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Abstract

OBJECTIVES—To determine whether older adults with mild cognitive impairment (MCI), a 

condition not previously explored as a risk factor, experience increased hospitalizations and 30-

day readmission compared to those with normal cognition. Frequent hospitalizations and 

unplanned readmissions are recognized as markers of poor quality care for older adults.

DESIGN—Post-hoc analysis of prospectively gathered data on incident hospitalization and 

readmission from the Ginkgo Evaluation of Memory Study (GEMS), a randomized double-blind 

placebo-controlled trial designed to assess the impact of Ginkgo biloba on incidence of dementia.

SETTING—GEMS was conducted in 5 academic medical centers in the United States.

PARTICIPANTS—2742 community-dwelling adults age 75 or older with normal cognition 

(n=2314) or MCI (n=428) at baseline cognitive testing.

MEASUREMENTS—Index hospitalization and 30-day hospital readmission, adjusted for age, 

sex, race, education, clinic site, trial assignment status, comorbidities, number of prescription 

medications, and living with an identified proxy.

RESULTS—MCI was associated with a 17% increase in the hazard of index hospitalization as 

compared with normal cognition (adjusted Hazard Ratio (HR)=1.17 (1.02 – 1.34)). In participants 

who lived with their proxy, MCI was associated with a 39% increased hazard of index 

hospitalization (adjusted HR=1.392 (1.169 – 1.657)). Baseline MCI was not associated with 

increased odds of 30-day hospital readmission (adjusted Odds Ratio=0.90 (0.60 – 1.36)).

CONCLUSION—MCI may represent a target condition for healthcare providers to coordinate 

support services in an effort to reduce hospitalization and subsequent disability.
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INTRODUCTION

Adults 65 years and older represent 13% of the United States population and, given their 

higher disease burden, consume 43% of healthcare spending on hospitalizations.1 The 

Centers for Medicare and Medicaid Services (CMS) increasingly emphasizes quality care at 

reasonable cost, with increased scrutiny on high cost care settings like inpatient hospitals. In 

this context, unplanned hospital readmissions are markers of poor quality care.2,3 One in 

five hospitalized Medicare beneficiaries will be readmitted within 30 days,4 increasing their 

risk for hospitalization-associated disability,5 while incurring high costs to the healthcare 

system ($17.5 billion in 2010).4

Callahan et al. Page 2

J Am Geriatr Soc. Author manuscript; available in PMC 2016 March 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Healthcare systems researchers have identified diagnosis,6 demographics (age, race, 

ethnicity, and gender),7 and social determinants of health (socioeconomic status, caregiver 

support, marital status, and health literacy)8 as risk factors for hospitalization and 

readmission. However, risk prediction models rarely include cognitive impairment, a factor 

with strong justification for being predictive of excess hospitalization.9,10

Cognitive impairment may refer to dementia or to its often unrecognized precursor: mild 

cognitive impairment (MCI). MCI may be defined through low scores on 

neuropsychological testing - without functional impairment.11 MCI, which often goes 

unrecognized, may impair executive function or working memory; older adults with MCI 

may struggle with self-management of chronic disease,12 which would suggest that MCI 

increases the risk of hospitalization and readmission. Hospitalization and acute care does 

occur more frequently in older adults with dementia,12–14 but though MCI is associated with 

increased costs,15 studies have not yet explored MCI as a predictor for hospitalization or 

readmission.

The Ginkgo Evaluation of Memory Study (GEMS) provides an excellent database of well 

characterized participants, including a subset with MCI, to explore the association of 

cognition with hospitalization. GEMS enrolled 3072 community-dwelling adults over 75 

years old to test the efficacy of Ginkgo biloba in preventing or delaying Alzheimer's 

Disease, through a double-blind randomized placebo-controlled clinical trial.16 GEMS 

researchers classified participants into MCI and normal cognition groups, utilizing 

neuropsychological testing and functional surveys.17 Using these MCI definitions from 

GEMS, we aimed to determine a) whether older adults classified with MCI at the baseline 

cognitive assessment experience increased rates of index hospitalization (participants’ first 

hospitalization after baseline assessment) compared to those with normal cognition; b) 

among older adults with an index hospitalization, whether those with MCI are at greater risk 

of 30-day readmission; and c) whether living with a proxy modifies the effect of MCI on 

hospitalization and readmission. We hypothesized that those with MCI would experience 

increased rates of index hospitalization and 30-day readmission compared with those with 

normal cognition. Social support is associated with reduced risk of hospital utilization and 

readmission in older adults with presumed normal cognition.7,8,18 We anticipated that living 

with an identified proxy would modify the effect of MCI on these outcomes.

