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ABSTRACT

Importance: In clinical guidelines, overt and subclinical thyroid dysfunction
are mentioned as causal and treatable factors for cognitive decline. However,
scientific literature on these associations shows inconsistent findings.

Objective: To assess cross-sectional and longitudinal associations of baseline
thyroid dysfunction with cognitive function and dementia.

Design, Setting and participants: This multicohort individual participant data
analysis assessed 114 267 person-years (median, 1.7-11.3 years) of follow-up
for cognitive function and 525 222 person-years (median, 3.8-15.3 years) for
dementia between 1989 and 2017.

Analyses on cognitive function included 21 cohorts comprising 38 144
participants. Analyses on dementia included eight cohorts with a total of 2033
cases with dementia and 44 573 controls. Data analysis was performed from
December 2016 to January 2021.

Exposures: Thyroid function was classified as overt hyperthyroidism,
subclinical hyperthyroidism, euthyroidism, subclinical hypothyroidism, and overt
hypothyroidism based on uniform thyrotropin cutoff values and study-specific
free thyroxine values.

Main Outcomes and Measures: The primary outcome was global cognitive
function, mostly measured using the Mini-Mental State Examination. Executive
function, memory and dementia were secondary outcomes. Analyses were first
performed at study level using multivariable linear regression and multivariable
Cox regression, respectively. The studies were combined with restricted
maximum likelihood meta-analysis. To overcome the use of different scales,
results were transformed to standardized mean differences. For incident
dementia, hazard ratios were calculated.

Results: Among 74 565 total participants, 66,567 (89.3%) participants had
normal thyroid functon, 577 (0.8%) had overt hyperthyroidism, 2557 (3.4%) had
subclinical hyperthyroidism, 4167 (5.6%) had subclinical hypothyroidism, and
697 (0.9%) had overt hypothyroidism. The study-specific median age at baseline
varied from 57 to 93 years; 42 847 (57.5%) participants were women. Thyroid
dysfunction was not associated with global cognitive function; the largest
differences were observed between overt hypothyroidism and euthyroidism—
cross-sectionally (-0.06 standardized mean difference in score; 95% Cl, -0.20
to 0.08; P = .40), and longitudinally (0.17 standardized mean difference higher
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Thyroid status and cognition

decline per year; 95% CI, -0.01 to 0.23, P = .09). No consistent associations were
observed between thyroid dysfunction and executive function, memory or risk
of dementia.

Conclusions and Relevance: In this individual participant data analysis of more
than 74 000 adults, subclinical hypothyroidism and hyperthyroidism were not
associated with cognitive function, cognitive decline or incident dementia. No
rigorous conclusions can be drawn regarding the role of overt thyroid dysfunction
in risk of dementia. These findings do not support the practice of screening for
subclinical thyroid dysfunction in the context of cognitive decline in older adults
as recommended in current guidelines.
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INTRODUCTION

Thyroid dysfunction is considered a potentially reversible cause of cognitive
decline; hence, thyroid function screening tests are described in guidelines as
an essential component of the workup for the diagnosis of dementia’=. Thyroid
dysfunction is frequently observed in individuals with suspected dementia®.
However, the effects of treatment of overt hypothyroidism and hyperthyroidism
and subclinical hyperthyroidism on cognitive function are not fully clarified®”. For
subclinical hypothyroidism, 4 of 5 recent randomized clinical trials and a meta-
analysis on levothyroxine treatment did not find evidence for an improvement
in cognitive function®'®. Moreover, meta-analyses of observational studies have
yielded inconsistent results on associations of subclinical and overt thyroid
dysfunction with cognitive impairment and risk of dementia"’. An individual
participant data analysis of cohort studies might help clarify the conflicting
results of previous studies, as it allows for uniform definitions of thyroid
dysfunction and it can assess the differential associations by age groups,
sex, and thyroid medication in subgroup analyses'®. In the present study, we
investigated cross-sectional and longitudinal associations of thyroid dysfunction
with cognitive function and dementia in an individual participant data analysis of
multiple cohorts.

METHODS

Study Population

We first approached the coordinating center of the Thyroid Studies Collaboration,
a collaborative project of 25 existing longitudinal studies with information on
thyroid status'®. The Medical Ethics Committee of the Leiden University Medical
Center waived the need for review owing to the retrospective nature of the study
using only previously collected data; no individuals underwent interventions
for the present study. Each participant gave informed consent to the original
study they participated in, which was oral or written depending on the original
study design and legislation at the time of data collection. All 15 Thyroid Studies
Collaboration cohorts that had collected data on cognitive function or dementia
joined the project. The study designs for all cohorts participating in the current
study have been described previously in more detail’®**3. We approached 14
additional cohorts that were extracted from 4 recent meta-analyses on subclinical
thyroid dysfunction and cognitive function or dementia"’. Six of these cohorts
consented to collaborating and sharing data®*®. Lastly, we included publicly
available data of the National Health and Nutrition Examination Survey waves
of 1999 to 2002 and 2011 to 2012, which simultaneously collected thyroid and
cognitive function among many other parameters*.
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Thyroid Function

Thyroid dysfunction was determined biochemically by measurements of
thyrotropin and free thyroxine (FT,) concentrations in all cohorts. Cohort-specific
cutoff values were used for FT, levels (Supplementary table 1). In accordance
with previous projects in the Thyroid Studies Collaboration, participants were
classified as euthyroid if thyrotropin level was 0.45 to 4.49 mIU/L'®. Overt
hyperthyroidism was defined as a thyrotropin level less than 0.45 mIU/L and FT,
level above the reference range. Subclinical hyperthyroidism was defined as a
thyrotropin level less than 0.45 miU/L and FT, levels within the reference range, or
only as thyrotropin level less than 0.45 mIU/L in absence of an FT, measurement
(n = 896 among 10 cohorts) because overt hyperthyroidism is rare*’. A
combination of thyrotropin level of 4.50 to 20 mIU/L and FT, levels within the
reference range was defined as subclinical hypothyroidism. Individuals who had
missing FT, measurements with mildly elevated thyrotropin levels (4.50- 20 mIU/L)
were considered subclinically hypothyroid (n = 523 among 8 cohorts) because
chances of overt hypothyroidism in this patient category are low“'. A thyrotropin
level of 20 mIU/L or greater or thyrotropin level of 4.50 mIU/L or greater combined
with FT, levels below the reference range was defined as overt hypothyroidism.

Cognitive Function

The primary outcome was global cognitive function, measured by Mini-Mental
State Examination (MMSE), Modified Mini-Mental State (3MS) or Severe Cognitive
Impairment Rating Scale*?#4. A difference of 1 point in MMSE score is considered
the minimal clinically important difference in individuals without dementia“*s.
Executive function and memory were secondary outcomes. For executive
function, various tests were used: Digit Symbol Substitution Test, Trail Making Test
B, Letter Digit Substitution Test (LDST), Executive Interview 15 and Ruff Figural
Fluency Test**%. The minimal clinically important difference for executive function
was defined as a difference of 4 points in LDST®'. Memory was measured using
either Rey’s Auditory Verbal Learning Test (also referred to as Word Learning Test
or Verbal Learning Test), Digit Span Test or Visual Association Test®*®°. No minimal
clinically important difference for memory tests was found in the literature.

Dementia

Depending on the study design, dementia was diagnosed either in a clinical
setting or at a research center. The diagnosis was, at least in part, based on
clinical presentation. Studies in which dementia diagnosis was based only on a
cutoff point for the MMSE were excluded from this analysis because cognitive
function tests are insufficient to diagnose dementia®®. Prevalence of dementia
at baseline was available for 11 cohorts; 431 participants had a diagnosis of
dementia at baseline, but only 78 of them were classified as noneuthyroid. Owing
to the small number of participants with thyroid dysfunction at baseline, no cross-
sectional analyses for dementia were performed.
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Statistical Analyses

We used a 2-stage individual participant data analysis approach, which
accommodates uniform definitions and analyses for each cohort while keeping
complexity to a minimum?'®’. The first stage consisted of study-level analysis
of thyroid dysfunction and cognitive function or dementia conducted on the
original datasets with participant-level data. In the second stage, the effect
estimates from the first stage were pooled using a random-effects model based
on restricted maximum likelihood. Heterogeneity across studies was quantified
using the /? statistic: less than 40% was considered low heterogeneity; 40% to
75%, moderate heterogeneity; and greater than 75%, high heterogeneity.

For both the cross-sectional and longitudinal analyses between thyroid
dysfunction and cognitive function, we used multivariable linear regression
models. To facilitate combination of different scales, the results were transformed
to standardized mean differences. In the prospective analysis of cognitive
decline, we calculated the difference between the last available measurement of
cognitive function and baseline cognitive function. The difference was divided by
the follow-up time in years to obtain an annual decline, irrespective of duration
of follow-up. The annual decline was subsequently standardized, resulting in a
standardized mean difference in annual change in cognitive function allowing
comparison of changes over time.

The risk of developing dementia during follow-up was assessed using Cox
regression models. In these analyses, participants with dementia at baseline
were excluded. For studies without precise registration of the date of dementia
diagnosis, it was assumed dementia developed halfway between the registration
date and the last date that absence of dementia was ascertained.

