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Background: The triglyceride and glucose (TyG) index is an alternative index of insulin resistance (IR). We aimed to clarify the relationship between the TyG index and cognitive impairment and dementia.

Methods: We conducted a comprehensive search of the PubMed, Cochrane Library, and Embase databases until February 2023 to identify relevant studies. Random-effects models were used to pool effect sizes, and the Grading of Recommendations Assessment, Development, and Evaluation system (GRADE) was used to assess the quality of the evidence.

Results: Ten studies were included, with seven of which investigated the relationship between the TyG index and cognitive impairment and three exploring the association between the TyG index and dementia. When the TyG index was described as a categorical variable, it was positively associated with the risk of cognitive impairment (OR = 2.32; 95% CI 1.39–3.87) and dementia (OR = 1.14, 95% CI 1.12–1.16). The association of the TyG index with the risk of cognitive impairment (OR = 3.39, 95% CI 1.67–6.84) and dementia (OR = 1.37, 95% CI 1.03–1.83) remained significant for per 1 unit increment in the TyG index. The GRADE assessment indicated a very low certainty for cognitive impairment. Low certainty and moderate certainty were observed for dementia when the TyG index was analyzed as a categorical variable and as a continuous variable, respectively.

Conclusion: The TyG index is associated with an increased risk of cognitive impairment and dementia. Further prospective research is warranted to confirm these findings.

Systematic review registration: https://www.crd.york.ac.uk/, Protocol registration number: CRD42023388028.
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Introduction

As the global population ages, cognitive impairment has emerged as a pressing public health concern. Age-related dementia is projected to affect 150 million individuals by 2050 (Iadecola et al., 2019). Mild cognitive impairment (MCI) often precedes dementia, imposing substantial treatment costs and significantly diminishing patients’ quality of life. Therefore, identifying simple risk factor are imperative for the cognitive impairment and dementia screening and early diagnosis.

Insulin resistance (IR) has long been recognized as an important risk factor for the development of neurodegeneration and cognitive impairment (Cui et al., 2022). The triglyceride and glucose (TyG) index, as an applicable indicator of IR (Guerrero-Romero et al., 2010), is highly likely to be closely associated with cognitive impairment and dementia, as shown by many previous studies. For instance, Weyman-Vela et al. found that a high TyG index was strongly associated with MCI in older adults (Weyman-Vela et al., 2022). A prospective cohort study conducted by Sun et al. also proposed that the TyG index may be used as a simple surrogate marker for early detection of Alzheimer’s disease (AD; Sun et al., 2022). However, as far as we know, there is no existing meta-analysis to systematically assess the relationship between the TyG index and cognitive impairment and dementia. As a result, we aimed to conduct a systematic meta-analysis to evaluate the association between the TyG index and cognitive impairment and dementia.



Methods


Protocol and registration

We registered our protocol (registration number: CRD42023388028) at PROSPERO (International Prospective Register of Systematic Reviews)1 system. We reported our results by following the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) (Supplementary Table S1).



Literature search

We conducted a careful search of all studies that reported the relationship between the TyG index and cognitive impairment and dementia in PubMed,2 Cochrane Library3 and Embase4 until the end of February 2023. The search terms were “Cognitive Dysfunction” OR “Cognitive Impairment” OR “Cognitive Disorder” OR “Mild Cognitive Impairment” OR “Cognitive Decline” OR “Mental Deterioration” OR “Dementia” AND “TyG index” OR “triglyceride glucose index” OR “triacylglycerol glucose index.” The detailed search strategy is presented in Supplementary Table S2.



Study selection

Two of our authors (MJ. Z and Q.L.) independently conducted the literature search and imported all relevant literature into Endnote X9 software (Tomson Reuters, New York, NY, United States). Duplicated documents were automatically and manually removed. The titles and abstracts of all articles were first screened, and content-related studies were read in full text to identify the included studies. In cases where no article or other information was available, we contacted the corresponding author for the information. The final included studies were determined by consensus between the two authors or resolved by the third reviewer (X. L.) if differences remained after consultation.

The Inclusion criteria were as follows: (1) Types of participants: adult (age > 18 years); (2) exposure and comparator: high TyG index versus low TyG index; (3) Outcomes: cognitive impairment or dementia; (4) types of studies: retrospective or prospective cohort, case–control and cross-sectional studies; and (5) the studies provided odds ratio (OR)/relative risk (RR)/hazard ratio (HR) and corresponding 95% confidence interval (CI) for the association between TyG Index and cognitive impairment and dementia.

Studies that meet any of the following criteria were excluded: (1) protocols, reviews, conference abstracts or animal studies; (2) studies that lacked a clear definition for cognitive impairment or dementia; (3) studies that used regression coefficients, SE, β or other methods for the statistical analysis; (4) studies for which relevant data could not be obtained completely; and (5) studies with unavailable data even after contacting the corresponding author for further information.



Data extraction and quality assessment

We extracted the following information from the included studies: (1) first author’s last name; (2) publication year; (3) country or region; (4) study design; (5) participants’ characteristics (source, mean age, sex, etc.); (6) outcome; (7) diagnosis; (8) categories of TyG; (9) hazard ratio (HR) or odds ratio (OR) from the most adjusted model (with 95% confidence interval (CI)); (10) follow-up period; and (11) adjustments.

The Newcastle Ottawa Quality Assessment Scale (NOS) was used to assess the quality of the included case–control and cohort studies, and studies with more than six stars were considered high-quality, with a total score of 9 stars. The included cross-sectional studies were assessed by Joanna Briggs Institute’s (JBI) critical appraisal checklist, which helps us to evaluate the quality by sampling method, size, diagnosis, measurement, and analysis. We assessed the quality and strength of evidence by the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) (Atkins et al., 2004). GRADEPro GDT5 was used to provide evidence analysis tables.



