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Abstract

Thyroid hormone, as a modifiable risk factor for dementia, promotes neurocognitive 
function and regulates metabolic processes. Various studies have defined different thyroid-
stimulating hormone cutoffs, but the safest thyroid-stimulating hormone concentration 
was absent. A dose–response meta-analysis describing the overall functional relation 
and identifying exposure intervals associated with a higher or lower disease risk is thus 
desirable. Therefore, our current analysis was conducted to understand the influence of 
thyroid dysfunction on dementia risk. We searched PubMed, Embase, and Web of Science 
before May 1, 2020 for human studies published in English. Studies were considered for 
inclusion if they used a cohort study design to measure the risk of dementia in different 
thyroid function status groups, diagnosed thyroid functional status and all-cause dementia, 
included participants aged >18 years, and provided quantitative measures of data. The 
analysis contained 17 articles with 344,248 individuals with a 7.8-year mean follow-up. 
Ten studies with 329,287 participants indicated that only subclinical hyperthyroidism was 
associated with an increased risk of dementia. In contrast, subclinical hypothyroidism, 
clinical hyperthyroidism, and clinical hypothyroidism did not affect dementia. In the dose–
response meta-analysis with 46,417 samples from 11 studies, the association of thyroid-
stimulating hormone with the risk of dementia exhibited a U-shaped curve. Our study 
indicated that subclinical hyperthyroidism was associated with the risk of dementia and 
the thyroid-stimulating hormone concentration at around 1.55–1.60 mU/L as the optimum 
range for the risk of dementia.
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Introduction

Dementia is a progressive disease with declining 
cognitive function and affects daily activities (1). The 
global prevalence of dementia is 1.2–7.2%, and the 
number of dementia patients is estimated to increase 
to 131.5 million by 2050 (2). Prevention of dementia 
is crucial owing to the lack of disease-modifying 
medication. Recent reports have declared that risk 
factor modifications could prevent 30–35% of dementia  
cases (3).

The thyroid hormone, as a modifiable risk factor 
for dementia, promotes neurocognitive function and 
regulation metabolic processes (4). Thyroid dysfunction, 
including clinical hyperthyroidism, subclinical 
hyperthyroidism, subclinical hypothyroidism, and 
clinical hypothyroidism, has been associated with an 
increased risk of cognitive impairment in many studies 
(5). A recent meta-analysis indicated a positive association 
between subclinical hyperthyroidism and an increased 
risk of dementia among prospective cohorts, while no 
such relationship existed in subclinical hypothyroidism 
(5). New evidence has emerged recently (6, 7, 8, 9), 
involving the impact of clinical hyperthyroidism and 
clinical hypothyroidism on the risk of dementia in a large 
sample size (7, 8).

For the diagnosis of thyroid dysfunction, the thyroid-
stimulating hormone (TSH) (also known as thyrotropin) 
concentration was also measured as a risk factor for 
dementia (10, 11, 12, 13). Another meta-analysis 
combined 11 studies and found that TSH concentrations 
below the normal range had an increased risk of dementia 
(14). However, other studies have defined different 
TSH cutoffs. Moreover, a lower, but average serum TSH 
concentration, also pertained to negative impacts on the 
development and progression of cognitive function (15). 
Thus, a detailed analysis of the impact of specific TSH 
concentrations on dementia is desirable. A dose–response 
meta-analysis – aimed at describing the overall functional 
relation and identifying exposure intervals associated 
with a higher or lower disease risk – is also desirable.

Various studies have defined different thyroid-
stimulating hormone cutoffs, but the safest thyroid-
stimulating hormone concentration was absent. It is 
desirable to confirm the relationship between thyroid 
dysfunction and risk of dementia in prospective cohort 
studies as well as to conduct a dose–response meta-
analysis using published findings to understand the 
influence of TSH concentration change, even within the 
normal range, on the risk of dementia.