Thyroid dysfunction (overt hyperthyroidism, subclinical hyperthyroidism,
subclinical hypothyroidism, and overt hypothyroidism) was included as a
categorical variable with the euthyroid group serving as reference. All analyses
were adjusted for age and sex. The longitudinal analyses of cognitive decline were
adjusted for baseline cognitive function. Prespecified subgroup analyses were
performed by stratification and interaction analysis for sex and for age younger
or older than 75 years. Additional analyses were performed with adjustment for
educational attainment, though this variable was not available in all cohorts.
In sensitivity analyses, participants with missing FT, measurements in the
subclinical hyperthyroid and subclinical hypothyroid groups were excluded, as
were those who used antithyroid medication or thyroid hormone replacement
therapy at baseline. Furthermore, we assessed robustness of the associations
by pooling the estimates using fixed-effect models and by excluding studies with
strata of fewer than 10 participants. To assess whether effects were dependent
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on degree of disruption of thyrotropin, analyses were repeated with thyrotropin
categories of less than 0.10 mlU/L, 0.10 to 0.44 mIU/L, 4.5 to 6.9 mIU/L, 7.0
to 10 mlIU/L and greater than 10 mIU/L, in which participants with thyrotropin
between 0.45 and 4.49 mIU/L served as reference. Lastly, instead of using
biochemical cutoff points, thyrotropin and FT, were analyzed continuously across
the full range with cognitive function. Thyrotropin was transformed using the
natural logarithm; for both natural log-transformed thyrotropin and FT,, models
were constructed per standard deviation. Continuous models were performed
minimally adjusted by age and sex and with additional adjustment for educational
attainment. For sensitivity purposes, the analyses were also conducted excluding
the participants who used antithyroid medication or thyroid hormone replacement
therapy at baseline. Cohorts with greater than 10% missing measurements for
FT, were excluded for the continuous analyses on FT,. All P values were 2-tailed,
statistical significance was set at P < .05.

Study-level analyses were performed using SPSS Statistics, version 25 (IBM).
Effect estimates were pooled and summarized in forest plots using R, version
3.6.1 and metafor package (R Foundation for Statistical Computing)®. This
study followed the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.

RESULTS

Population Characteristics

Individual participant data on thyroid function and cognitive function and/
or dementia were provided by 23 cohorts comprising 74 565 participants. At
baseline, 66 567 (89.3%) participants were biochemically classified as euthyroid,
577 (0.8%) as overtly hyperthyroid, 2557 (3.4%) as subclinically hyperthyroid,
4167 (5.6%) as subclinically hypothyroid, and 697 (0.9%) as overtly hypothyroid
(Supplementary Table 1). The study-specific median age at baseline varied from
57 10 93 years; 42 847 (57.5%) participants were women.

A total of 38 144 participants from 21 cohorts provided data on a measure of
cognitive function (Table). The median age varied from 58 to 93 years, and
18 089 (47.4%) participants were women. Follow-up for cognitive decline was
available for 14 cohorts, with a median follow-up duration varying from 1.7 to 11.3
years, accumulating 114 267 person-years.

Eight cohorts provided follow-up for dementia incidence on 46 606 participants
(Supplementary Table 2). Among these participants, 28 820 (61.8%) were
women, and the median age at baseline was between 57 and 85 years. During
follow-up, 2033 (4.4%) cases of incident dementia were identified. Median follow-
up duration ranged from 3.8 to 15.3 years, accumulating 525 222 person-years.
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Table 1. Baseline Characteristics of the 38,144 Participants with Cognitive function measurements

in Included Studies

Age,
Median

Study (Location) Population description Baseline,y No. (Range), y

Europe

BELFRAIL cohort study (Belgium) Adults aged =80y 2008-2009 523 84 (80-102)

BETS (England) Community-dwelling adults 2002-2004 5,845 72 (65-98)
aged =65 years

CFAS (England and Wales) Adults aged =64 years 1991-1992 1,015 73 (64-94)

INCHIANTI Study (Italy) Community dwelling adults 1998-2000 1,187 71 (21-102)

LASA (the Netherlands) Adults aged =65y 1995-1997 1,266  75(65-89)

Leiden 85-plus Study (the Adults aged 85y 1997-1999 557 85

Netherlands)

LLS (the Netherlands) Long-lived siblings 2002-2005 776 93 (89-103)

PAQUID study (France) Community dwelling adults aged 1989-1990 407 75 (66-94)
=65y

PREVEND study Adults 2003-2006 864 58 (35-82)

(the Netherlands)

PROSPER study (the Netherlands, Older community-dwelling 1998-1999 5775 75(69-83)

Ireland, Scotland) adults at high cardiovascular risk

Rotterdam Study (the Netherlands) ~ Adults aged =55y 1989-1992 1,875 69 (55-93)

SHIP (Germany) Adults 2002-2006 1,329 69 (60-88)

North America

CHS (United States) Community-dwelling adults with  1994-1998 3,991 74 (64-98)
Medicare eligibility

HABC Study (United States) Community dwelling adults aged  1999-2000 2,488 75(71-82)
70-79 y with Medicare eligibility

MMC (Mexico) Geriatric outpatients with and 2004 156 79 (58-98)
without dementia

MrOS (United States) Community-dwelling menaged ~ 2000-2002 1,600 73 (65-99)
=65y

NHANES 1999-2002 (United States)  Adults 1999-2002 853 70 (60-85)

NHANES 2011-2012 (United States) ~ Adults 20112012 434 68 (60-80)

Australia

HIMS (Australia) Men aged =65y 2001-2004 37168 76 (71-89)

Asia

KLOSCAD (Republic of Korea) Adults aged 260y 2010-2017 3,854 70 (61-109)

KLOSHA (Republic of Korea) Adults aged >65 years 2010-2012 181 75 (70-96)

Overall 21 cohorts 1989-2017 387144 74 (21-109)
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Thyroid Cognitive function Follow up

Euthyroid medication Duration?,
Women, participants?, users, Score®, Median
No. (%) No. (%) No. (%) Scales Mean (SD) (Range), y
330 (63.1) 453 (86.6) 50 (9.6)° MMSE 26 (4.0 1.7(0.5-2.3)
2972 (50.8) 5,266 (90.1) 0(0) MMSE 28 (2.2) 0
518 (51.0) 906 (89.3) NA MMSE 28 (2.0) 2.0(1.9-2.6)
666 (56.1) 1,044 (88.0) 33(2.8) MMSE 25(4.8) 9.0 (2.8-10.0)
650 (51.3) 1,093 (86.3) 26 (2.1) MMSE, WLT 27 (3.7) 9.9 (2.3-20.8)
369 (66.2) 456 (81.9) 20 (3.6) MMSE, LDST, VLT 24 (6.3) 5.0 (1.0-5.0)
468 (60.3) 652 (84.0) NA MMSE 24 (5.1 0
234 (57.5) 359 (88.2) 6 (1.5)° MMSE, DSST, VLT 26 (3.5) 11.3 (1.5-27.0)
371 (42.9) 777 (89.9) NA RFFT, VAT 64 (25.0) 5.2(0.8-7.8)
2984 (51.7) 5,063 (87.7) 256 (4.4) MMSE, LDST, WLT 28 (1.5) 3.3(0.8-4.0)
1,155 (61.6) 1,611 (85.9) 46 (2.5)° MMSE (1.7) 10.8 (1.5-21.7)
647 (48.7) 1,008 (75.8) 190 (14.3) MMSE 28 (3.2) 5.6 (4.3-8.8)
2,356 (59.0) 3,253 (81.5) 401 (10.0)°> 3MS, DSST 90 (9.9) 5.9 (0.9-7.0)
1,280 (51.4) 2,076 (83.4) 251 (10.7) 3MS, EXIT15 90 (8.9) 8.0 (2.0-13.0)
107 (68.6) 109 (69.9) 12(7.7) MMSE 15 (6.5) 0
0(0) 1,409 (88.1) 122 (7.6)° 3MS, TMT 93 (6.4) 4.6 (3.5-5.9)
437 (51.2) 751 (88.0) 91 (10.7) DSST 42 3)
214 (49.3) 405 (93.3) 57 (13.7) DSST, WLT 45(17.6
0(0) 2,897 (91.4) 112 (3.5) MMSE 28 (1.3) 0
2,152 (55.8) 3,476 (90.2) NA SCIRS, TMT, DS 29(1.7) 3.7(0.8-7.3)
179 (98.9) 154 (85.1) NA MMSE, TMT, DS 24 (3.9) 0
18,089 (47.4) 33,218(871) 1,673 (5.3) 5.4 (0.5-27.0)

89



Chapter 4

Abbreviated study names: BETS, Birmingham Elderly Thyroid Study; CFAS, Cognitive Function
and Ageing Study; CHS, Cardiovascular Health Study; HABC, Health, Aging and Body Composition
Study; HIMS, Health in Men Study; INCHIANTI, Invecchiare in Chianti Study; KLOSCAD, Korean
Longitudinal Study on Cognitive Aging and Dementia; KLOSHA, Korean Longitudinal Study on Health
and Aging; LASA, Longitudinal Aging Study Amsterdam; LLS, Leiden Longevity Study; MMC, Mexican
Memory Clinic; MrOS, Osteoporotic Fractures in Men Study; NHANES, National Health and Nutrition
Examination Survey; PAQUID study, Personnes-Agées QUID study; PREVEND, Prevention of Renal
and Vascular End-stage Disease Study; PROSPER, Prospective Study of Pravastatin in the Elderly at
Risk; SHIP, Study of Health in Pomerania.

Abbreviated cognition test names: 3MS, Modified Mini-Mental State Examination; DSST, Digit Symbol
Substitution Test; EXIT15, The 15-item Executive Interview; LDST, Letter Digit Substitution Test;
MMSE, Mini-Mental State Examination; RFFT, Ruff Figural Fluency Test; VAT, Visual Association
Test; VLT, Verbal Learning Test; WLT, Word Learning Test.

NA, Data not available.

@ We used a common definition for biochemical euthyroidism of thyroid-stimulating hormone 0.45-
4.49 mIU/L, resulting in different numbers from previous reports

®Data on baseline medication use (thyroid replacement therapy, antithyroid drugs) were unavailable
for 2 participants of the BELFRAIL Study, 3 participants of the Cardiovascular Health Study, 64
participants of the Osteoporotic Fractures in Men Study, 12 participants of the PAQUID Study, 1
participant of the Rotterdam Study.

