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Review

Abstract
Imbalances in thyroid hormones have been linked with 
Alzheimer ’s dementia. Several studies have reported an 
association between thyroid disorders, such as hyper- or 
hypothyroidism, with Alzheimer’s disease. However, there 
remains no consensus about the precise role of thyroid 
dysfunction in Alzheimer ’s disease. In this study we 
systematically searched PubMed, Embase and Scopus for 
clinical studies which reported the prevalence of hyper- or 
hypothyroidism in people with Alzheimer’s disease compared 
to controls. Meta-analysis was performed to compare thyroid 
disorder prevalence in Alzheimer ’s disease and controls. 
Subgroup analysis was performed to assess the clinical and 
subclinical thyroid dysfunction, separately. Seven studies, 
including 1189 people with Alzheimer’s disease and 72711 
controls, were included in our sample. Hypothyroidism was 
significantly more prevalent in Alzheimer’s disease compared 
with controls (6.4% vs 2.4%, p=0.01). Subgroup analysis showed 
that clinical hypothyroidism was not significantly different 
between Alzheimer’s disease compared to controls (10.0% vs 
5.3%, p=0.35). There was no difference in the crude overall 
prevalence of clinical and subclinical hyperthyroidism in 
Alzheimer’s disease versus controls (2.4 vs 1.9%, p=0.73). Our 
analyses revealed a higher prevalence of hypothyroidism in 
Alzheimer’s disease. Whether this finding is explained by 
hypothyroidism being a risk factor for, or consequence of, 
Alzheimer’s disease requires longitudinal analysis. Our review 
supports further work into a potential role for treatment of 
hypothyroidism in the prevention or delay of Alzheimer’s 
disease.

Key words: Alzheimer ’s disease, thyroid, hypothyroidism, 
hyperthyroidism, meta-analysis.

Introduction

Worldwide, Alzheimer’s disease (AD) cases are 
expected to reach 152.8 million in 2050 (1). 
Despite this, our understanding of the factors 

relating to the etiology and progression of AD remains 
limited, and there are no disease modifying treatments for 
this most common cause of dementia (2). The prevalence 

of hypothyroidism in the general population is thought to 
be 5% and an additional 5% of people are thought to go 
undiagnosed (3). The prevalence of hyperthyroidism is 
around 1% in the general population (4). This systematic 
review will seek to explore the relationship between AD 
and thyroid dysfunction, both common disorders of older 
age. By doing this we will discuss potential underlying 
biological mechanisms that may explain any association 
found.

Thyroid hormones include thyroxine (T4) and the 
biologically more active triiodothyronine (T3). The 
secretion of these hormones is regulated by thyroid 
stimulating hormone (TSH) and by extension, thyroid 
releasing hormone (TRH). Thyroid hormones have 
receptors in most human tissues, rendering them highly 
influential on a myriad of processes in metabolism and 
homeostasis. They affect brain metabolism, neurogenesis, 
myelination, and cellular repair throughout life (5). 
Transthyretin transports circulating T4 and T3 to the 
central nervous system (6). Thyroid hormone receptors 
have been found in human neuronal cells from the 
tenth week of pregnancy, supporting their role in 
neurodevelopment (7). Additionally, basal forebrain 
and hippocampal cholinergic function are particularly 
affected by thyroid hormones (8). Thyroid hormones may 
therefore be considered neuro-regulators of the central 
nervous system.

Thyroid hormone disturbances contribute to various 
developmental, metabolic, and age-related disorders, 
and may be associated with dementia (9) and cognitive 
impairment (10). Abnormal thyroid hormone signaling 
has been reported in pre-clinical studies to increase 
β-amyloid (Aβ) levels and also tau phosphorylation (11-
13), both of which are hallmarks of AD pathology (14), 
suggesting a pathobiological mechanism linking thyroid 
dysfunction with AD. Thyroid function also affects 
glucose metabolism, alterations of which have been 
associated with AD pathology (15, 16). 

Accordingly, it can be hypothesized that disturbances 
in thyroid hormone levels may be associated with 
AD. Thyroid dysfunction,  namely hyper-  and 
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hypothyroidism, have distinct clinical characteristics. 
Common symptoms include, fatigue, tremor, anxiety, 
disturbed sleep, weight loss and heat intolerance 
for hyperthyroidism, and fatigue, lethargy, cold 
intolerance, dry skin, and unexplained weight gain 
for hypothyroidism (4, 17). Hypothyroidism can also 
cause an enlarged thyroid, high cholesterol, brittle nails, 
constipation, irritability, sexual dysfunction, bradycardia, 
or irregular uterine bleeding (18). Of note, an atypical 
form of hyperthyroidism, apathetic thyrotoxicosis, is 
characterized by lethargy and can be seen in the elderly. 
Despite having hyperthyroidism, these patients are not 
anxious or restless, but instead present as withdrawn, 
apathetic, or confused (19, 20). Both hyper- and 
hypothyroidism can be classified as clinical or subclinical, 
depending on the specific thyroid hormone and TSH 
levels (21). Subclinical hyper-/hypothyroidism is defined 
when TSH levels are lower/higher than the upper normal 
reference range while peripheral thyroid hormones 
remain within the normal reference ranges (22, 23). 
Clinical hyper-/hypothyroidism, however, is diagnosed 
when peripheral thyroid hormones are abnormally 
high or low, respectively, which has numerous causes 
and classifications (17, 21). The profile of thyroid 
hormone changes in clinical and sub-clinical hyper- and 
hypothyroidism is summarized in Table 1.

