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Rationale: Survivors of critical illness suffer significant limitations
and disabilities.
Objectives: Ascertain whether severe sepsis is associated with in-
creased risk of so-calledgeriatric conditions (injurious falls, lowbody
mass index [BMI], incontinence, vision loss, hearing loss, andchronic
pain) and whether this association is measured consistently across
three different study designs.
Methods: Patientswith severe sepsiswere identified in theHealth and
RetirementStudy,anationallyrepresentativecohort interviewedevery
2 years, 1998 to 2006, and in linked Medicare claims. Three compara-
tors were used to assess an association of severe sepsis with geriatric
conditions in survivors: the prevalence in theUnited States population
aged 65 years and older, survivors’ own pre-sepsis levels assessed be-
fore hospitalization, or survivors’ own pre-sepsis trajectory.
Measurements and Main Results: Six hundred twenty-three severe
sepsis hospitalizations were followed a median of 0.92 years. When
compared with the 65 years and older population, surviving severe
sepsis was associatedwith increased rates of low BMI, injurious falls,
incontinence, and vision loss. Results were similar when comparing
survivors to their own pre-sepsis levels. The association of low BMI
and severe sepsis persisted when controlling for patients’ pre-sepsis
trajectories, but there was no association of severe sepsis with inju-
rious falls, incontinence, vision loss, hearing loss, and chronic pain
after such controls.
Conclusions: Geriatric conditions are common after severe sepsis.
However, severe sepsis is associated with increased rates of only
a subset of geriatric conditions, not all. In studying outcomes after

acute illness, failing tomeasure and control for both preillness levels
and trajectories may result in erroneous conclusions.
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cohort studies; trajectory bias

A substantial body of research has demonstrated that survivors
of critical illness face extensive physical, psychological, cognitive,
and social deficits in the aftermath of their critical illness (1).
For example, survivors of acute respiratory distress syndrome
(ARDS) have prolonged 6-minute walk times, executive dys-
function, other neuropsychiatric deficits, and diminished ability
to return to work (2–13). Numerous studies have found quality
of life among survivors of critical illness (14, 15), severe sepsis
(16, 17), and ARDS (4–8, 13, 18) to be abnormally low.

Patients surviving critical illness have limitations and disabil-
ities somewhat characteristic of an older adult population.
Rubenfeld recently postulated a “progeric hypothesis” that the
sequelae of critical illness mirror accelerated aging (19). This
hypothesis suggests that severe sepsis may be associated with
the development of so-called geriatric conditions (15, 20, 21).
These are conditions common among older adults, multifactorial
in etiology, and associated with disability, often contributing to
decreased quality of life (20–23). The following have been pre-
viously studied as geriatric conditions: dementia, falls, incon-
tinence, cachexia, poor vision, poor hearing, and chronic pain.
These result from a variety of different aging processes: brain
dysfunction (dementia), sarcopenia (cachexia, mobility impair-
ment) (24), and multidimensional problems stemming from mul-
tiple possible mechanisms (chronic pain) or the interaction of
multiple problems (incontinence, vision, hearing). Supporting
the progeric hypothesis, previous research found that survivors
of severe sepsis had increased rates of cognitive dysfunction and
limitations in activities of daily living (25).

Important source data on survivors of critical illness have come
from research studies using inception cohorts. This common study
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Survivors of critical illness in general, and severe sepsis in
particular, have a substantial burden of symptoms after their
acute illness.

What This Study Adds to the Field

Many common problems of aging—the so-called geriatric
conditions—have a very high prevalence among survivors
of severe sepsis, but they are not caused by severe sepsis.
However, common study designs that did not fully control
for pre-sepsis levels and trajectories of illness might have
reported a false-positive association.
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design involves empanelling patients at time of diagnosis and
following them forward to document their outcomes. Cohort
empanelment at diagnosis precludes prospective collection of pre-
diagnosis information. Retrospective collection of prediagnosis
data can be difficult (26, 27). If outcomes are worse than “ex-
pected,” it is sometime concluded that the condition caused the
poor outcomes, although those arguments may only be implied.

