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Because dementia is progressive, incident cases are on average milder than prevalent cases, affecting the
performance of cognitive tests and questions on functional limitations (i.e., cognition/functional limitation items)
used for dementia assessment. Longitudinal studies assess incident cases, while cross-sectional studies assess
prevalent cases, but differences are not typically considered when researchers select items to include in studies.
We used longitudinal data from the Religious Orders Study and Memory and Aging Project (ROSMAP) (n = 3,446)
collected between 1994 and 2021 to characterize differences in associations between items (cognition: 35 items;
functional limitations: 14 items) and incident or prevalent dementia using multinomial regression models with
generalized estimating equations, controlling for ROSMAP cohort (Religious Orders Study or Memory and Aging
Project), age, sex, race, and education. The association between a given item and incident dementia was
significantly weaker than the association between the same item and prevalent dementia for 46 of 49 items.
However, there was variability, with larger differences for some items, including naming a pencil (prevalence odds
ratio = 0.02 (95% confidence interval: 0.02, 0.03); incidence odds ratio = 0.10 (95% confidence interval: 0.06,
0.17); P for difference < 0.001). Important differences exist in the performance of cognition/functional limitation
items for measurement of incident versus prevalent dementia.Differences can inform the choice of items for cross-
sectional studies of prevalent cases or longitudinal studies of incident cases, leading to reduced misclassification
and increased statistical power.

aging; cognitive testing; dementia; functional limitations; measurement; study design

Abbreviations: ADL, activities of daily living; AUC, area under the receiver operating characteristic curve; CI, confidence interval;
IADL, instrumental activities of daily living; MAP, Memory and Aging Project; OR, odds ratio; ROS, Religious Orders Study;
ROSMAP, Religious Orders Study and Memory and Aging Project.

Editor’s note: An invited commentary on this article
appears on page 535.

Due to expected trends in population aging, the burden
of dementia will continue to grow in importance (1, 2).
Against this backdrop, continued investment in epidemio-
logic research on the causes and consequences of dementia
is crucial. However, the inherent subjectivity in the definition
of clinical dementia poses unique challenges in epidemi-
ologic research (3). While physician-given or physician-
adjudicated clinical diagnoses of dementia remain the gold
standard, they are often too resource-intensive to admin-

ister in large-scale cohort studies. Ultimately, a lack of
consensus on the best tools or criteria for dementia assess-
ment results in wide heterogeneity, with 230 different ascer-
tainment methods being documented across 237 scientific
publications assessing the prevalence or incidence of de-
mentia (4).

When studies do not rely on physician assessment, de-
mentia is commonly ascertained using systematic assess-
ments of cognition and functional limitations, the 2 core
components of clinical diagnoses (3). Investigators then
often use algorithmic approaches to identify dementia cases
(5, 6). Algorithms are typically validated in cross-sectional
samples, allowing researchers to assess algorithm perfor-
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mance in distinguishing persons with prevalent dementia
from those without dementia (7–9). However, despite the
fact that dementia algorithms are often validated for detec-
tion of prevalent cases, these algorithms are commonly used
to assess incident dementia cases in time-to-event analy-
ses (10–12). This is problematic, because assessments and
algorithms used to identify dementia may not necessarily be
equally sensitive to new (i.e., incident) and prevalent cases
alike.

Because dementia is a progressive condition, incident
cases are, on average, milder than prevalent cases (13).
However, tests of cognition (i.e., test items) used in the
adjudication of dementia and in algorithmic definitions of
dementia have differential precision for measurement at
different severities of cognitive impairment (14). Relatedly,
the difficulty of items assessing functional limitations
is variable, and these items may also have differential
precision and validity at different disease severities (15).
A better understanding of the magnitude of potential
differences in the performance of cognition/functional
limitation items for the classification of incident dementia
versus prevalent dementia could help characterize the
impacts of suboptimal measurement in existing studies.
Additionally, quantitative evidence on differences can be
used to improve measurement in future studies; the most
appropriate dementia assessment for a study trying to
ascertain incident dementia cases may be different from the
most appropriate assessment for a study trying to ascertain
prevalent cases.

In this study, we aimed to estimate differences in the
measurement of incident and prevalent dementia and assess
which items on cognition and functional limitations are best
suited to the measurement of prevalent cases of dementia in
cross-sectional settings versus the measurement of incident
dementia cases in longitudinal studies. We further assessed
the impact of potential differences on the classification of
prevalent versus incident dementia. Based on the results,
we provide guidance for improving the measurement of
dementia and the application of algorithmic approaches to
dementia measurement in future epidemiologic studies.

METHODS

Sample

This study used harmonized data from the Religious
Orders Study (ROS) and the Rush Memory and Aging
Project (MAP), collectively known as ROSMAP. Both
studies are ongoing prospective cohort studies with con-
tinuous recruitment and high retention, with only 7.8% of
participants having withdrawn since study initiation (16).
The ROS started in 1994 and enrolls priests and nuns from
across the United States. The MAP began in 1997 and
recruits volunteer participants from northeastern Illinois.
We excluded individuals with missing covariate information
(n = 1) and individuals with prevalent dementia at baseline
(n = 217), yielding a final sample size of 3,446. Participants
had on average 8.4 visits (range, 1–27) over an average
follow-up period of 7.7 years (range, 0–30).

Measurement of cognitive functioning and functional
limitations

A comprehensive neuropsychological battery was admin-
istered, including 32 items measuring orientation, mem-
ory, language, visuospatial functioning, and executive
functioning (details are provided in Web Table 1 (available at
https://doi.org/10.1093/aje/kwac197) and Table 1). In anal-
yses, each continuous item was transformed by dividing
scores by twice the standard deviation to facilitate com-
parisons between continuous and binary items (17). Items
from the Activities of Daily Living (ADL) and Instrumental
Activities of Daily Living (IADL) scales were used to assess
functional limitations (Table 1) (18, 19).

