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Figure 1. Genome-wide association study of Alzheimer’s disease.
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Figure 3. Manhattan plot for GWAS of Alzheimer’s disease.
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Figure 4. Analysis of population stratification among GWAS samples.
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Table 1. Candidate SNPs for replication study

Psc SNPs Reported loci New loci Tag SNPs

< 1x10E-21 1 1 0 0
< 1x10E-12 1 1 o 0
< 1x10E-11 1 1 0 0
< 1x10E-09 2 2 0 0
< 1x10E-07 1 1 0 0
< 1x10E-05 9 3 6 5
< 1x10E-04 59 5 54 42

< 1x10E-03 486 5 481 299

total 560 19 541 346

Tag SNPs: 17 2 0.8
Table2. Combined analysis of GWAS and replication study (Top 20 SNPs)

= oo A4 ERL-IN D477

/ST e w2 L LASIGZN /N TOT 7 e AN

GWAS set Replication set .
" . . Combined
rsNo Chr.  Position MAF Adjusted MAF Adjusted
Case Control P Case Control P P OR
rs1992269 18 1862317  0.074 0.076  9.60E-04 0.062 0.08  2.16E-04 6.15E-07 1.66(1.36-2.04)
rs445925 19 50107479 0.093 0.071 6.48E-05 0.093 0.066 2.11E-02 1.49E-05 0.67(0.55-0.81)
rs4140576 22 37550854 0.204 0.243 3.43E-04 0.228 0251 6.49E-03 1.52E-05 1.31(1.16-1.49)
rs2700893 7 36138210 0.097 0.073 5.47E-04 0.086 0.073 7.71E-03 1.66E-05 0.67(0.55-0.81})
rs2309394 9 70860935 0.469 0.489 847E-04 0459 0.494 5.80E-03 2.10E-05 1.25(1.12-1.39)
rs3829062 9 70858017 0.469 0.489 B8.43E-04 0.458 0.494 6.06E-03 2.21E-05 1.25(1.12-1.39)
rs7164548 15 97483852 0.382 0.369  6.26E-05 0.39 0.37 2.82E-02 2.71E-05 1.25(1.12-1.40)
rs206768 6 33069364 0.266 0.255 8.35E-04 0.281 0.233  7.95E-03 2.85E-05 1.28(1.14-1.45)
rs2718005 7 36091147 0.095 0.072 6.72E-04 0.086 0,071  1.12E-02 3.11E-05 0.68(0.56-0.82)
rs1882059 7 36091506 0.097 0.072 5.62E-04 0.086 0.072 1.45E-02 3.68E-05 0.68(0.56-0.82)
52718000 7 36097663 0.095 0.073 7.78E-04 0.085 0.072  1.19E-02 3.73E-05 1.47(1.22-1.77)
rs5757299 22 37552588 0.218 0.259 1.84E-04 0.245 0.268 1.80E-02 3.83E-05 0.78(0.68-0.88)
rs1394890 18 1190631  0.022 0.017 8.10E-04 0.025 0.019 1.12E-02 3.96E-05 2.04(1.45-2.87)
5206775 6 33062611 0.252 0.242 9.75E-04 0.267 0.219 9.62E-03 4.03E-05 1.28(1.13-1.45)
rs17641468 4 23843172 0.203 0.225 3.55E-05 0.198 0.225 4.86E-02 4.49E-05 1.30(1.14-1.48)
rs17757570 8 135240906 0.071 0.085 5.71E-04 0.069 0.091 1.10E-02 4.55E-05 0.68(0.56-0.82)
152239842 6 33369848 0.284 0.262 2.94E-04 0276 0.245 2.21E-02 4.88E-05 1.28(1.13-1.44)
19655368 7 36115610 0.093 0.073 8.06E-04 0.084 0.072 1.60E-02 546E-05 1.46(1.21-1.76)
rs1478671 13 54224245 0.355 0.381 3.31t-04 .36 0.391 2.45E-02 7.26E-05 1.24(1.11-1.38)
rs213220 6 33310617 0.25 0.235 3.41E-04 0.246 0.217 3.34E-02 9.66E-05 1.27(1.12-1.44)
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Glucose tolerance status and risk of

dementia in the community
The Hisayama Study

ABSTRACT

Objective: We investigated the association between glucose tolerance status defined by a 75-g
oral glucose tolerance test (OGTT) and the development of dementia.

