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Abstract
Objectives—To examine the rates of and risk factors for acute hospitalization in a prospective
cohort of older community-dwelling Alzheimer’s disease (AD) patients

Design—Longitudinal patient registry

Setting—AD Research Center

Participants—827 older persons with AD

Measurements—Acute hospitalization after AD research center visit was determined from
Medicare database. Risk factor variables included demographics, dementia-related, comorbidity
and diagnoses were measured by interviews and Medicare data.

Results—Of 827 patients during 1991–2006 (median follow-up 3.0 years), 542 (66%) were
hospitalized at least once, and 389 (47%) were hospitalized ≥ 2 times, with a median of 3 days
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spent in the hospital per person-year. Leading reasons for admission included syncope or falls
(26%), ischemic heart disease (17%), gastrointestinal disease (9%), pneumonia (6%), and delirium
(5%). Five significant independent risk factors for hospitalization included higher comorbidity
(hazard ratio (HR), 1.87; 95% confidence interval (95%CI) 1.57, 2.23), previous acute
hospitalization (HR, 1.65; 95%CI 1.37, 1.99), older age (HR, 1.51; 95%CI 1.26, 1.81), male sex
(HR, 1.27; 95%CI 1.04, 1.54) and shorter duration of dementia symptoms (HR, 1.26; 95%CI 1.02,
1.56). Cumulative risk of hospitalization increases with the number of risk factors present at
baseline: 38% with 0 factors; 57% with 1 factor; 70% with 2–3 factors; and 85% with 4–5 factors
(Ptrend<0.001).

Conclusion—In community-dwelling population with generally mild AD, hospitalization is
frequent, occurring in two-thirds of participants over a median follow-up time of 3 years. With
these results, clinicians may be able to identify dementia patients at high risk for hospitalization.
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INTRODUCTION
Alzheimer’s disease (AD) is a devastating, relentlessly progressive neurodegenerative
disease for which no curative treatments are currently available. Currently, AD affects 5.1
million Americans over age 65,1 and the prevalence is steadily increasing. In 2010, the
incidence of AD is estimated to be 454,000 per year and will be 615,000 per year by 2029
without effective preventive strategies.2 Healthcare costs for AD are estimated at $100
billion per year in the United States, making it the third most costly disease, exceeded only
by heart disease and cancer.1, 3, 4

The high prevalence of AD exerts a strong influence on overall healthcare expenditures.5
Patients with AD have 2–5 times higher healthcare costs and utilization, even after adjusting
for comorbidity.4, 5 Hospitalization costs are 2.8 times higher in AD patients than age-
matched Medicare beneficiaries, and represent the major driver of Medicare expenditures
for AD patients.6

Hospitalization often represents a pivotal event for persons with AD, with loss of
independence and institutionalization representing frequent and unfortunate outcomes.7
Previous studies have documented that hospital outcomes for patients with AD are
significantly worse than for those without AD, with respect to delirium, functional losses,
prolonged length of stay, institutionalization and death.8–10 Despite its clinical and
economic impact, relatively few studies11–15 have examined hospitalization in AD patients.
In particular, previous studies have not explored risk factors that predispose patients to
hospitalization in the earlier stages of AD, which is more common.

The specific aims of the proposed study were: 1) to examine the frequency of hospitalization
in a community-dwelling cohort of AD patients followed in the Massachusetts Alzheimer’s
Disease Research Center (MADRC); 2) to ascertain the principal admitting diagnoses
associated with hospitalization; and 3) to evaluate baseline risk factors for hospitalization—
including demographic, AD-related, and illness-related factors. Our overall goal was to
clinically identify AD patients at high risk for hospitalization based on baseline risk factors.
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METHODS
Setting and Subjects

Study participants were drawn from the prospective cohort of consecutive patients
assembled by the Massachusetts Alzheimer’s Disease Research Center (MADRC) Patient
Registry, and enrolled from January 1, 1991 to June 30, 2006. The MADRC was established
in 1984 as a National Institutes of Health Specialized Research Center for evaluation of
persons with memory loss. Since 1984, the MADRC has evaluated over 5,600 patients at the
Massachusetts General Hospital (MGH), a 900-bed Harvard-affiliated teaching hospital with
1.5 million outpatient visits per year.

