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Abstract

Background—Dementia costs are critical for influencing healthcare policy, but limited 

longitudinal information exists. We examined longitudinal informal care costs of dementia in a 

population-based sample.

Methods—Data from the Cache County Study included dementia onset, duration and severity 

assessed by the Mini Mental State Examination (MMSE), Clinical Dementia Rating Scale (CDR) 

and Neuropsychiatric Inventory (NPI). Informal cost of daily care (COC) was estimated based on 

median Utah wages. Mixed models estimated the relationship between severity and longitudinal 

COC in separate models for MMSE and CDR.

Results—287 subjects [53% female, mean (sd) age was 82.3(5.9) years] participated. Overall 

COC increased by 18%/year. COC was 6% lower per MMSE-point increase and compared with 

very mild dementia, COC increased over 2-fold for mild, 5-fold for moderate and 6-fold for severe 

dementia on the CDR.

Conclusions—Greater dementia severity predicted higher costs. Disease management strategies 

addressing dementia progression may curb costs.
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1. Introduction

Among older adults, dementia prevalence is high and quickly rising. Without significant 

advances in prevention and treatment options, worldwide estimates of 35.6 million today 

will reach 115 million by the year 2050(1). Alzheimer’s disease (AD), the most common 

type of dementia in late life, afflicts 5.2 million Americans; this number is projected to reach 

13.8 million in 2050(2).

Regardless of etiology, most conditions causing dementia are progressive, with continuous 

cognitive and functional decline, and often accompanied by unwanted neuropsychiatric 

symptoms (NPS). As a result, dementia is one of the most costly conditions for older adults, 

placing significant burden on patients, their family members, healthcare systems and 

society. In the U.S., aggregate direct healthcare costs including short- and long-term 

institutional stays for dementia patients are estimated by the Alzheimer’s Association at 

$203 billion in 2013 and projected to increase to $1.2 trillion by 2050(2). Despite major 

differences between the individual cost components of dementia and cardiovascular disease 

(disease onset age and related factor of loss of workforce productivity, and 

institutionalization) for very rough comparison purposes, the estimated cost of dementia is 

on the order of that of cardiovascular disease in 2009 and 2010 [excluding nursing home 

costs of those with cardiovascular disease (3, 4)].

Direct costs associated with dementia care include physician and nursing services, home 

care, institutional care and informal caregiving costs. With the exception of the latter, all of 

these costs must be purchased. Informal caregiving costs can be valued in terms of 

replacement cost or forgone wages and accounts for a substantial portion of the total costs of 

dementia care (e.g., 11). The total costs of dementia care have been shown to increase as the 

condition progresses from mild to more severe stages(5).

Prior studies that have estimated the component costs of dementia care and their predictors 

have predominantly used information from administrative databases such as Medicare 

databases. While a benefit of such studies is the large sample size, the sources have 

significant limitations such as lower sensitivity of disease ascertainment, which can lead to 

inaccurate estimates of individual costs(2,6). Further, many of these studies are cross-

sectional in nature, and do not capture individual-level longitudinal costs. Informal caregiver 

costs that are generally not paid by Medicare are also excluded. Two large studies have 

examined longitudinal costs of care relying on information from patient surveys: The 

Predictors Study in the United States(5,7,8) and a French study(9). Notable strengths of The 

Predictors Study included follow-up time of 7 years and longitudinal estimates of unpaid 

caregiver costs. The French study had a large sample size and examined the association of 

costs with worsening functional impairment. However, The Predictors Study drew dementia 

patients from academic clinical centers while the French study drew dementia patients from 

a randomized clinical trial. Neither study’s population is representative of typical 

community-dwelling dementia patients and their caregivers, for example, the greater 

likelihood of individuals from clinic samples to be married and of higher socioeconomic 

status than persons drawn from the general community(10). Recently Hurd et al.(11) 

estimated that the yearly cost of care attributable to dementia ranged from $41,689 to 
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$56,689 (in 2010 dollars) depending on the method used to estimate informal caregiving 

costs. Informal care costs accounted for 31% to 49% of the total costs of dementia care. The 

study sample was drawn from the Health and Retirement Study (HRS), using individual, 

direct clinical assessment to identify a subsample with dementia and imputation to identify 

the final large sample with probable dementia (N = 10,903). As noted by the authors, the 

estimated total costs of dementia care were lower than those of the Alzheimer’s 

Association(2) likely due to differences in study populations, dementia severity, and 

correction for costs of care attributable to comorbid conditions. While the Hurd sample is 

likely to be representative of a typical community-dwelling population with dementia, costs 

of dementia care or time devoted to dementia care vary with dementia severity(8,12,13) or 

the presence of NPS(14). These factors were not examined in the HRS.