°Test scores are shown for global cognitive function tests. If no global cognitive function test scores
were provided, executive function test scores are shown.

dFollow up in years for participants who had a follow up measurement for cognitive function.

Thyroid Dysfunction and Global Cognitive Function

Cross-sectionally, thyroid dysfunction was not associated with global cognitive
function among 18 cohorts (Figure 1, Supplementary Figure 1). The largest
observed difference was -0.06 standardized mean difference (95% Cl, -0.20 to
0.08; P = .40) global cognitive function for overt hypothyroidism compared with
euthyroidism, which could be interpreted as an approximately 0.1-point lower
MMSE score based on the SD for the 2 largest cohorts included.
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Cognitive function No.of  No. of Standardized mean Favors worse © Favors better
by thyroid status studies participants 12, % difference (95% Cl) cognition = cognition
Global cognition
Overt hyperthyroidism 16 344 0 -0.00(-0.10t0 0.10) ——
Subclinical hyperthyroidism 17 1492 33.34 -0.02 (-0.09t0 0.04) ——
Euthyroidism 18 31214 Reference 0.00 (-0.00 to 0.00) l
Subclinical hypothyroidism 18 2519 37.02 0.05(-0.01 to 0.10) +
Overt hypothyroidism 18 345 40.43 -0.06 (-0.20t0 0.08) —I——
Executive function i
Overt hyperthyroidism 9 212 a 0.20(0.07 t0 0.33) : ]
Subclinical hyperthyroidism 10 604 0 -0.04(-0.12t0 0.04) -
Euthyroidism 11 17468 Reference 0.00(-0.00 to 0.00) [
Subclinical hypothyroidism 11 1701 27.70 0.07 (0.01t0 0.13) -l—
Overt hypothyroidism 11 208 10.15 -0.05(-0.20t0 0.09) -
Memory :
Overt hyperthyroidism 5} 144 a 0.04(-0.12 t0 0.20) —a—
Subclinical hyperthyroidism 7 442 a 0.02(-0.07t0 0.11) —I—
Euthyroidism 8 11206 Reference 0.00 (-0.00 to 0.00) l
Subclinical hypothyroidism & 745 Q 0.08(0.01t00.15) o
Overt hypothyroidism 8 140 0.20 -0.07 (-0.23t0 0.09) —-—
-0.4 —E;.Z 1IJ 072 074

Standardized mean difference (95% ClI)

Figure 1. Cross-sectional association between thyroid dysfunction and cognitive function test scores.
Standardized mean differences were adjusted for age and sex. Error bars indicate 95% confidence
intervals.

No statistically significant association was observed between thyroid dysfunction
at baseline and annual change in global cognitive function during follow-up
among 13 cohorts (Figure 2). Participants with overt hypothyroidism had 0.11
standardized mean difference (95% Cl, -0.01 to 0.23; P = .09) higher decline per
year in global cognitive function than participants who were euthyroid, which
translates to approximately 0.1 point on the MMSE scale faster decline per year
based on the SD in the largest cohort for this analysis. Additional adjustment for
educational attainment did not materially change the results (Supplementary
Figure 2). Stratification by age and sex did not show any differential effects for
global cognitive function (Supplementary Table 3).
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Cognitive function No. of No. of Standardized mean Favors slower | Favors faster
by thyroid status studies participants 12,% difference (95% CI) decline = decline
Global cognition

Overt hyperthyroidism 13 240 5.02 0.03(-0.10to0 0.16) -

Subclinical hyperthyroidism 13 894 24.50 -0.02 (-0.10t0 0.06) ——

Euthyroidism 13 18752 Reference 0.00(-0.00 to 0.00) [ ]

Subclinical hypothyroidism 13 1651 47.81 -0.00(-0.09t0 0.08) -

Overt hypothyroidism 13 242 0 0.11(-0.01t00.23) oom
Executive function

Overt hyperthyroidism [ 177 0 0.07 (-0.07 to 0.21) —_—

Subclinical hyperthyroidism 7 416 0 -0.02 (-0.12 t0 0.07) —

Euthyroidism 7 12368 Reference 0.00(-0.00 to 0.00) L

Subclinical hypothyroidism 7 1156 69.48 -0.02 (-0.15t0 0.11) —

Overt hypothyroidism 7 137 49.42 0.02(-0.23t0 0.26) . —
Memory

Overt hyperthyroidism 5 122 0 -0.02 (-0.20 to 0.15) "

Subclinical hyperthyroidism 6 372 0 -0.07 (-0.17 t0 0.02) e

Euthyroidism 6 9397 Reference 0.00(-0.00 to 0.00) B

Subclinical hypothyroidism 6 643 0 0.02 (-0.06 to 0.09) ——

Overt hypothyroidism [ 109 0 -0.07 (-0.251t0 0.11) -

—DI.4 —0‘.2 6 D.‘Z U‘.4

Standardized mean difference (95% CI)

Figure 2. Longitudinal association between thyroid dysfunction and cognitive function test scores.
Standardized mean differences were adjusted for age and sex. Error bars indicate 95% confidence
intervals.

No statistically significant associations were found when individuals were
categorized by severity of thyrotropin abnormality (Supplementary Figure 3).
Reanalyzing the data with a fixed-effects model or without strata with fewer than
10 participants did not yield different results (Supplementary Table 4). Leaving
out participants with missing FT4 measurements or those using antithyroid
medication or thyroid hormone replacement therapy at baseline also did not
change the results. A positive association was found between continuous
thyrotropin and global cognition only when thyroid supplementation and
antithyroid medication users were excluded (0.028 higher standardized mean
difference per SD; 95% CI, 0.003 to 0.053; P = .03; Supplementary Table 5).
No association between continuous FT4 levels and global cognitive function
was found. Heterogeneity across studies was low for the cross-sectional
main analyses (12 = 0%-40%), while heterogeneity was low to moderate for the
longitudinal and sensitivity analyses (12 = 0%-70%).

Thyroid Dysfunction and Executive Function and Memory

No negative association was observed cross-sectionally between thyroid
dysfunction and executive function or memory among 11 and 8 cohorts
respectively (Figure 1, Supplementary Figure 4 and 5). Participants with overt
hyperthyroidism had 0.20 standardized mean difference (95% Cl, 0.07 to 0.33;
P = .002) higher executive function score compared with participants who were
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euthyroid; transformed, this would account for 1.6 more correct substitutions
within 60 seconds for the LDST based on the largest cohort in this analysis. In
both executive function and memory, participants with subclinical hypothyroidism
performed better than participants who were euthyroid (executive function:
0.07 standardized mean difference; 95% ClI, 0.07 to 0.13; P = .03; memory: 0.08
standardized mean difference; 95% Cl, 0.07 to 0.15; P = .03). Longitudinally, no
association was found between thyroid dysfunction at baseline and decline in
executive function among 7 cohorts or memory among 6 cohorts; all differences
were smaller than 0.1 standardized mean difference (Figure 2). Additional
adjustment for educational attainment did not materially change the results
(Supplementary Figure 2). No statistically significant interaction with sex or age
was present (P > .05 for all; supporting data in Supplementary Table 3). Using
a fixed-effects model or excluding strata with fewer than 10 participants did not
change the results for executive function or memory (Supplementary Table 4).
The association of subclinical hypothyroidism and better executive function was
attenuated when participants with missing fT4 measurements were left out,
while the association with memory was unchanged. The positive association
between overt hyperthyroidism and executive function disappeared when
participants using thyroid medication were removed. No association was found
when individuals were categorized by severity of thyrotropin abnormality or when
thyrotropin was analyzed continuously (Supplementary Figure 3, Supplementary
Table 5). Continuous analysis of FT, levels showed a positive association with
executive function (0.019 higher standardized mean difference per SD; 95% Cl,
0.002 to 0.036; P = .03), which was attenuated when participants using thyroid
medication were left out. Heterogeneity across studies was low for the cross-
sectional main analyses (> = 0%-40%), while heterogeneity was low to moderate
for the longitudinal analyses (I*= 0%-70%) and up to high heterogeneity in the
sensitivity analyses (I*< 73%).

Thyroid Dysfunction and Dementia

Cross-sectional analysis of thyroid dysfunction and dementia were unfeasible
owing to few participants who were not euthyroid with dementia at baseline (78
participants among 11 cohorts). In longitudinal analyses among 12 cohorts,
no association was found between thyroid dysfunction and incident dementia
(Figure 3, Supplementary Figure 6). The hazard ratio of dementia ranged from
1.54 (95% Cl, 0.76 to 3.10) for overt hyperthyroidism to 0.79 (95% Cl, 0.48 to 1.28)
for overt hypothyroidism. Continuous analysis of thyrotropin and FT, also did not
provide evidence for an association; hazard ratio, 0.96 per SD increase of natural
log-transformed thyrotropin (95% Cl, 0.91 to 1.02; P = .16); hazard ratio, 1.05 per
SD increase of FT, (95% CI, 0.98 to 1.13; P = 16). Heterogeneity between studies
was low (/> = 0%-40%).
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No.of No.of No.of Hazard ratio Favors | Favors
Thyroid status studies cases controls 12,% (95% Cl) lower risk higher risk
Overt hyperthyroidism 3 9 243 10.63 1.54 (0.76-3.10)
Subclinical hyperthyroidism 8 86 1310 6.35 1.23(0.98-1.56) —-—
Euthyroidism 8 1781 40627 Reference 1.00(1.00-1.00) .
Subclinical hypothyroidism 8 136 1941 0 1.08(0.91-1.29) +
Overt hypothyroidism 7 21 422 16.47 0.79(0.48-1.28) !

0.25 05 1.0 2.5 5.0
Hazard ratio (95% Cl)

Figure 3. Longitudinal association between thyroid dysfunction and incident dementia.
Hazard Ratios were adjusted for age and sex. Error bars indicate 95% confidence intervals.

