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Objective: Age-related decline within the noradrenergic system is associated with reduced cognition. The β-adrenoceptors are widely expressed in the brain as well as in the peripheral. Medications targeting β-adrenoceptor activity have been widely used in older adults. The aim of this study was to explore the associations between β-adrenoceptor acting drugs and the risk of dementia in the older population.

Methods: The subjects' information was collected from the electronic medical record (EMR) database. A propensity score matching strategy was conducted to select control participants for users of β2-agonists or β-antagonists. Logistic regression analysis was performed to estimate the risk of dementia with the use of β2-agonists or β-antagonists.

Results: A total of 1,429 participants in the EMR database were included in the study. The use of β2-agonists was strongly associated with a decreased risk of dementia [OR = 0.324, 95% confidence interval (CI): 0.149–0.707, P = 0.005]. This decreased risk showed a statistically significant inverse time-dependent pattern (Ptrend = 0.014). However, the use of non-selective β-antagonists significantly correlated with an increased dementia risk (OR = 1.961, 95% CI: 1.144–3.359, P = 0.014), although no time-dependent manner was found (Ptrend = 0.220). There was no association between selective β1-antagonists usage and dementia risk (OR = 1.114, P = 0.625).

Conclusion: The use of β-adrenoceptor acting drugs seems to be associated with the risk of dementia. Pharmacological interventions modulating β2-adrenoceptor activity might be a potential target in therapeutics for dementia.

KEYWORDS
 β-adrenoceptor, β2-agonists, β-antagonists, dementia, noradrenergic


Key points

- A retrospective study was conducted to explore associations between β-adrenoceptor acting drugs and dementia in the older population.

- The use of β2-agonists was strongly associated with a decreased risk of dementia in a time-dependent manner.

- The use of non-selective β-antagonists significantly correlated with increased dementia risk.



Introduction

Since the global population has continued to age, aging-associated cognitive disorders have already reached epidemic proportions. It is estimated that the age-standardized prevalence of dementia in people aged 60 years and older ranges from 4.7 to 8.7% in most countries (1). In China, the dementia prevalence was reported to be 6% aged 60 years or older, and the incidence was 9.87 cases per 1,000 person-years (2, 3). Increasing age is an unmodifiable risk factor for dementia, as aging is accompanied by numerous changes in the brain, including general atrophy and neuron loss in areas related to memory, an imbalance of amyloid-β production and degradation, activation of inflammation, alterations of neurotransmitters, such as noradrenaline, and so on (2). However, these age-related pathophysiologies are presented as potential targets for exploring treatment tactics for dementia. Locus coeruleus (LC), located in the brainstem and releasing noradrenaline throughout much of the brain, has been shown to participate in the modulation of a wide range of cognitive functions, such as episodic memory, working memory, executive function, learning and attention, vigilance, memory consolidation/retrieval, and cognitive reserve (4–6). Recent findings suggest that reduced integrity of LC is associated with declined cognition in late life (7, 8). As such, targeting noradrenergic activity would be a helpful strategy to slow down the progression of cognitive decline, and therefore numerous pharmacological interventions and clinical trials have been underway (9).

There are three types of adrenoceptors in the brain: α1, α2, and β transducing noradrenaline signals through downstream signaling pathways and influencing neuronal excitability and glial cell activity. In addition to the central nervous system, the subclasses of β-adrenoceptors are distributed broadly in the peripheral. For instance, β1-adrenoceptors are prevalent in the cardiomyocytes, β2-adrenoceptors are expressed mainly in the bronchial smooth muscle cells, whereas β3-adrenoceptors are found predominantly in adipose cells (10). Medications targeting the activity of β-adrenoceptors have currently been widely used in clinical practice. The β2-agonists are commonly involved in the treatment of respiratory diseases such as chronic obstructive pulmonary disease and asthma, reducing mortality worldwide, while β-antagonists, including non-selective β-antagonists and selective β1-antagonists, have usually been prescribed for hypertension, ischemic heart disease, chronic heart failure, tachyarrhythmia, migraine, and tremor (11–15). Most of the abovementioned diseases are highly prevalent in the older population.

Recently, studies considering the impact of β-adrenoceptor acting drugs on neurodegenerative diseases have attracted great interest. A group of epidemiological research investigated potential relationships between β-adrenoceptor acting drugs and Parkinson's disease (PD). They found that the chronic use of the β-antagonist was associated with an increased risk of PD, while the use of β2-agonists would decrease the risk (16). Strikingly, variations in the genes of β2-adrenoceptors have been reported to be involved in the pathogenesis of sporadic late-onset Alzheimer's disease (AD) (17). Since medications regarding β-adrenoceptors activity have commonly been applicated in the older population, we wondered whether β-adrenoceptor acting drugs would affect the risk of dementia in the older population. Thus, we conducted a retrospective case–control study to explore associations between β-adrenoceptor acting drugs and the risk of dementia in older adults, attempting to clarify the influence of β2-agonist and β-antagonist medications on cognitive decline.



