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Abstract
Background
The burden of dementia is growing rapidly and has become a medical and social problem in Japan. Prospective cohort studies have been considered an effective methodology to clarify the risk factors and the etiology of dementia. We aimed to perform a large-scale dementia cohort study to elucidate environmental and genetic risk factors for dementia, as well as their interaction.

Methods
The Japan Prospective Studies Collaboration for Aging and Dementia (JPSC-AD) is a multisite, population-based prospective cohort study of dementia, which was designed to enroll approximately 10,000 community-dwelling residents aged 65 years or older from 8 sites in Japan and to follow them up prospectively for at least 5 years. Baseline exposure data, including lifestyles, medical information, diets, physical activities, blood pressure, cognitive function, blood test, brain magnetic resonance imaging (MRI), and DNA samples, were collected with a pre-specified protocol and standardized measurement methods. The primary outcome was the development of dementia and its subtypes. The diagnosis of dementia was adjudicated by an endpoint adjudication committee using standard criteria and clinical information according to the Diagnostic and Statistical Manual of Mental Disorders, 3rd Revised Edition. For brain MRI, three-dimensional acquisition of T1-weighted images was performed. Individual participant data were pooled for data analyses.

Results
The baseline survey was conducted from 2016 to 2018. The follow-up surveys are ongoing. A total of 11,410 individuals aged 65 years or older participated in the study. The mean age was 74.4 years, and 41.9% were male. The prevalence of dementia at baseline was 8.5% in overall participants. However, it was 16.4% among three sites where additional home visit and/or nursing home visit surveys were performed. Approximately two-thirds of dementia cases at baseline were Alzheimer’s disease.

Conclusions
The prospective cohort data from the JPSC-AD will provide valuable insights regarding the risk factors and etiology of dementia as well as for the development of predictive models and diagnostic markers for the future onset of dementia. The findings of this study will improve our understanding of dementia and provide helpful information to establish effective preventive strategies for dementia in Japan.
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Background
Dementia, which is characterized by the impairment of cognitive function, behavior, and the capacity for everyday activities, is widely acknowledged as a public health and social care priority worldwide. According to the World Alzheimer Report 2015, the estimated number of people with dementia worldwide was 46.8 million in 2015, and that number is expected to double to 74.7 million by 2030 [1]. In Japan, an upward trend in the number of patients with dementia is similarly expected along with the aging of the population. A national survey of dementia conducted by the Ministry of Health, Labour and Welfare of Japan found that the prevalence of dementia is 15% among individuals aged 65 and over [2]. Based on this data, the number of patients with dementia in Japan was estimated to have been 4.62 million nationwide in 2012 and is expected to increase further, reaching about 7 million by 2025 [2, 3]. Moreover, epidemiological evidence has shown that the prevalence of Alzheimer’s disease (AD) has been increasing rapidly in Japan for the last 20 years [4]. Therefore, it has become an urgent national issue to establish comprehensive strategies for the prevention and treatment of dementia, particularly AD, as well as for the care of affected individuals.
Epidemiological studies such as prospective cohort studies have been considered an effective methodology to estimate the current status of dementia and to clarify the risk factors and etiology for dementia. Recent prospective cohort studies conducted in Europe and the USA have reported that environmental factors such as diabetes, obesity, smoking, and physical inactivity contribute to the development of dementia [5]. In addition, genetic factors for the development of dementia have also been examined, with the apolipoprotein E (APOE) genotype being identified as the most potent genetic risk factor for the development of AD [6, 7]. Moreover, large-scale genome-wide association studies conducted mainly in Europe and the USA have identified several AD-susceptible genes, including the CR1 and CLU genes [7–9]. On the other hand, lifestyles and genetic backgrounds are known to differ among different countries or ethnicities. Therefore, we considered that it would be of value to explore the risk factors for dementia by using the data from a prospective cohort study of community-dwelling, older Japanese populations.
The Japan Prospective Studies Collaboration for Aging and Dementia (JPSC-AD) is an ongoing prospective cohort study for dementia that includes approximately 10,000 older individuals from 8 research sites in Japan with a pre-specified protocol and standardized measurement methods across the research sites. This study aims to explore the genetic and environmental risk factors for dementia and also to examine the gene–environment interaction on the onset of dementia by establishing a large-scale prospective cohort of Japanese.
Methods
Study design
The JPSC-AD was designed as a multisite, population-based prospective cohort study for dementia (Fig. 1). At least 10,000 community-dwelling elderly residents aged 65 years and older were surveyed in 8 research sites of Japan as follows: Hirosaki City, Aomori Prefecture (research institute: Hirosaki University); Yahaba Town (19 selected areas), Iwate Prefecture (Iwate Medical University); Nakajima Town of Nanao City, Ishikawa Prefecture (Kanazawa University); Arakawa Ward, Tokyo (Keio University); Ama Town, Shimane Prefecture (Matsue Medical Center and Tottori University); Nakayama Town of Iyo City, Ehime Prefecture (Ehime University); Hisayama Town, Fukuoka Prefecture (Kyushu University); and Arao City (3 selected areas), Kumamoto Prefecture (Kumamoto University) (Fig. 2). First, we pre-specified and standardized the questionnaires, baseline survey items, measurement methods for the blood tests, and diagnostic procedures for dementia across the 8 research sites in 2015, to improve the quality of the collected data. Subsequently, a baseline survey was conducted in 2016–2018. Sampling frames were determined based on the basic resident registers at the initial year of the baseline survey for each research site.
[image: ../images/12199_2020_903_Fig1_HTML.png]
Fig. 1Study design for the Japan Prospective Studies Collaboration for Aging and Dementia (JPSC-AD)
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Fig. 2Locations of the 8 research sites for the surveys. The map was downloaded from https://​www.​start-point.​net/​maps/​material/​


