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1 | INTRODUCTION

Abstract

Introduction: We aimed to develop a risk prediction model for incident dementia using
predictors that are available in primary-care settings.

Methods: A total of 795 subjects aged 65 years or over were prospectively followed-up
from 1988 to 2012. A Cox proportional-hazards regression was used to develop a mul-
tivariable prediction model. The developed model was translated into a simplified scor-
ing system based on the beta-coefficient. The discrimination of the model was assessed
by Harrell’s C statistic, and the calibration was assessed by a calibration plot.

Results: During the follow-up period, 364 subjects developed dementia. In the multi-
variable model, age, female sex, low education, leanness, hypertension, diabetes, his-
tory of stroke, current smoking, and sedentariness were selected as predictors. The
developed model and simplified score showed good discrimination and calibration.
Discussion: The developed risk prediction model is feasible and practically useful in

primary-care settings to identify individuals at high risk for future dementia.

KEYWORDS
dementia, general population, primary prevention, prospective study, risk prediction model

addition, risk stratification using risk-prediction tools in primary care
enables individuals at high risk for dementia to increase their chance

Dementia is one of the major geriatric diseases worldwide, and cre-
ates a great burden for modern societies. Because there is no estab-
lished preventive treatment for dementia, it is important to reduce the
risk of dementia through lifestyle modification and improvement of risk
factors.? Prediction of dementia risk based on its risk factors would
improve individuals’ awareness of their individual risk of dementia and
enhance lifestyle changes for dementia risk reduction.? A prediction
tool for dementia would also help to inform practitioners and health-

care providers to stratify their patients for future risk of dementia. In

to receive further neurological investigations for diagnosis of cognitive
impairment. Early diagnosis of cognitive impairment can consequently
lead to early intervention, better management of symptoms, and delay
of institutionalization.® It also fosters the implementation of coordi-
nated care plans and mitigates patient safety and care costs,® which
could reduce the burden of dementia for not only affected individuals,
but also their families and acquaintances. Given the limited health-care
resources relative to the rapidly expanding size of the aging popula-

tion, it is crucial to develop an accurate, easy-to-use prediction tool for
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predicting future dementia for use in primary care to reduce the bur-
den of dementia in communities.

Several prediction models and tools for dementia have been devel-
oped to guide dementia prediction.*¢ However, some of these models
were developed by linking with external databases, such as databases
of routinely collected clinical data’ and long-term care insurance
needs,®? to prospectively detect dementia cases. However, this
approach could result in some patients with undiagnosed dementia
being overlooked. Therefore, cohort studies that adjudicate dementia
cases are crucial for developing a model to provide accurate estimates
of the absolute risk of dementia. In addition, existing late-life risk
prediction tools for dementia have often included neuropsychological
examinations and genetic markers as predictors,* which would lessen
the feasibility of their application to the wide range of populations in
primary care settings, and especially to individuals without cognitive
symptoms.

The Hisayama Study, a community-based prospective cohort study
of Japanese adults, explores potential risk factors for cardiovascular
disease and dementia with long-term follow-up and a comprehensive
community surveillance system.1® We aimed to develop a risk predic-
tion model for dementia using the Hisayama Study data on predictors
readily available in the primary care setting, and to evaluate its perfor-

mance in a cohort of community-residing older Japanese adults.

2 | MATERIALS AND METHODS

2.1 | Participants
The Hisayama Study is an ongoing cohort study established in 1961
in the town of Hisayama, a suburban community adjacent to Fukuoka
City, a metropolitan area of Kyushu Island in southern Japan.1 In the
present study, we used data from a cohort for which the baseline exami-
nationwas conducted in 1988. A detailed description of this survey was
published previously.'! In brief, a screening survey for cardiovascular
and neurological diseases was performed in 1988. A total of 837 resi-
dents aged 65 and over underwent the screening examination (partic-
ipation rate: 91.8% of residents >65 years). Among them, we excluded
34 subjects who had dementia at baseline, and 8 subjects for whom
information on covariates was not available; the remaining 795 sub-
jects (310 men, 485 women) made up our final sample.

This study was conducted with the approval of the Kyushu Univer-
sity Institutional Review Board for Clinical Research. Written informed

consent was provided by the study participants.

