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Abstract

INTRODUCTION—The trends in prevalence and incidence of Alzheimer’s disease (AD) 

dementia remain uncertain.

METHODS—A sample of 2,794 participants with a clinical diagnosis for AD dementia.

RESULTS—The 2010 census standardized prevalence of AD dementia was 14.5% (95% CI= 

13.7, 15.3), and annual incidence was 2.3% (1.7, 2.9). Both prevalence and incidence showed 

substantial variation over time, but no secular trends. The prevalence of AD dementia did not 

change significantly from 14.6% (95% CI= 13.0, 16.2) in 1994–1997 to 14.7% (95% CI= 13.2, 

16.2) in 2010–2012 (p=0.84). The annual incidence of AD dementia was 2.8% (95% CI= 2.2, 3.2) 

in 1998–2000 and 2.2% (95% CI= 1.6, 2.8) in 2004–2006 (p=0.20), and remained steady to 2010–

2012. The prevalence and incidence among African Americans were approximately twice that 

among European Americans.

CONCLUSIONS—The prevalence and incidence of AD dementia showed substantial variation 

between 1994 and 2012, but no secular trend.

INTRODUCTION

The possibility of systematic temporal trends in prevalence and incidence of clinically 

diagnosed Alzheimer’s disease (AD) dementia has received substantial recent attention. 

Although the evidence remains uncertain, several recent publications from the US and 

Europe have suggested decreases in the age-specific occurrence roughly over the last three 

decades.1-5 Such a trend toward decreased occurrence would be highly welcome because of 
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the severe impact of the condition on the lives of affected people and their families, the 

major burdens it places on society, and increasing occurrence from population aging. 

Although African Americans (AAs) have higher prevalence and incidence of AD dementia 

than European Americans (EAs),6-7 trends data are lacking for AAs and other minority 

groups. We, therefore, tested the trends in the prevalence and incidence of AD dementia 

from 1994 to 2012 in 2,794 individuals from the Chicago Health and Aging Population 

(CHAP), a geographically defined population-based biracial study of AAs and EAs.

METHODS

The CHAP study is a prospective population-based study of the epidemiology of AD 

dementia and related disorders among adults over the age of 65, which included six triennial 

data collection cycles.8 The study started in 1993 and followed and enrolled new participants 

until 2012. The recruitment for this study started with 78.7% of all residents over the age of 

65 enrolling to participate in 1993, the first cycle of data collection. In each data collection 

cycles, thereafter, new participants were enrolled as successive cohorts. In total, the CHAP 

study enrolled 10,801 participants residing on the south side of Chicago. Neurocognitive 

tests were administered every three years for up to six times over the duration of the study. 

At each of these population assessments, a stratified random sample of participants was 

selected for a detailed clinical evaluation including clinical diagnosis of prevalent and 

incident AD dementia starting in 1994. A total of 2,794 participants were selected over the 

entire study duration (Figure 1). The Institutional Review Board of Rush University Medical 

Center approved the CHAP study. All participants also provided signed written informed 

consent.

Clinical Diagnosis of AD Dementia

Examiners blinded to population interview cognitive testing and stratum of selected 

individuals performed uniform clinical evaluations between 1994 and 2012.9 The detailed 

clinical evaluations included a structured medical history, neurologic examinations, and a 

battery of 19 neurocognitive tests. A board-certified neurologist, who was blinded to 

previously collected tests, provided an AD and dementia diagnosis according to the 

NINCDS-ADRDA criteria.10 Clinically diagnosed AD dementia required a history of 

cognitive decline and evidence of impairment in memory and one or more other cognitive 

domains.

Statistical Analysis

The descriptive analysis was stratified by race, AAs vs. EAs, with sample-weight-adjusted 

means and standard errors for continuous demographic characteristics, and raw frequencies 

and weighted percentages for categorical measures.

Several steps were involved in the estimation and testing of the AD dementia trends. A carry 

forward approach was used to estimate the prevalence and incidence of AD dementia (Table 

S1 in Supplementary Appendix).11 The study design features included estimation of 

sampling weights based on age (5 groups – 65-69 years, 70-74 years, 75–79 years, 80-84 

years, and 85 and older), sex (males vs. females), race (AAs vs. EAs), and three groups of 
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memory scores based on East Boston Memory Test (low, medium, and high). More details 

on the design features of the study are provided in the Supplementary Appendix.

We estimated the average prevalence and incidence of AD dementia in the CHAP study 

using a weighted logistic regression model adjusting for age (four indicators with 65-69 as 

the reference category), sex (0 for males and 1 for females), and race (0 for European 

Americans and 1 for African Americans). The average prevalence and incidence specific to 

triennial cycles or three-year intervals included indicators for time-specific triennial cycles. 