The Cache County Dementia Progression Study (DPS), is comprised of community dwelling 

participants, where all dementia cases were clinically diagnosed(15) and followed for as 

many as 7 years, with rich information including caregiver hours, dementia progression, and 

NPS(16). These data enable an estimation of the effect of disease severity and NPS on 

longitudinal informal dementia care costs in the community. With projected rising dementia 

prevalence and associated costs of informal dementia care, quantifying longitudinal informal 

care costs is critical for influencing health care policy and resource planning. While there are 

cross-sectional estimates of these costs across disease severity, there is scant longitudinal 

information using U.S. data. Our objective was to determine the effect of dementia severity 

on the longitudinal costs of informal dementia care in this population-based sample of 

persons with dementia.

2. Methods

This study used extant data from the prospective, population-based study of dementia, the 

DPS, which observed persons with dementia and their caregivers semiannually for up to 7.8 

years (mean=1.6; sd=1.9; median=1.3). Cases of dementia were identified from the Cache 

County Study on Memory in Aging in four triennial waves of dementia screening and 

ascertainment, described previously(15,17). The eligible participants, permanent residents of 

Cache County, Utah, aged 65 years or older in 1995 (Wave 1) and found to be without 

dementia, were rescreened and assessed in subsequent waves: 1998–1999, 2002–2004, and 

2005–2007. All cases of dementia were identified from a detailed clinical examination that 

included a physical and neurological examination, neuropsychological testing, and clinical 

information provided by a knowledgeable informant. Subsequently, participants with 

suspected dementia were asked to complete brain imaging and standard laboratory tests for 

dementia, and a physician exam to aid in the differential diagnosis of dementia. A panel of 

experts in neurology, geropsychiatry, neuropsychology or cognitive neuroscience assigned a 

consensus diagnosis for each case. Persons were classified with dementia if they met DSM-

III-R criteria(18). AD was assigned following National Institute of Neurological and 

Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders 

Association (NINCDS-ADRDA) criteria(19) and vascular dementia, the National Institute 

of Neurological Disorders and Stroke and Association Internationale pour la Recherche et 

l’Enseignement en Neurosciences (NINDS-AIREN) criteria(20). Age of dementia onset was 

assigned as the age at which the individual unambiguously met DSM-III-R criteria for 
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dementia. Incident cases of dementia were followed by the Cache County Study after 18-

months and subsequently with their caregivers in the DPS. Only incident, non-

institutionalized participants were included in the analyses.

2.1 Procedures of the DPS

Starting in 2002, the DPS invited surviving Cache County Study participants with dementia 

and their caregivers to join a longitudinal study to examine factors that influence the rate of 

progression of cognitive, functional and NPS in dementia(16). Subjects completed a core 

battery of neuropsychological tests at semi-annual visits with supplemental measures at 

alternating (annual) visits. The core battery included the Mini-Mental State Exam (MMSE) 

and the Consortium to Establish a Registry for Alzheimer’s Disease (CERAD) 

neuropsychological test battery(21). A caregiver was interviewed about the participant’s 

current functional abilities using the Dementia Severity Rating Scale (DSRS)(22), and NPS 

using the UCLA 12-item Neuropsychiatric Inventory (NPI)(23). At each odd-numbered 

visit, the caregiver also completed an interview about the amount of time the participant 

received assistance in daily tasks and other sources of support including community 

services. The former survey formed the basis for estimating caregiver costs (see Measures). 

