

[image: image1]
Association of thyroid disease with risks of dementia and cognitive impairment: A meta-analysis and systematic review












	
	TYPE Systematic Review
PUBLISHED 13 March 2023
DOI 10.3389/fnagi.2023.1137584






Association of thyroid disease with risks of dementia and cognitive impairment: A meta-analysis and systematic review

Li-Yun Ma†, Bing Zhao†, Ya-Nan Ou, Dan-Dan Zhang, Qiong-Yao Li and Lan Tan*

Department of Neurology, Qingdao Municipal Hospital, Qingdao University, Qingdao, China

[image: image2]

OPEN ACCESS

EDITED BY
Jun Xu, Beijing Tiantan Hospital, Capital Medical University, China

REVIEWED BY
Gong-Ping Liu, Huazhong University of Science and Technology, China
 Reiji Yoshimura, University of Occupational and Environmental Health Japan, Japan

*CORRESPONDENCE
 Lan Tan, dr.tanlan@163.com

†These authors have contributed equally to this work and share first authorship

SPECIALTY SECTION
 This article was submitted to Alzheimer's Disease and Related Dementias, a section of the journal Frontiers in Aging Neuroscience

RECEIVED 04 January 2023
 ACCEPTED 20 February 2023
 PUBLISHED 13 March 2023

CITATION
 Ma L-Y, Zhao B, Ou Y-N, Zhang D-D, Li Q-Y and Tan L (2023) Association of thyroid disease with risks of dementia and cognitive impairment: A meta-analysis and systematic review. Front. Aging Neurosci. 15:1137584. doi: 10.3389/fnagi.2023.1137584

COPYRIGHT
 © 2023 Ma, Zhao, Ou, Zhang, Li and Tan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Introduction: It is still uncertain whether the risk of dementia and cognitive impairment is related to thyroid disease. we carried out a meta-analysis and systematic review (PROSPERO: CRD42021290105) on the associations between thyroid disease and the risks of dementia and cognitive impairment.

Methods: We searched PubMed, Embase, and Cochrane Library for studies published up to August 2022. The overall relative risk (RRs) and its 95% confidence interval (CIs) were calculated in the random-effects models. Subgroup analyses and meta-regression were conducted to explore the potential source of heterogeneity among studies. We tested and corrected for publication bias by funnel plot-based methods. The Newcastle-Ottawa Scale (NOS) or Agency for Healthcare Research and Quality (AHRQ) scale were used to evaluate the study quality of longitudinal studies and cross-sectional studies, respectively.

Results: A total of 15 studies were included in our meta-analysis. Our meta-analysis showed that hyperthyroidism (RR = 1.14, 95% CI = 1.09–1.19) and subclinical hyperthyroidism (RR = 1.56, 95% CI = 1.26–1.93) might be associated with an elevated risk for dementia, while hypothyroidism (RR = 0.93, 95% CI = 0.80–1.08) and subclinical hypothyroidism (RR = 0.84, 95% CI = 0.70–1.01) did not affect the risk.

Discussion: Hyperthyroidism and subclinical hyperthyroidism are predictors of dementia.

Systematic review registration: PROSPERO, Identifier: CRD42021290105.
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1. Introduction

Dementia is a progressive brain disease, which has brought heavy care and economic burdens to their families and society (Alzheimer's Association Report, 2021). It still has no effective disease-modifying treatment, and thus dementia prevention has become very important. And identifying modifiable risk factors and potentially reversible causes is crucial for the prevention of all-cause dementia (ACD). Alzheimer's disease (AD) is the most common type of dementia, followed by vascular dementia (VaD) (O'Brien and Thomas, 2015). Since thyroid function has been considered a potentially reversible cause of cognitive impairment, thyroid function analysis was recommended by the EFNS-ENS Guidelines as a routine assessment for the diagnosis of dementia (Knopman et al., 2001; Sorbi et al., 2012).