Eligible patients were aged 65 years and older and had a clinical diagnosis of probable or
possible AD, established by the examining neurologist based on National Institute of
Neurological and Communicative Diseases and Stroke/Alzheimer's Disease and Related
Disorders Association (NINCDS-ADRDA) guidelines (n=1837).16 This study was nested
within the MADRC cohort as part of a longitudinal study of cognitive trajectory in
Alzheimer’s Disease.17 As a result, patients were excluded if they had less than 3 visits with
the MADRC (n=920) to ensure complete baseline data collection and approximately one
year of follow-up. Patients with <3 visits were older, less likely to be married, and had more
severe dementia compared to the study cohort. Additionally patients were excluded if they
were enrolled in a Medicare Health Maintenance Organization (HMO) (n=68) which
precluded complete collection of hospitalization data in the Medicare database, or if they
refused consent for use of their clinical data for research purposes (n=22). The final sample
included 827 participants.

The informed consent policy of the MADRC includes obtaining joint consent of patients and
their next of kin, health care proxy, or guardian. The current study, conducted using
secondary data from the MADRC and medical record review, merged with Medicare data,
was approved by the institutional review boards of the MGH and the Hebrew SeniorLife.

Data Collection
The initial assessment in the MADRC included a medical history, neurological examination,
and cognitive testing with dementia severity rating. Follow-up assessments were completed
every 6 months, and included an updated history, physical examination, and cognitive
testing.

Medicare Provider Analysis and Review (MedPAR) and Denominator files were obtained
for years 1991–2006 from the Center for Medicare and Medicaid Services (CMS). The
Denominator file enabled identification of patients enrolled in a Medicare HMO, who were
ineligible for our study. We obtained information on all hospitalizations, along with dates,
length of stay, location, admitting diagnoses, and additional medical diagnoses from
MedPAR.

Study Outcome
The outcome was the first acute hospitalization (index hospitalization) after the index visit at
the MADRC. Psychiatric, long-term care, and rehabilitation admissions were not included as
hospitalizations. The index MADRC visit was defined as the first MADRC visit after the
patient reached Medicare eligibility at age 65 years.

Potential Risk Factor Variables
Three major categories of potential risk factors were examined: socio-demographic,
dementia-related, and acute illness-related. Socio-demographic variables included age,
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gender, race, education, and marital status. Dementia-related variables included family
history of dementia, cognitive function assessed by the Blessed Information-Memory-
Concentration (IMC) score, 18 MADRC Dementia Severity Rating scale, duration of
symptoms before diagnosis, speed of initial onset, and course of deterioration. Illness-related
variables included the Deyo-Charlson comorbidity index19, 20 and previous acute
hospitalization. Continuous variables (e.g., Blessed scores, duration of symptoms, and
dementia severity), were examined continuously and by quintiles for a significant
association, a U-shaped relationship, and a non-linear relationship with hospital risk.

To facilitate development of a clinical risk stratification system for clinicians, we
dichotomized the variables. We chose cut-points for continuous variables based on previous
studies, data distributions, and clinical sensibility. Patients were categorized as having either
<12 years of education or ≥12 years of education. The Blessed IMC score is a global
cognitive test ranging from 0 to 37, with higher scores indicating impairment.18 A cutpoint
of ≥ 15 correlates with major cognitive decline and associated functional deterioration.21
Severity of AD was staged with the MADRC Dementia Severity Rating scale, which rates
general levels of functional dependence (range 0–5, with 5 indicating profound impairment)
and correlates strongly (Spearman correlation coefficient = 0.87, P<0.0001)17 with the
Clinical Dementia Rating Scale in our sample.22 After collecting the relevant history,
cognitive exam, and physical exam, MADRC neurologists rated the speed and course of AD
symptoms. Speed of initial onset of AD symptoms was categorized as “rapid onset”, defined
as a decline over weeks to a few months or “slow onset”, defined as a decline over several
months to years. Course of symptoms was categorized as fluctuating or stepwise, contrasted
with stable or improving.