Multiple studies have reported an association between 
an increased risk of dementia or AD with either high 
(24-30) or low thyroid hormone levels (31-34), with many 
studies reporting associations with subclinical or clinical 
hyper-/hypothyroidism with AD (28, 30, 32, 33, 35). More 
specifically, a prospective longitudinal study assessing if 
abnormal thyroid hormone levels can predict dementia, 
found that higher free T4 (fT4) levels were predictive 
of new-onset dementia in older men, independent of 
conventional risk factors for cognitive decline (24). In 
a community-based study of 194 individuals higher 
TSH was associated with a diagnosis of dementia (31). 
Conversely, in a cross-sectional study, AD patients 
have been found to have significantly lower TSH levels 
compared to controls independent of other risk factors, 
with lower TSH being linked to a more than two-fold 
increase in risk of AD (35). Also, greater fT4 and T3 levels 
have been linked to hippocampal and amygdala atrophy, 
indicating that hyperthyroidism may play a part in the 
onset of AD (36). 

Whether hyper- or hypothyroidism is directly linked 
with AD remains unclear (37-39). Despite a number of 
studies having reported an association (28, 35, 40) or lack 
thereof (36, 41-43) between hyper-/hypothyroidism (28, 
30, 33), or specific thyroid hormone levels (36, 40, 44, 45) 
and AD, there is no clear conclusion regarding the precise 
AD-thyroid relationship. We therefore aim to examine 
the relationship between AD and clinical or subclinical 
thyroid dysfunction. We hope to discover how AD is 
associated with hyperthyroidism and hypothyroidism, 
separately, and whether clinical and/or subclinical 
thyroid dysfunction plays a role. We have, therefore, 

conducted a robust meta-analysis of studies reporting the 
prevalence of hyper- or hypothyroidism in patients with 
AD with a view to defining how AD is associated with 
these two thyroid disorders.

Methods

This systematic review and meta-analysis was 
conducted according to the Preferred Reporting Items 
for Systematic Reviews and Meta-analyses (PRISMA) 
reporting guideline (46) and was registered in the 
Prospective Register of Systematic Reviews (PROSPERO) 
website (https://www.crd.york.ac.uk/prospero/) with 
the following ID: CRD42020078556. This study was 
reviewed and approved by the Tehran University of 
Medical Sciences ethics committee (reference number: 
IR.TUMS.VCR.REC.1398.559). 

Literature Search and Selection Criteria

We searched PubMed (MEDLINE), Embase, and 
Scopus on 10th November 2021. The search terms were 
((AD OR Alzheimer’s disease OR Alzheimer disease OR 
amyloid-beta OR beta-amyloid) AND (Thyroxine OR T4 
OR Triiodothyronine OR T3 OR Thyrotropin OR TSH OR 
hypothyroidism OR hyperthyroidism OR thyrotoxicosis 
OR grave’s disease OR Hashimoto’s)). We have provided 
the search string for each database in the supplementary 
materials. Only English articles were included, with no 
limitation on publication dates. In addition, all references 
that were cited within the identified papers were 
screened for inclusion. Covidence.org was used to store 
search results, identify duplicates, and track screening 
decisions. Screening of search results was performed 
by two registered medical practitioner reviewers using 
pre-specified inclusion and exclusion criteria. In case of 
disagreement about whether a study should be included 
or not, a third reviewer decided on study inclusion or 
exclusion.

Original studies were included if they met the 
following criteria: (1) studies with an observational 
design providing blood concentrations of thyroid 
hormones in an AD population, or the number of AD 
subjects reported to have clinical/subclinical hyper- or 
hypothyroidism based on any criteria used by the study, 
comparing them to control subjects; and (2) articles 
providing the total number of subjects in both AD and 
control groups. 

Studies were excluded if: (1) they were reviews, letters, 
case reports, or commentaries; (2) interventional studies 
which did not report thyroid hormone concentrations in 
the absence of intervention; (3) animal, or in vitro studies; 
(4) study populations with comorbidities such as Down 
syndrome; (5) studies including patients with non-AD 
dementias, which did not report AD data separately; (6) 
studies comparing AD to subjects other than controls; and 
(7) studies with no retrievable full-texts. We contacted the 
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authors of studies where the full text was not available 
and whose email we could attain (14 Authors), but were 
not successful in obtaining the full text. 

Of note, no specific criteria for diagnosis of AD or 
hyper-/hypothyroidism were considered in this meta-
analysis for the selection process, and any criteria used 
by the selected papers were accepted. In addition, as 
long as a paper explicitly reported the number of subjects 
diagnosed with AD and hyper-/hypothyroidism, but 
failed to report on what basis these diagnoses were made, 
they would nonetheless be included in our analysis.