METHODS

Study Population and Study Design

The GEMS protocols are reported previously.16,17,19 Participants gave informed consent, 

and participants and proxies reported participants' physical and cognitive function and 

follow up data, including hospitalizations.19 Of note, GEMS excluded participants with 

known dementia, depression, and those taking medications for dementia; upon initial 

screening, participants were excluded with Modified Mini Mental State Exam (3MSE)20 

scores < 80/100, or with Center for Epidemiological Studies Depression (CES-D) Scale 

>14.21 Prior to randomization, participants underwent comprehensive physical, neurologic, 

and neuropsychiatric evaluation. Baseline medical history and medications were collected. 

Regularly scheduled follow up visits occurred wherein participants and proxies reported 
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major health events, including hospitalizations; researchers reviewed hospital paperwork. 

Individuals who reached the dementia endpoint were excluded from further follow up, 

including hospitalizations. Total mean follow-up was six years. For these post-hoc analyses, 

we excluded participants with missing baseline demographics, medications, past medical 

history, or proxy information; after application of these criteria, 2742 participants were 

included. The GEMS study demonstrated no impact of Ginkgo biloba on memory;19 

therefore, we combined placebo and treatment groups for these analyses.

Predictor: MCI

Our predictor was MCI status at baseline. In GEMS, participants completed ten 

neuropsychological tests across five cognitive domains typically tested for dementia: verbal 

and visual memory; language; attention and psychomotor speed; executive functions; and 

visuospatial construction. If scores in two or more domains were more than 1.5 standard 

deviations below Cardiovascular Health Study (CHS) established age- and education-level 

means, potential participants were again excluded. Clinical Dementia Rating (CDR) scores22 

were collected from prospective participants’ proxies. Participants completed the cognitive 

portion of the Alzheimer's Disease Assessment Scale (ADAS-Cog).23

Once the researchers defined a cohort of non-demented participants, guidelines from the 

International Working Group for MCI were utilized to identify baseline MCI cases using the 

tests above; this process has been described elsewhere.11,17 Criteria included: a) CDR global 

score of 0.5, indicating no more than minimal impairment in complex instrumental 

functions; b) a less than 10th percentile score on at least two of the ten cognitive tests 

performed during screening. These definitions were selected to minimize false positives. 

Thus, participants were identified at baseline as having MCI (n= 480) or normal cognition 

(n=2592). At each follow up appointment, participants completed the 3MSE, CDR, and 

ADAS-Cog. Scores indicating a possible incident case of dementia triggered a complete 

neuropsychological battery and subsequent adjudication of dementia diagnoses. Incident 

MCI was not identified during follow up.

Living with Others

As social support has demonstrated an independent effect on hospitalization and 

readmission, we included living with a proxy as a covariate. However, older adults with 

MCI and declining cognition could be more likely to have a live-in proxy, and a proxy could 

influence an older adult with MCI to seek hospital care. Therefore, we also considered living 

with a proxy as a potential effect modifier in the relationship between MCI and index 

hospitalization, and between MCI and 30-day hospital readmission.

Outcomes: Hospitalization and Hospital Readmission

Our outcomes were rates of index hospitalization and 30-day hospital readmission, defined 

as a hospital admission occurring within 30 days of discharge from the index hospitalization. 

Participants and proxies reported medical history and hospitalizations at follow up. 

Discharge summaries were collected and reviewed for dates of hospital admission, 

discharge, and primary and secondary diagnoses. For the 30-day readmission analysis, we 
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included participants who had experienced and survived an index hospitalization through 30 

days following hospital discharge (n=1627).

Covariates

Covariates relating to MCI and hospitalization/readmission included demographic factors 

(age, sex, race, education), baseline comorbidities (hypertension, diabetes, cancer, 

congestive heart failure, myocardial infarction, angina, kidney disease, liver disease, stroke, 

emphysema), number of prescription medications, and clinic site (to address geographic 

variation in hospitalization).24 As GEMS did not demonstrate impact of Ginkgo biloba, we 

tested for heterogeneity of the relationship between MCI and hospitalization/readmission 

(unreported analyses) among randomized groups, combined the data, and included 

randomization group status as a covariate.16,19

Statistical Analyses

Baseline demographics, clinic site, Ginkgo biloba status, comorbidities, prescription 

medications, and social support were described using simple proportions; differences 

between baseline MCI and normal cognition groups for each descriptor were compared 

using t-tests for continuous variables and chi-square for categorical variables.