Following each visit, the assessment team, in consultation with a study neuropsychologist or 

geropsychiatrist, completed the Clinical Dementia Rating (CDR)(24) based on all available 

clinical data. Ratings of 0(normal), 0.5(questionable), 1(mild), 2(moderate), 3(severe), 

4(profound) and 5(terminal) were assigned to each of the following domains: memory, 

orientation, judgment and problem solving, community affairs, home and hobbies, and 

personal care. A global CDR was determined, following a standard algorithm and a sum of 

boxes (CDR-SB) score was also calculated by summing scores across domains(24). The 

range of values for the CDR-SB was 0–30. Research staff also assigned a rating of overall 

health using the General Medical Health Rating based on a standard physical exam (review 

of systems, blood pressure), review of medical history and medications, and frailty(25). The 

range of values for the GMHR are: 1(poor), 2(fair), 3(good), and 4(excellent).

2.2 Measures

2.2.1 Outcome variable: Informal costs of care—As noted above, at alternating 

visits, caregivers completed a caregiver activity survey about how much time was spent over 

the past 24 hours by all caregivers providing supportive care for the participant in areas such 

as answering questions, leaving reminders, using transportation, dressing, assisting with 

meals and eating, assisting with grooming, and supervising the participant’s activities. 

Values for each activity were summed to a maximum of 16 hours, following previous 

studies(5,26).

To estimate the cost of informal care in 2012 dollars, we used the Utahn median hourly 

wage as reported in the U.S. Bureau of Labor’s Occupational Employment Statistics(27) for 

the year of the visit (spanning from 2002–2011), adjusting for inflation using a derived 

Medical Consumer Price Index (MCPI) multiplier based on the “medical care services” 

values from the annual average Urban Consumer Price Index (CPI-U). The following 

example illustrates conversion of 2002 Utah median hourly wage into 2012 dollars. The 

2002 MCPI multiplier was calculated [(2012 CPI-U)/(2002 CPI-U)] and then multiplied by 
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the 2002 Utahn median hourly wage of $12.23, yielding the 2012 equivalent wage of 

$18.39.

In a similar fashion, we estimated the equivalent national costs using this sample, by 

obtaining the median hourly wage for U.S. citizens(27). The Utah estimates of informal 

costs were used in inferential statistical models whereas the national estimates were 

provided for descriptive purposes only. To describe informal care costs at various levels of 

dementia severity, we used the global CDR (0.5=very mild, 1=mild, 2=moderate, 3–

5=severe) at the last visit of each participant.

2.2.2 Predictor variables—To examine factors associated with informal costs of 

dementia care, we used the MMSE(28) as a cognitive indicator of dementia severity, and the 

CDR-SB as a functional indicator at each visit. The MMSE is a well-known and validated 

cognitive test used to gauge level of dementia severity(29). Its items assess orientation, 

working and episodic memory, language and praxis. As described previously, sensory and 

motor adjustments were made for items confounded by physical impairment for up to 10% 

of the total score(16). Total scores on the MMSE range from 0–30. We chose the CDR-SB 

over the global CDR due to the increased range of values of the former, and lower 

variability in the latter as most participants were in the mild range at the beginning of the 

observation period. Due to significant correlations between the MMSE and CDR(16), we 

conducted informal cost models separately using either measure as a time-varying predictor.

We also examined whether NPS at each visit predicted the cost of informal care, using the 

total NPI score. The NPI assesses delusions, hallucinations, depression, anxiety, irritability, 

agitation/aggression, disinhibition, euphoria, aberrant motor behavior, apathy, sleep and 

appetite. Each domain receives a score from 0 (not present) to a maximum of 12, which 

represents the product of frequency and intensity ratings to yield a domain severity score. 

The scores across all 12 domains are summed to yield a total NPI score that ranges from 0–

144. NPI was used as a time-varying predictor of informal care costs.

Other covariates examined in inferential models included age of dementia onset, type of 

dementia (Alzheimer’s, vascular, other), overall general health rating (GMHR), gender, and 

education. Only significant (p <= 0.05) terms were retained in the adjusted models.

