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Purpose: This study aimed to investigate the influence of 24-h ambulatory blood pressure (BP) on cognitive function and neuropathological biomarkers in patients with Alzheimer's disease (AD) at the stages of mild cognitive impairment (MCI) and dementia.

Methods: The patients with AD were divided into the MCI (AD-MCI) group and the dementia (AD-D) group. Notably, 24-h BP variables, including BP level, coefficient of variation (CV) of BP, and pulse pressure, were collected and compared between the two groups. The correlations between 24-h BP variables and the scores of cognitive domains were analyzed. The independent influencing factors of cognitive domains of patients with AD were investigated. The levels of neuropathological biomarkers of AD, including β amyloid (Aβ)1−42, phosphorylated tau (P-tau), and total tau (T-tau), in cerebrospinal fluid (CSF) were measured and compared between the two groups, and the correlations between 24-h BP variables and the levels of neuropathological biomarkers of AD were analyzed.

Results: Daytime CV of systolic BP (SBP) was significantly increased in the AD-D group compared to that in the AD-MCI group. The 24-h and daytime CV of SBP and ambulatory pulse pressure were significantly and negatively correlated with memory score. The average 24-h and average daytime SBP level and CV of SBP, daytime CV of diastolic BP (DBP), and 24-h, daytime, and night-time ambulatory pulse pressure were significantly and negatively correlated with language score. The average 24-h SBP level, daytime CV of SBP, and 24-h, daytime, and night-time ambulatory pulse pressure were significantly and negatively correlated with attention score. Further analysis indicated that daytime CV of SBP as well as age and course of disease were the independent influencing factors of language. Age was also the independent influencing factor of memory and attention of patients with AD. T-tau level in CSF in the AD-D group was significantly higher than that in the AD-MCI group, but the levels of Aβ1−42, P-tau, and T-tau in CSF were not correlated with 24-h ambulatory BP variables.

Conclusion: Daytime CV of SBP was the independent influencing factor of language in patients with AD. The AD-D patients had significantly severe neurodegeneration than AD-MCI patients, which was, however, not through the influence of 24-h ambulatory BP variables on neuropathological biomarkers of AD.
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INTRODUCTION

Alzheimer's disease (AD) is the most common neurodegenerative disease and a type of dementia in the elderly. With the accelerated aging process, its incidence and prevalence are increasing year after year. The main clinical manifestations of AD, which is characterized by a progressive deterioration in cognition, behavior, and function, place a considerable burden on society. AD can be conceptualized as a continuum, i.e., patients progress from normal cognition to mild cognitive impairment (MCI) due to AD (AD-MCI), followed by the increased severity of dementia due to AD (AD-D) (Davis et al., 2018).

Abnormal blood pressure (BP) was closely related to the occurrence and development of AD. The relationship between BP level and cognitive function in patients with AD was complex, which was reflected by the evidence that either high or low BP level might increase the risk of cognitive impairment and dementia (Streit et al., 2019). BP variability (BPV) refers to the fluctuation degree of BP in a specific time, and its abnormal increase reflects the increase of BP fluctuation degree. It was found that elevated BPV was a predictive of dementia, independent of the average BP level (Sible and Nation, 2021b). However, other studies demonstrated that elevated BPV was not associated with an increased risk of dementia (van Middelaar et al., 2018). Pulse pressure is calculated as the systolic BP (SBP) values minus diastolic BP (DBP) values, and a previous study showed that it was a potential key contributor to cognitive impairment in many individuals (Thorin-Trescases et al., 2018). Previous studies on BP and AD have mainly focused on the relationship between the occurrence of AD and office BP level, BPV, and pulse pressure, and have rarely investigated the differences of 24-h ambulatory BP variables in patients with AD at the stages of MCI and dementia and the influence of 24-h ambulatory BP variables on multiple cognitive domains of patients with AD. The relationship between 24-h ambulatory BP variables (e.g., BP level, BPV, and pulse pressure) and cognitive function in patients with AD remains uncertain.

The neuropathological features of AD include the neuritic plaques and the neurofibrillary tangles, which were mainly composed of β amyloid (Aβ) and phosphorylated tau (P-tau), respectively. The levels of the neuropathological biomarkers of AD in cerebrospinal fluid (CSF) were closely related to the degree of cognitive impairment in patients with AD (Milà-Alomà et al., 2019; Bridel et al., 2022). It was previously found that BPV was related to increased tau accumulation over time specifically within a temporal region known to show tau deposition on a tau-PET scan during the early stages of AD (Sible and Nation, 2021b). However, it is still unclear whether BP variables affect the disease severity and impairments of cognitive domains by changing the level of pathological biomarkers in CSF in patients with AD.