Hyperthyroidism (Hype) and hypothyroidism (Hypo) are very common thyroid diseases which exert potentially devastating effects on the elderly and they are characterized by abnormal thyroid-stimulating hormone (TSH) and free thyroid hormones (Taylor et al., 2018). The prevalence and incidence of thyroid diseases have been increasing globally (Taylor et al., 2018). There was evidence that thyroid diseases increased the risk of cardiovascular diseases and all-cause mortality (Manolis et al., 2020). However, it is still not clear whether thyroid diseases are risks factor for ACD. In addition, thyroid hormones are essential for neuronal development and cellular metabolism (Taylor et al., 2018). Hypo changed the morphology of some brain regions and subsequently altered the specific cognitive functions in a mouse model (Fernández-Lamo et al., 2009). Observational studies on the associations between Hype and the risk of cognitive disorders yielded inconsistent results. Some studies reported significantly increased the risks of dementia (Kalmijn et al., 2000; Vadiveloo et al., 2011; Folkestad et al., 2020), among people with Hype, while others showed no association (De Jongh et al., 2011; George et al., 2019; Folkestad et al., 2020). The same goes for observational studies on the links between Hypo with cognitive impairment (De Jongh et al., 2011; Forti et al., 2012) and ACD (Kalmijn et al., 2000; De Jong et al., 2006; Forti et al., 2012; Yeap et al., 2012; Aubert et al., 2017; George et al., 2019; Thvilum et al., 2021).

A previous meta-analysis reported a significant increase in the risk of cognitive impairment among people with subclinical hypothyroidism (SHypo) (Pasqualetti et al., 2015), while two other meta-analyses showed that SHypo was not associated with dementia risk (Akintola et al., 2015; Tang et al., 2021). The above three meta-analyses had not analyzed the associations between thyroid disease and dementia subtypes. Therefore, this meta-analysis is aimed to examine the association between thyroid disease and cognitive impairment, ACD (including dementia, AD and VaD). We performed a subgroup analysis according to the subtypes of thyroid disease (including Hype, Hypo, SHype, and SHype). We also conducted subgroup analyses stratified by population characteristics (region and age), follow-up years (≥5 years and < 5 years), and whether the studies were adjusted for cardiovascular and apolipoprotein E gene isoform 4 (APOEε4) to deeply explore the effect of thyroid disease on cognitive impairment and dementia. Our study may have immense clinical implications for the prevention and treatment of dementia.



2. Methods


2.1. Protocol and registration

The systematic review was registered in advance with the international prospective register of systematic reviews (PROSPERO, registration number CRD42021290105) (Booth et al., 2012), following the Meta-analysis of Observational Studies in Epidemiology (MOOSE) guidelines (Stroup et al., 2000) and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Moher et al., 2009).



2.2. Search strategy

We systematically search in PubMed, EMBASE, and the Cochrane Library for relevant studies published from inception to May, 2022, using the following search strategy: ((((((((Thyroid Diseases) OR (Thyroiditis))) OR (Goiter)) OR (Hyperthyroidism)) OR (Hypothyroidism)) OR (Thyroid Dysgenesis)) OR (Thyroid Neoplasms) OR (thyrotoxicosis)) AND ((((Alzheimer*) OR (Dementia)) OR (Cognition)) OR (Cognitive)). There were no restrictions on the publication year. In addition, reference lists of previous review articles were hand-searched for additional relevant studies.



2.3. Study screening criteria and data extraction

Studies that fulfilled all of the following inclusion criteria were considered for inclusion: (1) they were published in English, (2) they used a cohort or cross-sectional study design to examine the association between thyroid disease and the risk of cognitive impairment or dementia, (3) they included participants aged > 18 years, and (4) they provided relative risks (RR), hazard ratios (HR), odds ratios (OR) with corresponding 95% confidence intervals (CI) or the raw data that can be utilized to calculate these numbers. Studies were excluded if they met any of the following criteria: (1) the risk estimate was not accessible, (2) only the abstract was available and (3) the article was a case report, an animal study, a letter to the editor or a comment. Additionally, if an article studied two different cohorts, both cohorts were included in our meta-analysis. Literature selection was conducted by two independent investigators (LYM and ZB), and any disagreement on study inclusion was discussed to reach a consensus. The following data were extracted from each studies: study characteristics, population characteristics, and result assessments. We would contact the corresponding authors if the above data was not available. A specific formula would be used to convert OR to RR when a study only reported OR (Xu et al., 2020). When we extracted the risk estimates in the article, the RR adjusted for the maximum number of covariates would be selected.



