Subtle mistakes in self-report surveys predict future transition to dementia
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Abstract

INTRODUCTION: We investigate whether indices of subtle reporting mistakes derived from

el

responses in self-report surveys are associated with dementia risk.

METHODS: We examined 13,831 participants without dementia from the prospective,

population-based Health and Retirement Study (mean age 69+10 years, 59% women).

Participants’ response patterns in 21 questionnaires were analyzed to identify implausible

responses (multivariate outliers), incompatible responses (Guttman errors), acquiescent

'd o

responses, random errors, and the proportion of skipped questions. Subsequent incident
-

dementia was determined over up to 10 years of follow-up.

RESULTS: During follow-up, 2074 participants developed dementia and 3717 died. Each of
the surve e indices was associated with future dementia risk controlling for
confoundérs ccounting for death as a competing risk. Stronger associations were evident

for pa@o were younger and cognitively normal at baseline.

DISCUSSION: Mistakes in the completion of self-report surveys in longitudinal studies may

aln

l\

be early indicators of dementia among middle-aged and older adults.
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1. Background

e

Identi preclinical markers that are predictive of future transition from healthy

cognition cognitive impairment and dementia is of paramount importance [1,2].

A

Earlier detection of cognitive decline could facilitate delays in dementia onset or progression

once effective interventions are available, which could have a significant impact on incidence
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rates, quality of life, and health care costs. Next to a range of genetic and biological markers
[3,4], decrements in everyday functional abilities are among the earliest and strongest signals
that prehdementia [4-9]. Subtle reductions in the efficiency, speed, and consistency
of perfo ental activities of daily living (IADLs) and other cognitively
demancﬁn!mwve been observed up to a decade before diagnosis [1,7].

Asggssmignt of reductions in functional abilities in research on older populations has
proven chg. Most population-based longitudinal studies rely on subjective ratings of
daily inst tall functioning. Although subjective performance ratings have proven useful
in dementia rescaich, it is widely acknowledged that the accuracy of these ratings can be
impacted b ry and other biases and that they are not precise indicators of actual
performa'ﬁO 2]. Conversely, available objective, behavior-based tools for assessing
functionam (e.g., errors on standardized tests of goal-directed tasks such as using the
teleph ing toast and coffee, etc.) are difficult to implement, burdensome for
respondents ostly due to specialist time and equipment involved [13,14].

In view of these challenges, recent research has recognized the enormous potential of
developinsobj ective yet cost-effective indicators of functional abilities that can be reliably
inferred fr monly occurring behaviors. Most notably, accumulating evidence from
studies that 1vely monitored computer use behavior via electronic data capture suggests
that cogi&él; impaired older adults show less consistent engagement in computer use
[15,1 6]Ment mouse movements [17], more irregular keystroke behavior [18], and
increased @0 complete online questionnaires [19], compared to adults with normal
cognition.

examine the possibility that objective indicators of functioning that are

sensitive to cognitive decline can be gleaned directly from the way people complete survey

assessments. The rationale for these indicators is that completing a questionnaire or survey is
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in itself a complex and cognitively demanding task that requires attention, working memory,
executive functioning, and short- and longer-term memory [20,21], comparable to the
demands ot complex instrumental activities. Prior research suggests that individuals
with cogn&

its are more likely to display suboptimal response patterns with more

subtle m1sskes, including more skipped questions and inconsistent or implausible answer

patterns [wuilding on this prior research, we examine whether such survey response

patterns ca ¢ as early indicators of future dementia onset.
Admitfedly, completing a survey is a small and uncommon slice of everyday
functioning. HoWgver, self-report surveys represent a large component of population-based

cohort studi are a major resource for scientific knowledge about the epidemiology and
t

etiology o ia. Behavior-based functioning indicators that could be derived from

existing s@a could capitalize on past and ongoing longitudinal studies, allowing

predicty ent dementia from objective functioning indicators collected many years

earlier. Such i ators could contribute substantially to more comprehensive strategies for
dementia detection from archival data [27-29]. In this study, we investigate whether older
adults’ suiez response patterns predict subsequent incidence of dementia over a 10-year
period in Qh and Retirement Study (HRS), accounting for death as a competing risk.

