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Association Between Thyroid Dysfunction and Incident
Dementia in the Atherosclerosis Risk in Communities
Neurocognitive Study
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Abstract

Background: Abnormal thyroid hormone levels (high or low) and
autoimmunity from autoimmune thyroid disease (AITD) may in-
crease dementia risk.

Methods: We examined the associations of thyroid dysfunction or
possible AITD in 1990 - 1992 with dementia through 2017 in the
Atherosclerosis Risk in Communities (ARIC) Neurocognitive Study.
Thyroid dysfunction (subclinical and overt hypo- or hyperthyroidism
and euthyroidism) was categorized from serum thyroid-stimulating
hormone (TSH) and free thyroxine (FT4) cut-points and AITD from
anti-thyroid peroxidase (anti-TPO) antibody positivity. Dementia was
identified primarily based on cognitive test performance, neuropsy-
chological examinations and clinician review of suspected cases. Ad-
ditional cases of dementia were ascertained through telephone inter-
views or relevant hospital and death certificate codes. Cox regression
with multivariable adjustment was used for analysis.

Results: After exclusions for missing data, 12,481 participants were
included in the analysis (mean index exam age 57 + 5.7 (44% male,
25% black)), and 2,235 incident dementia cases were identified.
AITD was not significantly associated with dementia. Subclinical hy-
pothyroidism was associated with a lower risk of dementia (hazard
ratio (HR) (95% confidence interval (CI)): 0.74 (0.60 - 0.92)), while
overt hyperthyroidism was associated with a higher risk of dementia
(HR (95% CI): 1.40 (1.02 - 1.92)) compared to euthyroid participants.
Participants with serum FT4 concentrations above the 95th percentile
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were at an increased risk of dementia compared to those in the middle
90% of FT4 (HR (95% CI): 1.23 (1.02 - 1.48)).

Conclusions: Subclinical hypothyroidism was associated with re-
duced risk of dementia, whereas overt hyperthyroidism, particularly
very elevated FT4, was associated with increased risk of dementia.
The association between subclinical hypothyroidism and reduced risk
of dementia cannot be explained, but may have been an artifact due to
change. By extrapolation, effective treatment of overt hyperthyroid-
ism may modestly reduce dementia risk in older adults.

Keywords: Thyroid; Dementia; Epidemiology; Cohort

Introduction

The thyroid gland produces triiodothyronine (T3) and thyrox-
ine (T4) from dietary iodine [1, 2]. Thyroid-stimulating hor-
mone (TSH) promotes the release of free T3 (FT3) and free T4
(FT4), the biologically active forms of T3 and T4, to stimulate
cellular energy use and increase metabolism [2-5]. In iodine-
replete countries like the USA, autoimmune thyroid disease
(AITD) is the most common cause of thyroid dysfunction and
most often leads to hypothyroidism [6]. Among Americans
12 years and older, prevalence of thyroid dysfunction is ap-
proximately 5.8%, with 4.6% of cases presenting as hypothy-
roidism and 1.2% of cases presenting as hyperthyroidism [7,
8]. A combination of genetic susceptibility and environmental
factors, including radiation, smoking, infection and stress,
can trigger the autoimmune response causing AITD [6, 9].
All forms of AITD are associated with the presence of serum
anti-thyroid peroxidase (anti-TPO), although the presence of
antibodies does not necessitate clinically detectible disease
[10, 11].

Thyroid dysfunction can cause a range of mood and cog-
nitive disturbances, especially in severe cases, including anx-
iety, depression, irritability and deficits in executive function
[12]. Increased screening and better treatment has reduced
the rate of short-term thyroid-related cognitive symptoms by
reducing the incidence of severe thyroid disorders and re-
versing cognitive symptoms with effective treatment of thy-
roid abnormalities [12]. However, there is interest in the link
between thyroid disorders and dementia due to the thyroid’s
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Table 1. Baseline Characteristics Stratified by Clinical Categories of Thyroid Dysfunction, ARIC 1990 - 1992