Our study has two objectives. The first is to test the hypothesis
that severe sepsis leads to an increase in the prevalence of geri-
atric conditions among survivors. The second is to examine the
concordance between different study designs evaluating the im-
pact of critical illness on survivors. Using a unique, nationally
representative cohort of older Americans who were interviewed
repeatedly for many years before their development of severe
sepsis, we compare three study designs. First, we replicate a typical
inception cohort design, comparing the prevalence of geriatric
conditions among survivors of severe sepsis to population norms.
Second, we use an alternative inception cohort design, in which
prospectively collected pre-sepsis assessment of survivors is com-
pared with the first post-sepsis assessment. Third, we expand our
use of pre-sepsis data, taking advantage of multiple years of pro-
spective pre-sepsis assessment of geriatric conditions, to deter-
mine whether severe sepsis is associated with the development
of new geriatric conditions, net of the baseline trajectory in the
development of these conditions.

METHODS

Data Source

The Health and Retirement Study (HRS) is an ongoing cohort nation-
ally representative of Americans over the age of 50 years. Begun in 1992,
more than 27,000 individuals have contributed 200,000 hours of data-
collection interviews. The cohort is reinterviewed biennially, including
detailed questions about their health. TheHRS has achieved a very high
follow-up rate, using proxies when respondents are unable to complete
the survey unassisted. Reinterview rates routinely exceed 90 to 95%
(28). Additionally, on reaching age 65 and Medicare eligibility, 16,772
HRS respondents have consented for their HRS data to be linked with
their Medicare claims data.

We studied all respondents with at least one HRS interview during
1998 to 2004 and for whom there were subsequent claims-based data on
a hospitalization for severe sepsis during 1998 to 2005. All patients were
followed through death or the 2006 HRS survey. Our analyses focus on
hospitalizations that respondents survived until at least one follow-up
interview—the “survivors” cohort. Further characterization of this se-
vere sepsis survivors cohort has been previously published (25).

Ascertainment of Severe Sepsis

We relied on a claims-based definition of severe sepsis, which has been
widely used (25, 29–34) and clinically validated (29, 35). Consistent with
an international consensus conference definition of severe sepsis, this
claims-based definition requires evidence of both an infection and new-
onset organ dysfunction during a single hospitalization (36). If a patient
had more than one distinct septic hospitalization, each hospitalization
was included.

Ascertainment of Outcomes: Geriatric Conditions

Geriatric conditions were ascertained based on interviews with respond-
ents or their proxies as previously described (20, 22). We examined the
active or severe forms:

d Falls: any fall resulting in injury, or three or more falls in the
previous 2 years.

d Incontinence: incontinence requiring an undergarment, or incon-
tinence 15 or more days each month.

d Low body mass index (BMI): below 18.5 kg/m2 (based on self-
report height and weight).

d Poor vision: poor eyesight or blindness despite use of corrective
lenses.

d Poor hearing: poor hearing despite use of hearing aids.

d Severe pain: “often” troubled with severe pain.

Analyses

Three analytic approaches were used. In the first, we replicated a cohort
of patients, empaneled on the day of hospital admission for severe sepsis
and followed forward in time to their first post-sepsis HRS interview.
The prevalence of each geriatric condition in this survivors cohort
was compared with the corresponding age-group–matched national
population estimate of prevalence, using a chi-square test. These na-
tional prevalence estimates were assessed using the same survey instru-
ment at a similar point in time (22).

In the second approach, a pre-/post- design in the same cohort was
used. Respondents with severe sepsis were compared with their own
pre-sepsis measurement of the outcome variables. These pre-sepsis
assessments were collected prospectively, thus limiting the potential bias
of retrospective assessment of the geriatric conditions before the sepsis
episode (26, 27). We present both unadjusted and adjusted models. Only
eventual survivors were included in pre-sepsis measurements, not all
pre-sepsis patients. In the adjusted models, respondents were matched
to their own pre-sepsis measurement, and only within-person variance
was examined; that is, respondents served as their own controls.

