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Abstract

Background: Older adults admitted to an intensive care unit (ICU) are at risk of developing
impairments in function, cognition, and mental health. It is not known whether socioeconomically
disadvantaged older persons are at greater risk for these impairments than their less vulnerable
counterparts.

Obijective: To evaluate the association between socioeconomic disadvantage and decline in
function, cognition, and mental health among older survivors of an ICU hospitalization.

Design: Retrospective analysis of a longitudinal cohort study.

Setting: Community-dwelling older adults in the National Health and Aging Trends Study
(NHATS).

Participants: NHATS participants with ICU hospitalizations between 2011-2017.

Measurements: Socioeconomic disadvantage was assessed as dual-eligible Medicare-Medicaid
status. The outcome of function was defined as the count of disabilities in 7 activities of daily
living and mobility tasks, the cognitive outcome as the transition from no or possible to probable
dementia, and the mental health outcome as the Patient Health Questionnaire-4 (PHQ-4) score

in the NHATS interview following ICU hospitalization. The analytic sample included 641 ICU
hospitalizations for function, 458 for cognition, and 519 for mental health.
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Results: After accounting for sociodemographic and clinical characteristics, dual-eligibility was
associated with a 28% increase in disability after ICU hospitalization (incidence rate ratio:1.28;
95% CI:1.00,1.64); and nearly 10-fold greater odds of transitioning to probable dementia (odds
ratio:9.79; 95% Cl:3.46,27.65). Dual-eligibility was not associated with symptoms of depression
and anxiety following ICU hospitalization (incidence rate ratio:1.33; 95% CI: 0.99,1.79).

Limitations: Administrative data, variability in timing of baseline and outcome assessments,
proxy selection.

Conclusions: Dual-eligible older persons are at greater risk of decline in function and cognition
after an ICU hospitalization than their more advantaged counterparts. This finding highlights the
need to prioritize low-income seniors in rehabilitation and recovery efforts after critical illness and
warrants investigation into factors leading to this disparity.

Primary Funding Source: National Institute of Aging

INTRODUCTION

New or worsening impairments in function, cognition, and mental health after a critical
illness, described as the post-intensive care syndrome (PICS), present a mounting concern

to patients, clinicians, and society (1-4). Older adults are especially susceptible to these
impairments because of pre-existing factors such as frailty, cognitive impairment, and
sensory deficits (5, 6). The number of older persons surviving an intensive care unit (ICU)
stay annually in the United States (US), estimated at 1.4 million a decade ago (7), is
expected to rise with the aging population (8, 9), improving survival following critical illness
(10), and the current pandemic (11). Despite the growing impetus to improve recovery

after critical illness, equity in patient-centered outcomes among ICU survivors has not been
examined.

Disparities by race, insurance, and socioeconomic status that widely plague our healthcare
system have been described in short-term mortality and readmissions from conditions

such as pneumonia, sepsis, and acute respiratory failure (12-15). Socioeconomically
disadvantaged persons age=65 years who meet thresholds of low income and assets may
qualify for Medicaid in addition to Medicare (16, 17). They are classified as “dual-eligible”
for Medicare and Medicaid and known to have greater chronic disease burden and worse
health outcomes for many conditions compared to non-dual-eligible Medicare beneficiaries
(17-21). In a state-level study of ICU survivors, dual-eligibility was associated with a 9%
greater risk of 1-year mortality compared to Medicare with supplemental insurance (22).
However, it is not known whether dual-eligible seniors are at increased risk of impairments
after ICU survivorship than non-dual-eligible beneficiaries.

Using a longitudinal study of Medicare beneficiaries with comprehensive, annual
geriatric assessments, our objective was to evaluate whether socioeconomic disadvantage
is associated with decline in function, cognition, and mental health following ICU
hospitalization.
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Study population

Data were drawn from the National Health and Aging Trends Study (NHATS), a
longitudinal, nationally representative survey of community-dwelling Medicare beneficiaries
ages =65 living in the contiguous United States (23). The initial sample was drawn from
Medicare enrollment database on September 30, 2010 with oversampling of non-Hispanic
Blacks and the oldest age groups (24). The survey collected information on demographics,
living arrangement, health conditions, disability, and cognitive status through annual in-
person interviews starting in 2011. If a participant was not available for interview, a proxy
knowledgeable about their health was interviewed. For participants who died between initial
and follow-up rounds, a last month of life interview was conducted with the proxy. We used
data from rounds 1-8 (2011-2018) for the 2011 cohort. The Johns Hopkins University
Institutional Review Board approved the NHATS protocol and the Yale Institutional

Review Board approved this study (HIC#1607018022). We followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) guidelines (Supplement
Table 1).

