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ABSTRACT
Background  Case-finding is a recommended approach 
for dementia early detection in the community.
Aims  To investigate the discriminant validity and cost-
effectiveness of a stepwise dementia case-finding 
approach in a Singaporean older adult community.
Methods  The two-phase study was conducted in the 
community from 2009 to 2015 in Singapore. A total of 
3780 participants (age ≥60 years) completed phase I 
(a brief cognitive screening); 918 completed phase II 
and were included in the final analysis. In phase I, all 
participants were administered the Abbreviated Mental 
Test (AMT) and the Progressive Forgetfulness Question 
(PFQ). Those who screened positive on either test were 
invited to phase II, whereby the Mini-Mental State 
Examination (MMSE), Montreal Cognitive Assessment 
(MoCA) and a formal neuropsychological battery were 
administered, followed by the research diagnosis of no 
cognitive impairment, cognitive impairment no dementia 
(CIND)-Mild (≤2 impaired cognitive domains), CIND-
Moderate (>2 impaired domains) or dementia. Receiver 
operating characteristic curve analyses were conducted 
for the different cognitive instruments. All discriminant 
indices were calculated, including sensitivity, specificity, 
positive and negative predictive values (NPV) and 
accuracy. Cost-effectiveness analysis was conducted 
by estimating the amount of screening time needed and 
the number of older adults requiring re-evaluation in two 
case-finding scenarios, ie, with or without preselection by 
the PFQ.
Results  The stepwise case-finding approach (preselection 
by the PFQ, then MMSE or MoCA or AMT) showed an 
excellent NPV (>99%) and accuracy (>86%) for excluding 
dementia-free cases. Without preselection by the PFQ, 
screening time for the three cognitive tools were 317.5, 
317.5 and 254 hours, with 159, 302 and 175 screen-
positive older adults involved in further evaluation. By 
adopting the stepwise case-finding approach, total 
screening time were 156.5, 156.5 and 126.2 hours, which 
decreased by 50.7%, 50.7% and 50.3% as compared with 
those without preselection. Furthermore, after preselection, 
only 98, 167 and 145 screen-positive older adults required 
further evaluation, corresponding to a reduction of 38.4%, 
44.7% and 17.1% in the numbers compared with those 
without preselection.

Conclusions  A stepwise approach for dementia case-
finding should be implemented in the community to 
minimise the time and resources needed for large-scale 
early detection of dementia.

Introduction
Nearly 50 million people worldwide live with 
dementia, and this is expected to triple by 
2050. It is estimated that the global annual 
expenditure on dementia prevention and 
treatment is around US$1 trillion.1 Without 
question, dementia seriously challenges 
healthcare systems worldwide, especially in 
low-income and middle-income countries.

Case-finding is a recommended approach 
in the early detection of dementia. It iden-
tifies individuals at higher risk, thereby 
reducing the overall pool size needing more 

WHAT IS ALREADY KNOWN ON THIS TOPIC
⇒⇒ The practicality of present tools for measuring cog-
nitive impairment and dementia is limited for com-
munity screening due to lengthy administration time 
and requiring professional expertise.

WHAT THIS STUDY ADDS
⇒⇒ By using the Progressive Forgetfulness Question 
as a preselection assessment in conjunction with 
other cognitive tools for dementia detection, the 
stepwise case-finding approach not only showed 
better discriminant validity between participants 
with and without dementia but also demonstrated 
a substantial reduction in time cost and the number 
of older adults requiring further evaluation for the 
case-finding approach.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

⇒⇒ The stepwise case-finding approach offers a more 
effective and cost-efficient strategy to accurately 
rule out most individuals at low risk of developing 
dementia in community-dwelling older adults.
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detailed assessment and improving detection accuracy.2 
Thus, this approach is especially suitable for commu-
nity settings with high volumes of participants but scarce 
screening resources. In clinical settings, many cognitive 
assessment tools, such as the Mini-Mental State Exam-
ination (MMSE) and the Montreal Cognitive Assessment 
(MoCA), are widely used because of their high accuracy.3 
However, It’s challenging to apply them in community 
settings because of lengthy evaluation times and high 
labour costs. To address these concerns, briefer assess-
ments have been introduced that can be performed by 
the participants or their caregivers.