Statistical analysis

Most of the included studies reported the results with ORs, while a minority calculated HRs as the results. Therefore, we treated HRs as ORs because the incidence of cognitive or dementia is considered low (Shigesi et al., 2019) and finally used summary ORs and their corresponding 95% CIs as a general indicator of the association between the TyG index and cognitive impairment and dementia.

The formula of TyG: [image: image] For the studies in which the TyG index was described as a categorical variable, we compared the effect size of the highest TyG group to that of the lowest group, while we standardized the TyG index as per 1 unit in the studies that described the TyG index as a continuous variable. We summarized the effect size and conducted a subgroup analysis using RevMan software, version 5.4.1 (The Cochrane Collaboration 2016, Nordic Cochrane Center Copenhagen, Denmark) in a random-effects model, which followed Der Simonian and Laird’s generic inverse variance method (Xu et al., 2019).

We used I2 to explore the inconsistency across the findings of the included studies and Tau2 was reported as the variance of the true effect size. Since the number of studies we included for each outcome was less than 10, potential publication bias was not assessed.

Given the limited number of included studies, we only performed a subgroup analysis of the five studies that assessed the association between the TyG index and cognitive impairment, stratified by mean age, type of study design, sample size, body mass index (BMI), diagnosis and adjustment for confounders. Stata software (Version 16.0, Stata Corp LP, College Station, Texas, United States) was used to conduct sensitivity analyses.




Results


Literature search

We retrieved a total of 196 related studies in these three databases (PubMed = 148; Cochrane Library = 34; Embase = 14), and the overall inclusion flow of the studies is presented in Figure 1. After excluding 14 duplicate records, we screened the titles and abstracts of the remaining 182 articles, and ultimately, 16 articles were included for full-text review. Six of these articles were excluded for the following reasons: (1) they were without target data (n = 3); (2) it was focused on other outcomes (n = 1); (3) it was focused on other exposures (n = 1); and (4) it was a conference abstract (n = 1). The detailed reasons for exclusion for each of these studies are shown in Supplementary Table S3. We finally established the inclusion of seven cohort studies (Faqih et al., 2021; Guo et al., 2021; Hong et al., 2021; Li et al., 2022; Sun et al., 2022; Teng et al., 2022; Wang et al., 2022), one case–control study (Jiang et al., 2021) and two cross-sectional studies (Tong et al., 2022; Weyman-Vela et al., 2022).

[image: Figure 1]

FIGURE 1
 Flow chart of the study selection process for the meta-analysis for the association between TyG index and cognitive impairment and dementia.




Study characteristics and quality evaluation

Table 1 summarizes the basic characteristics of the included studies according to their outcomes. The studies were published between 2021 and 2022 and included a total of 8,443,279 participants ranging in age from 58.2 to 80.5 years old. Only one study was conducted in North America (Weyman-Vela et al., 2022), while the remaining studies were conducted in Asia. Two of the included studies (Tong et al., 2022; Weyman-Vela et al., 2022) were cross-sectional studies, and the rest were cohort studies, which improved the credibility of our results. Among the studies, seven reported the association between the TyG index and cognitive impairment (Guo et al., 2021; Jiang et al., 2021; Li et al., 2022; Teng et al., 2022; Wang et al., 2022; Weyman-Vela et al., 2022), while the remaining four studies’ endpoints can be classified as “dementia” (Faqih et al., 2021; Hong et al., 2021; Sun et al., 2022; Tong et al., 2022). Cognitive impairment was mainly diagnosed by the Montreal Cognitive Assessment (MoCA) and Mini-Mental State Examination (MMSE), while the diagnosis of dementia was mostly based on the ICD-10. Each study adjusted for confounders that may influence the stability of the results.



TABLE 1 Characteristics of included studies in the meta-analysis of TyG and risk of cognitive impairment and dementia.
[image: Table1]

The JBI checklist for quality assessment of the two cross-sectional included studies is presented in Figure 2A, which shows that the quality was high in terms of sample representativeness, sample size, method, statistical analysis, and confounding factors. However, the criteria for the subgroup analysis were unclear. The NOS scores ranged from 7 to 9 (Figure 2B), suggesting that the quality of our included studies was acceptable.

[image: Figure 2]

FIGURE 2
 (A) The quality asessment of the included studies. Newcastle Ottawa Quality Assessment Scale for the case–control and cohort studies and (B) Joanna Briggs Institute’s critical appraisal checklist for cross-sectional studies. Each green pattern represents a score.




Association between the TyG index and cognitive impairment

Seven studies with 7,709 participants were included in the analysis between the TyG index and cognitive impairment. The summary OR was 2.32 (95% CI 1.39–3.87, p < 0.001, τ2 = 0.26, highest vs. lowest), suggesting that a high TyG index was associated with a 132% higher risk of cognitive impairment (Figure 3A). Similarly, when the TyG index was analyzed as a continuous variable, we found that every unit of increasing TyG index may be associated with a 239% higher risk of cognitive impairment (OR = 3.39, 95% CI 1.67–6.84, p = 0.001, τ2 = 0.38; Figure 3B).

[image: Figure 3]

FIGURE 3
 Forest plot of the association between the triglyceride-glucose index [(A) Analyzed as categorical variable; (B) analyzed as continuous variable] and the risk of cognitive impairment. The black midline indicates the line of no effect. The diamond indicates the pooled estimate. Red boxes are relative to study size, and the black transverse lines indicate the 95% confidence interval around the effect size estimate.




Association between the TyG index and dementia

Three cohort studies with 8,435,570 participants were included for the association between the TyG index and dementia. TyG may be associated with the risk of dementia (OR = 1.14, 95% CI 1.12–1.16, p = 0.34, τ2 = 0) in the categorical analysis (Figure 4A). In studies analyzing the TyG index as a continuous variable, a 1.37 times higher risk of dementia may be associated with each increased unit of the TyG index, with OR = 1.37 (95% CI 1.03–1.83, p = 0.77, τ2 = 0) (Figure 4B).