In the third approach, in the same cohort, multiple years of pre-sepsis
longitudinal data through the first post-sepsis assessment were analyzed.
Here, a within-person fixed effect model was used (also called a latent
growth curve model) (37, 38). (The term “fixed effect” is used here in
its econometric/panel data sense, not the somewhat distinct sense in
which the term is used in biostatistics [39].) Respondents again served
as their own controls, and only within-person variance was assessed.
Each respondent provided full control for all characteristics of that
respondent that did not change over time. These models are estimated
for a dichotomous outcome, using clogit in Stata v.12 (StataCorp LP;
College Station, TX). The independent variable, time from the inter-
view to severe sepsis, was measured as a continuous variable. The
effect of severe sepsis was estimated as a dichotomous indicator vari-
able, representing the extent to which the probability of the geriatric
condition was greater than expected based on the pre-sepsis linear time
trend. Similar models estimated the effects of severe sepsis on the total
number of geriatric conditions, using xtpoisson, fe in Stata. Consistent
with the Journal’s policy, please see a previously published online Ap-
pendix for additional details (25).

There are fewmissing data in theHRS for the outcome variables and
no missing data, by construction, for the exposure variable. (Details are
available from the authors on request.) Therefore, we conducted a com-
plete case analysis (40).

We performed two-sided significance testing, with a P value less than
0.05 considered significant. In regression models, SEs are adjusted for
the small number of patients with more than one hospitalization. The
University of Michigan Institutional Review Board approved this work.

RESULTS

The severe sepsis cohort was composed of 516 respondents who
survived to a follow-up survey, with 623 severe sepsis hospital-
izations among them (Table 1). The median age at hospitaliza-
tion was 77 years (interquartile range [IQR], 70–83 yr). The
mean length of hospital stay was 10.6 days; 43% spent time in
a critical care unit. The mean organ dysfunction score was 1.1.
The median time from hospital admission for severe sepsis to
follow-up assessment for geriatric conditions was 0.9 years,
(25th percentile, 0.4; 75th percentile, 1.4).

The prevalence of geriatric conditions among severe sepsis
survivors was high, especially in comparison with the overall
U.S. older adult population (Table 2). For example, 32% (95%
CI, 28–36%) of severe sepsis survivors reported falling, in
contrast to 9.6% of older Americans generally (P , 0.001).
Similarly, incontinence, low BMI, and poor vision (P , 0.001)
were significantly more common among severe sepsis survivors
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than older Americans. The prevalence of poor hearing was
higher among the overall older adult population than among
severe sepsis survivors (P , 0.001).

A similar picture emerges when comparing the prevalence
of geriatric conditions after severe sepsis to survivors’ own
prospectively collected pre-sepsis reports. Four of six geri-
atrics conditions showed a significant increase in prevalence
after hospitalization, compared with their prevalence before
severe sepsis (Table 3, first three columns). The prevalence of
incontinence, low BMI, poor vision, and poor hearing all in-
creased significantly in unadjusted models, with substantial
increases in both relative and absolute risk. Fully adjusted mod-
els, in which survivors served as their own controls, produced
similar patterns (Table 3, last two columns). Clinically and sta-
tistically significant increases were seen in all of the geriatrics
conditions, including a 63% increase in the odds of incontinence
and nearly 90% increases in the odds of poor hearing and poor
vision.

However, use of full longitudinal data yielded a different in-
terpretation. Figure 1 depicts unadjusted population prevalen-
ces. Negative numbers on the horizontal axis represent biennial
surveys before severe sepsis, with 21 being the last pre-sepsis
survey, 22 being the second-to-last, and so on. Except for low
BMI, a pre-sepsis increase in the prevalence of each geriatric
condition is evident. No difference was evident between the
interval within which the sepsis hospitalization occurred and
the other intersurvey intervals. These findings were confirmed
in the fully adjusted regression models (Table 4); for five of the
six geriatric conditions, severe sepsis was not associated with
a change in the pre-sepsis trajectory of development of the
conditions. The point estimates for these effects are small,
suggesting that this lack of association is not due to statistical
imprecision. In contrast, the odds of low BMI are statistically
significantly higher after severe sepsis than before. There was
also no association between severe sepsis and the total number
of geriatric conditions, after controlling for the baseline trajec-
tory (P ¼ 0.906).