Study organization
The organization for the JPSC-AD is shown in Supplementary figure 1 and the Acknowledgements. The Steering Committee of this study was organized by the principal investigators of the 8 research institutions. The project and data management were carried out by the central study secretariat set-up at Kyushu University (Center for Cohort Studies, Graduate School of Medicine). An endpoint adjudication committee, a data quality control committee, and a research ethic support committee were also established. A wide-area network data management system was used to manage the survey data; the system was fully equipped with network security (authentication by public key authentication and remote access virtual private network) and always recorded operation logs for data input/output and correction of the information.
Baseline survey items
The following items were surveyed at baseline using a standardized questionnaire and measurement methods across the 8 research sites.
	a)Questionnaires: educational history, medical history, medications, smoking habits, alcohol intakes, dietary survey, physical activities, activities of daily living (ADL), functional capacity (instrumental ADL, intellectual activity, social roles), sleeping status, and so on.

 

	b)Physical examinations: height, weight, body mass index (BMI), blood pressure, electrocardiogram, grip strength, gait speed

 

	c)Neuropsychological testing: cognitive function and depressive symptoms

 

	d)Urinalysis: urinary protein, urinary sugar, occult urinary blood, urinary albumin/creatinine ratio

 

	e)Blood test: white blood cells, red blood cells, hemoglobin, hematocrit, platelets, total protein, liver function, lipid, uric acid, kidney function, electrolytes, blood glucose, hemoglobin A1C, glycoalbumin, insulin, high-sensitivity C-reactive protein, thyroid function

 

	f)Brain magnetic resonance imaging (MRI): three-dimensional acquisition of T1-weighted images (T1WI)

 

	g)Preserved blood samples: serum, plasma, and genomic deoxyribonucleic acid (DNA)

 