Previous hospitalizations were defined as any acute hospitalization during the year before
the index MADRC visit. The Deyo-Charlson index is a widely used comorbidity index,
created using International Classification of Diseases Ninth Revision (ICD-9) codes for the
index hospitalization from Medicare and medical record data. A score of ≥1 is commonly
used to indicate high comorbidity.19, 20 For the 48 subjects (5.8%) who were missing
diagnosis information, we used equipercentile equating23 to calculate an equivalent score
based on medical diagnoses collected by the MADRC.

Admitting Diagnoses
For hospitalized patients, the admitting diagnosis from Medicare was examined, because it
reflected most closely the reason for hospitalization. For analysis, these were rank-ordered
by frequency.

Statistical Analysis
Descriptive statistics, including proportions, means, standard deviations, medians, and
interquartile ranges (25–75 percentile) were calculated. To examine potential risk factor
variables, bivariable analyses were first conducted using unadjusted Cox proportional
hazards models, with time to index hospitalization as the dependent variable. The time to
hospitalization was defined as the years from index MADRC visit through index
hospitalization visit for subjects who were hospitalized, or through the entire study period
for those who were not hospitalized (censored either at death or end of the study period).
Subsequently, multivariable proportional hazards models were conducted, adjusting for age,
gender, race, education, marital status, family history of dementia, Blessed IMC score,
MADRC Dementia Severity Rating, duration of symptoms, speed of onset, disease course,
Deyo-Charlson Comorbidity Index and previous acute hospitalization. Schoenfeld’s global
test24 was conducted to test the proportionality assumption, which was not violated in any
of our models. The Gompertz model25 was used to confirm the results from the Cox
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models. Regression coefficients were estimated using the maximum likelihood method, and
estimated hazards ratio (HR) and their associated 95% confidence intervals (CI) were
presented. A C-statistic was calculated as an estimate of the model calibration. The small
number of missing values (see Results) were imputed using multiple imputation methods.
Analyses were performed using the SAS statistical analysis program (Version 9.1, SAS
Institute, Cary, NC) and STATA (Version 10.1, Stata Corporation, College Station, Texas).
All statistical tests were two-tailed, and an alpha level of less than 0.05 was used to indicate
statistical significance.

Risk Stratification System—To develop a risk stratification system, we utilized the
clinical characteristics which were significantly associated with hospitalization after
adjustment. The points for the risk stratification system were assigned by adding one point
for each risk factor present. We then examined the incidence of index hospitalization with
increasing point totals and collapsed points with similar incidence. This risk stratification
system is shown for descriptive purposes only, to show that the risk of hospitalization
increases with the number of risk factors present. A Chi-square test for trend was used to
examine the incidence of hospitalization across strata.

RESULTS
Baseline patient characteristics of the 827 AD patients are summarized in Table 1. The mean
(± standard deviation) follow-up was 4.0 ± 3.5 years (median = 3.0 years). The mean age of
the cohort was 75.8 ± 6.2 years. Over half of the cohort was female (58%), and the majority
were white (94%). The mean Blessed IMC score was 10.1 points and MADRC Dementia
Severity Rating scale scores averaged less than 2 points, consistent with a relatively high-
functioning, community-dwelling population with mild Alzheimer’s disease. The mean
duration of symptoms for the cohort was 3.1 years, indicating that the cohort was generally
in the early stages of AD. The cohort had relatively low Deyo-Charlson comorbidity index
scores (0.8 ± 1.3 points), signifying relatively low medical comorbidity with a low
anticipated one-year mortality. During the one-year period prior to the index hospitalization,
one- third of patients had a previous acute hospitalization.

Table 2 demonstrates that 542 patients (66%) were hospitalized at least once during their
follow-up period, after a median of 2.2 years. Hospitalization occurred in 111 hospitals
across 15 states. The annual rate of hospitalization was 16.3 per 100 person-years (95%
confidence interval, 15.0–17.7). During the entire study period, 389 (47%) were
rehospitalized after their initial hospitalization for a median of 2 hospitalizations per person.
Among the hospitalized group, patients spent a median of 3.0 days in the hospital per year.