Methods: A total of 1,017 community-dwelling dementia-free subjects aged =60 years who under-
went the OGTT were followed up for 15 years. Outcome measure was clinically diagnosed dementia.

Results: The age- and sex-adjusted incidence of all-cause dementia, Alzheimer disease (AD), and
vascular dementia {VaD) were significantly higher in subjects with diabetes than in those with
normal glucose tolerance. These associations remained robust even after adjustment for con-
founding factors for all-cause dementia and AD, but not for VaD (all-cause dementia: adjusted
hazard ratio [HR] = 1.74, 95% confidence interval [Cl] = 1.19 to 2.53, p = 0.004; AD: adjusted
HR = 2.05, 95% Cl = 1.18 t0 3.57, p = 0.01; VaD: adjusted HR = 1.82, 95% Cl = 0.89 to
3.71, p = 0.09). Moreover, the risks of developing all-cause dementia, AD, and VaD significantly
increased with elevated 2-hour postload glucose (PG) levels even after adjustment for covariates,
but no such associations were observed for fasting plasma glucose (FPG) levels: compared with
those with 2-hour PG levels of <6.7 mmol/L, the multivariable-adjusted HRs of all-cause demen-
tia and AD significantly increased in subjects with 2-hour PG levels of 7.8 to 11.0 mmol/L or over,
and the risk of VaD was significantly higher in subjects with levels of =11.1 mmol/L.

Conclusions: Our findings suggest that diabetes is a significant risk factor for all-cause dementia,
AD, and probably VaD. Moreover, 2-hour PG levels, but not FPG levels, are closely associated
with increased risk of all-cause dementia, AD, and VaD. Neurology® 2011;77:1126-1134

GLOSSARY

AD = Alzheimer disease; Cl = confidence interval; DSM-III-R = Diagnostic and Statistical Manual of Mental Disorders,
3rd edition, revised; FPG = fasting plasma glucose; HR = hazard ratio; IFG = impaired fasting glycemia; IGT = impaired
glucose tolerance; NGT = normal glucose tolerance; OGTT = oral glucose tolerance test; PG = postload glucose; VaD =
vascular dementia.

Diabetes mellitus is one of the most common metabolic disorders, and its prevalence has risen
globally in recent years. Some epidemiologic studies have reported that diabetes is independently
implicated in the development of dementia.!> However, these findings are inconsistent for its
subtypes; one study found an association between diabetes and the risk of both Alzheimer disease
(AD) and vascular dementia (VaD),! whereas other studies found an association with only AD?3 or
only VaD,*7 and still others showed no association between diabetes and either condition.®® These
conflicting results may have been related to differences in the study designs, including the defined
criteria for diabetes and dementia subtypes, as well as in the regional characteristics and ethnicities of
the settings and subjects. Thus, accurate definitions of diabetes and dementia subtypes are needed to
ascertain the true associations between the two, and a 75-g oral glucose tolerance test (OGTT) and
morphologic examination of the brain may meet this requirement. However, to date, very few
cohort studies have had enough quality data to allow reliable diagnosis using these methods.

From the Departments of Environmental Medicine (T.O., Y.D., T.N., Y.H., ].H., Y.K.), Neuropsychiatry (T.O., $.K.), Medicine and Clinical
Science (Y.D., T.N., Y.H., J.H.), and Neuropathology (T'I.), Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan.

Study funding: Supported in part by Grants-in-Aid for Scientific Research (nos. 20591063, 21590698, 22590892, and 22300116) from the Ministry
of Education, Culture, Sports, Science and Technology of Japan, and a Health and Labour Sciences Research Grant of the Ministry of Health, Labour
and Welfare of Japan (Comprehensive Research on Aging and Health: H20-Chouju-004).