We performed extensive sensitivity testing. Previous research
has suggested that critical illness may be associated with sarco-
penia, whereas Table 4 showed increased rates of low BMI but
no significant increase in falls. In post hoc review, it was noted
that bed-bound patients lack the opportunity to fall. Thus, if
severe sepsis were associated with a substantial increase in
patients no longer ambulating, there would be decreased oppor-
tunity among survivors to fall. Parallel analyses to Table 4
showed that severe sepsis was associated with a significant in-
crease in difficulty walking across a room (unadjusted: 39.5%
before severe sepsis, 63.2% after [P , 0.001]; odds ratio [OR],
2.79 [95% CI, 1.56–5.00], P ¼ 0.001 when controlling for pre-
sepsis trajectory). Likewise, severe sepsis was associated with
a significant increase in difficulty lifting 10 pounds (unadjusted:
54.8% before severe sepsis, 68.2% after [P , 0.001]; OR, 2.00
[95% CI, 1.31–3.05]; P ¼ 0.001 when controlling for pre-sepsis
trajectory). However, no association between severe sepsis and
falling was found among patients reporting no difficulty walking
across the room (OR, 0.55 [95% CI, 0.25–1.2]; P ¼ 0.144 when
controlling for pre-sepsis trajectory). Furthermore, restricting
analyses to only the first severe sepsis hospitalization in the data
for each patient produced substantively similar results (see
Tables E1 and E2 in the online supplement).

DISCUSSION

Our investigation of a nationwide, prospectively assessed cohort
of older Americans found that many geriatric conditions were
very common after hospitalization for severe sepsis. This reinfor-
ces previous findings that cognitive impairment and limitations in
activities of daily living are more common after severe sepsis
(25). These results demonstrate an increase in low BMI among
survivors, and in post hoc analyses, decreases in the ability to
walk across a room and lift 10 pounds. However, the prevalence
of five other major geriatric conditions—injurious falls, inconti-
nence, chronic pain, and vision and hearing impairment—were
not increased after severe sepsis when patients’ pre-sepsis tra-
jectories of illness were considered. Failure to measure and
control for these pre-sepsis trajectories might lead to the spuri-
ous inference of a clinically and statistically significant associa-
tion with severe sepsis. These findings have both clinical and
methodological implications.

Clinical Implications

These findings enrich our growing understanding of survivorship
after critical illness (1, 41, 42). First, they demonstrate the large
burden of consequential conditions carried by survivors. Incon-
tinence, pain, and sensory loss have an important impact on
patients and their caregivers. Evidence-based interventions to
provide amelioration exist (43–47), but physicians frequently

TABLE 1. DESCRIPTIVE STATISTICS FOR THE COHORT

Male, % 45.1

Age at sepsis, yr 76.9 (SD, 8.8)

Black, % 20.5

Hispanic, % 7.1

Length of stay, d 10.6 (SD, 10.0)

Mechanical ventilation, % 19.7

Dialyzed, % 4.3

Underwent major surgery, % 30.4

Used critical care, % 43.2

Organ dysfunction score 1.1

N ¼ 623 hospitalizations.

TABLE 2. COMPARISON OF THE SURVIVORS COHORT TO U.S. POPULATION PREVALENCE OF GERIATRIC
CONDITIONS AMONG THOSE AGED 65 YEARS AND OLDER

General Population Aged 651 yr Survivors of Severe Sepsis

Proportion (22) Proportion (95% CI) Difference vs. General Population

Incontinence 0.13 0.24 (0.21–0.27) P , 0.001

Low BMI 0.03 0.07 (0.05–0.09) P , 0.001

Poor hearing 0.26 0.15 (0.12–0.18) P , 0.001

Poor vision 0.08 0.20 (0.17–0.23) P , 0.001

Severe pain Not reported 0.12 (0.10–0.15) Not tested

Injurious fall 0.10 0.32 (0.28–0.36) P , 0.001

Definition of abbreviations: BMI ¼ body mass index; CI ¼ confidence interval.