Subjective cognitive decline (SCD) is a crucial predictor 
for neurocognitive disorders, including dementia, and 
refers to self-reported persistent cognitive decline in the 
absence of objective cognitive impairment.4 Previous 
studies have confirmed that SCD can identify individ-
uals at high risk of cognitive impairment.5 6 The use of a 
single question to assess SCD has been described in some 
studies.7 The Dementia Commissioning for Quality and 
Innovation document published by the UK Government 
Department of Health in 2012 recommended that people 
aged 75 years and above be screened for dementia by 
asking them a single question, ‘Have you become more 
forgetful in the past 12 months to the extent that it has 
significantly affected your life?’ If older adults verbally 
answered yes, a dementia risk assessment was initiated. By 
asking a single question, the gap was narrowed between 
observed and expected numbers of dementia diagnoses.8 
The Progressive Forgetfulness Question (PFQ) is a useful 
preliminary assessment of SCD via a simple question that 
asks older adults or their caregivers about progressively 
worsening forgetfulness. It has been used for community-
based dementia screening due to its high feasibility.9 The 
SPEED (The Stroke, Parkinson’s disease, Epilepsy, and 
Dementia in Singapore) study, conducted between 2001 
and 2003, using the PFQ and Abbreviated Mental Test 
(AMT) to screen for dementia in a Chinese community-
dwelling population over the age of 50 years, reported 
that the PFQ was simple but effective in screening for 
dementia in primary care settings, ruling out individuals 
at lower risk of dementia.9 10 Because of their high spec-
ificity in excluding healthy controls from large popula-
tions, single-question cognitive screening tools have been 
beneficial in ruling out low-risk older adults rather than 
identifying those with potentially high risk.7 As most older 
adults in the community are cognitively and functionally 
intact, conducting large-scale dementia screening can 
needlessly consume much time and resources. However, 
using a brief tool as a first step in community screening 
would be a cost-efficient strategy to rule out dementia 
among low-risk individuals accurately.11 Nonetheless, the 
efficacy and cost–benefit of such a stepwise screening 
approach for practical implementation in a large commu-
nity of older adults remains to be determined.

Thus, the present study aimed to (1) examine whether 
the stepwise use of the PFQ as a preselection assessment, 
followed by the employment of other cognitive tools, 

can improve dementia discriminant utility; (2) evaluate 
whether the overall screening time and the number of 
older adults requiring further assessment can be reduced 
when the stepwise screening approach is adopted.

We hypothesised that applying objective cognitive 
tests to people who screened positive for the PFQ could 
quickly exclude older adults at lower risk of cognitive 
impairment and dementia. Second, the overall screening 
time and the number of older adults requiring further 
assessment would be reduced when the stepwise case-
finding approach is adopted.

Methods
Study design
The Singapore Epidemiology of Eye Diseases (SEED) 
Study used an age-stratified random sampling strategy 
to select residents between the ages of 40 and 80+ years 
from 15 residential districts in the southwestern part of 
Singapore, an area fairly representative of the country’s 
population in age, housing and socioeconomic status. 
The cohort profile of this study has been published 
previously.12 The SEED Study comprised the Singapore 
Chinese Eye Study from 2009 to 2011, the Singapore 
Malays Eye Study from 2010 to 2013, and the Singapore 
Indian Eye Study from 2013 to 2015. Details of the above 
studies have been described previously.13–15 Among all 
Singaporean adult participants, a convenient sample of 
senior residents aged 60 years and older were included 
in the present Epidemiology of Dementia in Singapore 
(EDIS) Study. The study excluded older adults who met 
any of the following criteria: (1) suffering from a malig-
nant disease, such as cancer, tumour, etc; (2) diagnosed 
with major depressive disorder or other psychiatric 
illnesses; (3) with severe visual, hearing or communica-
tion impairments. All eligible older adults and their care-
givers were sent an invitation via telephone, email and/or 
home visit to go to the Singapore Eye Research Institute 
for the assessment. A person was termed ‘uncontactable’ 
after six unsuccessful telephone calls and/or home visits.

