
Changes in Serum Thyroid Function Predict
Cognitive Decline in the Very Old:

Longitudinal Findings from the Newcastle 85+ Study

Earn H. Gan,1,2,i Carol Jagger,3 Mohammad E. Yadegarfar,4 Rachel Duncan,2 and Simon H. Pearce1,2

Background: Low serum thyrotropin (TSH) has been associated with an increased risk of cognitive impairment
in observational studies of older individuals, but the mechanism underlying this is unclear. We investigated the
association between changes in thyroid status and cognitive impairment in very old adults, using prospective
data from the Newcastle 85+ study.
Method: A cohort of 85-year-old individuals was assessed for health status and thyroid function. Complete data
from a comprehensive multidimensional measure of health and repeat thyroid function were available for 642
participants with normal free thyroid hormones and TSH levels ranging between 0.1 and 10 mU/L. Cognitive
performance, assessed using Mini-Mental State Examination (MMSE) and Cognitive Drug Research battery
was examined by using linear mixed, logistic regression, and Cox proportional hazard models in relation to
baseline and 3-year changes in serum TSH, free thyroxine (fT4), and free triiodothyronine (fT3).
Results: Over 3 years, declining serum TSH was associated with reductions in fT4 and fT3, and an increased
risk of incident cognitive impairment by 5 years (odds ratio1.77 [95% confidence interval: 1.19–2.61]; p = 0.004).
A greater reduction in MMSE score was associated with larger TSH decline, at 3 ( p = 0.001) and 5 years
( p < 0.001), respectively. Steady fT4 concentrations were found in participants with rising TSH.
Conclusions: In contrast to physiological expectation, in this group of 85-year-olds, a declining serum TSH
was associated with reductions in free thyroid hormones over time. A decreasing serum TSH trajectory over
time anticipated cognitive decline in later life. Declining TSH concentrations are a biomarker for cognitive
impairment in later life.
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Introduction

Perturbations in thyroid function are common in
older people, with up to 3% of older individuals having

a serum thyrotropin (TSH) concentration below the healthy
reference interval for younger people, and normal free thy-
roid hormone levels (referred to as subclinical hyperthy-
roidism) (1). Although overt hyper- or hypothyroidism have
long been recognized to adversely affect cognition, the ef-
fects of subclinical thyroid diseases are less clear.

There is increasing evidence of an association between low
TSH and adverse cognitive outcomes in older people. At least
15 epidemiological studies have shown that low serum TSH
concentration is associated with lower Mini-Mental State
Examination (MMSE) scores, a diagnosis of Alzheimer’s

disease or dementia (2–6). A meta-analysis involving five
prospective cohort studies also suggested increased dementia
risk with low TSH (7).

In contrast, serum TSH concentrations above the reference
interval (subclinical hypothyroidism) were found to be as-
sociated with preserved cognitive function in people aged
65 years and older (7). In fact, some studies suggest that
higher serum TSH in older people confers a survival advan-
tage and is associated with protection from dementia (8–11).

Although both the prevalence and incidence of dementia have
decreased over the past decades (12), the projected increases in
the population aged 85 years and older, the very old, where both
prevalence and incidence are highest, will mean greater num-
bers of older people with dementia. A better understanding of
the mechanism by which parameters of thyroid function
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influence the risk of cognitive decline and dementia is, therefore,
necessary to try to reduce the future disease burden. A few
previous studies of thyroid function and cognitive decline have
included substantial numbers of the very old, and none have
prospectively measured changes in thyroid function over time.

We sought to investigate whether changes in thyroid
function could predict future risk of cognitive impairment
in this age group. In this study, we examine the relation-
ship between serum thyroid hormones measured at 85 and
88 years of age and subsequent cognitive outcome in the
Newcastle 85+ Study cohort.

Methods

Study population

The Newcastle 85+ Study is a population-based longitu-
dinal study of health and aging in a single-year birth cohort
(1921) recruited at age 85 from general practices in New-
castle and North Tyneside, UK, regardless of health status
and place of residence. Full methodological details of the
study have been previously published (13).

A total of 845 participants underwent a comprehensive
multidimensional measure of health comprising question-
naires, anthropometric measurements, and physical and
cognitive function tests. Fasting blood samples were carried
out in the participant’s usual residence by a research nurse.
All interviewed participants agreed to a review of their
general practice medical records to extract data on diagnosed
diseases and prescribed medication. Seven hundred sixty
participants had venipuncture for thyroid function. Follow-up
took place at 3 and 5 years. Figure 1 shows the number of
participants included in the analysis at each stage. The
study was approved by the Newcastle and North Tyneside 1
Research Ethics Committee (ref: 06/Q0905/2).