Blood pressure was measured three times using an automated sphygmomanometer in the sitting position after at least 5 min of rest, and the mean of the three measurements was calculated. Body height and weight were measured in light clothes without shoes, and the BMI was calculated. Waist circumference was measured at the umbilical level in a standing position. Handgrip strength was measured twice for each hand using a digital strength dynamometer according to the instructions provided by the trained personnel or nurse. The participants were encouraged to exert maximal handgrip strength, and the maximum value between the two hands was used. The participants with pain in their hands and elbows were excluded from the examination of handgrip strength. The usual gait speed was tested twice on the middle 5 m of the course, in which the participants were asked to walk at their usual speed. The faster of the two measurements of the gait speed was used for the analysis. The participants with functional limitations (e.g., walking difficulty or the presence of falling risk) were excluded from the examination of gait speed. The instruments used at each research site to measure blood pressure, electrocardiogram, and handgrip strength are shown in Supplementary table 1.
The detailed measurement methods of blood chemistry are shown in Supplementary table 2. The measurement of blood chemistry was carried out at the central laboratory (LSI Medience Corporation, Tokyo) for all participants using the same equipment in order to eliminate the measurement errors due to the differences in the measuring laboratories. A simple log of the time and temperature from the time of blood collection to sample storage was recorded for the quality control of the collected biological samples. Blood samples (serum and plasma) for preservation were aliquoted and cryopreserved. Genomic DNA was extracted from the whole blood. These samples were stored in − 80 °C deep freezers at the Biological Sample Management Center at Kyushu University.
Depressive symptoms were assessed using the Geriatric Depression Scale (GDS)-short version [10]. Depressive symptoms were defined as a GDS score of ≥ 6 or the current use of antidepressant medication. The subjects with depressive symptoms underwent a second screening survey of depression by using the Mini-International Neuropsychiatric Interview, where depression was diagnosed according to the criteria of the Diagnostic and Statistical Manual of Mental Disorders-fourth edition (DSM-IV) [11, 12].
Brain MRI examination
The MRI equipment for brain MRI was set with T1WI parameters according to the protocol of brain MRI for the Alzheimer’s Disease Neuroimaging Initiative (ADNI) study [13] at all research sites. In addition, the brain MRI data were standardized by using the MRI Phantom, Human Phantom, and ADNI Phantom to correct geometric distortions among the different pieces of equipment. The volumes of the cortical thickness and area of interest were calculated using image analysis software [14] (FreeSurfer; http://​surfer.​nmr.​mgh.​harvard.​edu) at the Department of Functional Imaging Medicine, Institute of Development, Aging and Cancer, Tohoku University.
Diagnosis of dementia
Dementia was diagnosed according to the Diagnostic and Statistical Manual of Mental Disorders, 3rd Revised Edition (DSM-III-R) [15]. The diagnosis of dementia subtypes was made based on the following criteria: the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association criteria (NINCDS-ADRDA) [16] for AD, the National Institute of Neurological Disorders and Stroke-Association International pour la Recherche et l’Enseignement en Neurosciences criteria (NINDS-AIREN) [17] for vascular dementia (VaD), and the Fourth Consensus Report of the Dementia with Lewy Bodies (DLB) Consortium [18] for DLB. Petersen’s criteria were used for the diagnosis of mild cognitive impairment (MCI) [19].
The diagnosis of dementia was made using a two-step diagnostic system, which was standardized among the 8 research sites (Fig. 3). First, an interview survey for the screening of cognitive function was conducted by trained doctors, public health nurses, nurses, and clinical psychologists using the Mini-Mental State Examination (MMSE) [20] as the first screening survey. The subjects who met the following criteria underwent the second screening survey for the suspected cases of cognitive impairment: (1) MMSE ≤ 26 points, (2) score of ≤ 4 of a total possible 6 points on the delayed recall component of the MMSE (i.e., 3 questions, each scored 2 points if answered correctly without a hint, 1 point if answered correctly with a hint, and 0 points if answered incorrectly), (3) failed intersecting pentagon-copying component in the MMSE and/or cube-copying test [21], and (4) suspected cases based on the manner of speaking and behavior. In the second screening survey, the presence of cognitive impairment (i.e., MCI or dementia) and dementia subtypes was determined by expert psychiatrists or neurologists based on the physical and neurological examinations, including the delayed recall test of the logical memory IIA subscale of the Wechsler Memory Scale-Revised [22] and the Pareidolia test [23] the information from the patient, interviews with family members and attending physicians, medical records, and brain imaging. For the delayed recall test of the Wechsler Memory Scale-Revised, the cut-off scores of any cognitive impairment were selected according to the education levels as follows: ≤ 8 points for 16 years of education, ≤ 4 points for 8–15 years, and ≤ 2 points for 0–7 years [22].
[image: ../images/12199_2020_903_Fig3_HTML.png]
Fig. 3Process of the diagnosis for cognitive impairment. LM-WMS, the delayed recall of the Logical Memory IIA subscale of the Wechsler Memory Scale-Revised; MCI, mild cognitive impairment; MMSE, mini-mental state examination


