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Abstract

Recent evidence indicates that thyroid hormones may be closely linked to cognition among adults.
We investigated associations between thyroid hormones and longitudinal cognitive change, within
and outside of reference ranges, stratifying by sex and race. This longitudinal study used data from
the Healthy Aging in Neighborhoods of Diversity Across the Lifespan (HANDLS) study, set in
Baltimore City, MD, 2004-2013, on adults aged 30-64y at baseline visit, with a length of follow-
up between visits 1 and 2 ranging from <1 year — 8 years; Mean+SD: 4.64+0.93. The final analytic
sample sizes ranged from 1,486-1,602 participants with 1.6-1.7 visits/participant (total visits:
2,496-2,757), depending on the cognitive test. Eleven cognitive test scores spanning domains of
learning/memory, language/verbal, attention, visuo-spatial/visuo-construction, psychomotor
speed, executive function, and mental status were used. Mixed-effects regression models were
conducted, interacting time of follow-up with several thyroid exposures. Whites performed better
than African-Americans, with only four cognitive test scores of eleven declining significantly
over-time. Importantly, above reference range thyroid stimulating hormone (vs. reference range,
TSHarr) was linked to faster rates of decline on the Digits Span Backwards test, reflecting
working memory (TSHarrxTime y£SE:-0.14+0.05, P=0.006) and clock-command, a test of visuo-
spational/visuo-construction abilities (TSHarrxTime y+SE:-0.10+0.04, P=0.004). The latter
finding was replicated when comparing normal thyroid function to “subclinical hypothyroidism”.
Within reference ranges, a higher TSH was related to faster decline on the clock-command test
scores in women. In sum, higher baseline TSH was associated with faster cognitive decline over-
time among urban US adults, specifically in domains of working memory and visuo-spatial/visuo-
construction abilities.
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Introduction

Cognitive impairment, a principal cause for functional disability among the elderly, can lead
to dementing illness over time mainly in the form of Alzheimer’s Disease (AD). In fact, the
prevalence of AD is expected to rise, reaching 100 million worldwide by 2050, with 1 in 85
persons potentially living with AD.(Alzheimer’s Association, 2009) Thus, it is important to
uncover some of the modifiable risk factors that would prevent or delay cognitive
impairment, the hallmark of AD and other dementing illnesses.

Among those modifiable factors, hormonal influence on cognition is increasingly gaining
interest among researchers in the field. Altered thyroid function is well-known to co-occur
with psychological and cognitive changes in adults.(Samuels, 2014) However, it is uncertain
which type of disordered function affects cognition, to what extent, among which sub-
groups and for which domains of cognition. With advances in the neurosciences, it is now
possible to use validated neurocognitive tests reflecting specific cognitive domains and
mapped directly to specific brain regions.(Samuels, 2014) Moreover, four categories of
thyroid dysfunction are commonly studied in the literature, based on laboratory testing of
free thyroxine (fT4), triiodothyronine (T3), and thyroid stimulating hormone (TSH) levels.
(Samuels, 2014) Those can be summarized as follow: (A) Overt hypothyroidism: low-serum
fT4 coupled with elevated serum TSH; (B) Overt thyrotoxicosis: high-serum T, and/or T3
and suppressed TSH level; (C) subclinical hypothyroidism (elevated TSH, normal fT,) and
(D) subclinical thyrotoxicosis (suppressed TSH, normal fT4 and Ts3).(Samuels, 2014)
Despite the common use of those groupings for clinical purposes, thyroid function and
dysfunction is often thought of as a continuum, thus the importance of examining effects of
each of the hormonal factors separately. Some of the domains commonly affected by thyroid
dysfunction include memory, executive function and attention/concentration. Many of those
cognitive deficits may be completely or partially reversed by administration of
levothyroxine (L-T4).(Bono, et al., 2004)

