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Context: A common single nucleotide polymorphismihO2, Thr92AlaD2, has been
associated with a transcriptome typically founc@urodegenerative diseases in postmortem
human brain tissue.

Objective: To determine whether Thr92AlaD2 is associated witident Alzheimer’s disease
(AD).

Design: Population-based study; human brain tissue micagarr

Setting: Community-based cohorts from Chicago, lllinois aoedtheastern lllinois, as well as
religious clergymen from across the U.S. made eptimary population. A representative
sample of the U.S. population was used for secoralzalyses.

Participants: 3054 African (AA) and 9304 European Americans (EA).

Main Outcome Measure:Incident AD.

Results: In the primary population, AAs with Thr92AlaD2 had times (95% ClI, 1.02 to 1.68;
P=0.048) higher odds of developing AD. AAs fromeaand population with Thr92AlaD2 had a
trend towards increased odds of dementia (odds (@R) 1.33; 95% CI, 0.99 to 1.78; P=0.06);
they also exhibited 1.35 times higher odds of d@yelg cognitive impairment not demented
(CIND, 95% CI, 1.09 to 1.67; P=0.006). Meta-anaysiowed that AAs with Thr92AlaD2 had
1.3 times increased odds of developing AD/demd@t&o Cl, 1.07 to 1.58; P=0.008). In EAs
there was no association between Thr92AlaD2 andd&mentia, or CIND. Microarray of AA
brain tissue identified transcriptional pattermikéd to AD pathogenesis.
Conclusions:Thr92AlaD2 is associated with molecular markersvimdo underlie AD
pathogenesis in AAs; this translates to an obsephedotype of increased odds of developing
AD/dementia in AAs in these populations. Thr92Alamay represent one factor contributing to
racial discrepancies in incident AD.

McAninch et al evaluated populations with longitudinal cognitive outcomes and found Thr92AlaD2 to be
associated with incident Alzheimer's disease in African Americans but not European Americans.

Introduction
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The type Il deiodinase (D2) activates thyroxing) (6 triiodothyronine (%) in peripheral tissues,
including the cerebral cortex where it is highlypeessed (1). There is a common single
nucleotide polymorphism (SNP), rs225014Dil©2 with a minor-allele frequency (MAF) of
about 40% (2). This SNP results in a single amuid substitution of threonine (Thr) for alanine
(Ala) at position 92 in the D2 protein (Thr92AlaD@); the substitution is distant from D2’s
catalytic site, within the instability loop (4). Y#he impact of this polymorphism on D2 activity
have been not been consistently replicated; sontkest suggest that Thr92AlaD2 kinetics are
largely intact when transiently expressed in g@jsand that carriers (i) exhibit normal markers
of Ts-responsiveness in brain tissue (5), (ii) have rabtimyroid function tests (2,6,7), and (iii)
require equivalent replacement doses of levothyii hypothyroidism (8,9), while other
studies suggest that Thr92AlaD2 does impaitoF T3 conversionn vitro andin vivo (10).

The clinical relevance of Thr92AlaD2 has been aordrsial as it has been associated with
diverse metabolic and cognitive phenotypes (11gseéhassociations have not been consistently
replicated and although this could be due to mielfgathway mechanisms or other gene-gene
interactions (12), study design heterogeneity ac#l bf statistical power likely contribute to
poor reproducibility and lend these studies pranfalse-positives (11). At least some of the
molecular consequences of Thr92AlaD2 expressioe baen described; Thr92AlaD2
accumulates in cells (5,10) and, when stably esgasnstead of remaining in the endoplasmic
reticulum escapes to the Golgi apparatus that @shatperturbed morphology (5). Human
temporal lobe samples from Thr92AlaD2 carriers kitliranscriptional alterations in processes
typically associated with neurodegenerative disgasech as amyloid-beta [fApeptide
processing (5).

