

[image: image1]
Effect of hypoglycemic events on cognitive function in individuals with type 2 diabetes mellitus: a dose–response meta-analysis









 


	
	
SYSTEMATIC REVIEW
published: 13 August 2024
doi: 10.3389/fneur.2024.1394499








[image: image2]

Effect of hypoglycemic events on cognitive function in individuals with type 2 diabetes mellitus: a dose–response meta-analysis

Min Ye1†, Qiqi Yang1†, Lele Zhang1, Hudie Song1, Qin Fu1, Jun Qian1, Hongyu Xie2* and Aihong Yuan2*


1First School of Clinical Medicine, Anhui University of Chinese Medicine, Hefei, Anhui, China

2Acupuncture and Rehabilitation Department, The First Affiliated Hospital of Anhui University of Chinese Medicine, Hefei, Anhui, China

Edited by
 Ioannis Liampas, University of Thessaly, Greece

Reviewed by
 Edward Spencer Bliss, University of Southern Queensland, Australia
 Simone Battaglia, University of Bologna, Italy
 Bin Xu, Nanjing University of Chinese Medicine, China

*Correspondence
 Hongyu Xie, 1146035787@qq.com; Aihong Yuan, yuanah2023@163.com 

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

Received 01 March 2024
 Accepted 26 July 2024
 Published 13 August 2024

Citation
 Ye M, Yang Q, Zhang L, Song H, Fu Q, Qian J, Xie H and Yuan A (2024) Effect of hypoglycemic events on cognitive function in individuals with type 2 diabetes mellitus: a dose–response meta-analysis. Front. Neurol. 15:1394499. doi: 10.3389/fneur.2024.1394499
 

Background: Type 2 diabetes mellitus (T2DM) is widely acknowledged as a vital warning sign contributing to cognitive dysfunction. However, there is still a lack of consensus on whether hypoglycemic events resulting from poor glycemic control increase the risk of cognitive dysfunction in people with diabetes, and the potential dose–response correlation between hypoglycemic events and cognitive dysfunction remains unexplored. The primary objective of the current study was to assess the contribution of hypoglycemic events to cognitive dysfunction in T2DM patients and the dose–response correlation between the two.

Methods: A comprehensive search of nine major databases was executed from inception to May 2023. We screened all observational studies examining the connection between hypoglycemia and cognitive dysfunction. The DerSimonian-Laird method was used to compute the combined risk ratio (RR) and its 95% confidence interval (CI). Additionally, dose–response analysis was employed to investigate the correlation between the frequency of hypoglycemia and the likelihood of cognitive dysfunction.

Results: A total of 30 studies of different levels in 17 articles with 3,961,352 participants were included in this review. The pooled RR for the connection of hypoglycemia and the likelihood of cognitive dysfunction was 1.47 (95% CI: 1.35–1.60). Subgroup analyses showed that the pooled RR for the likelihood of cognitive dysfunction was 1.20 (95% CI: 1.11–1.31) for one episode of hypoglycemia, 1.41 (95% CI: 1.05–1.88) for two episodes of hypoglycemia, and 1.62 (95% CI: 1.20–2.91) for three or more episodes of hypoglycemia. Dose–response analysis showed a linear dose–response relationship between hypoglycemia and the likelihood of cognitive dysfunction (exp (b) = 1.178694, z = 7.12, p < 0.001).

Conclusion: Our investigations demonstrated a 47% heightened likelihood of cognitive dysfunction in individuals with hypoglycemia compared to those without. Furthermore, the likelihood of cognitive dysfunction climbed by 17.87% for every subsequent episode of hypoglycemia. Therefore, long-term monitoring of blood glucose, periodic screening of cognitive function, and moderate health education should be encouraged, which will be beneficial for people with diabetes to prevent hypoglycemic events and cognitive dysfunction.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/, CRD42023432352.
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1 Introduction

Diabetes mellitus has emerged as a widespread metabolic condition accompanied by hyperglycemia (1). It is estimated that the global prevalence of diabetes among individuals aged 20–79 years was 10.5% in 2021, and this number is projected to rise to 12.2% by 2045, following predictions by the International Diabetes Federation (2). The most prevalent subtype of diabetes mellitus is type 2 diabetes mellitus (T2DM), which makes up around 90% of all cases (3). Notably, individuals with T2DM have a significantly elevated likelihood of cognitive disorders, highlighting cognitive dysfunction as a crucial complication of diabetes (4). Consequently, T2DM has been highlighted as an independent risk factor for cognitive dysfunction when compared to individuals without diabetes (5–7).

