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Abstract
Context—Cognitive impairment and functional disability are major determinants of caregiving
needs and societal healthcare costs. Although the incidence of severe sepsis is high and rising,
especially among older adults, the magnitude of patients’ long-term cognitive and functional
limitations after sepsis is unknown.

Objective—Determine the change in cognitive impairment and physical functioning among
patients who survive severe sepsis, controlling for their pre-sepsis functioning.

Design—Prospective cohort.

Setting—The Health and Retirement Study (HRS) conducted interviews with a nationally
representative cohort of older Americans every 2 years during 1998–2006. There were 9,223 HRS
respondents with linked Medicare claims who had a baseline cognitive and functional assessment
1998–2004.

Patients—1,520 hospitalizations for severe sepsis occurred in 1,194 patients, as ascertained from
Medicare claims linked to the HRS. Of this group, 516 individuals survived 623 episodes of
severe sepsis and had at least 1 follow-up survey, and were analyzed here. A comparison group
included 5,574 respondents who experienced a non-sepsis general hospitalization in the study
period, of whom 4,517 survived to at least 1 follow-up survey for analysis here.

Interventions—None

Main Outcomes Measures—Personal interviews with respondents and proxies were used to
assess cognitive impairment using the validated modified-TICS and IQCODE questionnaires.
Disability was measured by the number of ADLs and IADLs for which patients needed assistance.
We used within-person regression to identify the association of sepsis with changes in the
trajectory of disability with up to 8 years of post-sepsis follow-up.
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Results—Survivors’ mean age at hospitalization was 76.9 years. The prevalence of moderate/
severe cognitive impairment increased 10.6 percentage points among patients who survived severe
sepsis, an odds ratio of 3.33, (95% CI: 1.53, 7.25) in multivariable regression. Likewise, a high
rate of new functional limitations was seen following sepsis in those with no limits before sepsis
(mean 1.57 new limitations [95% CI: 0.99, 2.15], where no effect would be 0 new limitations) and
in those with mild/moderate limitations before sepsis (mean 1.50 new limitations [95% CI: 0.87,
2.12]). In contrast, non-sepsis general hospitalizations were associated with no change in
moderate/severe cognitive impairment (OR: 1.15, 95% CI: 0.80, 1.67, differences versus sepsis
p=0.012) and much smaller changes in functional limitations (mean 0.48 [95% CI: 0.39, 0.56] and
0.43 [95% CI: 0.23, 0.63] new limitations among those with no and mild/moderate limits before
hospitalization, respectively; differences versus sepsis p<0.001 and p=0.001). The declines in
cognitive and physical function persisted for up to 8 years of follow-up.

Conclusion—Severe sepsis in this older population was independently associated with
substantial and persistent new cognitive impairment and functional disability among survivors.
The magnitude of these new deficits was large, likely resulting in a pivotal downturn in patients'
ability to live independently. Identifying modifiable components of hospital and rehabilitation care
to prevent these disabilities would be valuable for patients and their families.

Please Note: This is the manuscript as accepted by JAMA, but it does not contain the
significant copy-editing and content clarification provided by JAMA. The final version as
published in JAMA - which should be considered the definitive version - is available at:
http://jama.ama-assn.org/content/304/16/1787.abstract or doi: 10.1001/jama.2010.1553.

Cognitive impairment and physical disability are major health burdens and drivers of health
care costs. The onset of disability is associated with worsened mortality 1 and substantial
increases in medical costs over subsequent years,2 including a disproportionate strain on
Medicaid and Medicare. Both cognitive and physical disability impose yet further burdens
on families and informal caregivers.3 Irreversible cognitive and physical impairment
following acute illnesses (such as severe sepsis) are particularly feared outcomes, and weigh
heavily on patient decision-making.4

Hundreds of thousands of patients endure severe sepsis each year in the U.S alone.5 It has
been suspected that many are discharged with a new—but poorly defined—constellation of
cognitive and functional impairments, 6 which may explain their reduced quality of life.7

Even hospitalizations for less severe illness often result in a period of functional disability 8

and may hasten the progression of dementia.9, 10 Long-term cognitive and functional
declines have been shown among survivors of other critical illnesses, but these declines may
be at least partially preventable.11–14 Although severe sepsis is the most common non-
cardiac cause of critical illness,5, 15 the long-term impact of severe sepsis on cognitive and
physical functioning is unknown.