Method

Study inclusion

For our analysis, we searched the PubMed and Embase 
databases and Web of Science for relevant studies 
published until May 1, 2020. All types of abnormal thyroid 
function and dementia were searched, including clinical 
hypothyroidism, subclinical hypothyroidism, subclinical 
hyperthyroidism, clinical hyperthyroidism, abnormal 
thyrotropin (TSH), dementia, Alzheimer’s disease, and 
vascular dementia. Reference lists of eligible articles were 
searched for further pertinent articles. The screening was 
completed independently by two reviewers (X Y T, J B Z), 
and discrepancies, if any, were resolved with a discussion. 
This report was conducted according to the Meta-analysis 
of Observational Studies in Epidemiology (16) and the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis (17).

Subclinical hypothyroidism was defined as high 
TSH concentrations but normal blood concentrations 
of thyroid hormones. Subclinical hyperthyroidism 
was defined as low TSH concentrations but normal 
blood concentrations of thyroid hormones. Clinical 
hypothyroidism was defined as high TSH concentrations 
and low blood concentrations of thyroid hormones. 
Clinical hyperthyroidism was defined as low TSH 
concentrations and high blood concentrations of  
thyroid hormones.

Inclusion and exclusion criteria

Studies were considered for inclusion if they (1) were an 
original article published in English, (2) used a cohort 
study design to measure the risk of dementia in different 
thyroid function status groups, (3) included participants 
aged > 18 years, and (4) provided quantitative measures of 
data. Exclusion criteria followed were (1) the publication 
was a review, case report, animal study, or letter to the 
editor, (2) the reviews did not clearly define clinical 
outcomes, (3) the authors could not provide valid data 
after being contacted, and (4) duplicated data.

For the meta-analysis, studies were included if they 
measured the risk of dementia between euthyroid and 
clinical hypothyroidism or subclinical hypothyroidism or 
subclinical hyperthyroidism or clinical hyperthyroidism. 
In the dose–response meta-analysis, studies with at least 
three categories of TSH concentrations and the number 
of dementia cases presented, according to the different 
categories of TSH concentrations, were retained.
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Data extraction and quality assessment

Two investigators (X Y T, M A C) independently extracted 
the following data from the 17 enrolled studies using the 
same standardized protocol: concerning study design, 
population characteristics, follow-up years, TSH cutoff 
concentrations as well as outcomes. Two investigators  
(J B Z, M A C) independently utilized the Newcastle–
Ottawa Quality Assessment Scale criteria (NOS) (18) to 
assess the risk of bias for the enrolled studies. We rated the 
quality of the studies by awarding stars in each domain 
following the guidelines of NOS. Discrepancies, if any,  
were resolved with a discussion between the investigators 
and other authors.

Statistical analysis

We used STATA (version 12.0, Stata Corporation, College 
Station, TX, USA) to conduct the current analysis.

Heterogeneity between studies was evaluated using 
the I2 metric and the variance between studies using 
Tau2. Random-effects models were performed if I2 > 50% 
to determine the association between different thyroid 
function status and the risk of dementia. Random-effects 
models provide more weight to smaller studies. They 
typically have wider CIs because the total effect is the 
average value of the real effect of each study, which not 
only focuses on the study of a large sample but also pays 
attention to all included studies to balance the effect 
of each study. Fixed-effects models were performed if 
I2 ≤ 50%. 

Risk ratios (RR) as a measure of association across all 
studies were pooled. If studies used a hazard ratio (HR), we 
regarded it as RR. RRs with a 95% CI were used to assess 
time-to-event outcomes in the cohort studies, from the 
data obtained directly from the articles. If studies had 
both unadjusted and covariate-adjusted odds ratios, we 
chose the one that adjusted for the maximum number 
of covariates. We calculated RRs and 95% CIs using 
data from some studies that provided only the number 
of dementia cases in both abnormal thyroid status and 
control groups. We performed a sensitivity analysis to 
examine the robustness of our findings by excluding one 
study at a time and recalculating the pooled estimates. 
Further sub-group analysis was conducted owing to 
the different types of thyroid dysfunction, including 
subclinical hyperthyroidism, subclinical hypothyroidism, 
clinical hypothyroidism, and clinical hyperthyroidism. 
Further analysis was performed only for those who had a 
diagnosis of Alzheimer’s disease, a sub-type of dementia. 

Sensitivity analysis was used to identify more potential 
resource of heterogeneity.