Blood samples and thyroid hormone assays

Fasting blood samples were obtained between 07:00 and
10:30 hours. Measurement of TSH, free thyroxine (fT4), and

free triiodothyronine (fT3) was performed by using a Centaur
platform (Seimens) at two time points: baseline (2006–2007)
and year-3 (2009–2010). Intra-assay coefficients of varia-
tion were serum TSH, 3.8% (at 5.3 mU/L); fT4, 7.9% (at
13.5 pmol/L); and fT3, 3.1% (at 10.5 pmol/L). The following
reference ranges were used: TSH, 0.4–4.0 mU/L; fT4, 9.5–
22.0 pmol/L; and fT3, 3.5–6.5 pmol/L. Serum reverse T3
(rT3) was assayed in duplicate by radioimmunoassay, using
antiserum at a final dilution of 1:600,000 and sample volumes of
25 lL. Thyroid peroxidase antibodies were assayed by Advia
chemiluminescent assay on the Centaur platform with an intra-
assay coefficient of variation of 17.7% at a concentration of
87.2 U/L. The mean (standard deviation) time between cogni-
tive testing and blood sampling was 8.4 (17.7) days.

On serial measurements, an increasing or decreasing se-
rum TSH trajectory was defined by a change of ‡0.1 mU/L
from baseline. This is an arbitrary set point to capture as
many participants into the increasing and falling group ac-
cordingly, to improve the power for data analysis. Participants
who had overt hyper- or hypothyroidism, or on medications
interfering with thyroid function (antithyroid drugs, levothy-
roxine, amiodarone, lithium) were excluded. The final ana-
lytic sample comprised the 642 participants who had TSH
between 0.1 and 10 mU/L with normal fT4 and fT3 concen-
trations. The TSH levels below 0.1 or above 10 mU/L are more
likely to be caused by endogenous thyroid disorders and, hence,
were excluded from the analysis. The TSH was also analyzed
according to tertile groups, with the upper tertile defined as
2.56–9.52 mU/L and lower tertile as 0.13–1.54 mU/L.

Assessment of cognitive function

Global cognitive function was available at baseline, 3 and
5 years (relating to participant ages 85, 88, and 90 years)
using the standardized MMSE, with a scale ranging from 0 to
30. Cognitive status was defined as normal when MMSE
scores were ‡26, whereas incident cognitive impairment was
defined as an MMSE score crossing the 25 points threshold
(14). A decline in MMSE score ‡3 points is considered to be a

FIG. 1. The flowchart of participants
analyzed at each phase of the study.
*Participants who had overt hyper- or
hypothyroidism, were on medications
interfering with thyroid function (antithyroid
drugs, levothyroxine, amiodarone, lithium),
or had TSH <0.1 or >10 mU/L were
excluded from analysis.
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clinically meaningful change in cognitive function (15), and
it was also used to assess the odds of cognitive decline in one
model.

Episodic memory and attention were assessed by using the
Cognitive Drug Research computerized assessment system,
at baseline and 3 years. Episodic memory was measured with
a word recognition sensitivity index (SI) and delayed word
recall score. Three main attention tasks measuring response
time were used to examine the core aspects of attention:
simple reaction time, choice reaction time (CRT), and digit
vigilance task (DVT). Power of attention (PoA) was derived
from the sum of these three core attention scores, measur-
ing the focused attention and information processing speed.
Continuity of attention (CoA) combines the accuracy and
error measures from the CRT and DVT to measure sustained
attention over the testing period. Details of how each com-
posite measure was constructed and validated have been
previously published (16).

Transformation of cognitive test scores

The MMSE and word recognition sensitivity scores were
moderately negatively skewed and were corrected with the
formula NEWX = SQRT(K - X), where K is the maximum
score and X is the participant’s score. CoA was substantially
negatively skewed and was transformed with the formula
NEWX = Log10(K - X), in which K is the maximum score +1
and X is the participant’s score. The PoA score was positively
skewed and was logarithmically (Log10) transformed. De-
layed word recall was substantially positively skewed and
was, therefore, Log10 transformed with the formula NEWX =
Log10(X + 1), where X is the participant’s score. Lower scores
in transformed MMSE, word recognition sensitivity, delayed
word recall, PoA, and CoA indicate better cognitive function.