It has become widely accepted that T2DM and cognitive dysfunction are progressive diseases closely related to age, which have a high prevalence in elderly people and those of middle age. With the development of a globally aging society and the extension of life expectancy of people with T2DM worldwide, T2DM complicated with cognitive dysfunction has become a great pressure and challenge for the development of society and economy currently. However, up to now, there is still no effective cure for cognitive dysfunction worldwide. Recently, two large-scale clinical trials on drug prevention and treatment of Alzheimer’s disease ended in failure, and one phase III clinical trial had to be terminated because of no efficacy (8, 9). With the failure of pharmacotherapy for cognitive dysfunction and the related side-effects becoming increasingly prominent, it is particularly important to explore effective prevention measures for cognitive dysfunction, especially for diabetes-related cognitive dysfunction, whose prevention strategies still need to be improved.

Glycemic control is the core goal of the treatment strategy for people with T2DM, and it is also the most commonly used prevention and treatment method in clinical practice. As a result, hypoglycemic events and consequent cognitive decline caused by pharmacotherapies for glycemic control are common in clinical practice. The amygdala, hippocampus and prefrontal cortex (PFC) are the core brain regions for cognitive formation and maintenance (10), and glucocorticoid receptors have been found to be widely distributed in these brain regions (11). Interestingly, glucocorticoid function mediated by glucocorticoid receptors is also involved in the regulation of blood glucose while being involved in cognitive maintenance (12). Some mechanistic studies suggest that hypoglycemic events may affect cognition by affecting neuroinflammation, oxidative stress, mitochondrial dynamics, and energy metabolism in these brain regions (13–16). However, the current clinical evidence on whether hypoglycemic events enhance the likelihood of cognitive deficit in people with T2DM remains controversial. Several studies from different countries have maintained that hypoglycemic events affect cognitive function in people with T2DM and increase the risk of progression to cognitive deficit (17–20). Nevertheless, two other large cohort studies involving multiple countries have maintained that hypoglycemic events do not affect cognitive function, nor do they increase the possibility of cognitive decline progressing to cognitive dysfunction (21–23). These two almost contradictory conclusions have caused serious confusion and great challenges in the development of hypoglycemic regimens and the implementation of intensive glucose control. Thereby, it is a pressing need to identify the exact connection between hypoglycemic events and the likelihood of cognitive dysfunction, and to provide evidence-based recommendations and guidance for structuring glycemic control plans and cognitive dysfunction prevention strategies.

In 2022, Maria Dolores Gomez-Guijarro’s team (24) conducted a systematic review and meta-analysis of studies on the connection between severe hypoglycemic incidents and dementia in individuals concerning T2DM. However, they only included 7 eligible literature in the final evaluation due to the dearth of pertinent studies at the time, and the significant heterogeneity among the literature found. Simultaneously, a substantial portion of the literature indicates a moderate susceptibility to bias, as acknowledged by the authors themselves who caution against over-interpretation of their findings. Consequently, there is an absence of dependable evidence-based outcomes to substantiate the impact of hypoglycemic events on cognitive competence in individuals concerning T2DM. To elucidate the correlation between occurrences of hypoglycemia and cognitive dysfunction, this study incorporated the most recent investigations, revised the systematic review and meta-analysis, and additionally investigated the dose–response connection between hypoglycemic events and cognitive dysfunction.



2 Methods

This research is designed to be a dose–response meta-analysis. Before undertaking this research, we duly registered the study protocol with the PROSPERO database. The study protocol has been published online (25), but due to the limited amount of literature, only part of the original protocol has been completed in this study. The execution of this study adhered to the procedure outlined in the Cochrane Handbook for Systematic Reviews of Interventions (26), and the subsequent reporting followed the Preferred Reporting Items for Systematic Reviews and Meta-Analysis Statement (PRISMA) and the guideline of Meta-analyses of Observational Studies in Epidemiology (MOOSE) (27, 28).