General population data were assessed using the same instrument, previously published (22). Severe chronic pain was not

assessed in those data. P values are from a chi-square goodness of fit test.
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fail to diagnose or manage geriatric conditions (21). Taken to-
gether, this suggests that interventions to improve quality of life
for survivors might benefit from an increased geriatric focus.

The second clinical contribution of these findings is to suggest
that the negative long-term effects of severe sepsis may be focused
in sarcopenia and brain dysfunction, in contrast to other facets of
aging. Previous work has demonstrated amarked increase inmod-
erate to severe cognitive impairment after severe sepsis (24). The
present results demonstrate significant increases in cachexia,
weakness, and, as previously reported (25), limitations in walking
after severe sepsis. This contrasts with a lack of association of
severe sepsis with development of geriatric conditions not asso-
ciated with sarcopenia or brain dysfunction. Previous findings in
the same cohort had emphasized the overall high incidence of
disability after severe sepsis (25). If aging were a unitary process,
then the current findings would contradict those previous results.
Instead, the current findings provide support for a “brains and
muscles” focus—as opposed to other aging processes—potentially
narrowing the range of likely biologic mechanisms for the preva-
lent problems of survivorship. Further research on the progeric
hypothesis must, however, explain the unexpected null findings
with regard to self-reported falls. It is not clear whether this null
result is caused by limitations in self-report for this outcome,
unmeasured behavioral adaptation to the limits of sarcopenia
(48), or other mechanisms.

The findings of sarcopenia and cognitive impairment sug-
gest that severe sepsis produces frailty in survivors. Testing this
hypothesis requires a clear conceptualization of frailty, of
which there are at least two distinct, well-established options:
a “biologic syndrome” model developed by Fried and her

collaborators (49–57) and a “burden” model proposed by
Rockwood and his collaborators (58–60). The biological syn-
drome model conceptualizes frailty in terms of “decreased
physical reserves and resistance to stressors, resulting from
cumulative declines across multiple physiologic systems, and
causing vulnerability to adverse outcomes” (61, 62). Sarcope-
nia plays a crucial role in the Fried and colleagues conceptu-
alization, but it is not a sufficient condition (63). In contrast,
the burden model views frailty as an accumulated burden of
symptoms, diseases, conditions, disability, and the like (58–
60). The two conceptualizations do not identify the same
group of patients as frail (64), and it is not clear how well
either conceptualization correlates with ICU physicians’ bed-
side assessment and informal usage of the term. Understand-
ing the relationship between severe sepsis and frailty may offer
a promising way to refine the progeric hypothesis by specifying
which processes of aging are most relevant at the cellular,
organismal, individual, and social levels.

The third clinical contribution of these findings is to emphasize
that some of the burdens of survivorship may not be caused by
severe sepsis or ICU care. From a prevention perspective, this sug-
gests that some of the burdens of survivorship cannot be avoided
by actions in the ICU, as they predate ICU admission. From a dis-
charge and remediation perspective, the issue of causality is less
important than the magnitude of the unmet need—for sepsis sur-
vivors, that magnitude seems substantial for geriatric conditions.

Methodological Implications

Methodologically, these results serve as a caution against the
overinterpretation of studies based on inception cohorts that

TABLE 3. PROPORTION OF GERIATRIC CONDITIONS AFTER SEPSIS COMPARED TO SURVIVORS’ OWN PRE-SEPSIS LEVELS

Before Severe Sepsis After Severe Sepsis Unadjusted Chi-Square Matched Analysis Matched Analysis

Pre-/Post- Proportion (95% CI) Proportion (95% CI) P Value OR (95% CI) P Value

Incontinence 0.19 (0.16–0.22) 0.24 (0.21–0.27) 0.029 1.63 (1.13–2.35) 0.008

Low BMI 0.02 (0.02–0.04) 0.07 (0.05–0.09) ,0.001 7.75 (2.61–23.0) ,0.001

Poor hearing 0.10 (0.08–0.13) 0.15 (0.12–0.18) 0.013 1.88 (1.15–3.08) 0.012

Poor vision 0.15 (0.12–0.18) 0.20 (0.17–0.23) 0.019 1.86 (1.20–2.89) 0.006

Severe pain 0.12 (0.10–0.15) 0.12 (0.10–0.15) 0.975 1.00 (0.66–1.53) 1.000

Injurious fall 0.29 (0.25–0.33) 0.32 (0.28–0.36) 0.196 1.25 (0.91–1.70) 0.170

Definition of abbreviations: BMI ¼ body mass index; CI ¼ confidence interval; OR ¼ odds ratio.