In the dose–response meta-analysis, we changed the 
reference group to the lowest dose group. The median 
concentration of TSH was chosen as the TSH category, and 
the number of dementia cases and the total participants 
were extracted. For the studies that did not present the 
median or mean doses of TSH, the midpoint of each 
category was chosen. The value for the open-ended upper 
interval was arbitrarily assigned as 1.5 times that of the 
lower end of the interval. The aggregate generalized 
least squares for trend (glst) method by Greenland and 
Longnecker was used for assessing the dose–response 
relationship between TSH and the risk of dementia (19). 
We used restricted cubic splines with three knots to 
explore a potential non-linear association between TSH 
concentrations and the risk of dementia.

Potential publication bias was evaluated using Egger’s 
asymmetry test and with a visual inspection of a funnel 
plot (20). P-values were two-tailed, and P < 0.05 was 
considered significant. 

Results

Literature search outcomes and 
validity assessment

The search strategy identified 2957 potentially relevant 
records, of which 1016 were excluded as duplicates. 
The remaining 1941 manuscripts were subjected to title 
and abstract screening. Further, 1765 publications were 
excluded, as they were reviews, letters or conference 
abstracts, and independent studies. Therefore, 176 articles 
were eligible for full-text review and data assessment. 
Finally, 159 articles were excluded owing to inadequate 
information or lack of a complete publication. A total of 
17 cohort studies (6, 7, 8, 9, 10, 11, 12, 13, 15, 21, 22, 23, 
24, 25, 26, 27, 28) published from 2000 to 2020 met the 
inclusion criteria (Fig. 1). Table 1 provides an overview 
of the eligible studies. All 17 studies used a longitudinal 
cohort design. The total number of participants was 
344,248, with a mean follow-up duration of 7.8 years 
(2.1–21.9 years). The mean age of the participants was 
65.1 years, and 50.1% were women. Ten studies (6, 7, 
8, 10, 13, 21, 24, 25, 27, 28) were enrolled in the meta-
analysis and eleven studies (6, 7, 10, 11, 13, 21, 24, 25, 26, 
27, 28) were enrolled in the dose–response meta-analysis. 
Nine of them are present in both the analyses (6, 7, 10, 
13, 21, 24, 25, 27, 28). Five other studies (9, 12, 15, 22, 23) 
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were not included in the meta-analysis or dose–response 
meta-analysis owing to irrelevant data.

Quality assessment

Quality assessment of the studies revealed scores of 5–9 on 
NOS. One study (28) was scored 5, another (9) was scored 
6, four (10, 22, 23, 27) were scored 7, four (13, 15, 21, 
24) were scored 8, and seven (6, 7, 8, 11, 12, 25, 26) were 
scored 9. High-quality studies were included (Table 1).

Meta-analysis of the association between 
abnormal thyroid function status and the risk 
of dementia

Ten studies (6, 7, 8, 10, 13, 21, 24, 25, 27, 28) with a 
sample size of 329,187 individuals provided effective 
data and were included in the current meta-analysis 
(I2 = 66.1%, P = 0.000). Four different abnormal thyroid 
function statuses were assessed: clinical hypothyroidism, 
subclinical hypothyroidism, subclinical hyperthyroidism, 
and clinical hyperthyroidism. Nine studies (6, 7, 8, 13, 21, 
24, 25, 27, 28) mentioned subclinical hyperthyroidism, 

eight (6, 7, 10, 13, 21, 24, 27, 28) mentioned subclinical 
hypothyroidism, while two (7, 8) mentioned clinical 
hyperthyroidism, and one (7) mentioned clinical 
hypothyroidism. Supplementary Table 2 (see section on 
supplementary materials given at the end of this article) 
provides the meta-analysis data.

The pooled effect value of the relationship between 
thyroid status and the risk of dementia was not significant 
(RR = 1.14, 95% CI: 0.97–1.35). Further sub-group analysis 
exhibited that subclinical hyperthyroidism increased the 
risk of dementia (RR = 1.39, 95% CI: 1.08–1.79), while 
subclinical hypothyroidism, clinical hyperthyroidism, 
and clinical hypothyroidism had no effect (RR = 0.96, 95% 
CI: 0.75–1.22, RR = 1.06, 95% CI: 0.63–1.79 and RR = 0.96, 
95% CI: 0.73–1.26, respectively) (Fig. 2).