2.1 Search strategy

A thorough search was carried out across various databases including PubMed, Web of Science, CBM, Cochrane Library, Embase, CNKI, Wan Fang, Wei Pu, and Du Xiu, covering the period from inception to May 2023. The search utilized Medical Subject Headings (MeSH) and free terms, such as ‘diabetes mellitus, type 2’, ‘noninsulin’, ‘noninsulin-dependent diabetes mellitus’, ‘type 2 diabetes’, ‘type 2 diabetes mellitus’, ‘type 2 diabetic’, ‘T2DM’, ‘DM’, ‘cognitive dysfunction’, ‘cognition disorders’, ‘cognitive disorder’, ‘dementia’, ‘cognitive decline’, ‘cognition disorder’, ‘cognitive deficit’, ‘cognitive impairment’, ‘executive function’, ‘cognitive function’, ‘memory’, ‘risk factor’, ‘predicted’, ‘predictor’, ‘risk’, ‘relat’, ‘associat’, ‘factor’, ‘reason’, ‘correlated’, ‘predictor’, ‘influen’, ‘inciden’, for comprehensive coverage. Furthermore, reference lists of relevant articles were manually searched and records from relevant trial registries were retrieved. The search strategy was finally formulated based on the results of repeated pre-search to include relevant studies as comprehensively as possible. The search strategy was shown in Supplementary material 1.



2.2 Inclusion criteria

We contained studies meeting all the given requirements.


2.2.1 Type of studies

All observational studies published in Chinese or English were included.



2.2.2 Type of participants

Individuals who have been medically diagnosed with type 2 diabetes and have been at least 18 years old are eligible to participate. Prior to enrollment and at the time of enrollment, every participant had normal cognitive function. The study has no restrictions on sex, race, duration of diabetes, or severity of diabetes among the participants.



2.2.3 Criteria for the assessment of hypoglycemia

The plasma glucose level was less than 3.9 mmol per liter (29), and the patient showed symptoms such as palpitation and dizziness.



2.2.4 Contents of studies

Studies that explored the connection between hypoglycemia and the likelihood of cognitive dysfunction were included. The included studies had to provide data on the connection between the two, such as odds ratio [OR], risk ratio [RR], hazard ratio [HR], and 95% confidence intervals.




2.3 Exclusion criteria

Studies were disqualified if they fulfilled any of the specified criteria.

1. Duplicate publication of the same study (studies that have more detailed and credible results, are more recent, or have a larger sample size will be selected);

2. Studies for which full text or relevant data are not available;

3. Studies with insufficient methodological details or poor quality (e.g., high risk of bias, inadequate statistical analysis);

4. Studies with comorbid conditions that could independently affect cognitive function (e.g., neurodegenerative diseases other than diabetes-related cognitive impairment);

5. Studies where the dose of hypoglycemic events is not clearly defined;

6. Studies not published in English or Chinese;

7. Studies with a duration that is too short to capture meaningful cognitive changes.



2.4 Study selection

The literature was managed using NoteExpress software. Two reviewers (Hongyu Xie and Qiqi Yang) screened the literature independently. Duplicate literature was eliminated first. Then, the literature that did not fit the research theme was eliminated through the title and abstract. After that, the extra literature was carefully reviewed in its full text and assessed against the inclusion and exclusion criteria. In case of disagreement, a compromise was established after discussing with an additional reader (Lele Zhang).



2.5 Data extraction

The information that followed was obtained independently by two researchers (Lele Zhang and Qin Fu).

1. General information of studies: the primary author, period of publication, country and region, study design type, and duration of follow-up;

2. Participant characteristics: average age, sample size;

3. Disease characteristics: diagnostic criteria for hypoglycemia, type of diabetes mellitus, frequency of hypoglycemic events, and diagnostic criteria for cognitive dysfunction.



2.6 Risk of bias assessment

The involved experiments’ levels of quality and publication bias were evaluated using the Newcastle-Ottawa Scale (NOS). The case–control study’s primary evaluation criteria focused on subject selection (4 points), group comparability (2 points), and exposure factor measurement (3 points). Cohort study grading criteria included subject selection (4 points), group comparability (2 points), and outcome measurement (3 points). The total score for both evaluations was 9 points. The quality of studies was judged and categorized as ‘High’, ‘Medium’, or ‘Low’ based on the scoring criteria, with scores above six indicating high quality, scores of five indicating medium quality, and scores below five indicating low quality (30). Two researchers (Jun Qian and Hudie Song) separately conducted and cross-checked the risk of bias assessment, while a third researcher (Lele Zhang) worked to resolve any discrepancies.