2.2 | Follow-up survey

The subjects were followed-up prospectively from December 1988
to November 2012. The detailed procedures for screening dementia
cases in this study have been described elsewhere.’? New-onset cases
of dementia, stroke, and cognitive impairment were ascertained based

on an organized, continual monitoring network system that consisted

Highlights

* We developed a multivariable risk prediction model and a
simplified scoring system for predicting the development
of dementia.

* The proposed multivariable model and the simplified score
showed good predictive performances.

* Based on information that is readily available in a primary
care setting, our risk prediction tools could enhance early

risk factor management and risk stratification.

Research in Context

Systematic Review: The authors reviewed the literature
using electronic databases (e.g., PubMed). There
have been several systematic reviews of risk pre-
diction models/tools for dementia and recent pub-
lications describing the development of dementia
risk-prediction models for use in primary care.
These relevant works are appropriately cited.

Interpretation: We developed a new, well-calibrated
prediction model for 10-year dementia risk. The
developed model may have practical utility because
its predictors are readily available in primary care
settings, which would allow patients to have a bet-
ter understanding of their lifestyle-related risk and
would promote early identification of older adults
at high risk of dementia. The prediction model was
further translated into a simplified score, providing
patients with a means of assessing their own risk and
promoting widespread application of the model.

Future Directions: Additional studies for external val-
idation of the developed model and the simplified

score in different populations are warranted.

of our study team, local physicians, and the members of the town’s
Health Office. The study-team physicians collected information on the
onset of stroke and dementia, including suspected cases, via regular
visits to clinics and hospitals in and around the town. Information on
potential new-onset cases was also provided by the corresponding
municipal department as it became available. We also obtained infor-
mation from annual health examinations. In addition, we conducted
neuropsychological screening surveys in 1985, 1992, 1998, 2005, and
2012 to identify incident dementia cases. For subjects who did not par-
ticipate in health examinations in the town or who had moved out of the
town, health status was collected by telephone or postal survey. Aside

from the decedents (n = 676), no subjects were lost to follow-up.
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2.3 | Diagnosis of dementia

When a study subject was suspected to have experienced new neu-
rological symptoms, the study team, including the psychiatrists and
stroke physicians, evaluated the individual through comprehensive
investigations, including physical and neurological examinations, a
review of the clinical records, and interviews of the family or attend-
ing physician. In addition, we collected and reviewed all available clin-
ical information, and interviewed the family members and the attend-
ing physician when the subject died. Dementia cases were diagnosed
according to the Diagnostic and Statistical Manual of Mental Disor-
ders, Revised Third Edition.'® Expert stroke physicians and psychia-
trists in our study team adjudicated the diagnosis for dementia cases
based on all available clinical information as well as neuroimaging
data.

2.4 | Measurements of potential predictors

Data on educational attainment, smoking habits, alcohol intake,
daily physical activity levels, regular exercise, past history of can-
cer, and medication use were collected using a self-administered
questionnaire and were checked by trained interviewers. Systolic
and diastolic blood pressures were measured by a mercury sphyg-
momanometer three times in a sitting position after 5 minutes of
rest, and the average of the three measurements was calculated.
Hypertension was defined as systolic blood pressure of >140 mmHg,
diastolic blood pressure of >90 mmHg, and/or use of antihyperten-
sive medication. Diabetes was defined as fasting plasma glucose
concentration >126 mg/dL (7.0 mmol/L), 2-hour post-load plasma
glucose concentration >200 mg/dL (11.1 mmol/L), and/or taking
anti-diabetic medication. Hypercholesterolemia was defined as
serum total cholesterol of >220 mg/dL. Body mass index (BMI) was
calculated using height and weight, which were measured with the
participant in light clothes without shoes. Because we did not observe
significant increase or decrease in the risk of dementia in subjects
with obesity (>25.0 kg/m?2) compared to those with normal weight
(BMI of 18.5 kg/m? to <25.0 kg/m?; data not shown), we catego-
rized participants as lean (BMI <18.5 kg/m?2) or not (>18.5 kg/m?).
Electrocardiogram abnormalities were defined as left ventricular
hypertrophy (Minnesota Code, 3-1), ST depression (4-1, 2, 3), and/or
atrial fibrillation (8-3). History of stroke at baseline was defined as any
preexisting event of symptomatic stroke including ischemic stroke,
intracerebral hemorrhage, and subarachnoid hemorrhage ascertained
by all available clinical information and medical records. A regular
exercise habit was defined as engaging in sports or other forms of
exercise at least once per week during leisure time. Daily physical
activity levels were reported for common occupational/domestic
activities as follows: mostly sitting or lying down around all day; mixed
sitting, standing and walking; walking; and heavy labor. Responses

were classified as sedentary (i.e., mostly sitting or lying down) or not.