Ascertainment of ICU admissions and acquisition of ICU hospitalization data

Assessment

ICU admissions were identified through linked Medicare fee-for-service inpatient claims
files using critical care revenue codes indicating admission to general, specialty, or coronary
care units, but excluding psychiatric and intermediate care units (25). Information on use

of mechanical ventilation was obtained using International Classification of Diseases-9 CM
and International Classification of Diseases-10 CM procedure codes (26). ICU length of
stay was determined based on the days for which critical care was billed. Hospital length

of stay, primary discharge diagnoses, and discharge disposition were extracted for each
hospitalization.

of Function

During in-person interviews, participants or proxies were asked about need for help in
activities of daily living including four self-care activities (eating, bathing, using the toilet,
and dressing) and three mobility activities (getting outside, getting around inside one’s
home, getting out of bed). Disability was characterized as the need for help or inability

to perform these activities. For participants who died during follow-up, function was
ascertained from the last month of life interview wherein the proxy was asked if in the

last month of life, the participant needed help or was unable to complete the aforementioned
activities. Our outcome for function was the count of disabilities on a scale of 0-7 assessed
in the interview following discharge from ICU hospitalization (hereafter post-1CU interview)
(27, 28). We used the count of disabilities in the interview preceding ICU hospitalization
(hereafter pre-1CU interview) as the measure of baseline function.

Assessment of Cognition

We used the validated NHATS classification scheme for dementia status that defined
“probable” dementia as one of the following: (a) self- or proxy-reported physician diagnosis
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of dementia; (b) score of =2 on the 8-item Alzheimer’s Disease-8 Dementia Screening
interview of proxy respondents (29); or (c) scores of <1.5 standard deviations (SD) on =2
cognitive tests in the domains of memory (scale:0-20, cutoff < 3), orientation (scale:0-8,
cutoff < 3), and executive function (scale:0-5, cutoff < 1) (30, 31). SDs were derived from
cognitive test scores of NHATS self-respondents (31). Scores of <1.5 SD in one domain
were classified as “possible” dementia. A detailed description of cognitive assessment is
provided in the supplement (Supplement Methods and Supplement Tables 2—4). Based on
prior literature, we used the NHATS narrow dementia definition of probable vs no or
possible dementia (32, 33) and defined our outcome as transition from no/possible dementia
pre-ICU dementia to probable post-ICU dementia.

Assessment of Mental Health

Symptoms of depression and anxiety were assessed using the Patient Health Questionnaire
for Depression and Anxiety (PHQ-4), which includes a depression subscale (PHQ-2) and
an anxiety subscale [Generalized Anxiety Disorder (GAD-2)] (34, 35). PHQ-4 has excellent
reliability and construct validity as a measure of depression and anxiety in the general
population (34). NHATS participants were asked “over the last month, how often have you
(a) had little interest or pleasure in doing things; (b) felt down, depressed, or hopeless; (c)
felt nervous, anxious, or on edge; (d) been unable to stop or control worrying”. Each item
was scored on a 4-point scale from “not at all”(0), “several days”(1), “more than half the
days”(2) to “nearly every day”(3). Each subscale score ranges from 0-6, the total score
ranging from 0-12. Our outcome for mental health was the post-ICU PHQ-4 score with
pre-ICU PHQ-4 score as the baseline.

Ascertainment of dual-eligible status

Covariates

Our primary exposure, dual-eligibility, was assessed using the dual Medicare-Medicaid
status indicator in the Medicare Master Beneficiary Summary File, recorded at any time
during the 12 months prior to ICU hospitalization.

We carefully selected covariates for each outcome based on prior research and clinical
relevance. Variables included in models for all outcomes were age categorized into five
groups: 65-74, 75-79, 80-84, 85-89, and =90 years (36); sex (37), non-White race or
ethnicity (non-Hispanic Blacks, Hispanics, American Indian, Alaska Native, Asian, Native
Hawaiian, Pacific Islander, and other as self-reported in NHATS); living alone, less than

a high school education (4, 38), multimorbidity (defined as =3 self-reported chronic
conditions, of a possible 9) (39), mechanical ventilation (40, 41) as dichotomous variables;
and hospital length of stay (LOS) as a continuous variable. In addition, we included the
baseline status, i.e. count of disabilities, no or possible dementia, and PHQ-4 score during
the pre-ICU interview for function, cognition, and mental health, respectively. Finally, we
included risk factors for decline in specific outcome domains, specifically frailty (ordinal,
scale of 0-5) for function,(5) and depression (dichotomous) for cognition (42). For function
and mental health, we also added rural residence (vs urban) as a covariate. The model for
cognitive decline did not converge when rural residence was included.
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Assembly of the Analytic Sample

Assembly of the analytic sample for each outcome is presented in Figure 1. We restricted
our sample to the first ICU hospitalization in the interval between annual NHATS interviews
with an ICU length of stay of =1 day (n=1,500). After excluding participants who were

not community-dwelling (n=433), admitted from a nursing home or spent =100 days in a
nursing home between pre-ICU interview and hospitalization (n=70), and those with missing
data on race (n=8), 989 ICU admissions remained for consideration. Of these, 332 ICU
hospitalizations were excluded because of in-hospital death (n=106), discharge to hospice
(n=56), follow-up interview completed >365 days after discharge (n=73) or missing the
entire follow-up interview (n=97). Of the 657 ICU admissions where participants survived to
discharge and had follow-up interviews, we excluded participants with maximal impairment
at baseline in each outcome domain (i.e., the participant could not get any worse). This
implied a pre-ICU count of disabilities of 7/7 for function (n=16), baseline dementia status
of probable dementia for cognition (n=109), and pre-ICU PHQ-4 score 12/12 for mental
health (n=6). Interviews completed by proxy because of participant death following hospital
discharge were missing information on dementia status and PHQ-4 score and were excluded
for cognition and mental health (n=90 and n=132, respectively).