Covariates

Age at each visit, self-reported sex, years of educational
attainment, self-reported ethnicity (Hispanic yes/no), and
self-reported race were considered as covariates. Race was
collapsed into a 3-level categorical variable (White, Black,
and other) because of low numbers of participants in other
racial categories.

Adjudication of dementia diagnoses

Dementia was adjudicated independently at each annual
clinical visit using a 3-stage process (details are provided
in Web Appendix 1); yearly adjudication allowed us to dif-
ferentiate between incident and prevalent cases of dementia
(20). An incident dementia visit was defined as the first visit
with clinically adjudicated dementia; all visits after the visit
with incident dementia were defined as prevalent dementia
visits (i.e., dementia was an absorbing state). Therefore,
incident dementia will coincide with more mild, early-stage
disease, whereas prevalent dementia will encompass a wider
range of cases including severe, late-stage disease. Because
adjudicated dementia diagnoses in the ROSMAP sample
were conducted independently at each assessment, 7.1%
of participants had at least 1 visit after their initial visit
with dementia in which they were ruled to not have clinical
dementia (i.e., either mild cognitive impairment or normal).
We considered these individuals to have prevalent dementia
at these later assessments.

Statistical analyses

First, we assessed demographic characteristics and char-
acterized the distributions of age, sex, and responses to items
assessing cognition and functional limitations across person-
visits (each unique combination of person and visit) by
dementia status. Statistical models used the person-visit as
the primary unit of analysis to maximize the data informing
analytical models.

Primary analyses used multinomial logistic regression
models with generalized estimating equations to evaluate
associations between dementia status (no dementia, incident
dementia, or prevalent dementia) and responses to each item
on cognition or functional limitations. Models controlled
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Table 1. Distributions of Demographic Characteristics and Responses to Items on Cognition and Functional Limitations Across All Study Visits
in the Religious Orders Study and Memory and Aging Project (n = 3,446), 1994–2021

Dementia Status

No Dementia
(n = 25,258 Visits)

Incident Dementia
(n = 919 Visits)

Prevalent Dementia
(n = 2,461 Visits)Characteristic

Standardized
Item

Difficultya

% Mean (SD) % Mean (SD) % Mean (SD)

Age at visit, years 81.2 (7.6) 87.4 (6.6) 88.6 (6.5)

Female sex 73.4 73.6 80.6

Cognitive functioning

Orientation

Year −1.11 97.6 59.6 37.6

Season −0.36 91.2 67.6 47.8

Date −0.02 84.2 28.3 20.4

Day of week −1.05 97.7 61.0 42.0

Month −1.26 98.3 67.9 45.2

State −1.74 99.5 89.1 69.8

County −0.73 95.8 59.3 41.3

City −1.18 98.1 71.4 51.1

Room −0.71 95.6 67.3 50.6

Address −0.38 90.8 37.5 23.7

Memory

Three-word recall 0.31 2.6 (0.7) 1.2 (1.0) 0.8 (1.0)

Immediate word recall 1.10 19.3 (4.9) 11.1 (4.3) 9.9 (5.0)

Delayed word recall 1.09 6.2 (2.5) 1.6 (1.8) 1.3 (1.9)

Word recall recognition −0.37 9.7 (1.0) 7.1 (2.8) 6.3 (3.2)

East Boston Memory
Test—Immediate Recall

0.73 9.7 (1.9) 6.6 (2.7) 5.4 (3.3)

East Boston Memory
Test—Delayed Recall

0.82 9.3 (2.3) 4.8 (3.4) 3.4 (3.6)

Logical memory immediate 1.13 13.1 (4.5) 5.7 (3.9) 4.6 (4.1)

Logical memory delayed 1.19 11.8 (5.0) 3.6 (3.4) 2.9 (3.7)

Language

Name watch −1.71 99.5 93.1 79.9

Name pencil −1.92 99.7 96.4 84.2

Say phrase 0.01 85.0 61.0 48.5

Read command −0.98 97.3 84.3 69.5

Follow 3-step command 0.13 2.7 (0.5) 2.2 (0.9) 1.8 (1.1)

Write sentence −1.23 98.6 88.5 70.0 70.0

Category f luency 1.11 34.7 (9.9) 17.4 (7.6) 14.3 (8.5)

Boston Naming Test 0.13 14.0 (1.2) 12.0 (2.4) 10.7 (3.3)

Executive

Spell backwards −0.28 4.9 (0.5) 4.0 (1.5) 3.1 (2.1)

Symbol Digit Modalities Test 1.13 39.9 (11.1) 19.4 (10.9) 16.5 (11.6)

Digit span forward 0.93 8.2 (2.0) 6.8 (2.3) 6.3 (2.5)

Digit span backward 1.04 6.4 (2.1) 4.1 (2.0) 3.7 (2.1)

Number comparison 1.11 25.2 (7.4) 15.7 (7.6) 13.5 (8.2)

Digit ordering 1.11 7.4 (1.7) 5.2 (2.0) 4.8 (2.3)

Table continues
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Table 1. Continued

Dementia Status

No Dementia
(n = 25,258 Visits)

Incident Dementia
(n = 919 Visits)

Prevalent Dementia
(n = 2,461 Visits)Characteristic

Standardized
Item

Difficultya

% Mean (SD) % Mean (SD) % Mean (SD)

Visuospatial

Copy drawing 0.09 81.2 48.6 35.2

Line orientation test 0.96 10.2 (3.1) 7.3 (3.4) 6.9 (3.8)

Progressive matrices 0.89 12.1 (2.7) 8.9 (2.7) 8.2 (3.1)