Data Extraction

To ensure the reliability of the extracted data, two 
reviewers (A.S. and M.D.) independently reviewed 
each full-text article, determined whether the study met 
inclusion/exclusion criteria, and extracted the data to 
a Microsoft Excel database.  In addition to the number 
of people in the control and AD groups with hyper-/
hypothyroidism, further data were extracted including 
study characteristics i.e., lead author, publication year, 
participant characteristics i.e., age, sex and mini-mental 
state examination (MMSE) scores, the specific criteria 
used for diagnosing hyper-/ hypothyroidism, and 
reported underlying etiology for hyper-/hypothyroidism.

Quality Assessments

The quality of studies included was independently 
assessed by two authors (M.H. and A.S.) using the 
Newcastle-Ottawa Scale (NOS), which is designed for 
observational studies. In case of disagreement about 
study quality, a third author (M.D.) decided on the 
scores. The NOS scale evaluates the main components 
of observational studies, including sample selection, 
comparability of cases and controls, and exposure (47). 
Using this scale, the scores for each study can vary from 
0 to 9. Studies with a score of 7 to 9 have the lowest risk 
of bias and the highest quality, while studies with a score 
of less than 4 have the highest risk of bias and the lowest 
quality. Studies with a score of 4 to 6 have a moderate 
risk of bias (47). Studies with a high risk of bias were 
excluded.

Data Synthesis and Meta-analysis

Data analysis was performed using Cochrane Review 
Manager 5.4.1. Odds ratio was used as the effect size 
measure for comparing the prevalence of hyper- or 
hypothyroidism between AD patients and controls. 
For sensitivity analysis, we performed meta-analyses 
in subclinical and clinical subgroups, separately. Based 
on Cochrane guidelines, Q statistic tests and the I2

index were used for the assessment of heterogeneity 
(48, 49). I2 index estimates the percentage of the total 
observed variation in the studies, which is attributable 

to heterogeneity rather than chance, where an I2 value of 
more than 50% is predictive of significant heterogeneity 
among studies. Forest plots were used for presenting 
results of the meta-analysis and the heterogeneity 
among the studies (48, 49). Unless there was significant 
heterogeneity, we used a fixed-effects model for meta-
analyses; otherwise, a random-effects model was applied. 
A P-value of < 0.1 for Cochran’s Q test of heterogeneity 
and a P-value of < 0.05 for other analyses were considered 
statistically significant. 

Results

Search outcomes

In total, 3585 records were identified. After removing 
duplicates, 1727 records were screened for title and 
abstract, out of which 1389 papers were excluded only 
based on their titles and abstracts without full text 
assessment. At the next stage 338 papers were selected 
for full text assessment out of which 17 could not be 
retrieved, and so 321 full-text articles were assessed for 
eligibility. After exclusions, seven studies, including 1189 
AD subjects and 72711 controls, were included in this 
systematic review and meta-analyses. The PRISMA (46)  
diagram shows detailed information on the number of 
ineligible studies and the reasons for exclusion (Figure 1). 
No studies were excluded for a high risk of bias.

At the first stage of screening 1389 papers were excluded based on their titles and 
abstracts without full text assessment. At the next stage 338 papers were selected 
for full text assessment out of which 17 could not be retrieved.

Figure 1. The Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) screening flow-
chart
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Characteristics of included studies 

The seven studies included in this systematic review 
and meta-analysis were conducted in the United states 
(50, 51), Mexico (52), Cuba (53), United Kingdom (54), 
China (55), and Russia (56). The earliest study was 
performed by Small et al. in 1985 (50) and the most 
recent study was conducted by Ranzola et al. in 2019 
(53). The included studies employed a case-control or 
cross-sectional study design and the sample size varied 
from 38 (51) to 72,878 (54) (Table 2, 3). Almost all of the 
included studies used different diagnosis criteria for AD 
(Table 2, 3). Four studies stated the method by which 
they diagnosed hyper-/ hypothyroidism (Table 2, 3), 
using either radioimmunoassay, chemiluminescent, or 
electrochemiluminescent immunoassay techniques to 
measure thyroid hormone levels. 

Out of the seven included studies, five studies 
(50-53, 55) reported rates of both hyperthyroidism 
and hypothyroidism, and two studies (42, 54, 57) 
presented data only on hypothyroidism. Two studies 
(52, 55) assessed thyroid dysfunction in different types 
of dementia and did not focus only on AD, and two 
studies (54, 56) reported hyper-/ hypothyroidism only 
as co-morbidities or risk factors amongst a range of 
other conditions. None of the studies reported on the 
underlying etiology for hyper-/hypothyroidism.

Quality Assessment & Risk of Bias

The mean NOS score for the included studies was 7.75 
(± SD 1.28, range: 6 – 9), which indicated good quality 
overall. Two studies had moderate (4 - 6) risk of bias 
and the other five studies had low (7 - 9) risk of bias 
(Supplementary table 1).

Publication bias

The occurrence of publication bias was evaluated 
using funnel plots (Supplementary figure 1). Regarding 
hypothyroidism, the funnel plot was minimally 
asymmetric around the cumulative effect size and 
therefore did not suggest publication bias. Regarding 
hyperthyroidism, the funnel plot showed symmetrical 
distribution and therefore also did not suggest of 
publication bias. The Egger and Begg regression tests 
were not performed due to the limited number of studies.