Phase I: epidemiological survey and cognitive screening
The EDIS Study was a two-phase study as the SPEED 
Study.10 In phase I, a questionnaire on demographic 
information and relevant risk factors, along with a cogni-
tive screening test comprised of the AMT16 and the PFQ, 
were administered by trained investigators. Previously 
validated in Singapore, AMT’s adjusted optimal cut-off for 
participants with 0–6 years of education was 6/7 (sensi-
tivity 89.6% and specificity 92.6%), and for those with 
more education was 8/9 (sensitivity 82.1% and specificity 
92.9%).17 The PFQ refers to a single question of subjective 
cognitive complaints that asks the primary caregiver who 
had at least 10 hours of interaction with the participant 
weekly about the older adult’s experience of progressive 
forgetfulness18; an affirmative response was considered 
positive. Older adults who screened positive for either of 
the above two tests were invited to enter phase II of the 
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study, at which participants underwent extensive clinical 
and neuropsychological evaluations, as described in more 
details previously.15

Phase II: cognitive assessments and dementia diagnosis
The MoCA, MMSE and a formal neuropsychological 
battery were performed in phase II. All the above tests have 
been locally validated for Singaporean older adults.19 20 
The formal neuropsychological battery was administered 
by trained research psychologists. The domains of this 
battery included the following15:
1.	 Executive function: the Frontal Assessment Battery 

and Maze Task.
2.	 Attention: Digit Span, Visual Memory Span and Audi-

tory Detection.
3.	 Language: the Boston Naming Test and Verbal Fluen-

cy.
4.	 Visuomotor speed: the Symbol Digit Modality Test and 

Digit Cancellation.
5.	 Visuoconstruction: the Weschler Memory Scale-

Revised Visual Reproduction Copy task, Clock Draw-
ing and the Weschler Adult Intelligence Scale-Revised 
subtest of Block Design.

6.	 Verbal memory: Word List Recall and Story Recall.
7.	 Visual memory: Picture Recall and the Weschler 

Memory Scale-Revised Visual Reproduction.
Cognitive impairment and dementia were diagnosed by 

consensus at formal research team meetings, using the 
results from the above-listed tests. Individual test scores 
below the education-adjusted cut-offs of 1.5 SDs were 
categorised as test failures.15 Impairment in a cognitive 
domain was defined as failure in at least half of the tests 
in that domain. Cognitive impairment with no dementia 
(CIND) was classified into CIND-Mild (when ≤2 cogni-
tive domains were impaired) and CIND-Moderate (when 
>2 domains were impaired). Dementia was diagnosed 
according to the Diagnostic and Statistical Manual of 
Mental Disorders, Fourth Edition criteria.21

Statistical analyses
One-way analysis of variance and Χ2 tests were used to 
compare differences in sample characteristics. Receiver 
operating characteristic curve analyses were conducted to 
establish the area under the curve (AUC) for different 
cognitive instruments (MoCA, MMSE, AMT) between 
PFQ=yes and PFQ=no groups. The discriminant indices, 
including sensitivity, specificity, positive and negative 
predictive values (NPV), and overall accuracy, were calcu-
lated using the optimal cut-off points for each screening 
tool.22 Meanwhile, the verification bias of the PFQ for 
diagnostic groups was adjusted using the Bayesian correc-
tion method for differential verification.23

	﻿‍ Sensitivity = True Positive/
(
True Positive + False Negative

)
‍�

	﻿‍ Specificity = True Negative/
(
True Negative + False Positive

)
‍�

	﻿‍ PPV = True Positive/
(
True Positive + False Positive

)
‍�

	﻿‍ NPV = True Negative/
(
True Negative + False Negative

)
‍�

	﻿‍
Accuracy=

(
True Positive + True Negative

)
/

(
True Positive + False Positive + True Negative + False Negative

)
‍�

We investigated the discriminant indices of the PFQ 
as a stepwise method, followed by other commonly used 
cognitive instruments, including the AMT, MoCA and 
MMSE, for dementia detection. Meanwhile, we further 
examined whether the AUCs of MoCA, MMSE and AMT 
for detecting dementia differed between the two PFQ 
groups (PFQ=yes and PFQ=no).

In addition, we calculated the overall screening time 
and the number of older adults requiring further compre-
hensive evaluation for different screening approaches in 
the following two scenarios. In the first scenario, only 
the MoCA, MMSE or AMT was used to identify dementia 
high-risk individuals. In the second scenario, those who 
screened positive on the PFQ were subsequently admin-
istered the MoCA, MMSE or AMT to identify partici-
pants who were at high risk of developing dementia. The 
administration time of the MoCA, MMSE and AMT was 
10 min, 10 min and 8 min, respectively.17 24 25 We assumed 
the time required for the PFQ was 10 s.