[image: Figure 4]

FIGURE 4
 Forest plot of the association between the triglyceride-glucose index [(A) Analyzed as categorical variable; (B) analyzed as continuous variable] and the risk of dementia. The black midline indicates the line of no effect. The diamond indicates the pooled estimate. Red boxes are relative to study size, and the black transverse lines indicate the 95% confidence interval around the effect size estimate.




Sensitivity analysis and publication bias

A sensitivity analysis was performed by omitting one study at a time and revealed that the pooled results remained consistent in the association between the TyG index and cognitive impairment or dementia (Supplementary Figure S1), further supporting the validity of our main results. As we included a limited number of studies (fewer than 10 for each outcome), an analysis of publication bias was not performed.



Subgroup analyses

Heterogeneity was not evident among the age-stratified subgroups, and similar results were shown in the sample-size-stratified groups and whether the model was adjusted for cholesterol (Table 2), suggesting that these three factors may be potential sources of heterogeneity.



TABLE 2 Subgroup analysis of TyG index and cognitive impairment.
[image: Table2]



GRADE assessment

The GRADE assessment revealed a very low level of certainty regarding the association between the TyG index and cognitive impairment due to significant heterogeneity observed in both the categorical analysis (p < 0.001) and the continuous analysis (p = 0.001). Moreover, the lack of serious risk of bias warranted a downgrade. On the other hand, the GRADE assessment indicated a moderate level of certainty regarding the association between the TyG index and dementia when analyzed as a continuous variable (Supplementary Table S4).




Discussion


Major findings

Our study found that a higher TyG index was significantly associated with an increased risk of cognitive impairment and dementia. When the TyG index was regarded as a categorical variable, the risk of cognitive impairment and dementia in the high TyG index group was 2.32 and 1.14 times higher than that in the low TyG index group, respectively. For each additional unit of the TyG index, the risk for cognitive impairment and dementia increased by 3.39 and 1.37, respectively. To the best of our knowledge, this is the first meta-analysis of the association between the TyG index and cognitive impairment and dementia.

To account for the potential impact of various factors on cognitive impairment, we conducted a subgroup analysis. Currently, cognitive impairment is typically diagnosed using assessment scales such as the MMSE and the MoCA. The use of different scales across studies could potentially affect our results. However, our analysis showed a high level of within-group heterogeneity, particularly in the subgroup using the MMSE (76%), indicating that the diagnostic method for cognitive impairment is not the primary source of heterogeneity in our results. Nonetheless, given the limited number of studies included, it is worth further exploring whether diagnostic methods may impact the relationship between the TyG index and cognitive impairment.

In groups with a mean age older than 60 years, a sample size of less than 1,000, and adjusted cholesterol levels, there was more than a threefold greater risk of cognitive impairment associated with a higher TyG index. This is consistent with the higher incidence of cognitive impairment in elderly individuals (Pais et al., 2020). The within-group heterogeneity in these subgroups was small, suggesting that age and adjustment for high cholesterol were the primary sources of heterogeneity in our final results.

Moreover, a cohort study that enrolled 1,674 individuals showed that people who used statins were approximately 50% less likely to develop cognitive impairment or dementia than those who did not use statins (HR = 0.52; 95% CI 0.34–0.80; Cramer et al., 2008). Another study, the Sydney Memory and Aging Study (Samaras et al., 2020), found that the incidence of dementia was significantly higher in diabetes patients who did not receive metformin than in those who did (OR = 5.29, 95% CI 1.17–23.88). These findings suggest that hypoglycemic and hypolipidemic drugs may decrease the risk of cognitive impairment and dementia as well as affect the measurement of the TyG index. Therefore, we acknowledge that these factors may affect our results, and they should be considered in future studies. However, only a few included studies stated that they have adjusted for these factors. Due to the limited number of studies included in our analysis, we were unable to perform a subgroup analysis of these factors to explore whether they might affect our final results, so further investigation is necessary.



Potential mechanism

Among the underlying mechanisms associated with the TyG index and cognitive impairment, IR may be one of the reasons that cause cognitive impairment independently or in combination with other pathologies.

First of all, IR may contribute to cognitive impairment uniquely. Prolonged IR can hinder insulin from crossing the blood–brain barrier (Arnold et al., 2018), thereby reducing insulin levels in the brain and then reducing the levels of insulin-degrading enzymes that break down amyloid-β (Aβ). As a hallmark of AD, Aβ is known to form insoluble extracellular plaques (Cole and Frautschy, 2007). So low insulin level can lead to its accumulation and potentially impair cognitive function (Ghasemi et al., 2014). In addition, low insulin levels or insulin insensitivity can result in the long-term inhibition (LTD) of excitatory synaptic transmission by regulating the endocytosis of 3-hydroxy-5-methylisoxazole-4-propionic acid (AMPA) receptors (Huang et al., 2010), which can reduce hippocampal synaptic plasticity, leading to memory loss or, even worse, neurodegenerative diseases.

Secondly, IR may also combine with other pathologies to promote the incidence of cognitive impairment. Previous studies have shown that patients with type II diabetes (T2D) have a higher risk of AD (Biessels et al., 2006; Luchsinger et al., 2007; Kopf and Frölich, 2009), which is characterized by IR, indicating that there may be a common pathological mechanism between T2D and AD. They are both protein misfolding disorders associated with protein aggregate deposition due to misfolding of protein structures (Chiti and Dobson, 2006), with Aβ depositing in the brain of AD patients and pancreatic amyloid peptides (IAPP) in the pancreas of T2D patients. A study hypothesized that IAPP and Aβ can interact through ‘cross-seeding’ to enhance the deposition of misfolded protein aggregates (Moreno-Gonzalez et al., 2017), which may explain the high incidence of comorbidities in AD and T2D.