2.3 Analytic approach

We provided descriptive statistics of costs by levels of dementia severity, testing for mean 

differences using analysis of variance. To examine longitudinal informal costs of care, we 

modeled these costs at each visit as the outcome and time, modeled from dementia onset, as 

a predictor variable using linear mixed effects models with time and intercept as random 

effects. These models afford the flexibility of accommodating unequally spaced visits across 

participants and incomplete visits or dropouts, where subjects contribute data up to the point 

of nonparticipation. We also used a log link function to the gamma distribution to 

accommodate the positively skewed distribution of cost data. To test whether each predictor 

significantly affected the average informal cost of care across time, each predictor was 

entered individually and retained if −2 Log Likelihood chi-square test (-2LL) comparing a 

model with and without the term was significant at p<0.05. Significance of each predictor on 
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the rate of change in informal costs, was tested with -2LL comparing a model with and 

without the predictor*time interaction, retaining the interaction if p<0.05. All statistical 

analyses were run using SPSS version 21 software.

3. Results

Overall, 287 members of the DPS cohort met the study inclusion criteria, and contributed a 

total of 611 assessments. Females comprised 53.3% of the sample. Mean(SD) age at 

dementia onset was 82.3(5.9) years. A majority (99%) of the cohort was white, 62% were 

diagnosed with solely Alzheimer’s disease. Table 1 provides demographic information and 

levels of dementia severity at start of study observation. Overall, females were in better 

health, were slightly more functionally impaired (CDR scale), had longer dementia duration 

and exhibited more NPS compared to males. Median(range) and mean(SD) costs of informal 

dementia care at the start of study observation were $9.73($0–$294.19)/day and 

$40.07($75.41)/day in 2012 dollars respectively.

The relationship between average daily costs of informal care and dementia severity 

measured at each participant’s final assessment indicates higher informal costs with more 

severe dementia (see Table 2 and Figure 1). Results of bivariable analyses yielded the 

following mean(SD) daily informal costs: very mild dementia [(CDR=0–0.5); (n=32); 

$13.63($37.63)]; mild dementia [(CDR=1); (n=145); $37.84($72.57)]; moderate dementia 

[(CDR=2); (n=71); $51.78($76.13)]; and severe dementia [(CDR≥3); (n=35); 

$101.23($104.13)]. Similar results were obtained for overall U.S. wages.

Costs of informal dementia care over time

The daily costs of informal dementia care over time in this sample increased 18% per year 

from the onset of dementia, irrespective of any covariates [expβ=1.18; (95% CI 1.120–

1.239)].

3.1 Costs of dementia care with time-varying MMSE

Results of the multivariate linear mixed effects models on the association of dementia 

severity over time on daily costs are presented in Table 3 and Figure Panel 2 (n=579 

assessments). In the adjusted MMSE model, daily informal costs increased approximately 

8% [expβ=1.084; (95% CI 1.027–1.143)] per year and less severe dementia was associated 

with lower daily informal costs, with 6% [expβ=0.94; (95% CI 0.922–0.960)] lower 

informal costs for a one-point increase in score (Figure 2). NPS increased daily informal 

costs by 2% [expβ=1.019; (95% CI 1.006 – 1.032)] for each point increase in NPI score. 

Additionally, lower informal care costs were associated with not having completed high 

school [expβ=0.497; (95% CI 0.339–0.729)], vascular dementia (compared to all other 

dementias) [expβ=0.519; (95% CI 0.370–0.729)], and better health [expβ=0.652; (95% CI 

0.441–0.964)].

3.2 Cost of informal dementia care with time-varying CDR

In the adjusted CDR model, daily informal costs increased approximately 5% [expβ=1.050; 

(95% CI 0.987–1.116)] per year and by dementia severity, which was modeled 
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categorically. Compared to very mild (CDR score 0–0.5) there was a 2.7-fold, 5.0-fold and 

6.3-fold higher daily informal costs for mild [CDR score=1; expβ=2.69; (95% CI 1.725–

4.194)], moderate [CDR score=2; expβ=4.998; (95% CI 3.231–7.730)] and severe [CDR 

score≥3; expβ=6.318; (95% CI 3.733–10.692)] dementia, respectively (see Table 3 and 

Figure 3). Vascular dementia and better health were associated with lower informal costs by 

approximately 52% [expβ=0.480; (95% CI 0.355–0.650)] and 27% [expβ=0.734; (95% CI 

0.532–1.012)], respectively. Note that a model including education in the presence of the 

other significant covariates did not converge.