2.4. Evaluation of study quality

Two researchers independently evaluated the quality of enrolled cohort studies using the Newcastle-Ottawa Scale (Stang, 2010), including items in selection of study population, intergroup comparability, and determination of exposure/outcome with a total score of 9. Studies with scores of 0–3, 4–6, and 7–9 were assigned to low, medium, and higher-quality studies, respectively. The Agency for Healthcare Research and Quality (AHRQ) checklist, including 11 items, is recommended for quality assessment of cross-sectional studies (Zeng et al., 2015). Answers for each item are “yes,” “no,” and “unclear”. If you answer “yes” for each item, 1 point will be scored; otherwise, 0 point will be scored. Studies with a total score of 0–5, 6–7, 8–11 were defined as low, moderate and high quality, respectively (Zeng et al., 2015).



2.5. Statistical analysis

The overall risk ratios (RRs) and their 95% confidence intervals (CIs) from individual studies were pooled using a random-effects model (DerSimonian and Laird, 2015). Furthermore, forest plots were drawn to visually display the pooled results. The heterogeneity in the results across the studies was calculated using the I2 statistic which measured the percentage of the total variation across the included studies (low heterogeneity, I2 < 25%, moderate heterogeneity, 25% < I2 < 75%; high heterogeneity, I2 ≥ 75%) (Higgins and Thompson, 2002; Coory, 2010). For those with high heterogeneity or moderate heterogeneity, we adopted univariate regression analysis to find their sources of heterogeneity. Then, subgroup analyses was adopted to reduce the heterogeneity. For Longitudinal studies, subgroup analyses were performed by subtypes of dementia, types of thyroid disease (SHype and SHypo), as well as study characteristics (source of participants, follow-up duration and adjusted confounders) and participant characteristics (age, gender, and region). Publication bias was evaluated using Egger's test. The trim and fill methods were used to adjust for bias when statistically significant bias was found (Seagroatt and Stratton, 1998; Duval and Tweedie, 2000). Sensitivity analyses also were conducted for only the longitudinal studies to address the effect size.

All the statistical analyses were conducted using STATA (version 16.0, Stata Corporation, College Station, TX, USA) (Chaimani et al., 2014) R version 3.6.2 (https://www.R-project.org/). A two-sided P < 0.05 was considered statistically significant.




3. Results


3.1. Study search

Figure 1 presents the article selection process. There were 22,017 papers remained after deduplication. When we reviewed the titles and abstracts, 374 studies were included. After Detailed examining the full-text articles, a number of 12 studies met the inclusion criteria. After further integrating with additional three papers from the bibliography, a final total of 15 studies (ten longitudinal studies and five cross-sectional studies) were finally included.
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FIGURE 1
 Flow diagram of literature selection for the meta-analysis.




3.2. Characteristics of studies

The detailed characteristics of studies included in the meta-analysis are shown in Table 1. Ten longitudinal studies (Kalmijn et al., 2000; De Jong et al., 2006; De Jongh et al., 2011; Vadiveloo et al., 2011; Forti et al., 2012; Yeap et al., 2012; Aubert et al., 2017; George et al., 2019; Folkestad et al., 2020; Thvilum et al., 2021) published between 2000 and 2021 with 298,522 patients (minimum sample size n = 660; maximum sample size n = 233,844). The participants had a mean age of 66.81 years, with a female proportion of 58.71%. Among these studies, six cohort studies reported the association of Hype with dementia (Figure 2) (Kalmijn et al., 2000; De Jong et al., 2006; Vadiveloo et al., 2011; Aubert et al., 2017; George et al., 2019; Folkestad et al., 2020), AD (Kalmijn et al., 2000; De Jong et al., 2006; Folkestad et al., 2020) or VaD (Folkestad et al., 2020); seven cohort studies reported the association of Hypo with dementia (Figure 2) (Kalmijn et al., 2000; De Jong et al., 2006; Forti et al., 2012; Yeap et al., 2012; Aubert et al., 2017; George et al., 2019; Thvilum et al., 2021), AD (Kalmijn et al., 2000; De Jong et al., 2006; Forti et al., 2012; Thvilum et al., 2021), VaD (Forti et al., 2012; Thvilum et al., 2021) or cognitive impairment (De Jongh et al., 2011; Forti et al., 2012).