To standardize the accuracy in the diagnosis of cognitive impairment across the 8 research sites, all cases of cognitive impairment were adjudicated by independent evaluators who were expert psychiatrists or neurologists at the different recruitment sites by reviewing the collected clinical information. If the diagnosis of the specialists in each region and the members of the endpoint adjudication committee were in agreement, the diagnosis was confirmed; if not, a meeting of the endpoint adjudication committee was held, and the diagnosis was confirmed through discussion.
Outcomes of interest
The primary outcome of this study is the development of dementia and its subtypes during the follow-up period. As alternative outcomes, the following information will also be collected during the follow-up period: (1) the changes in cognitive function, (2) the development of cardiovascular disease, including stroke and coronary heart disease, (3) all-cause and cause-specific deaths, and (4) the onset of depressive symptoms. The information at baseline surveys—namely, the presence of dementia and depression, and the brain MRI results—will be used in cross-sectional analyses.
Follow-up surveys
The follow-up surveys for participants are ongoing. Health check-ups for the study participants have been repeated every 1–2 years to obtain information on the health status of participants and the development of the outcomes of interest. Letter or telephone surveys or home visits have been conducted for individuals who did not undergo a health check-up or complete a dementia survey and who moved away from the vicinity of research sites. In addition, every 5–6 years, a comprehensive survey of dementia will be repeated in the same way as the baseline dementia survey in order to minimize missed cases of dementia. Further, we will collect the death information from the Ministry of Health, Labour and Welfare’s Vital Statistics. When the development of outcomes is suspected, the participants or their family members will be interviewed, and their detailed clinical information will be collected from hospitals or clinics whenever possible.
Statistical analysis
The required sample size was calculated as 9850 participants using a log-rank test with 80% power and a two-tailed significance level of 5% to detect a hazard ratio of 1.50 on the development of AD for 5 years, under the assumption of a frequency of exposure of 10% and a 5-year incidence rate of AD of 5% [4]. The sample size permitted a loss of 15% of participants to follow-up. Therefore, the required number of enrolled participants in this study was 10,000 or more.
For the baseline characteristics of participants, the values were shown as the mean (standard deviation), median (interquartile range), or frequency, as appropriate. Subjects with missing values were excluded from the analysis for each relevant variable. All statistical analyses were performed with the SAS statistical software program, version 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
The baseline survey was conducted from 2016 to 2018. A total of 11,957 community residents in 8 research sites consented to participate in the study, of which 11,410 individuals were aged 65 years or older. Full community surveys were conducted at 6 rural sites; at each of these sites, all residents aged 65 years or older were recruited based on the basic resident registers at the initial year of the baseline survey and were encouraged to participate in the surveys. As a consequence, 8030 individuals aged 65 years or older (participation rate, 65% of the total residents of this age group across the 6 sites) consented to participate in these surveys: Yahaba Town (n = 962), Nakajima Town (n = 2128), Ama Town (n = 722), Nakayama Town (n = 927), Hisayama Town (n = 1714), and Arao City (n = 1577). The remaining 3380 individuals were selected by a simple random sampling (Arakawa Ward, n = 1099) and a voluntary response sampling (Hirosaki City, n = 2281) at the 2 sites with larger populations. The recruited residents visited the research facilities (e.g., the health centers, clinics, or hospitals) for the baseline survey, MRI scans, and blood samplings.
The baseline characteristics of the study participants are shown in Table 1. The mean age of participants was 74.4 (standard deviation [SD], 7.2) years. The frequency of men was 41.9%. The crude prevalences of dementia and MCI at baseline were 8.5% and 17.0%, respectively (Table 2). The age-specific prevalence of dementia increased with age in the overall participants, whereas the highest age-specific prevalence of MCI was observed in the participants aged 80–84 years. The same was true in both sexes. The prevalence of dementia was higher in women than in men (6.6% for men vs. 9.8% for women), but men had a higher prevalence of MCI than women (19.9% vs. 14.9%). With regard to dementia subtypes, approximately two-thirds (67.8%) of dementia cases at baseline were cases of AD (isolated type), which was the most frequent subtype of dementia, followed by VaD (11.4%), and DLB (4.8%) (Fig. 4). The frequency of the mixed type of dementia was 6.0%, the primary subtype of which was a combination of AD and VaD.
Table 1Baseline characteristics of the study participants aged ≥ 65 years (n = 11,410)