We studied whether an incident episode of severe sepsis increased the odds of subsequent
worsened cognitive impairment and functional disability among those who survive. We took
advantage of an ongoing cohort study that is nationally representative of older Americans,
and which included detailed information from personal surveys and Medicare claims. This
provided a unique opportunity to examine the long-term impact of severe sepsis within a
large representative cohort with well-characterized cognitive and physical functioning,
before—and up to 8 years after—incident disease.
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METHODS
Data Source

The Health and Retirement Study (HRS) is an ongoing cohort nationally representative of
community-dwelling Americans over the age of 50. Begun in 1992, over 27,000 individuals
have contributed 200,000 hours of data-collection interviews. Every two years, the cohort
has been re-interviewed about a wide array of topics, including detailed questions about
their functional status. The HRS achieved a very high follow-up rate, including the use of
proxies when respondents could not complete the survey on their own; reinterview rates
routinely exceeded 90–95%.16 16,772 individuals in the HRS have consented for linkage of
their HRS data with Medicare.

We studied all respondents with at least one HRS interview during 1998–2004 in which
cognitive and physical functioning were assessed, and for whom there were subsequent
claims-based data on a hospitalization for severe sepsis during 1998–2005 (Figure 1). All
patients were followed through death or the 2006 HRS survey. Our primary analyses focus
on hospitalizations which patients survived until at least one follow-up interview–the
“survivors” cohort.

Characteristics of the hospitalizations for severe sepsis were abstracted from the Medicare
claims, including organ dysfunction score (the sum of number of organ failures of
cardiovascular, neurologic, hematologic, hepatic, renal or respiratory failure).5, 17 Self-
reported race and ethnicity were included only in the descriptive statistics, as they may be of
interest to some readers.

Definition of Severe Sepsis
We relied on a claims-based definition of severe sepsis, which has been widely used and
clinically validated.5 This definition requires evidence of both an infection and new-onset
organ dysfunction during a single hospitalization. If a patient had more than one distinct
septic hospitalization, each hospitalization was included. We conducted our cohort analyses
for patients who received and did not receive mechanical ventilation in order to ensure that
our results were not simply the result of ARDS.

As a comparison, we conducted parallel analyses in a cohort of 5,574 hospitalizations. These
were first hospitalizations for members of the linked HRS-Medicare cohort which included
neither severe sepsis nor critical care use, and for which baseline survey and at least one
follow-up interview were available. We refer to these comparisons as “non-sepsis general
hospitalizations.”

Definition of Functional Status
At each wave of the HRS, patients or their proxies were asked if they required assistance
with any of 6 Activities of Daily Living (ADLs: walking, dressing, bathing, eating, getting
into and out of bed, and toileting) or 5 Instrumental Activities of Daily Living (IADLs:
preparing a hot meal, shopping for groceries, making telephone calls, taking medicines, and
managing money). As others have done, we totaled the number of ADLs and IADLs to
create a total deficiency score, running from 0 (requiring no assistance) to 11 (requiring
assistance on all ADLs and IADLs).18 The HRS asked proxies to evaluate the functional
status of patients who could not answer for themselves; proxies could answer these
questions with high reliability.18 For some analyses, a baseline of functioning was used,
defined as the last survey prior to severe sepsis. It was decided a priori that patients would
be divided into 3 groups based on their baseline functioning: “no limits” having 0
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deficiencies, “mild/moderate limitations” having 1–3 deficiencies, and “severe limitations”
having 4 or more deficiencies.

Definition of Cognitive Impairment
The HRS assessed cognitive function in 2 ways during biennial personal interviews. For
those age 65 and above, a 35-point scale was administered that included tests of memory,
serial seven subtractions, naming, and orientation. 19, 20 For self-respondents under age 65,
the HRS administered a more limited 27-point scale that excluded the orientation measures.