Emerging evidence from animal studies and clinical observations suggests that thyroid
hormones are crucial to a well-functioning central nervous system, and that those hormones
may play a role for structural and functional development of the brain early on, including
brain areas that regulate mood and cognition.(Koromilas, et al., 2010) In fact,
hypothyroidism causes a condition termed pseudo-dementia, a progressive non-degenerative
cognitive impairment characterized by slower thought processes.(Dugbartey, 1998) Studies
also show that thyroid hormones continue to modulate the function of the adult brain, which
explains the tight regulation of thyroid hormone transport into the brain, region-specific T4
to T3 conversion as well as T3 receptor levels.(Ceballos, et al., 2009) Epidemiological
studies indicated that thyroid dysfunction whether hypo- or hyper-thyroidism (overt or
subclinical) increases the risk of cognitive impairment,(Beydoun, et al., 2013,Bono, et al.,
2004,Correia, et al., 2009,Miller, et al., 2006,Munte, et al., 2001) although the evidence is
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still sparse.(Almeida, et al., 2007,Ceresini, et al., 2009,de Jongh, et al., 2011,Formiga, et al.,
2014 Joffe, et al., 2013,Kramer, et al., 2009,Parle, et al., 2010,Samuels, et al.,
2007,Wijsman, et al., 2013) It is less well-known how thyroid hormone fluctuations within
normal ranges can affect cognitive outcomes in the general population, particularly when
studies have examined cognitive performance among middle-aged adults.(Beydoun, et al.,
2013,Beydoun, et al., 2012,Grigorova and Sherwin, 2012,van Boxtel, et al., 2004)

Limited research has systematically tested the associations between thyroid hormones (both
outside and within normal ranges) and cognitive change over-time in a large sample of
middle-age adults. Thus, we describe the relationships between variations in thyroid
hormones and longitudinal cognitive change in a large socioeconomically diverse bi-racial
population of adult men and women. Due to the strong evidence of differential thyroid
function by sex as well as by race (Aoki, et al., 2007), we stratified part of the analysis by
those two socio-demographic factors.

Materials and Methods

Database

Initiated in 2004, the Healthy Aging in Neighborhoods of Diversity across the Life Span
(HANDLS) study is an ongoing prospective cohort study that used area probability sampling
to recruit a socioeconomically diverse and representative sample of African Americans and
whites (30-64 years old) residing in Baltimore, Maryland.(Evans, et al., 2010) Written
informed consent was obtained from all participants who were provided with a protocol
booklet in layman’s terms and a video explaining all study procedures including future re-
contacts. Materials’ approval was completed by MedStar Institutional Review Board. The
present study used longitudinal HANDLS data from baseline and the first follow-up
examination (visit 2 ended in 2013). Time between examination visits 1 (Wave 1) and 2
(Wave 3) ranged from <1y to ~8y, with a mean of 4.64+0.93y.

Study subjects

Initially, 3,720 participants were recruited, of whom 2,630 had baseline complete data on
one of the measure of mental status (Mini-Mental State Examination (MMSE)). Of those
2,045 had non-missing dietary data that were used to compute the 2010-Healthy Eating
Index (2010-HEI), while 2,077 had complete data on CES-D total score. In addition, thyroid
hormone exposures were available for ~2,500 participants of whom 2,296-2,381 were within
the reference ranges. Available and reliable cognitive data varied by cognitive test ranging
from N=2,088 for California Verbal learning test-free delayed recall (CVLT-DFR) to 2,700
for Clock, Command test at visit 1. At the follow-up visit, those sample sizes were reduced
to a range of 1,846 (CVLT-DFR) to 2,139 (Animal Fluency). When combining waves in the
final analytic models, samples of participants with complete data on outcomes at either visit,
as well as exposures and covariates at baseline were reduced to a range of N=1,486-1,602
with a mean repeat of 1.6-1.7 visits/participant and a total number of visits ranging from
2,496 to 2,757. As is discussed in further details in the “Statistical analysis” section, possible
sample selectivity was corrected by using a 2-stage Heckman selection approach.(Heckman,
1979)
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Cognitive assessment

Cognitive assessment consisted of 7 tests with 11 test scores covering 7 domains (Mental
status, attention, learning/memory, executive function, visuo-spatial/visuo-construction
ability, psychomotor speed, language/verbal): the Mini-Mental State Examination (MMSE),
the California Verbal Learning Test (CVLT) immediate (List A) and Delayed Free Recall
(DFR), Digit Span Forward and Backwards tests (DS-F and DS-B), the Benton Visual
Retention Test (BVRT), Animal Fluency test (AF), Brief Test of Attention (BTA), Trails A
and B and the Clock Drawing Test (CDT) (See Appendix | for full description of tests and
scores). Only individual test scores were used in the analysis rather than cognitive domains.
All participants were judged capable of informed consent and were probed for their
understanding of the protocol. Although no formal dementia diagnoses were performed, all
participants were administered mental status tests, which they completed successfully. In
every case, low mental status performance was due to poor literacy skills with no other signs
of dementia.