The three-year intervals overlapped with clinical evaluations for prevalent and incidence AD 

dementia that was based on sample selection from recently completed population cognitive 

testing. More details on the parameterization are provided in Statistical Models in 

Supplementary Appendix.

A sample weighted delete-one jackknife approach was used to estimate quasi-binomial 

logistic regression-based parameter estimates and their standard errors.12 A stratified survey 

design with sampling weights and delete-one jackknife were implemented in R program 

using Survey package.13 After estimating the parameters of the regression models, study-

specific estimates were standardized to the 2010 US census data. More details are provided 

in Standardization Algorithm in Supplementary Appendix. The demographic characteristics 

of the US population are also shown in Supplementary Table 2. The number of people living 

in the US with prevalent AD dementia and developing incident AD dementia was estimated 

using the count of US population over the age of 65 at specific calendar years and the 

prevalence and annual incidence of census standardized estimates during those calendar 

years. In a secondary analysis, we included the years of education in our regression model to 

study the role of education on our prevalence and incidence estimates, and to examine if the 

changes in education might be related to the secular trends in AD dementia.

RESULTS

Demographic Characteristics of the CHAP Sample

The average age at clinical diagnosis of AD dementia was 76.2 years and average participant 

education was 12.7 years (Table 1). About 60% of participants reported a history of 

hypertension, 9% reported having diabetes, and 10% reported a history of stroke. In general, 

AAs were about 1.4 years younger and had significantly lower global cognition than EAs. 

AAs also had less education, lower annual income, and reported higher levels of common 

chronic health conditions than EAs.

The sample weight adjusted demographic characteristics (age, female sex, and AA race/

ethnicity) in each of the triennial cycles is shown in Table S3 in Supplementary Appendix. 

Briefly, the average age at clinical assessments varied between 76 and 80 years, the 

percentage of females between 59 and 71, and percentage of AAs between 54% and 68% 

over the 6 triennial clinical evaluations for AD dementia. These fluctuations make it 

important to stratify and/or adjust for demographic characteristics in our analysis, and 

standardize the study-specific estimates to the 2010 US census data.
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Average Prevalence and Annual Incidence of AD dementia

After standardizing the CHAP estimates to 2010 US census data, the average prevalence of 

AD dementia was 14.5% (95% CI= 13.7, 15.3). The prevalence of AD dementia was nearly 

two-fold higher among AAs compared to EAs (27.0% vs. 13.3%). The age-specific 

prevalence of AD dementia increased from 3.2% (95% CI= 2.3, 4.1) among 65–74 years old 

to 52.1% (95% CI=48.5, 55.9) among those over 85 years old. The CHAP estimate of the 

average prevalence of AD dementia (23.5%) was higher than the census-standardized 

estimates, mostly, because of a larger number of AAs in the study. Nevertheless, the racial 

differences and age-specific increases in the average prevalence estimates were similar 

between study-specific and census-standardized estimates.

After standardizing the CHAP estimates to the 2010 US census data, the average annual 

incidence of AD dementia was 2.3% (95% CI= 1.7, 2.9) (Table 2). The average annual 

incidence of AD dementia increased drastically with age among 65–74 years old compared 

to those over 85 years old. Even after adjusting for 2010 US census age and sex 

distributions, the annual incidence of AD dementia was almost twice as high among AAs as 

among EAs (3.9% vs. 2.1%). The CHAP average annual incidence of AD dementia was 

3.6% (95% CI= 3.3, 3.9), but the average annual incidence and age-specific annual 

incidence of AD dementia in the study population was still higher among AAs compared to 

EAs.

Time-Specific Prevalence and Incidence of AD dementia between 1994 and 2012

For better comparability, the time-specific CHAP estimates were also standardized to the 

2010 US census demographic characteristics. After standardizing to the 2010 US census 

data, the prevalence of AD dementia was 14.6% (95% CI= 13.0, 16.2) in 1994–1997 and 

14.7% (95% CI= 13.2, 16.2) in 2010–2012, (p=0.84) (Table 3). The US standardized 

prevalence of AD dementia showed variability over time: 16.5% (95% CI= 15.2, 18.3) in 

1998–2000, 13.0% (95% CI= 11.3, 14.7) in 2007–2009, and 14.7% (95% CI= 13.2, 16.2) in 

2010–2012. In essence, the prevalence of AD dementia showed variability over the years 

with increases and decreases over specific time intervals, but no secular evidence of a 

declining trend in the prevalence of AD dementia. A similar trend – an initial increase 

between 1994–1997 and 1998–2000, followed by a decrease until 2007–2009, which was 

followed by an increase in 2010–2012 was observed in the study-specific estimates, and 

among AAs and EAs, although in each of the study periods AAs had prevalence twice as 

high as EAs.