Several studies have notably linked IR to reduced brain perfusion (Cui et al., 2017; Hoscheidt et al., 2017). In a small case–control study, individuals with type 2 diabetes exhibited significantly lower cerebral blood flow (CBF) compared to healthy controls. Additionally, a moderate correlation emerged between IR, as assessed by the HOMA-IR index, and decreased perfusion in posterior brain regions, particularly the posterior cingulate cortex and precuneus, as revealed by MRI. Since hypoperfusion is known to be associated with the development and advancement of neuropathologies, IR may contribute to cognitive impairment through its involvement in hypoperfusion.



Clinical implications

Our study found a link between an elevated TyG index and the risk of cognitive impairment and dementia. The TyG index values can be easily obtained in clinical practice by measuring plasma glucose and TG levels. Several studies have suggested that the TyG index has the potential to serve as an indicator of cognitive impairment.

In a study by Jiang et al. (2021), the diagnostic performance of the TyG index for vascular cognitive impairment (VCI) was evaluated using ROC curve analysis. The optimal threshold was determined to be 3.94, with an area under the curve (AUC) of 0.727 (95% CI 0.636–0.779). Similarly, Teng et al. (2022) identified an optimal cutoff point of 9.015 for the TyG index in diagnosing cognitive impairment, with an AUC of 0.671. However, it is important to note that these studies were primarily preclinical and had limitations such as small sample sizes, limited generalizability to different races and regions, and study design. Therefore, further research is needed to fully understand the predictive value of the TyG index in dementia or Alzheimer’s disease.




Limitations

We acknowledge that there were some limitations in our study. First, the number of included studies was limited, future studies are needed to further validate our findings. Second, the majority of included studies were conducted in Asia, with only one study from Mexico. Therefore, the influence of geographical and racial factors on our results cannot be fully excluded, and further studies from diverse populations are needed to validate our results. Third, potential confounding variables such as sex, age, diabetes, hypertension, genetic factors, and others may affect our results. For example, the apolipoprotein E (APOE) ε4 allele is one of the most significant risk factors for cognitive impairment, accounting for about 5% of the variance in lifetime cognitive decline (Davies et al., 2014). Meanwhile, ApoE is involved in lipid transport and lipoprotein metabolism to mediate lipid distribution or redistribution in tissues and cells, affecting the plasma triglyceride level and then the TyG index level (Getz and Reardon, 2018). Thus, if the APOE genotypes in each of the included articles can be analyzed, it could be better to understand the relationship between TyG and cognitive impairment or dementia. Moreover, the TyG index was calculated from TG and plasma glucose, hypoglycemic and hypolipidemic drugs will affect the measurement of the TyG index. However, due to the data limitations, we cannot exclude the potential effect. Fourth, some of the included studies were cross-sectional in design. However, only two of the included studies (Tong et al., 2022; Weyman-Vela et al., 2022) were cross-sectional studies, and excluding them did not affect the final results (Supplementary Figure S1B). Finally, the data restriction precludes us from conducting an exposure-response analysis. More importantly, despite there are thousands of publicly published papers reporting the relationship between AD and T2D, observations from clinical studies are highly controversial and failed to elucidate a clear pathology pathway for an increased risk of dementia in patients with T2D (Salas and De Strooper, 2018). As a result, we need to pay more attention to the studies with different results and make rational analyses, to facilitate broader scientific consensus.



Conclusion

In conclusion, our study showed that an elevated TyG index is associated with the risk of cognitive impairment and dementia. However, given the limitations of the included articles, additional studies are needed to explore the generality of the association of TyG with cognitive impairment and dementia. The GRADE assessment showed very low certainty for cognitive impairment, and low (categorical variable) or moderate (continuous variable) certainty for dementia with TyG index. Despite some limitations, our findings provide important insights into the association between the TyG index and cognitive impairment and dementia and highlight the need for further research in this area.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

HW: Writing – original draft. QL: Writing – original draft. YW: Writing – original draft. MZ: Writing – review & editing.



Glossary

[image: Table3]



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

We acknowledged the help from Xiao Liu (Sun Yat-sen Memorial Hospital of Sun Yat-sen).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnagi.2023.1278730/full#supplementary-material



Footnotes

1   http://www.york.ac.uk/ast/crd

2   https://pubmed.ncbi.nlm.nih.gov/

3   http://www.cochranelibrary.com

4   https://www.embase.com/

5   https://gradepro.org



References

 Arnold, S. E., Arvanitakis, Z., Macauley-Rambach, S. L., Koenig, A. M., Wang, H. Y., Ahima, R. S., et al. (2018). Brain insulin resistance in type 2 diabetes and Alzheimer disease: concepts and conundrums. Nat. Rev. Neurol. 14, 168–181. doi: 10.1038/nrneurol.2017.185 

 Atkins, D., Best, D., Briss, P. A., Eccles, M., Falck-Ytter, Y., Flottorp, S., et al. (2004). Grading quality of evidence and strength of recommendations. BMJ 328:1490. doi: 10.1136/bmj.328.7454.1490 

 Biessels, G. J., Staekenborg, S., Brunner, E., Brayne, C., and Scheltens, P. (2006). Risk of dementia in diabetes mellitus: a systematic review. Lancet 5, 64–74. doi: 10.1016/S1474-4422(05)70284-2

 Chiti, F., and Dobson, C. M. (2006). Protein misfolding, functional amyloid, and human disease. Annu. Rev. Biochem. 75, 333–366. doi: 10.1146/annurev.biochem.75.101304.123901