Thyroid hormone assessment

Covariates

Several assays for thyroid hormone assessment were completed at Quest Diagnostics labs
(http://www.questdiagnostics.com/home.html). First, Immunochemiluminometric (ICMA)
thyroid stimulating hormone (TSH) assays (TSH-ICMA; Advia-centaur XP, Siemens) were
conducted with a 0.01-0.02 mU/L sensitivity.(Ross, 1988) Reference range for TSH among
adults aged 20+y is 0.4-4.5 mU/L (http://www.questdiagnostics.com/testcenter/
TestDetail.action?ntc=899), with an inter-individual coefficient of variation of 32%. Total
thyroxine (tT,4) was measured using ICMA (AU 5400, Beckman-Coulter) with a 0.8 pg/dL
sensitivity and a reference range of 4.8-10.4 pg/dL. (http://www.questdiagnostics.com/
testcenter/TestDetail.action?ntc=17733) Measurements of free thyroxine (fT4) concentration
were also conducted using ICMA (Advia-centaur XP, Siemens), non-dialysis, with a
sensitivity of 0.1 ng/dL, and a reference range of 0.8-1.8 ng/dL.(http://
www.questdiagnostics.com/testcenter/TestDetail.action?ntc=866) Triiodothyronine (T3)
percent uptake (T3py) is used to estimate thyroxin binding globulin (TBG) availability, a
protein carrying most of serum T3 and T4. TBG is known to have an inverse relationship
with Tgp), with a lower TBG (or higher Tgp,) suggestive of possible hyperthyroidism or
thyrotoxicosis. T3 (%uptake) was also measured by ICMA (AU 5400, Beckman-Coulter)
and had a reference range of 24-37%.(Baskin, et al., 2002) Using fT4 and TSH criteria,
thyroid dysfunction status was defined as follows: (A) Overt hypothyroidism: low-serum fT4
coupled with elevated serum TSH; (B) Overt thyrotoxicosis: high-serum fT4 and suppressed
TSH level; (C) subclinical hypothyroidism (elevated TSH, normal fT,4) and (D) subclinical
thyrotoxicosis (suppressed TSH and normal fT,); (E) Other type of dysfunction which were
compared to (N) Normal TSH and fT,4 levels. The distribution of reference ranges, abnormal
values and thyroid dysfunction groups are presented in Table 1.

Many variables were included in the analyses namely age, sex, self-reported race (White vs.
African American), marital status, educational attainment (<High School (HS); HS, >HS),
poverty income ratio (PIR<125% for “poor”), measured body mass index (BMI, kg/m?),
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current drug use (opiates, marijuana or cocaine” vs. none), smoking status (“current” vs.
“never or former) and the Wide Range Achievement Test letter and word reading (WRAT)
subtotal score to measure literacy (See Appendix I) The 20-item Center for Epidemiologic
Studies Depression Scale (CES-D) scale was used to assess affective, depressed mood.
Baseline CES-D total score was used in our analyses, with CES-D=16 labeled as “elevated
depressive symptoms” (EDS). (See Appendix I) Moreover, overall dietary quality as
measured by the Healthy Eating Index (HEI-2010) based on two 24-hr recalls administered
in HANDLS baseline visit was also included in the analyses, due to its potentially
confounding effect between thyroid hormonal function and cognitive performance and/or
decline.(Beydoun, et al., 2014,Fontana, et al., 2006,van de Rest, et al., 2015) The steps for
calculating HEI-2010 are provided by the National Cancer Institute’s Applied Research
website (http://appliedresearch.cancer.gov/tools/hei/tools.html) as well as the HANDLS
website (http://handls.nih.gov/06Coll-dataDoc.htm). Worth of noting that total and
component HEI-2010 scores were calculated for each recall day (day 1 and day 2) and then
averaged to obtain the mean HEI-2010 total and component scores, thus combining both
days. In the present study, only total HEI-2010 score was considered. Use of anti-
depressants was included as a covariate in a sensitivity analysis.

Statistical analysis

Stata release 13.0 was used to conduct all analyses. First, using survey commands, we
applied MRV exam sampling weights in the descriptive parts of the analysis, to obtain
population estimates of means, proportions and regression coefficients, given unequal
probability of sampling from the target Baltimore city population. (Lohr, 1999) Means
across binary variables were compared using linear regression models that accounted for
those sampling weights (svy:reg), whereas design-based F-tests were conducted to test
associations between categorical variables using cross-tabulations between those variables
while accounting for those same weights (svy:tab).