	Variables
	Mean, median, or frequencya
	% of missing value

	Demographic factors and lifestyles

	 Age, years
	74.4 (7.2)
	0.0

	 Men, %
	41.9
	0.0

	 Education ≤ 9 years, %
	35.5
	1.8

	 Current smoker, %
	8.2
	2.3

	 Current drinker, %
	40.2
	2.4

	 Regular exerciseb, %
	40.9
	9.4

	Physical examinations

	 Systolic blood pressure, mmHg
	139.8 (18.9)
	9.0

	 Diastolic blood pressure, mmHg
	78.1 (11.5)
	9.0

	 BMI, kg/m2
	23.3 (3.4)
	8.7

	 BMI category, %

	  < 18.5 kg/m2
	5.9
	 
	  18.5–24.9 kg/m2
	66.4
	 
	  ≥ 25.0 kg/m2
	27.8
	 
	 Waist circumference (at umbilicus), cm
	85.3 (9.3)
	13.5

	 Electrocardiogram abnormalitiesc, %
	14.1
	12.8

	Comorbidities and medications

	 History of cardiovascular diseased, %
	11.8
	0.5

	 History of cancer, %
	13.3
	0.4

	 Hypertensione), %
	75.0
	5.1

	 Diabetes mellitusf, %
	18.4
	10.5

	 Use of antihypertensive agents, %
	51.2
	1.9

	 Use of glucose-lowering agents (including insulin therapy), %
	12.9
	2.0

	 Use of lipid-modifying agents, %
	29.0
	2.4

	Blood test

	 White blood cells, × 109/L
	5.7 (2.4)
	11.6

	 Red blood cells, × 1012/L
	4.4 (0.5)
	11.6

	 Hemoglobin, g/L
	136.8 (14.6)
	11.6

	 Hematocrit, %
	42.5 (4.4)
	11.6

	 Platelet, × 109/L
	230.2 (62.3)
	11.7

	 Serum total protein, g/L
	73.8 (4.9)
	11.6

	 Serum albumin, g/L
	43.1 (3.3)
	11.6

	 Serum urea nitrogen, mmol/L
	6.1 (1.9)
	11.6

	 Serum creatinine, μmol/L
	63.6 (53.9–76.9)
	11.6

	 Estimated GFRg, ml/min/1.73m2
	67.8 (11.8)
	11.6

	 Serum uric acid, μmol/L
	305.7 (77.4)
	11.6

	 Serum total bilirubin, μmol/L
	12.0 (10.3–15.4)
	11.6

	 Serum aspartate transaminase, U/L
	23 (20–28)
	11.6

	 Serum alanine transaminase, U/L
	17 (13–23)
	11.6

	 Serum alkaline phosphatase, U/L
	232 (192–281)
	11.6

	 Serum lactate dehydrogenase, U/L
	203 (181–227)
	11.6

	 Serum γ-glutamyl transferase, U/L
	22 (16–35)
	11.6

	 Serum total cholesterol, mmol/L
	5.3 (0.9)
	11.6

	 Serum LDL cholesterol, mmol/L
	3.0 (0.8)
	11.6

	 Serum HDL cholesterol, mmol/L
	1.6 (0.4)
	11.6

	 Fasting serum triglycerides, mmol/L
	1.0 (0.8–1.4)
	61.0

	 Fasting blood glucose, mmol/L
	5.3 (1.1)
	61.0

	 Fasting serum insulin, pmol/L
	28.8 (21.0-40.8)
	61.3

	 Hemoglobin A1c (NGSP), %
	5.8 (0.7)
	11.6

	 Serum glycated albumin, %
	15.5 (2.6)
	12.7

	 Serum sodium, mmol/L
	141.9 (2.1)
	11.7

	 Serum potassium, mmol /L
	4.3 (0.6)
	11.6

	 Serum high-sensitivity CRP, mg/L
	0.48 (0.23–1.03)
	11.6

	 Serum free thyroxine (T4), pmol/L
	14.9 (2.3)
	11.6

	 Serum thyroid stimulating hormone, μIU/mL
	1.90 (1.27–2.88)
	11.6

	Urine test