TABLE 1 Characteristics of studies included in the meta-analysis.
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FIGURE 2
 Meta-analysis of associations between thyroid disease and cognitive outcomes in the longitudinal study. Hype would increase the risks of dementia, whereas would not affect the risk of AD, or VaD. Besides, Hypo was no associated with dementia, VaD, and cognitive impairment, but was found to reduce the risk of AD. Furthermore, SHype would advance the risk of dementia, but SHypo was found to reduce the risk of dementia. RR, relative risk; CI, confidence interval; AD, Alzheimer's disease; VaD, vascular dementia; Hype, hyperthyroidism; Hypo, hypothyroidism; SHype, subclinical hyperthyroidism; SHypo, subclinical hypothyroidism.


Five cross-sectional studies (Cárdenas-Ibarra et al., 2008; Ceresini et al., 2009; Benseñor et al., 2010; Park et al., 2010; Bajaj et al., 2014; Parsaik et al., 2014) published between 2009 and 2014 with a total of 4,248 individuals were included (minimum n = 44; maximum n = 1,904). The participants had a mean age of 76.49 years with a female proportion of 55.90%. Among these studies, two studies reported the association of Hype with dementia (Cárdenas-Ibarra et al., 2008; Benseñor et al., 2010), and two studies reported the association of Hypo with cognitive impairment (Bajaj et al., 2014; Parsaik et al., 2014) or dementia (Cárdenas-Ibarra et al., 2008; Park et al., 2010). The Newcastle-Ottawa Quality Assessment scale and the AHRQ scale were used to evaluate the study quality of longitudinal studies and cross-sectional studies, respectively. All the included studies were identified as being of moderate-to-high quality (Supplementary material 1).


3.2.1. Longitudinal studies (including cohort studies and nested case-control studies)
 
3.2.1.1. Hype and dementia

Sex studies on Hype with 40,809 participants were included. The results of our meta-analyses showed that Hype significantly increased the risk of dementia (RR = 1.14, 95% CI = 1.09–1.19, I2 = 41%) rather than AD (RR = 1.19, 95% CI = 0.89–1.58, I2 = 56%) or VaD (RR = 1.25, 95% CI = 0.90–1.74, I2 = 20%) (Figure 2; Supplementary material 2). Meta-regression revealed that no factors could explain the source of heterogeneity (Supplementary material 3). Sensitivity analysis showed that the robust results were not influenced by any single study (Supplementary material 4). Subgroup analyses indicated that the sources of heterogeneity in the primary results were adjustment for cardiovascular factors and the source of population rather than adjustments for age, sex and APOEε4, follow-up duration (>5 years vs. < 5 years), age (>70 years vs. < 70 years), female proportion (>55% vs. < 55%) or region (Figure 3; Supplementary material 5). Publication bias in the studies on the association of Hype and dementia was evaluated by funnel plots and Egger's test. Egger's test suggested no statistically significant publication bias (p = 0.299). A symmetric funnel plot (Supplementary material 6) also indicated no evidence of publication bias.
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FIGURE 3
 Association of Hype with risk of dementia in the longitudinal study. Subgroup analyses indicated that the significance of the primary result was not altered by adjustment factors (vascular factor, age, sex), follow-up, and source of cohorts. However, the pooled results tend to be non–significant in adjusting factor of APOEε4, age > 70 years, female < 55%, and region in North America. The heterogeneity was reduced in the sub-analysis of adjustment factors (vascular factor), and source of cohorts. RR, relative risk; CI, confidence interval; AD, Alzheimer's disease; Hype, hyperthyroidism; APOEε4, apolipoprotein E gene isoform 4.