2. Metho

Study settg and Ipopulation

Hs a longitudinal panel study of a US nationally representative sample of

adults abo@ars of age that started in 1992 (http://hrsonline.isr.umich.edu/).
Respondent peatedly interviewed every 2 years. The Psychosocial and Lifestyle
Questi@Q), a paper-and-pencil self-report survey, was introduced in the 2006 and
2008 waves (piloted in 2004). It was administered to a (mutually exclusive) random 50% of

the HRS sample in each of the two waves, which served as baseline waves for the present
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analyses. Respondents were given the PLQ at the end of the HRS face-to-face interview to be
returned in the mail, with response rates of 90% (in 2006) and 89% (in 2008) of those who
completej thednterview [30]. Our analyses included all respondents who completed the PLQ
by themse ed were 1.1% completed by proxy respondents). Out of 13,831

N . .
analyzed 1§pondents, 13,448 (97.2%) completed the PLQ on paper and returned it by mail,
and 383 (wmpleted it with an interviewer over the phone. Non-respondents and
excluded p ants were 11% more likely to have dementia at baseline, and 5% less likely

to be femwm not differ in age compared to those analyzed. Included participants were

followed aE} completion until the onset of dementia, death, loss to follow-up, or the

2016 HRS i iew. All participants provided informed consent as part of the HRS.
Indices deﬁm survey responses

Fi@em indices of participants’ survey response patterns were derived from the

PLQ. eature of all indices is that they focus on Zow individuals complete these

surveys rath. the content being sought by the questions — that is, they reflect different
types of response behaviors. The indices are described in Table 1 (see online supplement for
statistical @etails). They included (a) skipping questions (item nonresponse), (b) inconsistent

responses Q response errors), (¢) implausible response patterns (multivariate outliers,

1.e., unusua inations of scores across PLQ items), (d) incompatible responses

(“Guttma&Eors” ), and (e) agreeing with statements regardless of content (acquiescence).

Each otﬁonse patterns have previously been associated with impaired cognitive
functionin@boptimal information processing [22-26].

We dea#®d the indices from 102 questions included in 21 reliable and valid multi-
item PL that were administered both in 2006 and 2008 (for psychometric information
and internal consistency reliabilities of each scale, see [30]). We did not use PLQ portions

that were modified across the two waves or were applicable only to respondent subgroups
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(i.e., questions about respondents’ jobs, spouse or children were excluded). Included

questionnaires comprised a range of constructs commonly assessed in psychosocial research

(e.g., life satisfaction, anxiety, personality; see supplemental Table S1).
Dementia

W!ascertamed dementia status using the criteria by Langa and Weir, which were
developedQHRS to classify respondents as either having normal cognition, cognitive
impairmen dementia (CIND), or dementia [31,32]. For self-respondents, the

classificat s bdsed on cognitive tests of immediate and delayed free recall, serial seven

subtractions, andfpackwards counting from 20, administered in the HRS cognitive battery

S

[31], with t ents scoring 0-6 on a 28-point scale classified as having dementia, 7-11 as
CIND, an s normal. We also utilized information from proxy respondents to reduce
sample atmhere dementia categorization is based on proxy-reported respondent

memo orted IADL problems, and interviewer-assessed cognitive limitations;
respondents g 0-2 on a 12-point summary limitations scale were classified as normal, 3-
5 as CIND, and 6-11 as having dementia [31,32]. Missing scores on the subtests for dementia
categoriza!on were accommodated using imputations provided for the HRS cognitive tests
[33] and p@oﬂs [34]. The classification cut-points have been identified using data from
the Aging, graphics, and Memory Study (ADAMS), an HRS sub-study in which
clinical didgnoses were obtained by means of 3—4 hour in-home neuropsychological and

clinicalwts together with expert clinician adjudication [31]. Using the ADAMS

dementia diagno; as gold-standard, the categorization correctly classifies 78% of HRS

respondents for self-respondents and 84% for proxy-respondents) [31,32].
Covariate ompeting risk of death