Statistical Analysis

We first described clinical and demographic characteristics for each outcome by dual-
eligibility status. For missing values of covariates and outcomes, we generated five
imputations using PROC MI in SAS Version 9.4 based on an assumption of missing-at-
random (Supplement Methods and Supplement Tables 5, 6). We fit multivariable models
for the count outcomes of function and mental health using Poisson regression; for the
binary indicator of cognitive decline we used multivariable logistic regression. We included
the covariates described above. Covariates measured at the pre-ICU interview, such as age
and multimorbidity, were included as time-constant variables. To account for variation in
timing of hospitalization relative to pre and post ICU interviews, we included the number
of days between hospital discharge and the post-ICU interview as an offset in the Poisson
models. Unlike the Poisson models which can incorporate follow-up time as offset in model
calculations, logistic regression models consider it as a separate covariate. The logistic
regression model of cognitive decline did not converge with the addition of follow-up time
as a covariate, thereby precluding its inclusion. We performed a sensitivity analysis with the
time interval forced in as a covariate in the model with exclusion of some covariates in the
main model.

NHATS is geographically clustered such that counties are sampled from regional strata
across the U.S. Within these county-based clusters, persons of advanced older ages and
Black race are oversampled from within zip codes to permit corresponding subgroup
estimates. For each year of NHATS data, we used the specific analytic weights that adjust
for differential probabilities of selection and non-response within each strata (region) and
cluster (zip code within county), thereby allowing generalization to the 2011 Medicare
population based on the information gathered from the individuals interviewed (43, 44). All
models were fit using SAS-Callable SUDAAN Version 11(45) with weights, strata, cluster,
and subpopulation statements that specified the eligible observations. For all models, there
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were instances where a minority of patients contributed multiple observations. To account
for this, we used generalized estimating equations with an exchangeable covariance structure
chosen by its minimization of quasi-likelihood under the independence model criterion.
Within SUDAAN, all models were separately fit to each imputation with coefficients
combined using Rubin’s rules as implemented in the LOGLINK (function and mental
health) and RLOGIST (cognitive decline) procedures. For cognitive decline, we performed
sensitivity analyses to assess for the robustness of our results to proxy-reporting and to
competing risk of death. The latter involved imputation of only the missing outcomes
among those participants whose follow-up was truncated by death under assumptions of
missing at random and not missing at random (46). We also conducted sensitivity analyses
to account for differences in indications for ICU hospitalization that might have different
outcomes including 1) musculoskeletal conditions, 2) chronic diseases with waxing and
waning courses such as chronic obstructive lung disease (COPD) and congestive heart
failure (CHF), 3) stroke, and 4) acute neurologic conditions including traumatic brain injury,
intracerebral hemorrhage, and status epilepticus. We further performed sensitivity analyses
adjusting for additional factors including 1) ICU hospitalizations in the year prior to the
index hospitalization, 2) rehospitalization to the ICU between hospitalization and post-ICU
NHATS interview, 3) multimorbidity defined as =4 chronic conditions, 4) ICU LOS instead
of hospital LOS, 5) census region, 6) type of ICU, and 7) discharge destination; and
stratifying ICU admissions by 1) census region, 2) type of ICU admission, and 3) discharge
destination. We additionally assessed for the robustness of our estimates to unmeasured
confounding by calculating the E-value for outcomes with positive associations with dual-
eligibility (47).

Role of the funding source: This study was supported by funding from the National
Institute of Aging which had no role in the study design, data analysis, or reporting.

Demographic and clinical characteristics for all hospitalizations based on dual-eligibility
are presented in Table 1. Characteristics of the hospitalizations for the overall cohort for
each outcome are described in Supplement Table 7. The mean age across the three samples
ranged from 80.0 (SD:7.2) - 81.1 (SD:7.2) years. Distribution of the primary discharge
diagnoses for the hospitalizations is presented in Supplement Table 8. Description of
characteristics of hospitalizations of participants excluded because of absence of follow-up
interviews or participant death is presented in Supplement Tables 9-11. Distribution of the
timing between ICU hospitalization and pre- and post-ICU NHATS interviews is presented
in Supplement Figures 1A—-F. The majority (60.1%) of older ICU survivors were discharged
to home (with or without services), 29.8% to skilled nursing or inpatient rehabilitation
facilities, and 1.5% to long-term care hospitals.

We identified 641 participant-ICU stays representing 3,767,695 ICU hospitalizations after
survey-weighting; 20.3% of these were contributed by dual-eligible participants. The median
weighted post-1CU disability count was 2.18 (IQR:0.00,4.83) for dual-eligible participants
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and 0.01 (IQR:0.00,2.47) for non-dual-eligible participants. Figure 2 presents adjusted mean
counts of post-ICU disability by pre-ICU disability and dual-eligibility. In the multivariable
model, dual-eligibility was associated with a 28% greater post-1CU count of disability
(incidence rate ratio:1.28; 95% CI:1.00,1.64). The E-value for this was 1.88 with a lower
limit of confidence interval of 1.11.