	 Proteinuria (dipstick ≥ 1+ or Uprot ≥30 mg/dL), %
	7.3
	13.9

	 Urinary albumin:creatinine ratio, mg/gCr
	11.6 (6.0–29.3)
	13.7

	ADL and sleep

	 ADL disability (Barthel index ≤ 95), %
	12.2
	1.4

	 Functional capacity impairment (TMIG-IC ≤ 12), %
	43.1
	2.3

	 Maximal handgrip strength, kg
	27.0 (8.7)
	6.0

	 Usual speed 5-m walking time, s
	4.0 (1.4)
	21.1

	 Sleeping time, h
	7 (6–8)
	8.8

	Cognitive function

	 Mini-Mental State Examination, points
	28 (25–29)
	3.4

	 Mild cognitive impairment, %
	17.0
	0.1

	 Dementia, %
	8.5
	0.1

	Depressive status

	 Geriatric depression scale, points
	2 (1–4)
	4.4

	 Depressive symptoms (geriatric depression scale ≥ 6 points), %
	16.1
	4.4

	 Depression, %
	1.2
	0.1


Note. Conversion factors for units were as follows: hemoglobin, serum total protein, and serum albumin in g/dL to g/L, × 10; serum urea nitrogen in mg/dL to mmol/L, × 0.357; serum creatinine in mg/dL to μmol/L, × 88.4; serum uric acid in mg/dL to μmol/L, × 59.48; serum total bilirubin in mg/dL to μmol/L, × 17.1; serum cholesterol (total, LDL, and HDL) in mg/dL to mmol/L, × 0.02586; serum triglycerides in mg/dL to mmol/L, × 0.01129; blood glucose in mg/dL to mmol/L, × 0.05551; serum insulin in μU/mL to pmol/L, × 6.00; serum free thyroxine in ng/dL to pmol/L, x 12.87
ADL activities of daily living, BMI body mass index, CRP C-reactive protein, GFR glomerular filtration rate, HDL high density lipoprotein, LDL low-density lipoprotein, NGSP National Glycohemoglobin Standardization Program, TMIG-IC Tokyo Metropolitan Institute of Gerontology Index of Competence, Uprot urinary protein concentration
aValues are shown as the mean (standard deviation), median (interquartile range), or frequency, as appropriate. Subjects with missing values were excluded from the analysis for each relevant variable
bRegular exercise was defined as any physical activity performed for at least 30 min twice per week over the most recent year or longer
cElectrocardiogram abnormalities were defined as the presence of left ventricular hypertrophy, ST depression, and/or atrial fibrillation
dCardiovascular disease was defined as stroke, coronary heart disease, and/or coronary intervention
eHypertension was defined as blood pressure ≥ 140/90 mmHg and/or use of antihypertensive agents
fDiabetes was defined as fasting blood glucose ≥ 126 mg/dL, casual blood glucose ≥ 200 mg/dL, hemoglobin A1c ≥ 6.5%, and/or use of glucose-lowering agents
gEstimated GFR was calculated by using the Japanese coefficient modified CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) equation