Functional limitations

Difficulty using the telephone −0.76 3.0 23.0 41.2

Difficulty preparing a meal 0.19 11.8 50.8 64.9

Difficulty performing light
housework

0.34 12.1 46.3 58.0

Difficulty performing heavy
housekeeping

2.43 48.6 82.1 84.4

Difficulty taking medications −0.34 7.2 47.6 62.1

Difficulty handling finances 0.37 11.4 57.2 69.3

Difficulty shopping 0.60 16.5 62.4 73.0

Difficulty traveling within the
community

1.02 21.0 68.1 75.1

Difficulty walking across a
room

0.15 11.8 38.8 51.1

Difficulty bathing −0.03 10.0 45.0 56.2

Difficulty dressing −0.80 4.8 29.5 43.7

Difficulty eating −1.73 1.2 11.9 21.0

Difficulty transferring from bed −0.61 5.0 24.3 37.9

Difficulty using the toilet −0.82 4.1 22.8 37.0

Abbreviation: SD, standard deviation.
a The standardized item difficulty is a comparable measure of item difficulty, computed as a weighted average of item thresholds from an

item response theory model. Details are provided in Web Appendix 3.

for ROSMAP cohort (ROS vs. MAP), age at study visit,
sex, race, ethnicity, and years of educational attainment,
as these factors are associated with cognitive test perfor-
mance and may be associated with disease severity due to
either the biological progression of disease or associations
with survival, study retention, and administrative censoring,
which affect whether an individual would be captured as
an incident or prevalent case (21, 22). In each regression
model, we excluded records with missing data on the given
item of interest (complete-case analysis) (Web Table 2).
To adjust precision while ensuring that estimates would
replicate findings from a hypothetical cross-sectional sample
of individuals with no dementia, incident dementia, and
prevalent dementia, we used an independent correlation
structure and robust standard errors to account for corre-
lation among visits within individuals. From models, we
estimated adjusted odds ratios (ORs) describing the asso-
ciation between item responses and incident dementia as

compared with no dementia, the association between item
responses and prevalent dementia as compared with no
dementia, and the ratio of ORs comparing the association
for incident dementia with the association for prevalent
dementia. Because dementia is not rare across strata of all
items on cognition or functional limitations, ORs cannot be
interpreted as relative risks, but instead were used to com-
pare associations between incident and prevalent dementia.
We also directly evaluated differences in classification per-
formance by estimating the area under the receiver operating
characteristic curve (AUC) for the classification of incident
versus prevalent dementia and compared differences in AUC
to estimated ORs. We further evaluated differences in clas-
sification performance for a larger set of items to obtain a
more realistic estimate of potential classification differences
(Web Appendix 2).

Next, we evaluated how the comparison between associ-
ations for incident and prevalent dementia varied with the
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Table 2. Demographic Characteristics of Participants in the Religious Orders Study and Memory and Aging Project (n = 3,446) at Baseline,
1994–2021

ROSMAP Cohort

Characteristic

Total
(n = 3,446) Religious Orders Study

(n = 1,376)
Memory and Aging Project

(n = 2,070)

No. % No. % No. %

Age at baseline, yearsa 78.0 (7.8) 75.4 (7.5) 79.7 (7.5)

No. of follow-up visitsa 8.4 (5.7) 10.5 (6.6) 7.0 (4.6)

Duration of education, yearsa 16.3 (3.8) 18.5 (3.4) 14.9 (3.3)

Female sex 2,525 73.3 982 71.4 1,543 74.5

Race

White 3,201 92.9 1,269 92.2 1,932 93.3

Black 200 5.8 90 6.5 110 5.3

Other 45 1.3 17 1.2 28 1.4

Hispanic ethnicity 169 4.9 58 4.2 111 5.4

Abbreviation: ROSMAP, Religious Orders Study and Memory and Aging Project.
a Values are expressed as mean (standard deviation).

relative difficulty of items in the ROSMAP battery of cogni-
tive and ADL/IADL indicators. To quantify item difficulty,
we used item response theory methods (details are given
in Web Appendix 3). To assess the relationship between
item difficulty and ORs comparing the association for
incident dementia with the association for prevalent demen-
tia, we estimated correlation coefficients and examined
scatterplots.

We conducted a supplementary analysis to evaluate the
sensitivity of findings to our choice of model structure.
We used Poisson regression with generalized estimating
equations to quantify the association between years since
dementia diagnosis and responses to items on cognition and
functional limitations among persons with dementia. The
outcome variable was the number of years since dementia
diagnosis; each model evaluated the association between a
single item and the number of years since dementia diagno-
sis. We used an independent correlation structure and con-
trolled for the same variables as in the primary analyses. In
these models, estimated exponentiated coefficients represent
the expected multiplicative increase in years since dementia
diagnosis given a 1-unit higher response to an item. We
evaluated the similarity of results to primary analyses by
calculating the correlation between coefficients and through
visual inspection of scatterplots.

Finally, we investigated the sensitivity of results to bias
from differential dropout. We used stabilized inverse proba-
bility weights for death and dropout (details are given in Web
Appendix 4). We repeated our primary analysis with 3 sets
of weights: combined weights, weights for dropout due to
death, and weights for dropout due to other reasons. With
the exception of item response theory models (conducted
in Mplus, version 8 (Muthén and Muthén, Los Angeles,
California)), statistical analyses were conducted in R, ver-

sion 4.1.1 (R Foundation for Statistical Computing, Vienna,
Austria).

RESULTS

This study included 3,446 participants; about 60% were
from the MAP, with the rest coming from the ROS. Partici-
pants from the ROS were younger at baseline (75.4 years vs.
79.7 years), with longer available follow-up time (10.5 visits
vs. 7.0 visits) (Table 2).