In this study, we compared 24-h ambulatory BP variables (e.g., BP level, BPV, and pulse pressure) between AD-MCI and AD-D groups, analyzed the correlations of 24-h ambulatory BP variables with the score of multiple cognitive domains, and identified the independent factor that influenced individual cognitive domains. We measured and compared the levels of neuropathological proteins in CSF between AD-MCI and AD-D groups, and further analyzed the correlation between the levels of neuropathological biomarkers in CSF and BP variables in patients with AD.



MATERIALS AND METHODS


Ethics Statement

This study met the guidelines of ethical principles for medical research involving human subjects of the Declaration of Helsinki, and the study protocol was approved by the Ethical Review Board of Beijing Tiantan Hospital. Written informed consents were obtained from patients with AD and their family members. All methods were performed following relevant guidelines and regulations.



Inclusion Criteria of AD

This study included patients with MCI due to AD (Albert et al., 2011) and patients with AD dementia (McKhann et al., 2011) according to the National Institute of Aging and Alzheimer's Association (NIA-AA) criteria (Albert et al., 2011; McKhann et al., 2011).



Exclusion Criteria for Enrolled Patients With AD

• The MCI and dementia caused by the following diseases were excluded: (1) Parkinson's syndrome with early significant visual hallucinations and rapid eye movement sleep behavior disorder, which was common in Lewy body disease; (2) multiple vascular risk factors and/or head MRI suggested extensive cerebrovascular disease, which might suggest vascular cognitive impairment; (3) significant behavioral or language impairment early in the course of disease, which might suggest frontotemporal lobar degeneration; (4) rapid cognitive decline within a few weeks or months might indicate prion disease, tumor, or metabolic disease; and (5) other diseases were excluded, which might cause cognitive decline.

• The patients who could not cooperate with ambulatory BP monitoring and cognitive evaluation by a variety of rating scales due to various reasons were excluded.

• The patients with atrial fibrillation, atrial flutter, acute myocardial infarction, myocarditis, and severe valvular heart disease were excluded.



Collections of Demographic Variables and Clinical Information

A total of 190 hospitalized patients with AD according to the inclusion and exclusion criteria were consecutively recruited from the inpatient wards of the Departments of Neurology and Geriatrics, Beijing Tiantan Hospital, Capital Medical University, from November 2017 to November 2021.

The general demographic and clinical data of patients with AD, including gender, age, course of disease, body mass index (BMI), and education level, were recorded; the number of patients with smoking history, alcohol history, hypertension, diabetes, and coronary heart disease, and the number of patients taking antihypertensive medicines were also recorded.



Ambulatory BP Monitoring

A monitor (model MOBIL-O-GRAPH) made in Germany was used to observe 24-h ambulatory BP for each patient with AD before adjustment of antihypertensive medicines within 3 days after admission.

On the day of ambulatory BP monitoring, the patients with AD worked and rested according to the daytime and night-time, continued taking drugs according to the previous medication situation, and kept the activities of daily living unaffected. BP was recorded every 30 min during the day (6 a.m.−10 p.m.), and every 60 min at night (10 p.m.−6 a.m.). If the record time of 24-h ambulatory BP monitoring was <22 h or the invalid record was >20% of the total record of BP, patients were eliminated or monitored 24-h ambulatory BP again. In this study, the coefficient of variation (CV) of BP over a specific period was used to reflect the BPV.

The average SBP and DBP in the whole day, day and night, and the CV of SBP and DBP in the corresponding period were collected, respectively. The ambulatory pulse pressure throughout the whole day, day, and night was collected, respectively.



Assessment of Cognitive Function

The cognitive domains of patients with AD were assessed by using the following rating scales within 3 days after admission.

Memory: Auditory Verbal Learning Test (AVLT) (Guo et al., 2009) was used to assess verbal memory. AVLT1-3, AVLT4, and AVLT5 standed for immediate recall, short delayed recall, and long-delayed recall, respectively. The first 5 times of total recall of AVLT represented the general situation of verbal memory.

Language: Animal Fluency Test (AFT) (Zhao et al., 2018) was used to assess language function. The lower the score, the poorer the language function.

Attention: Symbol Digit Modalities Test (SDMT) (Zhou et al., 2019) was used to assess attention. The lower the score, the worse the attention.



Measurements of Neuropathological Biomarkers of AD in CSF

Anti-AD drugs were withheld for 12–14 h prior to sampling the CSF. The volume of 3 ml CSF was obtained using a lumbar puncture between 7 a.m. and 10 a.m. under a fasting condition, and placed in a polypropylene tube. Approximately, the volume of 0.5 ml CSF was aliquoted into separate Nunc cryotubes and kept frozen at −80°C until used in assays.