Methods


Data sources

This study is based on data from the electronic medical record (EMR) database of the Department of Geriatrics, Ruijin Hospital, affiliated with the Shanghai Jiao Tong University School of Medicine. The EMR database contains comprehensive patient information, including demographics, International Classification of Diseases, Ninth Revision, and Tenth Revision (ICD-9 and ICD-10) diagnoses, procedures, prescription fills, and laboratory test results. We used both ICD-9 and ICD-10 codes to obtain patient diagnoses. The study period was from 1 January 2002 to 31 December 2019. The study was approved by the Medical Ethics Committee of Ruijin Hospital, affiliated with the Shanghai Jiao Tong University School of Medicine.



Study design
 
Study population

We conducted a case–control study to investigate the association of β-adrenoceptor acting drugs with the risk of dementia aligns with the STROBE guidelines. The study consisted of all participants aged 60 years or older and alive on 1 January 2002 (entry date), with more than 1 year of follow-up. Individuals who used β-adrenoceptor acting drugs, as well as diagnosed with dementia before the entry date, were excluded. In addition, individuals with diagnoses of normal pressure hydrocephalus, intracranial tumor, massive cerebral infarction or hemorrhage, infarcts or hemorrhage in areas involved in cognition, and a history of neurosurgery were also excluded. We further excluded individuals with any previous record of a diagnosis of PD or PD-plus diseases, including multiple system atrophy, progressive supranuclear palsy, frontotemporal lobar degeneration, and Lewy body dementia. All participants were followed until reaching the study outcome (development of dementia), death, loss to follow-up, or end of follow-up on 31 December 2019, whichever came first.



Exposure data

The use of β2-agonists and β-antagonists was determined based on EMR database records. The β2-agonists and β-antagonists involved in this study were the drugs that were commonly applied in mainland China during the observational period. In our clinical practice, β2-agonists include short-acting β2-agonists (SABAs) salbutamol and terbutaline, long-acting β2-agonists (LABAs) salmeterol and formoterol, and ultra-long-acting β2-agonists (ultra-LABAs) vilanterol. The category of β-antagonist drugs contains non-selective β-antagonists including propranolol, carvedilol, sotalol, and arotinolol, and selective β1-antagonists including metoprolol, bisoprolol, and atenolol. Participants who used β2-agonists or non-selective β-antagonists for more than 6 months and with a prescribed duration recorded more than 1 year before the end point were grouped as cases. Participants who never used β2-agonists or non-selective β-antagonists, or used β2-agonists or non-selective β-antagonists <6 months, or with prescribed duration recorded <1 year before the end point were grouped as controls.



Outcomes

Participants identified as having dementia during the observational period were regarded as reaching study outcomes. Identification of dementia was determined by records of diagnostic ICD codes or prescriptions of anti-dementia drugs. In parallel, the onset of dementia was defined as the first medical encounter time for a diagnosis of dementia in our database.



Covariates

Demographic information included age, sex, schooling years, and follow-up time was seen as baseline variables. Potential confounders, including alcohol consumption, smoking history, stroke (especially referred to as focal infarcts or hemorrhage in areas not involved in cognition), and diabetes, known to be associated with dementia risks, were collected. Comorbidities indicative of medications of β2-agonists (respiratory diseases involving chronic obstructive pulmonary disease and asthma) and β-antagonists (essential tremor, hypertension, heart diseases involving coronary heart disease, atrial fibrillation, and chronic heart failure) were also investigated.




Statistical analysis

A propensity score matching strategy was employed to select matched control participants for β2-agonist and β-antagonist users, respectively. Regarding β2-agonist users, control subjects were matched by baseline age, sex, follow-up time, schooling years, alcohol consumption, smoking history, heart disease, hypertension, and diabetes. Similarly, for β-antagonist users, matched control groups were set considering covariates including age, sex, follow-up time, schooling years, alcohol consumption, smoking history, respiratory diseases, and diabetes. Each β2-agonist or non-selective β-antagonist user was matched to five control subjects with the nearest neighbor matching within a caliper width of 0.20, while the matching of selective β1-antagonist users was set with a ratio of 1:1. Standardized mean difference (SMD) was used to judge the differences of covariate after performing propensity-score matching. SMD <0.10 indicated few or trivial differences between groups. Propensity-score matching was performed using the R MatchIt package (version 4.1.1).