2.7 Statistical analysis

The DerSimonian-Laird method was employed to generate the pooled RR and its 95% confidence interval (CI) (31). When RR was not provided in the literature, specific formulas were used to convert OR and HR to RR (32–34). To gage the heterogeneity of the considered literature, the Chi-square test and I2 statistic were utilized. When the value of I2 was less than 30%, the fixed-effects model was employed; Otherwise, the random-effects model was adopted. The origins of heterogeneity were investigated and the stability of the combined findings was assessed utilizing sensitivity and subgroup analyses (35). The relationship between the frequency of hypoglycemia events and the likelihood of cognitive dysfunction was examined using dose–response analysis. To determine whether the results were influenced by participant age, study type, nation and area, and follow-up period, meta-regression was employed. Observation of funnel plots and Egger’s regression asymmetry test were both employed for assessing publication bias (36). The STATA SE program, version 15 (StataCorp), was used to carry out the aforementioned statistical analysis.




3 Results


3.1 Study inclusion and characteristics

There were 34,981 relevant studies in total that had been found, and 17 of them satisfied the requirements to be considered in the meta-analysis (Figure 1) (17–21, 37–46). These investigations were conducted across a wide range of nations, including China, the United States, the United Kingdom, South Korea, Canada, and many others. Four studies were published in Chinese (37–40), and the remaining 13 were all published in English (17–21, 41–48). Among them, five studies were designed as case–control studies (37–40, 45), and the remaining 12 were cohort studies (17–21, 41–44, 46–48). Each study incorporated in this research was published within the timeframe of 2009–2023, encompassing a follow-up span ranging from 1 to 27 years. The sample sizes of these studies varied, ranging from 90 to 2,032,689 participants, resulting in a cumulative inclusion of 3,961,352 participants for this meta-analysis. Most of the participants were middle-aged or elderly individuals with T2DM, and three studies did not identify the participants’ specific type of diabetes (43, 44, 48).
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FIGURE 1
 Flow chart of literature screening.


For the diagnosis and quantification of hypoglycemic events, questionnaires, medical records, and medical insurance records were mostly used. Scale scores, medical records, and medical insurance records were primarily used for the identification and quantification of cognitive dysfunction. One of these investigations looked into the connection for cognitive dysfunction risk and hypoglycemia occurrences in a middle-aged cohort and an elderly cohort respectively (17). Six studies investigated the connections between different numbers of hypoglycemic incidents and the likelihood of cognitive dysfunction (19, 20, 41, 44, 46, 47). Our criteria were met by a total of 17 articles involving 30 pertinent investigations at various levels. Except for four studies that did not specify the adjustment for confounders (37–40), the remaining studies clearly showed the adjusted confounders. Detailed information is provided in Supplementary material 2.



3.2 Quality assessment of studies included

The findings of the NOS assessment revealed that the included papers had moderate or higher quality, indicating a low risk of publication bias and credible conclusions (Table 1).



TABLE 1 Quality assessment of studies included.
[image: Table1]



3.3 Meta-analysis and sensitivity analysis

Thirty studies of the 17 articles at different levels were screened and classified. Twenty-two studies examined the likelihood of cognitive dysfunction in diabetic participants who had or did not have any hypoglycemic events, and the pooled RR was 1.47 (95% CI: 1.35–1.60) (Figure 2). The heterogeneity among the 22 studies included in this study was significant (I2 = 81.5%, p<0.001), hence the sensitivity analysis was carried out by removing a single study one at a time to identify the source of heterogeneity. After excluding 6 studies by Wajd Alkabbani et al., the heterogeneity was significantly reduced (I2 = 46.4%, p = 0. 022), and 1.45 (95% CI: 1.33–1.58) for the pooled RR of the other 16 trials, indicating that hypoglycemic events still significantly increased the risk of cognitive dysfunction (Supplementary material 3). After further excluding 2 studies by Zhang Jie et al., the heterogeneity was further reduced (I2 = 18.1%, p = 0.257), and the cumulative RR of the rest 14 trials was 1.48 (95% CI: 1.43–1.53), demonstrating that there was still a substantial effect of hypoglycemia events on the chance of cognitive dysfunction (Supplementary material 4). In this sensitivity analysis, we found a substantial reduction in heterogeneity after the exclusion of studies with participants who were too old or too young, with too many episodes of hypoglycemia, or with particularly severe hypoglycemia, but these did not affect the overall trend of our pooled results, which makes our findings robust.