The selection of covariates was based on potential confounders of the effects of

functional abilities reflected in the survey response patterns [35]. We included the

This article is protected by copyright. All rights reserved.



demographic variables age, sex, race (White, African American, other races), ethnicity,

marital status, years of education, and wealth (quintiles); health variables, including smoking

(smokes no oked in the past, never smoked), drinking (never drinks, <8 drinks per week,
8+ drinks &

body mass index (BMI categories underweight, normal, overweight,
 — :

obese), ans exercise (less than once/month, 1-4 times/month, more than once/week); and

physical cms, including hypertension, diabetes, heart disease, and stroke. Measurement

of these co

s took place at HRS interviews before participants were given the PLQ.

Additiona

S

atistically controlled for participants’ scale scores on each of the 21 PLQ

questionnaires which the survey response patterns were derived.

u

To for the competing risk of death, mortality data were coded from the HRS

[

exit interv;

up until tm year 2016, at which point the study was right-censored.

Self-re

ouse-reported year of death information. The month of death was recorded

tional limitations

in IADLs were identified by self-reports of difficulties using a telephone,
taking medication, handling money, shopping, and preparing meals (score range =0-5). These
measures SOm the baseline HRS interviews were included to juxtapose the prognostic
accuracy ey response patterns against an established measure of functional
limitations n to predict dementia risk [4-9].

M‘oss-sectional analyses, we compared the mean scores on each response
pattern by currenidementia status (i.e., respondents concurrently classified as having normal
cognition, C r dementia) using univariate ANOV As.

ortional hazards regression models were used to examine relationships
between each of the survey response patterns (entered as independent variable in separate

models) and subsequent incident dementia (dependent variable, considered an absorbing state
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after first being observed in a given wave); respondents with dementia at baseline were
excluded from these models. Model 1 adjusted for age and sex, entered as covariates in the
Cox regressi odels. Model 2 adjusted for age, sex, race, ethnicity, marital status,
educationaoking, drinking, BMI, exercise, hypertension, diabetes, heart disease,
stroke,gn mf the 21 PLQ scale scores as covariates. Model 3 additionally accounted for
death as a gempigting event using Fine and Gray’s proportional subdistribution hazards
regressionQ[%]. Inspecting the Schoenfeld residuals did not indicate violations of the
proportio ds assumption for predictors or covariates in the models. To control for
Type I error intflagion due to multiple comparisons, statistical significance was evaluated at a
Bonferror&ted level of P <.003, adjusted for 5 parameters across 3 models (P =.05/15).

The prim Is tested linear associations of the survey response indices; potential

curvilinezmre explored by adding quadratic terms.

ty analyses, we excluded respondents with more than 10% missing values

on the PLQ fj odel 3 (N =932; 6.7%). Further, we conducted analyses stratified by the
year of PLQ administration (year 2006 vs 2008, to evaluate potential period effects [37]), and
by respondents who completed the PLQ on paper versus on the phone (to evaluate mode of

administragcts [38]); respective group differences in associations between response

patterns an entia incidence were evaluated using interaction terms.

A‘ ;ex: and cognitive status (cognitively normal vs CIND) at baseline were
evaluatwﬁal moderators by testing their interaction with the response patterns in
Model 3. For moierated effects by age, we present age-stratified results (<75 vs >75 years)
and used a ontinuous moderator variable for significance testing. Statistical
significan oderated effects was evaluated using a Bonferroni-corrected level of P

<.003, adjusted for 5 parameters across 3 moderators (P =.05/15).
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To quantify the capacity of the response patterns to serve as prognostic markers of the
risk of developing dementia, we estimated time-dependent receiver operating characteristic
(ROC) curv: 0]. For each response pattern, we examined time-dependent area under the
ROC cury, tistics for increasingly longer epochs of follow-up time from baseline

