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Abstract
Background Instrumental activities of daily living (IADL) limitations are important risk factors for dementia. IADL is 
lifestyle-based, therefore, its assessment content must be updated to reflect recent lifestyle changes. We evaluated 
the predictive validity of the National Center for Geriatrics and Gerontology Activities of Daily Living (NCGG-ADL), an 
IADL scale we previously developed, to identify dementia risk and the combined impact of mild cognitive impairment 
(MCI) and IADL limitations on dementia onset.

Methods This population-based longitudinal study included 2,118 adults aged ≥ 65 years without dementia 
at baseline. At baseline, IADL limitations and MCI were assessed using the NCGG-ADL and a multi-domain 
neuropsychological test, respectively. The participants were followed up for new-onset dementia monthly for 5 years.

Results Among all participants, 247 (11.7%) had IADL limitations at baseline, and 151 (7.1%) developed dementia 
during follow-up. Compared to participants without IADL limitations (NCGG-ADL 13 points), those with IADL 
limitations (NCGG-ADL ≤ 12 points) showed a significantly higher dementia onset risk (HR: 1.55 [95% CI: 1.04–2.31]). 
Regarding the combined impact of MCI and IADL limitations on dementia, the HRs (95% CIs) (reference: unimpaired 
cognition without IADL limitations) of unimpaired cognition with IADL limitations, MCI without IADL limitations, and 
MCI with IADL limitations were 1.53 (0.90–2.61), 1.87 (1.28–2.74), and 2.88 (1.65–5.03), respectively.

Conclusions This study validated the NCGG-ADL as an effective screening tool for assessing dementia risk among 
community-dwelling older adults. Furthermore, concomitant MCI and IADL limitations was associated with a higher 
risk of dementia onset more than either condition alone. Therefore, this coexisting condition should be carefully 
monitored to prevent dementia.
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Background
The prevalence of dementia is rapidly increasing with 
the aging population. According to predictions, the total 
number of people with dementia will reach 82 million by 
2030 and 152 million by 2050 [1], posing a heavy social 
and economic burden. Therefore, the risk factors for 
dementia must be identified and addressed earlier to pre-
vent dementia.

Early prevention of dementia can be achieved dur-
ing the occurrence of mild cognitive impairment (MCI), 
which represents a transitional phase between normal 
cognitive aging and dementia [2]. The commonly used 
criteria of MCI include concerns over changes in cog-
nition, impairment in one or more cognitive domains, 
and preservation of independence in functional abilities 
[3]. However, individuals with MCI experience a certain 
degree of functional impairment [3, 4], particularly in 
instrumental activities of daily living (IADLs) [5, 6].

In general, functional capacity in older adults is divided 
into basic activities of daily living (BADLs), which include 
self-maintenance skills such as dressing, eating, and bath-
ing, and IADLs, which include more complex and higher 
functional abilities, such as shopping, managing money, 
and using public transportation [5, 7]. IADLs demand 
more complex cognitive functioning than BADLs [4] and 
are more susceptible to subtle deterioration associated 
with cognitive decline [8]. In addition, MCI combined 
with IADL limitations is associated with a higher prob-
ability of dementia onset and a lower chance of recovery 
to normal cognition [3, 9]. Therefore, the assessment of 
IADLs in individuals without dementia is considered 
useful in predicting dementia risk and provides impor-
tant information to support timely intervention [10].