All continuous data were presented as mean ± standard deviation (SD) and compared using a t-test. Categorical data were presented as N (%) and compared using the chi-square test. Logistic regression was conducted to estimate the odds ratio (OR) of dementia and its 95% confidence interval (95% CI) with the use of β2-agonists by adjusting for stroke, respiratory diseases, and the use of β-antagonists, while with the use of β-antagonists by controlling confounders of essential tremors, heart diseases, hypertension and the use of β2-agonists. For selective β1-antagonist usage, covariates including stroke, heart diseases, hypertension, and the use of β2-agonists were adjusted during logistic regression analysis. A P < 0.05 (two-tailed) was considered statistically significant. We further performed a sensitivity analysis to explore a possible time–response relationship between dementia and the use of β2-agonists or β-antagonists. The additional sensitivity analyses comprised the risk of dementia associated with having never used, cumulatively used <24 months, and cumulatively used more than 24 months medications of β2-agonists or β-antagonists. The test for trend was based on variables containing a median value for each quintile. All statistical analyses in this study were performed using R (version 4.1.1) with R Studio (version 1.1.442).




Result

A total of 2,198 adults were identified in the EMR database from 1 January 2002 to 31 December 2019. Among them, 252 individuals were removed for missing records, while 458 were removed since their baseline age was younger than 60 or the duration of follow-up was <1 year. We further excluded 59 individuals for their recorded dementia or usage of β2-agonists or β-antagonists before the entry date, as well as for their history of normal pressure hydrocephalus, intracranial tumor, massive cerebral infarction or hemorrhage, infarcts or hemorrhage in areas involved in cognition, undergoing neurosurgery or diagnoses of other neurodegenerative diseases, such as PD. The remaining 1,429 individuals met our eligibility criteria and were included in this study (Figure 1). For all participants, the mean baseline age was 73.2 ± 7.9 years with a mean follow-up time of 9.2 ± 4.3 years. Notably, 84.0% of the study population were men. The average schooling year of participants included was 15 ± 2 years, and about 87% have a college degree or above. During follow-up, 215 (14.8%) participants were diagnosed with dementia, including 110 with AD, 51 with vascular dementia, and 54 with mixed-type dementia. Prescription records showed that 100 (7.0%) participants used β2-agonists, while 112 (7.7%) used β-antagonist medications.


[image: Figure 1]
FIGURE 1
 Flowchart displaying a selection of the study population.


For β2-agonist users, propensity-score matching using a greedy nearest-neighbor matching within a specified caliper distance of 0.2 was performed to find matched controls. As shown in Table 1, 446 control subjects were matched to 98 β2-agonist users with a total standardized mean difference (SMD) of 0.010. Variables, including age, sex, follow-up time, schooling years, alcohol consumption, smoking history, heart diseases, hypertension, and diabetes, were balanced between the two groups. No significant differences were found in stroke and consumption of β-antagonists between β2-agonist users and non-users. As the main indications for β2-agonist drugs, respiratory diseases occurred obviously more commonly in the group of β2-agonist users than in non-users.


TABLE 1 Characteristics of β2-agonist users and their matched controls.
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The association between the use of β2-agonists and the risk for dementia was analyzed by logistic regression controlling for respiratory diseases, stroke, and the use of β-antagonists. Strikingly, the consumption of β2-agonists was shown to be associated with a decreased risk of dementia (OR = 0.324, 95% CI: 0.149–0.707, P = 0.005). Further sensitivity analysis demonstrated a time–response manner. Reduced risks were seen for both short-term use (≤ 24 months) and long-term use (>24 months) (OR = 0.380 and 0.211, respectively), indicating dementia risk decreased in a statistically significant time-dependent pattern with increased medication of β2-agonists (Ptrend = 0.014 ) (Table 2). As most of the sample included in our study were male participants, we further performed a stratified analysis by sex. In male participants, the use of β2-agonists was associated with a decreased risk of dementia (OR = 0.347, 95% CI: 0.157–0.767, P = 0.009). For the female participants, the analysis was unavailable because of the limited sample after propensity-score matching.


TABLE 2 Association between β2-agonist users and risk of dementia.
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As mentioned earlier, 112 β-antagonist users were matched with 553 control subjects using the propensity score matching technique with a total SMD of 0.006. Variables, including age, sex, follow-up time, schooling years, alcohol consumption, smoking history, respiratory diseases, and diabetes, were balanced between the two groups. There were no significant differences in stroke and consumption of β2-agonists in β-antagonist users compared with β-antagonist non-users. Heart diseases, hypertension, and essential tremor, which are indicative of β-antagonist medications, accounted for significantly higher proportions in β-antagonist users as expected (Table 3). In the analysis of logistic regression, the use of β-antagonists was associated with an increased risk of dementia (OR = 1.961, 95% CI 1.144–3.359, P = 0.014) after controlling for stroke, heart diseases, hypertension, essential tremor, and the use of β2-agonists. However, a time-dependent effect was not found between the medication of β-antagonists and dementia risk (Ptrend = 0.220) (Table 4). We also performed a stratified analysis by sex for β-antagonist users. We found that the medication of β-antagonists was associated with an increased risk of dementia in trend among male and female participants separately (male: OR = 1.762, 95% CI: 0.951–3.264, P = 0.072; female: OR = 3.136, 95% CI: 0.956–10.284, P = 0.059).