Disclosure: Author disclosures are provided at the end of the article.

Copyright © 2011 by AAN Enterprises, Inc.

Copyright © by AAN Enterprises, Inc, Unauthorized reproduction of this article is prohibited.

_36_



To resolve these issues, we performed a
prospective cohort study of dementia in a Jap-
anese community-dwelling population, all
members of which underwent the OGTT.
The most important feature of this study is
that the subtypes of dementia were verified by
detailed neurologic and morphologic exami-
nation, including neuroimaging and autopsy.
Using data from this cohort study, we investi-
gated the association between glucose toler-

ance levels defined by the OGTT and the
development of dementia and its subtypes.

METHODS Study population. A population-based pro-
spective study of cerebro-cardiovascular diseases was begun in
1961 in the town of Hisayama, a suburb of the Fukuoka metro-
politan area of Kyushu Island in Japan. In addition, comprehen-
sive surveys of cognitive impairment in the elderly of this town
have been conducted since 1985. In 1988, a total of 1,228 resi-
dents aged =60 years (91.1% of the total population in this age
group) participated in a screening examination for the present
study. After exclusion of 33 subjects who had dementia, 90 who
had already had breakfast, 5 who were on insulin therapy, and 81
who could not complete the OGTT, a total of 1,019 subjects
without dementia underwent the OGTT. From a total of 1,019
subjects, 2 who died before starting follow-up were excluded,
and the remaining 1,017 subjects (437 men and 580 women)

were enrolled in this study.

Follow-up survey. The subjects were followed up prospec-
tively for 15 years, from December 1988 to November 2003
(mean 10.9 years; SD 4.1 years). A complete description of the
follow-up survey is provided in appendix e-1 on the Neurology®
Web site at www.neurology.org.

Diagnosis of dementia. The diagnosis of dementia was made
based on the guidelines of the DSM-III-R."® Subjects diagnosed
with AD met the National Institute of Neurological and Com-
municative Disorders and Stroke—Alzheimer’s Disease and Re-
lated Disorders Association criteria'' and subjects diagnosed with
VaD met the National Institute of Neurological Disorders and
Stroke-Association Internationale pour la Recherche et
Enseignement en Neurosciences criteria.'? Possible or probable
dementia subtypes were diagnosed with clinical information includ-
ing neuroimaging. Definite dementia subtypes were also deter-
mined on the basis of clinical and neuropathologic information.
The diagnostic procedure for autopsy cases was reported previ-
ously.”® A neuropathologic diagnosis of AD was made following the
National Institute on Aging—Reagan Institute criteria,' where the
frequency of neuritic plaques and neurofibrillary tangles was evalu-
ated using the Consortium to Establish a Registry for Alzheimer’s
Disease criteria'® and Braak stage.'® Definite VaD cases were con-
firmed with causative stroke or cerebrovascular change and no neu-
ropathologic evidence of other forms of dementia. Every dementia
case was adjudicated by expert psychiatrists.

During the follow-up, 232 subjects (79 men and 153
women) developed dementia. Of these, 201 (86.6%) were evalu-
ated by brain imaging, and 118 (50.9%) underwent brain au-
topsy; in 110, both were performed. Thus, 209 subjects in all
(90.1%) had some kind of morphologic examination. Among
the 118 autopsy cases, the clinical diagnosis of 42 cases (35.6%)
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was changed by the neuropathologic findings. Among all de-
mentia cases, 18 AD cases and 11 VaD cases had other coexisting
subtypes of dementia. These cases were counted as events in the
analysis for other dementia. In all, 105 cases were categorized as
AD, 65 as VaD, and 62 as other dementia.

