologic Studies
Depression Scale (CES-D).33 Previous studies34,35 have
reported that this modiﬁed version loses little of the
structure and precision of the original scale. Using
a cutoff score of 3 or more has been found to have
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a sensitivity of 71% and speciﬁcity of 79% for the
diagnosis of major depression compared with structured diagnostic interview.36 We used a cutoff score of
4 or higher on the 8-item CES-D to deﬁne substantial
depressive symptoms because this threshold was
estimated to be comparable with the cutoff score of 16
or higher on the full CES-D by HRS investigators,37
and has been used in several previous studies.38e40
We deﬁned presepsis substantial depressive symptoms as a CES-D score reaching threshold at any
interview before severe sepsis, whereas postsepsis
substantial depressive symptoms was deﬁned similarly for any interview after severe sepsis.
Cognitive and Functional Impairment
The HRS assessed cognitive impairment in two
ways as described in detail elsewhere.17 Brieﬂy,
participants were administered versions of the Telephone Interview for Cognitive Status. For those
patients who were unable to be interviewed themselves, a proxy respondent completed assessments of
cognitive impairment. We deﬁned thresholds on the
cognitive assessments for mild and moderate to
severe cognitive impairment based on previous HRS
studies.17,41
To examine functional status, respondents (or their
proxies) were asked if they required assistance with
any of six activities of daily living (ADLs): walking,
dressing, bathing, eating, getting into or out of bed,
and toileting, or ﬁve instrumental ADLs (IADLs):
preparing a hot meal, shopping for groceries, making
telephone calls, taking medicines, and managing
money. We summed the number of impairments in
ADLs and IADLs to create a total functional impairment score.17
Statistical Analysis
Our unit of analysis for all analyses was the
hospitalization. Our outcome variable for all analyses
was the presence of substantial depressive symptoms, operationalized as a dichotomous variable
deﬁned as a score of 4 or more depressive symptoms
on the 8-item CES-D. We conducted two classes of
analyses as described further:
Severe Sepsis and Substantial Depressive Symptoms. To
test the hypothesis that severe sepsis is associated with
an increased risk of substantial symptoms of depression, we used so-called “ﬁxed effects” models, which
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use the longitudinal nature of the data to control for all
stable characteristics of the patients.17 We grouped
patients who survived a severe sepsis hospitalization
by the number of interviews they had completed since
the severe sepsis episode. In these models, time
from admission for severe sepsis to interview was
measured to the day as a continuous variable. We used
a hospitalization-level ﬁxed effect, sometimes called
conditional models.42 These results controlled for the
patient’s depressive symptoms status before his or her
severe sepsis episode. Because our outcome was not
rare, we used ﬁxed-effects Poisson regression analyses
to estimate the relative risk (RR) and 95% conﬁdence
intervals (95% CIs) for postesevere sepsis substantial
depressive symptoms.43 We implemented this analysis
using xtpoisson, fe in STATA 11 (Stata Corporation,
College Station, TX). However, xtpoisson as currently
implemented in STATA does not allow for correction of
the standard errors to take into account the HRS’
complex sampling design.44,45 Because there was
a relatively small number of sepsis survivor cases per
sampling strata in the HRS, we did not anticipate the
HRS sampling design to undermine our application.
Nonetheless, we replicated our analyses using withinperson conditional logistic regression, implemented
using STATA’s clogit command. We found that our
interpretation was invariant to whether or not
sampling design was accounted for using a Taylor
series linearized approximation (results available from
authors upon request), and present the results of our
ﬁxed-effects Poisson regression models here. Additional information about our statistical approach is
included in the appendix on statistical methods for the
analyses (see Appendix; available online).
An important methodologic challenge in the analyses for the present study was that a substantial
proportion of subjects (24%) were missing postsepsis
depression measurements, typically because the
primary respondent was alive but unable to participate, so a proxy respondent was used. The HRS
protocol did not ask proxies to report on depression
measures.36 We took two approaches to quantifying
the extent to which our results might be systematically biased by the possibility that survivors who had
proxies were more likely to be depressed. First, we
used propensity score adjustment to account for the
likelihood of missing postsepsis depression data.46
Second, we conducted simulation analyses in which
we examined how much our results would change if
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we randomly assigned different prevalences of
substantial depressive symptoms to patients who
had converted from self-respondents presepsis to
requiring a proxy postsepsis; we tested prevalences
of 17%, 45%, and 95%, based on previous studies that
used proxy reports of patient depression.47e49 (For
further details, see Appendix, Supplemental Digital
Content 1; available online).
Patient Characteristics and Risk of Postsepsis
Substantial Depressive Symptoms. To examine patient
characteristics and clinical factors associated with an
increased risk of postsepsis substantial depressive
symptoms, we used Poisson regression models with
robust error variances.43 Since a history of previous
major depression is known to be a potent predictor
of depression in the context of stress,50 we initially
tested the association of presepsis substantial depressive symptoms with postsepsis substantial depressive
symptoms without adjustment. We then added three
groups of potential confounding variables chosen a
priori that have been found to be important in
depression and general medical/critical illness-related
research3,9,10,12,51: (1) demographics (age, sex, race,
education, marital status), health-risk behaviors
(alcohol use and smoking), and medical comorbidity
(Charlson score); (2) severe sepsis episode characteristics (organ dysfunction score, hospital length of stay,
intensive care unit admission, mechanical ventilation,
major surgery, and dialysis); and (3) postesevere
sepsis function (level of cognitive impairment and
total ADL and IADL impairments) as well as nonresponse propensity scores.
As a sensitivity analysis, we also examined
whether our results were affected by using a cutoff
score of 5 or higher to deﬁne substantial depressive
symptoms on the 8-item CES-D.52
We used two-sided signiﬁcance tests for all analyses with statistical signiﬁcance set at a p value of
0.05. Analyses were performed with appropriate
components of the IBM SPSS Statistics 18 (SPSS Inc.,
Chicago, IL) and STATA 11 (Stata Corporation)
statistical software programs.