Three studies (10, 13, 24), with 3410 individuals, 
further mentioned subclinical thyroid dysfunction 
affecting the risk of Alzheimer’s disease. The results showed 
no association between subclinical thyroid dysfunction, 
including subclinical hyperthyroidism (RR = 1.52, 95% CI:  
0.69–3.32) and subclinical hypothyroidism (RR = 1.15, 
0.68–1.94), and the risk of Alzheimer’s disease (RR = 1.25, 
95% CI: 0.81–1.94) (Fig. 1).

Figure 1
PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) study.
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Sensitivity analysis

Sensitivity analyses demonstrated similar results, 
indicating that the overall results were not significantly 
influenced by any single study, with RRs and 95% CIs 
ranging from 1.11 (0.94–1.31) to 1.23 (0.99–1.52) for the 
risk of dementia.

We limited the analysis to individuals aged >65 
years (6, 10, 13, 21, 24, 25, 27, 28) and found similar 
results. Subclinical hyperthyroidism was significantly 
linked to the risk of dementia (RR = 1.51, 95% CI:  
1.21–1.89), while subclinical hypothyroidism did 
not affect dementia (RR = 1.03, 95% CI: 0.84–1.25). 
Furthermore, we limited the ranalysis to studies 
with NOS scores ≥ 7 (6, 7, 8, 10, 13, 21, 24, 25, 27). 
Subclinical hyperthyroidism increased the risk of 
dementia (RR = 1.40, 95% CI: 1.08–1.83), while  
subclinical hypothyroidism was not a risk factor 
for dementia (RR = 0.91, 95% CI: 0.71–1.44). The 
effect of clinical thyroid dysfunction on dementia  
remains unchanged.

Dose–response meta-analysis of the association 
between TSH concentrations and the risk 
of dementia

As most primary studies analyzed reported different 
cutoffs of TSH, we further performed a dose–response 
meta-analysis. A total of 11 studies (6, 7, 10, 11, 13, 21, 
24, 25, 26, 27, 28) containing 46,417 individuals with 
more than three categories of TSH concentrations were 
analyzed. Supplementary Table 3 provides data of the 
dose–response meta-analysis.

A non-linear relationship was observed between the 
TSH concentrations and the risk of dementia. The graph 
showed that both low and high TSH concentrations 
had adverse effects, which indicated that not only 
hyperthyroidism but also hypothyroidism might lead 
to dementia. Using a restricted cubic spline model, we 
found that 1.55–1.60 mU/L was the safest concentration 
of TSH for preventing dementia. Lower or higher TSH 
concentrations increased the risk of dementia, even 
TSH concentrations were in the upper and lower limits 
of normal range. The most and second harmful TSH 
concentration for the risk of dementia was measured 
as lower than 0.05 (RR = 1.46, 95% CI: 1.31–1.64) 
mU/L and higher than 5.39 mU/L (RR = 1.44, 95% CI:  
1.22–1.69), respectively. We added age and follow-up years 
as covariates, and the results showed no change (Fig. 3).Q
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Publication bias

According to the Cochrane Handbook version (29), as a 
rule of thumb, tests for funnel plot asymmetry should 
be used only when an adequate number of studies are 
included in the meta-analysis, as with very few studies, 
the power of the tests is extremely low to distinguish 
chance from real asymmetry. In this study, the P-value 
of Egger’s test was > 0.05 (P = 0.225), for the relationship 
between thyroid function and dementia, indicating no 
significant bias among them. The funnel figure of these 
studies showed asymmetrical inverted distribution, which 
is consistent with the results of Egger’s test (Fig. 2).

Discussion

The current analysis comprised 17 cohort studies, 
including 4 different thyroid dysfunctions (clinical 
hypothyroidism, subclinical hypothyroidism, subclinical 
hyperthyroidism, and clinical hyperthyroidism) and 
different TSH concentration range. In the meta-analysis, 
10 studies with 329,287 thirty participants indicated that 
only subclinical hyperthyroidism was associated with 
increased risk of dementia (RR = 1.39, 95% CI: 1.08–1.79).  