Disease Monitoring

2.5 | Statistical analysis

The risk prediction model was constructed using a Cox proportional
hazard model with a backward variable selection, in which the cri-
terion for variable elimination was set as P < .10. For the backward
variable selection, the following variables were included in the first
model: age groups (65-69, 70-74, 75-79, 80-84, and >85 years), sex
(women vs. men), educational level (<9 vs. >9 years), hypertension (yes
vs. no), diabetes (yes vs. no), hypercholesterolemia (yes vs. no), BMI
level (<18.5 vs. >18.5 kg/m?2), electrocardiogram abnormalities (yes vs.
no), history of stroke (yes vs. no), history of cancer (yes vs. no), smoking
habits (current vs. past-/non-smoker), drinking habits (current vs. past-
/non-drinker), regular exercise habit (no vs. yes), and sedentariness (yes
vs. no). To elucidate the possible reverse causality in the associations of
risk factors with dementia, we performed a sensitivity analysis using a
Cox regression analysis including variables that were selected by the
backward selection after excluding those who developed dementia in

the first 5 years.

2.6 | The probability for incidence of dementia
at t year was calculated as follows

6 =1— So(t)eXp(z~iXi_2«®)

where Sy(t) is the average event-free survival at time t (i.e., at 10 years)
estimated using a Cox regression model that included the selected vari-
ables through the aforementioned backward elimination. The value
of Y Bix; was calculated as the sum of the product of regression
coefficients and the individual values, and Y87 as the sum of the
product of regression coefficients the mean values of each predictor,
respectively.

The developed model was translated into a simplified risk score
according to the instructions of Sullivan et al.2* The points for each cat-
egory (j) of each predictor (i) were determined as follows:

Pomtu = ﬁ,’ (W’J - WiREF) /Constant

where §3; is the S estimate for the predictor i in the risk prediction model
described above. Wj; and Wipgr are the assigned values of each cate-
gory and the reference category, respectively. Therefore, W;;-Wiggr is
the distance of each category of each predictor from its reference cat-
egory in their original units. The constant was set as 0.302, which was
the 8 estimate for education of <9 years (i.e., the lowest value across
the values of §;).

The agreement between the 10-year probability of dementia pre-
dicted by the multivariable model and that predicted by the simpli-
fied score was assessed using Spearman’s rank correlation and a bivari-
ate linear regression of the model-predicted probability on the score-

predicted probability.
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The discrimination for the multivariable model and the simpli-
fied score was assessed by Harrell’s C index. For internal validation,
the optimism of the developed model was estimated using the 200
bootstrap samples, and the optimism-corrected C index was calcu-
lated according to the procedure proposed by Harrell et al.’> Cal-
ibration was assessed graphically by plotting the average predicted
10-year probabilities (based on the risk model and the score) against
the observed 10-year probabilities (Kaplan-Meier estimates) accord-
ing to the decile of predicted probabilities. The Greenwood—Nam-
D’Agostino x? statistic was also calculated to quantitatively assess
calibration.® The Greenwood—Nam-D’Agostino y? statistic was cal-
culated by seven groups according to the multivariable model and the
simplified score by collapsing adjacent deciles with small numbers of
dementia cases in lower categories.'¢

All analyses were performed using SAS version 9.4 and Stata version
16. A two-tailed P value of < .05 was defined as statistically significant

for all analyses except for the backward elimination.

3 | RESULTS

The baseline characteristics of the study sample are shown in Table 1.
The mean age was 74.1 (standard deviation 6.1) years in the whole pop-
ulation, and 61% of participants were female.

During the 24-year follow-up, 364 subjects developed dementia.
The univariate association of potential predictors with the risk of
dementia is shown in Table S1 in supporting information. In the mul-
tivariable analysis with backward variable selection, age, female sex,
formal education <9 years, BMI <18.5 kg/m2, hypertension, diabetes,
history of stroke, current smoking, and sedentariness were selected as
significant predictors for incident dementia. The regression coefficient
(), its standard error, the hazard ratio and its 95% confidence intervals
(95% Cls) of each selected predictor are shown in Table 2. These vari-
ables were identical to the variables selected in >40% (80/200) of the
bootstrap samples (Figure S1 in supporting information). In the sensi-
tivity analysis after excluding 64 subjects with dementia onset within
the first 5 years, who were likely to be older and in poorer health, the
association of the predictors, except for BMI <18.5 kg/m? and history
of stroke, with dementia was unchanged (Tables S2 and S3 in support-
ing information).