Other measures and confounding factors

All multivariable models were adjusted for potential con-
founders. These include sociodemographic factors (age, sex,
and years of education), lifestyle factors (smoking and phys-
ical activity), as well as health and morbidities (C-reactive
protein [CRP], geriatric depression score, waist-hip ratio, and
disease group count). Education was categorized into three
groups: 0–9 years (basic education), 10–11 years, and older
than 11 years. Physical activity score was derived from a sub-
jective physical activity measure by using a self-reported
questionnaire. The physical activity questionnaire catego-
rized participants into low (scores 0–1), moderate (scores
2–6), and high (scores 7–18) physical activity categories,
according to the frequency and intensity of physical activity in
a week (17). The disease group count variables were derived
from a sum of eight disease groups with selective chronic
diseases, and participants could score a maximum of 8 (18).

Statistical analyses

Baseline characteristics of participants (n = 642) were
compared across the three TSH tertile groups by using the
Kruskal-Wallis test for non-normally distributed continuous
variables and Chi-square test for categorical variables. Non-
normally distributed data were presented as medians and
interquartile range. All reported p-values are two-tailed.

Logistic regression models were fitted to explore the as-
sociation between thyroid changes over 3 years and the odds
of incident cognitive impairment (MMSE <26), as well as
cognitive decline (reduction in MMSE score ‡3) (odds ratio
[OR], 95% confidence interval [CI]). Models are adjusted for
all confounders and baseline MMSE.

Changes in global cognition (MMSE), attention, and epi-
sodic memory over time were analyzed by linear mixed
models; first assessing the cross-sectional effect of baseline
thyroid function (including TSH tertile groups) and various
cognitive domains (model 1), followed by linear growth
curve models with random intercept. Model 2 included an
interaction of thyroid function groups and time. Lower
transformed MMSE, word recognition SI, delayed word re-
call, and PoA and CoA scores reflect better cognitive per-
formance. The parameter estimates for model 2 showed the
changes in cognition over time that can be attributed to
baseline thyroid function. Models were adjusted for all con-
founders. Linear mixed models with a restricted maximum
likelihood method using a first-order autoregressive covari-
ance matrix were used to generate parameter estimates (b) for
effects.

The extent of missing values was low at 1% or less for all
the covariates, except geriatric depression score at 1.1%
Multiple imputations with the automatic method (monotone
or fully conditional specification with Monte Carlo Markov
chain) were performed for all covariates with missing data.
Analyses were performed by using SPSS Statistics 22.0 (IBM
Corp. Armonk, NY) apart from the Cox modeling with re-
stricted cubic splines, which used SAS version 9.4 (SAS
Institute).

To investigate the effect of the three baseline thyroid
measures (TSH, fT4, fT3) as continuous measures on the
incidence of cognitive impairment, we used Cox proportional
hazard models fully adjusted for all confounders in the subset
of participants who were cognitively intact (MMSE ‡26) at
baseline (n = 464). Cognitive impairment onset was assumed
as being halfway between the last interview with normal cog-
nitive function (MMSE ‡26) and the first interview with
cognitive impairment (MMSE <26). The time to onset of
cognitive impairment was censored if death occurred be-
fore cognitive impairment being observed or at 5 years if still
cognitively intact. Forty-four participants were excluded
because of censoring (death) before the first observed time of
cognitive impairment onset in the analytic sample. Potential
nonlinear relationships between each of the thyroid measures
and time to onset of cognitive impairment were examined by
fitting restricted cubic splines (19).

Sensitivity analysis

Sensitivity analyses were performed to test the robustness
of our findings. First, to account for the potential influence of
baseline cognition on prospective cognitive changes, analy-
ses were repeated, excluding participants with cognitive
impairment (MMSE <26) at baseline. In addition, for models
exploring the effect of changes in thyroid function on the
odds of cognitive impairment over time, we adjusted analyses
by baseline MMSE. Analyses were also repeated redefining
cognitive impairment as MMSE <24, because this threshold
has been used to define dementia in the very old (20). To ex-
plore the association between thyroid changes (baseline vs.
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3 years) and the odds of cognitive decline (reduction in
‡3 points), we analyzed the change in MMSE score over the
same period versus the subsequent 2 years (3 vs. 5 years).

Results

The median age of the 642 eligible participants was 85.5
years, and 58.1% were women (Table 1). As compared with
the original study population (n = 760), the selection criteria
in this study resulted in a higher mean physical activity score
and hence a fitter study group (Supplementary Table S1).
Participants in the lower TSH tertile (0.13–1.54 mU/L) were
more likely to have higher levels of CRP, a higher disease
group count, and to live in a care home. Those in the lower
TSH tertile also had higher fT4 and rT3 levels, compared
with the middle and upper TSH tertiles ( p < 0.001).