In the current study, we tested the hypothesisdh@aters of the Thr92AlaD2 polymorphism
have an increased risk for incident Alzheimer'sdise (AD). Although this locus has not been
identified in previous genome-wide association i&sIGWAS) (13-15), the candidate gene
approach could still identify a moderate assocmti@t provides novel insight into the
multifactorial pathogenesis of AD (16,17). The eprdology and tissue pathology of AD vary
by ethnicity: there may be higher incidence and/alence of AD in African Americans (AA)
compared to European Americans (EA) (18) and Aksmwaore likely to have mixed tissue
pathologies compared with clinically matched EAS)(I'hus well-described populations with
AA and EA participants from longitudinal, populatibased studies with cognitive outcomes
and SNP availability were utilized.

Subjects and Methods

A. Study Populations and Design

Three well-described, longitudinal studies, thedagp Health and Aging Project (CHAP) (20),
the Religious Orders Study (ROS) (21), and the Rvisimory and Aging Project (MAP)
(22,23), that used nearly identical methods faricdl diagnosis of AD were utilized for primary
investigations.

CHAP has been described previously (20); in bregidents from a geographically defined,
biracial community of AA and EA participants in €ago from 1993 to 2012 were enrolled.
Interviews, including cognitive testing, were penfi@d in approximately three-year cycles over
18 years; genotype data was available for 3656cgzants (24).

The ROS began in 1994 and enrolled older Cathoiésts, nuns and brothers from groups
across the US (21). MAP started in 1997, enroltitier community-based individuals from
retirement communities, other housing units, as askocial service agencies and Church
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groups in northeastern lllinois (22,23). In ROS &P, participants without known dementia
were enrolled and underwent annual clinical evabuat there were available SNP data from
1707 ROS/MAP participants.

For replication of main findings, another largentagenous cohort with the same outcome
measures was not identified; of note, there iggelabiracial cohort but it is a composite of more
than 10 smaller, relatively heterogeneous studiés Thus, the Health and Retirement Study
(HRS) was used as a secondary population. HR®isgitudinal survey of a representative
sample of the US population over age 50 occurnmggyetwo years (25). Publically available
demographics, cognitive outcomes, and genotypitg fda 6995 participants were obtained
through the NIH Database of Genotypes and Phensits).

B. Cognitive Function and AD Diagnosis

A composite cognitive function score for CHAP wasnegrated based on results from four
cognitive tests for episodic memory, executive fioreng, and the MMSE by averaging the
tests together after centering and scaling eatteio baseline mean and SD. In a stratified
random sample, CHAP patrticipants underwent a umifdinical evaluation within their homes
that included a structured medical history, neugiml@xamination, and a cognitive assessment
consisting of a battery of 19 tests for episodiermogy, executive function, general orientation
and global cognition (27). A neurologist, who wamware of previously collected data,
reviewed the results and diagnosed mild cognitimeairment (MCI) and AD according to the
National Institute of Neurological and CommunicatDisorders and Stroke—Alzheimer’s
Disease and Related Disorders Association crit€hase criteria require a history of cognitive
decline and evidence of impairment in two or margritive domains, one of which must be
memory, for a diagnosis of AD.

In ROS/MAP, clinical evaluations were performedidgrannual home visits; a similar
cognitive function test score was created for RO&PMvith a comprehensive battery of tests for
episodic memory, executive functioning, verbal fiag, and visual-spatial tests for cognition.
The clinical diagnoses of MCI and AD were deterrdias in CHAP (28).

In HRS, a neuropsychological test battery was acht@red and the results reviewed by a
geropsychiatrist, neurologist, neuropsychologistl eognitive neuroscientist, who assigned a
preliminary research diagnosis based on compostaary test scores ranging from 0-2fie
composite included immediate and delayed recatistehe serial 7s, and backward counting
(29). Diagnoses fell within the three categoriesmmal cognitive function (12-27), cognitive
impairment not demented (CIND) (7-11), and deme(iti); data on functional impairment was
reported by the participant or informant and incogped into the assessment (29) based on
published criteria including the Diagnostic andtiStacal Manual of Mental Disorders IlI-
revised and IV (25). Demented HRS patrticipants wetsfurther stratified by etiology (e.g. AD,
vascular).