The baseline survival function (i.e., 10-year probabilities) for inci-
dent dementia in this cohort was calculated as So(10) = 0.8254. Finally,
we developed the following risk prediction model for incident demen-
tia:

6 =1- 0.8254exp(2‘ixi—1.543)

where Y 8ix; = (0.552 if age of 70-74 years) + (0.783 if age of 75-79
years) + (1.372 if age of 80-84 years) + (2.165 if age of 85 years and
over) + (0.325 if women) + (0.302 if formal education of <9 years) +
(0.316 if hypertension) + (0.461 if diabetes) + (0.341 if BMI < 18.5
kg/m2) + (0.518 if having history of stroke) + (0.378 if current smoker)
+ (0.612 if sedentary [mostly sitting or lying down during the day]).

HONDAET AL.
TABLE 1 Baseline characteristics of study participants

Mean

(standard

deviation) or
Variables frequency
Age, years 74.1(6.1)
65-69 years, % 28.1
70-74 years, % 29.1
75-79 years, % 22.9
80-84 years, % 13.6
>85 years, % 6.4
Women, % 60.9
Education <9 years, % 73.4
Systolic blood pressure, nmHg 144.1 (24.6)
Diastolic blood pressure, mmHg 75.6(11.2)
Use of antihypertensive agents, % 28.6
Hypertension, % 61.9
Diabetes, % 13.6
Use of glucose-lowering agents, % 4.9
Serum total cholesterol, mg/dL 207.1(44.0)
Hypercholesterolemia, % 35.2
Body mass index, kg/m? 21.9(3.2)
Body mass index <18.5 kg/m?, % 14.0
Electrocardiograph abnormalities, % 23.2
History of stroke, % 6.3
History of cancer, % 4.4
Current smoking, % 19.8
Current drinking, % 21.9
Regular exercise at least once per week, % 33.0
Sedentariness, % 7.3

The final multivariable prediction model was translated into a sim-
plified risk score. The total score ranged from O to 16. Based on the
simplified risk score, the 10-year risk for dementia can be calculated
as follows:

6 = 1 — 0.8254exp(total scorexo'302_1'543)

The calculation of the simplified score and the corresponding pre-
dicted 10-year probability of the development of dementia are pre-
sented in Figure 1. The predicted 10-year probabilities of dementia by
the multivariable model and by the simplified score were highly lin-
early correlated (Spearman’s correlation coefficient r = 0.993; inter-
cept = —0.004; and regression coefficient 8 = 0.977 [95% Cl 0.969 to
0.985] in a bivariate linear regression model that regressed the model-
predicted probability on the score-predicted probability). The Har-
rell’s C statistic for the multivariable model was 0.718 (95% CI 0.686
to 0.750) in the original cohort, and the optimism-corrected C statis-
tic calculated by 200 bootstrap samples was 0.703. Compared to the
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TABLE 2 Multivariable model for predicting dementia in older adults aged 65 and over

Variables (reference)

Age groups

70-74 years (vs 65-69 years)
75-79 years

80-84 years

>85 years

Women (vs. men)
Education <9 years (vs.>9 years)
Hypertension (vs. no)

Diabetes (vs. no)

Body mass index <18.5 kg/m? (vs.>18.5 kg/m?)
History of stroke (vs. no)

Current smoking (vs. past-/non-smoker)
Sedentariness (vs. no)

Index of the predictive ability for the

multivariable model
Harrell’s C index 0.718 (0.686-0.750)

Optimism-corrected C index 0.703

Abbreviations: Cl, confidence interval; SE, standard error.

B coefficient SE Hazard ratio (95% Cl) Pvalue
0.552 0.14 1.74(1.32-2.29) <.001
0.783 0.16 2.19(1.60-2.99) <.001
1.372 0.20 3.97 (2.68-5.88) <.001
2.165 0.24 8.72(5.44-13.99) <.001
0.325 0.13 1.39(1.08-1.78) .01
0.302 0.13 1.35(1.08-1.78) .02
0.316 0.12 1.37(1.10-1.72) .01
0.461 0.15 1.58(1.18-2.13) .002
0.341 0.16 1.40(1.02-1.94) .04
0.518 0.22 1.68(1.10-2.56) .02
0.378 0.16 1.46 (1.07-1.98) .02
0.612 0.21 1.84(1.21-2.79) .004

Notes: Only the variables selected by backward elimination (P < .10) are presented.