	﻿‍ Number recruited = Number with dementia
PR%×sensitivity ‍�

	﻿‍ Number with false positives = [Number recruited × (1 − PR%)] × (1 − specificity)‍�

	﻿‍

Number with further

assessment
=

Number with dementia

+
[

Number with dementia
PR%×sensitivity × (1 − PR%) × (1 − specificity)

]
‍�

	﻿‍ Time cost = Number recruited × Timea + Number with further assessment × Timeb‍�

Number with dementia: true positives need to be 
identified.
PR%: the prevalence of dementia in this study.
Timea: the time cost of step 1.
Timeb: the time cost of step 2.

All analyses were done on IBM SPSS V.26.0 (IBM Corp 
Released 2019. IBM SPSS Statistics for Windows), and a p 
value <0.05 was considered statistically significant.

Results
Demographics
Figure 1 shows the study recruitment flow chart. A total of 
3800 community residents (age ≥60 years) from the SEED 
Study were eligible for inclusion, 20 of whom refused 
to participate. Finally, a total of 3780 older adults were 
included in the EDIS Study and completed the brief cogni-
tive screening of phase I; among these, 918 completed 
phase II (887 PFQ=yes, 31 PFQ=no). The sample charac-
teristics of phase II older adults selected by the PFQ are 
shown in table 1. In addition, we compared the charac-
teristics of the two screened-positive groups that entered 
phase II versus those who did not enter phase II (see 
online supplemental table 1). Older adults who screened 
positive and entered phase II were younger (mean age 
70.3 vs 72.1 years), less likely to be female (52.5% vs 

https://dx.doi.org/10.1136/gpsych-2023-101049
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Figure 1  Study recruitment flowchart. AMT, Abbreviated Mental Test; PFQ, Progressive Forgetfulness Question.

Table 1  Sample characteristics of phase II older adults selected by the Progressive Forgetfulness Question (PFQ)

Characteristics PFQ=yes (n=887) PFQ=no (n=31)* Total (n=918) Χ2 test/Student’s t-test P value

Age, mean (SD) 70.2 (6.6) 71.0 (7.0) 70.2 (6.6) 0.612 0.541

Gender, female, n (%) 462 (52.1) 14 (45.2) 476 (51.9) 0.575 0.448

Education, 0–6 years, n (%) 561 (63.3) 19 (61.3) 580 (63.2) 0.049 0.824

Ethnicity 9.542 0.008†

 � Chinese, n (%) 275 (31.0) 12 (38.7) 287 (31.3)

 � Malay, n (%) 319 (36.0) 3 (9.7) 322 (35.1)

 � Indian, n (%) 293 (33.0) 16 (51.6) 309 (33.7)

Smoking, n (%) 244 (27.5) 7 (22.6) 251 (27.3) 0.366 0.545

Diabetes, n (%) 323 (36.4) 11 (35.5) 334 (36.4) 0.011 0.916

Hyperlipidaemia, n (%) 675 (76.1) 28 (90.3) 703 (76.6) 3.379 0.066

Hypertension, n (%) 713 (80.4) 26 (83.9) 739 (80.5) 0.232 0.630

Cardiovascular, n (%) 95 (10.7) 3 (9.7) 98 (10.7) 0.034 0.855

Stroke, n (%) 45 (5.1) 2 (6.5) 47 (5.1) 0.117 0.732

AMT, mean (SD) 8.8 (1.7) 8.2 (1.9) 8.8 (1.7) 1.971 0.079

MoCA, mean (SD) 18.8 (5.6) 18.8 (6.4) 18.8 (5.6) 0.003 0.997

MMSE, mean (SD) 23.5 (4.3) 23.0 (4.7) 23.5 (4.3) 0.674 0.501

*The PFQ=no (n=31) group volunteered to participate in phase II. They were included in the analysis for the purpose of validating selection 
bias.
†p＜0.05.
AMT, Abbreviated Mental Test; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment.

59.0%) and less educated (60.5% vs 71.6%) than those 
who screened positive but did not enter phase II.

Discriminant indices of the stepwise case-finding approach 
for detecting dementia
Among the 918 older adults in phase II, 45 (4.9%) were 
finally diagnosed with dementia. We explored the discrim-
inant indices of the PFQ with other cognitive tools for 
detecting dementia in the PFQ=yes and PFQ=no groups. 