In contrast, subclinical hypothyroidism, clinical 
hyperthyroidism, and clinical hypothyroidism did not 
affect the risk of dementia. Furthermore, the optimum 
concentration of TSH was 1.55–1.60 mU/L is. Both lower 
and higher concentrations of TSH were associated with 
the increased risk of dementia, even TSH concentrations 
were in the upper and lower limits of normal range.

Comparison with other studies

The current analysis contained entirely of cohort 
studies and demonstrated subclinical hyperthyroidism 
as the sole risk factor for dementia. Two cross-sectional 
studies with 2072 (30) and 119 (31) samples indicated a 
similar association between subclinical hyperthyroidism 
and dementia. Our findings were in line with a recent 
cross-sectional study, with 918 participants, which 
demonstrated that subclinical hypothyroidism did not 
affect dementia (32). Our results verified the findings of a 
meta-analysis conducted in 2016 after adding three new 
reports (6, 7, 8). Compared with the former meta-analysis, 
we further analyzed the relationship between clinical 
hypothyroidism and clinical hyperthyroidism with 
dementia and conducted a dose–response analysis aimed 

Figure 2
The association between thyroid dysfunction and 
dementia. RR, ratio risk. Where I2 is the variation 
in effect estimates attributable to heterogeneity, 
overall is the pooled random effect estimate of all 
studies. Subtotal is the pooled random-effects 
estimate of sub-group analysis studies. Weights 
are from the random-effects analysis. %Weight is 
the weight assigned to each study, based on the 
inverse of the within- and between-study 
variance. The size of the gray boxes around the 
point estimates reflect the weight assigned to 
each study.
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at determining the effects of different TSH concentrations 
on the risk of dementia.

Although in our meta-analysis, clinical thyroid 
dysfunction had no effect on dementia, the evidence was 
limited and needed more reliable reports for confirmation. 
The difference between the effect of clinical and subclinical 
hyperthyroidism on dementia may be explained by 
the lack of treatment and extended duration of thyroid 
dysfunction in patients with subclinical hyperthyroidism 
(33). Individuals with subclinical hyperthyroidism are 
less likely to receive treatment than those with clinical 
hyperthyroidism, which may influence dementia. In 
the current meta-analysis, one study (7) showed the 
relationship between clinical hypothyroidism and clinical 
hyperthyroidism with dementia, and we chose the model 
that adjusted for the baseline thyroid medication use. 
Another study (8) contained the relationship between 
clinical hyperthyroidism and dementia, but the treatment 
methods were not mentioned. Thus, further analysis 
could not be carried out. As an important laboratory 
indicator of clinical hyperthyroidism, free thyroxine 
(FT4) is another important hormone related to dementia, 
and a former meta-analysis found that per standard 
deviation (s.d.) increment of FT4 was associated with the 
increased risk of dementia (RR = 1.08, 95% CI: 1.00–1.17) 
(14). Owing to the limited evidence of the relationship 
between dementia and clinical hyperthyroidism, we did 
not include FT4 concentrations for further analysis. 

Because of the different definitions of TSH cutoff 
concentrations, we performed a dose–response meta-
analysis of the relationship between TSH concentrations 
and dementia. The results suggested the optimal cutoff of 
TSH to be 1.55–1.60 mU/L. Compared with 1.55–1.60 mU/L  
of TSH, both lower than 1.55 mU/L TSH and higher 
than 1.60 mU/L TSH increased the risk of dementia,  