There are various reliable and valid scales for assessing 
IADLs [7, 11, 12]. However, demographic and economic 
changes have affected family structures and individ-
ual lifestyles in recent decades. For example, the use of 
mobile phones, computers, and household appliances has 
become a part of everyday life [13]. However, operational 
capabilities regarding electrical appliances have not been 
sufficiently assessed in the above-mentioned scales. A 
recent systematic review examining the relationship 
between IADLs and cognitive function highlighted the 
need to include technology-related items in IADL assess-
ments [5]. Therefore, we previously developed an IADL 
scale named the National Center for Geriatrics and 
Gerontology Activities of Daily Living (NCGG-ADL) 
[14], which comprised a 13-item self-report question-
naire regarding individuals’ abilities to conduct IADL 
tasks that allows for the discrimination of a wide range 
of IADL levels that correspond to a recent lifestyle, 
including the operation of electrical appliances [14]. The 
NCGG-ADL is simple and highly reliable (Cronbach’s 
α = 0.937) and has a cut-off point (12/13 points) to predict 

new incidences of functional disability [14]. However, the 
predictive validity of the NCGG-ADL for detecting new-
onset dementia has not yet been examined.

We aimed to confirm the predictive validity of IADL 
abilities assessed using the NCGG-ADL in detecting 
dementia risk and examined the combined impact of 
MCI and IADL limitations on dementia onset.

Methods
Study setting and participants
This longitudinal cohort study included community-
dwelling older adults enrolled in a sub-cohort of the 
National Center for Geriatric and Gerontology–Study 
of Geriatric Syndromes (NCGG-SGS). The inclusion 
criteria were residence in Takahama City, Aichi Pre-
fecture, Japan, and age ≥ 60 years at baseline. A total of 
4,167 individuals participated in a baseline on-site sur-
vey (September 2015 to February 2017), which included 
data collection on IADLs. After the baseline survey, we 
excluded participants with the following characteris-
tics: (1) prior diagnosis of dementia at baseline and/or 
severe cognitive impairment based on Mini-Mental State 
Examination (MMSE) [15] scores < 24 (n = 390) [16]; (2) 
history of stroke and/or depression and/or other brain 
diseases (n = 377); (3) missing data for the above criteria 
and assessment of cognitive performance and/or IADLs 
(n = 86); and (4) participants aged < 65 years (n = 700) as 
our follow-up of dementia incidence used data of the 
National Long-Term Care Insurance System that applies 
to Japanese adults aged ≥ 65 years. After exclusion, 2,614 
individuals without dementia at baseline were consid-
ered potential participants for the monthly follow-up 
of dementia onset. During the follow-up period, we 
excluded participants who did not have available data on 
the Long-Term Care Insurance System and/or National 
Health Insurance Systems for over 5 years (n = 496), 
and 2,118 individuals were included in our longitudinal 
analysis.

The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki. The Ethics Commit-
tee of the National Center for Geriatrics and Gerontology 
approved the study protocol (Approval Number: 1440–
5). Informed consent was obtained from all participants 
before their inclusion in the study.

Assessment of IADL
The self-reported IADL ability was assessed at baseline 
using the NCGG-ADL [14]. The NCGG-ADL contains 
questions on 13 daily activities: (1) cutting toenails; (2) 
going out by oneself; (3) taking a bus or train; (4) shop-
ping for necessities; (5) transferring money; (6) looking 
up a telephone number; (7) vacuuming; (8) managing 
money; (9) controlling medications; (10) managing a 
house key; 11) cooking; 12) using a microwave; and 13) 
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using a gas stove. Participants reported their abilities 
to independently conduct each of the 13 activities over 
the past month using a simple dichotomous rating (yes/
no). The score was calculated by summing the number 
of “Yes” responses (0–13), with higher scores indicating 
higher IADL abilities [14]. Participants were divided into 
those with IADL limitations (NCGG-ADL ≤ 12 points) 
and those without IADL limitations (NCGG-ADL 13 
points) according to previously established cut-off points 
[14].