The different diagnostic strategies utilized in GCHHROS/MAP and HRS deserve emphasis.
Whereas in CHAP/ROS/MAP clinical diagnoses of M@l &AD were determined, in HRS
participants with abnormal cognitive function weetegorized as either CIND or with
nonspecific dementia. CHAP exhibited a higher ABvalence estimate than HRS due to the
higher threshold for dementia diagnosis used in K. In other words, it is possible that
CIND participants in HRS would have been diagnosild AD in CHAP or ROS/MAP (30). In
our analyses we initially assessed for incidentelgm in HRS, but then expanded our approach
to assess for association at the milder cognithenptypes (MCI and CIND) as this was thought
to better capture any genotype-phenotype assotiatio
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C. Genotyping of DIO2 rs225014

In CHAP, genotyping was performed using the hMEugagm MassARRAY platform (24). In
ROS/MAP, genotyping data was generated on an Affyré.0 platform (31). Both CHAP and
ROS/MAP data were imputed using a multi-ethnicnezfiee population in 2000 Genome Pilot 1
Version 2 reference data in the same quality copipeline. The overall imputation quality
score was more than 0.98 for rs225014. In HRS, Si?s identified using the lllumina
beadchip platform and rs225014 genotype statustedpoased on the 1000 Genomes Project
(32).

D. Covariates
All of our regression models were adjusted for @geasured in years and centered at 75), sex,
and education (measured in number of years of $iclgocompleted centered at 12).

E. Statistical Analysis

Descriptive analysis was performed using meansstardlard deviations for continuous
measures, and percentages for categorical meaSegitial descriptive analysis was
stratified by race for each of the study populatiddescriptive comparisons were made using a
two-sample t-test for continuous measures, andgghared test statistic for categorical
measures. The main objective of this investigatias to examine the association of
Thr92AlaD2 genotype status with diagnosis of ADe HRS classification of dementia was
based on the memory test score (0-6), and thef@dofes provide the prevalence of dementia
in HRS rather than time-at-incidence of dementtee THAP study also had incident AD
diagnosis in three year intervals leading to riggrisored time of diagnosis. For these reasons,
we used a logistic regression model after adjugon@ge, sex, education, and self-reported
hypertension and diabetes (27).

In order to understand the association of the TAI®R2 polymorphism with AD, we used
three different modeling approaches; an additivelehto see if the presence of each Ala allele
was associated with increased odds of AD, a dorhimaxel was used to compare participants
with at least one copy of the Ala allele versusthbomozygous for the Thr, and a recessive
model to see if those homozygous for the Ala weanancreased odds of AD compared to
those with at least one copy of the Thr allele. Tdasons for the various approaches were to see
if the association of the polymorphism could beenstbod with greater detail. Following
population-specific estimates of association betwtbe Thr92AlaD2 polymorphism and
AD/dementia, a meta-analysis of odds ratios watbpeed using an inverse variance weighted
estimation method in a fixed effects model (two stdies and three EA studies was not enough
to fit a random or mixed effects meta-analysis nipgling metafor package in R program.

THE JOURNAL OF CLINICAL
ENDOCRINOLOGY & METABOLISM

F. Linkage Disequilibrium

Regional linkage disequilibrium (LD) plots were gested using the SNP Annotation and Proxy
Search tool (Broad Institute) (33) based on ger®tigta from the 1000 Genomes Project. Plots
were created for rs225014 with data from CEU (Utsidents with Northern and Western
European ancestry) and YRI (Yoruba in Ibadan, N&gdyackgrounds (Figure 1).

G. Microarray analysis

The University of Miami Brain Endowment Bank progadigenomic DNA and brain tissue
samples from postmortem human donors as in pregiukes; genotyping of genomic DNA
had been performed according to previously pubtishethods (5). AA brain samples from 11
donors without known thyroid or neurologic diseéseir Thr/Thr, four Thr/Ala, and three
Ala/Ala) were matched by age (p=0.54), sex (male)l BMI (p=0.82) and chosen for further
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studies. Homogenous samples were dissected froanignon’s Area 38 (temporal cortex) by
neuroanatomist. Samples were processed and migygagrformed as previous (5). Affymetrix
Transcriptome Analysis Console software was usedetatify individual genes that demonstrate
significant differential expression in the compariof Ala/Ala versus Thr/Thr samples from AA
donors (Appendix figure 1). Differential expressemalysis was also performed for data
obtained in the previous microarray of structuragntical EA samples; Ala/Ala, n=6, versus
Thr/Thr, n=6. Those transcripts exhibiting diffeti@hexpression (3253 from AA samples and
1676 from EA samples) from were then assessedatlanRy Analysis software (Ingenuity).