 Cole, G. M., and Frautschy, S. A. (2007). The role of insulin and neurotrophic factor signaling in brain aging and Alzheimer's disease. Exp. Gerontol. 42, 10–21. doi: 10.1016/j.exger.2006.08.009 

 Cramer, C., Haan, M. N., Galea, S., Langa, K. M., and Kalbfleisch, J. D. (2008). Use of statins and incidence of dementia and cognitive impairment without dementia in a cohort study. Neurology 71, 344–350. doi: 10.1212/01.wnl.0000319647.15752.7b 

 Cui, Y., Liang, X., Gu, H., Hu, Y., Zhao, Z., Yang, X. Y., et al. (2017). Cerebral perfusion alterations in type 2 diabetes and its relation to insulin resistance and cognitive dysfunction. Brain Imaging Behav. 11, 1248–1257. doi: 10.1007/s11682-016-9583-9 

 Cui, Y., Tang, T. Y., Lu, C. Q., and Ju, S. (2022). Insulin resistance and cognitive impairment: evidence from neuroimaging. J. Magn. Reson. Imaging 56, 1621–1649. doi: 10.1002/jmri.28358

 Davies, G., Harris, S. E., Reynolds, C. A., Payton, A., Knight, H. M., Liewald, D. C., et al. (2014). A genome-wide association study implicates the APOE locus in nonpathological cognitive ageing. Mol. Psychiatry 19, 76–87. doi: 10.1038/mp.2012.159 

 Faqih, N. T., Ashoor, A. F., Alshaikh, S. A., Maglan, A. F., and Jastaniah, N. (2021). Association of Alzheimer's disease and insulin resistance in king Abdulaziz Medical City, Jeddah. Cureus 13:e19811. doi: 10.7759/cureus.19811

 Getz, G. S., and Reardon, C. A. (2018). Apoprotein E and reverse cholesterol transport. Int. J. Mol. Sci. 19:3479. doi: 10.3390/ijms19113479 

 Ghasemi, R., Zarifkar, A., Rastegar, K., maghsoudi, N., and Moosavi, M. (2014). Insulin protects against Aβ-induced spatial memory impairment, hippocampal apoptosis and MAPKs signaling disruption. Neuropharmacology 85, 113–120. doi: 10.1016/j.neuropharm.2014.01.036 

 Guerrero-Romero, F., Simental-Mendía, L. E., González-Ortiz, M., Martínez-Abundis, E., Ramos-Zavala, M. G., Hernández-González, S. O., et al. (2010). The product of triglycerides and glucose, a simple measure of insulin sensitivity. Comparison with the euglycemic-hyperinsulinemic clamp. J. Clin. Endocrinol. Metab. 95, 3347–3351. doi: 10.1210/jc.2010-0288 

 Guo, X., Lu, Z., Cao, Z., Li, X., and Zhu, X. (2021). Correlation between triglyceride-glucose index and vascular cognitive impairment in elderly patients with cerebral small vessel disease. Chin J Gen Pract 6, 984–989. doi: 10.3760/cma.j.cn114798-20210529-00425

 Hong, S., Han, K., and Park, C. Y. (2021). The insulin resistance by triglyceride glucose index and risk for dementia: population-based study. Alzheimers Res. Ther. 13:9. doi: 10.1186/s13195-020-00758-4

 Hoscheidt, S. M., Kellawan, J. M., Berman, S. E., Rivera-Rivera, L. A., Krause, R. A., Oh, J. M., et al. (2017). Insulin resistance is associated with lower arterial blood flow and reduced cortical perfusion in cognitively asymptomatic middle-aged adults. J. Cereb. Blood Flow Metab. 37, 2249–2261. doi: 10.1177/0271678X16663214

 Huang, C.-C., Lee, C.-C., and Hsu, K.-S. (2010). The role of insulin receptor signaling in synaptic plasticity and cognitive function. Chang Gung Med. J. 33, 115–125.

 Iadecola, C., Duering, M., Hachinski, V., Joutel, A., Pendlebury, S. T., Schneider, J. A., et al. (2019). Vascular cognitive impairment and dementia: JACC scientific expert panel. J. Am. Coll. Cardiol. 73, 3326–3344. doi: 10.1016/j.jacc.2019.04.034 

 Jiang, T., Zhou, Y., Zhang, D., Cao, Z., Bian, L., Ni, Y., et al. (2021). Association of Serum Interleukin-34 and insulin resistance with cognitive impairment in patients with cerebral small vessel disease. Curr. Neurovasc. Res. 18, 446–455. doi: 10.2174/1567202618666211110113323 

 Kopf, D., and Frölich, L. (2009). Risk of incident Alzheimer's disease in diabetic patients: a systematic review of prospective trials. J. Alzheimers Dis. 16, 677–685. doi: 10.3233/JAD-2009-1011

 Li, S., Deng, X., and Zhang, Y. (2022). The triglyceride-glucose index is associated with longitudinal cognitive decline in a middle-aged to elderly population: a cohort study. J. Clin. Med. 11:7153. doi: 10.3390/jcm11237153 

 Luchsinger, J. A., Reitz, C., Patel, B., Tang, M. X., Manly, J. J., and Mayeux, R. (2007). Relation of diabetes to mild cognitive impairment. Arch. Neurol. 64, 570–575. doi: 10.1001/archneur.64.4.570 

 Moreno-Gonzalez, I., Edwards III, G., Salvadores, N., Shahnawaz, M., Diaz-Espinoza, R., and Soto, C. (2017). Molecular interaction between type 2 diabetes and Alzheimer's disease through cross-seeding of protein misfolding. Mol. Psychiatry 22, 1327–1334. doi: 10.1038/mp.2016.230 