AD, Alzheimer’s disease

Hypothyroidism and Alzheimer disease
Five of the seven studies included in this paper did 

not report an association between thyroid disease and 
AD and only two reported a significant difference 
between AD and controls in terms of prevalence of 
hypothyroidism (52, 56). Of these two studies, Suhanov et 
al. reported hypothyroidism as an independent risk factor 
associated with AD (56). The estimated overall prevalence 
of hypothyroidism in patients with AD and controls is 
presented as a forest plot (Figure 2). The crude overall 
prevalence of clinical and subclinical hypothyroidism 
was 6.4% (76 of 1189) in the pooled sample of AD patients 
and 2.4% (1750 of 72711) in the pooled sample of controls, 
with a significant between group difference (odds ratio 
(OR):1.50, 95% confidence interval (CI): 1.09 – 2.07, z = 
2.48, p = 0.01; test of heterogeneity: I2 = 0%, p = 0.85, 
Figure 2). Considering the subgroups separately, the 
crude overall prevalence of clinical hypothyroidism was 
10% (8 of 80) in AD patients, and 5.3% (3 of 57) in controls 
demonstrating a non-significant difference between AD 
and control groups (OR: 1.93, 95% CI: 0.48 – 7.72, z = 0.93, 
p = 0.35; test of heterogeneity: I2 = 0% p = 0.61, Figure 2). 
The single study assessing subclinical hypothyroidism 
showed a crude overall prevalence of 25% (11 of 44) in AD 
patients, and 20% (8 of 40) of controls with no significant 
difference between ADs and controls (OR: 1.33, 95% 

Table 1. Thyroid hormone changes in clinical and subclinical hyper-and hypothyroidism
Thyroid hormone disturbances

Hyperthyroidism Hypothyroidism

Clinical Sub-clinical Clinical Sub-clinical

TSH level ↔, ↑, ↓ ↓ ↔, ↑, ↓ ↑

TH level ↑ ↔ ↓ ↔

TH, thyroid hormones; TSH, thyroid stimulating hormone; ↔, within normal reference range; ↑, higher than normal reference range; ↓, lower than normal reference 
range

Figure 2. Hypothyroidism in Alzheimer’s disease vs. 
controls
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CI: 0.47 - 3.74, z = 0.55, p = 0.58, Figure 2). Four studies 
consisted of a mixed clinical and subclinical hypothyroid 
sample. The crude overall prevalence of hypothyroidism 
in these studies was 5.3% (57 of 1065) in AD patients, and 
2.3% (1739 of 72,614) in controls, which was significantly 
higher in AD patients (OR: 1.50, 95% CI: 1.06 – 2.12, 
z = 2.26, p = 0.02; test of heterogeneity: I2 = 0%, p = 
0.52, Figure 2). Subgroups based on clinical/subclinical 
hypothyroidism were not significantly different (I2 = 0%, 
p = 0.92).

Hyperthyroidism and Alzheimer disease

Among studies that reported on hyperthyroidism, 
none found a signif icant association between 
hyperthyroidism and the risk of AD. A total of five 
studies were included in the meta-analysis. The estimated 
overall prevalence of hyperthyroidism in patients with 
AD and controls is presented in a forest plot (Figure 3). 
The crude overall prevalence of clinical and subclinical 
hyperthyroidism was 2.3% (7 of 295) AD patients, and 
1.9% (4 of 207) in controls (OR: 1.23, 95% CI: 0.38 - 3.98, 
z=0.34, p=0.73; test of heterogeneity: I2= 0%, p= 0.92, 

Table 2. Study characteristics of the included papers in the analysis reporting on hyperthyroidism and AD
A

ut
ho

r, 
Ye

ar

C
ou

nt
ry Type of study Sample Size Age (SD) Gender MMSE (SD) Hyperthyroid 

Diagnosis 
Criteria

Diagnosis Criteria 
for AD

Study Results

C
a´

rd
en

as
-Ib

ar
ra

 e
t a

l.,
 

20
08

 *

M
ex

ic
o Cross-sectional 33 Controls

17 AD
Controls: 71.1 
(6)
AD: 81.8 (8)

Controls: 8M
AD: 4M

Controls: 23.1 
(4.5)
AD: 13(5)

N/A DSM-IV †, 33 Controls (9 high TSH, 1 low 
TSH), 17 AD (6 high TSH, 0 low 
TSH).  Among the 26 patients 
with dementia, only the pa-
tients with AD type dementia 
had abnormal TSH levels. 
Hyperthyroidism and AD: OR: 
0.62, 95% CI: 0.02 – 16.01.
*The study did not distinguish 
between subclinical and clinical 
hyperthyroidism)

H
u 

et
 a

l.,
 2

01
6

C
hi

na Cross-sectional 77 Controls
154 AD

Controls:64.1 
(10.4)
AD: 63.5 (9.4)

Controls: 41M
AD: 86M

Controls: 28 
(1.4)
AD: 14.9 (5.9)

Clinical: TSH 
<0.55 mIU/l. 
fT4 and fT3 
>22.70 and 
>6.50 pmol/l. 
Subclinical: 
low serum 
TSH with 
normal fT3 and 
fT4 levels

NINCDS-ADRDA, 
ADRDA 

77 Controls (2 subclinical 
hyperthyroid); 154 AD (4 
subclinical hyperthyroid) were 
included. fT4 and TSH levels 
were not significantly different 
in AD compared to Controls. 
Mean fT3 level of the AD group 
was higher than Controls (P < 
0.05).  Hyperthyroidism and 
AD: OR: 1.00, 95% CI: 0.18 
– 5.58. Risk of AD increased 
when TSH levels were lower. 
No association of thyroid 
dysfunction with AD was 
observed in the multivariate 
adjusted model.