TABLE 3 Characteristics of β-antagonist users and their matched controls.
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TABLE 4 Association between β-antagonist users and risk of dementia.
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Similar analyses were also conducted for the group of selective β1-antagonist users. Matched controls were selected by the same covariates resembling non-selective β-antagonist users but with a ratio of 1:1 since 442 participants only used β1-antagonists. Interestingly, a null association was found between dementia risk and the use of selective β1-antagonists after adjusting for stroke, heart diseases, hypertension, and the use of β2-agonists (OR = 1.114, P = 0.625).



Discussion

This study showed that the use of β2-agonists was associated with a decreased risk of dementia in a time–response manner, whereas the use of non-selective β-antagonists increased dementia risk. In addition, selective β1-antagonists seem to lack associations with the risk of dementia, indicating the effects of increasing dementia risk may be related to the β2-antagonists part in non-selective β-antagonists.

At present, the propensity-score technique has gained much popularity for its ability to reduce systematic bias for observational studies by balancing the distribution of prognostically important covariates between comparator groups, and thus has been used in numerous cardiovascular research (18). For our study, in order to control the potential confounding effect of the drug itself, as well as covariates including age, sex, schooling years, smoking history, alcohol consumption, and comorbidities, such as diabetic state, hypertension, heart, and respiratory diseases, which are known to be epidemiological risk factors for dementia (2, 19) and may mislead the results, we used propensity-score analysis to match β2-agonists or β-antagonists users with controls from non-users, respectively.

Inhaled β2-agonists have commonly been prescribed in the treatment of respiratory diseases such as chronic obstructive pulmonary disease and often in concomitant with prescriptions of anticholinergics. Despite the anticholinergic drugs might exert a negative impact on cognition, our results demonstrated that the use of β2-agonists would decrease the risk of dementia (20, 21). Further analysis revealed a significant correlation of incremental duration of β2-agonists usage with corresponding reductions of ORs, supporting the notion that β2-agonist drugs might have cumulative preventive effects in the development of dementia.

The protective roles of β2-adrenoceptors activation have been confirmed by a series of studies recently. β2-agonist drugs such as formoterol were shown to be capable of reducing oxidative stress, attenuating apoptosis, promoting dendritic complexity, and improving cognition in AD-related mouse models (22, 23). Activation of β2-adrenoceptors may decrease AD-related pathologic proteins and prevent their impairment. A recent study using circular dichroism spectroscopy identified salbutamol as an inhibitor of tau protein aggregation in vitro (24). Chai et al. reported that the activation of β2-adrenoceptors could decrease cerebral amyloid plaque burden through increased α-secretase activity (25). The finding from a study conducted by Li et al. indicated that the activation of β2-adrenoceptors and downstream signaling pathways could facilitate the long-term potentiation of hippocampal neurons. Moreover, chronically fed wild-type mice with drugs acting on β2-adrenoceptors could protect the hippocampus from impairment by amyloid-beta oligomers (26). The activation of β2-adrenoceptors could also be implicated in the modulation of neuroinflammation. Direct stimulation of glial β2-adrenoceptors by agonists would suppress the expression of proinflammatory genes, induce the expression of anti-inflammatory mediators, and enhance the production of neurotrophic factors (23, 27). Therefore, the inhibition of β2-adrenoceptors could exert a detrimental effect on AD-like pathology and exacerbate cognitive deficits (28).