Results showed good overall accuracy for the MMSE 
(93.3%), MoCA (86.2%) and AMT (88.4%), respectively; 
all three tools achieved an optimal NPV exceeding 99% 
in those older adults with a positive PFQ (table  2 and 
online supplemental table 2). Also, we further compared 
the AUCs of the above-mentioned cognitive tools for 
dementia detection between the PFQ=yes and PFQ=no 
groups (figure 2). In the PFQ=yes group, MoCA, MMSE 

https://dx.doi.org/10.1136/gpsych-2023-101049
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Table 2  Discriminant indices of different tools for detecting dementia in groups with opposing responses to the Progressive 
Forgetfulness Question (PFQ)

Tools N Cut-off Sensitivity (%) Specificity (%) PPV (%) NPV (%) Overall accuracy (%)

PFQ=yes*

 � MMSE 886 17/18 82.9 93.8 39.5 99.1 93.3

 � MoCA 886 12/13 92.7 85.9 24.2 99.6 86.2

 � AMT 887 7/8 85.7 88.4 26.9 99.2 88.4

PFQ=no†

 � MMSE 31 17/18 33.3 89.3 25.0 92.6 83.9

 � MoCA 31 12/13 66.7 82.1 28.6 95.8 80.6

 � AMT 31 7/8 66.7 71.4 20.0 95.2 71.0

*All screened positive in phase I and completed phase II.
†All screened negative in phase I and completed phase II.
AMT, Abbreviated Mental Test; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; NPV, negative predictive 
value; PPV, positive predictive value.

Figure 2  Receiver operating characteristic curves of cognitive tools for dementia detection that differed between two 
Progressive Forgetfulness Question (PFQ) groups: (A) the Montreal Cognitive Assessment test; (B) the Mini-Mental State 
Examination test; (C) the Abbreviated Mental Test.

and AMT had AUCs of 0.95 (95% CI: 0.62 to 0.98), 0.94 
(95% CI: 0.90 to 0.98) and 0.93 (95% CI:0.87 to 0.97), 
respectively, for discriminating between participants with 
and without dementia. However, lower AUCs were found 
in the PFQ=no group as compared with the PFQ=yes 
group on the MoCA (0.87, 95% CI: 0.71 to 0.99), MMSE 
(0.83, 95% CI: 0.62 to 0.99) and AMT (0.78, 95% CI: 0.46 
to 0.98). A more detailed table is presented in online 
supplemental table 2.

Cost-effective analysis of the stepwise dementia case-finding 
approach
We assumed two case-finding scenarios in the cost-
effectiveness analysis for the case-finding approach, ie, 
without and with preselection by the PFQ. According to 
the present study, the prevalence of dementia was 4.9% 
(45 of 918) in this study sample.

The adjusted sensitivity and specificity with PFQ for 
dementia detection using the Bayesian correction method 
were 48.2% and 52.4%, respectively. It is estimated that a 
total of 1905 (refer to the Methods section for calcula-
tion formula) older adults would have been recruited for 
the PFQ preselected test to identify 45 individuals with 

dementia. In the first scenario (MMSE or MoCA or AMT), 
the 1905 individuals would have had to perform one of 
the following three tests to identify the 45 true positives: 
the MoCA (cut-off: 13/14, sensitivity: 91.1%, specificity: 
85.8%), MMSE (cut-off: 17/18, sensitivity: 80.0%, spec-
ificity: 93.7%) or AMT (cut-off: 6/7, sensitivity: 75.6%, 
specificity: 92.8%). Without the preselection of the PFQ, 
a total of 159, 302 and 175 older adults would have failed 
the MMSE, MoCA or AMT, and hence would have been 
required to undergo further assessment for confirma-
tion of diagnosis. The screening time for the three tools 
would have been 317.5 hours, 317.5 hours and 254 hours, 
respectively (figure 3A).