The 3,446 participants included in the analysis attended
28,638 study visits over an average of 8.4 years. Of the
study visits, 88% were among individuals without dementia
at the time of the visit, 3% were incident dementia visits
(i.e., the first visit at which an individual was diagnosed with
dementia), and 9% were prevalent dementia visits (i.e., visits
for individuals with dementia that were not “incident” visits)
(Table 1). Across all items on cognitive functioning, scores
were higher on average among persons with no dementia
than among those with either incident or prevalent dementia,
but were also higher on average among those with incident
dementia as compared with prevalent dementia. The crude
proportion of individuals who endorsed having functional
limitations was highest among those with prevalent demen-
tia, followed by those with incident dementia and then those
without dementia.

Crude patterns indicating that associations between
items on either cognition or functional limitations and de-
mentia were stronger when considering prevalent dementia
as compared with incident dementia held in multivariable
multinomial regression models (Figures 1 and 2). For 46
out of 49 total items, there was a statistically significant
difference in the strength of the association with prevalent
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Variable

  Copy drawing
  Progressive matrices
  Line orientation test
Visuospatial
  Number comparison
  Symbol Digit Modalities Test
  Spell backwards
  Digit span backwards
  Digit span forward
  Digit ordering
Executive
  Name pencil
  Write sentence
  Name watch
  Category fluency
  Read command
  Follow 3−step command
  Boston naming test
  Say phrase
Language
  Logical memory immediate
  Three-word recall
  Logical memory delayed
  East Boston delayed
  East Boston immediate
  Immediate word recall
  Delayed word recall
  Word recall recognition
Memory
  State
  Month
  Year
  City
  Season
  Day of week
  Address
  County
  Room
  Date
Orientation

0.
00

0.
01

0.
03

0.
10

0.
25

0.
50

1.
00

Odds Ratio

A)

0.09 (0.07, 0.10)0.06 (0.05, 0.07)
0.12 (0.10, 0.14)0.06 (0.05, 0.07)
0.08 (0.07, 0.10)0.04 (0.04, 0.05)
0.07 (0.06, 0.09)0.04 (0.03, 0.04)
0.05 (0.04, 0.06)0.02 (0.02, 0.03)
0.25 (0.21, 0.29)0.11 (0.10, 0.13)
0.06 (0.05, 0.07)0.02 (0.02, 0.03)
0.05 (0.04, 0.06)0.02 (0.02, 0.02)
0.05 (0.04, 0.06)0.02 (0.01, 0.02)
0.05 (0.04, 0.07)0.02 (0.01, 0.02)

0.12 (0.11, 0.14)0.09 (0.08, 0.11)
0.02 (0.02, 0.02)0.01 (0.01, 0.02)
0.02 (0.02, 0.02)0.01 (0.01, 0.01)
0.07 (0.06, 0.09)0.04 (0.03, 0.05)
0.09 (0.08, 0.10)0.05 (0.04, 0.06)
0.02 (0.02, 0.02)0.01 (0.01, 0.01)
0.09 (0.08, 0.10)0.04 (0.04, 0.05)
0.03 (0.02, 0.04)0.01 (0.01, 0.02)

0.38 (0.33, 0.45)0.25 (0.22, 0.29)
0.11 (0.09, 0.13)0.07 (0.06, 0.09)
0.33 (0.29, 0.36)0.19 (0.17, 0.22)
0.21 (0.17, 0.26)0.09 (0.08, 0.11)
0.01 (0.01, 0.01)0.00 (0.00, 0.00)
0.08 (0.06, 0.11)0.02 (0.02, 0.03)
0.12 (0.09, 0.16)0.04 (0.03, 0.04)
0.10 (0.06, 0.17)0.02 (0.02, 0.03)

0.11 (0.10, 0.13)0.08 (0.07, 0.10)
0.30 (0.26, 0.35)0.20 (0.17, 0.24)
0.08 (0.07, 0.10)0.05 (0.04, 0.07)
0.17 (0.15, 0.20)0.11 (0.09, 0.12)
0.03 (0.02, 0.03)0.02 (0.01, 0.02)
0.10 (0.08, 0.12)0.05 (0.04, 0.07)

0.17 (0.15, 0.20)0.16 (0.13, 0.19)
0.12 (0.10, 0.14)0.08 (0.07, 0.10)
0.28 (0.24, 0.32)0.17 (0.14, 0.19)

OR (95% CI)

Prevalent Incident

Figure 1 Continues

dementia versus the strength of the association with incident
dementia.

Cognitive items

The orientation items with the largest discrepancies in
their associations with prevalent versus incident dementia
were naming the state and naming the month (Figure 1A).
For example, for the item for naming the state, the OR

for prevalent dementia was 0.02 (95% confidence interval
(CI): 0.01, 0.02), whereas the OR for incident dementia was
0.05 (95% CI: 0.04, 0.07). Comparing these 2 estimates, the
estimated ratio of ORs comparing the association for inci-
dent dementia with that for prevalent dementia in regards to
naming the state was 3.43 (95% CI: 2.69, 4.37) (Figure 1B).
Because better performance on cognitive tests is protective
against dementia, ratios of ORs above 1 indicate that the
item is better for discriminating prevalent cases than it is
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Variable

  Copy drawing
  Progressive matrices
  Line orientation test
Visuospatial
  Number comparison
  Symbol Digit Modalities Test
  Spell backwards
  Digit span backwards
  Digit span forward
  Digit ordering
Executive
  Name pencil
  Write sentence
  Name watch
  Category fluency
  Read command
  Follow 3−step command
  Boston naming test
  Say phrase
Language
  Logical memory immediate
  Three-word recall
  Logical memory delayed
  East Boston delayed
  East Boston immediate
  Immediate word recall
  Delayed word recall
  Word recall recognition
Memory
  State
  Month
  Year
  City
  Season
  Day of week
  Address
  County
  Room
  Date
Orientation