DISCUSSION

In this individual participant data analysis of 74 565 participants from 23 cohorts,
there was no association between subclinical thyroid dysfunction and cognitive
function, cognitive decline, or the onset of dementia. Owing to uncertainty of the
results for overt hypothyroidism and hyperthyroidism, no rigorous conclusions
can be drawn regarding the association between overt thyroid dysfunction and
cognitive decline and dementia.

While prior study-level meta-analyses also reported no association between
subclinical hypothyroidism and cognitive function, cognitive decline, or dementia,
they were limited by heterogeneity in definitions of thyroid dysfunction and
choices of covariates in the statistical models™". Because we performed
an individual participant data analysis, we could standardize definitions of
thyroid function categories and of cognitive function and cognitive decline and
standardize the statistical models. By addressing these limitations and reaching
the same results, the present study provides the strongest observational
evidence to date suggesting that subclinical hypothyroidism is not associated
with cognitive function or cognitive decline.

Various studies and 2 meta-analyses did show an association between
subclinical or overt hyperthyroidism or low thyrotropin level within the reference
range and a higher risk of dementia'#1720.26.5961 - Although our findings for
subclinical and overt hyperthyroidism and dementia did not reach statistical
significance, they are directionally consistent with the literature. Despite
combining 8 cohorts comprising more than 45 000 participants, the number
of individuals with subclinical and overt hyperthyroidism and the number of
individuals who developed dementia during follow-up are limited. Therefore, we
cannot exclude a higher risk of dementia in individuals with hyperthyroidism.
In addition, individuals with overt hyperthyroidism had a slightly higher rate of
cognitive decline, though not statistically significant. Considering the existing
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literature and the other results in the present study, the observed cross-sectional
association between overt hyperthyroidism and better executive function was
most likely a chance finding. Moreover, the observed difference in executive
function was less than half the minimal clinically important difference, making it
a clinically insignificant finding regardless of the P value.

Higher vulnerability among subgroups has been proposed; younger adults and
women might be more susceptible to cognitive dysregulation associated with
thyroid dysfunction'®®?. Moreover, cognitive decline might only be present in
individuals with more extreme values of thyrotropin?'%3, or variation in FT, instead
of thyrotropin levels could be associated with dementia risk?. In the present
multicohort study, we did not observe differential associations for participants
younger and older than 75 years or for men and women, nor any association with
variation in FT, level or more extreme values of thyrotropin. Therefore, subgroup
associations reported in prior studies might not be generalizable outside the
original cohorts.

As mentioned before, all but 1 randomized clinical trial on levothyroxine treatment
for subclinical hypothyroidism also did not provide evidence for improvement
of cognitive function®'?. Moreover, both undertreatment and overtreatment
with levothyroxine are common, estimated at 27% and 14%, respectively®.
Overtreatment is associated with increased risk of atrial fibrillation and
atherosclerosis®>%¢ and, via cerebrovascular damage, might be associated with
increased risk of cognitive decline. Therefore, screening for subclinical thyroid
dysfunction in older adults to prevent cognitive impairment and dementia does
not appear to be effective.

The current individual participant data analysis has several strengths. The use
of individual participant data from cohorts from all over the globe enhances
generalization while allowing standardized definitions and relevant subgroup
analyses. All but 5 of the included studies had a median age of 70 years or older,
which is essential but often not the case in research concerning outcomes that
are most relevant for older adults®”. The present study approached cognition
comprehensively; we assessed multiple domains of cognitive function, cross-
sectionally and longitudinally, and incidence of dementia.

Limitations

Some limitations need to be acknowledged. Thyroid function categorization was
based on biochemical characteristics. For 20% to 30% of the participants who
were categorized as subclinical hypothyroid or hyperthyroid, we could not confirm
subclinical thyroid dysfunction owing to the absence of FT, measurement. This
may have led to some misclassification, yet sensitivity analyses excluding those
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participants with missing FT, data yielded similar results. We could not include
educational attainment in our main analysis because of 5 out of 18 cohorts did
not collect this data. Even though the sensitivity analyses with adjustment for
educational attainment yielded similar results as the main analysis, education is
a possible confounder which could not be accounted for. For most cohorts, only 1
measurement of thyroid function was available, which is why only baseline thyroid
function was used in the present individual participant data analysis. This study
could therefore not capture any changes in cognitive function that might occur
at the transition of one thyroid status to another. Moreover, for the vast majority
of study participants, a maximum of 2 measurements of cognitive function was
available, which precluded advanced modeling of change over time including
non-linear trajectories. In addition, the interpretation of longitudinal studies of
cognitive function can be complicated by practice effects®®. Standardization of
change over time might not fully alleviate this; hence, residual practice effects
may still be present. Furthermore, because dementia is clinically difficult to
diagnose, some misclassification could have occurred, which may have led
to an underestimation of the association. In addition, the number of incident
dementia cases in the included cohort-studies was low; we therefore cannot
rule out a clinically relevant association between thyroid dysfunction and risk
of dementia. The heterogeneity between studies may have been increased by
the use of different cognitive function tests, different durations of follow-up,
differences in age and sex distribution, different lifestyles across continents, and
different inclusion criteria. As heterogeneity was expected a priori, we performed
all meta-analyses with random effects. Nonetheless, results for fixed-effects
meta-analyses were not materially different. The observed heterogeneity was
larger in the longitudinal analyses heterogeneity (/? = 0%-70%) than in the cross-
sectional analyses (> = 0%-40%), likely owing to the additional variation of follow-
up duration. We hypothesize that the minor differences in /> estimates between
different cross-sectional analyses are attributable to differences in sample size
per exposure. Because individuals with thyroid disease generally receive medical
treatment, we cannot address the question of whether long-term untreated
hyperthyroidism or hypothyroidism is associated with cognitive function and
dementia risk. Moreover, these results only apply to objectifiable cognitive decline,
which is not synonymous with the more subjective cognitive complaints.

CONCLUSIONS

In this individual participant data analysis combining the individual participant
data of 74 565 participants from 23 cohorts, subclinical thyroid dysfunction was
not associated with cognitive function, cognitive decline, or risk of dementia.
Hence, it is unlikely that treatment for otherwise undetected subclinical
thyroid dysfunction would improve cognitive function. Moreover, the chance
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of overtreatment is considerable, which increases the risk of atrial fibrillation,
atherosclerosis and cerebral infarction and thereby might increase the risk of
cognitive decline. Whether treatment of overt hypothyroidism or hyperthyroidism
is associated with cognitive decline and risk of dementia remains uncertain.
Existing clinical guidelines that prescribe screening of subclinical thyroid
dysfunction for prevention of cognitive decline or dementia should therefore be
revisited.
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Dysfunction and Memory

Supplementary Figure 6. Longitudinal Association between Thyroid Dysfunction
and Incident Dementia

105



Chapter 4

(r'9) 6L (69)coL  (9v8)sre'L (Le)ov (co)o p/BuGZ 01870 EIEN
(90 ee (L) evy  (££8)€90°G ¢ el (61)60L  1/10Wd8LOIOTL Apnmis ¥43d4S0dd
(S0 ¥ (09) zs (668) LLL (s'€) og (Lo) L 71/10wd L8'EZ 0L 716 Apms N3IATYd
028 (¢v) L1 (¢'88) 6S€ (6%) 0T (Lo)e  1/iowd 06z 01 09L Apnis aiNDVd
S0z (g¢e)sL (e'€6) SOF (eoL (S0 p/Bu9L 0190 2102-110Z SANVHN
(8'L)sL (L'9)es (0'88) LS/ (s'e) oe (90)S /10w £ 9L 01569 ¢200Z-666L SINVHN
(£0) LL (e6)8yL  (L'88)60¥'L (6'1)oe (Lo)e p/BU G8'L 01 0L SOIN
(8¢€)9 (L'eg) 9e (6'69) 60L (ce)s (00)0  71/10wd ez 0 0Tl QUID AloWR N UBOIXSN
(60) £ (92) 6S (078) 259 (89) €5 (90)s  1/lowd 0%z 04 0'0L ST
¢ ov (€9)se (6'18) 95 (L'v) ez (So)e  1/lowdoezoroel Apnis snjd-Gg uspie
(L0)6 (99) L (e98)€6OL (G9)z8 (60)LL  1/10wWd 02z or0LL VSV
(09)6 (6'6) 8L (L's8) ¥SL (000 (00)o p/Bu 9/ L 016870 VHSO M
€118 (6%) Llzcz  (€68) 6L07% (6'€)SLL (L0)Le p/BU9LL 01680 avosoTH
(L0)s 82ee  (088)¥¥O'L (¢1)9s (eol Wp/BU6BLTONLL0 ApMiS | LNVIHOUI
(£0)ove (6e)60eL  (0Z6)8LZ'LE (8'2) 8¢6 (9o)oLz 71/jowd 0°0Z 0} 0'8 LINNH
€0zl (L) 1sz  (¢Le)6gTe o) Le (e0)zl  1/lowd ez 0100l SINIH
o) ve (rz)60e  (7'€8)9/0C (62)cL €0z p/BugL 0180 08V YyeaH
(£0)8z (cel)ses  (S'L8)esee (87 ¢elL (£'1) 69 p/BuU L LOYL0 SHO
(6'¢) o7 (8°¢) 68 (€'68) 906 €2 ee (Lo),  1/iowd ggz 0r0EL SV40
(50)8¢ (eg)Lle  (L'06)992'S (Le)ele o)1z 7/10wd 002 01 0'6 S13g
(L2 LL (870) ¥ (9'98) £5¥ (LoL) es ro)z p/BugL o160 TIvy4138
(%) "ON (%) ‘ON (%) 'ON (%) 'ON (%) 'ON 1) obuel aouaiayay aweu Apms
‘wisiproshypodAy 1iang  ‘wisiprolAylodAy ‘wsiplotAying  ‘wsiploshyriadAy  ‘wsiplosAypadAy
[eatulagns [eoluipogng Hano

