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Abstract

We assessed trends, predictors and outcomes of resource utilization in hospital inpatient discharges 

with a principal diagnosis of Alzheimer's disease (AD) with at least one procedure. Using 

Nationwide Inpatient Sample data (NIS, 2002–2012), discharges primarily diagnosed with AD, 

aged ≥60 y and with ≥1 procedure, were selected (Weighted N= 92,300). Hospital resource 

utilization were assessed using ICD-9-CM codes, while hospitalization outcomes included total 

charges (TC, 2012$), length of stay (LOS, days), and mortality risk (MR, %). Brain and 

respiratory/gastrointestinal procedure utilization both dropped annually by 3–7%, while 

cardiovascular procedures/evaluations, blood evaluations, blood transfusion, and resuscitation 

(“CVD/Blood”) as well as neurophysiological and psychological evaluation and treatment 

(“Neuro”) procedures increased by 5–8%. Total charges, length of stay, and mortality risk were all 

markedly higher with use of respiratory/gastrointestinal procedures as opposed to being reduced 

with use of “Brain” procedures. Procedure count was positively associated with all three 

hospitalization outcomes. In sum, patterns of hospital resources that were used among AD 

inpatients changed over-time, and were associated with hospitalization outcomes such as total 

charges, length of stay, and mortality risk.
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Introduction

The world's older adult population is projected to double in the coming three decades and 

many will develop serious chronic diseases such as Alzheimer's disease (AD) as incident 

cases continue to emerge since multi-modal treatments for AD remain unsuccessful [1–3]. 

Recently, AD cases were projected to double by 2050 [4, 5], with the incidence rates 

increasing by 40% by 2025 [4]. Various health services are needed to assist in maintaining 

quality of life for older adults which creates a significant burden at all levels of the health 

care spectrum [4]. Consequently, health care expenditure ascribed to AD is expected to 

increase from $203 billion in 2013 to $1.2 trillion in 2050 [4]. Notwithstanding greater use 

of primary care services, psychiatrists, neurologists, and psychotropic medications [6, 7], 

evidence also shows that hospitalization risk among community-dwelling dementia patients 

in general is higher than non-dementia cases [8, 9], with a large portion of AD-related 

healthcare cost accounted for by hospital care costs [10, 11]. Evidence also points to a link 

between AD severity and health care costs, [12–19] driven by an elongated hospital stay, 

[17] or more frequent home care [18]. In fact, in order to obtain a true overview of the 

impact of AD, reliance on cognitive assessment is seldom sufficient. Additional aspects such 

as activities of daily living (ADLs), care-giver burden, behavioral symptoms, quality of life, 

and resource utilization need to be assessed [20].

A looming increase in hospital care costs triggered by higher AD rates both in the 

community and in inpatient setting [21–23] requires more in-depth research as to the trends, 

predictors (e.g., patient-level and hospital-level characteristics), and outcomes (e.g., total 

charges/admission, length of stay, and in-hospital mortality) of various types of procedures 

and resources that are utilized by AD inpatients. Specifically, it is unclear what proportion of 

AD admissions have utilized procedures in the span of a decade, which 10 procedures are 

the most common among those utilizing at least one procedure, what proportion of all 

procedures are directly related to the diagnosis and treatment of AD, and how are different 

types and groups of procedures related to key predictors and outcomes.

Our key study objectives were: (A) To compare procedure groups (AD versus non-AD 

related) by patient-level and hospital-level characteristics; (B) To describe over-time trends 

in procedure utilization among an inpatient sample of US older adults with principal 

diagnosis of AD who had utilized at least one hospital procedure [B.1. Top 10 most common 

procedures; B.2. Major procedure types; B.3. Procedure groups (AD-related versus non-AD 

related); B.4. Number of procedures]; (C) To examine trends in hospitalization outcome 

overall and within procedure groups; (D) To compare hospitalization outcomes among older 

adults with principal diagnosis of AD and with at least one procedure [D.1. Top 10 most 

common procedures; D.2. Major procedure types; D.3. Procedure groups (AD-related versus 

non-AD related); D.4. Number of procedures], after adjustment for patient-level and 

hospital-level characteristics. Other secondary objectives included: (E) To compare 

principally diagnosed AD inpatients by healthcare resource utilization status (yes versus no) 

in terms of patient-level and hospital-level characteristics as well as co-morbidities and 

outcomes of hospitalization; (F) To examine trends in healthcare resource utilization among 

principally diagnosed AD patients (2002–2012).
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Materials And Methods