Table 2Age-specific prevalence of dementia and mild cognitive impairment at baseline among overall participants and by sex


	Age group, years
	Number of subjects
	Number of cases of dementia (prevalencea)
	Number of cases of MCI (prevalencea)
	Number of subjects with missing data (%)a

	Overall

	 65–69
	3728
	33 (0.9%)
	314 (8.4%)
	2 (0.05%)

	 70–74
	2758
	65 (2.4%)
	364 (13.2%)
	4 (0.15%)

	 75–79
	2218
	114 (5.1%)
	494 (22.3%)
	2 (0.09%)

	 80–84
	1462
	231 (15.8%)
	441 (30.2%)
	1 (0.07%)

	 85–89
	816
	279 (34.2%)
	229 (28.1%)
	3 (0.37%)

	 ≥ 90
	428
	245 (57.2%)
	92 (21.5%)
	0 (0.00%)

	 Total
	11,410
	967 (8.5%)
	1934 (17.0%)
	12 (0.11%)

	Men

	 65–69
	1648
	15 (0.9%)
	198 (12.0%)
	2 (0.12%)

	 70–74
	1209
	31 (2.6%)
	205 (17.0%)
	1 (0.08%)

	 75–79
	936
	43 (4.6%)
	242 (25.9%)
	2 (0.21%)

	 80–84
	590
	90 (15.3%)
	186 (31.5%)
	0 (0.00%)

	 85–89
	283
	83 (29.3%)
	85 (30.0%)
	1 (0.35%)

	 ≥ 90
	116
	53 (45.7%)
	34 (29.3%)
	0 (0.00%)

	 Total
	4782
	315 (6.6%)
	950 (19.9%)
	6 (0.13%)

	Women

	 65–69
	2080
	18 (0.9%)
	116 (5.6%)
	0 (0.00%)

	 70–74
	1549
	34 (2.2%)
	159 (10.3%)
	3 (0.19%)

	 75–79
	1282
	71 (5.5%)
	252 (19.7%)
	0 (0.00%)

	 80–84
	872
	141 (16.2%)
	255 (29.2%)
	1 (0.11%)

	 85–89
	533
	196 (36.8%)
	144 (27.0%)
	2 (0.38%)

	 ≥ 90
	312
	192 (61.5%)
	58 (18.6%)
	0 (0.00%)

	Total
	6628
	652 (9.8%)
	984 (14.9%)
	6 (0.09%)


MCI mild cognitive impairment
aFor the calculation of prevalence, subjects with missing cognitive function data were assigned neither to the category of dementia nor the category of MCI
bValues are shown as the number (percentage) of subjects with missing cognitive function data
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Fig. 4Frequencies of dementia subtypes at baseline. AD, Alzheimer’s disease; VaD, vascular dementia; DLB, dementia with Lewy bodies; NPH, normal pressure hydrocephalus; CO, carbon monoxide; FTLD, frontotemporal lobar degeneration; PSP, progressive supranuclear palsy