We evaluated 458 participant-1CU stays representing 2,791,233 hospitalizations after
survey-weighting; 14.7% were contributed by dual-eligible participants. 28% of dual-
eligible participants had pre-ICU possible dementia compared to 16% of non-dual-eligible
participants. 22.6% dual-eligible participants developed probable dementia after ICU
hospitalization compared with 4.2% non-dual-eligible participants. Figure 3A presents the
adjusted proportion of participants with post-1CU probable dementia by dual-eligible status.
In the multivariable model, dual-eligibility was associated with 9.8 times greater odds of
developing probable dementia (Odds Ratio: 9.79; 95% CI:3.46,27.65). The E-value for this
was 19.1 with a lower limit of confidence interval of 6.38.

Mental Health

Our analytic sample for mental health included 519 ICU hospitalizations, representing
3,118,513 hospitalizations; 17.5% of these were contributed by dual-eligible participants.
Following ICU hospitalization, the median weighted PHQ-4 score was 3.51 (IQR:0.52, 6.09)
among dual-eligible participants compared with 0.92 (IQR:0.0, 3.05) for non-dual-eligible
participants. Figure 3B presents adjusted mean post-ICU PHQ-4 scores by dual-eligibility.
In the multivariable model, dual-eligibility was not associated with post-ICU PHQ-4 score
(incidence rate ratio:1.33, 95% CI:0.99,1.79). Pre-ICU PHQ-4 score was the only factor
associated with post-1ICU PHQ-4 score in this model (incidence rate ratio: 1.15, 95% CI:
1.11, 1.20, full model not shown).

Sensitivity Analyses

Results of all sensitivity analyses are presented in Appendix Tables 1-4. For the outcome

of function, all of the sensitivity analyses did not substantially change the magnitude or
direction of the association between dual-eligibility and post-ICU count of disabilities. For
the outcome of cognition, the association between dual-eligibility and cognitive decline also
remained similar in all analyses except in the extreme scenario wherein all decedents would
have developed cognitive decline had they not died. For the outcome of mental health, the
association between dual-eligibility and post-ICU PHQ-4 score did not change much in
magnitude or direction but became statistically significant when excluding admissions with
stroke, those with other acute neurologic conditions, when adding ICU type as a covariate,
and when substituting ICU LOS for hospital LOS.

DISCUSSION

In this nationally representative study of community-dwelling Medicare beneficiaries with
ICU hospitalizations, we found that socioeconomic disadvantage, represented by dual-
eligible Medicaid status, was associated with a decline in function and cognition but
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not with symptoms of depression and anxiety following discharge. After accounting for
known risk factors for functional decline including age, frailty, comorbidities, and pre-ICU
disability, dual-eligible beneficiaries developed a nearly 30% greater burden of disability
than their non-dual-eligible counterparts. After adjustment for confounders including age,
education, and depressive symptoms, dual-eligible beneficiaries had nearly 10-fold greater
odds of cognitive decline after ICU hospitalization than non-dual-eligible beneficiaries. In
sensitivity analyses, the strong association between dual-eligibility and incident dementia
was robust to the competing risk of death and to proxy-reporting, and to the exclusion of
participants hospitalized with stroke. Post-ICU mental health symptoms, while worse among
dual-eligible beneficiaries, were seemingly driven by pre-ICU mental health. Our finding
that socioeconomically vulnerable older persons develop increased disability and dementia
after ICU survivorship has meaningful implications for patients, families, healthcare
systems, and policymakers.

To our knowledge, our study is the first to examine the association between individual-level
socioeconomic disadvantage and all three domains of the post-ICU syndrome (PICS),
which carries an enormous cost to patients and families (2, 48, 49). Prior studies outside

the U.S. have reported an association between socioeconomic position and health-related
quality of life but did not examine all three PICS domains (50). Two recent studies
evaluating cohorts of middle-aged ICU survivors found education, but not neighborhood
socioeconomic status, to be associated with decline in cognition and with decline in at

least one domain of PICS, respectively (4, 38). Potential reasons for the differences in

their findings could be their exclusion of participants with pre-existing disability, a younger
population that may be less vulnerable to the development of deficits in the PICS domains,
and use of neighborhood instead of individual measures of socioeconomic disadvantage

(4, 38). Our study builds on these observations by examining the association of a widely
recognized marker of individual-level socioeconomic disadvantage, dual-eligibility, which
represents poverty among Medicare beneficiaries (17). Low-income adults in the US are
more frequently exposed to adverse environments and have poorer access to high quality-
healthcare compared to their higher income counterparts (17, 51). Our findings raise concern
that socioeconomic vulnerability may be a major contributor to the differential development
of functional and cognitive sequelae among ICU survivors.