The levels of neuropathological biomarkers of AD, including Aβ1−42, P-tau, and total tau (T-tau) in CSF, were detected by enzyme linked immuno sorbent assay (ELISA) with the kits of Immunobiological Laboratories Co., Ltd. (Japan).



Statistical Processing

Statistical analysis was performed using the SPSS version 21.0 software. A value of P <0.05 was defined as statistically significant.

The demographic data and BP variables, including the average BP level, CV of BP and pulse pressure during 24-h monitoring, and neuropathological biomarkers in CSF from the AD-MCI and AD-D groups, were compared. If the data of two groups satisfied the normal distribution or the uniform variance, the deviation of the mean standard was performed to represent the comparison between the two groups by the t-test; if the data did not satisfy the normal distribution or the uniform variance, the data were presented by the medians (quartiles), while the comparison between the two groups adopted a nonparametric test. The categorical data were expressed as a percentage, and the χ2 test was used for comparison between the two groups.

The Spearman correlation was used to analyze the relationship between BP variables during 24-h monitoring and the rating scores of multiple cognitive domains, as well as neuropathological biomarkers in CSF from patients with AD.

The demographic data and BP variables during 24-h monitoring that might affect the rating scores of cognitive domains in patients with AD were further analyzed by multiple linear regression to reveal the independent factors that influenced each cognitive domain of patients with AD.




RESULTS


Comparisons of Demographic Variables Between the AD-MCI and AD-D Groups

Among the 190 patients enrolled, 60 cases with the severity of MCI were in the AD-MCI group, and the remaining 130 cases with the severity of dementia were in the AD-D group.

The age in the AD-D group was significantly higher than that in the AD-MCI group (P <0.05). There was no significant difference in gender, course of disease, education level, BMI, smoking history, alcohol history, hypertension, diabetes, coronary heart disease, and the number of patients taking antihypertensive medicines between the two groups (Table 1).


Table 1. Comparisons of demographic variables between the AD-MCI and AD-D groups.
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Comparisons of 24-h Ambulatory BP Variables Between the AD-MCI and AD-D Groups

The 24-h ambulatory BP variables, including the average BP level, CV of BP, and pulse pressure in the AD-MCI and AD-D groups, were compared. It was shown that daytime CV of SBP in the AD-D group was significantly higher than that in the AD-MCI group. There were no significant differences in 24-h and night-time CV of SBP, CV of DBP in each period, average BP level, and pulse pressure between the AD-MCI and AD-D groups (Table 2).


Table 2. Comparisons of 24-h ambulatory BP variables between the AD-MCI and AD-D groups.
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The Correlation Between 24-h Ambulatory BP Variables and the Scores of Multiple Cognitive Domains in Patients With AD

The bivariate Spearman correlation analysis was used to investigate the correlations between 24-h BP variables, including the BP level, CV of BP and pulse pressure, and the scores of rating scales for multiple cognitive domains, including memory, language, and attention in patients with AD (Table 3).


Table 3. The correlation analysis between 24-h ambulatory BP variables and the scores of multiple cognitive domains in patients with AD.
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It was found that 24-h and daytime CV of SBP and 24-h and daytime ambulatory pulse pressure were significantly and negatively correlated with AVLT score in patients with AD, indicating that the greater the abovementioned BP-related indexes, the more obvious the memory decline of patients with AD.

It was observed that the average 24-h and the average daytime SBP level, 24-h and daytime CV of SBP, daytime CV of DBP, and 24-h, daytime, and night-time ambulatory pulse pressure were significantly and negatively correlated with AFT score in patients with AD, suggesting that the greater the abovementioned BP-related indexes, the worse the language ability of patients with AD.

It was shown that the average 24-h SBP level, daytime CV of SBP, and 24-h, daytime, and night-time ambulatory pulse pressure were significantly and negatively correlated with SDMT score in patients with AD, implying that the greater the abovementioned BP-related indexes, the more obvious the attention disorder of patients with AD.



Multivariate Regression Analysis of the Scores of Multiple Cognitive Domains in Patients With AD

Multiple linear regression analysis was conducted on the possible influencing factors affecting the AVLT score of patients with AD, including age, course of disease, the average 24-h SBP level, the average daytime SBP level, 24-h CV of SBP, daytime CV of SBP, 24-h ambulatory pulse pressure, and daytime ambulatory pulse pressure. The results showed that age was an independent factor affecting the memory of patients with AD, and the B-value was negative, suggesting that the older the age, the worse the memory of patients with AD (Table 4).