The CHAP study estimates of the annual incidence of AD dementia were also standardized 

to US census data (Table 3). The census-standardized estimate of annual incidence of AD 

dementia was 2.8% (95% CI= 2.2, 3.2) in 1998–2000 and 2.2% (95% CI= 1.6, 2.8) in 2010–

2012, (p=0.20). In essence, the annual incidence of AD dementia showed a questionable 

decline, with most of this apparent decline between 1998–2000 and 2004–2006, and stable 

estimates thereafter. The study-specific annual incidence was slightly higher than census-

standardized estimates but showed a similar pattern of change over time. The change in 

annual incidence of AD dementia was similar in AAs and EAs over the study period. The 

Rajan et al. Page 4

Alzheimers Dement. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



study-specific annual incidence of AD dementia among AAs decreased by 0.6% from 1998–

2000 to 2010–2012, and among EAs decreased by 0.8% from 1998–2000 to 2010–2012.

Number of People in the US with Prevalence and Incidence of AD dementia

If the CHAP study estimates were to be projected to the US population, we estimate that 

about 4.9 (4.3, 5.5) million Americans had AD dementia in 1996, which increased to 6.1 

(5.5, 6.7) million in 2011 (Figure 2). An estimated 4.8 (4.3, 5.4) million had AD dementia in 

2005, which was the lowest over the entire study duration. For annual incidence of AD 

dementia, 974,340 (765,553 – 1,113,531) Americans developed incident AD dementia in 

1999, which decreased to 806,296 (623,046 – 989,544) Americans in 2008. However, the 

projected number of Americans developing AD dementia increased to 910,051 (661,855 – 

1,158,247) in 2011, slightly lower than the 1999 count, showing considerable variability 

over the years.

As a secondary analysis, the inclusion of education in our regression model increased the 

prevalence of AD dementia slightly from 14.6% to 14.7%, mostly since the average 

education was lowest during our first triennial cycle (1994-1996), but did not significantly 

change the incidence estimates or the time-specific trends in later years.

DISCUSSION

Our findings indicate that the prevalence of AD dementia showed considerable temporal 

variability over an 18-year study, from 1994 to 2012. At certain time intervals, the 

prevalence of AD dementia appeared to increase or decrease, but no sustained temporal 

trends were observed. We employed multiple ways of measuring the occurrence of AD 

dementia: prevalence and annual incidence figures both for our specific study and 

standardized to the US census, prevalence and incidence estimates for AA and EA racial/

ethnic groups, and prevalence and incidence estimates for three broad age groups. Similar 

patterns and absence of a sustained temporal trend were consistently seen for each of those 

measures.

Several studies have reported a decline in the age-specific prevalence of dementia over 

recent years,3-5 but some issues may benefit from further investigation. Typically the 

reported trends were estimated from measures of AD dementia prevalence at two points 

only, 2000 and 2012,3 and 1989–1994 and 2008–2011.5 The substantial variation in 

prevalence and incidence over time that we observed is unlikely to be a feature of only our 

study. The results obtained from restricting our analysis to only pairs of the multiple points 

available would have differed substantially from one another depending on the points 

selected. Some of the differences in prevalence seen previously from which trends were 

estimated are large and may be unlikely to be sustained over time. A point of rough 

similarity between some of the results of these studies and our results is that sometimes’2,16 

the decrease in the occurrence of AD dementia appeared to be early in the period of 

observation and to be followed by a period of stability, roughly similar to the pattern of non-

significant variations we observed. Most notably, the Framingham study reported substantial 

decreases in incidence rates between late 1970s to early 1980s and late 1990s to early 2000s, 

but the incidence in late 2000s to early 2010s was similar to the late 1990s to early 2000s.2

Rajan et al. Page 5

Alzheimers Dement. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The Stockholm Study15 showed no decrease in the prevalence of AD dementia, as did the 

Indianapolis Ibadan study16 in an urban US population sample. Earlier reports from the 

CHAP study,17 and the Bordeaux Study18 showed no significant trends in the annual 

incidence of clinically diagnosed AD dementia. Also, the previous CHAP report17 did not 

provide time-specific prevalence and incidence rates of AD dementia and did not standardize 

the estimates to the 2010 US census data. The previous studies and our study do not directly 

consider population aging and its effects on AD dementia occurrence. As the risk of the 

condition is very strongly related to age,19 the continuing dramatic increases in size the 

oldest population age groups20 is a major driver of projected future estimates of the 

condition.19,21 It seems highly desirable to integrate the varying estimates of age-specific 

trends with projections of population aging, about which there is substantial agreement, even 

before the debate about which trends are most likely is settled. We also showed that even if 

the prevalence of AD dementia remained steady over the years, the estimated number of 

Americans affected by AD dementia is bound to increase significantly over time.