 Pais, R., Ruano, L., Moreira, C., Carvalho, O. P., and Barros, H. (2020). Prevalence and incidence of cognitive impairment in an elder Portuguese population (65-85 years old). BMC Geriatr. 20:470. doi: 10.1186/s12877-020-01863-7 

 Salas, I. H., and De Strooper, B. (2018). Diabetes and Alzheimer’s disease: a link not as simple as it seems. Neurochem. Res. 44, 1271–1278. doi: 10.1007/s11064-018-2690-9 

 Samaras, K., Makkar, S., Crawford, J. D., Kochan, N. A., Wen, W., Draper, B., et al. (2020). Metformin use is associated with slowed cognitive decline and reduced incident dementia in older adults with type 2 diabetes: the Sydney memory and ageing study. Diabetes Care 43, 2691–2701. doi: 10.2337/dc20-0892 

 Shigesi, N., Kvaskoff, M., Kirtley, S., Feng, Q., Fang, H., Knight, J. C., et al. (2019). The association between endometriosis and autoimmune diseases: a systematic review and meta-analysis. Hum. Reprod. Update 25, 486–503. doi: 10.1093/humupd/dmz014 

 Sun, J., Xie, Z., Wu, Y., Liu, X., Ma, J., Dong, Y., et al. (2022). Association of the triglyceride-glucose index with risk of Alzheimer’s disease: a prospective cohort study. Am J Prev Med 65, 1042–1049. doi: 10.1016/j.amepre.2023.07.011

 Teng, Z., Feng, J., Dong, Y., Xu, J., Jiang, X., Chen, H., et al. (2022). Triglyceride glucose index is associated with cerebral small vessel disease burden and cognitive impairment in elderly patients with type 2 diabetes mellitus. Front Endocrinol. 13:970122. doi: 10.3389/fendo.2022.970122 

 Tong, X. W., Zhang, Y. T., Yu, Z. W., Pu, S. D., Li, X., Xu, Y. X., et al. (2022). Triglyceride glucose index is related with the risk of mild cognitive impairment in type 2 diabetes. Diabetes Metab Syndr Obes 15, 3577–3587. doi: 10.2147/DMSO.S389327

 Wang, K., Xu, L., Liu, L., Zhan, S., Wang, S., and Song, Y. (2022). Sex differences in the association between the change in triglyceride-glucose index and cognitive decline: a population-based cohort study. J. Affect. Disord. 316, 42–49. doi: 10.1016/j.jad.2022.08.014 

 Weyman-Vela, Y., Simental-Mendía, L. E., Camacho-Luis, A., Gamboa-Gómez, C. I., and Guerrero-Romero, F. (2022). The triglycerides and glucose index is associated with mild cognitive impairment in older adults. Endocr. Res. 47, 89–93. doi: 10.1080/07435800.2022.2061508 

 Xu, C., Liu, Y., Jia, P. L., Li, L., Liu, T. Z., Cheng, L. L., et al. (2019). The methodological quality of dose-response meta-analyses needed substantial improvement: a cross-sectional survey and proposed recommendations. J. Clin. Epidemiol. 107, 1–11. doi: 10.1016/j.jclinepi.2018.11.007 



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association between the triglyceride glucose index and cognitive impairment and dementia: a meta-analysis



		Introduction



		Methods



		Protocol and registration



		Literature search



		Study selection



		Data extraction and quality assessment



		Statistical analysis









		Results



		Literature search



		Study characteristics and quality evaluation



		Association between the TyG index and cognitive impairment



		Association between the TyG index and dementia



		Sensitivity analysis and publication bias



		Subgroup analyses



		GRADE assessment









		Discussion



		Major findings



		Potential mechanism



		Clinical implications









		Limitations



		Conclusion



		Data availability statement



		Author contributions



		Glossary



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/cover.jpg
, frontiers | Frontiers in Aging Neuroscience

Association between the
triglyceride glucose index and
cognitive impairment and
dementia: a meta-analysis












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
, frontiers Frontiers in Aging Neuroscience






OPS/images/fnagi-15-1278730-g004.jpg
A Highest vs. Lowest

Odds Ratio Odds Ratio
i i dom, 95% C1 IV, Random 95% CI
Hong, 2021 0131 00089 99.9%  1.14[1.12,1.16] ﬂ
Sun, 2022 0392 02756  01%  1.48(0.86,254]
Total (95% Cl) 100.0%  1.14[1.12,1.16] t
Helerogeneiy: Tau? = 0.00: Ch =0.80,df = 1 (P-= 0.34); = 0% P . % N
Test for overall effect: Z = 14.76 (P < 0.00001) Favours [high TyG] Favours low TyG]
B Per 1 unit increase
Odds Ratio Odds Ratio
—Study or Subgroup __log[Odds Ratio] __SE_Weight IV, Random, 95% Cl IV, Random, 95% CI
Faqih, 2021 0.1823 04842 92%  1.20[0.46,3.10]
Sun, 2022 03203 0.1541 90.8%  1.39(1.03,1.88] L
Total (95% CI) 100.0%  1.37[1.03,1.83] N
Helerogeneity: Tau? = 0.00; Chi = 0.0, df = 1 (P = 0.77); ' = 0% C% P,

Test for overall effect: Z = 2.15 (P = 0.03)

02 1 5
Favours [high TyG] Favours [low TyG]





OPS/images/fnagi-15-1278730-t001.jpg
First Author, Source of Participant Study Mean age Mean  Outcome/ Categoriesof ~ OR/HR  Follow-up Adjustments

Year, participants design/ (years), BMI, kg/ diagnosis TyG (95% Cls)  period
Country sample size Male (%) m?

