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Increase in Right Temporal Cortex Thickness Is Related to Decline of Overall Cognitive Function in Patients With Hypertension
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Background: Hypertension is associated with poorer cognitive functions, but the mechanisms are unclear.

Objective: This research aims to explore the cognitive status of elderly patients with hypertension and the possible mechanisms of hypertension affecting cognitive function.

Methods: Data were obtained from the China Longitudinal Aging Study (CLAS), and a total of 128 residents, aged 60 years and above, were recruited in this study. Based on whether they had hypertension, these 128 people were divided into the hypertension (n = 64) and non-hypertension groups (n = 64). The Beijing version of the Mini-Mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA) were used to assess the overall cognitive function of the subjects, while digit span, language fluency, Wechsler mapping, and Wechsler wood block were used to assess their domain-specific cognitive function (both at baseline and follow-up stages). At the same time, we also examined baseline blood biochemical indicators (such as total protein, fasting plasma glucose (FPG), high-density lipoprotein (HDL), low-density lipoprotein (LDL), cholesterol, and triglyceride) and baseline MRI data of hippocampus and amygdala volume and temporal polar cortex thickness.

Results: The total protein and thickness of temporal polar cortex in patients with hypertension were significantly higher than those in normal controls, but the scores on MMSE, MoCA, digit span, Wechsler mapping and Wechsler wood block at baseline were significantly lower than those in normal controls (p < 0.05). By linear regression analysis and correlation analysis (age and education were controlled), we found that baseline Wechsler mapping scores were negatively correlated with total protein (B = −0.243, t = −3,735, p < 0.001, 95% confidence interval (CI): −0.371 to −0.114); and both the follow-up MMSE score (B = 2.657, t = 2.002, p = 0.049, 95% CI: 0.009~5.306) and the change score of MMSE (r = −0.025, p = 0.047) were related to the thickness of the right temporal pole cortex. Then, by linear regression analysis (mediating model), we found that hypertension may influence follow-up MMSE scores by influencing the cortical thickness of the right temporal pole (B = 1.727, p = 0.022, 95% CI: 0.261–3.193).

Conclusions: Elderly patients with hypertension exhibit poorer overall cognitive function and executive function, and the mechanism may be related to the effect of hypertension on the cortical thickness of the right temporal pole.
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INTRODUCTION

Hypertension is a very common disease that affects one third of adults in the world and two-thirds of adults over the age of 65 (1). It has been proved to be a risk factor for the development of cognitive decline, vascular dementia (VD), and Alzheimer's disease (AD) (2). Intermediate-quality evidence suggests that hypertension in middle age is associated with a 1.19- to 1.55-fold risk of cognitive impairment (3), and the overall pooled prevalence of mild cognitive impairment (MCI) in patients with hypertension is 30% (95% CI, 25–35) (4), while the prevalence of MCI in the general population is only 16% (5). The association between dementia and mortality can be influenced by hypertension (coefficient −0.009, p = 0.02) (6), and there is the vast epidemiologic and mechanistic evidence linking the positive effects of blood pressure lowering on reducing the risk of post-stroke dementia and other types of dementia (7, 8).

However, there is little neuro-basic evidence for the relationship between hypertension and cognitive deterioration. Since the correlation between morphological and neuropsychological characteristics of the brain is well-known, hypertension may be related to changes in specific brain structures throughout life (9). It has been reported that the key brain structures for hypertension include cerebral white matter (10), hippocampal volume (11), cerebral gray matter (12), medial, temporal (13), posterior cingulate, and orbitofrontal (14). The temporal pole is a part of the para-limbic system along with the insula, orbitofrontal cortex, anterior cingulate cortex, and other emotion-related regions (15). Damage to the temporal pole, which plays a key role in social and emotional processing, can lead to unstable emotional states (16). In the study by M O'Sullivan, they found that temporal pole hyper-intensity is a radiologic marker of cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (17). Shikimoto et al. (18) found that the resilience capacity might be related to temporal cortices in older adults. However, few studies have explored the relationship between hypertension and the temporal pole.