1 2 3 4 5 7

Odds Ratio

B)

1.57 (1.29, 1.90)
1.92 (1.61, 2.29)
1.96 (1.65, 2.32)
2.02 (1.69, 2.42)
2.16 (1.83, 2.56)
2.23 (1.88, 2.64)
2.46 (2.07, 2.92)
2.51 (2.11, 2.99)
2.58 (2.16, 3.08)
3.43 (2.69, 4.37)

1.31 (1.20, 1.43)
1.77 (1.30, 2.41)
1.86 (1.51, 2.29)
1.88 (1.64, 2.15)
1.88 (1.65, 2.14)
1.99 (1.40, 2.82)
2.03 (1.75, 2.36)
2.19 (1.71, 2.82)

1.54 (1.30, 1.82)
1.58 (1.42, 1.75)
1.69 (1.50, 1.91)
2.34 (1.87, 2.91)
3.07 (2.37, 3.97)
3.29 (2.45, 4.42)
3.38 (2.67, 4.28)
4.66 (3.18, 6.84)

1.35 (1.20, 1.52)
1.49 (1.26, 1.76)
1.52 (1.25, 1.83)
1.65 (1.52, 1.80)
1.73 (1.42, 2.11)
1.76 (1.46, 2.14)

1.12 (0.95, 1.32)
1.46 (1.19, 1.80)
1.66 (1.39, 1.98)

OR (95% CI)

Figure 1. Associations between cognitive items and dementia according to dementia type (incident vs. prevalent) (A) and comparison of
associations between cognitive items and incident dementia with associations between cognitive items and prevalent dementia (B), Religious
Orders Study and Memory and Aging Project (n = 3,446), 1994–2021. Stratified odds ratios (ORs) (panel A) show the strength of the association
between each item and prevalent dementia (light gray) or incident dementia (dark gray). ORs in panel B represent the OR comparing the effect
for incident dementia with the effect for prevalent dementia. Larger ORs in panel B indicate that an item is more strongly related to prevalent
dementia than to incident dementia. All models controlled for cohort (Religious Orders Study or Memory and Aging Project), age, sex, education,
race, and ethnicity. Bars show the 95% confidence intervals (CIs).

for discriminating incident cases. Inverting this comparison,
our estimate indicated that the strength of the association
between the item on naming the state and incident demen-
tia was 71% weaker (95% CI: 63, 77) than the associa-

tion between the same item and prevalent dementia. The
percent decrease in the strength of the estimate for incident
dementia as compared with prevalent dementia was 61%
(95% CI: 54, 68) for naming the month. However, despite
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Measurement of Prevalent Versus Incident Dementia 527

Variable

  Difficulty bathing

  Difficulty walking
   across room

  Difficulty dressing

  Difficulty eating

  Difficulty transferring
   from bed

  Difficulty using toilet

ADL

  Difficulty with heavy
   housekeeping

  Difficulty traveling
   within community

  Difficulty with light
   housework

  Difficulty shopping

  Difficulty preparing
   meal

  Difficulty with finances

  Difficulty with medications

  Difficulty using
   telephone

IADL

1 2 3 5 7 9 13 17

Odds Ratio

A)

5.90 (4.73, 7.34)12.82 (10.33, 15.92)

8.07 (6.84, 9.53)12.98 (10.97, 15.37)

7.25 (6.17, 8.52)11.34 (9.60, 13.40)

5.05 (4.30, 5.94)7.87 (6.59, 9.39)

5.55 (4.68, 6.59)7.79 (6.52, 9.32)

3.96 (3.37, 4.64)5.50 (4.67, 6.48)

5.37 (4.50, 6.40)6.24 (5.24, 7.44)

2.97 (2.45, 3.60)2.72 (2.22, 3.33)

4.73 (3.92, 5.70)8.88 (7.41, 10.64)

3.78 (3.14, 4.55)6.64 (5.54, 7.96)

7.43 (5.68, 9.70)13.00 (10.14, 16.67)

5.41 (4.52, 6.46)8.97 (7.45, 10.80)

2.85 (2.42, 3.37)4.24 (3.61, 4.99)

4.76 (4.04, 5.60)6.38 (5.36, 7.60)

OR (95% CI)

Prevalent Incident

Figure 2 Continues

large observed differences in associations between incident
and prevalent dementia for naming the state and naming the
month, individual ORs describing the association between
these items and either incident or prevalent dementia were
stronger than the individual ORs for the association between
either incident or prevalent dementia and the item on naming
the season (Figure 1B).

Some items assessing language also showed large differ-
ences in their associations with incident versus prevalent

dementia, including identifying a pencil, writing a sentence,
and identifying a watch. While the difference between the
associations of category fluency with incident dementia and
prevalent dementia was large, the individual associations
between this item and the 2 dementia categories were the
strongest observed across all items, indicating that the item
still performed well for the classification of incident demen-
tia despite this difference. In general, there were smaller
differences in the associations between items and either inci-
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Variable

  Difficulty bathing

  Difficulty walking
   across room

  Difficulty dressing

  Difficulty eating

  Difficulty transferring
   from bed

  Difficulty using toilet

ADL

  Difficulty with heavy
   housekeeping

  Difficulty traveling
   within community

  Difficulty with light
   housework

  Difficulty shopping

  Difficulty preparing
   meal

  Difficulty with finances

  Difficulty with medications

  Difficulty using
   telephone

IADL

0.4
0

0.5
0

0.6
0

0.8
0

1.0
0

1.2
0

1.4
0

Odds Ratio

B)

0.46 (0.38, 0.56)

0.62 (0.52, 0.74)

0.64 (0.53, 0.77)

0.64 (0.53, 0.77)

0.71 (0.59, 0.86)

0.72 (0.60, 0.86)

0.86 (0.70, 1.05)