Database and study participants

Sponsored by the Agency for Healthcare Research and Quality (AHRQ), the Nationwide 

Inpatient Sample (NIS) is part of the Healthcare Cost and Utilization Project (HCUP) 

database and software tools family, with partnerships across federal, state, and industry 

agencies. The largest of its kind, NIS collects annual data on 7-8 million hospital stays, 

reflecting all discharges from around 1,000 hospitals, a probability sample from the HCUP 

State Inpatient Databases (SID) data. With a sampling probability of ∼20%, NIS's design is 

stratified covering U.S. non-rehabilitation, community hospitals, and targeting all acute care 

hospital discharges in the U.S. The NIS provides nationwide information on hospital 

utilization, charges, and quality of care. In 2012, NIS selected all discharges from the 

hospital universe (n = 4,840), around a 20% sample of hospitals in this target universe [24].

To select a representative sample of hospitals, five hospital characteristics found in the AHA 

hospital files were used to specify sampling strata: (1) Geographic Region – Northeast, 

Midwest, West, and South; (2) Control – public, private not-for-profit, and proprietary; (3) 

Location – urban or rural; (4) Teaching Status – teaching or non-teaching, (5) Bed Size – 

small, medium, and large.

The NIS collects data on clinical and resource-use information from a typical discharge 

abstract, while protecting the privacy of patients, physicians, and hospitals (See 

Supplementary Material 1 for details).

Using the United Nations definition of the older population, (http://www.who.int/healthinfo/

survey/ageingdefnolder/en/), we selected the age group 60 y or older. Of 87,039,711 patient 

admissions (2002–2012 NIS), 35,258,031 were aged 60 y or more (weighted mean age±SE: 

75.37±0.03, and weighted proportion female ± SE: 56.0% ± 0.1), with total weighted sample 

of 166,871,086 nationwide. In our study, we only included AD patients hospitalized with an 

International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) 

code of 331.0 as the principal diagnosis (Supplementary Material II). Among this sub-set of 

admissions (n = 126,284, Weighted N = 604,642), we further excluded those with no 

procedures reported, yielding an unweighted n = 19,209 (weighted N = 92,300), consisting 

of older adult admissions principally diagnosed with AD having at least one reported 

procedure. The study protocol was reviewed and approved by the National Institute on 

Environmental Health Sciences Institutional Review Board of the National Institutes of 

Health.

Reported procedure algorithms

Top 10 ranking procedures—Using data on admissions of older adults aged 60 y or 

older with principal diagnosis of AD and at least one procedure, we tabulated frequencies of 

ICD-9-CM codes for the principal procedure done as well as the remaining 14 procedures. 

We created a second database (PR database) for the reported ICD-9-CM codes including 

their frequencies per procedure. The sum of the frequencies of procedure use across 

procedure numbers was computed for each ICD-9-CM code which allowed us to obtain the 

top-ranking procedures utilized in our study sample. Only the most common 10 procedures 
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were examined, and ICD-9-CM Vol 3 codes and labels were obtained from: http://

www.findacode.com/search/search.php (Supplementary Material III).