Changes in thyroid hormones over time

Of the 642 participants who had baseline thyroid function
measured, 54.2% (n = 348) were alive to have their thyroid
function tests repeated at 36 months, of whom 221 (63.5%)
showed a decreasing TSH trajectory with time, defined by

a reduction in serum TSH of ‡0.1 mU/L (Table 2). The mean
percentage changes at 3 years for falling and rising TSH
trajectory are -32.6% and +52.4%, respectively. The mean
serum TSH concentration for those with a falling trajectory
declined from 2.67 to 1.80 mU/L, whereas the mean se-
rum TSH level for the rising group increased from 1.85 to
2.82 mU/L. In contrast to expectation, subjects with a falling
TSH also showed a reduction in serum fT4 over time,
whereas steady fT4 concentrations were found in partici-
pants with rising TSH. Over time, fT3 decreased in all par-
ticipants (Table 2).

TSH trajectory, baseline to year 3, predicted future
cognitive function

Of the participants whom had repeated thyroid function
tests at 36 months, 99.4% (n = 346) and 79.3% (n = 276) were
reassessed on the MMSE at 3 and 5 years, respectively.
General linear modeling showed that change in serum TSH
concentration over 3 years was positively associated with
change in MMSE score at 3 (b 0.31; CI 0.01–0.611; p =
0.045) and 5 years (b 0.52; CI 0.08–0.95; p = 0.020).

Table 1. Baseline Characteristics of Participants by Thyrotropin Tertile Groups

Characteristics
All participants

(n = 642)

TSH tertilea

pLower (n = 213) Middle (n = 215) Upper (n = 215)

Female, n (%) 373 (58.1) 123 (57.7) 129 (56.3) 121 (60.0) 0.730
Current and former

smoker, n (%)
417 (65.1) 131 (64.6) 141 (65.9) 139 (64.7) 0.429

Basic education, n (%) 411 (64.6) 131 (63.9) 142 (66.0) 138 (64.2) 0.910
Living in care home,

n (%)
54 (8.4) 28 (13.0) 9 (4.2) 17 (7.9) 0.008

ApoE4 positive, n (%) 138 (26.6) 45 (25.7) 42 (25) 51 (28.5) 0.670
BMI, median (IQR) 24.0 (21.5–27.2) 23.8 (21.5–26.8) 24.7 (21.4–27.5) 23.8 (21.6–27.1) 0.398
Physical activity score,

median (IQR)
3.0 (2.0–8.3) 3.0 (2.0–8.5) 5.0 (2.0–9.0) 4.0 (2.0–8.0) 0.332

Disease group count,
median (IQR)

2.0 (2.0–3.0) 2.0 (2.0–3.0) 2.0 (1.0–3.0) 2.0 (1.0–3.0) 0.021

Geriatric Depression
score (IQR)

3.0 (2.0–5.0) 3.0 (2.0–5.0) 3.0 (2.0–5.0) 3.0 (1.0–5.0) 0.445

hsCRP mg/L, median
(IQR)

2.6 (1.2–5.8) 2.7 (1.2–7.4) 2.6 (1.4–5.8) 2.3 (1.1–4.5) 0.028

MMSE, median (IQR) 28.0 (25.0–29.0) 27.0 (24.0–29.0) 28.0 (26.0–29.0) 28.0 (26.0–29.0) 0.001
Cognitive impairment

(MMSE <26), n (%)
178 (38.4) 78 (36.6) 47 (22.0) 53 (24.7) 0.002

Word recognition SI,
median (IQR)

0.60 (0.42–0.73) 0.56 (0.34–0.69) 0.60 (0.45–0.75) 0.62 (0.48–0.75) 0.001

PoA,b median (IQR) 1480.9
(1350.5–1692.0)

1519.6
(1377.0–1762.6)

1478.4
(1355.2–1687.5)

1449.6
(1337.9–1621.1)

0.036

CoA, median (IQR) 87.3 (80.3–91.3) 86.4 (76.8–90.8) 86.8 (81.0–91.0) 88.7 (82.7–91.7) 0.034
fT3, mean (2.5–97.5th

percentiles)
4.56 (4.52–4.59) 4.52 (4.46–4.59) 4.54 (4.49–4.59) 4.60 (4.55–4.66) 0.161

fT4, mean (2.5–97.5th
percentiles)

15.34 (15.16–15.52) 15.60 (15.29–15.91) 15.53 (15.23–15.84) 14.88 (14.58–15.19) <0.001

rT3, mean (2.5–97.5th
percentiles)