Hypothyroidism Euthyroidism Hyperthyroidism
Overt (n =281) Subclinical (n =581) (n=10,956) Subclinical (n =429) Overt (n = 234)
Lidfs < Ealions TSH>5.1 TSH > 5.1 TSH=0.56-5.1 TSH <0.56 TSH < 0.56
mlU/L; FT4 mlU/L; FT4 = mlU/L; FT4 = mlU/L; FT4 = mlU/L; FT4
< 0.85 ng/dL. 0.85 - 1.4 ng/dL. 0.85-1.4ng/dL.  0.85- 1.4 ng/dL > 1.4 ng/dL
Age, years 584+54 584+5.7 56.8+5.7 56.5+£5.8 57.1+£5.8
Men, % 22.8 334 45.9 33.6 19.7
African American, % 12.8 11.0 25.1 41.5 23.1
APOE4 carriers, % 29.2 29.6 29.9 27.3 28.2
Basic education?, % 23.1 16.8 21.5 29.2 16.2
Family income < $16,000°, % 24.2 21.3 252 343 222
Current alcohol drinker, % 48.8 58.7 57.1 49.2 56.0
Current tobacco smoker, % 13.9 12.9 223 29.6 25.2
BMI, kg/m? 289+5.7 27.7+5.5 28.0+5.4 27.6+54 274+54
Hypertension®, % 34.1 30.9 35.8 40.0 32.6
Diabetesd, % 7.5 10.3 11.3 15.9 12.8
HDL cholesterol, mg/dL 49.4+16.6 49.7+16.3 49.4+16.8 52.8+17.9 52.1+15.7
Total cholesterol, mg/dL 229.2+48.9 2143 +41.2 209.7 +£39.2 208.1 +38.0 199.5+35.2
Prevalent CVD¢, % 8.5 8.1 8.8 11.0 9.8
Thyroid medication usef, % 40.9 28.6 2.8 27.5 71.4
TSH, mIU/L 26.3+32.7 8.0+4.4 20+1.0 03+0.2 0.1+0.2
FT4, ng/dL 0.7+0.2 1.0£0.1 1.1+£0.1 1.2+0.1 1.8+£0.6
Anti-TPO positive (>34 IU/L), % 79.4 51.1 9.3 13.8 27.4

Mean + standard deviation. 2Based on self-report of some high school education or less at visit 1 (1987 - 1989). PBased on self-report of family
income at visit 1 (1987 - 1989). °Defined as diastolic blood pressure = 90 mm Hg, systolic blood pressure = 140 mm Hg, or use of hypertensive medi-
cation. 9Defined as non-fasting blood glucose = 200 mg/dL, fasting blood glucose = 126 mg/dL, self-report of diabetes, or reporting taking medication
for diabetes or high blood sugar. ¢Defined as prevalent stroke, coronary heart disease, myocardial infarction, or atrial fibrillation at visit 2. fParticipants
who reported thyroid medication use at baseline. ARIC: Atherosclerosis Risk in Communities; BMI: body mass index; HDL: high-density lipoprotein;
CVD: cardiovascular disease; TSH: thyroid-stimulating hormone; FT4: free thyroxine; TPO: thyroid peroxidase.

well-established influence on brain development and func-
tion [13, 14]. Dementia is most common among those aged
65 years and older and is characterized by severe cognitive
impairment interfering with daily functioning and independ-
ence. Dementia and thyroid dysfunction are both associated
with advancing age and are more prevalent in women [15,
16].

There are two mechanisms by which thyroid disorders
may be associated with dementia: action of abnormal thy-
roid hormone concentrations (high TSH causing low FT4 or
high FT4 causing low TSH) on the brain causing impairment
[17] or autoimmunity causing AITD and encephalopathy
leading to permanent brain damage [18]. While some studies
have found a relation between elevated TSH levels and in-
creased rates of dementia or cognitive decline, the literature
regarding other thyroid hormones (necessary for diagnosing
dysfunction) and AITD (measured via anti-TPO positivity)
is mixed, limited by modest sample sizes (n < 3,000) and
focused on only older participants (aged 65 years and older
at baseline) [13, 19-26]. Using data from the Atherosclerosis
Risk in Communities (ARIC): Neurocognitive Study (NCS),
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we tested the hypothesis that AITD (anti-TPO antibodies)
and abnormal thyroid hormone (TSH and FT4) levels are as-
sociated with increased incidence rates of dementia over 20
years of follow-up.