In the second scenario (preselection by the PFQ, then 
MMSE or MoCA or AMT), screening was done to the 
same 1905 individuals by the PFQ first, among whom 45 
true positives and 862 false positives would have failed in 
the PFQ, leading to a total of 907 older adults entering 
the next step to perform MMSE, MoCA or AMT. Subse-
quently, the sensitivity and specificity of the MoCA in 
the PFQ=yes group were 92.7% and 85.9%, respec-
tively. Thus, 167 older adults (45 true positives, 122 false 

https://dx.doi.org/10.1136/gpsych-2023-101049
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Figure 3  Time-savings with stepwise dementia case-finding approach: (A) MoCA or MMSE or AMT; (B) pre-selection by the 
PFQ, then MoCA or MMSE or AMT. AMT, Abbreviated Mental Test; FP, false positive; MMSE, Mini-Mental State Examination; 
MoCA, Montreal Cognitive Assessment; PFQ, Progressive Forgetfulness Question; TP, true positive.

positives) would have entered the final diagnostic evalu-
ation. In this case, the total screening time for this step-
wise approach with the PFQ (1905×10 s) followed by the 
MoCA (907×10 min) would be 156.5 hours. Following the 
same calculation logic, preselecting by the PFQ followed 
by the MMSE or AMT would have required 98 and 145 
older adults for further testing, and the overall screening 
time would have been 156.5 hours and 126.2 hours, 
respectively (figure 3B).

Significantly, in the stepwise approach, the first step 
of using the PFQ and then adding the MoCA, MMSE or 
AMT resulted in a 50.7%, 50.7% and 50.3% reduction in 
the total screening time cost, respectively. The number of 
people requiring further evaluation would have decreased 
by 135 (44.7%), 61 (38.4%) and 30 (17.1%), respectively.

In summary, we provide a stepwise dementia case-
finding strategies for community-dwelling older adults: 
apply a single-question assessment—the PFQ—as the first 
step to stratify case-finding of dementia in a large popu-
lation and then perform other objective cognitive tests. 
Only individuals who test positive in both steps could be 
included in a final comprehensive cognitive assessment 
(online supplemental figure 1).

Discussion
Main findings
In this study, we found that the stepwise combination 
of using the PFQ with other cognitive tools can remark-
ably rule out older adults in the community who are at a 
lower risk of dementia. Hence, implementing dementia 
screening using this stepwise case-finding approach 
in large population settings can effectively exclude 

individuals at low risk of dementia and reduce the time 
and resources required for further assessment.

Previous studies have shown that single-question SCD 
assessment tools were not suitable for use alone in commu-
nity settings to identify individuals with early dementia, 
including the 10th item on the Geriatric Depression Scale 
and the 8th item on the Ascertain Dementia 8, as they 
yielded limited discriminant validity for dementia detec-
tion.26 Evidence has shown that participants with cognitive 
decline might not be able to describe their own mental 
status accurately.27 Thus, one-question SCD tools might 
lead to numerous false results, illustrating that using the 
PFQ alone could not reliably detect cognitive impair-
ment or dementia in community settings. Nevertheless, 
the forgetfulness emphasised by the PFQ is progressive, 
which is one of the key components in assessing memory 
loss in the Clinical Dementia Rating (CDR) instrument, 
especially in distinguishing normal cognition (CDR=0) 
from mild cognitive impairment (CDR=0.5). Thus, 
although the discriminant validity of the PFQ is limited 
when used alone, using it as a first step in a large-scale 
dementia screening setting can help identify older adults 
with possible advancing cognitive impairment so that 
they can receive an additional assessment as quickly as 
possible. Meanwhile, adding such single-question assess-
ments before other objective cognitive tests can ease 
participants’ nervousness and foster good relationships 
between the investigator and the participants.11

Noteworthy, we found that using the PFQ stepwise with 
other cognitive tools (MoCA, MMSE or AMT) offers a 
promising approach for dementia case-finding, especially 
for ruling out those at low risk for dementia. Our results 

https://dx.doi.org/10.1136/gpsych-2023-101049
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are consistent with the previous SPEED study, which 
demonstrated that without the PFQ, there were epidemi-
ological reasons not to proceed with further AMT admin-
istration.9 10 Furthermore, we extended the findings of 
a previous study to the MoCA and MMSE. Among older 
adults who reported PFQ=yes in our study, the NPV of all 
the tools slightly improved and achieved excellent AUCs 
(MoCA=0.95, MMSE=0.94 and AMT=0.93) for detecting 
dementia. The overall accuracy also yielded favourable 
results (MoCA: 86.2%, MMSE: 93.3% and AMT: 88.4%). 
The optimal cut-offs of the MoCA and the MMSE in the 
present study were lower than in general population 
studies,28 29 mainly because the sample we included for the 
final analysis was a population with possibly high cognitive 
risk who performed poorly at phase I. However, these cut-
off values were broadly consistent with previous studies in 
the Asian population at high risk of dementia.19 30 31 Inevi-
tably, in large-scale dementia screening, older adults with 
cognitive impairment may report negative PFQ scores, 
leading to false negative results. However, in the present 
study, most older individuals who reported ‘no’ on the 
PFQ were dementia-free, with only 9.7% (3 in 31) of false 
negatives.