0.41 (0.40–0.42) 0.43 (0.42–0.46) 0.41 (0.39–0.42) 0.39 (0.37–0.40) <0.001

TPO Ab positive, n (%) 97 (15.1) 21 (10.0) 27 (12.6) 49 (22.8) <0.001

aTSH tertile was defined as upper (2.56–9.52 mU/L), middle (1.55–2.55 mU/L), and lower (0.13–1.54 mU/L).
bFor PoA, lower scores indicate better performance.
ApoE4, apolipoprotein E4; BMI, body mass index; CoA, continuity of attention; fT3, free triiodothyronine; fT4, free thyroxine; hsCRP,

higher levels of C-reactive protein; IQR, interquartile range; MMSE, Mini-Mental State Examination; PoA, power of attention; SI,
sensitivity index; TPO, thyroid peroxidase antibody; TSH, thyrotropin.
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Subgroup analysis, stratifying serum TSH according to the
direction of change, showed that only those who had a falling
TSH concentration at 3 years exhibited a positive association
with a change in MMSE. Falling TSH concentration was as-
sociated with a reduction in global cognition. Greater reduc-
tion in MMSE score was associated with larger TSH decline,
at 3 (b 1.15; CI 0.47–1.83; p = 0.001) and 5 years (b 2.12; CI
1.01–3.23; p < 0.001), respectively.

Using logistic regression modeling, a reduction in serum
TSH from baseline to 3 years was associated with increa-
sed odds of incident cognitive impairment (MMSE <26) at
5 years in those surviving 5 years; OR 1.77 (CI 1.19–2.61);
p = 0.004), but not at 3 years (Fig. 2). These associations also
held for fully adjusted models when incident cognitive im-
pairment was redefined as MMSE <24. Apart from incident

cognitive impairment (MMSE <26), a reduction in TSH
concentrations over time was also associated with cogni-
tive decline, defined as falling MMSE scores ‡3 points over
5 years (OR 1.45 (CI (1.01–2.09), p-value 0.049) (Fig. 2).
This relationship was stronger among those who had normal
cognition at baseline (OR1.73 [CI (1.06–2.80]; p = 0.027).

Relationship between baseline TSH
and cognitive performance

At baseline, participants in the lower TSH tertile had
a greater prevalence of cognitive impairment ( p = 0.002),
worse performance in word recognition sensitivity ( p = 0.001),
PoA ( p = 0.036), and CoA ( p = 0.034), compared with those
in the upper TSH tertile (Table 1). The associations between

Table 2. Changes in Thyroid Hormones Over Time (Baseline vs. Year 3)

as Stratified by Serum Thyrotropin Trend

Serum
TSH trend

Baseline fT4 Year 3 fT4

% change; p

Baseline fT3 Year 3 fT3

% change; pMean (2.5–97.5 percentile) Mean (2.5–97.5 percentile)

Falling (n = 221)a 15.67
(12.00–20.00)

13.95
(10.60–18.35)

-11.0; < 0.001 4.63
(4.00–5.29)

4.48
(3.71–5.29)

-3.2; <0.01

Steady (n = 42)b 15.37
(11.10–18.90)

14.12
(10.32–19.06)

-8.1; 0.005 4.51
(3.64–5.10)

4.31
(3.20–5.18)

-4.4; 0.045

Rising (n = 85)c 15.01
(12.00–20.00)

14.96
(10.18–19.50)

-0.3; 0.590 4.54
(3.94–5.10)

4.38
(3.34–5.30)

-3.5; 0.030

All (n = 348)d

Table 2 depicted the changes in free thyroid hormones over 3 years according to TSH trend. A falling TSH trajectory is defined by a
reduction in serum TSH of ‡0.1 MU/L over time. An increase in serum TSH of ‡0.1 MU/L over time indicates a rising TSH trend. The TSH
value at baseline and 3 years was represented by mean and 2.5–97.5 percentile. The mean difference between free thyroid hormone at
baseline versus 3 years was compared with Wilcox-sign and paired t tests, for free T4 and free T3, respectively.

aFalling TSH group mean (2.5–97.5 percentile) at baseline = 2.67 (0.79–5.67), year 3 = 1.80 (0.50–3.74), % change -32.6.
bSteady TSH group mean (2.5–97.5 percentile) at baseline = 1.66 (0.31–4.32), year 3 = 1.67 (0.31–4.36), % change +0.6.
cRising TSH group mean (2.5–97.5 percentile) at baseline = 1.85 (0.42–4.51), year 3 = 2.82 (0.76–7.30), % change +52.4.
dAll cohort TSH group mean (2.5–97.5 percentile) at baseline = 2.33 (0/41–6.48), year 3 = 2.04 (0.39–6.27), % change -12.4.