RESULTS
From 1998 to 2005, 516 HRS respondents survived
623 hospitalizations for severe sepsis (Figure 1). Of
the surviving hospitalizations, 439 individuals (85%)
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completed at least one follow-up depression assessment. Patients were observed for up to four surveys
before severe sepsis (mean: 6.9 years) and up to four
surveys (mean: 7.1 years) afterward. Table 1
describes the 471 hospitalizations for severe sepsis
that completed at least one depression assessment.
Their mean age at hospitalization was 75.3 years. As
in other cohorts of patients who survive severe sepsis
(16), nearly half were admitted to an intensive care
unit, one quarter underwent major surgery, and
mean length of stay was 10.8 days (SD: 10.3 days).
Pre- and Postsepsis Depressive Symptom
Prevalences
Figure 2 presents the point prevalence of substantial depressive symptoms before and after severe
sepsis. The point prevalence of presepsis substantial
depressive symptoms was 28% (95% CI: 24%, 31%) at
the most recent interview before sepsis, a median of
1.2 years presepsis. The point prevalence of postsepsis
substantial depressive symptoms was unchanged, at
28% (95% CI: 23%, 32%) at the ﬁrst interview after
severe sepsis, a median of 0.9 years later.
Effects of Severe Sepsis on Subsequent Substantial
Depressive Symptoms
In ﬁxed-effects regression, which controls for all
patient characteristics that do not change over time,
the incidence of severe sepsis was not associated
FIGURE 1. Health and Retirement Study Cohort for Poste
Severe Sepsis Depression Analyses. CES-D: Center
for Epidemiologic Studies Depression Scale.

TABLE 1. Patient and Clinical Characteristics of Severe Sepsis
Survivors With Postsepsis Depression Data

Variables
Panel A: Demographic and
Social Characteristics
Age (years)
Female
Race
White
Black
Other
Education
High school or less
Some college
College graduate
Living arrangement
Married/partnered
Unmarried but living with others
Unmarried and living alone
Alcohol use (days/week)
Smoking status
Never smoked
Former smoker
Current smoker
Charlson Comorbidity Index score
Presepsis cognitive function
Normal
Mild to moderate impairment
Moderate to severe impairment
Presepsis ADL/Instrumental ADL
impairments
Missing presepsis depression data
Panel B: Characteristics of the severe
sepsis hospitalization
Organ Dysfunction Score
Acute conditions
Cardiovascular dysfunction
Neurologic dysfunction
Hematologic dysfunction
Hepatic dysfunction
Renal dysfunction
Respiratory dysfunction
Admitted to an intensive care unit
Required mechanical ventilation
Required major surgery
Required dialysis
Hospital length of stay (days)
Postsepsis cognitive function
Normal
Mild to moderate impairment
Moderate to severe impairment
Postsepsis ADL/Instrumental ADL
impairments

Postsepsis
Depression Data
Present (N [ 471)

75.3 (8.4)
248 (52.6%)
378 (80.2%)
87 (14.0%)
6 (1.3%)
177 (37.6%)
166 (35.2%)
128 (27.2%)
256
78
135
1.6

(54.3%)
(16.6%)
(28.7%)
(1.1)

146
256
69
1.9

(31.0%)
(54.4%)
(14.6%)
(1.5)