H. IRB Approval

The Rush University Medical Center institutionatiesv board (IRB) approved the CHAP and
ROS/MAP studies. The University of Michigan IRB apyed the HRS study. The University of
Miami (UM) Brain Endowment Bank provided genomic Bl&nd brain tissue samples; their
protocols were IRB-approved. HRS data was obtaired dbGaP with Rush IRB approval. All
participants provided written informed consent.

Results

In the primary study populations, AAs were youndpad higher body mass index, lower
education, were more likely to have an Hbkevel greater than 6.5%, and exhibited less
mortality during the period of observation than EAable 1). ROS/MAP participants were older
than CHAP participants, were more likely to be feamhad higher levels of education, and
higher mortality. HRS participants were youngerenikely to be diabetic, and had less
mortality than those from the primary study popiolas (Table 1). There were less AAs with
available cognitive and genotype data in HRS (n31i88n in CHAP (n=2321).

Genotyping of the CHAP AA participants revealed kh&F to be 45.3% (Table 1). In the
EA patrticipants from CHAP and ROS/MAP, rs225014 MA&s 35.7% and 34.5% respectively.
The racial discrepancy in MAF was similar in HRShé&M all of the participants from CHAP,
ROS/MAP, and HRS were combined and stratified log réhe MAF in AAs was significantly
higher than that in EAs (43.9% vs. 36.5%, P<0.@pendix Table 1). There was no deviation
from Hardy-Weinberg equilibrium in either raciabgp.

Additive, dominant, and recessive statistical medetre used to assess for association
between Thr92AlaD2 genotype and AD (Table 2). CH¥ with the Thr92AlaD2
polymorphism had 1.31 times higher odds of AD (9624..02-1.68; P=0.048) than those
without the polymorphism (additive model), and tha dominant model had 1.85 times higher
odds of AD (95% CI 1.20 to 2.85; P=0.005). In thesArom HRS with the Thr92AlaD2
polymorphism there was a trend toward increased ofldementia (additive model odds ratio
(OR) 1.33; 95% CI 0.99-1.78; P=0.06; dominant md@ael 1.14; 95% CI 0.75 to 1.73; P=0.54).
Meta-analysis showed that AAs with the Thr92Ala®ymorphism had higher odds of
AD/dementia (additive model OR 1.30; 95% CI 1.0381.P=0.008; dominant model OR 1.60;
95% CI 1.15-2.22; P=0.006). In the EA participatitere was no association between rs225014
genotype and AD/dementia in CHAP, ROS/MAP, or HRS.

There were major differences in AD/dementia diagioagtrategies between the primary
study populations and HRS (i.e. (i) the clinicaghosis of AD [CHAP/ROS/MAP] vs.
unspecified dementia categorization [HRS] andtlti@ higher threshold for dementia diagnosis
in HRS than for AD in CHAP/ROS/MAP) (30), therefoxe broadened our scope to assess for
association at milder degrees of cognitive impam{&able 3). In AAs from HRS with
Thr92AlaD2, there was 1.35 times increased odakeeéloping CIND in the additive model
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(95% CI 1.09-1.67; P=0.006); this trend was presgim the dominant model (OR 1.35; 95% ClI
0.99 to 1.84; P=0.06). CHAP AAs with Thr92AlaD2 didt exhibit increased odds of
developing MCI. In the EA participants, there wasassociation between rs225014 genotype
and MCI/CIND in any of the populations.

Thr92AlaD2 genotype status was not associated Bihor diabetes in the primary study
populations (Table 4). Serum Tevels were only available in some CHAP particigathere
was no association between Thr92AlaD2 genotypestatd serumgllevel. There was no
association between Thr92AlaD2 genotype statusiaorthlity.