In our study, with adjustment for hypertension, as well as heart diseases and essential tremor, on which non-selective β-antagonists are usually prescribed as above mentioned, we found that an increased risk of dementia was associated with the use of non-selective β-antagonists. Although no further time-dependent association was found, the following results of a null association between selective β1-antagonists use and dementia indicated the increased risk by the use of non-selective β-antagonists obtained in the present study might not be due to confounding factors. Partially supporting our results, a previous study exploring the influence of β-blockers, including propranolol, carvedilol, and metoprolol, on cognitive function revealed a trend for worse delayed memory retrieval in cognitively impaired patients (29). In their discussion, they agreed that specified analysis for subgroups of β-blockers and a balanced distribution of vascular risk factors are required for future investigation. In addition, the discrepant ability of β-antagonist drugs to cross the blood–brain barrier (BBB) should be addressed. For non-selective β-antagonists, propranolol and carvedilol are classified with high BBB permeability, arotinolol with moderate BBB permeability, and sotalol with low BBB permeability (30). For selective β1-antagonists, metoprolol is classified with moderate BBB permeability, bisoprolol, and atenolol with low BBB permeability, while none with high BBB permeability (30). Thus, the inconsistent findings of non-selective β-antagonists and selective β1-antagonists may be related to the diverse BBB permeability, as β-antagonists with high or moderate BBB permeability may exert central effects. Studies with larger samples for exploring associations between different β-antagonist drug categories and the risk of dementia are needed in future. However, several previous studies and meta-analyses for associations between hypertensive medication and cognitive impairment in the older population found β-blockers were associated with a lower rate of cognitive decline (31, 32). However, other antihypertensive medications analyzed in these studies also exhibited similar associations, reflecting an overall benefit of positive controlling of blood pressure and its comorbidities for cognition, as indicated by the SPRINT-MIND trial that intensive blood pressure control was associated with a reduction in mild cognitive impairment and a statistically non-significant reduction in the risk of probable dementia as well as a smaller increase in cerebral white matter lesion volume (33, 34). In addition, we must address the bias of essential tremor, hypertension, and heart disease between the groups because β2-antagonists may be prescribed for these diseases, which are hard to avoid and could confound the results. Thus, the finding of the association between non-selective β-antagonists and dementia should be interpreted prudently.

To our knowledge, this study is the first longitudinal study to explore the association between β2-adrenoreceptor medications and the risk of dementia in the older population. In the current observational research, the mean follow-up time was 9.2 ± 4.3 years, which was even more than 10 years in each analyzed group after matching, thus allowing us to investigate the long-term effects of β2-adrenoreceptor medications on dementia risk. In addition, all participants were 60 years old, with the mean age being 73.2 ± 7.9 years, facilitating a specified illustration of the possible influence of β-adrenoreceptor acting drugs in older adults. More importantly, the propensity score matching technique performed in this longitudinal study for patient cohort selection has provided assurance for better control of confounders than traditional covariate adjustment methods and, therefore, may add more strength for validating our results. Still, the study subjects consist predominantly of male participants, and a relatively small sample size from one department may limit its intended interpretation for a general population. However, we controlled for biological sex by propensity-score matching, and the proportion of male or female participants was balanced between case and control groups. In addition, we also performed stratified analysis by sex and still found the use of β2-agonists was associated with a decreased risk of dementia in male participants, and β-antagonist drug usage was associated with an increased risk of dementia in male and female participants separately in trend. The similar tendency of β-antagonist drugs with dementia in male and female participants suggested that β-antagonist medication was associated with increased dementia risk regardless of biological sex and may be related to the limited sample of each sex, especially female participants. Thus, the significant association between β2-adrenoreceptor medications and the risk of dementia was with limited bias. Because of the predominance of male participants in our study and the higher risk of AD among female participants, the association may be underestimated. Further studies, including more female participants or an equivalent ratio of sexes, were needed to investigate the effect of β2-adrenoreceptor medications on dementia in different sexes. In addition, diagnosis of dementia based on ICD codes may lead to the loss of substantial numbers of individuals in the early prodromal stage of dementia. As such, longitudinal studies with expanded sample size and balanced sex ratio from multicenter, in combination with neuropsychological assessment and neuroimaging technique targeting alterations in regions including LC and hippocampus to describe the impact of β-adrenoreceptor acting drugs, especially β2-agonist medications, on cognitive function are in urgent need.



Conclusion

In summary, results from this case–control study presented significant associations between β-adrenoreceptor acting drugs and the risk of dementia. Our data provided evidence that β2-agonist drugs are associated with lower dementia risk and could be a potential target for developing neuroprotective medications in the therapeutics for dementia. We also recommend that it would be prudent to evaluate the risk–benefit ratio before prescribing medications of β-antagonists. Moreover, cognitive assessment before the initiation of these agents and regularly repeated during the follow-up time might be required in the older population.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by Ethics Committees of Shanghai Ruijin. The patients/participants provided their written informed consent to participate in this study.



Author contributions

SC performed the statistical analysis and wrote the paper. FF collected the data and revised the paper. PC assisted with writing the article. QJ and SX supervised the data collection. ZX and JH formulated the research question and designed the study. FL designed the study and revised the article. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by grants from the National Natural Science Foundation of China (No. 81571029), the Shanghai Municipal Health Commission (No. 202040088), and the Shanghai Sailing Program (No. 19YF1429900).



Acknowledgments

The authors thank all the patients who participated in this study.



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.