1.09 (0.87, 1.38)

0.53 (0.44, 0.64)

0.57 (0.47, 0.69)

0.57 (0.45, 0.73)

0.60 (0.50, 0.72)

0.67 (0.56, 0.80)

0.75 (0.62, 0.89)

OR (95% CI)

Figure 2. Associations between items on functional limitations and dementia according to dementia type (incident vs. prevalent) (A) and
comparison of associations between items on functional limitations and incident dementia with associations between items on functional
limitations and prevalent dementia (B), Religious Orders Study and Memory and Aging Project (n = 3,446), 1994–2021. Stratified odds ratios
(ORs) (panel A) show the strength of the association between each item and prevalent dementia (light gray) or incident dementia (dark gray).
ORs in panel B represent the OR comparing the effect for incident dementia with the effect for prevalent dementia. Smaller ORs in panel B
(closer to 0) indicate that an item is more strongly related to prevalent dementia than to incident dementia. All models controlled for cohort, age,
sex, education, race, and ethnicity. Bars show the 95% confidence intervals (CIs). ADL, activities of daily living; IADL, instrumental activities of
daily living.

dent or prevalent dementia and items for memory, executive
functioning, and visuospatial functioning (Figure 2).

The rank order of items in terms of the strength of their
associations with prevalent dementia and the rank order of

items in terms of their associations with incident demen-
tia were fairly similar (Spearman correlation coefficient
(r) = 0.95) (Table 3). However, even when ORs were similar,
there were noticeable differences in the rank order of items,
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Measurement of Prevalent Versus Incident Dementia 529

which could affect the choice of items for use in shorter
batteries. For example, the item on naming a state had the
sixth strongest association with prevalent dementia but the
10th strongest association with incident dementia, while the
item on naming a pencil had the 11th strongest association
with prevalent dementia but the 21st strongest association
with incident dementia.

Functional limitation items

The items on functional limitations with the largest dif-
ferences in their associations with incident versus preva-
lent dementia were difficulty using the telephone, diffi-
culty using the toilet, and difficulty eating (Figure 2A). For
the item on difficulty using the telephone, the OR for the
association with prevalent dementia was 12.82 (95% CI:
10.33, 15.92), whereas the OR for incident dementia was
5.90 (95% CI: 4.73, 7.34). The ratio of ORs describing the
comparison between the OR for incident dementia and the
OR for prevalent dementia was 0.46 (95% CI: 0.38, 0.56);
in comparison, this estimate was 0.53 (95% CI: 0.44, 0.64)
for difficulty toileting and 0.57 (95% CI: 0.47, 0.69) for
difficulty transferring from bed (Figure 2B). These estimates
indicate, for example, that the association between the item
on difficulty using the telephone and incident dementia was
54% (95% CI: 44, 62) weaker than the association between
the same item and prevalent dementia. Associations with
incident versus prevalent dementia were not statistically
different for 2 items: difficulty with heavy housekeeping
and difficulty traveling within one’s community. However,
associations between these 2 items and either incident or
prevalent dementia were still smaller compared with items
with somewhat larger differences in their associations with
incident and prevalent dementia, such as difficulty handling
finances (Figure 2B).

Despite high correspondence in the rank order of items in
terms of the strength of their associations with either preva-
lent or incident dementia (r = 0.87), we identified differences
(Table 4). For example, the item with the sixth strongest
association with prevalent dementia (difficulty toileting) had
the 10th strongest association with incident dementia.

Classification performance

The AUC was greater for the classification of prevalent
dementia than for the classification of incident dementia for
all items. The difference in AUC was strongly correlated
with estimated ratios of ORs (cognition: r = 0.49; functional
limitations: r = −0.92) (Web Figure 1, Web Table 3). When
items with the largest AUC differences (15 items (10 cogni-
tion, 5 functional limitations)) were used together in a single
model for classification, the AUC for the classification of
prevalent dementia was 0.95, as opposed to 0.90 for incident
dementia.

Correlations with item difficulty

Differences in the associations with incident versus preva-
lent dementia were strongly correlated with item difficulty
(Web Table 4, Web Figure 2). For both cognitive items

(r = −0.65) and functional limitations items (r = 0.88), the
difference in associations between incident and prevalent
dementia was smaller for more difficult items. However,
the direction of the correlations was reversed for the 2 sets
of items because the endorsement of functional limitations
was associated with increased dementia whereas better per-
formance on cognitive items was associated with a lower
probability of dementia.

Sensitivity analyses

Secondary models using a Poisson regression framework
to assess the association between responses to cognition/
functional limitation items and years of disease duration
led to similar conclusions at the item level; coefficients of
interest were highly correlated (r = −0.97) (Web Figures 3
and 4). Estimates of the difference in associations comparing
associations with incident versus prevalent dementia were
strengthened in sensitivity analyses using inverse probability
of death and censoring weights (Web Figure 5).

DISCUSSION

There were large differences in the strength of associ-
ations between items measuring cognition and functional
limitations and either incident or prevalent dementia. Results
suggest that measures or algorithms evaluated and validated
using cross-sectional samples of prevalent dementia cases
may not have the same performance for the assessment of
incident dementia in longitudinal studies. The magnitude
of differences varied and was closely coupled with item
difficulty, such that differences observed when comparing
associations with incident dementia to associations with
prevalent dementia were greater for easier items. Therefore,
when cognitive assessments or algorithms rely on a large
number of easier items, assessments may not be adequately
suited for the identification of incident dementia, which
tends to be more subtle in presentation. Use of easier items,
such as those in the Mini-Mental State Examination, for the
detection of incident dementia may result in algorithms or
ascertainment procedures with reduced sensitivity. In studies
where the primary goal is detection of incident dementia,
the inclusion of more difficult assessments may improve the
performance of algorithms or assessments.