3.2.1.2. Hypo and dementia

Similarly, seven studies on Hypo with 27,441 participants were included. Hypo was not associated with the risk of all-cause dementia (RR = 0.93, 95% CI = 0.80–1.08, I2 = 94%). In the subgroup analysis according to subtypes of dementia, Hypo was associated with a decreased risk of AD (RR = 0.87, 95% CI = 0.80–0.96, I2 = 0) rather than VaD risk (RR = 1.18, 95% CI = 0.37–3.77, I2 = 84%) (Figure 2; Supplementary material 7). The high heterogeneity (I2 = 94%) was observed in the studies on the association between Hypo and dementia. Meta-regression revealed that adjusted vascular factors were the source of heterogeneity (p < 0.05) (Supplementary material 8). Sensitivity analysis showed robust effect estimates for dementia but not for AD (Supplementary material 9). Hypothyroidism is no association with AD risk after excluding one study (Thvilum et al., 2021) (RR = 1.02, 95% CI = 0.54–1.92) (Supplementary material 10). Subgroup analysis indicated that high heterogeneity was reduced by vascular factors and the percentage of females (Figure 4; Supplementary material 11).


[image: Figure 4]
FIGURE 4
 Association of Hypo with risk of dementia in the longitudinal study. Subgroup analyses indicated that the significance of the primary result was not altered by adjustment factor (no adjust age, sex, vascular factor, and adjust APOEε4), source of cohorts (population), age (>60 years vs. < 60 years), female (< 55%), follow up and region of Europe and Oceania. However, the pooled results tend to be reduced dementia risk in adjustment factors (adjust age, sex, vascular factor, and no adjust APOEε4), female (>55%), region of North America. The heterogeneity was reduced in the sub-analysis of adjustment factors (vascular factor), and female (>55% vs. <55%). RR, relative risk; CI, confidence interval; AD, Alzheimer's disease; Hypo, hypothyroidism; APOEε4, apolipoprotein E gene isoform 4.


No publication bias was revealed in the association between Hypo and dementia (p = 0.858, Supplementary material 12) or the association between Hypo and AD (p = 0.744, Supplementary material 12).



3.2.1.3. Subclinical thyroid disease and dementia

We conducted two separate subgroup analyses of the included studies on Hype and Hypo according to whether the abnormal thyroid function status was clinical or subclinical. A meta-analysis of four studies with 28,997 individuals showed that patients with SHype had an increased risk of dementia (RR = 1.56, 95% CI = 1.26–1.93; I2 = 0%, Figure 2) compared to patients without SHype. The funnel plot for the studies on the association between SHype and ACD risk showed a symmetrical distribution, indicating no publication bias (p = 0.466).

Another meta-analysis of four studies with 20,594 individuals showed that patients with SHypo were not associated with the risk of ACD compared to patients without SHypo (RR = 0.84, 95% CI = 0.70–1.01; I2 = 15%, Figure 2). The results of the funnel plot (Supplementary material 13) and Egger test (Supplementary material 14) demonstrated that no publication bias in these four studies (p = 0.466). Additionally, the greater heterogeneity may be caused by different abnormal thyroid function statuses.




3.2.2. Cross-sectional studies

As for cross-sectional studies, a meta-analysis of 2 studies with 1,163 individuals showed that the pooled RR of dementia reached 2.28 (95% CI = 0.63–8.27, I2 = 49%) in patients with Hype compared with those without Hype (Supplementary material 15). In addition, another meta-analysis of 2 studies with 975 individuals showed that Hypo was also not associated with the risk of ACD (RR = 0.83, 95% CI = 0.53–1.30, I2 = 0%), and then a meta-analysis of 2 studies with 2,110 individuals showed that Hypo was also not associated with the risk of cognitive impairment (RR = 1.43, 95% CI = 0.65–3.15, I2 = 83%) (Supplementary material 16).





4. Discussion

The results of our study showed that in longitudinal studies, Hype and SHype would increase the risk of ACD, whereas Hypo and SHypo were not associated with ACD risk; and both Hype and Hypo were not associated with ACD risk in cross-sectional studies.