$110Y02 papn|oul £7 104 aUl|aSEq 18 SNiels ploJAY) |BOILBYD0Iq JO UOIINGLISIP pue auixolAyl 8814 10} sabuel aoualialoy °L o|qel Ateyuswajddng

106



Thyroid status and cognition

(spuepiayiaN ay1)

(06-50) 0°S (eel)v9 (ee)al (9'18) v6€ (059) vLe G8  £8% 666L-L66L Aggpabesinpy  Apnis snid-gg usple
(S9l-e1)66  (LTL)eeL (L'g)ze (8'58) 206 (e¥9) LLS (88-G9) ¥/ LSO'L /66L-G66L  AG9=pabesynpy (spueiayiaN ayl) VSV
(€SL-1'0) Lyl O1)vs  ©Ov)srs'L (0ze)sle'le (9°89)9sz'et (66-61) LS SL6'SE  L66L1-G66L syNpy  (AemuoN) Apms LNNH
adoin3
K ‘(abuey) (%) 'oN (%) 'oN (%) 'oN (%) 'oN A‘(ebuey)  -oN £‘suieseg uondiosap (uoneoao) Apms
uelpaiN  ‘enuawap ‘qsdasn  ‘.suedionted ‘uswiop uelpaiN uonejndod
‘;uoneing  Yum sase) uonedipasw proiAying ‘aby
dn mojjo4 proiAyL

ellUSWIQ 1UBPIOU| UO sasAjeuy Jo) papnjoul siuedionled 909'9f 8yl JO sonsiiaoeIey) auljesed g a|qel Atejuawajddng

3|qe|ieA. sem auIxolAy) [B101 AjUQe

"BIUBIBUIOG Ul Y} edH JO APNIS dIHS ‘UoNepUNO- YoIeasay S109}3 UONEIP_Y ‘4434 MiSIY 1e A1ep|3

aU1 Ul uneiseAeld Jo Apnis aanoadsold ‘Y3dS0dd /ApniS aseasig abels-pul Je[ndseA pue [euay Jo UolUaAald ‘ANIATY ‘Apnis IND sa9by-sauuosiad ‘Apnis
aINDVd ‘ASAINS uoBUILIEXT UONIIINN PUB Y}[BaH [euolieN ‘STINVHN ‘ApniS usiy ul sainjoel4 93010doa1sQ ‘SOIN ‘ApniS AliAebuoT uaplaT 'S ‘Wepiaiswy
Apnis Bulby |euipnibuoT ‘ySy ‘Buiby pue yijesaH uo Apnis |euipniibuo uealoy ‘YHSOTM ‘enuswag pue Bulby aaiiubod uo Apnis |euipniibuo] uesioy
‘AvOSOTM ‘ApNiS UeIYY Ul 81ejyd98AUl ‘| LNVIHOUI ‘ApniS YyeaH Bejepugil ‘I NNH ‘ApniS UsI Ut yyeaH ‘SINIH ‘Apnis uoiisodwog Apog pue Buiby ‘yiesH
'04v YiesH ‘Apnis yijesH Jenosenolpled ‘sHO ‘Apms Buieby pue uonoun saiubod ‘sS40 ‘Apms plolAy L Apisp|3 weybuiwiig ‘S 134 ‘sswieu Apnis paieirsiqqy

(6'0) £69 (96) 917 (€'68) £95'99 ('e) £8S'C (8°0) 248 11e42A0

(co)¢ (009  (85/)8001L (6'6L) 592 (9'¢) 81 J/l0wd 6'gL 01 €8 dIHS

(e e (8'9) 80L (658) 2L9'L (7’9 ozl (L0o)eL  1/1owd £6%Z 01 L0'LL Apms weplanoy

(%) "ON (%) "oN (%) oN (%) "ON (%) 'ON L3 9bues asuaiayey aweu Apms
‘wisipioshyrodAyong  ‘wsiprosAylodAy ‘wsiprosAying  ‘wsiplosAypiadAy  ‘wsiprosAypiadAy
[eatuijogqng |eauljogns FETYo)

‘panunuo) °L ajqel Aseyuawsajddng

107



Chapter 4

‘BIIUSWSP YIM SABM 1SJ1) pUB INOYLIM ABM 1SEB| 8]} Usamlag Aempiw Jo sisoubelp Jo 91ep 18 papua SeM S9SBD 1Uaploul Joj dn mMojj04 5
"ApniS wepJanoy ayi Jo edionted | ‘Apms 443y syl
jouedonied | “Apnis diNDVd 8yl Jo siuedionled g1 10} a|ge|ieAeun atam (sBnup ploJAyiiue ‘Adelsyl Juswaoe|dal ploJAYL) SN UOIBOIPSW dUl|@SE(] UO B1E(
sp0das snoiaald Wouy siagquunu JUalaip ul Bunnsal 1/NW 61 -GS0 auoulioy Bunenuuns-piotAyl Jo WSIpIoJAYINS [BoILIBYO0IG 10} UOIHULSP UOWILIOD B PASN 9MA «

"s|geieA. Jou eleq ‘YN

‘UollepUNOS Yoleasay S109443 uonelpey ‘Apnis 443y ‘Apn1s diNd seaby-sauuosliad “Apnis qINDVd ‘WepJaiswy Apnis Bulby [euipniibuo 'vSy ]
‘elpuswa pue bulby aaniubo) uo Apnis jeuipnibuo] uealoy ‘QvOSOTM ‘ApNiS UijeaH Bejapudi] ‘I NNH ‘APNiS USIA Ul Yl[eaH ‘SIN|H :SaWeu Apnis pajeinalqqy

(0zc-10)S6 (FP)ecoc (€v)vs8'L (016)80v'cy (8'19)028'8C (66-6L) ¥/ 909'9%  /L0Z-6861 SHI0Y02 8 [1IELY)
SIOAIAINS
(801008 (Lvl) 0T W96  (Ov8)sve'L  (5€4)280'L (£6-99) %L Tl¥'L €002-000T quioq ojWoly (ueder) 443y
(e210y Jo o11gnday)
(s7-c0)8°¢€ (re)vel VN (268)68v'e  (695)822C (#6-65) 69 EL6'E LL0Z-0L0Z  A09= pabe synpy avosSO
eIsy
(LyL-Lrovil  (Sel)6ly (se)ezl  (Cle) LeTe (00 (68-14)9. 6¥S'€ ¥002-L00C A59= pabe uapy (eljeasNY)SINIH
eljensny
(spuelayiaN ayy)
(e'1z-600 €Sl (88L)0sE S9r  (898)L09'L (919 6vLL (€6-G5)69 G98'L 766L-686L  AGG= pabe synpy Apms wepianoy
A GO= sy npe Jap|o
(0/zz0)06  (ceg)6LL WL s (6'68) zze (669) 002 (¥6-99)¥2  8S€ 066L-686L Duljlemp Aunwwod  (soueld) Apnis AINDVd
A '(abuey) (%) 'ON (%) ‘ON (%) 'ON (%) 'oN A ‘(ebuey) ‘'oN A ‘aulaseg uondiiosap (uoneoo) Apms
uelpa|N  ‘enpuawap ‘qs19sn  ‘esjuedionted ‘uswiop ueipai\ uonejndod
‘tuoneln@  YMm sase) uonesipaw p1oiAying ‘aby
dn mojjo4 proJAy L

‘panunuo) g ajqel Areyuawsjddng

o0}
(@]
—



Thyroid status and cognition

S¥/292/L6€S/9SL/vE

OvL/S¥L/90C LL/Tyv/viL

LLL/LS8/C8EL/VSC/CE
L6/7178/9800L/05€/0¢L

LZL/S96/€978/68€/L9L
£8/9€L/€006/SLC/SY

80¢/L0LL/89YLL/¥09/CLT

88L/€EEL/0YL'Y1/669/2SL
LSL/98LL/YLOLL/E6L/TOL

CCL/Y9EL/6LCYL/S06/65C
€CL/GSLL/EE6'9L/L8G/S6

SYE/6LST/VLT LE/TOYL/YYE

(0£°0'52°0-) €00

(600:'€2°0-) LOO-

(90°0'9€°0-) SL0-
(Lz'0'91'0-) €00

(61°0'£2°0-) ¥0°0-
(S5L'0¥Z0-) S00-

(60°0'02°0-) S0°0-

(010'82°0-) 60°0-
(60°0'8L'0-) SO0~

(L0'0'92°0-) 0L O-
(SL0'‘8L0-) ¢00-

(80°0:02°0-) 90°0-

(Le'070°0)8L0

(51'0°L0°0) 80°0

(61°0'50°0) L0
(60°0'70°0-) 200

(9L0'€0°0) 010
(€L'0'€00-) 500

(EL'0'L00) LOO

(¢l'0'L0°0-) 900
(01'0'20°0-) #0°0

(#1'0'€0°0) 80°0
(21'0'50°0-) €00

(0L'0°L0°07) S0°0

(124) 0

(194) 0

(1od) 0
(194) 0

(12y) 0
(194) 0

(Jod) 0

(194) 0
(124) 0

(19d) 0
(Jod) 0

(124) 0

(0Z°0'LL0) 700

(LL0£0°0-) 200

(90°0'81°0-) 90°0-
(£L0°02L'0-) 200-

(L0'0%L'07) ¥0°0-
(80°0'51°0-) ¥0°0-

(#0°0'2L'07) ¥0°0-

(oro'LLo-) Loo-
(€0°0'80°0-) £0°0-

(S0°0'zL'0-) #0°0-
(50°0'0L'0-) £0°0-

(r0'0'60°0-) 20°0-

(82°01£6°07) ¥0'0- e
PER

(0z072L0) 700 I
Kowapy

(0709107 £O00 /=
(S¥°0°0L'0) £Z0 G/>
sieah ‘aby

(L7°0:LL'0) 92°0 USWOM
(9€°0'L¥°0-) Z00- Us
PEN

(€£°0'20°0) 020 1\
uonaun} aAINd|X3
(e1'02z07) S0°0- G/2
(5L'0'80°0-) ¥0°0 G/>
sieah ‘oby