Second, mixed-effects linear regression models on 11 continuous cognitive test score(s)
comparing above and below reference ranges to the reference range of thyroid hormones
were conducted (Models 1-4). Interactions by sex or race were not tested, given the
expected lower statistical power for those categorical exposures, when compared to
continuous exposures.

Third, similar mixed-effects regression on 11 continuous cognitive test score(s) were used to
examine associations between the four continuous thyroid hormone exposure variables
within reference ranges (also termed Models 1-4) and cognitive performance over-time,
controlling for potential confounders. Moderating effects of sex and race were tested by
adding interaction terms to the multivariable mixed-effects regression models (3-way
interactions Timexexposurexsex or Timexexposurexrace) and stratifying by sex or race or
both, though separately, when interactions with sex and/or race are deemed significant.

Finally, thyroid dysfunction status was examined in a similar way by comparing the four
categories of dysfunction to the normal category defined by fT4 and TSH levels (See
Thyroid hormone assessment section). Appendix Il describes the mixed-effects regression
modeling approach used in detail.
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To minimize potential selection bias in mixed-effects regression models (due to the
nonrandom selection of participants with complete data from the target study population), a
2-stage Heckman selection model was constructed, by running a probit model to compute an
inverse mills ratio at the first stage (derived from the predicted probability of being selected,
conditional on the covariates in the probit model, mainly baseline age, sex, race, poverty
status and education), as was done in an earlier study. (Heckman, 1979) This inverse mills
ratio was then entered as covariate in the mixed-effects regression model at the second stage,
as was done in a previous study.(Beydoun, et al., 2013) Due to possible collinearity between
the inverse mills ratio and the common covariates entered in both the mixed-effects
regression model and the probit model, poverty status was eliminated from the mixed-effects
regression in a sensitivity analysis. In a second sensitivity analysis, use of anti-depressants
was included as an additional covariate in the mixed-effects regression models.

In all analyses, a type | error of 0.05 was considered for main effects whereas a p<0.10 was
deemed significant for interaction terms,(Selvin, 2004), prior to correcting for multiple
testing. A familywise Bonferroni procedure was used to correct for multiple testing by
accounting only for cognitive tests and assuming that hormonal exposures related to separate
substantive hypotheses.(Hochberg, 1987) Therefore, for main effects, p<0.004 (0.05/11) was
considered significant. Due to their lower statistical power compared to main effects,
interaction terms had their critical p-values reduced to (0.10/11=0.009).

Table 1 displays baseline (visit 1) characteristics among participants with complete and
dependable MMSE scores, by sex and race. Compared to men, women had lower income,
education and literacy, were less likely to be married, to be current smokers or illicit drug
users and had an overall higher BMI and CES-D total score. Both mean fT4 and T3p, within
the reference range were lower in women than in men, while both proportions >reference
and <reference for TSH were higher in women. Racial differences were also noted for socio-
demographic, lifestyle and thyroid hormonal exposures, although no difference by race was
observed in terms of CES-D scores or BMI. Specifically, compared to Whites, African-
Americans were less likely to be married, had lower income, education and literacy, but
were more likely to be currently smoking or using illicit drugs, to have poorer quality diet,
and had a lower TSH level within the reference range. African-Americans were also more
likely to have sub-optimal TSH values (4.2% in African-Americans vs. 1.2% in Whites),
with the reverse being observed for above-reference range values (1.8% in African-
Americans vs. 5.9% in Whites). An above-reference range tT4 was more likely in African-
Americans (11.2% vs. 4.6%), who were also more likely to have a sub-optimal T3 %uptake
(7.1% vs. 3.3%). Thyroid function status varied by sex and race, with a significantly larger
proportion of Whites fitting the “subclinical hypothyroidism” compared to African-
Americans. In contrast, “subclinical thyrotoxicosis” was more prevalent in African-
Americans. Both types of dysfunctions were more prevalent in women than in men.

Table 2 shows that in addition to persistent racial differences in cognitive performance
across the two visits with poorer performance found in African-Americans, only 4 of 11
cognitive tests changed between visits, with consistent indication of over-time cognitive
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decline in 3 of the 4. In particular, verbal and visual memory scores declined in both sexes
and racial groups, while MMSE scores reflecting mental status improved over time possibly
due to learning, particularly among Whites.