4.1. Hype

Our analyses revealed that in longitudinal studies, Hype would increase the risk of ACD with moderate heterogeneity, but it was not associated with the risks of ACD subtypes (AD and VaD). The observed heterogeneity might be due to cardiovascular factors. We performed a meta-regression to explore whether cardiovascular factors were the source of heterogeneity, which yielded positive results. To eliminate the interference of cardiovascular factors, we conducted a subgroup analysis according to whether the study had adjustment for cardiovascular factors, which showed that Hype still significantly increased the risk of dementia after the adjustment. This further demonstrated that Hype was associated with dementia risk, independent of cardiovascular factors, which was validated by sensitivity analyses. This association was partly due to the decreased functional connectivity between the hippocampus and cortex (Zhang et al., 2014a). A second probable explanation was that Hype patients exhibited decreased gray matter volumes in cognition-related brain regions (Zhang et al., 2014b). A third explanation for this association was that Hype patients had a decreased concentration of glutamate in the posterior cingulate cortex, which might induce brain dysfunction (Liu et al., 2012). In addition, our subgroup analysis showed that SHype significantly increased the risk of dementia, which was in line with previous meta-analyses (Rieben et al., 2016; Tang et al., 2021). However, the existing studies do not provide an exact mechanism underlying the association between subclinical hyperthyroidism and dementia.

However, in cross-sectional studies, Hype was not associated with dementia risk, which was inconsistent with that from longitudinal studies. This result from cross-sectional studies should be interpreted with caution due to the limited sample size (only two studies included).



4.2. Hypo

Our meta-analysis showed that in longitudinal studies, Hypo was not associated with ACD, with high heterogeneity. Based on the results of meta-regression, the heterogeneity might come from adjusted confounders (cardiovascular factors and APOEε4), and the source of participants in cohorts. The heterogeneities were significantly reduced in the subgroup analyses according to whether the cardiovascular factors were adjusted and the female proportion (>55% vs. < 55%). Interestingly, the associations became significant when specific factors (cardiovascular factors and the female proportion) were included as covariates, suggesting the stratified or mediating effects might exist. Moreover, Hypo was negatively associated with AD. Sensitivity analysis showed the association between Hypo and AD became not significant after the exclusion of one study. In addition, we found that SHypo was not associated with the risk of dementia.



4.3. Strengths and limitations

The strengths of our meta-analysis should be mentioned. Firstly, only observational studies were included in our meta-analysis, interventional studies were excluded. Hence, all the included articles were studies of medium-to-high quality. Secondly, this meta-analysis did not show evident publication bias, indicating no small-study effects. Thirdly, since the longitudinal and cross-sectional studies were discussed separately in our meta-analyses, our results were more reliable with reduced bias. Fourthly, there were moderate-to-substantial heterogeneities in the main analyses. The possible sources of these heterogeneities were systematically evaluated using subgroup analyses. Lastly, our study is a comprehensive study. We explored the relationships of thyroid diseases with dementia as well as dementia subtypes. And we updated our data and included more studies.

This study also has some limitations. (1) The primary analysis showed significant heterogeneity. After carrying out subgroup analyses, the heterogeneity of results may be due to differences in sample size, methodological quality, demographic and ethno-racial characteristics, various covariate assessments, follow-up duration, subtypes of dementia, and methods for TSH measurement. Owing to inadequate information, it was difficult to analyze the heterogeneity further. (2) Studies focused on the relationships of thyroid cancer and thyroiditis with the risk of dementia are rare. Additional reliable evidence is needed for these relationships. (3) The associations identified by the analyses based on observational studies, but little is known about the causality. Randomized controlled trials are warranted in the future to test the roles of thyroid disease in preventing cognitive decline or dementia. (4) Due to the small scale of observational studies exploring the subtypes of dementia, it was difficult to conduct a meta-analysis of the relationships between thyroid diseases and the subtypes of dementia. More high-quality cohorts or nest case-control studies on the subtypes of dementia are warranted in the future.




5. Conclusion

Our systematic review and meta-analysis could provide evidence for positive associations of Hype and SHype with an increased risk of incident dementia. Hypo was found to reduce the risk of AD. Hence, Hype and SHype might be potentially modifiable causes of dementia, and enhanced screening services, timely intervention, and efficient treatment for Hype and SHype would reduce the incidence of dementia. In addition, more observational studies are urgently needed to explore the associations between thyroid diseases and the risk of dementia.
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