[image: Figure 2]

FIGURE 2
 Forest plot showing the pooled risk ratio for the risk of cognitive impairment in diabetic participants with and without any hypoglycemic events.




3.4 Dose–response analysis

The likelihood of cognitive dysfunction rose as the frequency of hypoglycemia incidents increased as follows: (1) The pooled RR of one hypoglycemic event was 1.20 (95% CI: 1.11–1.31), and there was barely any heterogeneity among the trials (I2 = 0.0%, p = 0.390); (2) The pooled RR of two hypoglycemic events was 1.41 (95% CI: 1.05–1.88), and the heterogeneity among trials was considerable (I2 = 68.4%, p = 0. 042); The pooled RR for three or more episodes of hypoglycemia was 1.62 (95% CI: 1.20–2.19), and the heterogeneity among trials was moderate (I2 = 54.2%, p = 0.113) (Figure 3). A more thorough examination of the dose–response analysis revealed a linear dose–response association between the frequency of hypoglycemic events and the likelihood of cognitive dysfunction (exp (b) = 1.178694, z = 7.12, p < 0.001) (Figure 4).

[image: Figure 3]

FIGURE 3
 Forest plot showing the pooled risk ratio for the likelihood of cognitive dysfunction in diabetic participants with different episodes of hypoglycemia.


[image: Figure 4]

FIGURE 4
 Linear dose–response connection between the number of hypoglycemia episodes and relative risk of cognitive impairment.




3.5 Subgroup analysis and meta-regression analysis

The median follow-up time (9 years), types of studies (case–control study and cohort study), country and region of studies (Asia, Europe and America), median age (68 years), the measurement of cognitive dysfunction (International Classification Diseases and others) were used for subgroup analysis and meta-regression. The findings highlighted that the follow-up time (t = 1.97, p = 0.067), types of studies (t = −1.23, p = 0.232), country and region of studies (t = 0.49, p = 0.632), participants’ ages (t = −0.93, p = 0.364), and the measurement of cognitive dysfunction (t = −1.12, p = 0.278) were not the source of heterogeneity and influencing factors of this review (Figure 5).

[image: Figure 5]

FIGURE 5
 Meta-regression and subgroup analysis of the variables affecting hypoglycemia and cognitive impairment.




3.6 Publication bias

Observation of funnel plots (Figure 6) and Egger’s regression asymmetry test did not reveal any indications of publication bias (p = 0.853).

[image: Figure 6]

FIGURE 6
 Funnel plot for the likelihood of cognitive dysfunction in diabetic participants with and without any hypoglycemic events.





4 Discussion

This study provides the latest summary of the connection between hypoglycemia and cognitive dysfunction risk in individuals with T2DM. Our findings showed that the likelihood of cognitive dysfunction was increased by 47% in those who experienced hypoglycemia compared with those who did not. Sensitivity analysis showed that after excluding any study or heterogeneous studies, the results of this study still maintained a momentous positive correlation, signifying their reliability. Furthermore, the frequency of hypoglycemia was found to be strongly linked to a higher risk of cognitive dysfunction, as indicated by subgroup and dose–response analysis. The meta-regression results indicated that participant age, follow-up duration, study type, country, and region little influenced the study’s conclusion. Additionally, no evidence of publication bias was found in this review. However, some small sample studies were included in this study, and in fact, they may have a certain publication bias on the overall research results.

Our findings confirmed that middle-aged and elderly individuals with T2DM face a significantly higher likelihood of cognitive dysfunction due to hypoglycemic events. This finding aligns with the research conducted by Maria Dolores Gomez - Guijarro’s group (24). To our excitement, this study, to our knowledge, is the first to demonstrate a Linear dose–response connection between hypoglycemic events and the likelihood of cognitive dysfunction, using both subgroup and dose–response analyses. Specifically, each additional episode of hypoglycemia would contribute to an approximately 17.87% increase in the likelihood of cognitive dysfunction (limited to this model). This finding suggests that there may be a cumulative clinical effect of brain damage caused by hypoglycemic events. Simply put, a greater frequency of hypoglycemic episodes increased the likelihood of cognitive dysfunction. Fortunately, most brain injuries caused by hypoglycemic events are reversible in the early stages. Therefore, timely detection of hypoglycemic events and correction of blood glucose levels can promote the recovery of brain function (49, 50) and avoid the cumulative damage of cognitive function caused by repeated hypoglycemic events. Strengthening health education about hypoglycemia events and providing continuous, effective, convenient, and continuous glucose monitoring are feasible measures for preventing and treating diabetes-related cognitive dysfunction in the future. These measures will be of great clinical value and social benefits, especially for middle-aged and senior individuals with T2DM who are in relative danger of cognitive dysfunction.