For patients aged 65 and above who were unable to be interviewed themselves, the validated
Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE) 21 was
administered to proxies. The IQCODE was not administered to proxies representing
respondents younger than 65, but the following questions were used to determine cognitive
function for these younger respondents: “How would you rate [the respondent’s] memory at
the present time?” and “How would you rate [the respondent] in making judgments and
decisions?” The response options for both of these questions were: excellent, very good,
good, fair, or poor.

We defined cut-points on the cognitive assessments for mild and moderate/severe cognitive
impairment based on prior studies with the HRS data,3, 22, 23 as well as the methods used for
the Aging, Demographics, and Memory Study (ADAMS), a supplemental study of dementia
in the HRS. 24 These cut-points defined a level of cognitive impairment that was generally
consistent with mild and moderate / severe dementia in the ADAMS. Further detail on the
HRS cognitive measures is available.25

Analyses
For analyses of functional status, our primary outcome was measured by a combined ADL
and IADL score. For unadjusted analyses, we grouped patients by the number of surveys
they had completed since the occurrence of severe sepsis; for example, we compared all
patients at their last survey before hospitalization with severe sepsis to patients at their first
survey after severe sepsis, and so on. For multivariable models, we use longitudinal models
to examine the association between the timing of severe sepsis and the timing of cognitive
and functional changes; these models use only within-person variation over time in
functional status to estimate the impact of severe sepsis, and control for characteristics of the
patient that did not change over time—in essence, patients served as their own controls.26

Specifically, we constructed latent growth curve models using a hospitalization-level fixed
effect, sometimes also called conditional models.26 These results controlled for not only the
functional status of the patient before his or her episode of severe sepsis, but also for their
functional trajectory. All of these sequential evaluations were included in the analysis. In
these models, time from admission with severe sepsis to survey interview was measured to
the day as a continuous variable. Additional information about the statistical approach is
presented in the eMethods. Fixed effects models were estimated using xtreg, fe in Stata
10.1. We also replicated our findings using random effects models (using xtmixed) and
ordered logistic regression models (where the number of I/ADL limitations was treated as
ordinal categories, using GLLAMM, with random intercepts) in Stata, and our findings were
similar across modeling strategies. These analyses were not conducted according to a fully
pre-specified protocol.

For analyses of cognitive functioning, our primary outcome was level of cognitive
impairment. Unadjusted analyses were conducted as for functional status. For multivariable
analyses, we used conditional logistic regression to analyze the impact of severe sepsis on
moderate/severe cognitive impairment among survivors, using clogit in Stata 10.1. As for
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functional status, these analyses used only within-person variation over time to estimate the
effect of severe sepsis, controlling for time-invariant characteristics of the respondent.

All analyses were conducted with the hospitalization as the unit of analysis unless otherwise
indicated. Two-sided significance testing was used throughout, and a p value of 0.05 was
considered statistically significant.

Human Subjects
This work was approved by the University of Michigan Institutional Review Board. Patients
provided informed consent on enrollment in the HRS, and again for linkage to Medicare
claims.

RESULTS
There were 1,520 identified episodes of severe sepsis among 1,194 respondents in the HRS
for the years 1998 – 2005, from a cohort of 9,223 respondents. (Figure 1) Detail about the
entire population of severe sepsis hospitalizations is presented in eTable 1. 90 day mortality
after severe sepsis was 41.3% (95% CI: 38.8%, 43.8%); 5-year mortality was 81.9% (95%
CI: 79.8%, 84.0%). 5-year survival curves, including those showing increased mortality for
those with cognitive and functional deficits before sepsis, are presented in eFigure 1. 516
individuals survived 623 episodes of severe sepsis and had at least 1 follow-up survey; these
hospitalizations by survivors are our primary cohort for analysis. Their demographics are
reported in Table 1, grouped by their baseline functional status. Mean age was 76.9 years
upon admission. 20.4% of severe sepsis hospitalizations involved major surgery and 19.7%
involved mechanical ventilation during their sepsis hospitalization. Their mean Charlson
score was 1.88 for the sepsis hospitalization. 86.8% had normal cognition at baseline, 7.1%
were mildly cognitively impaired and 6.1% were moderately/severely cognitively impaired.
Patients were followed for up to 4 surveys (7.8 years) of data prior to severe sepsis, and up
to 4 surveys (8.3 years) afterwards.