In addition, we performed a sensitivity analysis for the prevalence of dementia among 5257 subjects (participation rate of sampling frames, 85%) at 3 research sites (Nakajima Town, Nakayama Town, and Hisayama Town), where the surveys by home visit or by visits to nursing homes or other facilities (e.g., long-stay hospitals) were conducted in addition to the survey at the research facilities. For the home visit, we contacted the participants or their surrogates (e.g., family members) through public health nurses and obtained the permission to visit. For the visits to nursing homes or other facilities, we obtained permission to conduct the survey from the directors of each site and the participants (or their surrogates). Among 5257 subjects, 1555 subjects (29.5%) were surveyed by the home visit, and 463 subjects (8.8%) were surveyed by visiting a nursing home or other facilities. The baseline characteristics of these subjects are shown in Supplementary table 3. The crude prevalence was 16.4%, as shown in Supplementary table 4.
Discussion
JPSC-AD is a large-scale population-based prospective cohort study for dementia that includes more than 10,000 older individuals from 8 research sites in Japan. The quality-controlled data of exposure and outcomes were collected with a pre-specified protocol and standardized measurement methods across the research sites. In addition, a number of community-based brain MRI data and DNA samples in the elderly are also available for the analyses. The follow-up surveys are ongoing.
The risk of dementia has been considered to be affected by environmental risk factors (e.g., hypertension, smoking, diabetes, physical inactivity) and genetic risk factors (e.g., APOE genotypes). Currently, however, there is limited evidence for establishing effective preventive interventions in order to reduce dementia risk. The gold-standard methodology for clarifying causality is randomized controlled trials, but it is hard to perform intervention trials over a sufficiently long period of time to analyze the efficacy of interventions for some of the risk factors related to the development of dementia, such as educational level, sleeping, and certain genotypes. Therefore, the findings derived from observational studies, especially prospective cohort studies, are valuable to establish possible preventive measures [24]. In Japan, several epidemiological studies for dementia have been conducted [4, 25–28], but their sample sizes have generally been too small for detailed analyses of the influence of the environmental and genomic factors on the development of dementia. Meta-analyses can be useful and informative in integrating research findings across studies with limited sample size. However, meta-analyses with data from pre-existing studies have some unavoidable limitations, such as unreliability in the findings due to the heterogeneity of study design, study quality, measurement methods, and statistical analysis across the included studies [29]. Such limitations can be improved by pooling the data of individual participants collected with standardized measurement methods of exposures and outcomes across the included studies. This was the underlying concept in launching the JPSC-AD.
In the present study, the crude prevalence of dementia was 8.5% at baseline, which was lower than previously reported [2]. The main focus of this study was to elucidate the risk factors for dementia while incorporating the brain MRI data and genomic data, rather than to estimate the prevalence of dementia. Thus, the baseline survey in the present study was mainly conducted among participants who visited the research facilities (e.g., the health centers, clinics, or hospitals) to obtain detailed baseline information including brain MRI data and blood samplings. Hence, the prevalence of dementia at the baseline in the overall participants from 8 sites is likely to be underestimated. Meanwhile, the sensitivity analysis revealed that the crude prevalence was 16.4% among participants from three sites with a high participation rate, where additional surveys by home visit or visits to nursing homes or other facilities were conducted in addition to the survey in the research facilities. This value was comparable to those in the previous reports [2].
In the present study, subjects with depressive symptom were screened by using the GDS score, and subjects with depression were diagnosed according to the criteria of the DSM-IV. Consequently, the percentages of subjects with depressive symptoms and depression were 16.1% and 1.2%, respectively. The previous epidemiological studies reported that the prevalence of subjects with depressive symptoms diagnosed by psychological tests (e.g., GDS score) was about 10–30% [30, 31] which was comparable to the prevalence in our present study. On the other hand, there have been few epidemiological studies addressing the prevalence of depression diagnosed according to the criteria of DSM-IV. Our findings will be valuable in this regard.
Conclusions
This study is expected to promote identification of the risk factors and the etiology for dementia and advance the development of predictive models and diagnostic markers for developing future dementia. The findings of this study will contribute to the establishment of preventive strategies according to the individual risk of dementia and improve the health, medical care, and welfare of the general Japanese population.
Supplementary information
Supplementary information accompanies this paper at https://​doi.​org/​10.​1186/​s12199-020-00903-3.
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