Materials and Methods

ARIC is a prospective cohort study that enrolled 15,792 pri-
marily white and African American participants from Forsyth
County, NC, Jackson, Mississippi, the northwest suburbs of
Minneapolis, Minnesota and Washington County, Maryland
from 1987 to 1989. After IRB approval and informed consent,
ARIC has followed participants continuously for hospitaliza-
tion and mortality. For this analysis, baseline started at ARIC
visit 2 (1990 - 1992) at the time of thyroid assessments and
cognitive status was ascertained through visit 6 (2016 - 2017).
Participants were excluded from follow-up if they were non-
white or African American or African Americans from MD or
MN (n = 103), did not attend visit 2 (n = 1,432), had missing
serum TSH, FT4, or anti-TPO antibody measures (n = 1,769),
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or had prevalent dementia at visit 2 (n = 4) for a final analytic
sample of 12,481 participants. This study is in ethical compli-
ance with human study guidelines.

Thyroid function was assessed using serum samples
stored at -70 °C since collection at visit 2 that were thawed and
tested at Advanced Research Diagnostics Laboratory (Uni-
versity of Minnesota) between 2011 and 2013. Assays from
Roche Diagnostics were used on an Elecsys 2010 analyzer us-
ing a sandwich immunoassay method for TSH and competition
immunoassay methods for FT4 and anti-TPO antibodies [27].
Interassay coefficients of variation were < 10% [27]. Anti-TPO
antibody positivity was defined as > 34 kIU/L, based on assay
manufacturer guidelines [28]. Five clinical categories (sub-
clinical hypothyroidism, subclinical hyperthyroidism, overt
hypothyroidism, overt hyperthyroidism and euthyroidism)
were used to define thyroid dysfunction based on ARIC-de-
rived cut-points associated with thyroid-related genes and ge-
netic risk score (Table 1) [7, 28]. These categories differ from
traditional clinical cut-points and were derived biochemically.
We also examined categorical variables based on the lowest
5%, middle 90% and highest 5% of TSH and FT4 levels (to
compare levels in the normal and non-normal ranges of the
distribution), as well as continuously.

Covariates included sex, race-center (MS-blacks, NC-
whites, NC-blacks, MN-whites and MD-whites), APOE &4,
income and education from visit 1 (1987 - 1989). At visit 2
baseline (1990 - 1992), age, body mass index (BMI), tobacco
smoking status, hypertension, diabetes, alcohol drinking status,
high-density lipoprotein (HDL) cholesterol, total cholesterol,
prevalent cardiovascular disease (CVD) and thyroid medica-
tion use were measured. BMI was calculated from measured
weight and height. Hypertension was defined as having a sys-
tolic blood pressure > 140 mm Hg, diastolic blood pressure >
90 mm Hg, or self-report of antihypertensive medication use.
Diabetes was defined as non-fasting serum glucose > 200 mg/
dL, fasting glucose > 126 mg/dL, self-report of diabetes di-
agnosis from a physician, or report of taking medication for
diabetes or high blood sugar. Prevalent CVD was defined as
having prevalent stroke, coronary heart disease, myocardial
infarction (MI), or atrial fibrillation (AF) at visit 2 ascertained
via hospital surveillance, self-report, or detected at an ARIC
clinic visit (MI and AF), with clinical events other than AF
adjudicated by a panel of experts [29-32]. Participants were
asked to bring medication containers for any medication taken
in the past 4 weeks prior to each clinic visit, from which thy-
roid medication use was determined at baseline and through-
out follow-up.

For participants that attended visit 5 (2011 - 2013) and
6 (2016 - 2017), dementia cases were primarily identified
based on data collected from the ARIC-NCS clinic exami-
nations. Additional dementia cases were ascertained through
surveillance of hospitalization and death certificate codes,
informant interviews and dementia screening during annual
telephone follow-up calls [33]. A brief cognitive assessment
consisting of the delayed word recall test, digit symbol sub-
stitution test and word fluency test was administered to all
participants at visits 2 (1990 - 1992) and 4 (1996 - 1998).
At visit 5, the cognitive battery was expanded to include
eight additional tests. Cognitive tests were administered us-
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ing standardized protocols, and scores were converted to
z-scores. We identified cognitively impaired participants as
those with significant cognitive decline from visits 2 through
6 or with a mini-mental state examination (MMSE) score <
21 for whites and < 19 for African Americans (methods de-
scribed in detail elsewhere) [33]. These participants, as well
as a random sample of cognitively normal participants, were
given additional physical and neurological exams, including
brain magnetic resonance imaging (MRI) at visit 5, and their
informants were interviewed using the clinical dementia rat-
ing (CDR) scale and the functional activities questionnaire
(FAQ) [33]. Information about suspected cases was reviewed
by a committee of clinicians and participants were classified
as cognitively normal, having mild cognitive impairment
(MCI), or having dementia [33].