Cognitive Outcomes
Incident severe sepsis was associated with a clinically and statistically significant increase in
moderate/severe cognitive impairment among survivors. For example, 6.1% (95% CI: 4.2%,
8.0%) of eventual survivors had moderate/severe cognitive impairment at the survey just
before severe sepsis, and the prevalence increased to 16.7% (95% CI: 13.8%, 19.7%) at the
first survey after severe sepsis (Figure 2, p<0.001 by χ2). In conditional logistic regression,
with each patient serving as his or her own control, the incidence of severe sepsis remained
highly associated with progression to moderate/severe cognitive impairment (OR: 3.33, 95%
CI: 1.53, 7.25, Table 2). There was no association between severe sepsis and the net
prevalence of mild cognitive impairment in adjusted or unadjusted analyses, as
approximately equal numbers of previously normal patients developed mild cognitive
impairment after severe sepsis as patients with pre-sepsis mild cognitive impairment
developed moderate/severe cognitive impairment after severe sepsis.

Functional Outcomes
Survivors of hospitalization for severe sepsis were at greater risk of additional functional
limitations at their next survey. Sepsis was associated with the development of new I/ADL
limitations; this was a substantial worsening in their trajectory relative to before sepsis. The
negative effects of severe sepsis were greater in those patients with better baseline physical
functioning (Figure 3). The new functional deficits were not concentrated in any particular
subset of the functioning measures (Figure 4).
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The independent effects of severe sepsis on long-term disability persisted in multivariable
analyses with each patient’s pre-sepsis functional trajectory serving as his or her own
control. Table 3 shows that severe sepsis was associated with the development of 1.57 (95%
CI: 0.99, 2.15) new limitations among patients with no functional limitations before sepsis.
Patients with mild/moderate limitations before sepsis had a similar increase of 1.50 new I/
ADL limitations (95% CI: 0.87, 2.12). For those with mild/moderate limitations at baseline,
not only was sepsis associated with an acute increase in the number of functional limitations,
but sepsis also heralded a more rapid rate of developing further limitations thereafter, at 0.51
new limitations per year (p=0.007 for difference versus baseline). In contrast, patients with
already poor functioning did not experience a statistically significant change in functioning
with severe sepsis, although the regressions may be limited by ceiling effects in
measurement of functioning.

59.3% (95% CI: 55.5%, 63.2%) of severe sepsis hospitalizations were associated with
worsened cognitive and/or physical function in survivors at the first post-sepsis survey. The
association of severe sepsis with increased functional limitations remained clinically
meaningful and statistically significant in regression when controlling for changes in level of
cognitive impairment after severe sepsis. (1.30 [95% CI: 0.86, 1.74] new limitations for
those with no limitations at baseline; 1.20 [95% CI: 0.62, 1.79] new limitations for those
with mild/moderate limitations at baseline.) The increased risk of moderate/severe cognitive
impairment remained clinically meaningful but was attenuated in the regressions when
controlling for contemporaneous changes in levels of physical functioning after severe
sepsis (OR: 1.73, 95% CI: 0.83, 3.6).

Comparison to Other Hospitalizations
The changes in physical and cognitive functioning noted after severe sepsis were worse than
those seen after non-sepsis general hospital admissions in a cohort of 4,517 survivors of
5,574 hospitalizations. Thus, patients who did not develop severe sepsis and who had no
functional limitations prior to their hospitalization developed an average of 0.48 (95% CI:
0.39, 0.57, n=2,852, difference versus severe sepsis: p<0.001, see eTable 3) new functional
limitations, and patients with mild/moderate functional limitations at baseline developed
0.46 (95% CI: 0.23, 0.63, n=1,124, difference versus severe sepsis: p<0.001, see eTable 3)
new functional limitations after a non-sepsis general hospitalization. Again in contrast to the
effect seen with sepsis, non-sepsis hospitalizations were not associated with a clinically or
statistically significant increase in the odds of moderate/severe cognitive impairment (OR:
1.15, 95% CI: 0.80, 1.67, n=4,517, difference versus severe sepsis: p=0.012, see eTable 4).