Structural differences in hospital and post-acute care may also explain our findings. First,
hospitals that care for the highest proportion of dual-eligible beneficiaries may provide
lower quality of care, as has been described for acute myocardial infarction and heart
failure (18, 20). Because adherence to early mobilization, delirium prevention, and other
best practices in the hospital can affect downstream function and cognition, differences in
their adoption may contribute to differences in long-term outcomes after discharge (52).
Second, dual-eligible beneficiaries are often cared for in nursing homes and receive home
health services from agencies with lower rankings, which could translate into less effective
recovery (21, 53). Indeed, dual-eligible status has been associated with less improvement in
disability among patients in home health care after hospitalization (54). Third, because of
differences in coverage and payment policies between Medicare and Medicaid, dual-eligible
beneficiaries are at risk for fragmented post-acute care (55). Finally, attendance and benefit
from outpatient recovery programs may be limited among socioeconomically disadvantaged
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persons because of challenges with transportation (56), social support (57), and health
literacy (58).

ICU hospitalizations for COPD and CHF seemed to contribute more to the observed
socioeconomic differences in functional and cognitive decline as excluding these led to

a reduction in the magnitude and/or loss of significance of the association between dual-
eligibility and these outcomes. Since these are chronic conditions where disease outcomes
may be influenced by access and adherence to treatment which are known to be worse for
socioeconomically disadvantaged beneficiaries (20, 59), this could suggest a potential area
of focus for clinicians and health systems. Sensitivity analyses excluding hospitalizations for
acute neurologic conditions slightly increased the differences in post ICU PHQ-4. This may
be explained by a more uniform effect of neurologic conditions on mental health for both
dual-eligible and non-dual eligible participants such that excluding them unveils slightly
greater disparities among those hospitalized with other conditions. Likewise, sensitivity
analyses substituting ICU LOS rather than hospital LOS resulted in slightly increased
differences in post ICU PHQ-4 and cognitive decline. Given the known association between
depression and anxiety with prolonged lengths of stay in the ICU (60), slight increases in
disparities when accounting for ICU LOS suggests that dual-eligibility may have a greater
impact on cognition and mental health even with lower length of ICU stays.

Our findings have several implications. First, cognitive and functional decline among

older persons is associated with institutionalization, mortality, and increased caregiver
burden (61-63). The additional needs posed by decline in function and cognition can

have devastating consequences for dual-eligible beneficiaries, who have greater baseline
prevalence of dementia and disability, and lower levels of social and financial support

than non-dual-eligible Medicare beneficiaries (17, 64-66). Second, since functional and
cognitive impairment are known mediators of healthcare utilization for dual-eligible
beneficiaries, worsening of these impairments following critical illness may contribute to
hospital readmissions and further increase healthcare expenditures (67). An assessment of
subsequent hospital readmissions and health expenditures would illuminate the impact of
differences in functional and cognitive deficits among ICU survivors, however, was beyond
the scope of our study. Third, an increase in disability and dementia after ICU survivorship
can add to the need for long-term support services, potentially worsening the burden of
unmet long term care needs for dual-eligible beneficiaries and increasing costs for Medicaid
programs (19, 68). The downstream consequences of increased disability and dementia after
ICU hospitalization can, therefore, worsen existing heath disparities for socioeconomically
disadvantaged older adults.

A key strength of our study is the use of longitudinal comprehensive assessments of
function, cognition, and mental health before and after hospitalization, allowing us to
evaluate decline in all three PICS domains. Additionally, the availability of comprehensive
geriatric assessments allowed us to adjust for important risk factors such as frailty. The
use of a nationally representative sample, survey weighting, and oversampling of adults of
minority race in NHATS further strengthens our study by allowing us to generalize our
findings to the 2011 nationwide population of Medicare beneficiaries and to vulnerable
populations.
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Our study has several limitations. First, we linked the NHATS cohort to an administrative
data source, which does not fully capture granular measures of severity of illness, delirium,
hospital-stay related conditions, or treatment characteristics like use of early mobilization
protocols (69, 70). Second, while dual-eligibility is a known proxy for socioeconomic
disadvantage and is used extensively in studies of health outcomes including disability (21,
54), it does not distinguish individual social and economic risk factors. Third, because

race is a social construct and tightly linked with socioeconomic disparities, the effects we
observed cannot be considered independent of structural racism. Fourth, given the state-level
variation in Medicaid eligibility criteria, our exposure could represent varying levels of
economic disadvantage across this national cohort. Although we did not have information
on state of residence, Medicaid eligibility in any state reflects low income with the median
income limit for enrollment for older adults being 74% of Federal Poverty Limit (FPL),
ranging from 63% to 100% of FPL across states (71). Fifth, we could not account for
neighborhood geographic effects or hospital type due to unavailability of restricted use
NHATS files that would allow linkages to these identifiers. These factors may be potential
confounders as they are associated with life expectancy and socioeconomic status. However,
we were able to account for broader geographic effects such as census region and rural
status with the available data. Sixth, the timing of interviews in relation to hospitalizations
was variable and could affect outcomes, particularly for outcomes that change over time;
however, we accounted for this by including this timing as an offset in our models. Seventh,
as is common in studies of older adults examining survival outcomes after critical illness
(6), the final sample sizes for our outcome were reduced relative to the population admitted
to ICUs. However, as detailed in the supplement, characteristics of participants included in
our analyses were similar to those who were excluded because of missing outcome data

or participant death. Eighth, because we excluded those with maximal impairments in each
domain, we do not know if some of the participants with maximal impairments improved.
However, prior work has demonstrated that severely disabled older adults either remain
severely disabled or do not survive after a critical illness (40). Finally, since we restricted
our sample to fee-for-service beneficiaries, our results may not be generalizable to those
with managed Medicare plans.