Table 3 displays associations between the four thyroid hormone exposures (comparing
suboptimal and above reference levels to within reference range) and longitudinal cognitive
change in four separate models, based on multiple mixed-effects regression analyses. After
correction for multiple testing (Type | error corrected to 0.004 for main effects), sub-optimal
tT4 was associated with better performance in AF (Model 3, below reference range vs.
reference (BRRVR), y=SEE: +2.08+0.70, p=0.003) at baseline. When examining cognitive
change (Type I error corrected to 0.009), none of the associations survived multiple testing
correction. However, when comparing participants above reference ranges to those within
(Model 1, ARRVRRxTime), above reference range TSH was linked to faster rates of decline
on DS-B, a test of working memory (y+SEE: —0.14+0.05, P=0.006) and Clock-command, at
test of visuo-spatial and visuo-construction abilities (y=SEE: —0.10+0.04, P=0.004).

Figures 1A-1B show predictive margins from two mixed-effects regression models whereby
the outcomes were DS-B and Clock-command test scores and the key predictor was thyroid
function status, controlling for the same covariates as in Table 3. In both models, “sub-
clinical hypothyroidism” (category C, see Methods) compared to the “normal” thyroid
function category (Thyroid_st_CN) was linked to a faster rate of cognitive decline over-time
(P<0.009 for TimexThyroid_st_CN). In particular, sub-clinical hypothyroidism was
associated with 14-15% poorer cognitive performance on DS-B after 5y compared to
baseline and ~7% poorer performance on clock-command compared to baseline. The
corresponding decline for “normal” thyroid function was <1% in both cases.

Within reference range (Table 4), the higher the TSH level, a faster rate of decline was noted
in clock-command scores among women (Model 1: TSHxTime y£SEE:-0.03+0.01,
P=0.008; P=0.009 for 3-way interaction TSHxTimexMale). Although other statistically
significant 3-way interactions were detected, none of the stratum-specific effects survived
correction for multiple testing. Despite the positive relationship between sub-optimal fT4
and AF test scores at baseline (Table 3) within reference ranges, both higher fT4 and tT4
levels were marginally but positively related to AF at baseline (Models 2-3, THWRR,
0.004<p<0.05). T3pu (Model 4) was not associated with cognitive performance or decline
outside or within reference ranges.

In a sensitivity analysis, poverty status was removed from the main mixed-effects regression
model, allowing it to be an instrumental variable to compute the inverse mills ratio. Key
results were not altered. A second sensitivity analysis in which anti-depressant use was
included as an additional covariate in the models indicated that anti-depressant use was not
an important confounder in the relationship between thyroid hormones, particularly within
normal ranges, and cognitive performance or decline (data not shown).
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Discussion

The present study examined associations between thyroid hormones (within and outside
normal ranges) and over-time longitudinal change in cognitive performance among middle-
aged US adults, using several domains of cognition and stratifying by sex and race. Several
key findings emerged. Whites performed consistently better than AA on all cognitive tests,
with only tests of mental status (MMSE), verbal memory (CVLT-List A and DFR) and
visuo-motor/visuo-constructional abilities (BVRT) declining significantly over-time.
Importantly, when examining cognitive change (Type | error corrected to 0.009) in relation
to below reference range vs. within reference range hormonal status, none of the
associations survived multiple testing correction. However, when comparing participants
above reference ranges to those within, above reference range TSH was linked to faster rates
of decline on DS-B, a test of working memory (P=0.006) and Clock-command, at test of
visuo-spatial and visuo-construction abilities (P=0.004). This finding was replicated when
comparing normal thyroid function to “subclinical hypothyroidism”. Within reference
ranges, the higher the TSH level, the faster was the rate of decline on the clock-command
test scores in women.

Our previous cross-sectional analysis of HANDLS data (Beydoun, et al., 2013) uncovered
stratum-specific associations between thyroid hormones within normal ranges and cognitive
performance which were not thoroughly reported in our present study. Moreover, two
cognitive test scores (card rotation and identical pictures) were not measured at follow-up
visits, thus precluding longitudinal analyses. Although a similar trend was detected in cross-
sectional results, most of these associations at baseline did not pass correction for multiple
testing, given the slightly different samples selected between studies.(Beydoun, et al., 2013)