Subgroup and Sensitivity Analyses
We replicated our analyses in several subgroups to examine their robustness. For example,
the effects of severe sepsis were quite similar in the 500 survivors who had severe sepsis but
did not require mechanical ventilation. The regression demonstrated a similarly increased
odds (OR: 4.0, 95% CI: 1.71, 9.31) of developing moderate/severe cognitive impairment
after severe sepsis among patients who were not mechanically ventilated. Similarly, in the
205 survivors with no limitations at baseline, severe sepsis without mechanical ventilation
was associated with the development of 1.56 new functional limitations (95% CI: 0.91, 2.22)
in multivariable fixed-effects models. For 163 patients with mild/moderate limitations,
severe sepsis without mechanical ventilation was associated with 1.65 new functional
limitations (95% CI: 1.01, 2.28).

A potential threat to the validity of the results is that patients may have suffered some other
cause of cognitive and functional decline between their baseline survey and their sepsis
hospitalization. Therefore, we reanalyzed data for the smaller subset of 276 survivors who
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were never hospitalized between their baseline survey and their severe sepsis admission. We
found consistent results, albeit with larger standard errors. In this subpopulation, severe
sepsis was associated with increased odds of moderate/severe cognitive impairment (OR:
2.49, 95% CI: 0.99, 6.26). In the 128 patients with no functional limitations at baseline and
no intercurrent hospitalizations, severe sepsis was associated with the development of 1.46
new functional limitations (95% CI: 0.76, 2.15). In the 86 patients with mild to moderate
functional limitations at baseline and no intercurrent hospitalizations, severe sepsis was
associated with the development of 1.34 new functional limitations (95% CI: 0.34, 2.34).

Further sensitivity analyses were performed, and yielded consistent results. The associations
between severe sepsis and functional and cognitive impairment were substantively similar in
those aged 65 and above at baseline cognitive assessment, and who therefore were assessed
using a single instrument before and after severe sepsis. (See eTables 5 and 6.) The patterns
observed for functional limitations were similar in a larger cohort of 2,043 hospitalizations
(including 829 hospitalizations among 684 survivors) for severe sepsis followed for up to 14
years during the period 1992–2006. (See eTable 7.) Examining only the subset of 516 first
sepsis admissions for each survivor—so that no patient appeared in the analysis more than
once—yielded nearly identical results. (See eTables 8 and 9.)

DISCUSSION
In this nationally representative cohort of older Americans, we have demonstrated for the
first time that severe sepsis is independently associated with enduring cognitive and
functional limitations. Severe sepsis is independently associated with a tripling in the odds
of moderate/severe cognitive impairment (OR: 3.33). Further, severe sepsis was
independently associated with the acquisition of 1.5 new functional limitations in patients
with no, mild or moderate pre-existing functional limitations. These new disabilities were
substantially larger than those seen after non-sepsis general hospital admissions. Cognitive
and functional declines of the magnitude seen after severe sepsis are associated with
significant increases in caregiver time, nursing home admission, depression, and
mortality. 3, 27–30 These data argue that the burden of sepsis survivorship is a substantial,
under-recognized public health problem with major implications for patients, families and
the health care system.