References

 1. Lopez OL, Kuller LH. Epidemiology of aging and associated cognitive disorders: prevalence and incidence of Alzheimer's disease and other dementias. Handb Clin Neurol. (2019) 167:139–48. doi: 10.1016/B978-0-12-804766-8.00009-1

 2. Jia L, Du Y, Chu L, Zhang Z, Li F, Lyu D, et al. Prevalence, risk factors, and management of dementia and mild cognitive impairment in adults aged 60 years or older in China: a cross-sectional study. Lancet Public Health. (2020) 5:e661–71. doi: 10.1016/S2468-2667(20)30185-7

 3. Chan KY, Wang W, Wu JJ, Liu L, Theodoratou E, Car J, et al. Epidemiology of Alzheimer's disease and other forms of dementia in China, 1990-2010: a systematic review and analysis. Lancet. (2013) 381:2016–23. doi: 10.1016/S0140-6736(13)60221-4

 4. Kelly SC, He B, Perez SE, Ginsberg SD, Mufson EJ, Counts SE. Locus coeruleus cellular and molecular pathology during the progression of Alzheimer's disease. Acta Neuropathol Commun. (2017) 5:8. doi: 10.1186/s40478-017-0411-2

 5. Clewett DV, Lee TH, Greening S, Ponzio A, Margalit E, Mather M. Neuromelanin marks the spot: identifying a locus coeruleus biomarker of cognitive reserve in healthy aging. Neurobiol Aging. (2016) 37:117–26. doi: 10.1016/j.neurobiolaging.2015.09.019

 6. Sterpenich V, D'Argembeau A, Desseilles M, Balteau E, Albouy G, Vandewalle G, et al. The locus ceruleus is involved in the successful retrieval of emotional memories in humans. J Neurosci. (2006) 26:7416–23. doi: 10.1523/JNEUROSCI.1001-06.2006

 7. Mather M, Harley CW. The locus coeruleus: essential for maintaining cognitive function and the aging brain. Trends Cogn Sci. (2016) 20:214–26. doi: 10.1016/j.tics.2016.01.001

 8. Elman JA, Puckett OK, Beck A, Fennema-Notestine C, Cross LK, Dale AM, et al. MRI-assessed locus coeruleus integrity is heritable and associated with multiple cognitive domains, mild cognitive impairment, and daytime dysfunction. Alzheimers Dement. (2021) 17:1017–25. doi: 10.1002/alz.12261

 9. Mather M. Noradrenaline in the aging brain: promoting cognitive reserve or accelerating Alzheimer's disease? Semin Cell Dev Biol. (2021) 116:108–24. doi: 10.1016/j.semcdb.2021.05.013

 10. Velmurugan BK, Baskaran R, Huang CY. Detailed insight on beta-adrenoceptors as therapeutic targets. Biomed Pharmacother. (2019) 117:109039. doi: 10.1016/j.biopha.2019.109039

 11. Rabe KF, Watz H. Chronic obstructive pulmonary disease. Lancet. (2017) 389:1931–40. doi: 10.1016/S0140-6736(17)31222-9

 12. Walters EH, Gibson PG, Lasserson TJ, Walters JA. Long-acting beta2-agonists for chronic asthma in adults and children where background therapy contains varied or no inhaled corticosteroid. Cochrane Database Syst Rev. (2007) 24:CD001385. doi: 10.1002/14651858.CD001385.pub2

 13. Deuschl G, Raethjen J, Hellriegel H, Elble R. Treatment of patients with essential tremor. Lancet Neurol. (2011) 10:148–61. doi: 10.1016/S1474-4422(10)70322-7

 14. Dodick DW. Migraine. Lancet. (2018) 391:1315–30. doi: 10.1016/S0140-6736(18)30478-1

 15. Ong HT. Beta blockers in hypertension and cardiovascular disease. BMJ. (2007) 334:946–9. doi: 10.1136/bmj.39185.440382.47

 16. Hopfner F, Höglinger GU, Kuhlenbäumer G, Pottegård A, Wod M, Christensen K, et al. β-adrenoreceptors and the risk of Parkinson's disease. Lancet Neurol. (2020) 19:247–54. doi: 10.1016/S1474-4422(19)30400-4

 17. Yu JT, Tan L, Ou JR, Zhu JX, Liu K, Song JH, et al. Polymorphisms at the beta2-adrenergic receptor gene influence Alzheimer's disease susceptibility. Brain Res. (2008) 1210:216–22. doi: 10.1016/j.brainres.2008.03.019

 18. Deb S, Austin PC, Tu JV, Ko DT, Mazer CD, Kiss A, et al. A Review of Propensity-Score Methods and Their Use in Cardiovascular Research. Can J Cardiol. (2016) 32:259–65. doi: 10.1016/j.cjca.2015.05.015