At least nine previous cohort studies examined longitudinal relationships between thyroid
hormones and cognitive performance.(Booth, et al., 2013,de Jong, et al., 2006,de Jong, et al.,
2009,de Jongh, et al., 2011,Forti, et al., 2012,Gussekloo, et al., 2004,Hogervorst, et al.,
2008,Tan, et al., 2008,Volpato, et al., 2002) Of those selected studies, six indicated
significant (de Jong, et al., 2006,de Jong, et al., 2009,Forti, et al., 2012,Hogervorst, et al.,
2008,Tan, et al., 2008,Volpato, et al., 2002) and three indicated non-significant findings.
(Booth, et al., 2013,de Jongh, et al., 2011,Gussekloo, et al., 2004) While many of those
studies used a single cognitive test score or dementia/AD diagnosis as the outcome, a
number of findings are notable. For instance, a large cohort study of older adults (age=65y,
n=1,047) observed that both higher TSH and fT, within normal ranges were associated with
poorer performance and decline on the MMSE.(Hogervorst, et al., 2008) The latter study
suggested that thyroxine can generate oxidative stress and damage neurons, and concluded
that treatment with thyroxine when thyroid disease is absent is not recommended and that
optimal levels of thyroxine in the elderly is possibly lower than previously indicated.
(Hogervorst, et al., 2008) Thus, further large cohort studies are needed to assess whether fT4
levels indeed have a curvilinear relationship with cognitive function or decline among
euthyroid individuals, whereby normal high fT4 may result in worse cognitive outcomes.

In another study that failed to show an association between thyroid hormones and incident
dementia (age:60-90y, n=1,077), higher fT4 was shown to be associated with greater atrophy
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in the hippocampus and amygdala regions of the brain.(de Jong, et al., 2006) Those findings
are comparable to ours, particularly the cross-sectional inverse relationship between fT4 and
performance in the domain of language/verbal fluency and the longitudinal association
between higher TSH and faster rates of decline in the domains of working memory and
visuo-spatial/visuo-construction abilities. Similarly, higher TSH was associated with
increased risk of vascular dementia (VaD), but not AD or mild cognitive impairment in
another large cohort study, (Forti, et al., 2012) whereas in the Framingham study (N=1,864
cognitively intact individuals), the risk of AD incidence among women was linked to both a
high (>2.1 mIU/L:HR=2.15 (95%C]l:1.31-3.52, P=0.003) and a low (<1.0 mIU/L: HR=2.39
(95%C]1:1.47-3.87, P <0.001) TSH level.(Tan, et al., 2008)

Of seven surveyed experimental studies, (Bono, et al., 2004,Burmeister, et al., 2001,Correia,
et al., 2009,Miller, et al., 2006,Munte, et al., 2001,0sterweil, et al., 1992,Parle, et al., 2010)
three had positive findings (Bono, et al., 2004,Correia, et al., 2009,Munte, et al., 2001),
whereas the others reported mixed or null findings.(Burmeister, et al., 2001,Miller, et al.,
2006,0sterweil, et al., 1992,Parle, et al., 2010) Specifically, L-thyroxine replacement was
shown to normalize verbal memory in one trial for both overt and sub-clinical hypothyroid
groups, and for spatial memory among the sub-clinical hypothyroid group.(Correia, et al.,
2009) In another trial of L-thyroxine replacement conducted among 36 women, slight
improvements in verbal fluency and depression scores were noted that were accompanied by
an increase in serum T4 in parallel with TSH level reduction.(Bono, et al., 2004)

Moreover, a neuroanatomical basis for the link between subclinical hypothyroidism and a
defect in verbal working memory and executive function in particular was provided by a
recent study.(Zhu, et al., 2006) In fact, subjects with a mean TSH of 14.7 mU/L were shown
to have an impaired verbal working memory and abnormal fMRI findings in the frontal
areas of the brain which are responsible for executive function. Of those participants, a sub-
set was treated with L-T, for 6 months reducing TSH to a mean of 1.35 mU/L which
normalized both verbal working memory and fMRI results, reflecting increased regional
brain glucose metabolism with such treatment. (Zhu, et al., 2006) Similarly, a more recent
study by the same group (Yin, et al., 2013) showed similar results. Individuals with a mean
TSH of 19.4 mlU/I exhibited decreased performance on a spatial working memory task (2-
back), compared with euthyroid controls. Additionally, diminished functional activity in the
right dorsolateral prefrontal cortex, right parietal lobe, and the supplementary motor area
and anterior cingulate cortex was observed for those with elevated TCH levels, compared
with controls. Following treatment with L-T,4, TSH levels, visual working memory, and
BOLD responses were similar between controls and sub-clinical hypothyroid patients. (Yin,
etal., 2013)