Our findings, and the nationally representative data from the HRS, allow us to make an
estimate of the overall public health burden of sepsis on “brain health” among older adults in
the US. Given published dementia 31 and sepsis 5 incidence rates for those age 65+ in the
U.S., our results suggest that nearly 20,000 new cases per year of moderate/severe cognitive
impairment in the elderly may be attributable to sepsis. Thus, an episode of severe sepsis,
even when survived, may represent a sentinel event in the lives of patients and their families,
resulting in new and often persistent disability.3, 22 This level of severe cognitive
impairment has been associated with an additional 40 hours per week of informal care
provided by families, 3 analogous to an additional full-time job for many families of sepsis
survivors. If causally related, this represents a substantial public health burden of accelerated
or de novo brain dysfunction, and one that has received almost no attention, even in the face
of the dramatically rising incidence of severe sepsis. 15 In marked contrast to Alzheimer’s
disease and some other forms of dementia, onset and acceleration of cognitive impairment
due to sepsis is likely at least partially preventable in many patients. These benefits might be
achieved by raising the standard of care for patients who develop sepsis—both sepsis-
specific care as well other ICU practices such as sedation management and early physical
and cognitive rehabilitation—and by avoiding sepsis altogether.32 Improving the prevention
and management of sepsis may warrant a place in the broader “brain health” and disability
agendas.
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Although an observational study can never prove causation, there are multiple plausible
causal pathways by which sepsis and its treatment may lead to significant declines in
physical and cognitive function. The literature on ICU-acquired weakness and chronic
illness myopathy and polyneuropathy suggests that there is a direct inflammatory and
hypoperfusion-mediated degradation of muscle fibers and neurons 33–35 which may be
exacerbated by prolonged immobility 36 and lack of physical therapy. 37 Similarly, frank
hypotension or relative hypoperfusion may directly contribute to brain injury and subsequent
cognitive impairment. 38–40 Inflammation—a cardinal component of the pathophysiology of
sepsis—is hypothesized to contribute to both vascular dementia and Alzheimer’s
disease. 6, 10, 41 Delirium, an acute form of brain dysfunction characterized by inattention, is
common in sepsis, preventable and treatable. 42, 43 Delirium has been associated with
increased cognitive decline among patients with Alzheimer’s disease9, 44 as well as with
increased rates of long-term cognitive impairment in mechanically ventilated patients. 45

Basic biological research to understand these mechanisms is clearly warranted. Equally
pressing is the need for innovative clinical trials of both sepsis-specific therapy and
improved life support. Our results suggest that such trials should look beyond short-term
mortality to long-term cognitive and functional outcomes of crucial interest to patients. 46

We conducted analyses that address several possible limitations. The regression used only
within-person variation in order to estimate the association with severe sepsis; thus,
characteristics of the survivors that did not change over time cannot explain the timing of
changes in functional status. The different cognitive and physical function outcomes
between the survivors of severe sepsis and survivors of the comparison general
hospitalizations suggest that the sepsis results were not simply due to the aging of the cohort
or the mere fact of hospitalization, processes shared equally by both groups. These different
outcomes also suggest that our results cannot be attributed solely to asymmetric censoring,
one form of a potential bias known as “truncation by death.”47 However, as patients with
worse cognitive and physical functioning have greater mortality (see eFigure 1),22, 30 there
may be some conservative bias in our results (towards the null). This form of truncation by
death results if patients with the worst cognitive and physical declines after sepsis do not
survive long enough for a follow-up survey. To the extent that such truncation by death is
present, our results are biased towards the null and the full effect of severe sepsis on
cognitive and physical functioning would be even greater.

Our study has several limitations. Unlike prior studies that have focused on acute functional
decline in the peri-hospitalization period,1, 8, 48–50 the present results demonstrate only long-
term effects; short-term deficits (e.g., less than 6–12 months) are likely greater, with at least
some patients recovering some function prior to their next HRS biennial survey. The
neuropsychological battery that we used provided an assessment of global cognitive
function, but did not allow detailed study of individual cognitive domains, nor did it
establish a definitive clinical diagnosis of dementia. Importantly, we used cognitive
categories and cut-off scores that have shown good correlation with clinical dementia51 and
expected outcomes of dementia3, 27 in prior studies. We used a claims-based definition of
severe sepsis. While this is not the same as prospective clinical assessment, it is the same
approach used in recent landmark epidemiologic studies. 5, 15 Our data were restricted to
fee-for-service Medicare patients aged 65 and above; the impact of severe sepsis in younger
patients may be different.5 We have shown that these deteriorations were temporally
associated with severe sepsis and independent of other stable patient characteristics, but we
have not conclusively proven that it was severe sepsis rather than other co-occurring events
that led to these declines. Although this is the largest study to date of severe sepsis and our
outcomes of interest, our study was not powered to examine interactions, such as the extent
to which the changes after sepsis varied with the number of organ failures or type of inciting
organism. Medicare claims lack the information necessary to disentangle whether particular
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acute interventions are associated with differing long-term outcomes. Finally, we
demonstrated the association of severe sepsis with functioning under the treatment regimes
in effect in a range of U.S. hospitals at a particular point in time. New treatments for sepsis,
or changes in life support or other hospital practices, may modify the long-term cognitive
and functional impacts of severe sepsis, even if these deficits are not the an explicit target of
care.