Comparisons of the relative magnitude of differences in
associations for incident dementia and prevalent demen-
tia may also help researchers select items providing the
most information across assessments of both incident and
prevalent dementia. For example, in this study, the items
for difficulty using the telephone and difficulty managing
medications had similar ORs for their associations with
prevalent dementia, but the difference in associations for
incident dementia as compared with prevalent dementia
was much larger for the item assessing difficulty using the
telephone than for the item assessing difficulty managing
medications. Therefore, while the items would be inter-
changeable if one were only interested in identifying preva-
lent dementia, if it were important to ascertain both incident
and prevalent dementia the item on managing medications
would be preferred.
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Table 3. Rank Order of Items on Cognitive Functioning in Terms of the Strength of Their Associations With Either
Prevalent Dementia or Incident Dementia, Religious Orders Study and Memory and Aging Project (n = 3,446),
1994–2021a

Rank

Item for Assessment

Prevalent Dementia OR Incident Dementia OR

1 Category f luency 0.002 Category f luency 0.007

2 Logical memory delayed 0.010 Delayed word recall 0.019

3 Immediate word recall 0.011 Logical memory delayed 0.019

4 Delayed word recall 0.011 Immediate word recall 0.020

5 Logical memory immediate 0.013 Symbol Digit Modalities Test 0.028

6 State 0.015 Logical memory immediate 0.029

7 Symbol Digit Modalities Test 0.016 Month 0.046

8 Month 0.018 Day of week 0.047

9 Year 0.019 Year 0.048

10 Day of week 0.022 State 0.052

11 Name pencil 0.023 City 0.060

12 Name watch 0.024 Address 0.073

13 City 0.024 East Boston immediate 0.075

14 Write sentence 0.036 Name watch 0.079

15 Address 0.036 Digit span backward 0.082

16 East Boston immediate 0.040 County 0.084

17 County 0.043 Date 0.087

18 Three-word recall 0.044 East Boston delayed 0.089

19 East Boston delayed 0.047 Three-word recall 0.089

20 Digit span backwards 0.054 Number comparison 0.096

21 Number comparison 0.054 Name pencil 0.105

22 Date 0.056 Digit ordering 0.111

23 Room 0.060 Boston Naming Test 0.112

24 Boston Naming Test 0.071 Room 0.116

25 Digit ordering 0.082 Progressive matrices 0.121

26 Progressive matrices 0.082 Write sentence 0.121

27 Read command 0.091 Word recall recognition 0.122

28 Word recall recognition 0.093 Spell backwards 0.174

29 Spell backwards 0.105 Line orientation test 0.175

30 Season 0.111 Read command 0.213

31 Line orientation test 0.156 Season 0.248

32 Copy drawing 0.166 Copy drawing 0.276

33 Follow 3-step command 0.192 Digit span forward 0.300

34 Digit span forward 0.201 Follow 3-step command 0.325

35 Say phrase 0.250 Say phrase 0.385

Abbreviation: OR, odds ratio.
a Numbers depict the rankings, and ORs show the strength of the association between each item and either

prevalent or incident dementia.

We used the term incident dementia to refer to individuals
at the first visit at which dementia was identified and the term
prevalent dementia to refer to individuals who had dementia
at each subsequent visit. While categories of incident and
prevalent dementia are important in the consideration of

future epidemiologic studies of clinical dementia, the bio-
logical processes that underlie dementia start decades before
clinical symptoms emerge (23). Therefore, our categoriza-
tion of incident dementia does not align with the notion of a
new disease process but rather aligns with a new detection of
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Table 4. Rank Order of Items on Functional Limitations in Terms of the Strength of Their Associations With Either Prevalent Dementia or
Incident Dementia, Religious Orders Study and Memory and Aging Project (n = 3,446), 1994–2021a

Rank

Item for Assessment

Prevalent Dementia OR Incident Dementia OR

1 Difficulty eating 12.999 Difficulty taking medications 8.073

2 Difficulty taking medications 12.984 Difficulty eating 7.427

3 Difficulty using the telephone 12.823 Difficulty handling finances 7.251

4 Difficulty handling finances 11.341 Difficulty using the telephone 5.896

5 Difficulty dressing 8.973 Difficulty shopping 5.553

6 Difficulty using the toilet 8.881 Difficulty dressing 5.406

7 Difficulty preparing a meal 7.867 Difficulty traveling within the community 5.367

8 Difficulty shopping 7.795 Difficulty preparing a meal 5.052

9 Difficulty transferring from bed 6.642 Difficulty bathing 4.756

10 Difficulty bathing 6.384 Difficulty using the toilet 4.728

11 Difficulty traveling within community 6.245 Difficulty performing light housework 3.956

12 Difficulty performing light housework 5.499 Difficulty transferring from bed 3.779

13 Difficulty walking across a room 4.243 Difficulty performing heavy housekeeping 2.972

14 Difficulty performing heavy housekeeping 2.718 Difficulty walking across a room 2.854

Abbreviation: OR, odds ratio.
a Numbers depict the rankings, and ORs show the strength of the association between each item and either prevalent or incident dementia.

clinical symptoms, a common outcome in population-based
dementia studies.

Because dementia is progressive, our groupings of inci-
dent and prevalent dementia are consistent with groupings
of persons with mild disease as compared with moderate or
severe dementia. Our results are thus aligned with both prior
research indicating that assessments of cognition and func-
tion have better discrimination for any dementia compared
with mild dementia and other findings that persons with mild
dementia score more similarly on cognitive tests to those
with no disease as compared with those with severe disease
(24–27).