Primary diagnoses associated with hospitalization are presented in Table 3. Patients were
most commonly admitted for syncope, fall, or trauma (26%); ischemic heart disease (17%),
gastrointestinal disease (9%), pneumonia (6%), and delirium or mental status change (5%).
Diagnoses occurring in <5% of admissions included cerebrovascular disease,
musculoskeletal disorders, urinary tract infection, fever or other infections, chronic lung
disease, congestive heart failure, cancer, dehydration, neurological disease, renal failure,
psychiatric disorders, diabetes mellitus, and peripheral vascular disease.

A small number of missing values were present for potential risk factor variables, including
education (n=13, 1.6%), family history of dementia (n=1, 0.1%), MADRC Dementia
Severity Rating (n=12, 1.5%), duration of symptoms before diagnosis (n=11, 1.3%), speed
of initial onset (n=13,1.6%), course of AD (n=15, 1.8%), Deyo-Charlson score (n=48, 6%),
and previous hospitalization (n=57, 7%) patients. Multiple imputation methods were used
for the multivariable analyses.
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Five significant risk factors for hospitalization were identified in both unadjusted and
adjusted analyses (Table 4), including demographic (age and male sex), dementia-related
(rapid onset of disease with shorter duration of symptoms), and illness-related variables
(high Deyo-Charlson comorbidity score and previous acute hospitalization). The C-statistic
was 0.66 (95% confidence interval, 0.63–0.68). The strongest risk factor was high
comorbidity, associated with an 87% increased adjusted risk of hospitalization. Other
important risk factors included acute hospitalization in the past year (65% increased adjusted
risk); older age (51% increased adjusted risk); male sex (27% increased adjusted risk); and
shorter duration of symptoms (26% increased adjusted risk). Interestingly, other dementia-
related predictors, including Blessed IMC score, MADRC Dementia Severity Rating, family
history of dementia, speed of initial onset, and course of disease were not significant
predictors of hospitalization and there was no U-shaped or non-linear relationship with
hospitalization. Moreover, race, education level and marital status were not significant
predictors.

Table 5 shows that a higher number of risk factors increases the risk for hospitalization with
a significant trend. Those with one risk factor were 1.8 times as likely to be hospitalized as
those with no risk factors. Those with 2–3 risk factors were 3.0 times as likely; and those
with 4–5 risk factors were 6.1 times as likely to be hospitalized as those with no risk factors.
Thus, the number of risk factors present at baseline directly impacts the risk of subsequent
hospitalization.

DISCUSSION
This study demonstrates that hospitalization is a frequent outcome in persons with
Alzheimer’s disease, even at relatively early stages of disease. In our sample of community-
dwelling persons with (on average) mild AD and low comorbidity, two-thirds were
hospitalized at least once during the follow-up period, and nearly half were hospitalized 2 or
more times. Due to longer duration of follow-up (3.0 years on average), these cumulative
risks are higher than those described in previous studies of community-dwelling samples.11
Our results reinforce previous studies reporting on the high rates of hospitalization in AD
patients more generally, which are at least 3 times higher than non-affected, age-matched
persons.13, 26, 27

This study has face validity in that three of our independent risk factors for hospitalization
(age, comorbidity, and prior hospitalization) have been identified in other studies of the
Alzheimer’s and older primary care populations.15, 26. Our study expands the literature by
identifying two additional risk factors for hospitalization which are routinely assessed in
Alzheimer’s Disease patients (male sex and short duration of symptoms) The short duration
of symptoms before diagnosis indicates that patients on a rapid or accelerated trajectory of
decline before presenting for dementia evaluation may be more likely to be hospitalized.
Interestingly, in this community-dwelling population severity of dementia and other
dementia-related variables including cognitive score, dementia severity rating, and clinical
course were not significant risk factors for hospitalization. While some studies have found
that more severe dementia was predictive of hospitalization, the severity index is not always
collected systematically.11–13 For example, dementia severity measured at the time of
hospitalization will be higher because of the physiologic decompensation and possibly
superimposed delirium28 which brought the patient to the hospital. By measuring severity at
ADRC visits prior to hospitalization, we are capturing a picture of the baseline dementia
severity, rather than acute dementia severity.