CONCLUSIONS

In conclusion, we found that dual-eligible older persons are at greater risk of functional
and cognitive decline following an ICU hospitalization. These findings highlight the need
to prioritize low-income seniors in rehabilitation and recovery efforts after critical illness.
Further research is needed to elucidate differences in acute and post-acute care that
contribute to disparities in functional and cognitive decline after ICU survivorship.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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NHATS 2011 Cohort
1,830 hospital admissions with an
ICU stay 2 1 day
2011 -2017

Select 1** ICU admission per annual interval

< 1500 admissions >

Select community-dwelling participants

( 1067 admissions >

Exclude
- 70 admitted from a NH or >100 days in a NH
- 8 missing race

A

( 989 admissions )

Exclude

- 106 in-hospital deaths

- 56 discharged to hospice

- 73 follow-up interview >365 days
- 97 without follow-up interview

C 657 admissions )

Exelids Exclude Exclude
16 with maximum ADL score -109 with probable dementia - 6 with maximum PHQ-4 score
- 90 missing dementia due to - 132 missing PHQ-4 due to
death/proxy interview death/proxy interview
Physical Function Cognition Mental Health
Analytic Sample Analytic Sample Analytic Sample
641 admissions from 458 admissions from 519 admissions from
537 participants 382 participants 431 participants

Figure 1. Flow Diagram for Assembly of the Analytic Samplefor all Three Outcomes.
The sample included ICU hospitalizations of = 1 day from participants enrolled in the

NHATS 2011 cohort between the years of 2011-2017 to allow for follow-up assessment
through 2018. Only the 15t ICU admission in the interval between two annual NHATS
interviews for a participant (annual interval) was eligible for inclusion. After excluding
participants who were admitted from a nursing home or spent = 100 days in a nursing home
between the pre-ICU interview and the ICU hospitalization, and those with missing data on
race, 989 ICU admissions remained for consideration. Of these, 332 ICU hospitalizations
were excluded because of in-hospital death (n=106), discharge to hospice (n=56), the
follow-up interview occurring >365 days after discharge (n=73) or missing the entire follow-
up interview (n=97). After excluding those with maximal impairment in each domain at
pre-ICU interview and those with missing data because of participant death after hospital
discharge, 641 admissions were eligible for the analysis of function, 458 admissions were
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eligible for the analysis of cognitive function, and 519 admissions for mental health. ICU =
Intensive Care Unit, NH = Nursing Home.
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Pre-ICU disability count
Number of admissions at each pre-ICU disability count

Disability count 0 1 2 3 4 5 6 Total

Dual-Eligible 60 23 12 11 6 9 9 130

Non-Dual-Eligible 369 45 39 18 13 13 14 511

Figure 2. Adjusted Summary M easures of Post-1CU Disability for Each Level of Pre-ICU
Disability by Dual-Eligible Status.

This figure shows the predicted marginal means of post-ICU count of disabilities, derived
from the Poisson regression model after adjusting for all covariates including baseline
(pre-1CU) count of disabilities and an offset for the time between discharge from ICU
hospitalization and post-ICU interview. The point estimates present the mean post-ICU
count of disabilities and the error bars represent the 95% Cls. The table presents the number
of participant-1CU stays included in the calculation of these marginal means at each level of
pre-1CU disability. ICU = Intensive Care Unit.
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Figures 3A and 3B. Adjusted Proportion of Participants Developing Probable Dementia by
Dual-Eligible Status (3A) and Adjusted Summary M easures of Post-l CU PHQ-4 Scor e by Dual-
Eligible Status (3B).

Figure 3A shows the predicted marginal proportions of participants who are expected to
transition from no or possible dementia to probable dementia by dual-eligible status, derived
from the logistic regression model after adjusting for all covariates including baseline
possible dementia. The point estimates present the mean proportion of participants for
dual-eligible and non-dual-eligible participants and the error bars represent the 95% Cls.
Figure 3B presents the predicted marginal means of post-ICU PHQ-4 score (mental health
outcome) by dual-eligible status, derived from the Poisson regression model after adjusting
for all covariates including baseline (pre-ICU) PHQ-4 score and an offset for the time
between discharge from ICU hospitalization and the post-ICU interview. The point estimates
represent the mean PHQ-4 score for dual-eligible and non-dual-eligible participants and

the error bars represent the 95% Cls. ICU = Intensive Care Unit, PHQ-4 = Patient Health
Questionnaire-4.
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Characteristics of ICU hospitalizations contributed by older adults for each outcome by dual-eligible status.