 EE—— . . :
(PLQ assegment to 2 years, 4 years, and so on), to evaluate the evolution of their prospective
discriminanities over time. Corresponding AUC statistics based on IADL self-reports
were also o d for descriptive comparison. AUCs were estimated using the

cumulati

risk [40]. 5
ﬁses the survey response patterns were standardized to facilitate
comparis ng values on covariates (median 1.2% missing [range 0%-3.9%]) were

imputed um multiple imputations. In post-hoc analyses, we additionally imputed

S

ic definition by Heagerty et al. [39] and accounting for death as competing

scores patterns for HRS respondents who failed to complete the PLQ (using five
imputations on observed covariates and dementia outcomes). Statistical analyses were
performed using the PHREQ and MI/MIANALY ZE procedures in SAS 9.4 (Cary, NC). The
R packangimeROC was used for ROC analyses [41].
3. Resul

Des ve sample characteristics are shown in Table 2. During up to 10 years of
follow-uggedian =8.0 years), 2074 (15.0%) individuals developed dementia, and 3717
(26.9%M total observed follow-up time was 93,886 person-years, 89.4% of the

possible total timi without loss to follow-up [42].

Cross-sectio ociations between survey response patterns and dementia categories

ey response patterns were positively correlated with each other, ranging
from »=.11 to » =.88 (Table 3). Mean scores on each of the response patterns differed

significantly by baseline cognitive status (P <.0001), with mean differences ranging from .25
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to .63 z-scores when comparing participants categorized as CIND versus cognitively normal,
from .17 to .28 z-scores comparing participants with dementia versus CIND, and from .42 to

.88 z-scores aring participants showing dementia versus normal cognition at baseline
(Table 3)-d

N ..
Assomatuss between survey response patterns and subsequent dementia risk

In monal hazard regression models adjusting for age and sex (Model 1), higher

values on e the 5 response patterns were associated with a significantly greater risk of
developinwia (P <.0001), with hazard ratios (HRs) ranging from HR =1.22 (95%
confidence interwal [CI] =1.16-1.28) per standard deviation (SD) increase in acquiescent
responses &1 .82 (95% CI=1.73-1.92) per SD increase in multivariate outlier responses

(Table 4). imates were attenuated after adjusting for all covariates (Model 2) and

when deampeting risk was additionally accounted for (Model 3); however, the

incident dementia remained significant for each of the survey response

patterns in t odels (P <.0001, Table 4).

We found no significant curvilinear effects after fitting quadratic terms for item
nonrespors (P =.17), random response errors (P =.61), multivariate outlier responses (P
=.54), Gu@ors (P =.96), and acquiescence (P =.57). When analyses were restricted to
respondents <10% missing values on the PLQ, item non-response was no longer
signiﬁcan& associated with incident dementia after Bonferroni correction (P =.007);
estimat#emaining four response patterns were not meaningfully affected
(suppleme@le S2). Results were similar to those in the primary analyses when scores
on response s for respondents who failed to complete the PLQ were multiply imputed,
and the e did not significantly differ between PLQ administration years (2006 vs
2008) and when comparing respondents completing the PLQ on paper versus via phone

(supplemental Tables S3-S5).
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Effect moderation by age, sex, and baseline cognitive status

Examining moderated effects by age yielded significant interactions between age and
indices of 1t onresponse, random errors, multivariate outliers, and Guttman errors (P
<.0001). }as on these response patterns were consistently associated with increased

N . .
dementia sk for respondents aged <75 years at baseline, whereas the associations were less
pronouncegdgat ages 75+ (Table 5). Baseline cognitive status similarly moderated the effects
of these res patterns (P <.0001); associations with dementia risk were significant for
cognitivel respondents and non-significant for individuals with CIND at baseline

(see Table 0). found no significant interactions with sex (supplemental Table S6).