Taken together, the risk factors identified help to identify a high risk group. For instance,
patients with 2 or more risk factors have a >70% cumulative risk of hospitalization over
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approximately three years, and would be an important group to target for future intervention
strategies. While validation in other samples would be needed, our results describing the risk
factors for hospitalization yield important and clinically relevant information. While
speculative, it is possible that early stage AD patients are more likely to be hospitalized than
their age-matched peers because of increasing problems related to their cognitive deficits,
even at the early stages, such as judgment errors resulting in falls, medication errors or
noncompliance, decreases in thirst or appetite resulting in dehydration or malnutrition, and
the like. Even in the early stages, it is likely that subtle cognitive problems may have
adverse impacts on health and medical care.

Understanding potential factors leading to hospitalization in the AD population are
important for quality of life, cost-savings, and development of interventions to prevent
hospitalization. Many of the identified conditions are potentially preventable with simple
interventions in the home and hospital, and with discharge teaching/homecare follow-up.
The five leading reasons for hospitalization in this cohort included falls, ischemic heart
disease, gastrointestinal disease, pneumonia, and delirium which are consistent with recent
work.15, 29 Falls may be effectively prevented in community-dwelling elderly through
strategies such as exercise programs, balance training, reduction of high-risk medications,
vision adaptations, and home safety enhancements.30 Prevention strategies for ischemic
heart disease include blood pressure control, cholesterol reduction, smoking cessation, diet
modification, and increased physical activity.31–33 These interventions would also reduce
cerebrovascular events, the sixth most common reason for hospitalization. For
gastrointestinal bleeding and peptic ulcer disease, leading gastrointestinal diagnoses in our
sample, avoidance of non-steroidal drugs, use of antacids or gastroprotective drugs, and
eradication of H pylori, may be effective preventive strategies.34 Strategies for prevention
of pneumonia, including improved swallowing techniques, aspiration precautions, avoidance
of sedative medications, consistent use of influenza and pneumococcal vaccination, and
prompt use of appropriate anti-viral treatment during flu season, may help to reduce these
admissions.35 Finally, well-established strategies for delirium prevention, including
avoidance of psychoactive medications, enhancing nutrition and hydration, preventing
infection, addressing electrolyte or metabolic derangements, and ensuring oxygenation,
would be effective approaches to reduce hospitalization.36 It is important to note that many
of these evidence-based strategies have not been tested specifically for their preventive
efficacy in persons with Alzheimer’s disease.

This study has noteworthy strengths. It represents a unique large-scale epidemiologic study
examining the frequency and risk factors for hospitalization in a community-dwelling AD
population. High quality data from the MADRC provided a large, well-characterized clinical
cohort of 827 patients, with prospective gold-standard neurologist diagnoses of AD
according to clinical criteria and longitudinal follow-up for a median of 3 years.
Furthermore, the careful combination of MADRC and MedPAR data allowed near-complete
examination of all hospitalization data across several hospitals and states.

The results of this study are limited because we were unable to fully assess acute indications
for hospitalization such as delirium, medication, and social factors including caregiver
support from the MADRC assessments and Medicare data. Additionally, for the initial year
of the study (1991), we did not have prior hospitalization records. A sensitivity analysis
using multiple imputation of these records did not significantly change the results. Finally,
this study would have benefited from further assessment at the index MADRC visit of the
relationship between speed of cognitive decline and recent delirium.

The generalizability of these results are limited by several factors listed below. First, the
exclusion of patients with <3 MADRC visits may have limited our generalizability to
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patients earlier in the disease and those who were more likely to follow-up. Second, the
minority representation in this sample is relatively low (6%). While we have verified that the
MADRC sample is comparable to the National Institute on Aging/National Alzheimer’s
Coordinating Center (NACC) sample of 85,460 AD patients in terms of age, gender,
educational level, and dementia onset, the minority representation is lower in the MADRC
than in the overall NACC sample (6% vs.18%). Third, the data were drawn from a single
site which may limit generalizability to patients who have access to an academic medical
center or ADRC. However, the primary care and thus, most of the decisions regarding
hospitalization of the AD patients were made by the primary care physicians. Finally, it is
important to stress that all of these factors influence only external validity (generalizability),
and the internal validity of our study findings remains uncompromised.