Assessment of MCI
Cognitive function was assessed using a tablet-based 
multi-domain neuropsychological test, the National 
Center for Geriatrics and Gerontology-Functional 
Assessment Tool (NCGG-FAT) [17]. The NCGG-FAT 
comprises the following cognitive domain tests: (1) mem-
ory (word list memory-I [immediate recognition] and 
word list memory-II [delayed recall]); (2) attention (Trail 
Making Test-part A); (3) executive function (Trail Mak-
ing Test-part B); and (4) processing speed (Digit Symbol 
Substitution Test). The NCGG-FAT has high test-retest 
reliability and moderate-to-high validity in community-
dwelling older adults [17]. All tests have established stan-
dardized thresholds for defining the objective cognitive 
impairments in their respective domains; the threshold 
used was a score of ≥ 1.5 standard deviations below the 
age- and education-specific mean, which was derived 
from a population-based database of over 10,000 older 
adults [18].

We defined MCI using the following criteria: (1) 
absence of dementia, (2) functional independence in 
BADL (eating, bathing, grooming, walking, and stair-
climbing), (3) maintenance of global cognitive func-
tioning (MMSE ≥ 24 points), and (4) objective cognitive 
impairment (below the reference threshold described 
above in one or more cognitive domains including mem-
ory, attention, executive function, and processing speed) 
[19, 20]. Based on the above criteria, participants were 
classified as having unimpaired cognition or MCI [20].

Follow-up of dementia onset
We followed the participants for 5 years for dementia 
onset using data records of the Public Health Insurance 
and the Long-Term Care Insurance.

Regarding the Public Health Insurance systems in 
Japan, all adults aged ≥ 65 years have either of the follow-
ing health insurance: health insurance for employed indi-
viduals (Employees’ Health Insurance), national health 
insurance for unemployed and self-employed individuals 
aged < 75 years (Japanese National Health Insurance), or 
health care for individuals aged ≥ 75 years (Later-Stage 
Medical Care System) [21]. We tracked the records of 
the Japanese National Health Insurance and Late-Stage 

Medical Care System for new dementia cases [16]. 
Dementia was diagnosed by a physician according to the 
International Classification of Disease-10 (ICD-10) codes 
[16]. The details of our criteria for categorizing ICD-10 
codes using NCGG-SGS data have been described else-
where [22].

The Long-Term Care Insurance is a mandatory form 
of social insurance that supports the daily lives of older 
adults with functional disabilities in Japan [23]. All indi-
viduals aged ≥ 65 years are eligible for institutional or 
community-based services, depending on their disability 
level. The disability certification process comprises (i) the 
degree of disability based on a questionnaire developed 
by the Ministry of Health, Labour and Welfare of Japan 
and (ii) a physician’s written opinion prepared by the 
attending physician [24]. We identified dementia using 
the records of Dementia Rating Scale scores (level of 
independence in daily living for older adults with demen-
tia) in the above disability certification process [25, 26]. 
The details of our criteria for categorizing the Demen-
tia Rating Scale score using NCGG-SGS data have been 
described previously [22].

We reviewed participants monthly for new-onset 
dementia for 5 years and defined dementia onset as a new 
record of dementia in either the Public Health Insurance 
database or the Long-Term Care Insurance database [22].

Potential confounding factors
We assessed demographic and health-related characteris-
tics including age, sex, educational level, and medical his-
tory (hypertension, diabetes mellitus, and heart disease) 
as potential confounding factors. Trained nurses assessed 
the medical histories based on self-reports through face-
to-face interviews. We also included global cognitive 
function assessed using the MMSE [15] at baseline as a 
covariate.