Table 4. Multivariate regression analysis of cognitive domain scores in patients with AD.
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Multivariate linear regression analysis was adopted on the possible influencing factors affecting the AFT score of patients with AD, including age, course of disease, the average 24-h SBP level, the average daytime SBP level, 24-h CV of SBP, daytime CV of SBP, daytime CV of DBP, 24 h ambulatory pulse pressure, daytime ambulatory pulse pressure, and night-time ambulatory pulse pressure. The results showed that age, course of disease, and daytime CV of SBP were the independent influencing factors of language ability of patients with AD, and the B-values were negative, suggesting that the older the age, the longer the course of disease and the greater the variability of daytime SBP, the worse the language ability of patients with AD (Table 4).

Multivariate linear regression analysis was performed on the possible influencing factors affecting the attention of patients with AD, including age, course of disease, the average 24-h SBP level, the average daytime SBP level, daytime CV of SBP, 24-h ambulatory pulse pressure, daytime ambulatory pulse pressure, and night-time ambulatory pulse pressure. The results showed that age was an independent factor affecting the attention of patients with AD, and the B-value was negative, suggesting that the older the age, the worse the attention of patients with AD (Table 4).



Comparisons of Neuropathological Biomarkers of AD Between the AD-MCI and AD-D Groups

Among the patients with AD enrolled in this study, 43 cases had CSF samples collected, including 12 patients in the AD-MCI group and 31 patients in the AD-D group. The levels of Aβ1−42, P-tau, and T-tau in CSF were measured and compared between the AD-MCI and AD-D groups. It was found that T-tau level in CSF from the AD-D group was significantly elevated compared with that from the AD-MCI group. There was no significant difference in the levels of Aβ1−42 and P-tau in CSF between the AD-MCI and AD-D groups (Table 5).


Table 5. Comparisons of neuropathological biomarkers of AD between the AD-MCI and AD-D groups.
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Correlations Between Neuropathological Biomarkers of AD and 24-h Ambulatory BP Variables in Patients With AD

The bivariate Spearman correlation was used to analyze the correlations between the levels of pathological biomarkers of AD in CSF and 24-h ambulatory BP variables in patients with AD (Table 6). The results showed that the levels of Aβ1−42, P-tau, and T-tau in CSF were not correlated with 24-h BP value, CV of BP, and pulse pressure in patients with AD.


Table 6. Correlations between neuropathological biomarkers of AD and 24-h ambulatory BP variables in patients with AD.
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DISCUSSION

AD is one of the most common age-related disorders, and the likelihood of AD progression increased with age (Lai et al., 2020). In this study, it was found that the age of the AD-D group was significantly higher than that of the AD-MCI group, which was in line with the progressive process of AD. A previous study revealed that the memory of patients with AD decreased linearly with age (Messinis et al., 2016). For patients with AD, in addition to memory, language and attention were also the cognitive domains prone to functional decline with age (Blenkinsop et al., 2020). In this study, we found that the increase in age was the independent influencing factor of the impairments of memory, language, and attention in patients with AD. Age remained the greatest risk factor for AD, and was thus a fundamental driver for the development and progression of the disease (Masters, 2020).

In this study, the median course of disease in the AD-D group (36.00 months) was longer than that in the AD-MCI group (24.00 months), with p-value was close to 0.05, demonstrating that AD was a continuous process, and MCI was the early stage of the disease (Bondi et al., 2017). It was previously found that language dysfunction happened at the primary stage of AD and developed over time (Khatoonabadi and Masumi, 2019). As the disease progressed from MCI to dementia, a continuous decline in language was observed in patients with AD (Szatloczki et al., 2015). Here, we found that the increased course of disease was one of the independent factors affecting language in patients with AD.