FIG. 2. Decreasing TSH trajectory and the odds of incident cognitive impairment (MMSE <26) at 60 months, and
cognitive decline (reduced MMSE score ‡3) over 5 years. MMSE, Mini-Mental State Examination.
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Table 3. Effects of Baseline Thyroid Function on Global Cognition Over 60 Months

and Episodic Memory and Attention Over 36 Months

Thyroid function Cross-sectional effect (model 1) Change due to thyroid hormone (model 2)

b (SE); p

Global cognition (MMSE)
All cohort

Lower TSH tertilea 0.294 (0.090); 0.001 0.069 (0.038); 0.070
TSH -0.045 (0.023); 0.048 -0.001 (0.010); 0.982
fT3 -0.270 (0.087); 0.002 -0.072 (0.032); 0.054
fT4 -0.009 (0.012); 0.601 0.015 (0.007); 0.028

Baseline MMSE >25
Lower TSH tertilea 0.119 (0.072); 0.097 0.072 (0.043); 0.091
TSH -0.007 (0.019); 0.722 -0.008 (0.010); 0.44
fT3 -0.070 (0.068); 0.296 -0.087 (0.040); 0.031
fT4 0.009 (0.013); 0.511 0.021 (0.007); 0.005

Episodic memory: word recognition SI
All cohort

Lower TSH tertilea 0.023 (0.009); 0.012 0.001 (0.006); 0.850
TSH -0.006 (0.003); 0.021 -0.002 (0.002); 0.332
fT3 -0.013 (0.009); 0.155 0.002 (0.006); 0.770
fT4 0.002 (0.002); 0.261 -0.002 (0.001); 0.075

Baseline MMSE >25
Lower TSH tertilea 0.012 (0.010); 0.220 0.004 (0.006); 0.567
TSH -0.003 (0.003); 0.201 -0.002 (0.002); 0.178
fT3 -0.005 (0.009); 0.552 0.0003 (0.006); 0.954
fT4 0.004 (0.002); 0.017 -0.001 (0.001); 0.346

Episodic memory: delayed word recall
All cohort

Lower TSH tertilea -0.087 (0.067); 0.193 0.046 (0.054); 0.398
TSH 0.017 (0.018); 0.350 -0.009 (0.015); 0.534
fT3 -0.111 (0.064); 0.084 -0.007 (0.053); 0.897
fT4 -0.005 (0.013); 0.715 0.004 (0.010); 0.706

Baseline MMSE >25
Lower TSH tertilea -0.055 (0.063); 0.390 0.021 (0.056); 0.701
TSH 0.023 (0.016); 0.155 0.010 (0.015); 0.503
fT3 -0.0009 (0.060); 0.988 -0.025 (0.060); 0.636
fT4 0.011 (0.012); 0.358 0.010 (0.010); 0.290

Sustained attention (CoA)
All cohort

Lower TSH tertilea 0.024 (0.033); 0.464 0.037 (0.022); 0.100
TSH -0.013 (0.009); 0.139 -0.013 (0.006); 0.030
fT3 -0.034 (0.032); 0.279 -0.019 (0.022); 0.382
fT4 0.003 (0.034); 0.925 -0.031 (0.024); 0.190

Baseline MMSE >25
Lower TSH tertilea -0.015 (0.036); 0.668 0.032 (0.025); 0.202
TSH -0.009 (0.009); 0.341 -0.016 (0.007); 0.012
fT3 0.003 (0.034); 0.925 -0.031 (0.024); 0.190
fT4 0.006 (0.007); 0.341 -0.002 (0.004); 0.629

Focused attention (POA)
All cohort

Lower TSH tertilea 0.004 (0.009); 0.704 0.002 (0.005); 0.676
TSH -0.001 (0.003); 0.664 -0.001 (0.001); 0.387
fT3 -0.016 (0.009); 0.086 -0.001 (0.005); 0.726
fT4 0.001 (0.002); 0.632 0.0003 (0.001); 0.692

Baseline MMSE >25
Lower TSH tertilea -0.002 (0.008); 0.843 0.0006 (0.004); 0.894
TSH -0.001 (0.002); 0.754 -0.001 (0.001); 0.379
fT3 -0.003 (0.008); 0.730 -0.002 (0.005); 0.719
fT4 0.002 (0.002); 0.328 -0.0002 (0.001); 0.812

Model 1, assesses the cross-sectional effect of baseline thyroid function on each cognitive domain.
Model 2, an interaction of baseline thyroid function and time, indicating the changes in cognition over time that can be attributed to a

variation in baseline thyroid function.
Lower scores in transformed MMSE, word recognition sensitivity, delayed word recall, PoA, and CoA indicate better cognitive function.
The sections highlighted in bold indicate results which were statistically significant.
aCategorical TSH analysis with middle TSH tertile as referent; the effects of upper TSH tertile on all cognitive domains were all

nonsignificant (results not shown).
SE, standard error.
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baseline thyroid function and cognitive performance over 3-
and 5 years of follow-up were examined with linear mixed
models (Table 3). Lower baseline serum TSH was found to be
associated with worsening sustained attention (CoA) over
3 years in individuals both with ( p = 0.03) and without ( p =
0.012) baseline cognitive impairment. There was no signifi-
cant relationship between baseline serum TSH and global
cognition (MMSE score) over time.