Dementia surveillance methods were in place for those
participants that did not attend the cohort examination. De-
mentia cases were identified at annual and semi-annual tel-
ephone follow-up calls with the administration of the modified
telephone interview for cognitive status (TICSm) to partici-
pants who were alive and did not attend visits 5 or 6, and in-
formant interviews for deceased participants suspected to have
had dementia. Additional dementia cases were identified via
surveillance of hospital discharge ICD-9 codes and death cer-
tificate codes related to dementia throughout the entire follow-
up period.

Statistical analysis

We described means and prevalences of baseline covariates,
thyroid hormone levels and AITD status stratified by clinical
categories of thyroid dysfunction. To characterize the asso-
ciation between abnormal thyroid function and dementia, we
used Cox regression to assess the hazard of incident dementia
between visits 2 and 6. We modeled thyroid function in sev-
eral ways: 1) anti-TPO antibody status (positive/negative); 2)
clinical categories of thyroid dysfunction with euthyroidism
as the reference; 3) categorical TSH and FT4 hormone levels
(i.e. three categories, comparing participants whose hormone
levels fell within the middle 90% (reference), lowest 5%, and
highest 5%); and 4) per standard deviation difference in TSH
or FT4 level.

For each analysis, three models were tested. Model 1 ad-
justed for age, sex, center-race, APOE &4, income and educa-
tion. Model 2 adjusted for model 1 covariates as well as BMI,
smoking status, hypertension, diabetes, prevalent coronary
heart disease (CHD), drinking status, HDL cholesterol and to-
tal cholesterol. Model 3 adjusted for model 2 covariates in ad-
dition to prevalent CVD and baseline thyroid medication use.
Sensitivity analyses were conducted to assess whether taking
thyroid medication throughout follow-up (versus at baseline)
was associated with risk of dementia; however, medication use
was not associated with dementia and results did not change.
We verified that the proportional hazards assumption was met
by testing the interaction between each measure of abnormal
thyroid function by log follow-up time. We also used a restrict-
ed cubic spline model to investigate the continuous non-linear
relationship between thyroid hormone level and dementia with
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Table 2. HRs (95% CI) of Dementia by Anti-TPO Positivity Status, ARIC 1990 - 2017

Anti-TPO negative < 34 IU/L (number of to-

tal = 10,821; number of events = 1,932)

Anti-TPO positive > 34 IU/L (number of
total = 1,660; number of events = 303)

Model 1 HR 1 (Ref)
Model 2 HR 1 (Ref)
Model 3 HR 1 (Ref)

0.92 (0.82 - 1.04)
0.93 (0.82 - 1.05)
0.90 (0.80 - 1.03)

Model 1: age, sex, race-center, APOE €4, income and education. Model 2: model 1 + BMI, smoking status, hypertension, diabetes, drinking status,
HDL cholesterol and total cholesterol. Model 3: model 2 + prevalent CVD and baseline thyroid medication use. HR: hazard ratio; Cl: confidence
interval; TPO: thyroid peroxidase; ARIC: Atherosclerosis Risk in Communities; BMI: body mass index; HDL: high-density lipoprotein; CVD: cardio-

vascular disease.

knots specified at the fifth, 50th and 95th percentiles. All statis-
tical analyses were conducted using SAS 9.4 (SAS Inc., Cary,
NO).