Increasing data suggested that BPV was related to cognitive impairment. It was found that the rate of cognitive decline in patients with AD with high BPV was significantly higher than in those with low BPV (de Heus et al., 2019). The possible mechanisms underlying increased BPV and the severity of AD are currently unclear. It was speculated that increased BPV might induce variability of cerebral perfusion and impact brain health and cognition (Sible and Nation, 2020). Another possible explanation was that arteriosclerosis might contribute to BPV inflation and AD-related cognitive decline (Ma et al., 2020). Arterial stiffness increased BPV through different mechanisms and affected cognitive function (Hughes et al., 2018). Alternatively, the effects of neurodegeneration on the cortical control of the autonomic nervous system might cause the amplification of BPV (Nagai et al., 2010). AD pathology affecting central nervous system control of autonomic activity might influence BP and BPV (Sturm et al., 2018; Betts et al., 2019). A previous systematic review and meta-analysis showed that systolic BPV was significantly associated with a deterioration in cognitive impairment, and diastolic effect sizes were less stronger than systolic effect sizes in a direct comparison, including both BPV and mean BP for cognitive impairment or dementia (de Heus et al., 2021). This study found that the variability of daytime SBP in the AD-D group was significantly higher than that in the AD-MCI group. Considering that the increased daytime SBP variability was related to the severity of AD, it might be an effective predictor of disease progression for patients with AD. In a previous report, it was observed that increased systolic BPV was associated with arterial stiffening, whereas diastolic BPV was not (Zhou et al., 2018), which might be one of the reasons why systolic BPV had a greater impact on cognitive function than diastolic BPV.

Language dysfunction was well correlated with the impairment of temporal lobe (Chang et al., 2017). A previous study found that the elevated BPV was related to medial temporal volume loss specifically in those with abnormal AD biomarkers (Sible and Nation, 2021a). This study found that the increase in daytime SBP variability was an independent factor affecting the language function in patients with AD. Thus, the rate of language decline in patients with AD may be decreased by reducing daytime SBP variability. In the process of BP management of patients with AD, we must pay attention to the management of BPV, especially daytime SBP variability.

BP level was closely related to the occurrence of AD. Mid-life hypertension was associated with an increased risk of AD, while elevated late-life BP might be related to a decreased risk of AD (Ou et al., 2020). The role of BP level on the progression of AD was unclear. In this study, there was no significant difference in the average 24-h, daytime, and night-time SBP and DBP between the AD-MCI and AD-D groups. Thus, the relationship between BP level and severity of AD might not be a simple linear relationship. High pulse pressure was correlated with cerebral microvascular damage as well as white matter structural differences in elderly patient brains (Levin et al., 2020). This study found that the BP level and pulse pressure had certain correlations with the scores of memory, language, and attention in patients with AD. However, further regression analysis did not show that BP level and pulse pressure were the independent factors affecting memory, language, and attention of patients with AD, suggesting that BP level and pulse pressure might be related to cognitive impairment of patients with AD by affecting other factors. The above data indicated that the effect of BPV on cognitive function in patients with AD was greater than that of BP level and pulse pressure. The value of BPV in predicting cognitive decline and dementia risk may be beyond that of the average BP level and pulse pressure.

Pathological biomarkers of AD mainly contained Aβ1−42 and P-tau, which depositions led to neuronal damage by a series of pathways, and then induced memory decline and cognitive impairment (Xin et al., 2018). Aβ1−42 in CSF was widely accepted as a biomarker for AD, but histopathological evidence suggested that the Aβ1−42 level was a relatively weak predictor of severity of cognitive impairment compared with P-tau (Chandra et al., 2019). T-tau in CSF was a common biomarker for neurodegeneration with high sensitivity, but not specific for AD (Rabbito et al., 2020). In this study, the T-tau level in CSF from the AD-D group was significantly lower than that in the AD-MCI group, indicating that T-tau level in CSF was also one of the better indicators predicting the degree of neurodegeneration and progression of AD. Previous studies have explored the potential mechanism of cognitive impairment caused by the increased BPV. In this study, we found that the levels of Aβ1−42, P-tau, and T-tau in CSF were not significantly correlated with 24-h BP level, CV of BP, and pulse pressure in patients with AD. It suggested that 24-h ambulatory BP variables might not affect the cognitive function of patients with AD by changing the levels of Aβ1−42, P-tau, and T-tau in CSF. Neurodegeneration in the AD-D patients was significantly more severe than that in the AD-MCI. However, the association between 24-h BP variables and pathological biomarkers of AD was weak.

Certain limitations existed in this study are as follows: first of all, CSF samples were not obtained from all patients with AD enrolled in this study due to the difficulties caused by multiple reasons, which might decrease the statistical power of the analyses. In addition, as an observational study, this study provided limited grounds for drawing definite conclusions, and longitudinal studies are required to further clarify the impact of 24-h ambulatory BP variables on the progression and prognosis of patients with AD.

In summary, patients with AD in the dementia stage had significantly increased daytime CV of SBP than those in the MCI stage. Multiple 24-h ambulatory BP variables were correlated with cognitive domains of memory, language, and attention, and the daytime CV of SBP was the independent influencing factor of language. Patients with AD in the dementia stage had significantly severe neurodegeneration than those in the MCI stage, which was, however, not based on the influence of 24-h ambulatory BP variables on neuropathological biomarkers of AD.
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