The average survival rate was 0.8254 at 10-year periods in the study population.

The optimism-corrected C index was calculated based on 200 bootstrap samples.

model that only included age category as a predictor, the multivariable
prediction model showed a significant improvement in model fitness,
based on the likelihood ratio test (P < .01). The simplified risk score also
showed good discrimination ability with Harrell’s C statistic of 0.755
(95% C10.724 t0 0.786).

Calibration plots demonstrated that the model-predicted 10-year
probability and the observed 10-year probability were highly linearly
correlated (Figure 2A), and the Greenwood-Nam-D’Agostino tests
indicated a good calibration of the model (P = .19). The predicted 10-
year probability according to the simplified score also showed a highly
linear correlation with the observed 10-year probability (Figure 2B),
with a P value of .07 for the Greenwood—Nam-D’Agostino y? test.

The clinical examples with different risk profiles are presented in
Table S4 in supporting information. In this example, a man (A) has some
risk-elevating factors including shorter educational attainment, hyper-
tension, low BMI, and smoking habit. Another man (B) has a similar pro-
file except for the absence of hypertension, and the other man (C) also
has no smoking habit. The predicted 10-year probabilities of demen-
tiafor A, B, and C can be calculated as 29%, 22%, and 16%, respectively.
Calculated with the simplified score, the probabilities were reproduced

very closely.

4 | DISCUSSION

Using the data collected in a general Japanese elderly population over
a long-term follow-up with extremely high participation and follow-up

rates, we developed a multivariable risk prediction model and a simpli-
fied scoring system for predicting the development of dementia. The
proposed multivariable model and the simplified score showed good
discrimination, an adequate calibration, and satisfactory internal valid-
ity. These findings support the practical utility of our risk prediction
tools for dementia in a community. These tools were based on infor-
mation readily available in a primary care setting, which could enhance
individuals’ motivation to engage in risk factor management to delay
the onset of dementia and promote risk stratification by primary care
practitioners for the introduction of specialized examination and care.

The prediction model developed in the present study included
well-known, explainable risk factors for dementia, such as advanced
age, low education, smoking habits, and the presence of chronic dis-
eases (hypertension, diabetes, and stroke).l” The selected predictors
were generally consistent with those in existing dementia prediction
models developed in Western countries.'8-22 Because sociocultural
background and lifestyles play a role in modifying risk for dementia,
this study is novel in that its weights were determined in a cohort of
Japanese, who have unique cultural backgrounds, living environments,
and a long life expectancy. Meanwhile, there were some notable
differences in predictors between the existing models and ours. For
example, several existing models consider obesity as a risk factor.!®
In contrast, our multivariable model as well as some other models
included leanness as a risk factor.2221 A recent meta-analysis of 23
cohort studies revealed that subjects with a BMI < 18.5 kg/m? had a
greater risk of dementia than those with a BMI 18.5 to 22.4 kg/m?2.23
Moreover, hypercholesterolemia was used as a predictor in some prior
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Add up points #1 to #9 (left panels), then look up the predicted 10-year dementia risk (right panel)

65-69 years 0 0
#5_-’ Total score Estimated 10-year
70-74 years 2 Diabetes Yes 9 of #1-#9 probability
#1
A 75-7
ge groups 9 years 3 0 4%
80-84 years 5 #6 >18.5 kg/m? 0 1 5%
Body mass
>85 years 7 index <18.5 kg/m? 1 2 7%
3 10%
4 Men 0 #7 0 4 13%
History of
S 0
x Women 1 stroke Yes 2 5 17%
6 22%
7 29%
# >9 years 0 #8 0
0,
Education Curre_nt 8 37%
<9 years 1 smoking 1
9 46%
10 57%
No 0 49 0 11 68%
#4 Sedentariness
Hypertension (mostly sitting 12 79%
Yes 1 around all day) Yes 2
>13 >80%

FIGURE 1 Simplified point-based scoring system for dementia. The predicted 10-year probability was determined using the following

formula: pA — 1_0.8254exp(total score x 0.302-1.543)

models820 but was not used in our current prediction model. These
discrepancies may have been due to the different age ranges of partic-
ipants among studies: BMI and serum cholesterol levels were reported
to be risk factors for the onset of dementia in middle-aged subjects
with a long follow-up period but not in cohorts of older adults.* A
history of cancer was included in the risk model from the Framingham
Heart Study,?! but not in our prediction model. Although there is
currently a lack of consensus, some observational studies reported no
or inverse associations of history of cancer and dementia.2*2> Taken
together, there is no strong justification for considering history of
cancer as a predictor of dementia.