4. Discussion

Using the population-based community cohort with dementia from the Cache County Study, 

we estimated that from the onset of dementia, the costs of informal dementia care increased 

by approximately 18% per year. The increasing daily cost of informal dementia care was 

associated with worsening dementia severity. When holding dementia severity constant, we 

found an average 5–8% annual increase in daily informal costs. Our finding of lower 

educational status predicting lower daily informal costs may be confounded with 

socioeconomic status such that Medicaid-funded services may have offset informal costs for 

this subsample.

In models controlling for cognitive impairment, we found more severe NPS to be associated 

with higher daily informal care costs over time. Previous work in this and other samples 

suggest that the course of NPS (unlike those of cognitive and functional abilities) show 

marked fluctuation and variability over the course of dementia(16). Our results raise the 

potential that successful treatment or management of NPS may result in a reduction in the 

costs of informal dementia care. In future work examination of specific symptom types (e.g., 

psychotic or affective symptoms) and their association with the cost of informal dementia 

care may be informative.

Our overall findings are of the same magnitude when compared with those of other 

studies(5,7–9,11,31). In the Predictors Study of a community-dwelling dementia cohort 

drawn from university Alzheimer’s clinic patients(5), Zhu et al. found that costs of dementia 

increase as disease severity progresses from mild to more severe disease(5). Specifically, 

baseline total annual direct costs of care (medical and non-medical) per person were 

approximately $9239 (2004 dollars) per year at milder stages of disease and after four years 

of follow-up these annual costs increased to approximately $19,925 per patient per year, 

representing approximately a 20% annual increase in these costs(5). In examining measures 

of functional impairment and patient dependency, Zhu et. al. found that a one-point increase 

in the Blessed Dementia Rating Scale (BDRS) was associated with a 7.7% increase total 

direct costs(32). Further, Zhu et al. found that increases in BDRS and Dependence Scale 

both resulted in increases in costs of dementia care but differentially increased medical, 

nonmedical costs as well as caregiver time(32).

In a French community-dwelling dementia clinical trial cohort drawn from 50 French 

memory clinics with two years of follow-up, Rapp et al. found that cognitive (MMSE) and 

functional(9,19,33) decline as well as NPS were associated with increased overall costs of 
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dementia care. Informal costs of care were found to significantly increase with worse 

cognition and function.

In the nationally representative HRS, the average annual monetary cost per person 

attributable to dementia was either $41,689 or $56,290 using a forgone wage model or an 

equivalent cost of paid care model for informal care costs respectively(11). Relevant to the 

current project, adjusted annual informal care costs were estimated at $13,188 (forgone 

wage model) or $27,789 (equivalent cost of paid care model) in 2010 dollars. These findings 

do not consider severity of dementia. In comparison, we reported that the median daily 

informal costs in Cache County range from $4.71 per day (2012 dollars) for very mild 

dementia to $43.48 per day for severe dementia; this translates to annual costs per person of 

approximately $1,719–$15,870 respectively, generally in line with Hurd’s findings(11). 

Similarly, our mixed model results predict similar increases to that of the Predictors 

study(5). Notwithstanding the difficulties in comparing our results to those of the French 

study, we also found that greater cognitive and functional impairments along with the 

presence of NPS (when controlling for MMSE) contribute to higher informal costs(9).

Study limitations include the homogeneity of the population and small sample size. As well, 

informal cost data were derived from caregiver hours that were obtained using an activity 

survey, where the primary caregiver is interviewed and as such is subject to recall bias. 

Additionally, we do not report on nursing home/institutional care (28 dementia participants 

were excluded from the analyses due to nursing home residence). Furthermore, caregiver 

hours and informal care costs from those in our cohort who resided in assisted living 

facilities are likely to be underestimated.