In summary, in this large nationally representative cohort of older adults, we found that the
odds of acquiring moderate/severe cognitive impairment were 3.3 times as high following an
episode of sepsis, with an additional mean increase of 1.5 functional limitations per person
among those with no, mild or moderate pre-existing functional limitations. Thus, sepsis is
often a sentinel event in the lives of older patients, initiating major and enduring cognitive
and functional declines with lasting implications for patients’ independence, for their loved
ones, and for the societal institutions charged with supporting them. Future research to
identify mechanisms leading from sepsis to cognitive impairment and functional disability—
and interventions to prevent or slow these accelerated declines—is especially important now
given the aging of the population.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Patient Cohorts
Note that this is a hospitalization-level analysis. As such, in the severe sepsis cohort, a single
respondent might contribute a hospitalization to the Survivor cohort in one hospitalization,
but be Lost to Follow-up after a future hospitalization. Thus the categorization of
hospitalizations as included vs. excluded are mutually exclusive, but the categorizations of
respondents (*) are not. The comparison hospitalizations were all first hospitalizations.
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Figure 2. Cognitive Impairment among Survivors of Severe Sepsis at Each Survey Time Point
The (unadjusted) percentage of surviving patients suffering from cognitive impairment at
each time point is shown, on the white background before sepsis and on the grey
background after sepsis. 95% confidence intervals for the proportions are shown.
Interpretive Example: These data demonstrate that in comparison to relatively stable rates
before severe sepsis, the prevalence of moderate/severe cognitive impairment among
eventual survivors increased from 6.1% (95% CI: 4.2%, 8.0%) before severe sepsis to
16.7% (95% CI: 13.8%, 19.7%) at the first survey after severe sepsis (p<0.001 by χ2). (See
also Table 2.)
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Figure 3. Functional Trajectories by Baseline Functioning
The mean number (unadjusted) of functional limitations of surviving cohort members is
shown; surveys before sepsis are on the white background and interviews after sepsis are on
the gray background. 95% confidence intervals for the means are shown.
Interpretive Example: In the groups which had no limitations or mild/moderate limitations
prior to sepsis, their trajectory had been stable before sepsis but they developed
approximately 2 new limitations after severe sepsis. In contrast, patients with severe
limitations at baseline, who had been steadily acquiring limitations over years prior to severe
sepsis, had a modest increase from a baseline of 6.99 to 7.98 at their first survey post-sepsis.
(See also Table 3.)
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Figure 4. Change in Individual ADLs and IADLs
The proportion of patients with difficulty in each of the activities of daily living and
instrumental activities of daily living is shown. The last survey before hospitalization is
compared to the first survey after severe sepsis. Patients are grouped by functional status as
in Figure 3.
Interpretive Example: No single ADL or IADL accounted for the worsened functional
status among survivors of severe sepsis. Instead, there was a wide range of new difficulties
across the array of activities.
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Table 1
Demographics of Study Cohort of Survivors, by Baseline Physical Functioning (n= 623)

Data for the entire cohort of incident severe sepsis hospitalizations are in eTable 1, and on risk factors for
cognitive impairments are presented in eTable 2.

No Limits Mild / Moderate Limits Severe Limits

n 269 195 159

Male (%) 143 (53%) 92 (47%) 46 (29%)

Black (%) 49 (18%) 41 (21%) 38 (24%)

Hispanic (%) 19 (7%) 12 (6%) 13 (8%)

Age at Sepsis (mean (SD), years) 75.8 (7.5) 76.7 (9.5) 79.1 (9.6)

Length of Stay (mean (SD), days) 11.4 (10.7) 11.3 (11.2) 8.5 (6.3)

Required Mechanical Ventilation 64 (23%) 32 (16%) 27 (17%)

Required Dialysis 9 (3.4%) 6 (3.1%) 12 (7.6%)