Chi-square analyses were used to compare the proportions of index hospitalization, total 

number of hospitalizations, 30-day readmissions, development of dementia, and death 

within each group. We conducted a priori calculations for power, determining that this 

dataset would yield 82% power to detect a 25% increased risk of an index hospitalization in 

the MCI group versus those with normal cognition.

Proportional hazards regression analyses were used to model the relationship between 

baseline MCI status and time from baseline assessment to index hospitalization. Participants 

who completed the study without an index hospitalization were censored with a time value 

equal to the number of days between their baseline and final GEMS follow-up visit. 

Participants who died prior to experiencing hospitalization were censored. Our initial round 

of analyses censored those who died prior to index hospitalization at the time of death. In a 

second set of analyses, we combined mortality with index hospitalization (hospitalization-

free survival). Since conclusions were unchanged, we present the censored models. The 

proportionality assumption was tested by including a time-varying covariate of MCI 

group*time interaction in the fully adjusted model. This term was not significant (p = 0.73). 

First, an unadjusted model was fit; the second model included age, sex, race, education, 

clinic site, and trial assignment status (Ginkgo biloba versus placebo). Sequential models 

added baseline comorbidities; number of prescription medications; and whether participants 

lived with their listed proxy. Finally, we tested for an interaction between MCI at baseline 

and living with a proxy within the full model. Results are presented as Hazard Ratios (HR) 

with 95% confidence intervals (CI) relating the hazard for hospitalization for those with 

MCI at baseline to the same hazard in those with normal cognition.

For 30-day readmissions, we conducted logistic regression analyses to model the 

relationship between MCI status at baseline and 30-day readmission. We adjusted for 
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potential confounders, including demographics, clinic site, Ginkgo biloba status, 

comorbidities, number of prescription medications, living with a proxy, and interaction 

between MCI and living with a proxy. A priori calculation for power showed that the 

available readmissions data yielded 81% power to detect a 30-day readmission rate of 16% 

in participants with MCI as compared with a rate of 10% for those with normal cognition. 

We explored whether the odds ratio relating readmission to baseline MCI status varied by 

trial assignment status (Ginkgo biloba versus placebo) using the Breslow Day statistic; this 

did not reach statistical significance, so we did not stratify analyses by trial assignment. 

Results are presented as odds ratios (OR) with 95% confidence intervals relating the odds of 

readmission within 30 days for those with MCI at baseline compared with those without.

RESULTS

Baseline Characteristics

Mean age of all GEM participants at baseline was 78.6 years; 46% were female, and 96% 

were white. Over 60% had some college education, and 23% completed graduate work. 

Participants with MCI at baseline were more likely to be older, female, and of minority race 

(Table 1), more likely to have a history of myocardial infarction, angina, and stroke, and 

more likely to self-report their health as fair or poor. No differences in baseline comorbidity 

appeared between those who lived with a proxy versus those who did not (unreported 

analyses).

Index Hospitalization

There were 1688 participants who experienced at least one hospitalization during follow up 

(61%), and 307 (18.19%) experienced four or more hospitalizations (Table 1). After 

adjusting for all covariates, MCI conferred a 17% increase in the rate of index 

hospitalizations as compared with participants with normal cognition (unadjusted Hazard 

Ratio (HR)=1.245 (1.091 – 1.420); adjusted HR=1.170 (1.021 – 1.342); Table 2). Median 

time to index hospitalization was 43 months for those with MCI (35, 50) compared with 50 

months (48, 53) for normal cognition.

We found a significant interaction between MCI and living with a proxy (chi square 8.274, 

p=0.004). In participants who lived with their proxy, MCI was associated with a 39% 

increase in the rate of index hospitalization compared with those with normal cognition 

(adjusted HR 1.392, 1.169 – 1.657, Table 2). However, in participants who did not live with 

their proxy, there was no relationship between MCI and the rate of index hospitalization 

(adjusted HR 0.936, 0.758 – 1.155). Table 3 displays hazard ratios for index hospitalization, 

compared across MCI and living with proxy statuses.

30-Day Hospital Readmission

We investigated the relationship between MCI and 30-day hospital readmission. After 

excluding the 61 participants who did not survive to 30 days following discharge, there were 

1627 participants eligible for readmission. We found no significant difference in the 

proportion of 30-day readmissions by baseline MCI status; 13.5% of participants with MCI 

experienced a 30-day readmission as compared with 11.7% of those with normal cognition 
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(p=0.423). MCI was not associated with an increased odds of 30-day readmission in any 

model investigated (fully adjusted OR 0.902, 0.598 – 1.363). The interaction between MCI 

status and living with a proxy for 30-day readmission was not statistically significant 

(p=0.103).