Several mechanisms may explain the associations between thyroid function and cognition.
First, both T, and its more potent metabolite T3 are regulated in such a way as to preserve
narrow concentration ranges in the brain, independent of changes in their corresponding
bloodstream levels. This indicates that minute changes in thyroid hormones within brain
tissues can alter behavior significantly. Moreover, T3 levels in brain tissue is largely
determined by circulating T, through local enzymatic deiodination (5’D-11 deiodinase),
rather than through active transport of serum T3 into the brain. Importantly, thyroid
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hormones in several animal studies were shown to inhibit the expression of the f-amyloid
precursor protein gene. (Volpato, et al., 2002) Other animal studies also show that adult-
onset hypothyroidism in rats can reduce granule cells in the dentate gyrus and pyramidal
cells of the hippocampal CAL region, reduce apical dentritic spine density in the
hippocampal CA1 pyramidal neurons, decrease synaptic plasticity within the hippocampus,
and impair learning, particularly in spatial and memory domains.(Cao, et al., 2012) Other
adverse effects of thyroid dysfunction include altered expression of hippocampal enzymes
that regulate catecholamine, serotonin, and GABA systems.(Koromilas, et al., 2010)

Our study has several notable strengths. In addition to its large sample size allowing for
stratified analyses by sex and race, and its longitudinal design which allows us to ascertain
temporality of associations, our study also included cognitive tests that spanned many
domains of cognition, controlled for key potentially confounding factors that were socio-
demographic, lifestyle and health-related. It made use of advanced multivariable techniques,
including mixed-effects regression models that took into account sample selectivity. In
addition, the descriptive part of the analysis also accounted for sampling weights to obtain
representative estimates of means and proportions.

Despite its strengths, our study findings should be interpreted in light of key limitations.
First, although major potentially confounding variables were adjusted for, residual
confounding cannot be ruled out. Specifically, although many CNS medications aside from
anti-depressants may affect thyroid hormonal level, previous studies have shown that their
key findings were not affected by excluding individuals who were on any type of CNS
medication.(Prinz, et al., 1999) Moreover, T3 and TBG were not directly available in the
first-visit of HANDLS, which prevented us from examining their association with
longitudinal cognitive change over-time in this sample of US middle-aged urban adults.
Although reference ranges are indicative of normal levels of thyroid hormones, they may
vary according to populations and published evidence. Furthermore, only 2 time points were
available for our longitudinal analyses, which though an improvement over cross-sectional
analyses, may be limited compared to having 3 or more time points. Thus, our key finding of
a significant relationship between higher baseline TSH and cognitive decline in domains of
working memory and visuo-spatial/visuo-construction abilities can possibly be the result of
random fluctuation in performance rather than true decline. This random fluctuation is a
result of reliability in the instrument itself and may also differ across study groups. Until
further studies are done with 3 or more assessment on a comparable population of urban
adults, this finding needs to be interpreted with caution. Furthermore, the effect size of the
association between elevated TSH and the rate of change in measures of working memory
and visuo-spatial/visuo-construction abilities may have been large in relative terms
compared to the “normal” group. However, in terms of absolute decline, the effect size was
smaller than anticipated, possibly due to the young age at baseline of this study population.
Finally, although a large battery of neuropsychological tests was available from which
cognitive domains could be extracted using factor analysis, a prior attempt to group those
individual tests into distinctive domains showed that there was a lack of factorial invariance
across the major variables used in HANDLS sampling design, including sex, race, age and
poverty status. For this reason, only individual test scores were used and interpreted in terms
of their salient domain of cognitive performance.
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In sum, our study findings indicated that thyroid hormones, particularly higher TSH, are
linked to faster rate of cognitive decline over-time, particularly in domains of working
memory and visuo-spatial/visuo-construction ability. Moreover subclinical hypothyroidism
whereby higher TSH levels are coupled with normal T, levels was specifically linked to
decline over-time, as well as higher TSH values within normal ranges among women in the
case of visuo-spatial/visuo-construction ability. Further large cohort studies are needed to
replicate those findings as well as hormone replacement interventions that examine both
short-term and long-term effects of thyroid hormones on age-related cognitive decline in
different domains of cognition.

Refer to Web version on PubMed Central for supplementary material.
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