Procedure types—Using the PR database, we grouped ICD-9-CM codes into meaningful 

sub-types (n = 36), (Supplementary Material II), based on ascendingly sorted codes, which 

were then classified into 9 major types, namely: (1) cardiovascular procedures/evaluations, 

blood evaluations, blood transfusion, and resuscitation, labelled as “CVD/Blood”; (2) 

“Brain” procedures, spinal tap, head/brain imaging; (3) Neurophysiological and 

psychological evaluation and treatment (“Neuro”); (4) Eye/ear/nose/throat/mouth/teeth 

(“sensory/dental”); (5) Bone, soft tissue, muscles, amputation, breast, skin, (“Skin/muscle/

bone”); (6) Respiratory, gastrointestinal, liver, pancreas, abdomen (“Respiratory/

gastrointestinal”); (7) Genito-urinary procedures and evaluation (“GU”) (8) Injection, shunt, 

implant, insert, device removal/replacement (“Injection/device”); and (9) “Other” 

procedures.

Procedure groups—Using procedure types, we further grouped discharges into those 

with “non-AD related only” procedures and those with at least one “AD-related” procedure. 

AD-related procedures were those categorized as either one of two types, which are known 

to be procedures used for the diagnosis of AD and treatment of related psychiatric/cognitive 

disorders, namely neurophysiological/neuropsychological/neuropsychiatric or “Brain 

procedure, including brain imaging”. All other procedures were considered non-AD related.

Co-morbidity measures—The AHRQ comorbidity measures identify coexisting medical 

conditions not directly associated with the principal diagnosis or the main reason for 

admission, and likely diagnosed before the hospital stay. Developed as one of the HCUP 

tools, the AHRQ comorbidity measures are described in detail at http://www.hcup-

us.ahrq.gov/toolssoftware/comorbidity/comorbidity.jsp. In the present study, we included 27 

of 29 co-morbidities, excluding AIDS due to rare occurrence and neurological co-morbidity 

for likely redundancies with AD diagnosis (http://www.hcup-us.ahrq.gov/toolssoftware/

comorbidity/Table2-FY12-V37.pdf). The sum of those co-morbidities was used as an index 

for total co-morbidity burden in the admission and was considered as a potential confounder 

in multiple regression models. Similarly, another widely used measure, the Charlson co-

morbidity index was also computed using 15 possible diagnoses and included among 

potential confounding factors [25].

Outcome measures—Three outcome measures of hospitalization were considered, 

mortality (MR) upon discharge, length of stay (LOS) in days, and total charges (TC) in 

USD. We specifically compared study sample hospitalization outcomes across having 

reported a specific procedure, type, or groups of procedures versus not. Moreover, trends in 

MR, LOS, and TC were also examined overall and within procedure groups (AD versus 

non-AD related procedure). TC values were adjusted for inflation using the 2012 consumer 

price index [26]. Detailed information on total charges are available in: https://www.hcup-

us.ahrq.gov/db/vars/totchg/nisnote.jsp. Generally, total charges do not include professional 

fees and non-covered charges. If the source provides total charges with professional fees, 

then the professional fees are removed from the charge during HCUP processing. In a small 
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number of HCUP databases, professional fees cannot be removed from total charges because 

the data source cannot provide the information, depending on the State. Emergency 

department charges incurred prior to admission to the hospital may be included in total 

charges. Medicare requires a bundled bill for Medicare patients admitted to the hospital 

through the emergency department. Other payers may or may not have similar requirements.

Covariates

Patient-level characteristics—Among patient-level characteristics, we included age (y), 

sex, race (White, Black, Hispanic, Asian/Pacific Islander, Native American, and Other), 

median household income for zip code of patient (expressed as quartiles), insurance status 

(Medicare, Medicaid, Private insurance, self-pay, no charge, and other) and admission day 

(weekday versus weekend), total co-morbidities, and the Charlson co-morbidity index.

Hospital-level characteristics—Hospital-level characteristics included bed size (Small, 

Medium, Large), location/teaching status of the hospital (rural, urban, non-teaching, urban 

teaching), and region of the hospital (Northeast, Midwest, South, and West).