Figure 1. Prevalence of geriatric conditions among survi-
vors of severe sepsis, unadjusted. The 21 survey is the last

survey conducted before severe sepsis (median, 1.19 yr be-

fore sepsis; interquartile range [IQR]: 0.7–1.7 yr), the 22
is the second-to-last (median, 3.21 yr before sepsis; IQR,

2.7–3.7 yr), and the 23 survey was a median of 5.16 yr

before sepsis (IQR, 4.7–5.6 yr). The post-sepsis survey was

a median of 0.92 yr after severe sepsis (IQR, 0.4–1.4 yr).
BMI ¼ body mass index.
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lack adequate measures of prediagnosis trajectory of outcomes
of interest. Substantial anecdotal experience suggests that anal-
yses of the type presented in Tables 2 and 3 may be interpreted
causally, even as they are formally acknowledged to be “only
associations.” The present results demonstrate that this leap to
a causal interpretation can be hazardous.

There are at least four mechanisms that may generate this
problem of spurious inference from the prospective cohort de-
sign. They are not mutually exclusive.

d Nonconstant probability of developing the outcome: If the
probability of developing the outcome is changing over
time for any reason, this will confound any pre-/post-
comparison for outcomes of disease.

d Reciprocal causation: Many morbid outcomes after acute
illnesses are of interest precisely because they increase the
subsequent risk of health problems (Figure 2). In our ex-
ample, one can explain post hoc how severe sepsis may
lead to incontinence (particularly via urogenital care dur-
ing the hospitalization) but also how incontinence places
a patient at increased risk for urinary tract infection and
severe sepsis. This specific example of selection empha-
sizes the fact that neither severe sepsis nor critical illness
are random events, nor do they occur in a strictly repre-
sentative sample of the general population.

d Outcome of interest does not fully manifest the risk status:
To avoid these problems, some studies exclude any patient
not yet manifesting the outcome of interest. Such an ap-
proach would not have solved the spurious inference prob-
lem in the present results, because the underlying propensity
to develop the geriatric condition cannot be measured, only
whether or not the outcome has already occurred.

d Outcome of interest is an absorbing state: Some outcomes
may be states from which recovery is not possible. Thus, the
prevalence of this outcome in a cohort of survivors can only
stay the same or increase. This may be because recovery is
not possible (e.g., death), rare in practice (e.g., inconti-
nence, hearing problems, vision problems), or is an artifact
of the way the outcome is measured (e.g., “has a doctor
ever told you that you had a stroke?”).

In pediatrics, changes in trajectories—rather than absolute
levels—are routinely taken to be the key outcome of interest, as
in height and weight growth curves. For many outcomes of

interest for adults, particularly older patients, similar trajecto-
ries may be common and must be controlled to generate appro-
priate inferences.

In principle, these challenges could be overcome in a cohort
study by obtaining sufficient data on not only the level but also
the trajectory of symptoms before the onset of acute illness. Such
information would need to be reliable despite the challenges of
retrospective collection. In practice it has proven challenging to
obtain sufficiently reliable measurements of immediate preho-
spitalization function for critically ill patients (26, 27). Advances
in survey techniques, including facilitated recall prompted by
medical record review, may mitigate this potential source of
bias in cohort studies unable to prospectively collect prehospi-
talization data. Our results highlight the potential value of in-
novative approaches in this area.