Study strengths include the uniqueness of the longitudinal population-based community-

dwelling cohort with dementia with high participation rates and frequent follow-ups (see 

Tschanz et al., 2011; 16). This detailed data allowed a longitudinal examination of 

caregiving hours, a feature that is important to establishing “real cost” estimates for informal 

care in community-dwelling populations. Further, the caregiver survey included the 

estimation of caregiver time for multiple caregivers. Finally, our study quantified changes in 

informal costs associated with changes in scores on commonly used clinical scales; this can 

allow for assessment/quantification of the value or impact of disease management strategies 

and intervention by reduction in changes or deterioration on these measures.

In conclusion, our main finding is that daily costs of informal dementia care increase 

substantially with disease progression over time, with greater dementia severity predicting 

higher costs in a population-based community-dwelling cohort with dementia. Identifying 

and targeting interventions to slow progression in community-dwellers with dementia is 

fundamentally important to decreasing annual costs of dementia care as both informal 

caregiving and institutionalization are becoming universally acknowledged to be two of the 

costliest components of caring for those with dementia. Likewise, as NPS are modifiable 

and responsive to pharmacological and non-pharmacological interventions, continued efforts 

to reduce these symptoms may reduce the overall costs of care(34,35).
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Research in Context

Systematic Review: In our literature review, we sought studies of informal, longitudinal 

costs of dementia care with measures of disease severity conducted among community-

dwellers with dementia. The few longitudinal studies identified involved medical-center 

or clinical trial cohorts, however lacked information on informal caregiving costs or 

disease severity. Hurd’s recent study (NEJM 2013) had informal care costs among 

community dwellers with dementia, but was cross-sectional.

Interpretation

In our population-based community-dwelling cohort with dementia, we demonstrated 

that daily informal costs of dementia care increase substantially overtime with greater 

dementia severity and behavioral symptoms predicting higher costs. Targeting 

interventions to slow progression in dementia is important to decreasing annual costs of 

dementia care.

Future Directions

Extending our findings to larger, racially diverse, urban community-dwelling dementia 

cohorts will provide important results concerning generalizability of these findings and 

help to prioritize appropriate disease management strategies.
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Figure 1. Average Daily Costs of informal care increase with severity of dementia
The distribution of average daily costs of care by CDR score at final visit are depicted below 

in 2012 dollars (corrected using MCPI for average Utahn wages) to show the unadjusted 

effect of dementia severity on average daily costs of care. The heavy black lines within each 

“box” and the heavy red lines represent median and mean daily costs of care respectively. 

Lower and upper box edges represent the 25th and 75th percentiles respectively, while circles 

and asterisks represent outlier (1.5 * interquartile range) and far outlier (3.0*interquartile 

range) values respectively. While daily cost of care data were non-normally distributed 

(highly skewed); all means were significantly different from one another. N = 283†

† Of the 287 subjects, four were missing CDR at their final assessment and thus excluded 

from this figure.
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Figure 2. a–2b. Change in the cost of informal dementia care by MMSE and NPI scores over 
time
Figure panels 2 displays the informal dementia care costs in the fully adjusted, time-varying 

MMSE model for an individual without vascular dementia, at least a high school education, 

and in good/excellent health. Panel 2a displays the change in informal care costs by time and 

MMSE score holding NPI score constant at 10 (median of all time points). For illustration, 

the corresponding informal care costs associated with an MMSE of 20 with dementia 

duration of 4 years = $28/day; the informal care costs associated with an MMSE of 10 with 

dementia duration of 7 years = $66/day. Panel 2b displays the change in informal care costs 

by MMSE and NPI holding time constant at 3.7 years (median of all time points). For 

illustration, the corresponding informal care costs at an MMSE of 20 with NPI score of 10 = 

$27/day; the informal care costs associated with an MMSE score of 10 and NPI score of 30 

= $74/day.
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Figure 3. Change in the cost of informal dementia care by CDR over time
Figure 3 displays the informal dementia care costs in the fully adjusted time-varying CDR 

model for an individual without vascular dementia and in good/excellent health. For 

illustration, the corresponding informal care costs associated with a CDR of 1 (mild) with 

dementia duration of 4 years = $11/day; the informal care costs associated with a CDR of 3 

(severe) with dementia duration of 7 years = $62/day. CDR values are: 0.5 (very mild), 1 

(mild), 2 (moderate), 3 (severe).
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