Statistical analysis—Using Stata 14.0 (StataCorp, College Station, TX) [27], our 

analyses took into account survey design complexity by following the analytic guidelines 

outlined by HCUP NIS [24] and incorporating sampling weights, primary sampling units, 

and strata. This allowed us to estimate population proportions, means, and regression 

coefficients using svy commands [27]. Standard errors were computed using Taylor series 

linearization. Multiple linear and logistic regression models were conducted, mainly to 

examine trends in procedure types and outcomes of hospitalization over time as well as test 

of effects of procedures on outcomes of hospitalization. Based on our key objectives, (A) 

utilization rates of hospital procedures, types/groups were explored among selected 

discharges. A trend test was conducted for the 2002 to 2012 period using a bivariate logistic 

regression, with year as the sole predictor of the binary procedure utilization variable; (B) 

AD and non-AD procedure groups in the selected sample were then compared by patient-

level and hospital-level characteristics using design-based F-tests; (C) Trends in outcomes of 

hospitalization were examined using linear regression for TC and LOS and binary logistic 

regression for MR (estimating the odds ratio of mortality per year, OR with 95% CI), with 

year as the sole predictor. This analysis was carried out overall and stratified by use of AD-

related procedures versus not; (D) To compare hospitalization outcomes by use of top 10 

procedures, procedure types and groups, we conducted a series of multiple linear and 

logistic regression models that adjusted for patient-level, hospital-level characteristics, co-

morbidities and survey year. The procedure parameter in this model can be interpreted as the 

net effect of using a procedure, procedure type or group of procedures on TC, LOS, and MR, 

after adjustment for potential confounding factors. Covariates included in all models were: 

survey year, age, sex, race, income group, insurance status, admission on a weekend versus 

weekday, number of co-morbid conditions, the Charlson co-morbidity index, and several 

hospital-level characteristics (See Covariates section).
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Results

In selecting our study population, we observed that ∼85% of patients hospitalized with a 

principle diagnosis of AD (60+ years of age) had no procedure performed. Supplementary 

Table 1 compares principally diagnosed AD inpatients by healthcare resource (i.e., 

procedure) utilization status (yes versus no) in terms of patient-level and hospital-level 

characteristics as well as co-morbidities and outcomes of hospitalization. (Objective E) 

Selected individuals with principal diagnosis as AD aged ≥60 y with any procedure when 

compared to those without a procedure performed had consistently higher TC, LOS, and 

MR. Moreover, they were younger, less likely to be women and/or Whites, more likely to 

belong to the uppermost income quartile, and to be a weekend admission. Moreover, they 

had higher total co-morbidities and Charlson co-morbidity index, and were more likely to be 

located in the Northeast and in an urban teaching hospital setting.

Table 1 compares procedure groups (AD versus non-AD related) by patient-level and 

hospital-level characteristics (Objective A). Notably, hospitalized patients with an AD-

related procedure compared to those with only non-AD related procedures were younger, 

had reduced likelihoods of being White, having Medicare insurance as the primary payer, a 

weekend admission, and had a lower number of co-morbidities based on the two indices. 

Moreover, patients in the AD-related procedure group were more likely to be admitted in the 

Northeast region of the US, with a significantly higher proportion admitted to an urban 

teaching hospital compared to those in the non-AD related procedure group.

Supplementary Figure 1 illustrates over-time trends in procedure use (at least one procedure 

versus no procedure), overall and for each group of procedure [non-AD only (yes versus no 

procedure) and AD (yes versus no procedure)]. While the overall prevalence of procedure 

use over the years was 15.3%, this prevalence tended to be reduced by 1% annually for the 

“non-AD only”, while remaining relatively stable for the “AD” group of procedures 

(Objective F).

Table 2 describes over-time trends in procedure utilization among an inpatient sample of 

U.S. older adults with principal diagnosis of AD who had utilized at least one hospital 

procedure [Objective B; n = 19,209 (weighted N = 92,300)]. Notably, CT scan, brain MRI 

and spinal tap utilization dropped annually by 6%, 5%, and 3%, respectively. Similarly, this 

annual drop was estimated at 7% for gastrostomy. In terms of major procedures, there was a 

5% and an 8% annual increase in the CVD/Blood and “Neuro” types of procedures, 

respectively, coupled with an annual decrease by 6% and 7% in Brain and Respiratory/

gastrointestinal procedures, respectively. No time trends were noted in terms of AD versus 

non-AD only procedure group or number of procedures (one versus two or more).