There are important implications of our work. First, the study allows us to identify AD
patients at high risk for hospitalization, who would be important to target for future
preventative efforts. Second, the study lays the groundwork for future intervention studies to
prevent hospitalization in this vulnerable group. Finally, the outcomes of hospitalization in
AD patients warrant further examination in future studies. Documenting the prevalence and
etiologies of hospitalization in AD patients represents a crucial first step in this future
research imperative. Given the frequency of hospitalization in the currently 5 million
patients with AD, an intervention to prevent or shorten hospitalization would potentially
save Medicare billions of dollars per year.5, 37
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Table 1

Baseline Characteristics of the Alzheimer’s Disease Cohort (N = 827)

Characteristic* Mean ± SD or
n (%)

Demographics

  Age, years 75.8 ± 6.2

  Female 480 (58%)

  Non-White 49 (6%)

  Education, years 14.0 ± 3.5

  Unmarried 284 (34%)

Dementia-related

  Family history of dementia 60 (7%)

  Blessed IMC score (0–37 points, 37 worst) 10.1 ± 5.8

  Dementia Severity Rating (0–5 points, 5 worst) 1.9 ± 0.7

  Duration of symptoms, years 3.1 ± 2.1

  Speed of initial onset, rapid (vs. slow) 48 (6%)

  Course, fluctuating or stepwise (vs. stable or improving) 28 (4%)

Illness-related

  Deyo-Charlson score† (0–33 points, 33 highest) 0.8 ± 1.3

  Previous acute hospitalization 269 (33%)

SD=Standard deviation; IMC=Information-Memory-Concentration

*
Missing data were present as follows: education (n=13); family history of dementia (n=1); Dementia Severity Rating (n=12); duration of

symptoms (n=11); speed of initial onset (n=13); course (n=15); Charlso-Deyo (n=48); previous acute hospitalization (n=57)

†
Equipercentile equating used for imputation of missing values in 48 subjects. See text for details.
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Table 2

Frequency of Hospitalization in Alzheimer’s Disease Patients

Outcome n (%) Median
(q1, q3)

Mean ±
SD

Study Cohort: N = 827

    Index hospitalization 542 (66%)

    Number hospitalized after initial MADRC visit*

      Year 0 (n=827 remaining) 135 (16%)

      Year 1 (n=692 remaining) 110 (16%)

      Year 2 (n=573 remaining) 105 (18%)

      Year 3 (n=422 remaining) 64 (15%)

      After Year 3 (n=314 remaining) 128 (41%)

    Length of follow-up, years 3.0 (1.6, 5.3) 4.0 ± 3.5

    Years to index hospitalization 2.2 (1.0, 3.9) 2.7 ± 2.1

Hospitalization Cohort: N = 542

    Length of stay, index hospitalization, days 5 (3, 7) 5.8 ± 4.9

    Total number of hospitalizations, per person 2 (1, 4) 3.2 ± 2.8

    Number of hospitalizations, per-person year 0.6 (0.3, 1.0) 0.8 ± 0.8

    Number of hospital days, per-person year 3 (1.7, 6.4) 5.5 ± 7.5

SD=standard deviation; q1=the first quartile (25th percentile); q3=the third quartile (75th percentile)

*
The number of available patients declines each year after the initial, because of cohort losses (e.g. death, drop out of MADRC, etc)
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Table 3

Reasons for Hospitalization in the Alzheimer’s Disease Cohort (N=542)