Lo
pe

z 
et

 a
l.,

 1
98

9

U
ni

te
d 

St
at

es Postmortem 
Case-control

19 Controls
19 AD

Controls: 71.6 
(9.3)
AD: 73.2 (8.6)

Controls: 10M
AD: 8M

N/A N/A Numerous 
neurofibrillary 
tangles and senile 
plaques in the 
neocortex and 
hippocampus at 
autopsy

19 AD (2 hyperthyroid); 19 
Controls (1 hyperthyroid). The 
proportion of cases who had 
clinical thyroid disease did not 
differ significantly between the 
AD and Controls (p = 0.73), 
Hyperthyroidism and AD: OR: 
2.12, 95% CI: 0.18 – 25.55

Ra
nz

ol
a 

et
 a

l.,
 2

01
9

C
ub

a Case-control 40 Controls
44 AD

N/A N/A N/A Normal ranges: 
TSH  0.3 – 3.5 
µIU/ml; total 
T4: 55 – 167 
nIU/L; total 
T3: 1-4 nIU/L 
(Exact criteria 
not mentioned)

N/A 44 AD (0 hyperthyroid), 40 
Controls (0 hyperthyroid).  TSH 
serum levels, did not show 
significant differences between 
AD and Controls. Hyper-
thyroidism and AD: OR: not 
estimable, CI: not estimable. 

Sm
al

l e
t a

l.,
 1

98
5

U
ni

te
d 

st
at

es Case-control 38 Controls
61 AD

Controls: 73.6 
(10.32)
AD: 71.7 (9.41)

Controls: 19M
AD: 28M

N/A Based on 
serum T4 
levels and past 
medical history 
obtained from 
medical 
records.

According to the 
criteria specified 
for Primary 
Degenerative 
Dementia ‡ 

61 AD (1 hyperthyroid), 40 
Controls (0 hyperthyroid).  
Hyperthyroidism and AD: OR: 
1.91, 95% CI: 0.08 – 48.07. The 
frequency of abnormal serum 
T4 levels was higher in AD than 
Controls, but the difference was 
not significant. 

AD: Alzheimer’s disease; TSH: Thyroid Stimulating Hormone; fT4: free T4; fT3: free T3; C: clinical; S: Subclinical; N/A: Not Available; OR: Odds Ratio; CI: Confidence Interval; 
ADNC, Operationalization of AD neuropathologic changes; CERAD, Consortium to Establish a Registry for Alzheimer’s Disease;  ICD-10, International Classification of Disease, 
10th edition; NINCDS, National Institute of Neurological and Communicative Disorders; ADNRDA, Alzheimer’s Disease and Related Disorders Association; *: This study had two 
different analysis groups, only the RSS group fitted our criteria; †: cognitive MMSE score , GDS score , and the HIS; ‡: Based on Diagnostic and Statistical Manual of Mental Disorders 
issued by the American Psychiatric Association
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Table 3. Study characteristics of the included papers in the analysis reporting on hypothyroidism and AD
A

ut
ho

r, 
Ye

ar

C
ou

nt
ry Type of study Sample Size Age (SD) Gender MMSE (SD) Hypothyroid 

Diagnosis 
Criteria

Diagnosis Criteria 
for AD

Study Results

C
a´

rd
en

as
-Ib

ar
ra

 e
t a

l.,
 

20
08

 *

M
ex

ic
o Cross-sectional 33 Controls

17 AD
Controls: 71.1 
(6)
AD: 81.8 (8)

Controls: 8M
AD: 4M

Controls: 23.1 
(4.5)
AD: 13(5)

Hormonal 
therapy for a 
previous dia-
gnosis / TSH 
> 4.5 µIU/ml 
for hypothyroi-
dism

DSM-IV †, 33 Controls (9 high TSH, 1 low 
TSH), 17 AD (6 high TSH, 0 low 
TSH).  Among the 26 patients with 
dementia, only the patients with 
AD type dementia had abnormal 
TSH levels. Hypothyroidism and 
AD: OR: 1.45, 95% CI: 0.41 – 5.11, 
*The study did not distinguish 
between subclinical and clinical 
hypothyroidism)

H
eu

n 
et

 a
l.,

 2
01

3

U
ni

te
d 

K
in

gd
om Retrospective 

Case-control
72244 Controls
634 AD

Controls: 80.8 
(7.4)
AD: 85.1 (8.2)

Controls: 
51%M
AD: 65.1%M

N/A N/A ICD-10 criteria  634 AD (20 hypothyroid), 72244 
Controls (1717 hypothyroid). 
Hypothyroidism prevalence was 
not significantly different in both 
groups and did not contribute 
to later in-hospital mortality 
neither in deceased AD subjects 
nor in deceased Controls subjects. 
Hypothyroidism and AD: OR: 
1.34, 95% CI: 0.85 – 2.09. The study 
did not report any data on clinical 
and subclinical hypothyroidism

H
u 

et
 a

l.,
 2

01
6

C
hi

na Cross-sectional 77 Controls
154 AD

Controls:64.1 
(10.4)
AD: 63.5 (9.4)

Controls: 41M
AD: 86M

Controls: 28 
(1.4)
AD: 14.9 (5.9)

Clinical: TSH 
>4.78 mIU/l. 
fT4 and fT3 
<11.50 and 
<3.50 pmol/l. 
Subclinical: 
high TSH with 
normal fT3 and 
fT4.