Among hospitalization outcomes (Fig. 1A-C), TC increased dramatically over the years, 

with the mean annual rate of change ranging between $903 (non-AD related) and $1112 

(AD-related). While MR remained stable, hospital stays were becoming increasingly longer 

among patients with an AD-related procedure.

Following Objective D, we compared hospitalization outcomes in our study population by 

top 10 procedures, procedure type, procedure group, and number of procedure categories, 
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adjusting for patient- and hospital-level covariates. Findings from Table 3 indicate a reduced 

TC ascribed to the use of CT scans versus not using them (i.e., using other types of 

procedures), with the same pattern observed for the “Brain” procedure type and the “Other” 

types of procedure category, as well as the AD versus non-AD only contrast. Conversely, TC 

was increased markedly with use of gastrostomy tubes (+$17,798), transfusion of packed 

cells (+$12,706), and spinal tap ($5,272). In terms of procedure types, “CVD/Blood” 

procedures were linked to a $4,542 average increase in TC, bone/muscle/skin with a $6,036 

increase, and respiratory/gastrointestinal procedures (including gastrostomy tubes) with an 

$18,652 increase. As expected, having 2+ procedures was associated with a significantly 

higher TC compared to only one procedure by $10,565 on average. The latter contrast (i.e., 

2+ versus 1 procedure) was also associated with a longer LOS and a higher MR. Hospital 

stays were also elongated by the utilization of “Other psychiatric drugs” (+4.71 days), nail 

debridement (+8.02 days), gastrostomy (+1.22 days), “Neuro” procedure types (+3.47 days), 

bone/muscle/skin (+4.55 days), Respiratory/gastrointestinal (+1.53 days), and injection/

device (+3.18 days). Among top 10 procedures and procedure types/groups, those that were 

associated with increased MR included gas-trostomy (OR = 1.87, 95% CI: 1.28–2.71, p = 

0.001), CVD/blood (OR=3.68, 95% CI: 2.86–4.72, p < 0.001), and respiratory/gastro (OR = 

4.14, 95% CI: 3.21–5.35, p < 0.001). In contrast, the use of a CT scan, other psychiatric 

drugs, other group therapy, brain, and “Neuro” types of procedures, as well as AD versus 

non-AD only procedures were all associated with a lower MR. In addition, “Brain” types of 

procedures, including CT scan, spinal tap, and brain MRI were generally associated with a 

shorter LOS.

Discussion

To our knowledge, this is the first study to systematically examine trends, predictors, and 

outcomes of hospital resource utilization in patients hospitalized with a principle diagnosis 

of Alzheimer's dementia using a nationwide inpatient sample of older adults. Our study 

indicated that ∼85% of patients hospitalized with a principle diagnosis of AD (60+ years of 

age) had no procedure performed. Among the remaining 15%, Brain procedure utilization 

(e.g., CT scan, brain MRI, spinal tap) and respiratory/gastrointestinal procedures dropped 

annually by 3–7%, while CVD/blood and “Neuro” procedures increased by 5–8%. The 

“AD-related” procedure group was significantly younger than the “non-AD related only” 

procedure group. With MR remaining stable, hospital stays have become increasingly longer 

in the “AD-related” procedure group. TC increased annually by $903 (non-AD related) and 

$1112 (AD-related). TC, LOS, and MR were all markedly higher with use of respiratory/

gastro procedures as contrasted with a reduced TC and MR and a shorter LOS associated 

with “Brain” procedures, including CT scan, Brain MRI, and spinal tap. The number of 

procedures was positively associated with all three hospitalization outcomes.