(cL'0'€L'0-) 00°0- USLLIOM
(5206107 €00 Ua
Xo8

(0L0'0L'0-) 00°0- v

uonauny aARIubod [eqol9

wsiplotAylodAH 1aAQ /wisipiosAyrodAH

|edtuljogns /wsiploiAying
JwsipioiAypiadAH [eatuljogns

JwsiploJAyriadAH 119AQ Yum "oN

wsipiosAylodAH
WanQ

[ea1uljoqns

wsiploJAylodAH wsipiosAying  wsipiolAypiadAy

[edwuijoqns

wsipiosAypadAH
119AQ

X3S pue aby Aq paiiineils $2100S 1S9 U0IouN4 aAIuBo ) pue uonounjsAQg ploJAy L Usamlaq SUORIOOSSE [RUOI03S-SS0I) *€ ajqel Atejuswajddng

109



Chapter 4

(LU'0'£0°0-) 200
(L1'0'£0°0-) 200
(LL0:£0°0) 200

(L1020 S00-
(6107107 200
(0z0'2L'0) 700
(0z0'zL'0) 700

¥SOLL/ZvY
¥SOLL/ZbY
¥SOLL/ThY

L6E9/LL

L6C6/8EL
7/90L/v¥L
vL90L/v1L

(#002L'07) ¥0°0-
(#002L'07) ¥0°0-
(#002L'07) ¥0°0-

(ee'0'6L'0-) L00
(9°0'60°0) €20
(€€°0'£0°0) 020
(€€°0'£0°0) 020

8Y€LL/v09
8VELL/V09
8¥E/L/709

LYyLL/6L

S/ell/cel
6869L/CLC
6869L/¢L¢

(50°0 '60°0-) 20°0-
(€0°0'80°0-) £0°0-
(500'60°0-) 20°0-

(S1'0'2€°0-) 60°0-
(€1'0'600-) 200
(0L0‘LL0-) 00°0-
(0Lro:LL'0-) 0o0-

1S608//81L
090LE/Z61L
090LE/Z61L

0805¢/S9L

evore/sie
LS60E/7 7€
LS60E/v7E

sjyuedionied o> eiens Buipnjox3
|opoW $109}42-paxi

|[9POW S1084}a-Wopuey
wsiploJAyyiadAH jesluljogng

3Ul|2Se(J 1B Uoieolpaw
ploJAyy Buisn syuedioned Buipn|ox3

syuedionued QL > e1eAS Buipnox3
|opoW S109}J3-paxid

[SPOW S1084}a-uopuey
wsiploJAyriadAH 1anQ

(10 %56) ANS

S|043u0d
N/s@sed N

(12 %S6) ANS

s|oJu0d
N/s@sed N

(12 %S6) ANS

Klowa

uonouny aAlNdax3y

S|043U0D
N/s@sed N

uonouny aANubo9 [eqo|9

$2J00G 1S3 UoIIoUN4 2ARIUBOY pue UoNoUN)SAQ PIoJAY L U9aMIS( SUOIIRIOOSSE [BUOIDSS-SS0IO JO SasAjeue AlIANISUSS ¢ ojqel Atejuswajddng

9//2€€/L09%/98L/99
¥9/€L¥/6659/95¢/8L

§6/€8Y¥/L085/98¢/0LL

(£1'0'2€0-) 80°0-
(61'0'22°0-) ¥0'0-

(60°0'€£°0-) ZL0-

(rz0'200) L0
(#1'0'50°0-) #0°0

(cl'0'£0°0-) €00

(Jod) 0
(194) 0

(42d) 0

(L0°0'LZ07) LOO-
(6L'070°0-) 800

(LL'0'LL'0-) 000

(£€°0'91°0-) 600 /=
(0z'0'zz’07) LOO- />

sieah ‘aby
(S2'072L'0-) 900 USLUOA

wsiploiAylodAH 1aaQ JwsiproiAyrodAHq
[edluljogns /wisiprosAying
JwsiploJAyriadAH jeaiuljogng
JwsiploJAyriadAH 118AQ Yum "oN

wsiploiAyrodAH
uanQ

wsiproJAyrodAH
|edlulpgng

wisiploJAying

wsiploiAypedAH  wsiprosAypiadAy

[ea1ujogns

11an0

‘panunuo) ¢ 9|qe] Atejusawa|ddng

o
et
—



Thyroid status and cognition

(0L'0°L5°0-) 0Z°0-
(cL'0'0£0-) 60°0-
(60°0'€2°0-) LOO-
(60°0°'€2°0-) LO0-
(810200 0L0

(£1'0'10°0-) 800
(S51'0'10°0) 800
(S1'0°10°0) 800
(51'01L0°0) 800
(€1'0'80°0-) €00

(12'0'90°0-) £L00

¢L19/99

1098/60L
90¢LL/OvL
90¢LL/0¥L

90¢LL/SLS

CLL9/6LY

90¢LL/SYL
90¢LL/SYL
90¢LL/SYL

7G0LL/ESE

CL19/91C

(£1'0:0£°0-) 90°0-
(£L0'0'€Z°0-) 80°0-
(L0'0'6L'0) 90°0-
(60°0‘02°0-) S0°0-
(60°0'€0°0-) €00

(9L0'L0°0) 600

(#1'0°L0°0) 00

(2l'0'€0°0) 800

(#1'0L0°0) LOO
(S0'0'zL'0-) €0°0-

(#0'0'02°0-) 80°0-

vevel/cel

LEBSL/LBL
89%/1/80¢
8917.1/80¢

89Y/LL/6SCL

6¥CL/08¢L

897/LL/LOLL
89vLL/L0LL
89/LL/LOLL

8VELL/VEY

Y6vCL/v9C

(51'0'62°0-) S0°0-
(LL0‘ez'0-) 90°0-
(c0'0'6L'0-) 80°0-
(80°0:02°0-) 90°0-
(80°0'90°0-) LOO

(010200 700
(0102007 700
(60°0°L0°0) GO0
(0Lr0'L0°0-) SO0
(S00'LL0-) E0°0-

(Lo'0'8L'0-) 80°0-

9815¢/80¢

£6192/96C
vLeLe/sye
v1CLe/Sve

7LCLE/S66L

9815¢/¢00¢

€5/6¢/605¢
¥LCLe/6LST
YLCLE/BLGT

090LE/BYLL

98L5¢/8L0L

SUl|9SE( 1B uoledIpaw
prosAyy Buisn syuedionted Buipnjox3

siuedionied Q| > eleas Buipnjox3
|opoW $108}43-paxi4

[9POW S1084}9-WOopuEy
wsiploJAylodAH 1aAQ

dUIX0JAY1 23914
Buissiw yim siuedionted Buipnjox3

SUI|9SE( 1B UoNEedIpaW
ploJAyy Buisn syuedionued Buipnjox3

syuedionued Q| > eleas Buipnjox3
|opoW S109}J3-paxid

|apoW S10849-wopuey
wsiploJAyjodAH |esiurjogng
dUIX0JAUL 2314

Buissiw yum syuedionted Buipnox3
Jul|aseq 1e uoneolpaw

ploiAyr Buisn syuedionted Buipnjox3

(12 %56) ANS

Alowa |y

s|oJ3u0d
N/s@sed N

(12 %S6) ANS

s|0J3u0d
N/s@sed N

uonouny aAlNdaxy

(12 %S6) ANS

S|043U0D
N/s@sed N

uonouny aANubo9 [eqo|9

‘panunuoY ¢ a|qey Alejuswajddng

111



Chapter 4

‘ANIATH PUB STT'VYHSOTY ‘AVOSOTM 'SV-4D 104 9|ge[lBABUN SEM 9SN UOIIEDIPSW UO Ble(d

dIHS PUB DN ‘ST 'SY40 ‘S13d J0J 3|gR|IBAR 10U SBM JUSWIUIBIIE [BUOIIBONPS UO Ble(

‘paINseaW sem 7] B0} AjUO 9snedaq papn|oxe Sem £00Z-666L STINVHN dIHS Apnis wepisnoy ‘Y3dsodd 'aindvd

110409 21Ul AJOWBIN UBDIX3N 'YSY T ‘0gV Yl[BaH ‘papn|oxe aiem eiep Buissiw %0 < YlM S1I040d Uoiubod Ylim 7]} JO SUOIIBID0SSE SNONUIIUOD 8y} 104

%000 (#60°0:690°0-) 2LO'0 708 %L9'62 (#20°0 '/¥70°0-) 2LO0- L09'7 uoneaipaw prolAyr Buisn siuedion.ed buipn|ox3
%000 (9€0°0'600°0-) ¥1L0°0 18S's %610 (3L0°09L0°0-) 0000 959'ZL uoieonps o4 paisnipy
%000 (£€00'€L0°0-) ZLO0 865G %910 (€20°0°LL0'0-) 900°0 €491 paisnipe Ajlewiuin

Kloway
%ty (#€0°0'820°0-) €000 189's %LLEL (180°0°L00°0-) 0¥0'0 8eTyL uoneolpaw ploiAyy Buisn siuedion.ed Buipnjox3
%000 (¢€0'0:L000-)GLO0  8LO'LL  %bC6C (£20'0'500°07) LLOO S9L'0T uoieonps 104 paisnipy
%000 (9€0°0°200°0) 6L0°'0  CVO'LL  %8¥'S¥ (8€0°0'200°0-) 8LO0 26102 paisnipe Ajlewiuin

uonounj} aAINdaxy

%L6'SC (0200 °120°0-) 000°0- €L6'SL %6170, (€50°0 ‘€00°0) 820°0 L/S'8C uonealpaw plolAys Buisn syuedionied buipn|ox3
V6L (8LO'0 ' #L0'0-) 2000 S8yl %LE BV (€€0°0°L00°0-) 9L00 G2/L'9¢ uo11eoNnpa 104 paisnipy
%000 (8L0°0:£00°0-) 9000 ¥15C¢ %95°€9 (0€0°01900°0-) 2LO'0 L06'SE paisnipe Ajjewiulin
uoiiuboo jeqo|9
zl as iad N zl HS1uj jo s 13d N
i} HSL1