Statistical analyses
We compared the baseline characteristics between par-
ticipants with and without IADL limitations and between 
those with and without dementia onset using Student’s 
t-test for continuous variables and the chi-squared test 
for categorical variables. Further, we divided the partici-
pants into four groups according to the combination of 
MCI and IADL limitations: unimpaired cognition with-
out IADL limitations, unimpaired cognition with IADL 
limitations, MCI without IADL limitations, and MCI 
with IADL limitations. The cumulative survival rates for 
dementia onset during the 5-year follow-up period in 
each group were calculated using Kaplan–Meier curves. 
Intergroup differences were estimated using the log-rank 
test, and multiple comparisons were corrected using the 
Shaffer procedure. Moreover, Cox proportional hazards 
regression analysis was conducted to examine the effects 
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of IADL limitations and its combined impact with MCI 
on dementia onset. The proportional hazards assumption 
was verified by checking a log-log plot, and no violations 
were detected. Hazard ratios (HRs) for the risk of demen-
tia onset were calculated with 95% confidence intervals 
(CIs). As a sensitivity analysis, we conducted Cox regres-
sion analyses on IADL ability and dementia risk only in 
participants with MMSE scores ≥ 28, indicating intact 
cognition [27], to address the possibility of misclassifica-
tion in self-reported IADL ability.

The level of statistical significance was set at a two-
sided P-value of < 0.05. All statistical analyses were per-
formed using IBM SPSS Statistics version 25 (IBM Japan, 
Tokyo, Japan).

Results
Participant characteristics
Of the 2,118 enrolled participants, 247 (11.7%) had IADL 
limitations based on the NCGG-ADL at baseline, and 
151 (7.1%) developed dementia within 5 years.

Table  1 provides the differences in characteristics 
between the participants with and without IADL limi-
tations. At baseline, participants with IADL limitations 
were significantly older (P < 0.001), more likely to be men 
(P < 0.001), had lower education levels (P < 0.001), had 
lower global cognitive functions (P < 0.001), and had a 
higher prevalence of MCI (P < 0.001) than participants 
without IADL limitations. Moreover, the incidence of 
dementia during the 5 years was significantly higher in 
participants with IADL limitations than in those without 
(P < 0.001).

Table  2 shows the differences in characteristics 
between participants with and without dementia onset. 
At baseline, participants who developed dementia were 

Table 1 Participant characteristics according to instrumental activities of daily living ability at baseline
Variables Overall

n = 2,118
IADL ability at baseline P-value *

Participants without
IADL limitations
(NCGG-ADL 13 points)
n = 1,871

Participants with
IADL limitations
(NCGG-ADL ≤ 12 points)
n = 247

Age, years 73.5 ± 5.9 73.1 ± 5.7 76.2 ± 6.4 < 0.001
Sex, men (%) 841 (39.7) 686 (36.7) 155 (62.8) < 0.001
Education, years 11.0 ± 2.3 11.1 ± 2.3 10.4 ± 2.2 < 0.001
Hypertension, n (%) 1,067 (50.4) 935 (50.0) 132 (53.4) 0.306
Diabetes mellitus, n (%) 302 (14.3) 257 (13.7) 45 (18.2) 0.058
Heart disease, n (%) 348 (16.4) 298 (15.9) 50 (20.2) 0.085
MMSE, points 27.6 ± 2.0 27.6 ± 1.9 27.0 ± 2.0 < 0.001
MCI, n (%) 527 (24.9) 438 (23.4) 89 (36.0) < 0.001
Dementia onset, n (%) 151 (7.1) 116 (6.2) 35 (14.2) < 0.001
IADL, instrumental activities of daily living; NCGG-ADL, National Center for Geriatrics and Gerontology Activities of Daily Living; MMSE, Mini-Mental State 
Examination; MCI, mild cognitive impairment.

Data are expressed as means ± standard deviations or numbers (%)
* P-values are based on the Student’s t-test for continuous variables and the chi-squared test for categorical variables

Table 2 Participant characteristics according to dementia onset during the 5-year follow-up
Variables Dementia onset during the 5-year follow-up P-value *

Participants without
dementia onset
n = 1,967

Participants with
dementia onset
n = 151

Age, years 73.0 ± 5.7 79.4 ± 5.0 < 0.001
Sex, men (%) 787 (40.0) 54 (35.8) 0.304
Education, years 11.1 ± 2.3 10.5 ± 2.3 0.004
Hypertension, n (%) 987 (50.2) 80 (53.0) 0.507
Diabetes mellitus, n (%) 271 (13.8) 31 (20.5) 0.022
Heart disease, n (%) 327 (16.6) 21 (13.9) 0.385
MMSE, points 27.6 ± 2.0 26.9 ± 1.9 < 0.001
MCI, n (%) 462 (23.5) 65 (43.0) < 0.001
MMSE, Mini-Mental State Examination; MCI, mild cognitive impairment.