441
22
8
1.7

(93.6%)
(4.7%)
(1.7%)
(2.5)

9 (1.9%)

1.2 (0.4)
125
36
100
2
184
94
220
94
106
22
10.8

(26.5%)
(7.6%)
(21.2%)
(0.4%)
(39.1%)
(20.0%)
(46.7%)
(20.0%)
(22.5%)
(4.7%)
(10.3)

456
6
9
1.2

(96.8%)
(1.3%)
(1.9%)
(2.1)

Notes: All values are mean (SD) or no. (%) unless otherwise
indicated. ADL: activities of daily living.

with subsequent substantial depressive symptoms
(Table 2). In a ﬁrst sensitivity analysis, in which we
adjusted for nonresponse propensity scores, we
found the same result.
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FIGURE 2. Point Prevalence of Substantial Depressive Symptoms Among Severe Sepsis Survivors. There was no loss to follow up (by
deﬁnition), but patients who required a proxy respondent after their severe sepsis episode were missing depression
data because proxies were not asked to report on patient depressive symptoms. We conducted several sensitivity
analyses to ensure our results were robust to this issue of missing postsepsis depression data (Tables 2e4).
CI: conﬁdence interval; IQR: interquartile range.

In our second sensitivity analysis, in which we varied
the prevalence of substantial depressive symptoms
among survivors who had converted from selfrespondents before sepsis to requiring a proxy
after sepsis, we found no signiﬁcant independent
associations between incident severe sepsis and
subsequent depressive symptoms in any of
our simulations—including the extreme case where the
randomly imputed prevalence of substantial depressive symptoms among patients who had converted
from self-respondents before sepsis to requiring
a proxy after sepsis was 95% (Table 3).
In a third sensitivity analysis, we used the total 8-item
CES-D score as a continuous variable in a ﬁxed effects
regression, assessing the total load of depressive
symptoms rather than a dichotomous variable; again,
there was no association between severe sepsis and
depressive symptoms. There was also no association
between severe sepsis and subsequent substantial
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depressive symptoms when we used a more stringent
cutoff on the 8-item CES-D.
Factors Associated With Postsepsis Substantial
Depressive Symptoms
In unadjusted Poisson regression analyses, substantial symptoms of depression at any interview
before severe sepsis was associated with 2.62-times the
risk (95% CI: 2.00, 3.43; z ¼ 7.01; p <0.001) of
substantial depressive symptoms at any interview
after severe sepsis compared with patients without
presepsis substantial depressive symptoms. After
sequential adjustment for baseline characteristics and
severe sepsiserelated clinical characteristics, only
presepsis clinically signiﬁcant depressive symptoms
and female sex were consistently associated with
postsepsis substantial depressive symptoms (see
Tables 1 and 2, Supplemental Digital Content;
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available online, which present the results of sequential adjusted analyses in tabular form). Notably,
neither any single clinical characteristic of the severe
sepsiserelated hospitalization nor the entire set of
covariates in a joint test (c2: 8.20, df: 6; p ¼ 0.22) was
signiﬁcantly associated with risk of postsepsis
substantial depressive symptoms after controlling for
presepsis substantial symptoms of depression.
When we controlled for postsepsis cognitive and
functional impairment, only presepsis substantial
depressive symptoms (RR: 2.20; 95% CI: 1.67,
2.90; z ¼ 5.56; p <0.001) and an increasing number
of ADL and IADL impairments after sepsis (RR:

TABLE 2. Severe Sepsis and Subsequent Clinically Signiﬁcant
Depressive Symptoms in Survivors
Relative Risk
(95% Conﬁdence
Interval)

z

Analysis unadjusted for nonresponse propensity
Before sepsis (per
1.05 (0.99e1.11)
additional year)
Effect of sepsis
1.00 (0.73e1.34)
After sepsis (per
1.03 (0.93e1.13)
additional year)
Adjusted for nonresponse propensity
Before sepsis (per
1.03 (0.97e1.10)
additional year)
Effect of sepsis
0.95 (0.69e1.31)
After sepsis (per
1.01 (0.91e1.12)
additional year)

p

1.59

0.11

0.01
0.52

0.99
0.60

1.08

0.28

0.30
0.19

0.76
0.85

Notes: Results of ﬁxed-effects Poisson regression with
hospitalization-level ﬁxed effects, controlling for all time-invariant
characteristics of the patient.

1.08; 95% CI: 1.04, 1.13; z ¼ 3.49; p <0.001) were
signiﬁcantly associated with postsepsis substantial
depressive symptoms. Adjustment for nonresponse
propensity scores (Table 4) did not signiﬁcantly
change the results. In addition, our results were not
substantively affected by using a cutoff of 5 or more
depressive symptoms to deﬁne substantial depressive symptoms on the 8-item CES-D.