Risk factor measurement. At the baseline examination, we
performed the OGTT after an at least 12-hour overnight fast.
Plasma glucose levels were determined by the glucose-oxidase
method. Glucose tolerance status was defined by the 1998
WHO criteria”: normal glucose tolerance (NGT), fasting
plasma glucose (FPG) <6.1 and 2-hour postload glucose (PG)
<7.8; impaired fasting glycemia (IFG), FPG 6.1 to 6.9 and
2-hour PG <7.8; impaired glucose tolerance (IGT), FPG <7.0
and 2-hour PG 7.8 to 11.0; and diabetes, FPG =7.0 mmol/L or
2-hour PG =11.1 mmol/L. Each of the FPG and 2-hour PG
level was also divided into 4 categories (FPG: <5.6, 5.6 t0 6.0,
6.1 to 6.9, and =7.0 mmol/L; 2-hour PG: <6.7,6.7 t0 7.7, 7.8
t0 11.0, and =11.1 mmol/L).

In order to assess the independent effects of glucose tolerance
levels on dementia occurrence, the following baseline factors in ad-
dition to age and sex were used as confounding factors: 1) informa-
tion on smoking habits, alcohol intake, and physical activity was
obtained by means of a questionnaire administered to each subject;
2) a low education level was defined as =6 years of formal educa-
tion; 3) history of stroke was determined on the basis of all clinical
data available in the Hisayama Study; 4) hypertension was defined
as blood pressure levels =140/90 mm Hg or current treatment with
antihypertensive agents; 5) EKG abnormalities were defined as left
ventricular hypertrophy (Minnesota Code 3-1), ST depression (4-1,
2, or 3) or atrial fibrillation (8-3); G) serum total cholesterol levels
were measured enzymatically; and 7) body mass index (kg/m?) and
waist to hip ratio were used as indicators of obesity.

Statistical analysis. The SAS software package, version 9.2
(SAS Institute, Cary, NC), was used to perform all statistical
analyses. Age- and sex-adjusted mean values of possible risk fac-
tors were calculated by the analysis of covariance method. Fre-
quencies of risk factors were adjusted for age and sex by the
direct method. The differences in the mean values and frequen-
cies of risk factors between NGT and other glucose tolerance

* levels were tested using Fisher least significant difference method

and logistic regression analysis, respectively. The incidence of
dementia was calculated by the person-years method and was
adjusted for age and sex by the direct method using 5-year age
groups of the overall study population; the differences among
glucose tolerance levels and trends across FPG and 2-hour PG
levels were tested using Cox proportional hazards model. The
adjusted hazard ratios (HRs) and their 95% confidence intervals
(Cls) were also calculated using the Cox proportional hazards
model. Missing values of waist to hip ratio (n = 27) and educa-
tion (n = 12) were replaced with the means in the multivariate
analysis. The population attributable fraction of combined cate-
gory of IGT and diabetes for dementia was calculated using the
following equation with the observed multivariate-adjusted HR
of the combined category and its frequency in event cases (Pe)'®:

PAF = Pe (HR — 1)/HR
Two-sided p < 0.05 was considered statistically significant

in all analyses.

Standard protocol approvals, registrations, and patient
consents. This study was conducted with the approval of the
Kyushu University Insticutional Review Board for Clinical Re-
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Table 1 Age- and sex-adjusted mean values or frequencies of potential risk factors for dementia according
to the 1998 WHO criteria: The Hisayama Study, 19882

Normal glucoée‘ . Impaired fastmg “lmpalred glucose : No. of
" tolerance . dlycemia tolerance Diabetes missing
: i o - n=559) - (=73} =235 (n=150) values

Age, y, mean (sn) ~ e8ls) . 70(6F . 69(8) 69(6) o
Men.% . a8 E1 438 453 o
Fastlngplasma qucose,mmoIlL ~ 53(0.9) 6.4 (0.9)¢ : 5.8(0.9)¢ 7.7(0.9¢ 0
mean(SD) : .