Data are expressed as means ± standard deviations or numbers (%)
* P-values are based on the Student’s t-test for continuous variables and the chi-squared test for categorical variables
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significantly older (P < 0.001) and had lower education 
levels (P = 0.004), a higher prevalence of diabetes mellitus 
(P = 0.022), lower global cognitive functions (P < 0.001), 
and a higher prevalence of MCI (P < 0.001) than did par-
ticipants who did not develop dementia.

Predictive validity of IADL ability assessed using the NCGG-
ADL for identifying dementia risk
Figure 1 shows the Kaplan–Meier survival curve for 
dementia onset according to IADL ability assessed using 
the NCGG-ADL. In the log-rank test, participants with 
IADL limitations (NCGG-ADL ≤ 12 points) showed a 
significantly higher risk of dementia onset (P < 0.001) 
than did those without IADL limitations (NCGG-ADL 
13 points). In the Cox proportional hazards regression 
analysis, the HRs (95%CIs) of NCGG-ADL score were 
0.72 (0.61–0.84) in the crude model, 0.87 (0.71–1.05) in 
adjusted model 1, and 0.88 (0.73–1.07) in adjusted model 
2. In the Cox regression model using the categorized 
IADL limitation (reference: participants without IADL 
limitations), the HRs (95% CIs) in those with IADL limi-
tations were 2.47 (1.69–3.60) in the crude model, 1.59 

(1.07–2.37) in adjusted model 1, and 1.55 (1.04–2.31) 
in adjusted model 2 (Table 3). The sensitivity analysis in 
participants with MMSE ≥ 28 points showed results con-
sistent with those of the main analysis (Supplementary 
Table 1).

Combined impact of MCI and IADL limitations on dementia 
onset
At baseline, the group classification according to MCI 
and IADL limitations were as follows: (1) unimpaired 
cognition without IADL limitations, n = 1,433 (67.7%); 
(2) unimpaired cognition with IADL limitations, n = 158 
(7.5%); (3) MCI without IADL limitations, n = 438 
(20.7%); and (4) MCI with IADL limitations, n = 89 
(4.2%).

Figure 2 shows the Kaplan–Meier survival curve for 
dementia onset according to MCI and IADL limitations. 
In the log-rank test, compared to unimpaired cogni-
tion without IADL limitations, significantly higher risks 
of dementia were observed for unimpaired cognition 
with IADL limitations (P = 0.001), MCI without IADL 
limitations (P < 0.001), and MCI with IADL limitations 

Fig. 1 Cumulative survival rates on dementia onset according to IADL. IADL, instrumental activities of daily living; NCGG-ADL, National Center for Geri-
atrics and Gerontology Activities of Daily Living
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(P < 0.001). Furthermore, the risk of dementia in MCI 
with IADL limitations was significantly higher than that 
in MCI without IADL limitations (P = 0.041). In the Cox 
proportional hazards regression analysis (reference: 
unimpaired cognition without IADL limitations), the 

HRs (95% CIs) of unimpaired cognition with IADL limi-
tations, MCI without IADL limitations, and MCI with 
IADL limitations were 1.53 (0.90–2.61), 1.87 (1.28–2.74), 
and 2.88 (1.65–5.03), respectively, in the full-adjusted 
model (adjusted model 2), and a significant trend was 

Table 3 Hazard ratios and 95% confidence intervals for dementia onset over 5 years
Explanatory variables Crude model Adjusted model 1* Adjusted model 2†