NINCDS-ADRDA, 
ADRDA 

77 Controls (4 clinical hypothyroid, 
2 subclinical hypothyroid); 154 
AD (8 clinical hypothyroid) were 
included. fT4 and TSH levels 
were not significantly different 
in AD compared to Controls. 
Hypothyroidism and AD: OR: 
1.09, 95% CI: 0.40 – 2.99. No 
association of thyroid dysfunction 
with AD was observed in the 
multivariate adjusted model 

Lo
pe

z 
et

 a
l.,

 1
98

9

U
ni

te
d 

St
at

es Postmortem 
Case-control

19 Controls
19 AD

Controls: 71.6 
(9.3)
AD: 73.2 (8.6)

Controls: 10M
AD: 8M

N/A N/A Numerous 
neurofibrillary 
tangles and senile 
plaques in the 
neocortex and 
hippocampus at 
autopsy

19 AD (1 hypothyroid); 19 Controls 
(1 hypothyroid). The proportion 
of cases who had clinical thyroid 
disease did not differ significantly 
between the AD and Controls (p 
= 0.73). Hypothyroidism and AD: 
OR: 1.00, 95% CI: 0.06 – 17.25.

Ra
nz

ol
a 

et
 a

l.,
 2

01
9

C
ub

a Case-control 40 Controls
44 AD

N/A N/A N/A Normal ranges: 
TSH  0.3 – 3.5 
µIU/ml; total 
T4: 55 – 167 
nIU/L; total 
T3: 1-4 nIU/L 
(Exact criteria 
not mentioned)

N/A 44 AD (11 subclinical 
hypothyroid), 40 Controls (8 
subclinical hypothyroid). Total T3 
level was significantly different 
between AD and Controls. TSH 
serum levels, did not show 
significant differences between 
AD and Controls. Subclinical 
hypothyroidism and AD: OR: 1.33, 
95% CI: 0.47 – 3.74, (p = 0.602).
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U
ni

te
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st
at

es Case-control 38 Controls
61 AD

Controls: 73.6 
(10.32) AD: 
71.7 (9.41)

Controls: 19M
AD: 28M

N/A Based on 
serum T4 
levels and past 
medical history 
obtained from 
medical 
records.

According to the 
criteria specified 
for Primary 
Degenerative 
Dementia ‡ 

61 AD (7 hypothyroid), 40 Controls 
(4 hypothyroid).  Hypothyroidism 
and AD: OR: 2.33, 95% CI: 0.46 – 
11.87. The frequency of abnormal 
serum T4 levels was higher in AD 
than Controls, but the difference 
was not significant. 
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 2

00
6

Ru
ss

ia Case-control 260 Controls
260 AD

Controls: 69.3 
(6.1)
AD: 69.2 (7.7)

N/A N/A N/A N/A 260 AD (18 hypothyroid), 260 
Controls (7 hypothyroid). 
Hypothyroidism was 
independently associated with risk 
of AD. Hypothyroidism and AD: 
OR: 2.69, 95% CI: 1.10 – 6.55.

AD: Alzheimer’s disease; TSH: Thyroid Stimulating Hormone; fT4: free T4; fT3: free T3; C: clinical; S: Subclinical; N/A: Not Available; OR: Odds Ratio; CI: Confidence Interval; 
ADNC, Operationalization of AD neuropathologic changes; CERAD, Consortium to Establish a Registry for Alzheimer’s Disease;  ICD-10, International Classification of Disease, 
10th edition; NINCDS, National Institute of Neurological and Communicative Disorders; ADNRDA, Alzheimer’s Disease and Related Disorders Association; *: This study had two 
different analysis groups, only the RSS group fitted our criteria; †: cognitive MMSE score , GDS score , and the HIS; ‡: Based on Diagnostic and Statistical Manual of Mental Disorders 
issued by the American Psychiatric Association
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Figure 3), which did not show a significant difference 
between ADs and controls. 

AD: Alzheimer’s disease

Discussion

The precise relationship between thyroid dysfunction 
and AD has not been previously explored by meta-
analysis. In this study, we systematically reviewed studies 
reporting thyroid dysfunction in people with AD and 
assessed the association of hyper-/ hypothyroidism with 
AD by performing a meta-analysis. Our results revealed 
significantly higher prevalence of hypothyroidism in AD 
compared to controls, while no difference was observed 
in the prevalence of hyperthyroidism between the two 
groups. Analyses of subclinical, clinical, and mixed 
clinical/subclinical subgroups revealed no significant 
difference in AD-associated prevalence of hypothyroid 
patients. Although it is not possible to infer a causative 
relationship between hypothyroidism and AD from this 
study, we will explore potential mechanisms behind this 
association.