Based on our study findings, the type of resources that were utilized by patients hospitalized 

with a principle diagnosis of Alzheimer's dementia were a reflection of their co-morbidities 

and the severity of their other illnesses. In fact, the use of “Brain” procedures was primarily 

observed among younger AD inpatients with lower MR. In contrast, a higher MR, 

accompanied with higher TC and LOS, was the profile of AD patients who utilized 

“Respiratory/Gastro” types of procedures which are often used by inpatients with more 
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severe illness. A recent review indicated that cognitive and functional status measures were 

positively linked to direct costs, including inpatient medical costs, whereas functional and 

behavioral measures were related to indirect costs and caregiver burden, [28] a finding that 

was corroborated by other more recent studies [12, 29]. Our study adds to this observation 

by showing that the use of specific types of resources that are directly related to AD 

diagnosis, such as “Brain” procedures, are linked to a lower direct inpatient cost and a 

shorter length of hospitalization in addition to a lower MR, given a less severe stage of the 

illness and lower number of co-morbidities.

Moreover, an important observation is the increase in the neuropsychological/

neurophysiological procedures over time, including the use of psychiatric drugs and various 

diagnostic tools. In fact, despite the lack of a cure for AD, the psychiatrist has a major role 

in differential diagnosis, evaluation, and treatment of psychiatric symptoms accompanying 

AD, prescribing and monitoring medications, assessing competency, and educating families 

as well as working with caregivers to monitor/prevent burnout and depression [30]. This 

applies to both the inpatient and outpatient settings. An earlier cost-effectiveness study of 

using donepezil in mild-moderate AD suggested that the cost was strongly related to mental 

status scores, and that over 60% of the direct cost was ascribed to long-term institutional 

care [31]. Cost-saving was also shown to be in the mild stage of AD in another study of high 

dose rivastigmine [32]. The type of cost-effective studies were discussed at length in the 

context of AD in at least two reviews [33, 34].

In a large longitudinal study conducted in the UK, AD diagnosis was associated with a 

significant increase in primary and secondary care resource utilization, continuing beyond 

diagnosis, applying equally to secondary care referrals, drug prescription (e.g., 

acetylcholinesterase inhibitors) and hospitalizations [6]. In an earlier case-control study also 

conducted in the UK, whereby cost of healthcare was compared between AD cases with 

varying severity levels and healthy controls, it was observed that over a period of 3 months, 

the average total health-related cost per control (£387 or ∼$639 in January, 1999: https://

fred.stlouisfed.org/data/EXUSUK.txt) was insignificant compared to the direct cost incurred 

by AD patients (£6616 for mild AD (∼$10,907), £10,250 for moderate AD (∼$16,913), and 

£13,593 for severe AD (∼$22,428). It is worth noting that indirect costs including caregiver 

time lost, account for ∼68% of total cost, followed by the direct medical costs (24.7%) 

which include hospitalizations [17]. Similar estimates of cost patterns among dementia 

patients paired with their caregivers were obtained in an intervention study conducted in 

Denmark [35] and another multi-country large cross-sectional study (France, Germany, and 

UK) [36]. In the latter study, while >50% of total societal costs resulted from caregiver 

informal care, those were increased by co-morbidities and physical limitations, while lower 

total societal costs were associated with caregiver not working for pay and patient living 

alone or living with spouse. Moreover, higher total societal costs was unanimously linked 

with increase in caregiver burden [36].

Similarly, in a 3-year prospective study of Canadian dementia patients living in the 

community (84% were AD), it was estimated that adult day care and home help were the 

largest cost factors (mean monthly costs of $65 and $64, respectively) [37]. In another 

European cohort of AD and vascular dementia patients, 84–85% of total costs were indirect 

Beydoun et al. Page 8

J Alzheimers Dis. Author manuscript; available in PMC 2017 November 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://https://fred.stlouisfed.org/data/EXUSUK.txt
http://https://fred.stlouisfed.org/data/EXUSUK.txt


costs ascribed to caregiver burden, while the remaining direct cost was mostly medical, [15] 

a finding replicated by other studies whereby cost was driven by physical disability [13–16, 

19]. In fact, there is a case for promoting home care for as long as possible for AD patients 

and their family with pharmacological treatment which would reduce not only caregiver 

burden, but incidence of hospitalizations and overall healthcare costs [38]. Given the greater 

burden of indirect costs at the societal level, less attention was devoted to the medical costs, 

specifically to hospitalizations among AD patients. Moreover, in a pooled analysis of 16 

European studies, the median value for total annual care costs for AD was estimated at 

€ 28,000 (range € 6,614–€ 64,426) [year 2005 values: 1 € = $1.36 in January of 2005: 

https://www.ecb.europa.eu/stats/exchange/eurofxref/html/eurofxref-graph-usd.en.html]. The 

study suggested a lack of patient-level information on resource use which would determine 

care costs and predict the impact of therapeutic interventions [16].