Time-depe ognostic accuracies of dementia risk
A tifying the ability of the response patterns to predict the onset of dementia

are show@e 1. AUCs remained similar for increasingly longer epochs of follow-up

rognostic accuracy was evident for multivariate outlier responses, with

AUC:s attenu slightly from 2 years (AUC =.70, 95% CI =.67-.72) to 10 years (AUC
.66-.69), and it was overall lowest for acquiescent responses, with slight
increases siears (AUC =.53, 95% CI =.51-.56) to 10 years (AUC =.56, 95% CI =.54-.58).

For comp rognostic accuracies for [ADL reports ranged between these values, with

0O

AUC:s atten g from 2 years (AUC =.62, 95% CI =.60-.64) to 10 years (AUC =.59, 95%

CI=.58-.

h

4. Dis

It

Self-report surveys are ubiquitous in longitudinal studies on aging. Our results

l

indicate that subtle mistakes in self-report surveys are meaningfully associated with cognitive

)

impairment and cognitive decline. Cross-sectionally, each of the investigated response
patterns discriminated cognitively normal respondents from those with CIND (small to

medium effect sizes) and those classified as having dementia (medium to large effect sizes) at

This article is protected by copyright. All rights reserved.
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baseline [43]. Prospectively, all response patterns predicted the risk of developing dementia
with stable prognostic accuracies over up to 10 years of follow-up. The results are in line
with prior research demonstrating that early signals of incident dementia can be discerned
from characteristic features of individuals’ responses to cognitively demanding questions,
N .
recorded rsny years prior [28].
Of the five response patterns examined, four (item nonresponses, random errors,
multivariate outliers, Guttman errors) demonstrated very similar prognostic accuracies,
' o . _
comparable to or higher than those for self-reported IADL deficits. While loss of
- »
independence and major IADL limitations represent important disease milestones, the survey

response patterns may result from functional limitations that predate disability and may

develop gradually and early in the disease process [4-9]. This assumption is supported by our

l

finding that IADL deficits had the strongest prognostic capability when they were assessed

close to diagnosis, whereas the prognostic capability of the response patterns remained more

4

consistent for increasingly long time-windows. The fifth response pattern, acquiescence, was

l\

overall a less accurate indicator of dementia risk. Arguably, acquiescence is to a larger extent

driven by general tendencies in self-reporting (e.g., due to personality and cultural norms
I

[44]) that are not inherently related to cognitive or functional abilities.

Alternative explanations for the observed relationships are also possible. Worse

]

general biological trajectories may commonly underlie both suboptimal survey response

- |
behaviors and dementia risk. Many of the risk factors associated with dementia also predict

an earlier death [45], but our analyses accounted for the fact that participants who might have

l

had the most severe risks of developing dementia are likely to have died before any dementia

)

diagnosis. Mistakes in survey responding have also been associated with mood disorders such
as depression [24]; however, it is unlikely that the effects were driven by mental health

problems given that multiple mental health measures from the PLQ were statistically

This article is protected by copyright. All rights reserved.
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controlled. We also cannot rule out that selection bias influenced our findings, although
results remained very similar when data from those who did not complete the PLQ were
multiply im
A ine cognitive status moderated the associations between each response
N oo _ o
pattern (e)sept acquiescence) and dementia risk, with stronger associations for younger (vs
older) andQely normal (vs CIND) respondents. Individuals with CIND may already
face more s functioning deficits, such that subtle mistakes when performing

cognitivelw&ng tasks may be less prognostically relevant at this stage. Respondents

with dementia at\gaseline were excluded from analysis, and older participants who might

have show functional limitations prior to diagnosis may have been less represented
due to selegs rvival effects. We also cannot rule out that older respondents and those
with earlymd cognitive impairment received assistance with completing the PLQ from
others ich may have led to the obfuscation of associations between survey
response pat nd future dementia in these respondents.

ur study has several limitations. Dementia status was derived from a limited set of
cognitive €sts and informant reports. Although validation studies have demonstrated 78%
accuracy tia diagnoses based on these tests compared to detailed clinical evaluation

in ADAM , the results need to be replicated using clinically confirmed dementia

h

diagnoses extended to dementia subtypes. We also did not examine which specific

cogniti are being tapped by the different response patterns. We speculate that they