DISCUSSION

In community-dwelling older adults, MCI was associated with a 17% increase in index 

hospitalization. We hypothesized that MCI would increase hospitalization, as those with 

MCI struggle with complex tasks necessary for self-care. Since social support reduces 

hospitalizations and readmissions, we hypothesized that MCI would increase hospitalization 

in those without a live-in proxy. However, the inverse was shown: in those participants who 

lived with their proxy, MCI increased the rate of index hospitalization by 39%, while not 

impacting participants who did not live with a proxy (adjusted HR 0.936, 0.758 – 1.155). 

This finding holds implications for health care access for those with MCI: older adults with 

MCI living alone may delay hospitalization, lacking the insight to recognize "red flags" of 

illness; alternatively, those with live-in proxies may recognize warning signs of impending 

illness and access acute care more promptly. Regardless, the interaction between MCI and 

living with a proxy suggests that MCI status could reflect older adults who may over- or 

under-use hospital services, depending on their degree of support. Therefore, screening for 

MCI may identify patients and caregivers who could benefit from intensive care 

coordination.

To our knowledge, this analysis within a large clinical trial is one of the first studies with 

geographically diverse, well-defined cognitive phenotypes to address the impact of MCI on 

hospitalization; prior studies on hospital utilization13 or hospital readmissions12,14 have 

emphasized dementia, or single cognitive tests. In this study, MCI was determined on the 

basis of comprehensive neuropsychiatric testing,17 and conducted prior to hospitalization, 

which minimizes confounding with delirium. Outcomes of hospitalization and readmission 

were clearly defined, carefully ascertained by study staff, and relevant to current policy 

definitions. However, it is important to acknowledge the study's methodological and 

database limitations. As with most clinical trials, GEMS is not representative of the general 

population in racial, socioeconomic, and educational diversity, which limits generalizability, 

as participants may have had greater access to services. The original GEMS study excluded 

participants with depression, whose risk for increased hospital services is recognized. In 

addition, there were no measurements of Overall readmission (12%) was lower than 

expected in the general population.1 The null findings for readmission may reflect limited 

power to detect a clinically meaningful result due to a relatively small sample size. Finally, 

once the adjudicated dementia endpoint for GEMS was achieved, participants were no 

longer followed for events. This decision within GEMS may have excluded a small number 

of outcomes.

This analysis rigorously examines a novel source of risk by utilizing a clearly defined, 

research-based, expert definition of MCI. Of the population over 75, over 20% is estimated 

to have MCI.25 As described by Fried et al. for early physical impairment,26 MCI may 

represent the "bottom of the iceberg," an often unrecognized impairment that still confers 
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increased risk for an older adult’s hospitalization and subsequent disability.5,27 Therefore 

future research could explore whether screening for MCI - currently a rare practice - may 

identify a subgroup of older adults and their caregivers who would benefit from ambulatory 

care coordination, caregiver support, and community-based services to reduce recurrent 

hospitalizations.
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Table 2
Hazard Ratios for Index Hospitalization Comparing Mild Cognitive Impairment (MCI) 
Status to Normals at Baseline

The reference group is those with normal cognition.

Model HR 95% CI P

Unadjusted 1.25 1.09 – 1.42 <0.01

+ demographics, clinic site, Ginkgo biloba assignment 1.22 1.07 – 1.40 <0.01

Above + comorbidities 1.19 1.04 – 1.37 0.01

Above + number of prescription medications 1.18 1.03 – 1.35 0.02

Above + plus living with proxy 1.17 1.02 – 1.34 0.02

  Above, in participants living with proxy* 1.39 1.17 – 1.66 n/a

  Above, in participants not living with proxy* 0.94 0.76 – 1.16 n/a

Legend: Demographics include age, sex, race, level of education. Comorbidities: hypertension, diabetes, cancer, congestive heart failure, 
myocardial infarction, angina, kidney disease, liver disease, stroke, emphysema. "Living with proxy" refers to whether a participant lives with the 
listed proxy.

*
The interaction of MCI at baseline and living with proxy was significant (chi-square 8.274, p=0.004), therefore the final model is presented 

stratified by whether the participant lives with proxy.
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Table 3
Comparison of Hazard Ratios for Index Hospitalization Comparing Mild Cognitive 
Impairment (MCI) Status and Living with Proxy status to Reference

The reference group is those with normal cognition who live with their identified proxy.

Does Not Live with Proxy Lives with Proxy

MCI 1.07 1.39

Normal Cognition 1.14 1.00
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