Characteristic” Function
Dual-€ligible Non-dual-
eligible
Samplen 130 511
Weighted n 658,095 3,109,600
Age, mean (SD), years 80.9 (7.7) 81.0(7.1)
Age groups by years, no. (%)
65-74 27 (20.8) 102 (20.0)
75-79 28 (21.5) 115 (22.5)
80-84 34 (26.2) 126 (24.7)
85-89 22 (16.9) 101 (19.8)
>90 19 (14.6) 67 (13.1)
Female, no. (%) 85 (65.4) 244 (47.7)
Race, no. (%)
Non-Hispanic White 56 (43.1) 401 (78.5)
Non-Hispanic Black 49 (37.7) 85 (16.6)
Hispanic 16 (12.3) 13 (2.5)
Others” 9(6.9) 12 (2.4)

Education, no. (%)

Less than high school 77 (59.2) 108 (21.2)
Living Situation, no. (%)

Lives alone 61 (46.9) 171 (33.5)
Rural residence, no. (%) 45 (34.6) 129 (25.2)
Multimorbidity = 3 chronic 98 (75.4) 332 (65.0)

conditions’t, no. (%)

Frequency of self-reported chronic conditions, no. (%)

Diabetes 55 (42.6) 176 (34.5)
Hypertension 108 (83.1) 409 (80.0)
Stroke 14 (10.8) 35 (6.9)

Heart disease 64 (50.0) 191 (37.8)
Arthritis 108 (83.1) 356 (69.7)
Heart attack 23 (17.7) 55 (10.8)
Osteoporosis 41 (31.5) 134 (26.2)
Lung disease 42 (32.8) 137 (26.8)
Non-skin cancer 19 (14.7) 99 (19.4)

Primary Discharge Diagnosis
for Index Admission

Infectious 20 (15.4) 76 (14.9)

Endocrine, metabolic, or 6 (4.6) 8 (1.6)
electrolyte disorders

Neurologic 15 (11.5) 51 (10.0)
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Cognition

Dual-€ligible Non-dual-

eligible

80 378

409,991 2,381,242
79.2 (7.7) 80.2 (7.1)
22 (27.5) 87 (23.0)
22 (27.5) 91 (24.1)
17 (21.2) 89 (23.5)
10 (12.5) 70 (18.5)
9(11.2) 41 (10.8)
54 (67.5) 192 (50.8)
36 (45.0) 300 (79.4)
31(38.8) 62 (16.4)

8 (10.0) 8(2.1)

5(6.2) 8(2.1)
43 (53.8) 73(19.3)
45 (56.2) 123 (32.6)
29 (36.2) 96 (25.4)
60 (75.0) 240 (63.5)
32 (40.5) 137 (36.2)
69 (86.2) 302 (79.9)

7(8.8) 21 (5.6)
39 (48.8) 143 (38.0)
66 (82.5) 261 (69.0)
15 (18.8) 39 (10.3)
28 (35.0) 97 (25.7)
25 (31.6) 104 (27.5)
13 (16.2) 71 (18.8)
12 (15.0) 50 (13.2)

4(5.0) 7(1.8)

9(11.2) 37(9.8)

Mental Health
Dual-dligible Non-dual-
eligible
108 411

544,373 2,574,141
80.7 (8.0) 80.4 (7.0)
25 (23.1) 91 (22.1)
24 (22.2) 97 (23.6)
25 (23.2) 98 (23.8)
16 (14.8) 81 (19.7)
18 (16.7) 44(10.7)
74 (68.5) 202 (49.2)
44 (40.7) 326 (79.3)
42 (38.9) 69 (16.8)

15 (13.9) 8(2.0)

7(6.5) 8(2.0)
63 (58.3) 81(19.7)
51 (47.2) 135 (32.9)
38 (35.2) 102 (24.8)
80 (74.1) 263 (64.0)
41 (38.3) 146 (35.5)
92 (85.2) 328 (79.8)

13 (12.0) 24 (5.8)
51 (47.2) 152 (37.2)
89 (82.4) 284 (69.1)
20 (18.5) 41 (10.0)
37 (34.3) 111 (27.0)
31(29.0) 111 (27.0)
16 (14.8) 75 (18.3)
19 (17.6) 57 (13.9)

5 (4.6) 7(17)
12 (11.1) 44 (10.7)
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Characterigtic”

Cardiovascular
Respiratory
Gastrointestinal
Renal
Musculoskeletal
Hematologic/oncologic
Frailty (Range 0-5), Median
(1R’
Pre-ICU count of

disabilities **(Range 0-6),
Median (IQR)

Pre-ICU PHQ-4 ﬁ(Range 0-
11), Median (IQR)
Pre-ICU PHQ-2 (Range 0-6)
 Median (IQR)
Pre-ICU GAD-2 (Range 0-6)
§§, Median (IQR)
Pre-ICU Dementia Status, no. (%)
No Dementia
Possible Dementia
Probable Dementia

Time interval between pre-
ICU NHATS interview and
ICU hospitalization, Median
(IQR), days

ICU Length of Stay§, Median
(IQR), days

Hospital Length of Stay§,
Median (IQR), days

Mechanical ventilation//, no.
(%)

Time interval between ICU
hospitalization and post-1CU
NHATS interview, Median
(IQR), days

Function
Dual-eligible Non-dual-
eligible
43 (33.1) 217 (42.5)
14 (10.8) 33(6.5)
15 (11.5) 52 (10.2)
6 (4.6) 8(1.6)