It

may capture behavioral manifestations of multiple cognitive functions involved in goal-

l

directed activities (e.g., “everyday cognition” [16,46]), including remembering the details of

)

questionnaire instructions, consistently attending to the details of each question in deciding

i

the best answer, flexibly adapting responses to changing answer formats, and sustaining

effort to complete all questions. Furthermore, even though we did not find differential

This article is protected by copyright. All rights reserved.



14

relationships by mode of survey administration, the investigated response patterns were for
the largest part limited to paper-and-pencil assessments, and it is not clear whether the results
generalize t er survey modalities (e.g., in-person interviews, online surveys) [38].

Al resent research focused on survey responses in longitudinal aging
researcﬂ, !’Wbe possible to adapt the presented approach to survey responses in other
settings. Femexample, in medical care settings, response patterns extracted from surveys
routinely emered during check-in for appointments could potentially supplement
informati

tandardized cognitive tests. In clinical trial research, response patterns

extracted from h&alth questionnaires might supplement functioning measures that serve as

Uus

trial end-poj line with FDA recommendations for early-stage Alzheimer’s disease trials
that encoﬁ development of novel approaches for the evaluation of early functional

deficits [4{]. e are avenues for future research.

a

jon, our findings demonstrate that mistakes in the completion of self-report
surveys in lo inal studies may be early indicators of dementia among middle-aged and
older adults. Work is underway to evaluate the prognostic ability of the survey response

patterns inffinultiple national and international panel studies that administer self-report

F

questionn oss different study populations, languages, survey types, and administration

Q

modes.

h
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Table 1: De;mitlons of the survey response patterns

mcript. All authors contributed to interpreting the data and critically revising

tellectual content. All authors read and approved the final manuscript.

Survey cted response behavior Interpretation of the Operationalization
response response pattern
pattern
Item non- ndent should complete all | Overt disengagement from | Proportion of items
response items response process [22] skipped (missing
values) by respondent
Random ers should be internally Random variability in Magnitude of random
response nsistent, whereby scores for | attention or fluctuating variance around the
errors items addressing the same cognitive performance [48] | respondent’s “true”
concept are more similar than scale scores, estimated
cores for items addressing from multilevel
ifferent concepts models
Multivariat e of a respondent’s scores | Overall profile of Mahalanobis distance
outlier all items should not responses is implausible of respondent’s scores
responses overly deviate from the (i.e., statistically unlikely), | across all
ity in the sample suggesting that some questionnaire items
answers were made by
mistake [24]
Guttman spondent endorses an Incompatible responses to | Normed Guttman
errors hat expresses a strong questions on the same errors [49] calculated

inion toward an object, items
press weaker opinions
toward that same object should
be endorsed at the same or
higher levels

scale (e.g., responding that
one [a] is able to run a
mile, and [b] cannot walk a
short distance), suggesting
incoherent processing of

for each questionnaire
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the questions

Acquiescent | Respondents are expected to

responses

ciaise (akin to “yes, I

es deciding on the

es tacit acceptance of the

grstand’), and reevaluation

“Yea-saying” regardless of
item content; suggesting
tacit acceptance of a
statement without
cognitive efforts to
reevaluate the response
[26,50]

Two-factorial nominal
response model
separating acquiescent
and substantive
response factors in
each questionnaire
[23]

Table 2: (!aracteristics of the study sample at baseline

Wts) Values Sample size
Wm, SD) 69.2(9.9) 13,831
Female 59.1% 13,831
Race 13,830
White 82.8%
Africanhan 13.1%
Other re 4.1%
Hispanic 8.0% 13,830
Marrie£ 63.1% 13,830
Years OM] 13,813
0-11 yeg 21.5%
12 years 34.7%
13-1< 21.8%
<15 years 22.0%
Wealth quartiles 13,831
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< $52,100

$52,100 - $204,900

Smoke
Smokedjin thefpast
Never

Drinking status
Heavy dui (8+ drinks/week)
Light d <8 drinks/week)
Never drinks

Body mas in ategories
Und 18.5 kg/m?)
NornE(l&s - 24.9 kg/m?)
Overweight (25.0 - 29.9 kg/m?)