Randomized controlled trials continue to be the gold standard
for demonstrating causal relationships, but the present results
imply a caution in randomized controlled trial interpretation.
Many survivor outcomes of interest may be systematically
underdiagnosed in routine practice (47, 65, 66). As such, an
intervention to improve such an outcome after critical illness
might yield a positive trial, even if the critical illness does not
cause the outcome—but instead because critical illness serves as
a marker for a large burden of an underdiagnosed problem or
propensity to develop that problem. For example, antidepres-
sants might improve quality of life after critical illness even if
critical illness does not increase rates of depression but rather
because depression was undertreated among those who became
critically ill.

Limitations

This work has important limitations to consider. First, the HRS is
a biennial survey. As such, it is useful for studying medium- to
long-term adaptation after critical illness, not the acute phase of
recovery (15). Second, we used a claims-based definition of
severe sepsis, rather than detailed clinical case ascertainment.
Third, our negative conclusions about the associations of severe
sepsis and most geriatric conditions may have been influenced
by truncation by death (67), in which the extreme phenotype of
loss of function cannot be observed because it is lethal. This
potential bias can also be considered as informative censoring.
We note, however, that such truncation by death did not pre-
clude our ability to detect associations between severe sepsis
and disability, cognitive decline, and low BMI, suggesting it
should be less of a problem for incontinence or hearing and
vision loss. Finally, we have demonstrated that potential spurious
inferences can be a problem for a range of outcomes of interest
after acute illness, but we cannot determine which such infer-
ences are actually false without more data.

Figure 2. Reciprocal causation. In long-term outcome studies, our pri-

mary interest is typically in estimating X1. Note that X2 is usually

neglected, and X3 and X4 are of key interest when considering trun-
cation by death.

TABLE 4. ASSOCIATION OF SEVERE SEPSIS WITH PREVALENCE
OF GERIATRIC CONDITIONS WHEN FULL LONGITUDINAL DATA
ARE CONSIDERED

Pre-sepsis Trajectory Effect of Severe Sepsis

OR per yr (95% CI) P Value OR vs. Pre-sepsis (95% CI) P Value

Incontinence 1.21 (1.07–1.37) 0.002 1.02 (0.61–1.71) 0.939

Low BMI 1.09 (0.78–1.51) 0.607 5.60 (1.86–16.9) 0.002

Poor hearing 1.23 (1.07–1.41) 0.004 1.32 (0.68–2.57) 0.414

Poor vision 1.25 (1.11–1.40) ,0.001 1.16 (0.69–1.94) 0.571

Severe pain 1.15 (1.01–1.30) 0.030 0.70 (0.40–1.23) 0.217

Fall 1.19 (1.06–1.33) 0.002 0.89 (0.58–1.38) 0.610

For definition of abbreviations, see Table 3.

Within-person fixed effect (also known as “latent growth curve”) regressions.

Interpretive example: With each passing year, patients in this cohort had a 21%

increase in their odds of developing incontinence. This increase was statistically

significant at P ¼ 0.002. However, there was no additional increase in their odds

of developing incontinence if they had been hospitalized for severe sepsis (odds

ratio, 1.02) relative to their likelihood of developing incontinence before severe

sepsis after controlling for the pre-sepsis trend.
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Conclusions

In sum, survivors of severe sepsis have a substantial burden of
geriatric conditions in addition to their other medical problems.
Some of these problems may be caused or exacerbated by severe
sepsis, such as low BMI, disability, and cognitive impairment.
However, severe sepsis is not associated with increased rates
of five other geriatric conditions. This finding seems to rule
out a direct causal link from severe sepsis to these geriatric con-
ditions, while also serving as evidence of the complexity and het-
erogeneity of these multifactorial conditions over time. This lack
of association might have been incorrectly assessed in other co-
hort designs, in which rates among survivors are compared with
a general population or even to the cohort’s own baseline meas-
urements. A risk for spurious inference about long-term out-
come from acute illness may be present in the medical literature
when baseline trajectories are not adequately controlled. As we
strive to meet our patients’ many needs, we must carefully as-
sess the causal evidence for the etiology of those needs, while
also looking skeptically at when such causal evidence is truly
necessary to motivate changes in clinical practice.
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