Genetic regional LD plots of SNPs near rs225014&sons of African (Fig. 1A) versus
European (Fig. 1B) descent show significant diffieess in haploblock inheritance patterns.
Whereas the EA population has many SNPs with higHrE > 0.6) with rs225014 within the
region, this is contrary to the AA population inialinthere is only one SNP (rs225015) in high
LD, r?= 0.93, with rs225014. This indicates that thelialiaheritance patterns in the
chromosomal region near rs225014 differ greatly rrgribese racial ethnic groups.

Brain samples were selected from male, AA donaas\irere matched by age and BMI and
microarray performed as previous (5). Differenégpression analysis of the microarray data
from AA samples revealed 3253 significantly diffietially expressed transcripts in the
comparison of Ala/Ala (n=3) versus Thr/Thr (n=4heh, these 3253 transcripts were run
through pathway analysis software that (i) ideatifthe cascade of upstream transcriptional
regulators that could explain these observed gepeession changes and (ii) predicted diseases
associated with the observed expression pattedsugstream regulators were significant
(Appendix Table 2), including APP (amyloid precurpootein, p=0.0007), MAPT (microtubule-
associated protein tau, p=0.005), and PSEN1 (pites&np=0.02), all important in AD
pathogenesis. In the predicted disease functigratifway analysis, there was evidence of
neurologic disease (Appendix Table 3), specificAlly (p=0.008), neurodegeneration (p=0.009)
and tauopathy (p=0.002) (Appendix Table 4).

From the previous EA microarray data (5) a newsislwas performed. 1676 transcripts
were significantly differentially expressed in th@mparison of Ala/Ala (n=6) versus Thr/Thr
samples (n=6). There were 110 significant upstresgulators (Appendix Table 5); this did not
identify molecules that were known to be centrahi@a pathogenesis of AD (APP, MAPT, and
PSEN1: p=ns). Pathway analysis of differentiallpressed genes also didn’t reveal any
neurodegenerative diseases to be significant (Agipdrable 6).

THE JOURNAL OF CLINICAL
ENDOCRINOLOGY & METABOLISM

Discussion

The Thr92AlaD2 polymorphism, more prevalent in ARan EAs, is associated with the
development of AD in AAs in these populations, bat EAs. A major strength of our studies is
the utilization of large, well-characterized, pagidns containing both AA and EA participants
in addition to a complimentary molecular analydiath AA and EA brain samples. Although
there were design differences between the populatizdies that made direct comparison
challenging, namely (i) the higher threshold fom@atia diagnosis in HRS than for AD in
CHAP/ROS/MAP (30), (ii) the nonspecific dementiasdification of HRS participants versus
the clinical diagnosis of AD in CHAP/ROS/MAP, ani) the smaller AA sample size of HRS
in comparison to CHAP, we addressed this by assgssit only for incident AD/dementia, but
also for incident MCI/CIND. The fact that our fimdjs were consistent among their racial
stratifications across these different populatigngassuring; further studies of AA populations,
which utilize specific clinical diagnosis of AD,eawarranted to replicate our findings. This
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supports the hypothesis that Thr92AlaD?2 is a r&&kdr for neurodegenerative disease in AAs
and that Thr92AlaD2 may represent one factor coutimg to racial discrepancies in incident
AD. This locus may not have been identified in eyosus GWAS with AA participants (14),
due to its moderate effect size (16,17).

Although the mechanistic explanation for theseifigd is not implicit, human brain tissue
from EA, and now AA, donors with the Thr92AlaD2kriallele exhibit transcriptional patterns
that are associated with neurodegenerative diséaseshr92AlaD2 has been documenied
vitro to be ectopically located in the Golgi apparaha exhibits an abnormal morphology with
disruption of the expression of many Golgi-relatieshscripts; the resulting cellular mRNA
profile is enriched in transcripts altered in dsesawith abnormal p\processing (5). Altered
Golgi trafficking of APP is implicated in developmteof AD as A3 peptide accumulation causes
Golgi structural defects that further affect AP&fficking and processing (34). Thus it is
conceivable that the cellular and Golgi perturlraigsociated with Thr92AlaD2 expression
promote dysfunction in pathways involved if8 peptide processing, contributing to
development of AD. It remains possible that theeeyet unidentified causal markers that could
contribute to the racially-dependent phenotype.