Results

Of the 15,792 ARIC participants, 12,481 were included in
the analysis after exclusions. The mean age of participants
was 57 £ 5.7 at visit 2. Among these, 13.3% were anti-TPO
positive, 2.3% had overt hypothyroidism, 4.7% subclinical hy-
pothyroidism, 3.4% overt hyperthyroidism, 1.9% subclinical
hyperthyroidism, 87.8% were euthyroid and 7% were taking
thyroid medication. Overall, participants with hypo- or hyper-
thyroidism had higher prevalences of risk factors for dementia
compared to those with euthyroidism (Table 1). Participants
with hypo- or hyperthyroidism were more likely to be women.
Participants with hypothyroidism were less likely to be Afri-
can American, while participants with hyperthyroidism were
more likely to be African American compared to those with eu-
thyroidism. Those with hypothyroidism were less likely to be
current tobacco smokers, less likely to have diabetes, and had
higher mean total cholesterol concentrations compared to par-
ticipants in euthyroid or hyperthyroid categories. Participants
with hyperthyroidism had higher HDL cholesterol and more
prevalent CVD than those who were euthyroid or hypothyroid.
Thyroid medication use was most common among participants
with overt dysfunction.

A total of 2,235 dementia events occurred over a median
follow-up of 21.9 (maximum 27.7) years. Participants identi-
fied as anti-TPO antibody positive, a marker of AITD, did not
have a statistically significant increased hazard of dementia
compared to participants who were anti-TPO antibody nega-
tive even after multivariable adjustment (hazard ratio (HR)
(95% confidence interval (CI)): 0.90 (0.80 - 1.03)) (Table 2).
No significant association was found between overt hypothy-
roidism and dementia, compared to euthyroidism (Table 3).
Subclinical hypothyroidism was associated with a 26% re-
duced hazard of dementia after full adjustment for covariates
compared to participants with euthyroidism (HR (95% CI):
0.74 (0.60 - 0.92)). Overt hyperthyroidism was associated with
a 40% increased hazard of dementia compared to participants
with euthyroidism (HR (95% CI): 1.40 (1.02 - 1.92)), while
subclinical hyperthyroidism was not statistically significantly
associated.

We also examined the association between categorical se-
rum TSH and FT4 levels and dementia (Table 4). There was
no significant association between continuous TSH level and
dementia after multivariable adjustment including adjustment
for serum FT4 levels. There was also no significant association
between having TSH levels in the lowest 5% or highest 5%
of categorical distribution and hazard of dementia compared
to those in the middle 90% of TSH levels. A one standard de-
viation greater FT4 concentration was associated with a 5%
greater hazard of dementia after multivariable adjustment in-
cluding adjustment for TSH (HR (95% CI): 1.05 (1.01 - 1.09)).

Table 3. HRs (95% ClI) of Dementia by Clinical Categories of Thyroid Dysfunction, ARIC 1990 - 2017

Hypothyroidism _ Hyperthyroidism
Euthyroidism
Overt Subclinical Subclinical Overt
TSH > 5.1 mIU/L; TSH =0.56 - 5.1 mIU/L; TSH < 0.56 mIU/L; TSH < 0.56
I%I; 5> nS} dIIIjI(Irﬂll;;llfe 1;4 FT4=0.85-1.4 FT4=0.85-1.4 ng/ FT4=0.85-1.4 mlU/L; FT4 > 1.4
y & ng/dL (number of dL (number of total ng/dL (number of ng/dL (number of

of total = 281; number

=) total = 581; number

of events = 98)

=10,956; number
of events = 1,952)

total = 429; number
of events = 74)

total = 234; num-
ber of events = 51)

Model 1 HR  1.03 (0.80 - 1.33) 0.78% (0.64 - 0.96) 1 (Ref) 1.07 (0.85 -1.35) 1.51% (1.14 - 1.99)
Model 2 HR  1.01 (0.78 - 1.31) 0.76* (0.61-0.93) 1 (Ref) 1.03 (0.81 - 1.31) 1.49* (1.12 - 1.98)
Model 3 HR  0.96 (0.73 - 1.26) 0.74* (0.60 - 0.92) 1 (Ref) 1.01 (0.79 - 1.29) 1.40* (1.02 - 1.92)

*P-value < 0.05. Model 1: age, sex, race-center, APOE ¢4, income and education. Model 2: model 1 + BMI, smoking status, hypertension, diabetes,
drinking status, HDL cholesterol and total cholesterol. Model 3: model 2 + prevalent CVD and baseline thyroid medication use. HR: hazard ratio; Cl:
confidence interval; ARIC: Atherosclerosis Risk in Communities; BMI: body mass index; HDL: high-density lipoprotein; CVD: cardiovascular disease.
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Table 4. HRs (95% CI) of Dementia by Categorical Distribution of Thyroid Hormone Levels, ARIC 1990 - 2017

o, < H o, >

SIS Middle 90%, 0.55 - 5.97 miu/L,  lighest 5%, 2 5.98 TSH per 6.35 mIU/L
mlU/L (number of total mlU/L (number of total