DISCUSSION
This examination of the largest, prospectively
assessed cohort of older severe sepsis survivors demonstrates several previously unrecognized features of
the association between severe sepsis and depression.
First, the prevalence of substantial depressive symptoms is quite high among severe sepsis survivors—both
before and after their hospitalization. Both the prevalence of substantial depressive symptoms at the last
HRS interview before severe sepsis (28%) and the ﬁrst
interview after sepsis (28%) are considerably higher
than the 1-year prevalence of substantial depressive
symptoms in a study of U.S. community-dwelling older
adults assessed with the same standardized instrument.53 Second, severe sepsis was not independently
associated with an increased risk of subsequent
substantial depressive symptoms, suggesting that
surviving a severe illness by itself may not be sufﬁcient
as a cause of depression. Third, a history of depression
was the most potent risk factor associated with
substantial depressive symptoms after severe sepsis,

TABLE 3. Sensitivity Analyses of Severe Sepsis and Subsequent Depression With Imputation of Depression Prevalence of New
Postsepsis Proxy-Requiring Respondents
17% Depression
Prevalence Among New
Postsepsis Proxy-Requiring
Respondents45

45% Depression
Prevalence Among New
Postsepsis Proxy-Requiring
Respondents46

95% Depression
Prevalence Among New
Postsepsis Proxy-Requiring
Respondents47

0.90
0.82e0.99

1.03
0.93e1.13

1.16
1.13e1.20

Median RR for Effect of Sepsis
95% range for point estimates of effect of
severe sepsis (2.5th percentilee97.5th
percentile for point estimate of RRs for
effect of sepsis)
Percentage of all simulations with
statistically signiﬁcant positive
association between severe sepsis and
depression

0

0

0

Notes: RR: relative risk.
The results presented are from three sets of simulations of the ﬁxed-effects regression analyses in which we imputed the presence of
substantial depressive symptoms based on random assignment to patients who had converted from self-respondents presepsis to requiring
a proxy postsepsis. These simulations were replicated 100 times.
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TABLE 4. Fully Adjusted Associations of Patient and Clinical
Characteristics Associated With Substantial
Depressive Symptoms Among Survivors of Severe
Sepsis
Relative Risk
(95% Conﬁdence
Interval)
Presepsis patient
characteristics
Substantial symptoms of
depression at any HRS
survey presepsis
Age
Female
Black
Education beyond high
school
Single and living alone
Alcohol use (days/week)
Current smoker
Charlson Comorbidity
Index score
Severe sepsiserelated
hospitalization
characteristics
Organ dysfunction score
Admitted to an intensive
care unit
Required mechanical
ventilation
Required major surgery
Required dialysis
Hospital length of stay
Postsepsis characteristics
Mild to moderate
cognitive impairment
Total ADL/instrumental
ADL impairments

2.20 (1.66e2.90)

z

5.56

p

<0.001

0.99
1.32
0.80
0.99

(0.96e1.02)
(1.00e1.75)
(0.58e1.09)
(0.75e1.32)

0.81
1.93
0.65
0.07

0.42
0.05
0.52
0.95

1.22
1.00
0.73
1.05

(0.88e1.68)
(0.87e1.16)
(0.45e1.19)
(0.96e1.14)

1.19
0.04
1.26
1.13

0.24
0.97
0.21
0.26

0.95 (0.70e1.30)
0.81 (0.60e1.09)

0.30
1.40

0.77
0.16

1.18 (0.82e1.71)

0.91

0.37

1.11 (0.78e1.59)
0.64 (0.32e1.28)
0.99 (0.97e1.00)

0.58
1.27
1.48

0.56
0.21
0.14

1.03 (0.60e1.76)

0.10

0.92

1.08 (1.03e1.13)

3.49

<0.001

Notes: ADL: activities of daily living; HRS: Health and Retirement Study.
Adjusted for nonresponse propensity.
Since only nine patients with moderate to severe cognitive
impairment had a postesevere sepsis depression measure, the
model omitted this covariate.