Thyroid hormones play an important role in 
neurogenesis, neurodifferentiation, and normal brain 
function, particularly learning and memory, with 
hippocampal neurons being specifically affected by 
thyroid hormone levels (57-59). Thyroid gland removal 
has been shown to cause hippocampus-dependent spatial 
learning and memory impairment in rats (60, 61). Thyroid 
dysfunction has been considered both as a possible 
causative factor or a consequence of AD. Interestingly, 
thyroid dysfunction has been linked to increased risk 
of AD with studies reporting that genetically predicted 
levels of thyroid stimulating hormone (TSH), if 
increased within the normal limits, is associated with a 
lower risk of AD (62, 63). Also, hypothyroidism causes 
endoplasmic reticulum dysfunction in the hippocampus 
and results in higher levels of reactive oxygen species 
and thus oxidative stress, mechanisms involved in the 
pathophysiology of AD (61). The theory of thyroid 
dysfunction causing AD is supported by several studies 
linking thyroid hormones and amyloid precursor proteins 
(13, 64). 

Thyroid hormones can also affect glucose metabolism 
and insulin signaling, with studies reporting the 
association between thyroid dysfunction and altered 
glucose metabolism (16, 65 66). This association exists 

between thyroid dysfunction and both type 1 and type 
2 diabetes, and with a shared autoimmune pathology, 
type 1 diabetes and hypothyroidism have been linked 
more strongly (16). Using positron emission tomography 
(PET) imaging, brain glucose consumption has been 
observed to correlate with cognition, specifically 
in the hippocampus, amygdala, and prefrontal cortex 
(67). Insulin regulates some important functions in the 
brain, including cognition and memory (68, 69). There 
are important mechanisms involved in AD pathology 
that are affected by insulin, namely energy metabolism, 
autophagia, oxidative stress, synaptic plasticity, and 
cognitive functions (70, 71). Whether insulin imbalance 
causes thyroid dysfunction or vice versa, the literature 
points to a relatively strong association between the two, 
however, there needs to be more studies specifically 
designed to answer whether insulin imbalance is a link 
between thyroid dysfunction and AD.

Other studies consider thyroid dysfunction to 
be a consequence of AD rather than causing it. One 
hypothesis is that neurodegeneration in AD could 
influence thyroid function, for example a decrease in 
TRH and TSH could result from adenohypophysis 
degeneration (37). Supporting this theory is the circadian 
dysregulation seen in AD patients, which could be 
explained by adenohypophysis degeneration and its 
non-responsiveness to stimulants such as TRH, T4, 
and melatonin (72). In fact, several neuroendocrine 
dysfunctions are reported in AD including, hypothalamic-
pituitary-adrenal axis (73, 74), hypothalamic-pituitary-
gonadal axis (74), and hypothalamic-pituitary-thyroid 
axis (75), all reported to accelerate cognitive decline 
(74, 76). Early Aβ accumulation possibly contributes to 
the dysregulation of these axes (77). Further research 
examining the relationship between adenohypophysis 
degeneration and AD is warranted.

Previously in studies of animal models, it was 
demonstrated that the expression of amyloid precursor 
proteins is negatively regulated by T3 (13). Low levels 
of T3 limit hippocampal growth, decrease the size of 
neurons in the brain cortex, reduce the dentate gyrus 
cell counts, lower myelination, and slow down dendritic 
and axonal spine formation (78, 79). Neurotransmitter 
expression, their composing molecules, and their release 
are also affected by T3. Moreover, it has been shown that 
supplementation of thyroid hormones in an animal model 
of hypothyroidism, act against neuroinflammation and 
formation of amyloid-beta plaques which are known 
AD-related pathologies (80). Peripheral free T3 and 
free T4 hormones are positively associated with serum 
total tau levels, and serum total tau levels are higher 
in patients with hyperthyroidism. With tau pathology 
being a hallmark of AD, this shows a possible role 
of thyroid hormones in AD (81). Furthermore, it has 
been shown that thyroid hormone receptor alpha gene 
polymorphisms are associated with risk of AD (82). In 
patients with systemic amyloidosis, which like AD has 

Figure 3. Hyperthyroidism in Alzheimer’s disease vs. 
controls
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a pathology of protein misfolding and aggregation (83), 
amyloid infiltration may lead to hypothyroidism (85). 
However, to the best of our knowledge, amyloid and 
tau pathology have not been reported to directly cause 
thyroid disease. 

Treatments with thyroid hormones have shown 
promise in preventing the onset and progression of AD 
in pre-clinical studies. For instance, T4 administration 
improved cognitive impairment in thyroidectomized 
rats and attenuated neurodegeneration in diabetic rats 
via insulin signaling (60, 85). Treatment with T4 has 
also been shown to reduce hippocampal-dependent 
memory impairment, neuroinflammation, and Aβ 
deposition in hypothyroid rats (86). While most studies 
in the literature that link thyroid dysfunction with AD 
report hypothyroidism as an associative factor, subclinical 
hyperthyroidism has also been reported to increase the 
risk of AD (28, 35, 37, 44), and a decreased TSH level has 
been associated with an increased risk of AD by Annerbo 
et al. (30). Some studies have even suggested treating 
subclinical hypothyroidism when there is evidence of 
cognitive decline (52, 87, 88). However, thyroid hormone 
therapy for older adults with subclinical hypothyroidism 
has not been shown to be beneficial and may even be 
harmful (89). 