Principal Admitting
Diagnoses n %

Syncope, Fall, Trauma 141 26%

Ischemic Heart Disease 93 17%

Gastrointestinal Disease 48 9%

Pneumonia 34 6%

Delirium, Mental Status Change 25 5%

Cerebrovascular Disease 23 4%

Musculoskeletal Disorder 21 4%

Urinary Tract Infection 15 3%

Fever, Other Infections 14 2%

Chronic Lung disease 10 2%

Congestive Heart Failure 10 2%

Cancer 10 2%

Neurological Disease 10 2%

Dehydration 8 1%

Acute or Chronic Renal Failure 4 1%

Psychiatric Disorder 4 1%

Diabetes Mellitus 2 1%

Peripheral Vascular Disease 2 1%

Other 70 13%
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Table 4

Variables Considered as Risk Factors for Hospitalization (N = 827)

Variables * Hospitalization
in the Presence

of Factor

Hospitalization
in the Absence

of Factor

Unadjusted
Hazards Ratio,

95% CI

Adjusted
Hazards Ratio,

95% CI

n/N (%)

Demographics

Age, ≥ 75 years 340/478 (71) 202/349 (58) 1.60 (1.34 – 1.91)‡ 1.51 (1.26 – 1.81)‡

Male 244/347 (70) 298/480 (62) 1.41 (1.19 – 1.67)‡ 1.27 (1.04 – 1.54)‡

Non-White 31/49 (63) 511/778 (66) 0.81 (0.57 – 1.17) 0.84 (0.58 – 1.22)

Education < 12 years 78/106 (74) 454/708 (64) 1.22 (0.96 – 1.55) 1.18 (0.92 – 1.52)

Unmarried 182/284 (64) 360/543 (66) 0.90 (0.76 – 1.08) 0.92 (0.75 – 1.13)

Dementia-related

Family history of dementia 42/60 (70) 500/766 (65) 0.98 (0.72 – 1.34) 1.15 (0.83 – 1.58)

Blessed IMC score20≥ 15 points 111/171 (65) 431/656 (66) 0.98 (0.80 – 1.21) 0.99 (0.79 – 1.24)

Dementia Severity Rating ≥ 2 points 381/579 (66) 151/236 (64) 1.11 (0.92 – 1.34) 1.20 (0.98 – 1.47)

Duration of symptoms ≤ 1.5 years 130/191 (68) 404/625 (65) 1.26 (1.03 – 1.53)‡ 1.26 (1.02 – 1.56)‡

Rapid speed of initial onset 29/48 (60) 502/766 (66) 1.05 (0.72 – 1.53) 0.83 (0.56 – 1.22)

Course, fluctuating or stepwise 15/28 (54) 514/784 (66) 0.78 (0.47 – 1.29) 0.92 (0.55 – 1.54)

Illness-related

Deyo-Charlson score ≥ 1† 303/381 (80) 239/446 (54) 1.99 (1.68 – 2.36)‡ 1.87 (1.57 – 2.23)‡

Previous acute hospitalization 198/269 (74) 318/501 (64) 1.92 (1.60 – 2.30)‡ 1.65 (1.37 – 1.99)‡

CI=Confidence Interval; IMC=Information-Memory-Concentration

*
Missing data were present as follows: education (n=13); family history of dementia (n=1); Dementia Severity Rating (n=12); duration of

symptoms (n=11); speed of initial onset (n=13); course (n=15); Deyo-Charlson (n=48); previous acute hospitalization (n=57). Multiple imputation
methods used for missing values in multivariable Cox model (see text for details).

†
Equipercentile equating used for imputation of missing values in 48 subjects. See text for details.

‡
P<0.05. C-statistic for the final model (5 significant variables) was 0.66, 95% confidence interval 0.63–0.68.
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Table 5

Risk Gradient by Number of Risk Factors at Baseline

Number of Risk
Factors

Rate of Hospitalization
n/N (%)* Hazard Ratio, 95%CI†

0 31/83 (38%) Referent

1 117/205 (57%) 1.8 (1.2 – 2.6)

2–3 307/437 (70%) 3.0 (2.0 – 4.3)

4–5 88/103 (85%) 6.1 (4.1 – 9.3)

CI=Confidence interval

*
Test for linear trend: x2 = 108.95 p-value <0.001

†
Multiple imputation methods used for missing values (see text for details).
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