The CHAP study has several strengths and weaknesses. The major strengths of this study are 

the size of the study, population-based design in a clearly defined and well-characterized 

sample of a community dwellers, large number of AAs and EAs for meaningful analysis 

race comparisons, six cycles of data collection spanning almost two decades, a strong effort 

to ensure consistent study procedures over its entire duration, and use of a carry forward 

method that accounted for the increased lifespan of people with dementia through cross-

referencing to date of death using the National Death Index.

Several limitations of our study also need to be noted. The biracial CHAP study is a 

population sample of residents living in four urban neighborhoods on the south side of 

Chicago and may not generalize well to the US population. The biracial nature of this study 

made standardization to US population much harder to interpret. To resolve this issue, we 

classified the US population into two broad race/ethnic groups – AAs (non-Hispanic AAs), 

and combined non-Hispanic white and Hispanic white and all other races into the EAs and 

others category. This would make our overall US census adjusted estimates conservative 

since Hispanic whites have higher prevalence and incidence of AD dementia than non-

Hispanic whites.22-23 The standardization of our estimates to the US population provides 

some degree of comparability with nationally representative estimates. The inclusion of 

years of education slightly increased our prevalence estimate in 1994-1996, but did not 

impact later cycle estimates as education remained steady. We did not investigate the role of 

vascular factors on prevalence and incidence of AD dementia, and will be a topic of interest 

for future investigations. Despite our efforts to ensure consistent procedures over the life of 

the study, substantial temporal variation in the prevalence and incidence estimates for AD 

dementia was observed. The operational methodology for forming these estimates is known 

to be challenging, but it is not clear how much the variation reflects these general challenges 

and how much it reflects issues peculiar to our study.

Our findings suggest that the prevalence and annual incidence of AD dementia may have 

shown some decline during certain time intervals, but the changes through the study period 

were not consistent to conclude a secular trend. In conclusion, a closer monitoring of the 

prevalence and annual incidence of AD dementia in epidemiologic studies with strong study 
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designs, and clinical diagnosis of AD or comprehensive surveillance tools are needed to 

monitor the secular changes in prevalence and incidence of AD dementia over the next two 

decades.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Estimated the prevalence and incidence of AD dementia in a population study 

and standardized to 2010 US census data.

• The overall prevalence of AD dementia was 14.5% and incidence was 2.3% 

after standardization to the 2010 US census data.

• Prevalence and incidence of AD dementia showed variability, but no secular 

decline in trends between 1994 and 2012.

• Future surveillance needed to study variations in AD dementia trends.
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Figure 1. The CHAP Study Design and Clinical Evaluations Sample Selection between 1994 and 
2012
The N in the study cohort shows the number eligible for the population interview to be 

selected for clinical evaluations. The N in the clinical evaluation shows the number of study 

participants with a clinical diagnosis for each triennial cycle. In CHAP study, a total of 4,021 

clinical evaluations are performed on 2,794 participants between 1994 and 2012.
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Figure 2. Estimated Number of Individuals (95% Confidence Interval) Living in the US with 
Prevalent AD Dementia and Developing Incident AD Dementia in Specific Years between 1994 
and 2012
The number of people with prevalent and developing incident AD in millions and the 95% 

confidence limits for these counts is shown in the two panels. The left panel shows the 

number of people with prevalent AD dementia. The right panel shows the number of people 

with incident AD dementia. The estimated numbers are estimated based on the CHAP study 

sample.
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Table 1.

Characteristics of 2,794 African Americans (AAs) and European Americans (EAs) at the time of Clinical 

Diagnosis of AD Dementia in CHAP Study

AAs
N=1,561

EAs
N=1,233

All Participants
N=2,794

Age, y, mean (SE) 75.6 (0.25) 77.0 (0.32) 76.2 (0.20)

Global cognition, mean (SE) 0.07 (0.03) 0.55 (0.03) 0.26 (0.02)

Education, y, mean (SE) 11.6 (0.15) 14.4 (0.15) 12.7 (0.12)

 ≤ 12y, N, % 1,091, 67% 490, 34% 1,581, 54%

 13–16y, N, % 398, 27% 521, 45% 919, 34%

 ≥ 17y, N, % 70, 6% 221, 21% 291, 12%

Annual income

 Less than 15,000, N, % 526, 34% 186, 14% 712, 26%

 15,000-29,999, N, % 590, 45% 335, 28% 925, 38%

 Over 30,0000, N, % 266, 21% 567, 58% 823, 36%

Females, N, % 970, 66% 740, 63% 1710, 65%

The sample weight adjusted mean and standard error of the mean are presented. Raw frequencies are presented, but the percentages are sample 
weight adjusted percentages
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