To our knowledge this is the first study to findlar92AlaD2-associated phenotype that
differs by race, although prior studies of this SNRe been heavily of the Caucasian racial
ethnic groups. For instance, in a previous studyoni-demented elderly Caucasians,
Thr92AlaD2 was not associated with early imagingkees of AD (6).

Understanding the mechanism underlying this asBoni& particularly important in the
context of prevention. Mitochondrial dysfunctiordafy3 accumulation likely contribute to
oxidative stress in AD and cross-sectional datgssigimproved cognitive performance among
those with higher antioxidant intake, although imémtional trials have not consistently
demonstrated protection (35). Mitochondrial dystiortand oxidative stress markers were
present in the transcriptomes of human tempora pamples from Thr92AlaD2 carriers and in
the cell model of Thr92AlaD2 expression; some ekthalterations in Thr92AlaD2-expressing
cells were reversed upon antioxidant treatmentR&jure studies will be needed to determine if
antioxidants have a role in prevention of AD amags Thr92AlaD2 carriers.

In previous studies of Brazilian (36), EA (3), Pitndian (37), Danish (38), and Amish (39)
populations the rs225014 MAF was around 40%. Inbonacial population, the MAF was higher
in AA than EA participants. This will need to benfiomed in other cohorts and further study
into any gene-gene interactions or environmentabfa that would contribute to the differences
in MAF or LD at the rs225014 locus is warranted.

Previous studies have shown an association bethe®2AlaD2 and type 2 diabetes in
Brazilians (36), Caucasians (3), and Pima Indi&d$ but not in Danish (38) and Amish (39).
However, these studies were performed in youndgests with average ages in the 20’s (37)-
40’s (3,36,38,39). In our biracial, older populatithere was no association with diabetes or
BMI. It is possible that the association was atégad in these elders due to increased prevalence
of type 2 diabetes (4.1% in Americans aged 20-44uge25.9% age 65 years (40)).
Longitudinal follow-up of populations in which tlessociation is positive in younger adults
would aid in this distinction.

There are several limitations to these studiest Teaprimary and secondary population
studies had different availability of incident oommee data and utilized populations of differing
basal characteristics are significant, and thuslt®gseed to be interpreted with caution. Further
studies with consistent methods performed in lar@aally diverse patient populations are
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needed to replicate these findings. Also, thatrdggonal LD plots for AA and EA cohorts
differed markedly could indicate that the Thr92AfaDcus is in LD with a SNP (or SNPs) that
may be responsible for the observed associatioratiter studies are needed to define the
mechanistic contribution of the two SNPs at a ¢atllevel. Limited numbers of human brain
samples were available for transcriptional studiass the microarray was not a statistically
definitive analysis; future evaluation of more tisssamples by microarray or other technique
could be warranted to explore genotype-phenotypecéations.

Conclusion

Our results show that in these large, well-charasd, population studies the Thr92AlaD2
polymorphism is associated with development of AIAAS, but not EAs. This, in addition to
concurrent transcriptional evidence, supports gpothesis that Thr92AlaD2 is a risk factor for
neurodegenerative disease. The rs225014 MAF wasgisantly higher in AA than EA
participants and perhaps represents one genetar faantributing to racial discrepancy in
incident AD. It will be important to utilize racigldiverse populations in future trials assessing
the rs225014 locus as inheritance patterns vanatg, possibly resulting in disease risk
stratification as demonstrated in these studies.
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Figure 1. Regional Linkage Disequilibrium Plots atrs225014 by RaceSNPs (diamonds) are
indicated by their relative correlatiorfYwith rs225014 (black arrow) plotted against their
physical position on chromosome 14. The saturaifdhe color in the diamond indicates
linkage disequilibrium with rs225014 according tale from f = 0 to f = 1 based on pairwise
r* values from the 1000 Genomes Project. The bleedhows the recombination rate across the
region. Dashed lines indicate the extent of SNRBimthe specified’rvalue of 0.6. Green arrow
below shows the location of the known gene in #ggan O102). (A) Plot with SNP data from
the YRI (Yoruba in Ibadan, Nigeria) population plampresenting African Americans and (B)
CEU (Utah residents with Northern and Western Eeaopancestry) population panel
representing European Americans. Generated ussn§N#P Annotation and Proxy Search tool
(Broad Institute) (33).
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Table 1. Characteristics of Primary and Secondatyo@ts According to Race