More recently, a cohort study of older adults (50–85 y) with mild to moderate AD recruited 

from multiple European countries revealed that total costs increased over time, with direct 

medical costs increasing at the most rapid rate over time and informal care costs accounting 

for 40.3% of total costs at follow-up [12]. Our study is the first to delve deeper into the 

hospitalized AD inpatient population to examine the different types of procedures that were 

used during the hospital stay. Our findings highlight the heterogeneity of principally 

diagnosed AD patients in terms of co-morbid conditions and severity of hospitalization 

which may affect their survival, types of procedures, number of procedures, TC, and LOS. 

In fact, the use of non-AD procedures only is a marker of higher MR and possibly a 

prolonged hospital stay with multiple procedures that might yield a costly hospitalization. In 

contrast, the use of AD procedures, mostly diagnostic, may indicate that the inpatient has a 

better prognosis than average coupled with lower MR and TC, though with elongated LOS 

in few procedure types. It also is worth noting that many of the procedures that are key to the 

diagnosis of AD such as brain procedures (e.g., CT scan, brain MRI, spinal tap) may have 

increasingly become available and accessible in outpatient settings which explains the drop 

in their utilization within the inpatient setting as shown in our study.

Our study has several notable strengths including national representativeness, large sample 

size, and availability of extensive healthcare data that allow for trends analyses. However, 

this study is not without limitations, which include its reliance on an administrative database 

using ICD-9-CM codes, which may cause diagnostic misclassification. This is remediated 

partially by the AHRQ which periodically ensures quality checks with internal and external 

validation. Moreover, longitudinal analysis is impossible due to the de-identification of 

discharge abstracts. In fact, multiple discharges from the same condition per patient cannot 

be ascertained given the NIS structure. Moreover, detailed patient data are lacking including 

medication regimens and laboratory findings, precluding examining important related 

research questions. Given prior evidence of an association between AD severity and costs, 

our study may be limited by the lack of information on the stage of AD and the severity of 

other co-morbid conditions. Nevertheless, a code of AD was given to overt dementia of 

probable AD type, as opposed to mild cognitive impairment (ICD9-CM code: 331.83), 

which was given as a separate diagnosis for mild cases or very early AD. Moreover, while 

the NIS data provides TC as well as cost-charge-ratio at the hospital level to compute actual 

cost, those costs are not sub-divided LOS-related versus procedure-related. Nevertheless, 
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both LOS and number of procedures are positively associated with TC. A final limitation is 

the potential for missing data, though censoring is unlikely to be informative due to the large 

sample size.

In sum, patterns of hospital resources that were used among AD inpatients changed over-

time, and were associated over the years with hospitalization outcomes such as total charges, 

length of stay and mortality risk. Future longitudinal studies should examine the impact of 

utilizing specific inpatient and outpatient resources on healthcare cost and other outcomes 

among AD patients living in the community.
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Fig. 1. 
A) Trends in mean total charges (TC, $) across years for study population with principally 

diagnosed AD and at least one procedure, overall and by procedure group; NIS, 2002 to 

2012. B) Trends in mortality risk (MR, %) across years for study population with principally 

diagnosed AD and at least one procedure, overall and by procedure group; NIS, 2002 to 

2012. C) Trends in mean length of stay (LOS, days) across years for study population with 

principally diagnosed AD and at least one procedure, overall and by procedure group; NIS, 

2002 to 2012.
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Table 1
Characteristics of study sample of discharges ≥60 y with principal diagnosis as AD and at 
least one procedure performed by procedure group; NIS 2002–2012