We have also shown that the stepwise case-finding 
approach can be time cost-effective when implementing 
early dementia screening within communities. Compre-
hensive neuropsychological cognitive testing, which is 
extensive and domain specific with a lengthy administra-
tion time of approximately 1 hour, requires a specialist 
to administer and cannot readily be given to every older 
community adult for formal cognitive impairment diag-
nosis.18 A stepwise case-finding approach can significantly 
reduce the number of participants requiring further 
assessment for diagnosis confirmation and the associated 
time costs. We calculated the overall screening time and 
the number of individuals requiring further evaluation by 
assuming two scenarios. The total screening time for the 
preselection by the PFQ and then performing the MMSE or 
MoCA or AMT would have been 156.5 hours, 156.5 hours 
and 126.2 hours, respectively, and would have required 98, 
167 and 145 individuals for further testing. Without the 
preselection by the PFQ, the screening time for the three 
cognitive tools would have been 317.5 hours, 317.5 hours 
and 254 hours, respectively, with a total number of 159, 
302 and 175 individuals who would have been entered 
for further evaluation. Thus, our study showed the overall 
screening time would have been decreased by 50.7%, 
50.7% and 50.3%, respectively, when preselecting the 
positive PFQ participants to undergo the MMSE, MoCA 
or AMT. The number of individuals requiring further 
evaluation would have decreased by 61, 135 and 30 indi-
viduals, demonstrating the effectiveness of the stepwise 
case-finding approach in the community to minimise 
human resources and time costs. Therefore, considering 
the accuracy and time cost-savings, we recommend using a 
stepwise method that first asks the PFQ and then conducts 
other cognitive tests to rule out as many individuals at low 
risk of dementia as possible in the community setting.

Limitations
We acknowledge several limitations of our study. First, as 
this study was conducted in a community setting in Singa-
pore, the sample is specific, and the external validity of 
the stepwise case-finding approach in other settings or 
populations remains to be confirmed. Second, the 43% 
dropout rate in phase II may have impacted our results; 
participants who continued to phase II were younger, 
more educated and differed significantly in gender, 
ethnicity and hypertension history from those who 
refused further participation. Third, the optimal cut-off 
values for the MoCA and MMSE used in this study were 
lower than those for the general population, mainly 
because the vast majority of older adults included in our 
analysis were those with positive initial screening results, 
which may affect the extrapolation of the study results. 
Fourth, this study has the inherent property of verifi-
cation bias, a measurement bias often associated with 
screening tests, which can conceal the diagnostic ability 
of the designated screening tool.23 Though we invited 
participants who screened negative in phase I to continue 
to phase II, only a few participants consented to further 
evaluation. Thus, the diagnostic performance of the step-
wise case-finding approach may be biased by such attri-
tion, the sensitivity and NPV may be overestimated, and 
the specificity may be underestimated, even after correc-
tion for verification bias. Moreover, it should be noted 
that the PFQ=no group in the current study may not be 
representative of the general Singapore population due 
to its small sample size. In addition, a previous Singapore-
based study9 reported a much lower dementia rate of 
1.6% (1 out of 61) in the PFQ=no group. As these epide-
miological studies were conducted at different periods 
of time, with differential sample demographics, further 
comparisons should be made with caution. Future studies 
could consider including more participants who screened 
negative on the PFQ for a gold-standard evaluation to 
validate further the effectiveness of excluding low-risk 
populations in community settings. In addition, further 
studies could verify the feasibility and discriminant utility 
of other brief screening tools equivalent to the PFQ with 
the same stepwise strategies.

Implications
This study demonstrated a stepwise case-finding approach 
for dementia detection in large-scale screening. Using a 
single-question assessment, such as the PFQ, the first step 
excludes individuals at low risk of dementia and identifies 
those who may potentially be at high risk; the second step 
then involves performing another objective cognitive test 
on the high-risk individuals while minimising time costs.
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