even within a normal range. A recent meta-analysis 
declared TSH concentrations below the normal range 
as a risk factor for dementia, while TSH concentrations 
within the normal range and above the normal range had 
no significant influence on dementia (14). Moreover, the 
linear model showed a significant association between 
the per s.d. increment of TSH and dementia (RR = 0.91, 
95% CI: 0.84–0.99). Some other studies paid attention to 
the influence of TSH on dementia only with respect to 
a linear relationship. One report (15) declared per unit 
decrease of TSH within the normal range (0.4–4.1 mU/L) 
increased the risk of dementia (HR = 0.583, 95% CI:  
0.403–0.843), while another (12) found no link of per 
TSH unit increase with dementia (HR = 0.88, 95% CI:  
0.76–1.01). Our analysis further clarified the effect of 
different TSH concentrations on dementia in the non-
linear model and found a U-shaped relationship. The 
normal range of TSH is widely considered as 0.5–4.5 mU/L, 
and the dose range with the lowest risk of dementia was 
1.55–1.60 mU/L in the current analysis, which is closer 
to the lower limit of the normal range. However, the 
different effects of subclinical hypothyroidism and higher 
TSH concentrations on dementia are unclear and need 
additional evidence to elucidate.

Potential mechanisms

Thyroid dysfunction and dementia may be linked 
through potential pathways. The thyroid hormone 
has been suggested to promote neuroprotection and 
regulate neurogenesis (34). However, long-term exposure 
of the thyroid hormone can lead to cardiovascular and 
cerebrovascular diseases such as fibrillation and systolic 
hypertension, which are both associated with the risk of 
dementia (35). An alternate explanation is to elucidate 
the relationship between the thyroid hormone and the 
amount and phosphorylation of tau protein (36). High 
concentrations of the thyroid hormone may increase 
reactive oxygen species and reduce antioxidant enzymes, 
which may cause cellular damage and make the brain 
more vulnerable to amyloid toxicity (37). Finally, as a 
result of genetic susceptibility, excess thyroid hormone 
may alter gene expression in relevant pathways, such as 
neurogenesis (34).

Public health impact

Dementia is a growing clinical and socio-economic 
problem of aging societies. Recent estimates suggested 
more than 47 million individuals worldwide are affected 

Figure 3
The dose–response association between TSH concentration and 
dementia. TSH, thyroid-stimulating hormone; RR, ratio risk.
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by dementia (1). Thyroid dysfunction had an adverse 
impact on many aspects, including diabetes, elevated 
blood pressure, metabolic syndrome, heart failure, and 
cardiovascular disease (38). Regulation of thyroid function 
is beneficial to health. Our analyses demonstrated an 
increased risk of lower and higher TSH concentrations 
on dementia, even within a normal range. The optimum 
concentration of TSH was suggested as 1.55–1.60 mU/L. 
With the increasing prevalence of thyroid dysfunction, it 
may be valuable for public health to focus on monitoring 
TSH concentrations.

Strengths and limitations of the study

Our meta-analysis and dose–response meta-analysis 
produced valuable information regarding associations 
between thyroid dysfunction and TSH concentrations 
with the risk of dementia. Some desirable strengths and 
limitations must be outlined. The strengths of our analysis 
included choosing data that adjusted for the maximum 
number of covariates, developing a comprehensive search 
strategy, and conducting a comprehensive search.

There were also a few limitations. (1) Studies focused 
on the relationship of clinical hyperthyroidism and 
clinical hypothyroidism with the risk of dementia are 
few. Additional reliable evidence is needed to clarify the 
relationships. (2) In the current study, the lack of data 
on treatment and the effects of treatment on thyroid 
dysfunction limited a more rigorous analysis. Some reports 
declared the impacts of antithyroid drugs on dementia 
(39). The influence of antithyroid drugs on dementia 
needs additional research. (3) Some other factors may 
influence the concentration of TSH, such as pituitary-
related disease (40). Further analysis was not performed 
owing to the limited information. (4) The heterogeneity 
of results may be due to differences in race, method of TSH 
measurement, and the definition of thyroid dysfunction. 
Owing to inadequate information, it was difficult to 
analyze the heterogeneity further.

Conclusion

Our study indicated that subclinical hyperthyroidism 
is associated with the risk of dementia, and the TSH 
concentration at around 1.55–1.60 mU/L was the peak 
range for the risk of dementia. Thus, it is desirable for 
public health to manage TSH concentrations, especially in 
those with a higher risk of dementia. However, validating 
and replicating these findings in more rigorously designed 

studies is desirable. It may be valuable for further 
studies to pay more attention to the safest TSH and FT4 
concentrations.
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