HR (95% CI) HR (95% CI) HR (95% CI)
IADL ability based on the NCGG-ADL
NCGG-ADL score, points 0.72 (0.61–0.84) 0.87 (0.71–1.05) 0.88 (0.73–1.07)
IADL limitation based on the NCGG-ADL
Participants without IADL limitation Reference Reference Reference
Participants with IADL limitation 2.47 (1.69–3.60) 1.59 (1.07–2.37) 1.55 (1.04–2.31)
Combination of MCI and IADL limitation
Unimpaired cognition without IADL limitation Reference Reference Reference
Unimpaired cognition with IADL limitation 2.49 (1.48–4.18) 1.56 (0.92–2.67) 1.53 (0.90–2.61)
MCI without IADL limitation 2.47 (1.70–3.57) 1.96 (1.35–2.85) 1.87 (1.28–2.74)
MCI with IADL limitation 4.92 (2.89–8.37) 3.03 (1.74–5.27) 2.88 (1.65–5.03)
P-value for trend < 0.001 < 0.001 < 0.001
HR, hazard ratio; CI, confidence interval; IADL, instrumental activities of daily living; NCGG-ADL, National Center for Geriatrics and Gerontology Activities of Daily 
Living; MCI, mild cognitive impairment
* Adjusted model 1 was adjusted for age, sex, education, hypertension, diabetes mellitus, and heart disease
† Adjusted model 2 was additionally adjusted for score of Mini-Mental State Examination as global cognitive function at baseline

Fig. 2 Cumulative survival rates on dementia onset according to MCI and IADL. IADL, instrumental activities of daily living; MCI, mild cognitive impairment
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observed in HRs between the four groups (P < 0.001, 
Table 3).

Discussion
This population-based longitudinal cohort study con-
firmed that IADL assessment based on the NCGG-ADL 
is useful for predicting dementia risk among community-
dwelling older adults. Additionally, the coexistence of 
MCI and IADL limitations was associated with a higher 
risk of dementia than either condition alone. Older indi-
viduals with a combination of MCI and IADL limitations 
should be recognized as a population at a particularly 
high risk for dementia.

Several population-based cohort studies have shown 
that IADL ability predicts dementia onset [3, 8, 28] using 
validated traditional IADL assessment scales such as the 
Lawton IADL scale [7]. Our results using the NCGG-
ADL support the above evidence and reinforce the 
importance of IADL assessment in community-dwelling 
older adults without dementia. Although we did not 
directly compare the predictive ability of the NCGG-
ADL and other IADL scales in this study, the NCGG-
ADL, which was adapted to recent lifestyles, including 
electrical appliances, could be a useful tool for predicting 
dementia risk. Regarding the dose-response relationship 
between IADL ability and dementia risk, several previ-
ous studies reported that continuous IADL score were 
associated with dementia risk [3, 28]. On the other hand, 
NCGG-ADL score as a continuous value was not asso-
ciated with dementia onset in our fully adjusted regres-
sion models, which may suggest that IADL decline may 
increase dementia risk with a certain threshold. Notably, 
88.3% of the study participants showed a full score (13 
points) on the NCGG-ADL, indicating that the ceiling 
effect of the scale may have reduced the statistical power 
of our analysis. The potential reasons why IADL ability 
predicts dementia onset are not yet clear; however, sev-
eral explanations are possible. IADLs are higher-order 
activities than BADLs and require a more complex neu-
ropsychological organization [4]. Therefore, IADL per-
formance may reflect cognitive performance in daily 
life and may be sensitive to cognitive decline during the 
pre-clinical phase. Furthermore, the process of perform-
ing IADLs may contain cognitive components that are 
not captured by neuropsychological tests [3]. IADL abil-
ity, which can be assessed with relatively little time and 
human resources, may provide unique and useful infor-
mation for detecting dementia risk in community-dwell-
ing older adults without dementia. Additionally, there 
may be shared pathological conditions that affect both 
IADL limitation and dementia development. For exam-
ple, neuropsychiatric disorders are known to increase 
the risk of both functional limitations [29] and dementia 
[30] in older adults. However, this study did not collect 

specific information on neuropsychiatric disorders other 
than stroke and depression, which were used as exclusion 
criteria, and additional studies including a more detailed 
assessment of background diseases or pathologies are 
required in the future.