$9100S 1S8] UOIdUN aAIIUBOY pue 7] J pue HS| abuel ||nj Usamiag UOIeID0SSY *G aqe] Atejuswajddng

112



Thyroid status and cognition

Standardized

Cognitive Function No. of No. of Mean Difference
by Thyroid Status Studies  Participants 12 (95% CI)
Global cognition Warse Cognition ; Better Cognition
Overt Hyperthyroidism 16 344 s 0.00% -0.00[-0.10,0.10]
Subclinical Hyperthyroidism 17 1492 = 33.34% -0.02[-0.09, 0.04]
Euthyroidism 18 31214 Reference
Subclinical Hypothyroidism 18 2519 = 37.02% 0.05[-0.01,0.10]
Overt Hypothyroidism 18 45 P 40.43% -0.06 [-0.20, 0.08]
Executive function
Overt Hyperthyroidism 9 212 [l 0.00% 0.20[0.07,0.33]
Subclinical Hyperthyroidism 10 604 = 0.00% -0.04[-0.12, 0.04]
Euthyroidism 11 17468 Reference
Subclinical Hypothyroidism 11 1701 —— 27.70% 0.07[0.01,013]
Overt Hypothyroidism hh 208 e 10.15% -0.05[-0.20,0.09]
Memory
Overt Hyperthyroidism 6 144 e e 0.00% 0.04[-0.12,0.20]
Subclinical Hyperthyroidism 7 442 P 0.00% 0.02[-0.07,0.11]
Euthyroidism 8 11206 Reference
Subclinical Hypothyroidism 8 745 = 0.00% 0.08[0.01,0.15]
Overt Hypothyroidism 8 140 | 0.20% -0.07 [-0.23, 0.09]
T T T 1
-0.4 -0.2 0 02 0.4

Standardized Mean Difference (95% Cl)

-

Supplementary Figure
Global Cognitive Function
Standardized mean differences (SMDs) were adjusted for age and sex. Error bars indicate 95% confi-
dence intervals. Abbreviated study names: BETS, Birmingham Elderly Thyroid Study; CFAS, Cognitive
Function and Ageing Study; CHS, Cardiovascular Health Study; Health ABC, Health, Aging and Body
Composition Study; HIMS, Health in Men Study; INCHIANTI, Invecchiare in Chianti Study; KLOSCAD,
Korean Longitudinal Study on Cognitive Aging and Dementia; KLOSHA, Korean Longitudinal Study on
Health and Aging; LASA, Longitudinal Aging Study Amsterdam; LLS, Leiden Longevity Study; MMC,
Mexican Memory Clinic; MrOS, Osteoporotic Fractures in Men Study; PAQUID study, Personnes-Agées
QUID study; PROSPER, Prospective Study of Pravastatin in the Elderly at Risk; SHIP, Study of Health
in Pomerania.
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Standardized

Cognitive Function No. of No. of Mean Difference
by Thyroid Status Studies  Participants 12 (95% CI)
Global cognition ‘Worse Cognition: Better Cognition
Overt Hyperthyroidism 16 344 p—a—q 0.00% -0.00 [-0.10, 0.10]
Subclinical Hyperthyroidism 17 1492 —a 33.34% -0.02 [-0.09, 0.04)
Euthyroidism 18 31214 0.00 [-0.00, 0.00]
Subclinical Hypothyroidism 18 2519 F—=— 37.02% 0.05[-0.01, 0.10]
Overt Hypothyroidism 13 345 A 40.43% -0.06 [-0.20, 0.08]
Executive function
Overt Hyperthyroidism q 212 | | 0.00% 0.20[0.07,0.33]
Subclinical Hyperthyroidism 10 604 —=— 0.00% -0.04 [-0.12, 0.04]
Euthyroidism 1 17468 0.00 [-0.00, 0.00]
Subclinical Hypothyroidism 11 1701 —— 27.70% 0.07[0.01,0.13]
Overt Hypothyroidism 1 208 e 10.15% -0.05-0.20, 0.09]
Memory
Overt Hyperthyroidism (3] 144 ] 0.00% 0.04 [-0.12, 0.20]
Subclinical Hyperthyroidism 7 442 ——] 0.00% 0.02[-0.07, 0.11]
Euthyroidism g 11206 0.00 [-0.00, 0.00]
Subclinical Hypothyroidism g 745 —=— 0.00% 0.08[0.01,015]
Overt Hypothyroidism ] 140 e e 0.20% -0.07 [-0.23, 0.09]
T T T 1
04 02 0 02 04

Standardized Mean Difference (95% CI)

Supplementary Figure 2. Cross-sectional association between Thyroid Dysfunction and Cognitive
Function Test Scores additionally adjusted for education

Standardized mean differences (SMDs) were adjusted for age, sex and educational attainment. Error
bars indicate 95% confidence intervals.
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Standardized

Cognitive Function No. of No. of Mean Difference
by TSH, miU/L Studies  Participants 12 (95% CIy

Global cognition Worse Cognition : Better Cognition

<0.10 15 516 —— 0.00% 0.01[-0.07, 0.10]

0.10-0.44 17 1312 = 47.55% -0.04[-0.12, 0.05]

0.45-4.49 18 31216 Reference

456.9 18 1842 = 30.86% 0.04[0.03, 0.10]

7.0-9.9 17 536 [ 6.00% 0.03 [-0.06, 0.12]

=10 18 484 . 43.08% 0.02[-0.11, 0.15]
Executive function

<0.10 9 307 = 0.00% 0.07 [-0.04, 0.18]

0.10-0.44 10 508 = 41.19% -0.02[-0.14, 0.11]

0.45-4.49 11 17470 Reference

456.9 11 1247 H—— 50.70% 0.06 [-0.03, 0.15]

7.0-9.9 10 359 = 0.00% 0.04 [-0.06, 0.14]

=10 11 301 = 15.95% 0.07 [-0.06, 0.19]
Memory

<0.10 6 198 A 0.00% 0.12[-0.01, 0.26]

0.10-0.44 7 387 = 0.00% -0.03-0.12, 0.07]

0.45-4.49 8 11206 Reference

4569 3 566 —=—q 0.00% 0.02 [-0.06, 0.10]

7.099 7 163 | | 43.06% 0.08 [-0.17,0.32]

=10 8 156 e 0.00% 0.09 [-0.06, 0.24]

T T T 1
-04 0.2 0 02 0.4

Standardized Mean Difference (95% Cl)

Supplementary Figure 3. Cross-sectional association between categorized TSH and Cognitive
Function Test Scores

Standardized mean differences (SMDs) were adjusted for age and sex. Error bars indicate 95% con-
fidence intervals.
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No. of Participants with Standardized
Thyroid Euthyroidism Weight, Mean Difference
Study name disorder 9 (95% CI)
Overt Hyperthyroidism ‘Worse Cognition Better Cognition
CHS 58 3140 ] 3297 020[-002, 0.43]
Health ABC 7 2071 e 3.06 0.421-0.32, 1.17]
KLOSCAD 21 3402 ] 10.87 0.04]-0.35, 0.44]
MrOS 2 1375 P 1.01 -048[-178, 0 82]
NHANES 1999-2002 5 751 i 256 -0.10[-0.91, 0.72)
NHAMES 2011-2012 2 405 e | 114 0.25[-0.97, 1.48]
PAQUID 3 335 [ 162 -0.16[-1.19, 0.87)
PREVEND 1 o A 057 -0.88[-2.61, 0.86]
PROSPER 103 4733 = 46.20 0.28[0.09, 0.48]
Overall (12=0.00%) 212 16989 ‘ 100.00 0.20 [0.07, 0.33]
Subclinical Hyperthyroidism
CHS 109 3140 - 18.25 0.01[-0.17, 0.19]
Health ABC 72 2071 = 1055 -0.08[-0.32, 0.15]
KLOSCAD 189 3402 Fu! 28.99 -0.09[-0.23, 0.06]
Leiden 85-plus Study 19 359 f—= 270 -0.14[-0.60, 0.33]
Mros 29 1375 — 499 -0.02[-037, 0.32)
NHANES 1999-2002 30 751 H 516 -0.15[-0.49, 0.19]
NHANES 2011-2012 10 405 ] 1.89 0.08[-048, 0.64]
PAQUID 19 335 —=—] 347 0.13[-0.28, 0.54]
PREVEND 30 777 = 574 -0.10[-0.42, 0.22)
PROSPER 117 4733 b 18.25 0.03[-0.15, 0.21]
Overall (I2=0.00%) 504 17348 ‘ 100.00 -0.04[-0.12, 0.04]
Subclinical Hypothyroidism
CHS 515 3140 - 2207 0.08[-0.00, 0.17]
Health ABC 308 2071 ] 16.38 0.21[0.08, 0.33]
KLOSCAD 136 3402 B 11.64 002[-0.13, 0.18]
KLOSHA 15 120 f—— 150 0.47 [-0.05, 0.98]
Leiden 85-plus Study 28 359 —— 254 0.081-0.31, 0.47]
Mros 142 1375 =y 11.08 -0.06[-0.22, 0.10)
NHANES 1999-2002 52 751 ] 5.26 0.131-0.13, 0.39]
NHANES 2011-2012 15 405 p—— 1.93 0.06[-039, 0.51]
PAQUID 16 335 f—=i—]| 192 -0.08[-0.53, 0.37)
PREVEND 52 777 = 560 -D.07[-032, 0.18]
PROSPER 422 4733 o 2011 0.051-0.05, 0.14]
Overall (12=27 70%) 1701 17468 . 100.00 0.07 [0.01,0.13]
Overt Hypothyroidism
CHS 28 3140 —=— 1378 -0.10 [-0.45, 0.25]
Health ABC 24 2071 —] 10.92 0.16-0.24, 0.57]
KLOSCAD 46 3402 — 2140 0.011-0.25, 0.28]
KLOSHA 7 120 I S— 339 0.611-0.14, 1.37]
Leiden 85-plus Study el 359 —rt 12.02 -0.38[-0.75,-0.02]
MrOS 11 1375 — 6.10 0.141-0.42, 0.69]
NHANES 1399-2002 15 751 — 8.13 0.05[-043, 053]
NHANES 2011-2012 2 405 b 133 -0.16[-1.39, 1.07]
PAQUID g 335 P 470 -0.14[-0.77, 0.50]
PREVEND 4 777 | 260 0.211-0.66, 1.08]
PROSPER 32 4733 1473 -0.20[-0.63, 0.05]
Overall (12=10.15%) 208 17468 ‘ 100.00 -0.05[-0.20, 0.09]
r T T 1

ra
.