 19. Zhang XX, Tian Y, Wang ZT, Ma YH, Tan L, Yu JT. The epidemiology of Alzheimer's disease modifiable risk factors and prevention. J Prev Alzheimers Dis. (2021) 8:313–21. doi: 10.14283/jpad.2021.15

 20. Taylor-Rowan M, Edwards S, Noel-Storr AH, McCleery J, Myint PK, Soiza R, et al. Anticholinergic burden (prognostic factor) for prediction of dementia or cognitive decline in older adults with no known cognitive syndrome. Cochrane Database Syst Rev. (2021) 5:CD013540. doi: 10.1002/14651858.CD013540.pub2

 21. Zheng YB, Shi L, Zhu XM, Bao YP, Bai LJ, Li JQ, et al. Anticholinergic drugs and the risk of dementia: a systematic review and meta-analysis. Neurosci Biobehav Rev. (2021) 127:296–306. doi: 10.1016/j.neubiorev.2021.04.031

 22. Dang V, Medina B, Das D, Moghadam S, Martin KJ, Lin B, et al. Formoterol, a long-acting beta2 adrenergic agonist, improves cognitive function and promotes dendritic complexity in a mouse model of Down syndrome. Biol Psychiatry. (2014) 75:179–88. doi: 10.1016/j.biopsych.2013.05.024

 23. Abdel Rasheed NO, El Sayed NS, El-Khatib AS. Targeting central beta2 receptors ameliorates streptozotocin-induced neuroinflammation via inhibition of glycogen synthase kinase3 pathway in mice. Prog Neuropsychopharmacol Biol Psychiatry. (2018) 86:65–75. doi: 10.1016/j.pnpbp.2018.05.010

 24. Townsend DJ, Mala B, Hughes E, Hussain R, Siligardi G, Fullwood NJ, et al. Circular dichroism spectroscopy identifies the beta-adrenoceptor agonist salbutamol as a direct inhibitor of tau filament formation in vitro. ACS Chem Neurosci. (2020) 11:2104–16. doi: 10.1021/acschemneuro.0c00154

 25. Chai GS, Wang YY, Zhu D, Yasheng A, Zhao P. Activation of beta2-adrenergic receptor promotes dendrite ramification and spine generation in APP/PS1 mice. Neurosci Lett. (2017) 636:158–64. doi: 10.1016/j.neulet.2016.11.022

 26. Li S, Jin M, Zhang D, Yang T, Koeglsperger T, Fu H, et al. Environmental novelty activates beta2-adrenergic signaling to prevent the impairment of hippocampal LTP by Abeta oligomers. Neuron. (2013) 77:929–41. doi: 10.1016/j.neuron.2012.12.040

 27. Ryan KM, Harkin A. Regulation of beta2-adrenoceptors in brain glia: implications for neuroinflammatory and degenerative disorders. Neural Regen Res. (2020) 15:2035–6. doi: 10.4103/1673-5374.282255

 28. Branca C, Wisely EV, Hartman LK, Caccamo A, Oddo S. Administration of a selective beta2 adrenergic receptor antagonist exacerbates neuropathology and cognitive deficits in a mouse model of Alzheimer's disease. Neurobiol Aging. (2014) 35:2726–35. doi: 10.1016/j.neurobiolaging.2014.06.011

 29. Gliebus G LC. The influence of β -blockers on delayed memory function in people with cognitive impairment. Am J Alzheimers Dis Other Demen. (2007) 22:57–61. doi: 10.1177/1533317506295889

 30. Beaman EE, Bonde AN, Ulv Larsen SM, Ozenne B, Lohela TJ, Nedergaard M, et al. Blood-brain barrier permeable beta-blockers linked to lower risk of Alzheimer's disease in hypertension. Brain. (2022) 23:awac076. doi: 10.1093/brain/awac076

 31. Guo Z, Fratiglioni L, Zhu L, Fastbom J, Winblad B, Viitanen M. Occurrence and progression of dementia in a community population aged 75 years and older: relationship of antihypertensive medication use. Arch Neurol. (1999) 56:991–6. doi: 10.1001/archneur.56.8.991

 32. Ding J, Davis-Plourde KL, Sedaghat S, Tully PJ, Wang W, Phillips C, et al. Antihypertensive medications and risk for incident dementia and Alzheimer's disease: a meta-analysis of individual participant data from prospective cohort studies. Lancet Neurol. (2020) 19:61–70. doi: 10.1016/S1474-4422(19)30393-X

 33. Group SMI, Pajewski NM, Auchus AP, Bryan RN, Chelune G, et al. Effect of intensive vs standard blood pressure control on probable dementia: a randomized clinical trial. JAMA. (2019) 321:553–61. doi: 10.1001/jama.2018.21442

 34. Group SM, Nasrallah IM, Pajewski NM, Auchus AP, Chelune G, Cheung AK, et al. Association of intensive vs standard blood pressure control with cerebral white matter lesions. JAMA. (2019) 322:524–34. doi: 10.1001/jama.2019.10551