Cognitive impairment

Guo, 2021, China | Second Afiliated Patients with CSVD | Retrospective 677,545 25 VCI/MoCA: £26 <878 Ref NR ‘Age, educationlevel,
Hospital of Nantong cohort study/275 2878 409(2.18,7.68) LDL-C, homocysteine,
University Continuous variable | 242 (1.37,4.29) SUA,and CSVD.
Jiang, 2021, China | Second Affiliated Patients with CSVD | Retrospective 676,579 23 357 Ref NR Age,sex, BML diabetes,
Hospital of Nantong cohort study/280 389 269(1.17.6.16) hypertension, education
University 409 254(1.12,575) level, HDL-C, LDL-C,
1438 467179, Hs-CRR HbAlG, 1L-34
12.16) Tevel, mRS, B
13,2022, China | Jidong Cognitive General population | Prospective cohort | 53.5, 480 23 Cognitive 746 Ref ayears Age, sex, BMI,
Impairment Cohort study/1,774 impairment/MMSE* 806 117 (085, 162) educational level,
Study 847 131(093, 1.83) smoking status, alcohol
9.09 1.51(106, 2.14) consumption, physical
activity, history of
hypertension, TG
Teng, 2022, China ~ Hebei General Patients with T2D | Retrospective 710,487 3 Cognitive 1839 Ref Syears Age, sex, education
Hospital cohort study/308 impairment/MMSE" 2896 1.75(0.93,3.30) level, hypertension,
3958 330 (169, 6.45) history of stroke, SBP,
Continuous variable | 224 (1.4, 3.50) HbAle, HDL-C, insulin
or metformin use,
Serum tHey
Wang, 2022, China Health and General population | Prospective cohort | 589,467 NR Cognitive Male: Ref ayears Age. sex, BMI,
China Retirement study/4,420 impairment/WRT Q L13(088,1.45) education level,
Longitudinal Study and MST: the slope: @ 101(079,129) marriage, residence,
of cognitive decline @ L1087, 142) ure time social
<0 Qi Ref health
Female: 1.09(085,1.40) insurance status,
Qi 1,09 (085, 141) alcohol consumption,
Q@ 132(103,171) smoking status,
Q@ hypertension, diabetes
Q4
Weyman-Vela, | Inhabitants from General population | Cross-sectional 728,185 287 MCUMMSE: 2030 Continuous variable | 297(1.12,  NA Age, sex, WG, education
2022, Mexico durango study/135 1471) level, occupation,
physical activity
Tong, 2022, China The First Affilated Patients with T2D | Cross-sectional 580,544 23 MC/National Continuous variable | 7.37(472, | NA Age, sex, smoking
Hospital of Harb study/517 Institute on Aging- 1150) status, drinking
Medical University Alzheimers consumption, duration
Association criteria of diabetes, education
level, TG, HbALc,
diabetic nephropathy,
fatty liver, insulin or
statins use
Dementia
Hong, 2021, National Health General population | Retrospective 150,557 5%} All-cause dementia/ Male: Ref 721 years Age,sex, BMI, smoking
Korea Screening program cohort study/ 1CD-10 for dementia 792 104(102,105) status, alcohol
8433.046 851 107 (105, 1.09) consumption, physical
891 L14(112, 116) activity,low income,
952 Ref hypertension, TG
Female: 104(102,105)
768 107 (105, 1.09)
823 L14(112,116)
86
916
Sun, 2022, China | Framingham Heart  General population  Prospective cohort | 63.0,46.7 21 AD/NINCDS- 762 Ref 138 years Age, sex, BMI,
Study Offspring cohort study/2,170 ADRDA 848 1.52(0.93,2.48) education level,
889 1.69(103,2.77) smoking status, physical
1055 1.48(0:86, 2.54) activity, SBE, CVD,
Continuous variable | 139 (1,02, 1.88) antihypertensives,
hypoglycemic therapy,
lipid-lowering therapy
Faqih, 2021, KAMC General population | Retrospective 805,463 NR AD/ICD-10 for Continuous variable | 1.2(0.99,3.1)  4months Age, sex, BMI, co-
Saudi Arabia cohort study/354 dementia morbidities, insulin use,

HbAlc

BMI, body mass index; TyG, triglyceride and glucose index; OR, odds ratio; HR, hazards ratio; Cl, confidence interval; NA, not appliable; NR, not reported; AD, Alzheimer’ disease; LDL-C,
low densitylipoprotein cholesterol; SUA, serum uric acids CVSD, cerebral small-vessel disease; VCI, vascular cognitive impairment; MoCA, Montreal Cognitive Assessment; TG, total
cholesterol; HDL-C, high density lipoprotein cholesterol; Hs-CRE, high-sensitivity C-reactive protein; HbA1c, hemoglobin Al; mRS, modified Rankin Scale; BI, Barthel Index; MMSE, Mini-
Mental State Examination; SBP,systolic blood pressure; WRT, word recall test; MST, mental status test; CVID, cardiovascular disease; NINCDS-ADRDA, National Institute of Neurological and
Communicative Disorders and Stroke and the AD and Related Disorders Association; T2D, type 2 diabetes; MCL, mild cognitive impairment; WC, waist circumference; KAMC-J, King
Abdulaziz Medical City, Jeddah.

+ <17 for illterate individuals, <20 for primary school graduates, <24 for junior high school graduates or above.

+ <17 for llterate, <20 for patients with1-6 years of education, <24 for patients with 7 or more years of education.