Used an Intensive Care Unit 137 (51%) 75 (38%) 57 (36%)

Underwent Major Surgery 73 (27%) 39 (20%) 15 (9%)

Charlson Score (mean (SD)) 1.69 (1.42) 1.96 (1.64) 2.11 (1.41)

Organ Dysfunction Score (mean (SD)) 1.15 (0.39) 1.16 (0.45) 1.11 (0.34)

Acute Cardiovascular Dysfunction 60 (22%) 62 (32%) 45 (28%)

Acute Neurologic Dysfunction 19 (7%) 20 (10%) 17 (11%)

Acute Hematologic Dysfunction 61 (23%) 34 (17%) 27 (17%)

Acute Hepatic Dysfunction 2 (1%) 0 (0%) 1 (1%)

Acute Renal Dysfunction 103 (38%) 79 (41%) 60 (38%)

Acute Respiratory Dysfunction 64 (24%) 32 (16%) 27 (17%)

Baseline Cognition Normal 254 (94%) 182 (93%) 105 (66%)

Baseline Mild Cognitive Impairment 15 (5.6%) 9 (4.6%) 20 (12.6%)

Baseline Moderate/Severe Cognitive Impairment 0 (0.0%) 4 (2.1%) 34 (21.4%)

Baseline ADL Deficiencies (mean (SD)) 0 (0) 1.3 (0.9) 4.0 (1.7)

Baseline IADL Deficiencies (mean (SD)) 0 (0) 0.5 (0.7) 3.0 (1.5)

Proxy Respondent at Baseline 9 (3%) 22 (11%) 59 (37%)

Proxy Respondent at First Post-Sepsis Survey 46 (17%) 47 (24%) 87 (55%)
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Table 2
Severe Sepsis and Moderate/Severe Cognitive Impairment Among Survivors

Results of latent growth curve regression with individual-level fixed effects, controlling for all time-invariant
characteristics of the patient. Confidence intervals are in parentheses. The absence of association would be
indicated by an odds ratio of 1.

Odds Ratio 95% CI p-value

Before Sepsis (per additional year) 1.35 (1.11, 1.65) p = 0.002

Effect of Sepsis 3.34 (1.53, 7.25) p = 0.002

After Sepsis (per additional year) 1.68 (1.28, 2.21) p < 0.001

Interpretation Example: With each passing year, patients were modestly more likely to develop moderate/severe cognitive impairment. After
severe sepsis, survivors had a 3.3-fold greater odds of having moderate/severe cognitive impairment than before sepsis. (See also Figure 2.)
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Table 3
Acquisition of New Functional Limitations Before and After Sepsis Among Survivors, by
Functional Class at Baseline

Results of latent growth curve regression with individual-level fixed effects, controlling for all time-invariant
characteristics of the patient. The within-patient R2 were 0.25 for the no limitation group, 0.37 for those with
mild/moderate baseline limitations, and 0.45 for those with severe baseline limitations. Confidence intervals
are in parentheses. The absence of association would be indicated by the acquisition of 0 new functional
limitations.

Functional Class at Baseline

No Limits Mild/Moderate Limits Severe Limits

n = 269 n = 195 n = 159

Before Sepsis (per year) −0.020 (−0.046,0.086) 0.11 (0.01,0.21) 0.84 (0.73,0.92)

 p-value p = 0.545 p = 0.027 p < 0.001

Effect of Sepsis 1.57 (0.99,2.15) 1.50 (0.87,2.12) 0.04 (−0.74,0.81)

p-value p < 0.001 p < 0.001 p = 0.927

After Sepsis (per year) 0.19 (−0.03,0.41) 0.51 (0.24,0.77) 0.16 (−0.19,0.50)

 p-value p = 0.093 p < 0.001 p = 0.369

Interpretive Example: Patients with mild/moderate limitations at baseline were acquiring 0.11 new limitations per year prior to severe sepsis.
They acquired 1.50 new limitations at the time of their hospitalization for severe sepsis. In addition, each year after sepsis, they acquired 0.51 new
limitations per year, a statistically significant increase relative to their rate before sepsis. (See also Figure 3.)
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