Primary Secondary
CHAP ROS/MAP HRS
African European European African European
Americans Americans Americans Americans(n=733) Americans
(n=2321) (n=1335) (n=1707) (n=6262)
Age at evaluation (yeal 77.8+6. 81l.2+7. 86.3 + 6.¢ 75.5+7.: 76.5%7.
Female se—no. (% 1450 (62.€ 822 (61.6 1181 (69.2 475 (64.8 3622 (57.8
Body-mass index (kg/ftt 29.6 £6.2 27.4+5.2 27.0+5.2 28.6 +6.4 5275.6
Highest education—yr 120+ 3.2 144 +3.2 1636& 11.6 + (3.5) 12.9+2.9
Serum total T4(g/dL) % 7.5+ 1.4 74+1) - - -
Diabetes stat—no. (%)¢ 772 (21.1 216 (16.2 338 (20.2 284 (38.7 1707(27.3
HbA;c > 6.5%—no0. (%) 457 (28.8) 111 (11.4) 142 (16.3) -- - -
Mortality—no. (%) 725 (31.2) 496 (37.2) 1050 (61.5) 121 (16.6) 889 (14.2)
Genotype at Thr/Tht 714 (30.8 556 (41.7 726 (42.5 265 (36.1 2471 (39.5
rs225014—no. Ala/Thr 1110(47.8 604 (45.2 783 (45.9 356 (48.6 2922 (46.7
(%) Ala/Ala 497 (21.4) 175 (13.1) 198 (11.6) 112 (15.3) 869 (13.9)
Minor allele frequency (%) 45.3 35.7 34.5 41.6 37.3

Plus-minus values are means + SD. Mortality wasssssd from the Social Security Master Death Fite an
confirmed by the National Death Index through 122812. CHAP: Chicago Healthy Aging Project; ROS/MAP
Religious Orders Study/Memory and Aging Project;34Riealth and Retirement Study; Ala: alanine; Thr:
threonine; HbAc: glycosylated hemoglobin. TThe body-mass indekésweight in kilograms divided by the square
of the height in meters. $The serum total T4 lévehicrograms per deciliter. 8Diabetes status veterdhined by
self-report and/or use of a diabetes medication.
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Table 2. The Thr92AlaD2 Polymorphism and Odds Rioo Incident Alzheimer’s Disease or
Dementia Relative to No Cognitive Impairment.

E Primary Secondary Meta-analysis
CHAP (AD ROS/MAP (AD HRS (dementia diagnosis) (AD/dementia)
U diagnosis) diagnosis)
— African Americans
Additive Model 1.31 (1.02-1.68) = 1.33 (0.99-1.78) 1.30 (1.07-1.58)
T Dominant Model 1.85 (1.20-2.85) -- 1.14 (0.75-1.73) 1.60 (1.15-2.22)
Recessive Model 1.12 (0.73-1.71 -- 2.15 (1.2693.70 1.33 (0.95-1.87)
European Americans
Additive Model 0.84 (0.59-1.18) 0.98 (0.83-1.16) 95)(0.83-1.09) 0.94 (0.84-1.05)
Dominant Model 0.89 (0.56-1.40) 0.99 (0.79-1.24) 95(0.78-1.15) 0.94 (0.81-1.09)
Recessive Model 0.59 (0.26-1.31) 0.95 (0.67-1.35) .92 (0.70-1.20) 0.93 (0.42-1.44)

Numbers presented are odds ratios and their 95%deoce intervals. All odds ratios are for the camgon of
participants carrying the minor allele at the r€2Pblocus versus those of genotype Thr/Thr (ref¢rerhere the
additive statistical model denotes the comparifaia/Thr +2[Ala/Ala]) versus Thr/Thr, the domintastatistical
model denotes the comparison of (Ala/Thr +Ala/Ala) Thr/Thr and the recessive model denotes thgadson of
Ala/Ala vs. (Ala/Thr+Thr/Thr). Ala: alanine; Thihteonine. CHAP: Chicago Healthy Aging Project; RRA&P:
Religious Orders Study/Memory and Aging Project;34Rlealth and Retirement Study.