OPS/images/fnagi-15-1278730-g002.jpg
euajo awaafgo Buisn payuapl suoendodang

Palun029e pue payuap; seausiayp fsdnoiBans fsioje) Buipunouod | @ | @
pasn siskjeue |2 ® e

pasn Agetial e

pasn Agelial ® e

papnpuoa siskeve eeq | @ | @

paquasap Bumas au) pue spafans spms | @ | @

paynisal ajendoidde syedioned | @ | @

pawnioal ateudoidde sedioned | @ | @

ameluasaida sem aiduwes | @ | @

e 3

o s
(dn-moitos o oenbapy) swoano | @ | @ | @ | @ 000
(dn-mollo} Jo yibua) BwoaN0 ® o060 e
(awoaino jouausssassy) awoano | @ | @ | O | O | @ | @ (@ | @
(5101921011409 13U10) AIgeAEdI0D e o
(@) Anaereduod | @ | @ | O | O (O | © | © | O

sz o auoaino) uowaies | @ | @ | @ [ @ (@ | @ | @ | @
(ainsodxa jo wawuenassy) uowaies | @ | @ (@ | O (@ | @ | @ | O
(woyos pesodxauony uowsaies | @ | @ | @ | @ | @ | @ (@ | @
(ouoa pasoda) uonies | @ (@ (@ (@ (@ | @ (@ | @

§ 5 585 88g¢8s8

P g g & &2 ¢






OPS/images/fnagi-15-1278730-g003.jpg
A Highest vs. Lowest

Odds Ratio Odds Ratio
_Study or Subgroup __log[Odds Ratio] __ SE_Weight IV.Random.95%Cl __ IV.Random.95%Cl
Wang, 2022 0.1906 0.0888 25.6% 1.21[1.02, 1.44] =
Teng, 2022 1.1933 0.3424 18.2% 3.30 [1.69, 6.45) ud
Li, 2022 04121 04779 235%  151[1.07,2.44] =
Jiang, 2021 15412 04883 13.8% 4.67[1.79, 12.16] -
Guo, 2021 14085 0.3215 189%  4.09(2.18,7.68] —_—
Total (95% CI) 1000%  2.32[1.39,3.87] -

Heterogeneity: Tau? = 0.26; Chi* = 26.10, df = 4 (P < 0.0001); I* = 85%

Test for overall effect: Z = 3.21 (P = 0.001) 005 02 1 9 20

Favours [high TyG] Favours [low TyG]

B Per 1 unit increase

Odds Ratio Odds Ratio
—Study or Subgroup _log[Odds Ratio] __SE Weight IV.Random.95%Cl ____ IV.Random.95%Cl
Guo, 2021 08838 02921 27.8%  242[137,4.29) —
Teng, 2022 08069 0226 300%  224[144,349) e
Tong, 2022 19974 0227 29.9% 7.37[4.72, 11.50) -
Weyman-Vela, 2022 10886 0.8163 123%  2.97[0.60, 14.71] T
Total (95% CI) 100.0%  3.39[1.67,6.84] —~—

Heterogeneity: Tau? = 0.38; Chit = 16.26, df = 3 (P = 0.001); I* = 82%

Test for overall effect: Z = 3.40 (P = 0.0007) 005 L5 !

. 5 20
Favours [high TyG] Favours [low TyG]






OPS/images/fnagi-15-1278730-t002.jpg
Items

Result of primary analysis 5 232(1.39,387) 85

<60years 2 1.28(1.06, 1.55] 19
Mean age

260years 3 3.86(255,5.84] 0

<1,000 3 3.86[2.55,5.84] 0
Sample size

21,000 2 1.28 1.6, 1.55] 19

<25 1 4.09 (218, 7.68] -
BMI 225 3 260(1.27,5.30] 7

NR 1 121(1.02, 1.44] -

MoCA 2 426[252,7.21] 0
Diagnosis MMSE 2 211(099,451] 76

Others 1 121(1.02, 1.44] -
Adjustment for confounders

Yes 4 1.95[1.20,3.17] 80
Gender

No 1 409 (2.18,7.68] -

Yes 2 370(234,5.85] 0
Cerebrovascular disease

No 3 1.62[1.03,2.56] 76

Yes 4 195(1.20,3.17) 80
Hypertension

No 1 4.09 (218, 7.68] =

Yes 2 218(0.59,8.11] 86
Diabetes

No 3 261(132,5.17) 79

Yes 3 3.86(2.55,5.84] 0
Cholesterol

No 2 128106, 1.55] 19

Yes 1 3.30(1.69,6.45] -

No 4 213(1.23,3.67) 85

Yes 1 151 [1.07,2.14] =
Physical activity

No 4 279(1.24,627) 88

*p for within-group heterogeneity (TyG index was analyzed as  categorical variable). TyG, triglyceride and glucose index; CI, confidence intervals BMI, body mass index; SBR,systolic blood
pressure; NR, not report,





OPS/images/fnagi-15-1278730-t003.jpg
Ml Mild cognitive impairment

R Insulin resistance

TG “Triglyceride and glucose

AD Alzheimers disease

ORr Odd ratio

RR Relative risk

HR Hazard ratio

a Confidence interval

NOS Neweastle Ottawa Quality Assessment Scale
JBI Joanna Briggs Institutes

GRADE Grading of Recommendations Assessment, Development, and Evaluation
BMI Body mass index

MoCA Montreal Cognitive Assessment

MMSE Mini-Mental State Examination

Ap Amyloid-p

LD Long-term inhibition

2D “Type Il diabetes

CBE Cerebral blood flow

ver Vascular cognitive impairment

AUC Area under the curve

APOE Apolipoprotein E





OPS/images/fnagi-15-1278730-e001.jpg
o righycerides (mg /L) fasting glucose(u\g/dL)]
2





OPS/images/fnagi-15-1278730-g001.jpg
Records identified from:
Databases (n=196)
PubMed (n=148)
The Cochrane Library (n=34)
Embase (n=14)

Records removed before
screening:
Duplicate records removed
(n=14)

Records screened
(n=182)

Records excluded examining the
titles and abstracts
(n=166)

Reports sought for retrieval
(n=16)

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=16)

Reports excluded:

Without target data (n=3)
Focus on other outcome (|
Focus on other exposure

Conference Abstract (n=1)

Reports of included studies
(n=10)