: JTwo-hourpostloacf glucose, . 5.5(2.2‘) o ,‘5;,9 2y ,"8.9'(2.2‘)‘ o 149(22)r 0

-mmolIL mean(SD) ; . e - e ‘
Systollc blood pressure, mm Hg. 133(21) 141 (21)¢ 143 (21)¢ 145(21)¢ 0

i mean(SD) | i :

‘ Dlastollc blood pressure, mm Hg - 75(10) o "7‘,'6(‘1‘0) b ‘78:‘(‘10)° e 77108 o
Hypertensmn, % ‘ 438 66.7° 632 2.2¢

- Electrocardlogram abnormalltles, % 20 6 . . - o 31[ - o o ;18 8 S 21. 6 ;
Body mass mdex, kglm2 mean (SD) . o18 (3 0) ' 22, 2 (3. 0) 23. 2 (3 O) 23.2 (3 0)c

: Walsttu hlp ratio, cmlcm, mean (SD) ;:",0'91 (0‘ 07) ‘ ‘ f O 93 (O 07)”, o 0 93 (O 07’)C L O 94 (O 07)c 27
Total cholesterol mmol/L, mean (SD) ‘5 3 1 1) 55 (1 1) ' 5.4{11) 5.7 (1 1) 0

: Hlstoryofstrokeatentry,% ~ 33 - 35 . 59 .- 63 0
Educatlon <6 v, % 103 125 13.9 11.3 12

‘ ,Smokmg,% : o 235 238 235 7 o
Alcohol intake, % 234 29.0 277 34.8¢ Q
Physicalactivity,% 202 228 168 147

2 Mean age was sex adjusted. Percentage of men was age adjusted. Electrocardiogram abnormalities were defined as

Minnesota Code 3-1, 4-1, 4-2, 4-3, or 8-3.
b p < 0.05 vs normal glucose tolerance.
¢ p < 0.01 vs normal glucose tolerance.

9 Hypertension: blood pressure =140/90 mm Hg or current use of antihypertensive agents.

search, and written informed consent was obtained from the

participants.

RESULTS Table 1 shows the age- and sex-adjusted
mean values or frequencies of risk factors for demen-
tia by the WHO criteria at baseline. Compared with
those with NGT, the mean values of systolic and
diastolic blood pressures, body mass index, waist to
hip ratio, and total cholesterol, and the frequencies of
hypertension and alcohol intake, were higher in sub-
jects with IFG, IGT; or diabetes.

The age- and sex-adjusted incidences and ad-
justed HRs of all-cause dementia and its subtypes
according to glucose tolerance status defined by the
WHO criteria are shown in table 2. Compared with
those with NGT, the age- and sex-adjusted incidence
and HR of all-cause dementia were significantly
higher in subjects with IGT as well as those with
diabetes. This association remained unchanged in
subjects with diabetes even after adjustment for age,
sex, hypertension, EKG abnormalities, body mass in-
dex, waist to hip ratio, total cholesterol, history of
stroke at entry, education, smoking habits, alcohol
intake, and physical activity. In regard to subtypes of
dementia, the age- and sex-adjusted incidence and
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adjusted HRs of AD were significantly higher in sub-
jects with diabetes than in those with NGT. The
age- and sex-adjusted incidence and HR of VaD
were significantly increased in subjects with IGT or
diabetes compared with those with NGT; however,
these associations were not significant after multi-
variable adjustment. No significant associations were
observed between glucose tolerance levels and the
risk of other dementia. When IGT and diabetes were
brought together in one category, this category also had
the significantly higher risks of all-cause dementia, AD,
and VaD in the age- and sex-adjusted analysis, and
these associations remained significant for all-cause de-
mentia and AD even after adjustment for other possible
tisk factors. The population attributable fraction of this
combined category was 14.6% for all-cause dementia,
20.1% for AD, and 17.0% for VaD.

Table 3 presents the associations between FPG
levels and adjusted risks of all-cause dementia and its
subtypes. The age- and sex-adjusted incidences and
HRs of all-cause dementia and any of the dementia
subtypes did not differ among FPG levels. This ten-
dency was unchanged even in the multivariate analy-
sis. Conversely, as shown in table 4, the age- and
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