Table 3. The Thr92AlaD2 Polymorphism and Odds R Incident Mild Cognitive
Impairment or Cognitive Impairment-Not Demented|afee to No Cognitive Impairment.

ADVANCE ARTICLE

Primary Secondan Meta-analysis
CHAP (MCI ROS/MAP (MCI HRS (CIND diagnosis) (MCI/CIND)
diagnosis) diagnosis)
African Americans

Additive Model 1.02 (0.86-1.21) -- 1.35 (1.09-1.67) 1.27 (1.07-1.52)

Dominant Model 1.03 (0.79-1.34) -- 1.35 (0.99-1.84) 1.28 (0.99-1.64)

Recessive Model 1.04 (0.77-1.39) -- 1.74 (1.1792.58 1.23 (0.97-1.56)
N European Americans
‘II Additive Model 0.88 (0.67-1.12) 0.99 (0.83-1.20) 99)(0.91-1.08) 0.98 (0.91-0.95)
%i Dominant Model 0.88 (0.62-1.24) 0.90 (0.71-1.15) 98(00.87-1.10) 0.95 (0.86—1.06)
E% Recessive Model 0.75 (0.44-1.28) 1.19 (0.82-1.75) .00 (0.85-1.18) 1.00 (0.86-1.15)
30
D(/)
& 13
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Numbers presented are odds ratios and their 95%deoce intervals. All odds ratios are for the camgon of
participants carrying the minor allele at the r€2P%locus versus those of genotype Thr/Thr (ret¢rarhere the
additive statistical model denotes the comparifaia/Thr +2[Ala/Ala]) versus Thr/Thr, the domintastatistical
model denotes the comparison of (Ala/Thr +Ala/Ala) Thr/Thr and the recessive model denotes thgpadson of
Ala/Ala vs. (Ala/Thr+Thr/Thr). Ala: alanine; Thhteonine. CHAP: Chicago Healthy Aging Project; RKASP:

Religious Orders Study/Memory and Aging Project;34Rlealth and Retirement Study.

Table 4. Participant Characteristics and the Thi@R& Polymorphism by Race.

African Americans CHAP

European Americans CHAP

European Americans

ROS/MAP

Ala/Ala Thr/Thr Ala/Ala Thr/Thr Ala/Ala Thr/Thr

+Ala/Thr +Ala/Thr +Ala/Thr

(n=1607) (n=714) (n=779) (n=556) (n=981) ~ (n=726)
Serum total T4yg/dL)} 7.56 + 1.6 748 +1.5 7.37 +1.5 7.46+1.7, -- -
Mortality—no. (% 483 (30.1 242 (33.9 288 (37.0 208 (37.4 458 (63.1 592(60.4
Body-mass index (kg/fit 29.6+6.1 29.4+6.3 27.3+5.2 27.6 +5.1 2782 27.0+5.2
Diabetes status—no. (%)8 536 (33.3) 236 (33.1] (1B51) 91 (16.4) 180 (18.7) 158 (22.2)
HbA;c > 6.5%—no. (% 321 (28.8 136 (28.5 59 (10.4 59 (10.4 86 (17.3 56 (14.9

il 2018

Plus-minus values are means + SD. Ala: alanine, thiheonine, and HbA: glycosylated hemoglobin. $The serum
total T4 level is micrograms per deciliter. TThelpanass index is the weight in kilograms dividedthy square of
the height in meters. §Diabetes status was deterhiy self-report and/or use of a diabetes medieati

14

ed from https://acadenic. oup. comlj cenl advance-articl e-abstract/doi/10.1210/jc.2017-01196/ 4893706
y of Rush University user




Figure 1
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