The studies which found an association between 
AD and subclinical hyperthyroidism or lower TSH 
levels, did not satisfy our inclusion criteria as they 
did not have adequate data for inclusion in meta-
analysis. Indeed, none of the studies included in 
our sample found an association between clinical or 
subclinical hyperthyroidism and AD, a fact strengthened 
by our meta-analysis which similarly found no 
association. A fairly large cross-sectional study of 1276 
individuals found an association between subclinical 
hyperthyroidism and all-cause dementia in both men 
and women but an association between subclinical 
hyperthyroidism and AD was only reported in men 
(90). Furthermore, no association between subclinical 
hyperthyroidism and AD was found in the Framingham 
Heart Study (37). Studies reporting an association 
between hyperthyroidism and AD suggest there may 
be a pathological link between the two conditions. One 
argument posits increased oxidative stress as a result of 
higher levels of thyroid hormones (91), another points to 
neuron death caused by increased thyroid function (92). 
There is another theory linking lower levels of TSH and 
TRH to decreased levels of acetylcholine (TRH stimulates 
acetylcholine synthesis and release) (93, 94). Further 
research is required into the potential mechanisms 
between hyperthyroidism and AD, but we conclude from 
our systematic review that on a population basis there is 
no association between these two conditions.

There were some limitations to our meta-analysis. First, 
the number of studies assessing the association between 
hyper-/ hypothyroidism and AD was almost twice as 
those which met criteria or had the adequate data for 
inclusion in this study, leading to a relatively low number 

of included studies in our meta-analysis. Second, almost 
all studies applied different diagnostic criteria for AD 
and thyroid dysfunction, and several studies did not 
report the precise diagnostic criteria that they used. While 
most of the included studies reported the AD diagnosis 
criteria, the varied criteria used between studies may 
result in a lack of consistency in the population examined. 
Third, none of the papers included reported the precise 
method used for thyroid hormone measurement. Indeed, 
some studies also failed to report the criteria by which 
thyroid dysfunction was defined, and the number of 
subclinical and/or clinical hyper-/ hypothyroid patients 
in each group (51, 54, 56). Use of medication that could 
affect thyroid function by patients in some of the studies 
(50, 51) is also a factor that may have confounded the 
results. Fourth, the lack of a unified reference range for 
TSH and thyroid hormones may cause unreliable results 
in the diagnosis of hyper-/hypothyroidism. TSH levels 
can be affected by age, sex and ethnicity. Females have 
been reported to have higher TSH and fT4 compared to 
males, and TSH has been reported to rise progressively 
with older age (95-100). Some of the included studies 
did not report age or sex and none reported ethnicity 
separately for AD and controls. We suggest that future 
studies take this into account to allow for subgroup meta-
analyses to find possible associations within subgroups 
of different age group, sex, and ethnicity. Fifth, the cross-
sectional design in most of included studies meant that 
they are unable to demonstrate the temporality of thyroid 
dysfunction and AD progression, meaning that it remains 
uncertain whether thyroid dysfunction precedes AD 
or occurs as a consequence. This is important as any 
possible therapeutic or preventive approach considering 
thyroid dysfunction would be built on the nature of the 
relationship between thyroid dysfunction and AD. Sixth, 
the sample sizes of the included studies were unbalanced, 
with a small sample size in most studies compared to one 
study conducted by Heun et al. which had a particularly 
large sample size for controls that has resulted in this 
study having the largest weight in our meta-analysis. This 
fact could have a skewing effect on the pooled data. It is 
worth mentioning that this study did not report diagnosis 
criteria for thyroid dysfunction. Lastly, publication 
bias was prominent when assessing studies reporting 
hypothyroidism. 

Conclusion

Our meta-analyses showed that there is an association 
between hypothyroidism and AD, with hypothyroidism 
more prevalent in AD compared to controls. This is an 
important finding as the association between AD and 
hypothyroidism is now supported by a comprehensive 
statistical analysis of the available and relevant literature. 
We support future work in this area, particularly 
longitudinal studies with an adequate follow-up time, 
specifically to address some the limitations faced 
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in this study. Limitations including lack of a unified 
criteria for diagnosis of thyroid dysfunction and AD, 
unaccounted for differences in sample populations, 
and other methodological issues - many of which are 
avoidable. Importantly, our review of the available 
literature also shows no evidence of an association 
between hyperthyroidism and AD. It appears that a 
consensus is building towards hypothyroidism, rather 
than hyperthyroidism, having an important relationship 
with AD.

Further studies are needed to establish potential 
causation rather than association between thyroid 
dysfunction and AD. We support the examination 
of whether using thyroid medication to treat clinical 
and subclinical hypothyroidism could be a potential 
adjunctive agent in AD treatment.  Presented in this 
study is the first meta-analysis conducted which focuses 
on thyroid dysfunction among AD patients compared 
with controls, and marks an important step towards 
understanding the factors that may influence the 
development and progression of AD.
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