TSH _ (number of total = 11,226; _ (number of total = 12,481;
= 626; number of events _ = 629; number of _
_ number of events = 1,998) _ number of events = 2,235)
=116) events = 121)

Model 1 HR  1.24* (1.03 - 1.50) 1 (Ref) 0.93 (0.77 - 1.12) 1.03 (0.98 - 1.07)

Model 2HR  1.13 (0.92 - 1.39) 1 (Ref) 0.94 (0.77 - 1.14) 1.03 (0.98 - 1.07)

Model 3 HR  1.09 (0.87 - 1.36) 1 (Ref) 0.90 (0.73 - 1.11) 1.02 (0.97 - 1.07)

FT4 Lowest 5%, < 0.89 ng/dL
(number of total = 628;
number of events = 123)

Model 1 HR  0.96 (0.79 - 1.18) 1 (Ref)
Model 2 HR  0.96 (0.78 - 1.17) 1 (Ref)
Model 3 HR  0.95 (0.77 - 1.16) 1 (Ref)

Middle 90%, 0.90 - 1.35 ng/
dL (number of total = 11,170;
number of events = 1,981)

Highest 5%, > 1.36 ng/dL. FT4 per SD (0.19 ng/dL)
(number of total = 683; (number of total = 12,481;
number of events = 131)  number of events = 2,235)

1.30% (1.08 - 1.55) 1.06* (1.02 - 1.09)
1.26* (1.05 - 1.51) 1.05% (1.01 - 1.09)
1.23* (1.02 - 1.48) 1.05* (1.01 - 1.09)

*P-value < 0.05. Model 1: age, sex, race-center, APOE €4, income, education and TSH or FT4. Model 2: model 1 + BMI, smoking status, hyperten-
sion, diabetes, drinking status, HDL cholesterol and total cholesterol. Model 3: model 2 + prevalent CVD and baseline thyroid medication use. HR:
hazard ratio; CI: confidence interval; ARIC: Atherosclerosis Risk in Communities; TSH: thyroid-stimulating hormone; FT4: free thyroxine; BMI: body

mass index; HDL: high-density lipoprotein; CVD: cardiovascular disease.

Correspondingly, compared to participants in the middle 90%
of FT4 level, having serum FT4 in the highest 5% of the cat-
egorical distribution was associated with a 23% increased haz-
ard of dementia after full adjustment (HR (95% CI): 1.23 (1.02
- 1.48)). In contrast, participants in the lowest 5% of FT4 level
were not at increased hazard of dementia. Using a restricted
cubic spline model, we found levels of FT4 > 1.1 ng/dL were
positively, linearly associated with risk of dementia (Fig. 1). In

1.1 1.2 1.3

1

Hazard Ratio

an ad hoc analysis, we tested a TSH*FT4 interaction term. The
interaction term was not statistically significant in any of the
TSH or FT4 analyses.

Discussion

In this prospective cohort study of community-dwelling adults

1 1.2
FT4 (ng/dL)

T T T

1.4 1.6

‘ 95% CI

Hazard Ratio

Figure 1. Age, sex, race-center, APOE, income, education and TSH adjusted HR (95% CI) of incident dementia in relation to
serum FT4* ARIC, 1990 - 2017. *Analyzed using restricted cubic splines with knots at the fifth (0.90 ng/dL), 50th (1.11 ng/dL) and
95th (1.35 ng/dL) percentiles of the FT4 distribution. FT4 hormone levels were truncated at the first (0.71 ng/dL) and 99th (1.61
ng/dL) centiles to minimize the influence of extreme values. TSH: thyroid-stimulating hormone; HR: hazard ratio; Cl: confidence
interval; FT4: free thyroxine; ARIC: Atherosclerosis Risk in Communities.
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who were followed for 22 years from middle age to older
adulthood, subclinical hypothyroidism was associated with a
reduced risk of dementia and overt hyperthyroidism with an
increased risk of dementia, compared to euthyroid partici-
pants. We also found that neither continuous TSH nor cate-
gorical TSH was associated with increased risk of dementia.
However, a standard deviation increase in FT4 was associated
with an increased risk of dementia and those in the highest 5%
of categorical FT4 were at increased risk.