Relationship between serum free thyroid hormones
and cognitive state

In the whole cohort, lower fT3 at baseline was found to
correlate with worse initial MMSE performance ( p = 0.002)
(Table 3; model 1). Among individuals who were cognitively
intact at initial assessment, lower baseline fT3 was associated
with worse global cognition over time ( p = 0.031) (Table 3;
model 2). Contrastingly, lower baseline fT4 correlated with
better MMSE performance over time ( p = 0.005) (Table 3;
model 2). There was no evidence that prospective changes in
fT3 and fT4 from baseline to year 3 were associated with
changes in cognitive status over time.

To account for censoring due to death or withdrawal, Cox
Proportional Hazards regression models were fitted to further
examine the relationship between baseline thyroid function
and risk of developing cognitive impairment (MMSE <26).
Thyroid function was modeled in two ways. First, the base-
line values of each thyroid parameter were fitted in separate
models with age and sex included as covariates in Model 1,
and all covariates in Model 2. These models assumed a linear
relationship between the thyroid parameter and the hazard for
cognitive impairment. There was no evidence of a significant
relationship between any of the baseline thyroid parameters
and the incidence of cognitive impairment as defined by
MMSE <26 (Table 4). Cubic spline models suggested that the
linear relationship was satisfactory (Fig. 3). We repeated all
analyses with the assumption of cognitive impairment as

MMSE <24 and found evidence that higher fT3 was protec-
tive of cognitive impairment after adjustment for all covari-
ates (Hazard ratio = 0.77, CI = 0.60–0.99, p = 0.04).

Discussion

No previous study has looked at serial change in thyroid
function over time in very old individuals. In health, there is a
reciprocal relationship between serum TSH and free thyroid
hormones, around a notional set-point for the hypothalamo-
pituitary-thyroid axis: low TSH being associated with higher
free thyroid hormones and vice versa. In contrast, in this
cohort of 85-year-old individuals, we found that a reduction
in serum TSH concentration over time was associated with
the falling fT4 and fT3. This suggests for the first time that
falling serum TSH in advanced old age may reflect a pattern
of central hypothyroidism, possible owing to changes in
hypothalamo-pituitary state or an increasing burden of non-
thyroidal illness with age, rather than mild thyroid hormone
excess. Interestingly, parallel observations have been made
in aged rodents, with lower peripheral thyroid hormone
concentrations but the minimal change is TSH (21,22).

On the other hand, we observed a trend of rising TSH
without associated falling in fT4 levels. This suggests po-
tential thyroid resistance or reduced thyroid sensitivity to
TSH action and that a compensatory rise in TSH is needed to
maintain serum T4. These findings have profound implica-
tions for the interpretation of low serum TSH concentrations
in very old people and for the management of ‘‘subclinical
hyperthyroidism,’’ a condition defined solely by abnormal
TSH concentrations, which increases in prevalence with ad-
vancing age (23).

The main focus of our study was cognition. We found that
lower baseline TSH and fT3, and higher fT4 were associated
with worse cognitive outcomes. This is in keeping with other
prospective epidemiological studies in younger patient cohorts
(2–6), and it confirms that this association holds in the very old.
A wide variety of intercurrent illnesses may transiently affect
serum thyroid hormone concentrations (24), and 30–75% of
individuals with a one-off low serum TSH will show recovery
to the reference range with a year (25,26). This means that
observational studies where subjects are stratified on the basis
of a single measurement of thyroid function are prone to con-
founding by misclassification (27). This study shows for the
first time that a decreasing TSH trajectory between the ages of
85 and 88 years predicted the development of cognitive decline
and incident dementia by the age of 90 years. This suggests that
a common factor(s) could underlie both decreasing serum TSH
concentration and the development of dementia.

Although low serum TSH has been reproducibly associ-
ated with dementia and cognitive impairment in observa-
tional studies (2,6), the pathophysiological mechanisms
underlying this finding are unclear. Reducing serum TSH in
younger individuals would be suggestive of the develop-
ment of primary thyroid autonomy or mild hyperthyroidism.
However, in this very elderly population, individuals with
falling serum TSH between the ages of 85 and 88 also had
decreasing serum fT4 and fT3 concentrations, which con-
tradicts our usual understanding of the TSH/free thyroid
hormone relationship.