OPS/images/fneur-13-999666-t003.jpg
B2-antagonist

sers (N = 553)

Age (SD) 74.01 (7.05) 73.61 (7.44) 0.700 0.055
Male (%) 94 (83.9) 458 (82.8) 0.776 0.034
Schooling years 0924 0.006
Schooling year 17 (15.2) 82(14.8)

<12 years (%)

Schooling year 95 (84.8) 471(852)

>12 years (%)

Follow-up time (SD) 1113 (3.75) 11.10 (3.83) 0.938 0.005
Alcohol (%) 6(5.4) 28(5.1) 0.898 0.010
Smoking (%) 29 (16.4) 83(17.0) 0.849 0.019
Heart disease (%) 78 (69.6) 235 (42.5) <0.001 /
Respiratory disease (%) 39 (34.8) 184 (33.3) 0.752 0.027
Hypertension (%) 105 (93.8) 455 (82.3) 0.002 /
Diabetes (%) 58 (51.8) 285 (51.5) 0.962 0.003
Essential tremor (%) 13 (11.6) 10 (1.8) <0.001 /
Stroke (%) 16 (14.3) 62(11.2) 0357 /
Dementia (%) 27 (24.1) 71(12.8) 0.002 il
B2-agonist users (%) 6(5.4) 45(8.1) 0313 /

SD, standard deviation; SMD, standardized mean difference.





OPS/images/fneur-13-999666-t004.jpg
OR (95% CI)*

Exposure group

P-value

B-antagonist non-user

1

B-antagonist user 1.961 (1.144-3.359) 0.014
Cumulative use, months

Never 1

<24 2.215 (1.110-4.067) 0.023
>24 1.597 (0.747-3.415) 0227
P-value for trend 1.007 (0.996-1.017) 0220

*Adjusted for stroke, essential tremor, heart disease, hypertension, and use of B2-agonists.

CI, confidence interval; OR, odds ratio.






OPS/images/fneur-13-999666-t001.jpg
gonist users gonist

(N =98) sers (N = 446)
Age (SD) 7343 (6.93) 73.05 (7.30) 0.643 0.033
Male (%) 89(90.8) 395 (88.6) 0519 0.041
Schooling years 0921 0.008
Schooling year 16 (16.3) 71(15.9)
<12 years (%)
Schooling year 82(83.7) 375 (84.1)
>12 years (%)
Follow-up time (SD) 1128 (3.52) 11.15 (3.87) 0.777 0.036
Alcohol (%) 6(6.1) 31(7.0) 0.768 0.026
Smoking (%) 45 (45.9) 183 (41.0) 0375 0.001
Heart disease (%) 41(41.8) 184 (41.3) 0916 0.001
Respiratory disease (%) 83 (84.7) 136 (30.5) <0.001 /
Hypertension (%) 76 (77.6) 362 (81.2) 0413 0.094
Diabetes (%) 31(31.6) 149 (33.4) 0.735 0.020
stroke (%) 8(8.2) 60 (13.5) 0.152 /
Dementia (%) 9(92) 67 (15.0) 0.131 /
B-antagonist users (%) 6(6.1) 34(7.6) 0.606 /

SD, standard deviation; SMD, standardized mean difference.






OPS/images/fneur-13-999666-t002.jpg
OR (95% Cl)*  P-value

Exposure group

B2-agonist non-user 1

PB2-agonist user 0.324 (0.149-0.707) 0.005

Cumulative use, months

Never 1

<24 0.380 (0.150-0.960) 0.041
>24 0211 (0.061-0.723) 0013
P-value for trend 0.954 (0.919-0.990) 0014

s Adjusted for stroke, respiratory discase, and use of B2-agonists; CI, confidence interval;
OR, odds ratio.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Associations between the use of β-adrenoceptor acting drugs and the risk of dementia in older population



		Key points



		Introduction



		Methods



		Data sources



		Study design



		Study population



		Exposure data



		Outcomes



		Covariates









		Statistical analysis







		Result



		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Associations between the use of
B-adrenoceptor acting drugs
and the risk of dementia in older
population





OPS/images/fneur-13-999666-g001.gif
2198 participants were identified in the
EMR database from January 1, 2002 to
December 31, 2019

1946 partiipants with intact information

1488 particpants met the inclusion criteria

tudy

Excluded:
252 panticipant with missing
data or no follow-up record

458 participant with baseline
age younger than 60 or less
than 1 year of folow-up

Excluded:
59 partiipants met the
exclusion criteria






OPS/images/fneur-13-999666-i001.gif









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





OPS/images/logo.jpg
& frontiers | Frontiers in Neurology