Obese (!MI 30+ kg/m?)

Exercise

Never e S

Exercisg 1-4 times/month

Exethhan once/week

Hypertenss

Diabetes

Heart d @

Stroke

IADL limitations (mean, SD)

23.6%
24.9%
25.7%

25.9%

12.9%
43.9%

43.2%

9.6%
41.4%

49.0%

1.3%
28.7%
38.1%

31.9%

62.0%
14.7%
23.3%
56.7%
19.9%
24.1%

7.9%

0.21 (.68)

13,735

13,807

13,668

13,821

13,724
13,657
13,664
13,638

13,830
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Table 3: Cross-sectional associations of survey response patterns with baseline dementia

status
H . Mean differences
ntercorrelations Mean (SD) by dementia (Tukey-corrected 95%
category
Cls)
N Norma Deme Deme
Multi- 1 ) CIND ntia
h\and variat .. CIND ntia Vs Vs
cogniti : :
Survey m e on norma Deme norma
respons n- espo outlier Gutt 1 ntia 1
e respo__ nse respo  man (N=11 (N=22 (N=50 cognit vs. cognit
pattern fe! ’rrors nses errors 071) 53) 7) ion CIND ion
Item
non- -11 40 .69 (Sj P (218 7 (870 0
: : 1.32) (1.71 B
ZCSPOHS (83) (32 ATH o a0y 90
Rando C 56 1772
m -12 44 .61 (51 (05 (62
! : 1. 1.12 PO
respons m (95) (08 (L12) g g3
e errors
Multiva
rlate. 13 49 75 .63 25 .88
outlier 8 -- (.96) (97) (93) (.57-  (14-  (78-
respons ' ' ' .68) .36) .98)
es
Guttma 04 e 53019 M
n . . .
.81 -- A7- .08- .61-
09 8 (.94) (1.11)  (1.09) (587 (3%8 (862
errors 8) 30) -82)
Acquies
£ 25 18 42
cent ] 7 1 16 -.06 .19 .37 (.19 (.06 (32
' ‘ 95 1.14)  (1.25 SR
respons el 95) i a2 G G0
es
Note: Sun;mnse patterns are expressed as z-scores (mean=0, SD=1 in the full sample)

to com

A

ans across indices with different units. CIND

demented; SD = standard deviation; CI = confidence interval.

This article is protected by copyright. All rights reserved.

= cognitively impaired, not



19

Table 4: Associations of survey response patterns with incident dementia

Model 1 Model 2 Model 3
Survey rttern HR (95% CI) HR (95% CI) HR (95% CI)
Item non-r ons 1.54 (1.44-1.64) 1.17 (1.10-1.25) 1.16 (1.08-1.24)
Randomgesponsgerrors 1.63 (1.55-1.71) 1.24 (1.18-1.32) 1.18 (1.12-1.25)
Multivariamtcr responses  1.82(1.73-1.92) 1.38 (1.30-1.48) 1.30 (1.23-1.39)
Guttman ergrs 1.58 (1.51-1.65) 1.24 (1.18-1.31) 1.18 (1.12-1.24)
Acquiescerm\ses 1.22 (1.16-1.28) 1.21 (1.15-1.28) 1.15(1.09-1.21)
Note: Resaa with dementia at baseline were excluded, N=13,324. Model 1 is adjusted

for age and sex. Model 2 is additionally adjusted for race, ethnicity, marital status, education,

Ul

wealth, s rinking, BMI, exercise, hypertension, diabetes, heart disease, stroke, and

n

the 21 Ps 1 and Lifestyle Questionnaire scale scores. Model 3 additionally accounts

for death 4§ a peting event. Hazard ratios (HRs) were obtained with Cox regression