A

=

1 2
Standardized Mean Difference (95% CI)

Supplementary Figure 4. Cross-sectional association between Thyroid Dysfunction and Executive
Function

Standardized mean differences (SMDs) were adjusted for age and sex. Error bars indicate 95% con-
fidence intervals. Abbreviated study names: CHS, Cardiovascular Health Study; Health ABC, Health,
Aging and Body Composition Study; Korean Longitudinal Study on Cognitive Aging and Dementia;
KLOSHA, Korean Longitudinal Study on Health and Aging; MrOS, Osteoporotic Fractures in Men Study;
NHANES, National Health and Nutrition Examination Survey; PAQUID study, Personnes-Agées QUID
study; PREVEND, Prevention of Renal and Vascular End-stage Disease Study; PROSPER, Prospective
Study of Pravastatin in the Elderly at Risk.

116



Thyroid status and cognition

No. of Participants with Standardized
Thyroid Euthyroidism Weight, Mean Difference
Study name disorder % (95% CI)
Overt Hyperthyroidism Worse Cognition Better Cognition
KLOSCAD 21 3450 =l 16.91 0.10 [-0.29, 0.48]
LASA 11 1070 P 7.99 0.05[-0.52, 0.61]
NHANES 2011-2012 2 393 P 145 0.31[-1.02, 1.63]
PAQUID 3 345 Pt 247 0.22[-0.79, 1.24]
PREVEND 1 645 f P 0.70 0.63[-1.28, 2.54]
PROSPER 106 4771 e 7047 0.00 [-0.19, 0.19]
Overall (12=0.00%) 144 10674 < 100.00 0.04[-0.12, 0.20]
Subclinical Hyperthyroidism
KLOSCAD 171 3450 (R 4160 -0.05[-0.19, 0.09]
LASA 79 1070 =] 17.02 0.07 [-0.15, 0.29]
Leiden 85-plus Study 19 380 —— 3.96 -0.01 [-0.45, 0.44]
NHANES 2011-2012 10 393 =l 221 0.33[-0.27, 0.94]
PAQUID 19 345 = 480 0.20 [-0.21, 0.60]
PREVEND 27 545 == 563 0.14 [-0.24, 0.51]
PROSPER 117 4771 e 2478 0.00 [-0.18, 0.18]
Overall (12=0.00%) 442 11054 L 2 100.00 0.02[-0.07, 0.11]
Subclinical Hypothyroidism
KLOSCAD 137 3450 Fe 2130 0.03[-0.12, 0.19]
KLOSHA 18 152 = 241 0.24[-0.12, 0.80]
LASA 69 1070 e 939 0.11[-0.13, 0.34]
Leiden 85-plus Study 29 380 —— 372 0.05[-0.32, 0.42]
NHANES 2011-2012 15 393 - 209 -0.14 [-0.64, 0.35]
PAQUID 16 345 = 251 -0.07 [-0.52, 0.38]
PREVEND 41 645 H—= 539 0.22[-0.09, 0.52]
PROSPER 420 4771 m 5318 0.09 [-0.01, 0.18]
Overall {12=0.00%) 745 11206 ] 100.00 0.08[0.01, 0.15]
Overt Hypothyroidism
KLOSCAD 47 3450 = 37.32 0.04 [-0.22, 0.30]
KLOSHA 9 152 P £.52 0.09 [-0.53, 0.72]
LASA 9 1070 | E——— 6.48 -0.24[-0.87, 0.39]
Leiden 85-plus Study 31 380 — 19.14 -0.33[-0.70, 0.03]
NHANES 2011-2012 2 393 P 144 0.99 [-0.35, 2.32]
PAQUID 8 345 - 6.10 -0.41[-1.08, 0.23]
PREVEND 3 645 A 210 0.41[-0.69, 1.52]
PROSPER 3 4771 = 2090 -0.05 [-0.40, 0.30]
Overall (12=0.20%) 140 11206 & 100.00 -0.07 [-0.23, 0.09]
I T T 1
-2 - 0 1 2

Standardized Mean Difference (95% CI)

Supplementary Figure 5. Cross-sectional association between Thyroid Dysfunction and Memory
Standardized mean differences (SMDs) were adjusted for age and sex. Error bars indicate 95% confi-
dence intervals. Abbreviated study names: KLOSCAD, Korean Longitudinal Study on Cognitive Aging
and Dementia; KLOSHA, Korean Longitudinal Study on Health and Aging; LASA, Longitudinal Aging
Study Amsterdam; LLS, Leiden Longevity Study; MMC, Mexican Memory Clinic; MrOS, Osteoporotic
Fractures in Men Study; NHANES, National Health and Nutrition Examination Survey; PAQUID study,
Personnes-Agées QUID study; PREVEND, Prevention of Renal and Vascular End-stage Disease Study;
PROSPER, Prospective Study of Pravastatin in the Elderly at Risk.
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No. of Participants with

Thyroid disorder Euthyroidism Weight Hazard ratio

Study name Cases Controls Cases Controls % (95% CI)

Overt Hyperthyroidism Lower rizk | Higher risk
HUNT 4 206 483 30735 P 43.34 0.94[0.35, 2.51]
KLOSCAD 2 27 120 2389 f——— 2299 3.52[0.86, 14.34]
Rotterdam Study 3 10 293 1308 e a— 33.68 1.65[0.53, 5.14]
Overall 9 243 896 35412 - 100.00 1.54[0.76, 3.10]
(12=10.63%)

Subclinical Hyperthyroidism
HIMS 6 31 432 2805 —— 798 0.97 [0.43, 2.17]
HUNT 27 911 483 30735 |- 3011 1.62[1.10, 2.39]
KLOSCAD 2 143 120 1360 +— 272 0.35([0.09, 144]
LASA 10 64 112 790 = 12.10 1.00 [0.52, 1.90]
Leiden 85-plus 3 17 50 344 p—— 3.91 1.21[0.38, 3.89]
PAQUID 3 13 109 213 [ E—— 3.05 0.46 [0.14, 1.46]
RERF 2 3 182 1063 = 10.11 1.47 [0.72, 2.00]
Rotterdam Study 27 93 293 1308 fm] 29.11 1.32[0.89, 1.95]
Overall 86 1310 1781 40627 » 100.00 1.23[0.98, 1.56]
(12=6.35%)

Subclinical H‘[DO“I‘[TOIGISI‘H
HIMS 39 212 432 2805 HH 28.44 1.15[0.83, 1.60]
HUNT 31 1278 483 30735 (Eu! 2321 1.15[0.80, 165]
KLOSCAD 8 191 120 3369 ] 5.93 1.25[0.61, 2.57]
LASA 11 52 112 790 f==— 7.99 1.19 [0.64, 227
Leiden 85-plus 6 26 50 344 = 428 1.53 [0.66, 3.58]
PAQUID 6 8 109 213 —— 451 1.11[0.49, 2.54]
RERF 13 89 182 1063 = 935 0.62[0.35, 1.10]
Rotterdam Study 22 85 293 1308 || 16.29 1.01 [0.65, 1.56]
Overall 136 1941 1781 40627 '3 100.00 1.08[0.91, 1.29]
(12=0.00%)

Overt Hypothyroidism
HIMS 2 10 432 2805 p—— 10.73 170 [0 42, 687
HUNT 2 236 483 30735 +—— 10.73 0.329[0.10, 1.56]
KLOSCAD 2 49 120 2389 | — 10.63 0.92[0.23, 3.76]
Leiden 85-plus 5 30 50 344 P 21.09 1.05[0.42, 2.64]
PAQUID 1 3 109 213 P 562 1.25[0.17, 9.07]
RERF 4 75 182 1063 P 18.83 0.31[0.12, 0.84]
Rotterdam Study 5 19 293 1308 f—+— 2237 1.03[0.43, 251]
Overall 21 422 1669 39837 3 100.00 0.79[0.48, 1.28]
(12=16.47%)
RE Model

| I N I |

0.1 0.5 25 10
Hazard Ratio (95% CI)

Supplementary Figure 6. Longitudinal Association between Thyroid Dysfunction and Incident De-
mentia

Hazard Ratios (HRs) were adjusted for age and sex. Error bars indicate 95% confidence intervals.
Abbreviated study names: HIMS, Health in Men Study; HUNT, Trgndelag Health Study; KLOSCAD,
Korean Longitudinal Study on Cognitive Aging and Dementia; LASA, Longitudinal Aging Study Am-
sterdam; PAQUID study, Personnes-Agées QUID study; RERF, Radiation Effects Research Foundation.
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