Existing mechanism studies have partially revealed the underlying mechanisms of the association between hypoglycemia and cognitive dysfunction. It has been suggested that cognitive dysfunction after hypoglycemia is related to selective neuronal death, and its underlying mechanism involves excitotoxicity, oxidative stress, zinc release, PARP-1 activation, blood–brain barrier dysfunction and mitochondrial dysfunction (50–52). In addition, several recent studies have found that transient receptor potential canonical channel 6 (TRPC6) (53) and histidine metabolism (54) may be potential therapeutic targets for preventing cognitive impairment caused by hypoglycemia events, while verapamil (55), ketogenic diet (56), niacinamide mononucleotide (57), and pyruvate (58) may be effective measures for alleviating brain injury caused by hypoglycemia. However, the specific dose–response relationship and mechanism of hypoglycemic brain injury and its cumulative effect are still not fully understood, which limits its further guiding role in clinical practice. In the future, a more rigorous research must be more thorough and concentrate on the cumulative effect of hypoglycemic events, and the dose–response relationship and its pathological mechanism need to be further clarified through an in-depth research.

In recent years, multiple studies have focused on the link between hypoglycemic events and cognitive dysfunction risk, showing that the association between the two has received widespread attention. However, after an extensive literature search and careful literature review, we found that there were many deficiencies in the study design and report of results. For example, the diagnostic criteria of cognitive dysfunction was not completely unified, the severity, frequency and duration of hypoglycemia were not accurately quantified, and the specific types of cognitive dysfunction were not clearly distinguished. As a result, most studies produced relatively broad results and vague conclusions, which were difficult to solve relatively complex and specific clinical problems.

The complex nature of the connection between hypoglycemia and cognitive dysfunction cannot be overlooked, as it involves various confounding factors such as demographic characteristics, diabetes status, underlying diseases, medication, lifestyle, and genetics (59–61). Adjustments for confounders varied across the encompassed publication, which served as a substantial factor contributing to heterogeneity in this systematic review. At present, most studies rely on statistical correction methods to balance the confounding factors between the exposed group and the non-exposed group, which obviously cannot meet the needs of the current clinical research. Prospective studies with stratified block designs for confounding factors are urgently needed to obtain more rigorous results. Even though multiple research efforts have endeavored to investigate the independent risk variables of cognitive dysfunction in people with T2DM, such as duration, gender and education level (62), these specifics were not reported in depth in the findings report, which constrained the further subgroup analysis of this meta-analysis. To accurately prevent the onset and development of cognitive dysfunction in diabetic individuals who vary in duration, gender, and educational levels, more in-depth research should be encouraged to be conducted and reported in the future.

We must admit that this study still has the following shortcomings: (1) Despite the sensitivity analysis and identification of sources of heterogeneity, substantial heterogeneity remained among the included studies, such as the definition of cognitive dysfunction. (2) The study focused primarily on middle-aged and elderly individuals with T2DM, so there are potential limitations to generalizing the findings to other age groups or individuals with type 1 diabetes. (3) This study did not examine how cognitive dysfunction affected hypoglycemia episodes; it only focused on how hypoglycemic events affected the risk of developing cognitive dysfunction. The causal relationship between the two needs to be further studied. (4) Detailed characteristics of hypoglycemic events, such as the severity of hypoglycemia, the duration of hypoglycemia, the management of hypoglycemia, and specific categories of cognitive dysfunction were not specified in this study. (5) The effect of hypoglycemia events on cognitive function may have been amplified since the majority of the original study data included in this analysis came from hospital or medical claims records following severe hypoglycemic events.



5 Conclusion

In conclusion, the findings confirmed that hypoglycemia episodes may raise the possibility of cognitive dysfunction in those suffering from T2DM. It is recommended that pertinent departments concentrate on bolstering continuous glucose monitoring, routine cognitive screening, and moderate health education in middle-aged and seniors with T2DM to prevent diabetes-related cognitive dysfunction through efficient prevention and treatment of hypoglycemia events. This is in light of the current state of the treatment for cognition dysfunction and the findings of this study.
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