)

model 1 and 2, and with Fine and Gray’s proportional subdistribution hazards

regression in Model 3. HRs above 1.00 denote that the hazards of dementia increase

M

with a higher value of the survey response pattern. To compare HRs across indices of survey

]

response with different units, HRs are expressed per standard deviation difference in

the surve @ e pattern. HR = hazard ratio; CI = confidence interval.

tho

Table 5: iations of survey response patterns with dementia risk moderated by baseline
age and baseline Bognitive status

U

) Moderator: baseline cognitive
Moderator: baseline age &

A

status
Normal
Age <75 Age 75+ )
£e g° Interaction cognition CIND Interaction
years years
HR
Survey response HR HR P value HR (95% 0 P value

(95% (95% (95%
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pattern CDh CI) Ch CDh
Item non- 1.28 1.09 1.29 (1.20- (1)'82 <0001
respons (1.18- (1.00- <.0001 1.40) (0.96- '
Qms) 1.18) L12)
Random 1.32 1.04 1.25 (1.15- 1.04
respond@ cFfereme (] 7] (0.97- <.0001 1.37) (0.96- <0001
1.43) 1.12) L12)
Multivariﬁ > 1.46 1.11 1.37 (1.25- 109
outlier res (1.32- (1.02- <.0001 1.50) (0.99- <0001
m 1.60) 1.21) 1-20)
Guttman erfors 1.29 1.03 1.25 (1.16- 1.03
: (121-  (0.97-  <.0001 1.34) 0.97- <0001
1.38) 1.10) 110)
Acquiescc 1.17 1.09 1.13 (1.05- 105
responses (1.09-  (1.02- .08 1.21) (0.95- 1
@ 1.25) 1.17) L13)
Note: Resp s with dementia at baseline were excluded, N=13,324. Hazard ratios (HRs)

were obtal Fine and Gray’s proportional subdistribution hazards regression models,

Vi

accou th as a competing event, and adjusted for continuous age at baseline, sex,

race, ethnigity, marital status, education, wealth, smoking, drinking, BMI, exercise,

[

hypertensiopadiabetes, heart disease, stroke, and the 21 Psychosocial and Lifestyle

O

Questionn' e scores. We tested the significance of age interactions through modeling a

product tefm of the unstandardized response patterns with continuous age. HRs are expressed

I

per standamd deviation difference in the survey response pattern. HR = hazard ratio; CI =

t

conﬁdencgl; CIND = cognitively impaired, not demented.
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Figure Captions

Figure 1: Time-dependent area under the receiver operating characteristic (ROC) curves for
survey resf atterns as prognostic markers of dementia risk. Note: Area under the ROC
curve (A ics are shown for increasingly long follow-up times within the study
timefram mhe cumulative/dynamic definition of time-dependent AUCs and accounting
for death aggcompeting risk. AUC values based on instrumental activities of daily living
(IADL rem shown to place the predictive accuracy of the survey response patterns in
the conte)wstablished early marker of progression to dementia. Error bars represent
95% conwtewals. ROC = receiver operating characteristic; IADL = instrumental

of dai

activities living.
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Research in Context

1.

Systematic review: We reviewed the literature through traditional methods (e.g.,

PubMe based on references of relevant articles. Although studies have provided
some relationships between the way people complete survey assessments and
their cgmtlve functioning, none has investigated associations between participants’
mistakU completion of self-report surveys and future dementia risk in longitudinal
studies. ant studies are cited.

InterpWOur findings show that several indices of subtle reporting mistakes derived

from responsS@ patterns in self-report surveys are associated with risk of developing

dementi 10 years of follow-up.
Futurﬁns: The manuscript proposes a strategy for obtaining objective, behavior-

based gnd s of functioning deficits directly from survey response patterns in existing

lon dies. This approach may contribute to the identification and

characterj n of functional abilities that are predictive of transition from cognitively
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