Our findings suggest that overt hyperthyroidism and el-
evated FT4 (the hormone used to diagnose hyperthyroidism)
are associated with increased of dementia. These results are
consistent with previous studies that found an association
between elevated serum FT4 levels and dementia risk [19,
20, 23, 24]. We did not find an association between overt
hypothyroidism and dementia nor TSH and dementia. This
was inconsistent with the literature [13, 20, 25, 26], which
found a significant association between serum TSH (the
hormone used to define hypothyroidism) and dementia. In
addition, we found that subclinical hypothyroidism was as-
sociated with a reduced risk of dementia, an association that
we cannot explain. However, these results for clinical hypo-
thyroidism may be related to lack of power. Despite ARIC’s
large sample size, the vast majority of participants fell within
the euthyroid category reducing the precision of our effect
estimates. These findings are important given the American
Academy of Neurology recommendation to screen patients
undergoing initial assessment for dementia for thyroid dys-
function, particularly hypothyroidism [34]. While their rec-
ommendation focuses on age-related hypothyroidism, our
findings emphasize the importance of diagnosing and treat-
ing hyperthyroidism [34].

Strengths of this analysis include the long follow-up pe-
riod, large sample size, as well as comprehensive ascertain-
ment of dementia cases; however, there are some limitations
to our analysis that warrant consideration. In our assessment
of AITD, we only had one measure of autoimmunity, anti-
TPO antibody levels. Yet, anti-TPO autoantibodies are found
in over 90% of patients with AITD and likely allowed us to
capture the most AITD cases [35]. Another limitation is the
change in thyroid hormone levels with aging that may have led
to misclassification of subclinical hypothyroidism. As shown
in our data and reported by others [22], in healthy adults aged
60 and older, average TSH levels rise with advancing age,
while FT4 concentrations remain fairly stable [36]. Subclini-
cal hypothyroidism is characterized by elevated TSH with FT4
in the normal range. Older ARIC participants may have had
age-related changes in TSH levels that caused them to be mis-
classified as having euthyroidism when they had subclinical
hypothyroidism. We were also only able to use one measure
of thyroid hormone levels and could not adjust for age-relat-
ed changes. However, these changes were likely modest and
misclassification would have pushed effect estimates towards
the null. Thus, misclassification does not likely explain the
paradoxical inverse association between subclinical hypothy-
roidism and dementia, in the face of no significant association
between overt hypothyroidism and dementia. In addition, our
measure of AITD status should not be affected by age-related
misclassification, and our analysis of thyroid hormone levels
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still allowed us to determine whether thyroid hormone levels
affect risk of incident dementia regardless of the cause of thy-
roid hormone dysfunction.

Participants may have developed thyroid dysfunction
over the follow-up period, and we tried to address this by ad-
justing for thyroid medication use at baseline as well as over
follow-up. In these analyses, medication use was not associat-
ed with dementia and results did not change. Finally, while the
ascertainment of dementia was extensive and included several
different methods including adjudicated cases at clinic visits,
surveillance of hospital and death certificate codes, and tel-
ephone interviews for cognitive status, there is still potential
for either selection bias due to attrition or misclassification
of cases. Yet, dementia cases were ascertained throughout the
entire ARIC-NCS follow-up period, and our results do cor-
roborate previous findings in the literature. We were also un-
able to examine the association of abnormal thyroid function
with specific dementia etiologies. The suspected association
between thyroid dysfunction and CVD suggests that there
may be an association with cerebrovascular disease etiology
specifically [27].

Our analysis suggests that subclinical hypothyroidism
may be associated with reduced risk of dementia, although
the biological pathway is unclear and this potential associa-
tion warrants further investigation. Additionally, our results
indicate that overt hyperthyroidism may be a risk factor for
dementia. By extrapolation from these observational data, it
may be that effective treatment and management of thyroid
hormone levels in overt hyperthyroidism could modestly re-
duce the risk of incident dementia.
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