Regarding the combination of MCI and IADL limi-
tations, the comorbid group showed a higher risk of 
dementia onset than either condition alone in this study, 
which is consistent with previous studies [3, 9]. Fieo et 
al. examined the temporal relationship between cogni-
tive impairment and IADL limitations and demonstrated 
that poor cognitive function was associated with more 
rapid subsequent decline in advanced ADLs. Conversely, 
limitations in advanced ADLs were associated with more 
rapid subsequent cognitive decline [31]. Our other study 
showed that IADL limitations in cognitively normal older 
adults predicted the future incidence of MCI [32]. There-
fore, IADLs may be a consequence of cognitive decline 
and beneficial for maintaining cognitive function by pro-
viding cognitive stimulation. IADL limitations and MCI 
are common comorbid conditions in older individuals 
and may have reciprocal relationships [5]. To prevent a 
negative cycle of IADL limitations and MCI, older indi-
viduals with both conditions should receive special atten-
tion. However, in this study, there was no significant 
difference in the dementia risk between those with unim-
paired cognition without IADL limitations and those 
with unimpaired cognition with IADL limitations in the 
fully adjusted Cox regression model. This result suggests 
that the impact of IADLs on dementia risk may vary 
according to the baseline cognitive function level, and 
further investigation, including a more detailed stratifi-
cation of the association between IADLs and dementia 
onset, is warranted.

Strengths and limitations
The major strength of this study lies in the analysis of 
well-characterized cohort data, including monthly fol-
low-up for dementia. Additionally, this study incorpo-
rated population-based data from older adults without 
dementia and/or severe cognitive impairment at baseline. 
Therefore, our findings can be generalized to commu-
nity-dwelling individuals in primary care settings.

However, this study had several limitations. First, 
our definition of dementia onset was based on records 
from Public Health Insurance (the Japanese National 
Health Insurance and Late-Stage Medical Care System) 
and Long-Term Care Insurance, and we could not fol-
low the health status of some participants who did not 
have the above insurance (i.e. those who are covered by 
the Employees’ Health Insurance). There were some dif-
ferences in the characteristics of participants who were 
followed-up by public insurance records (n = 2,118) and 
those without available insurance data (n = 496) (shown 
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in Supplementary Table 2); this selection bias may have 
affected our results. Second, there may have been par-
ticipants who developed dementia but did not consult a 
medical or long-term care facility, and this may have led 
to an underestimation of dementia cases in this study. 
Furthermore, a certain time lag may exist from actual 
cognitive decline to the diagnosis of dementia, and the 
possibility of reverse causation between IADL limita-
tion and dementia onset cannot be completely ruled out. 
Third, previous studies have demonstrated that the IADL 
status is influenced by socioeconomic status and residen-
tial areas [33]. Further research is required to examine 
the cross-cultural validity of the NCGG-ADL in diverse 
populations. Fourth, although we excluded participants 
with a history of stroke and/or depression to avoid dis-
ease-specific effects on dementia and reduce bias in self-
reported IADL status, the effects of confounding due to 
other neuropsychiatric disorders have not been exam-
ined in this study.

Conclusions
This study validated the NCGG-ADL as a screening tool 
for identifying the dementia risk in community-dwelling 
older adults. Furthermore, the results suggest that the 
coexistence of MCI and IADL limitations was associated 
with a higher dementia onset than either condition alone, 
suggesting that comorbidities should be monitored care-
fully to prevent dementia.
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