Across cognitive domains, language items had some of
the largest differences in comparing associations between
items and either incident dementia or prevalent dementia.
In a prior study of Mini-Mental State Examination items,
the items on writing a sentence and object-naming had low
sensitivity to impairment as compared with longer, gold-
standard assessments of writing and naming (28). Low sensi-
tivity to mild impairment probably also affected associations
between these items and incident dementia in this study,
explaining larger observed differences in the associations
with incident dementia compared with prevalent dementia.
More difficult and therefore more sensitive assessments of
language, such as the category fluency task, had stronger
associations with both prevalent and incident dementia and
therefore may be better suited for assessing incident and
prevalent dementia.

It is important to understand whether observed differences
in associations between items on cognition and functional
limitations and either incident dementia or prevalent demen-

tia would lead to differences in algorithm performance. Prior
research showing that algorithms for mild cognitive impair-
ment have worse performance than algorithms for dementia
suggests that algorithmic performance depends on symptom
severity (29, 30). When using an algorithm containing 15
items with the largest differences in classification perfor-
mance, the AUC for prevalent dementia was 0.95 versus 0.90
for incident dementia, suggesting that observed differences
can affect classification performance for incident dementia
to some extent. If items with large differences in classi-
fication performance and lower classification performance
overall (e.g., the item on difficulty using the telephone,
naming a pencil, or naming a watch) are used in algorithms,
algorithmic performance may be worse for the classification
of incident dementia in longitudinal studies. However, if
high-quality items with high precision across the range of
cognitive abilities, such as category fluency or the delayed
and immediate word recall tasks, are included in algorithms,
performance for the classification of incident dementia may
be adequate.

Suboptimal ascertainment of dementia due to poor choice
of items for dementia measurement can lead to the loss
of power in epidemiologic studies. Use of a set of items
with strong associations with prevalent dementia but weaker
associations with incident dementia in a longitudinal study
that was focused on ascertaining incident dementia would
lead to nondifferential misclassification. In a longitudinal
study of a dementia risk factor, researchers would be more
likely to miss mild, incident cases of disease and to incor-
rectly categorize them as noncases in both the exposed
and unexposed groups. Assuming a true effect of increased
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dementia risk, the exposed group would appear more similar
to the unexposed group, and the study would have lower
statistical power to detect true group differences. Accurate
measurement of disease outcomes, such as either prevalent
dementia or incident dementia, is a prerequisite for well-
conducted epidemiologic research.

Strengths of this study include yearly clinical adjudica-
tion of dementia in a large cohort, which allowed us to
differentiate between prevalent and incident dementia and
reduce measurement error in the classification of incident
dementia. Although some measurement error likely remains,
1-year intervals for evaluation are probably sufficient given
the slow, progressive nature of clinical dementia. The avail-
ability and reliability of this measure allowed for the direct
estimation of regression coefficients of interest, rather than
requiring reliance on latent variable methods to estimate the
constructs of interest. We used multiple model forms and sta-
tistical analyses to arrive at the same conclusions, showing
the robustness of our findings to analytical decisions. Addi-
tionally, sensitivity analyses showed that primary analyses
were conservative in comparison with models accounting for
differential attrition due to death and dropout.

Some limitations should be considered. First, for each
item considered, we conducted complete-case analysis, sub-
setting data to nonmissing records. However, one reason for
missing data on cognitive tests may be that participants are
unable to complete them, indicating potentially severe cog-
nitive impairment (31). Given this missingness mechanism,
our estimates are conservative; complete-case analysis prob-
ably underestimated differences between a given item and
incident versus prevalent dementia. Second, while the avail-
ability of physician-adjudicated diagnoses of dementia is a
strength of this study, we implicitly assumed that physicians’
diagnoses do not have measurement error. Because adjudi-
cation was completed independently at each visit, 7.1% of
participants diagnosed with dementia were later diagnosed
as not having dementia. We assumed that participants had
dementia at every visit after their first visit with a demen-
tia diagnosis, but if the opposite were true (if individuals
were only classified as having dementia after they were no
longer ever classified as dementia-free) we would exclude
less impaired individuals from both the incident dementia
and prevalent dementia categories. Because the composition
of both the incident and prevalent dementia groups would
change similarly, the impact on comparisons between inci-
dent and prevalent dementia would likely be small. Addi-
tionally, while physicians conducting adjudication were not
blinded to data on cognition and functional limitations, any
circularity would apply equally across visits and therefore
should not influence the assessment of differences in associ-
ations between items on cognition or functional limitations
and either incident or prevalent dementia (20).

Third, measures of ADLs/IADLs were self-reported. If
persons with severe disease are less likely to report dif-
ficulty with activities due to the effects of dementia, we
would expect comparisons of associations for incident ver-
sus prevalent dementia to be conservatively biased. Because
all ADL/IADL items were ascertained in a similar manner,
comparisons between items would still be valid. Finally,
potential limits to generalizability of the ROSMAP sample

should be considered, given the high levels of educational
attainment and the skewed racial distribution of the sample
(>90% White). Lack of diversity in studies is a major chal-
lenge in dementia and Alzheimer disease research broadly,
and the validation of measures or development of norms
requires careful attention with respect to race and ethnicity
(32–35). However, our primary objective was not validation
but rather to compare the measurement of prevalent and inci-
dent dementia. While education and race influence cognitive
testing, it is less likely that these characteristics would sub-
stantially alter comparisons made between associations with
incident dementia and associations with prevalent dementia
(36–38).

Overall, this study provided strong evidence showing dif-
ferences in associations between items assessing cognition
and functional limitations and either incident or prevalent
dementia. Results can be used to help guide the selection
of items for use in the planning of future studies seeking
to ascertain dementia status. Findings demonstrate that the
identification of incident (early-stage) or prevalent (late-
stage) clinical dementia is a crucial consideration for the
design of epidemiologic studies on dementia. We recom-
mend that investigators think deeply about the goals of the
measurement instruments they create to ascertain dementia.
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