6 (4.6) 29 (5.7)
5(3.8) 37(7.2)
3.0(2.0,4.0) 2.0 (1.0,3.0)
1.0 (0.0,3.0) 0.0 (0.0,1.0)
4.0 (1.0,6.0) 1.0(0.0,3.0)
2.0(0.0,3.0) 0.0 (0.0,2.0)
2.0(0.0,3.0) 0.0 (0.0,1.0)

70 (53.8) 387 (75.7)
23 (17.7) 67 (13.1)
37 (28.5) 57 (11.2)

195.0 (115.0, 170.0 (93.0,
301.0) 270.0)
2.0 (1.0, 4.0) 2.0 (1.0, 4.0)
6.0 (3.0,10.0) 6.0 (3.0,9.0)
11 (8.5) 48 (9.4)
171.50 (85.0, 191.0 (108.0,
252.0) 269.0)

Cognition
Dual-€eligible Non-dual-
eligible
28 (35.0) 173 (45.8)
7(8.8) 18 (4.8)
12 (15.0) 44 (11.6)
1(1.2) 6 (1.6)
3(3.8) 21 (5.6)
4(5.0) 22 (5.8)
2.0 (1.0,3.0) 1.0 (0.0, 2.0)
0.0 (0.0,1.0) 0.0 (0.0,0.0)
3.0(1.0,6.0) 1.0 (0.0,3.0)
2.0(0.0,3.0) 0.0 (0.0,2.0)
1.0 (0.0,3.0) 0.0 (0.0,1.0)
58 (72.5) 319 (84.4)
22 (27.5) 59 (15.6)
0(0) 0(0)
220.5 (137.0, 189.0 (110.0,
316.0) 279.0)
2.0 (1.0, 3.0) 2.0 (1.0, 4.0)
6.0 (3.0,10.0) 5.0 (3.0,8.0)
4(5.0) 32(8.5)
133.5 (71.0, 174.0 (97.0,
208.5) 257.0)

Mental Health
Dual-eligible Non-dual-
eligible
37(34.3) 183 (44.5)
8(7.4) 19 (4.6)
13 (12.0) 47 (11.4)
4(3.7) 6 (1.5)

6 (5.6) 23 (5.6)
4(3.7) 25 (6.1)
3.0 (2.0,4.0) 1.0 (1.0,2.0)
1.0 (0.0,3.0) 0.0 (0.0,1.0)
3.5(1.0,6.0) 1.0 (0.0,3.0)
2.0 (0.0,3.0) 0.0 (0.0,2.0)
2.0 (0.0,3.0) 0.0 (0.0,1.0)
57 (52.8) 317 (77.1)
22 (20.4) 59 (14.4)
29 (26.8) 35(8.5)
212.0 (128.5, 189.0 (109.0,
316.0) 279.0)
2.0 (1.0, 3.0) 2.0 (1.0, 4.0)
6.0 (3.0,10.0) 5.0 (3.0,8.0)
6 (5.6) 35(8.5)
146.5 (68.0, 174.0 (98.0,
229.0) 255.0)

Abbreviations: ICU = Intensive Care Unit, SD = Standard Deviation, Cl = Confidence Interval, IQR = Interquartile Range, PHQ-4 = 4-item
screening questionnaire for depression and anxiety or Patient Health Questionnaire-4, PHQ-2 = 2-item screening questionnaire for Depression or

Patient Health Questionnaire-2, GAD-2 = 2-item screening questionnaire for Generalized Anxiety Disorder. Pre-ICU refers to values obtained from
the NHATS assessment prior to ICU hospitalization.

The unit of observation is ICU hosp

italization.

*
Values represent characteristics for the unweighted sample.

#

Includes American Indian, Alaska Native, Asian, Native Hawaiian, Pacific Islander, and other race as self-reported in the NHATS interview.

iMuItimorbidity was defined as = 3 of 9 self-reported chronic conditions (diabetes mellitus, hypertension, stroke, heart disease, arthritis, heart

attack, osteoporosis, lung disease, and non-skin cancer)
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§Ascertained from hospitalization record in linked Medicare claims data.

//Ascertained from linked Medicare claims data using ICD-9 CM (96.7x) and ICD-10-PCS (5A1935Z,5A1945Z,5A1955Z) codes for mechanical
ventilation

”The frailty score is derived from the composite of 1 point for each of the five frailty criteria (range 0-5)— weight loss, muscle weakness,

exhaustion, slow gait speed, and low physical activity.

Ak
Count of disabilities was characterized as the need for help or inability to perform four activities of daily living (eating, bathing, using the toilet,

and dressing) and three mobility activities (getting outside, getting around inside one’s home, getting out of bed). Participants with maximal score
of 7/7 in the pre-ICU interview were excluded, hence the range from 0-6.

ﬁPHQ-4 score was the sum of the responses to all four items in the screening for depression and anxiety questionnaire, the measure for our

outcome of mental health. Response for each question ranged from 0-3; the total score ranged from 0-12. Participants with maximal score of 12/12
in the pre-ICU interview were excluded.

1ZL’Z‘PHQ—Z score was the sum of the responses to two items in the screening for depression questionnaire. Response for each question ranged from

0-3; the total score ranged from 0-6.
§§GAD-2 score was the sum of the responses to two items in the screening for anxiety questionnaire. Response for each question ranged from 0-3;
the total score ranged from 0-6.
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