Changes in thyroid function with age are complex. Older
individuals have a high disease burden, with transient

Table 4. Relationship Between Baseline Thyroid

Hormones and Time to Onset of Cognitive

Impairment (MMSE <26); Hazard Ratios (per Unit

Increase) and 95% Confidence Intervals

Baseline
thyroid
markers

Model 1a Model 2b

HRc CI p HRc CI p

Onset of cognitive impairment (MMSE <26)
TSH 0.89 0.72–1.10 0.28 0.93 0.75–1.16 0.52
fT3 0.84 0.69–1.02 0.08 0.83 0.68–1.03 0.09
fT4 1.08 0.88–1.32 0.46 1.03 0.84–1.27 0.76

Onset of cognitive impairment (MMSE <24)
TSH 0.93 0.73–1.19 0.56 0.95 0.73–1.23 0.69
fT3 0.76 0.59–0.96 0.02 0.77 0.60–0.99 0.04
fT4 1.15 0.92–1.45 0.48 1.11 0.87–1.42 0.40

The section in bold indicates result which was statistically significant.
aAdjusted for age and sex.
bAdjusted for age, sex, education, smoking, physical activity

score, disease count, Geriatric Depression Score, waist/hip ratio,
and CRP.

cHR per SD increase of: 1.539 mU/L TSH, 0.434 pmol/L fT3,
2.223 pmol/L fT4.

CI, 95% confidence interval; HR, Hazard ratio; SD, standard
deviation.
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FIG. 3. Restricted cubic spline curves of the relationship between TSH, fT4, fT3, and hazard ratio for cognitive
impairment (MMSE <26), adjusted for age, sex, education, smoking, physical activity score, disease count, Geriatric
Depression Score, CRP, and waist/hip ratio. CRP, C-reactive protein; fT3, free triiodothyronine; fT4, free thyroxine.
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infection, chronic inflammatory or degenerative conditions
that tend to cause a central downregulation of the thyroid
axis, termed ‘‘sick euthyroid syndrome,’’ that can lead to
reduced serum TSH and fT3. There is also a reduced con-
version of T4 to T3 during ‘‘non-thyroidal illness,’’ and de-
creased hepatic clearance of thyroid hormones and
reduced type 1 deiodinase activity in older individuals.
However, aging is also associated with pathophysiological
changes in the central hypothalamo-pituitary-thyroid axis
(28,29). A blunted pituitary response to thyrotropin releasing
hormone (TRH) and a lesser degree of TSH elevation in re-
sponse to hypothyroidism have been observed in older indi-
viduals, with or without dementia (30–32). Older people with
hypothyroidism also require less levothyroxine replacement
to maintain the same TSH (33). Hence, aging may modify the
hypothalamic TRH or the pituitary TSH secretory response.

Another explanation for our findings might be that the
underlying brain involution and pathological changes pre-
ceding dementia could result in lower circulating TSH levels,
before the clinical manifestation of cognitive impairment.
Pseudodementia is a well-recognized manifestation of overt
hypothyroidism, and a contrasting hypothesis is that lower
TSH levels reflect relative central hypothyroidism that could
be driving the cognitive impairment. The latter would mean
that therapeutic manipulation of thyroid hormone status
could be worthwhile in cognitive impairment and dementia.

Our prospective observational study has some limitations.
A relatively small number of individuals were studied, and
with progressively lower numbers of repeated thyroid func-
tion and cognitive assessment at follow-up visits (owing to
mortality), there was less power to detect a significant differ-
ence in cognitive performance, particularly using the MMSE
as this was not administered at every interview. We have
included various confounders, including comorbidity and
medication use, but there may be other less common yet
important conditions that have not been included.

There was also a change in the study population after in-
corporating the selection criteria for thyroid function. A better
physical activity score means a healthier cohort remained
for analysis. This potentially improves the sensitivity of the
analysis, as the confounders from non-thyroidal illness or
co-morbidities were excluded, but the drawback is that the
analytic sample is less representative of the general population
of the very old. Nevertheless, this is the first prospective study
of thyroid changes on cognitive performance over time in this
age group and we included participants with advanced frailty
and those living in care or nursing homes, as well as those with
cognitive impairment or dementia. Hence, our results should
be relatively representative of an age-matched population.

In summary, in this cohort of 85-year-olds, declining TSH
concentrations over time were associated with falling se-
rum free thyroid hormones, a pattern consistent with relative
central hypothyroidism not hyperthyroidism. We show, for the
first time, that a decreasing TSH trajectory anticipates cognitive
decline in later life. Further studies are now required to better
understand the significance of changes in thyroid function in
this age group and their relationship to cognitive outcome.
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