even after adjusting for baseline patient characteristics,
sepsis-related clinical factors, and postsepsis functional
impairment. To our knowledge, this study is the ﬁrst
investigation of depressive symptoms in survivors of
severe sepsis, and is only the second study of poste
critical illness depression to include a standardized
measure of depressive symptoms administered to
patients prospectively and before their critical illness.15
In contrast to the interpretation of past work, we
found no signiﬁcant associations between severe
sepsis and subsequent depressive symptoms.
Previous studies identiﬁed similar high rates of
depression after intensive care unit admissions and
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acute lung injury.3,5 Our results conﬁrm these ﬁndings of a high post-illness prevalence of depressive
symptoms, but substantially alter the interpretation
by demonstrating that high prevalence is to be
unchanged from levels of depressive symptoms
before the illness, at least among older Americans.
Previous studies9,10,12 have also identiﬁed exposure to
speciﬁc aspects of care as potential risk factors for
subsequent depression, which we did not replicate.
This discrepancy may be rooted in previous studies’
inability to adequately control for premorbid
depression, as depression is independently associated
with acute care and intensive care unit admissions for
medical illnesses.54,55 Furthermore, some of these
studies examined very early postdischarge depression, which is not well measured in the HRS.
However, the median time from hospitalization for
severe sepsis and ﬁrst follow-up assessment in our
study was 0.9 years (interquartile range: 0.4e1.4
years), suggesting that the HRS allows the assessment
of medium- and long-term associations with acute
hospitalizations.
Depression in older patients surviving severe sepsis
may be especially debilitating. Studies of older primary
care patients have found that depression is an independent predictor of cognitive and functional
decline.56,57 In light of earlier HRS ﬁndings that an
incident severe sepsis episode is associated with
subsequent cognitive and functional impairments,17
substantial depressive symptoms in severe sepsis
survivors could exacerbate their cognitive and functional decline or limit their ability to actively participate
in rehabilitation.58 Furthermore, the high prevalence
of substantial symptoms of depression before severe
sepsis suggests that additional study is needed to
examine if major depression is a potentially modiﬁable risk factor for sepsis, particularly in light of
emerging evidence suggesting a bidirectional relationship between depression and medical conditions
such as cardiovascular disorders and diabetes.51
A large body of previous research has established
that critical illnesses are associated with subsequent
neuromuscular dysfunction.59,60 If functional impairment is a cause of depression after severe sepsis, then
efforts targeting early physical and cognitive rehabilitation in the intensive care unit, which have been
shown to improve functional outcomes at hospital
discharge,61 could prevent the development of
subsequent depression. Furthermore, because
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premorbid depression appears to convey considerable
risk for substantial symptoms of depression in the
aftermath of severe sepsis, hospital programs that
target older patients surviving severe sepsis with
a history of depression—whether or not formally
diagnosed—for careful monitoring of their subsequent mental health may improve outcomes. Studies
of interventions that combine screening and treatment
for comorbid depression and medical conditions in
older adults have demonstrated reductions in
depressive symptoms,62 as well as improved physical
functioning and medical outcomes.62,63
This study does have several important limitations.
First, we studied older Americans. The associations
with severe sepsis and depressive symptoms may be
different in younger patients. However, sepsis has
been called the “quintessential disease of aging,”64
and over half of patients with severe sepsis are of
age 65 years and older.16 Second, since we assessed
depressive symptoms with a questionnaire and not
a diagnostic interview, a diagnosis of major depression could not be made. Third, the 8-item CES-D has
been used in many relevant populations,38e40 but has
not been speciﬁcally validated for use before and after
severe sepsis. Fourth, we used a claims-based deﬁnition of severe sepsis, which although not the same as
prospective clinical assessment, has been validated
and widely used.16,23e26 Fifth, our study focused on
patients who survived severe sepsis with treatments
utilized in a range of U.S. hospitals at a speciﬁc point
in time. New treatments for sepsis, as well as changes
in life support or other hospital practices, may modify
the sequelae of severe sepsis, even if these outcomes
are not an explicit target of care. Furthermore, as
longitudinal sampling weights are not available at
this time for the HRS/Medicare data, these data was
analyzed as a cohort of individual patients from

a wide range of hospitals rather than to provide strict
generalizability to the national depression prevalence.
Finally, the possibility of residual confounding
remains as in any observational study.
In conclusion, using a nationwide sample of older
adults, we found that patients surviving severe sepsis
have a prevalence of substantial depressive symptoms
considerably higher than general population estimates. We did not ﬁnd evidence that severe sepsis or
its treatment-related exposures are associated with
increased risk of subsequent depressive symptoms.
However, we did identify that the risk of substantial
depressive symptoms after a hospitalization for severe
sepsis was 2.2-times higher for patients with premorbid substantial depressive symptoms. In addition,
greater postsepsis functional impairment was also
associated with substantial depressive symptoms.
Future research to ﬁnd interventions that prevent or
ameliorate depressive symptoms in the aftermath of
severe sepsis is particularly important given the
enormous toll that sepsis and depression take on older
patients, their families, and the healthcare system.
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