All (2002–2012) Non-AD only AD p-value*

Weighted N 92,300 47,850 44,449

Patient-level characteristics

Age, y (Mean±SE) 81.1 ± 0.1 81.7 ± 0.1 80.4 ± 0.1 <0.001

Female, (%±SE) 57.6 ± 0.5 57.0 ± 0.5 58.2 ± 0.8 0.20

Race, (%±SE)† 0.006

 White 73.9 ± 1.3 75.4 ± 1.0 72.3 ± 2.2

 Black 14.4 ± 0.7 14.6 ± 0.8 14.2 ± 1.0

 Hispanic 6.4 ± 0.6 6.1 ± 0.6 6.6 ± 0.8

 Asian 0.9 ± 0.1 0.8 ± 0.1 1.1 ± 0.2

 Native American 0.5 ± 0.2 0.6 ± 0.3 0.3 ± 0.1

 Other 4.0 ± 1.0 2.4 ± 0.3 5.6 ± 0.2

Income quartiles, (%±SE)

 I 27.1 ± 1.3 27.5 ± 1.0 26.6 ± 2.3 0.11

 II 23.5 ± 0.7 24.3 ± 0.7 22.6 ± 1.1

 III 23.2 ± 0.7 24.1 ± 0.7 22.2 ± 1.1

 IV 26.3 ± 0.1 24.2 ± 1.1 28.6 ± 2.0

Insurance status, (%±SE)

 Medicare 90.9 ± 0.6 92.0 ± 0.4 89.8 ± 1.2 0.042

 Medicaid 2.0 ± 0.3 1.4 ± 0.2 2.6 ± 0.5

 Private insurance 5.5 ± 0.2 5.3 ± 0.3 5.8 ± 0.5

 Self-pay 0.8 0.2 0.6 0.1 0.9 0.4

 No charge 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

 Other 0.8 ± 0.1 0.7 ± 0.1 0.9 ± 0.2

Admission day

 Weekday 81.6 ± 0.4 80.7 ± 0.4 82.6 ± 0.7 0.018

 Weekend 18.4 ± 0.4 19.3 ± 0.4 17.4 ± 0.7

Total co-morbidities (0–27) 2.45 ± 0.02 2.63 ± 0.02 2.25 ± 0.04 <0.001

Charlson co-morbidity index <0.001

 0 44.5 ± 0.5 41.8 ± 0.6 47.5 ± 0.9

 1 27.9 ± 0.4 27.1 ± 0.5 28.9 ± 0.5

 2 27.5 ± 0.5 31.1 ± 0.5 24.0 ± 0.9

Hospital-level characteristics

Region of Hospital

 Northeast 32.0 1.9 27.3 1.7 37.0 3.2 0.004

 Midwest 20.7 ± 1.7 22.5 ± 1.2 18.6±3.2

 South 34.5 ± 1.8 39.1 ± 1.6 29.6 ±3.0

 West 12.9 1.3 11.1 0.8 14.8 2.3

Bed Size
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All (2002–2012) Non-AD only AD p-value*

 Small 13.5 ± 1.5 12.9 ± 1.0 14.1 ± 2.6 0.84

 Medium 29.5 ± 1.7 29.2 ± 1.7 29.8 ± 2.9

 Large 57.0 ± 2.0 57.8 ± 1.7 56.1 ± 3.4

Location/teaching status

 Rural 14.1 ± 1.7 14.9 ± 1.1 13.3 ± 3.1 0.039

 Urban, non-teaching 41.7 ± 1.9 45.9 ± 1.7 37.3 ± 3.2

 Urban, teaching 44.1 ± 2.0 39.2 ± 1.6 49.4 ± 3.4

*
Based on design-based F-test from linear regression models for continuous characteristics with procedure group as the predictor or design-based 

F-test from a cross-tabulation of two categorical variables (categorical characteristic and procedure group).

†
Data was available on a Weighted N of 75,839 of the 92,300 for the race variable. All other variables had <5% missing data.
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