The predictors that were included in the proposed model were
mostly based on directly or indirectly modifiable factors,'” which may
provide a rationale for risk factor-based intervention. Incorporating
modifiable, lifestyle-related factors as predictors in a risk prediction
model may facilitate patients’ awareness of their accumulated risk
and its relationship with their lifestyle choices, which is potentially
useful preparation for a lifestyle modification consultation with goal
setting.2 In addition, our risk prediction model was designed to include
predictors that are commonly measured at community or primary care
facilities. A qualitative analysis pointed out that some older individuals
find dementia screening to be strenuous, and that healthier individu-

als were less willing to be routinely screened for memory problems,?’

suggesting that community screening using neuropsychological exam-
inations could overlook potential dementia cases. In contrast, our risk
prediction model could be incorporated into routine health checkups,
because health insurers in Japan (municipalities or corporate health
insurance societies) mandatorily provide annual health checkups for
all residents aged 40 to 74 under the universal health insurance cov-
erage system. Further studies are warranted to investigate the cost-
effectiveness and clinical usefulness of dementia screening with our
prediction model in community settings.

Importantly, the association of risk factors in the developed predic-
tive model was not confirmed by intervention studies. Leanness and
stroke were no longer statistically significant in the sensitivity analysis
after excluding early onset cases. This suggests that, rather than inter-
preting as causal, it would be more appropriate to interpret them as
suggesting that they may be markers for identifying vulnerable individ-
uals. On the other hand, a certain causal effect between the remain-
ing factors and dementia onset was suggested. Also, the risk estimates
themselves should be interpreted with caution. We gave three exam-
ples with slightly different risk factor profiles to illustrate the use of
the prediction model and the simplified scores. However, the change
in predicted dementia risk obtained by changing the risk factors in the
prediction model may be different from the amount of change expected

when the behavior actually changed. Further intervention studies are
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(A) Multivariable model

GND test p=0.19 s

Observed probability

0.00.10.20.30.4050.60.70.8091.0

0001020304 0506070809 1.0
Predicted probability

Disease Monitoring

(B) Simplified score

GND test p = 0.07 s

Observed probability

0.00.10.20.30.40.50.60.70.80.91.0

0001020304 050607080910
Predicted probability

FIGURE 2 Calibration plots for predicting dementia in the Hisayama cohort. The predicted risk (horizontal axis) was estimated from (A) the
prediction and (B) the simplified risk score. The solid curve is the Loess-estimated calibration curve. GND test, Greenwood—Nam—D'AgostinO)(2

test

required to examine the degree of risk reduction that can be achieved
by changing risk factors.

The strengths of this study include the rigorous surveillance and
detailed examinations for determining the endpoints during the
follow-up, which should have greatly improved the accuracy of diag-
nosis of dementia. The estimates of absolute risk were also considered
to be highly accurate. In general, follow-up studies of dementia are
generally prone to biases such as the use of electronic health records
and that due to drop-out, and thus the onset of dementia tends to be
overlooked, but this is unlikely to be the case in the present study. In
addition, the continued long-term follow-up may allow us to identify
potential influential risk factors for dementia as predictors. Indeed,
we found that most of the selected predictors were not likely to be
affected by reverse causality. Several limitations should also be noted.
First, we did not externally validate the proposed model, because
no data were available. Further validation in different populations
is warranted. Second, we did not examine some potential predictors
that are known to be risk factors, such as hearing loss, head trauma,
depression, and low social contact, because information on these
factors was not available at baseline. Third, some participants may
have been prescribed medications or may have undergone therapeutic
treatments for the risk factors during the follow-up period, which
could have reduced the predictive ability of the developed models.

In conclusion, we developed a risk prediction model and a simplified
score for dementia for use in a primary health-care setting. The devel-
oped prediction tools may help individuals to achieve a better under-
standing of their accumulated risk and its connection to their lifestyle,
and enhance early identification of older adults who are at high risk of

dementia in a community.
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