To fill in the gaps in current research, we focused on the relationship between hypertension, temporal polar cortex thickness [previous studies have shown that cortical thickness is more susceptible to age and memory function than brain structure (19)] and cognitive function. Our hypothesis is that the cognitive function of patients with hypertension is worse than that of normal controls, and that hypertension may affect cognitive function through temporal polar cortical thickness.



MATERIALS AND METHODS


Participants

One hundred twenty-eight elderly (male/female = 62/66) with normal cognition were recruited from the community. All the participants met the following requirements: (1) aged 60 or older; (2) with normal cognitive ability; (3) without severe medical condition such as cancer and infections; (4) without serious mental illness such as schizophrenia and severe depression; (5) without cognitive-related diseases such as dementia and mild cognitive impairment; (6) be willing to cooperate. Using standardized questionnaires, we collected the general demographic data of the subjects [such as gender, age, education, body mass index (BMI), systolic blood pressure, and diastolic blood pressure], daily living information (such as smoking, drinking alcohol, tea), and disease-related information (such as hypertension and diabetes).

The study protocol was endorsed by the Research Ethical Committee of the affiliated mental health center of Shanghai Jiao Tong University School of Medicine. Written informed consent was issued by all the participants before the study.



Measurement of Hypertension

Hypertension status was based on self-reported diagnosis of a physician or treatment with an oral anti-hypertensive drug. Individuals are also considered to have hypertension if their mean systolic blood pressure (SBP) ≥ 140 mm Hg and/or diastolic blood pressure (DBP) ≥ 90 mmHg (20). Based on these criteria, 64 of the 128 were diagnosed with hypertension, while the remaining 64 were considered normal controls.



MR Image Acquisition and Processing

A brain structure image was acquired using a Siemens Magnetom Verio 3.0 T scanner (Siemens, Munich, Germany). The whole acquisition time was 8 min and 7 s. If there are any pathological findings, the image is examined and discarded. The parameters of T1-weighted 3D magnetization prepared rapid gradient echo (MPRAGE) sequences were as follows: TE = 2.98 ms, TR = 2,300 ms; matrix size = 240 × 256; flip angle of 9 degrees, field of view (FOV) = 240 mm × 256 mm; slice thickness = 1.2 mm. Volumetric data were assessed by automated procedures, which have been described by Wolz et al. (21). Cortical thickness and cortical volume for each individual was extracted directly using FreeSurfer v6.0 (surfer.nmr.mgh.harvard.edu), and the processing steps were skull stripping, spatial transformation, atlas registration, surface reconstruction, spherical surface mapping, and atlas-based regional parcellation. Quality control was performed by superimposing output slices on the FreeSurfer template, and visual evaluation was performed to ensure registration and slice quality.



Blood Biochemical Index Detection

All the subjects stopped eating after 9 pm, and their peripheral blood was collected between 7:00 and 9:00 a.m. (the next morning). Anticoagulant tubes and clot activating gel-containing serum separator tubes were used to assay blood indexes, such as the total protein, fasting plasma glucose (FPG), high-density lipoprotein (HDL), low-density lipoprotein (LDL), cholesterol, and triglyceride.



Neuropsychological Tests

All the participants had received a detailed physical examination, clinical evaluation, and neuropsychological tests. The Beijing version of the Mini-Mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA) were used to assess the overall cognitive function of the subjects, while digit span, language fluency, Wechsler mapping, and Wechsler wood block were used to assess their domain-specific cognitive function.


Mini-Mental State Examination (MMSE)

Currently, the MMSE is the most commonly used cognitive function assessment scale (22). The MMSE can assess a wide range of domains, such as memory, orientation, attention, language, and visuospatial proficiency, and its sensitivity and specificity for detecting dementia are 88.3 and 86.2%, respectively (23). However, it is less sensitive to MCI detection, susceptible to, education level and, due to copyright restrictions, use of the scale may require payment (24).



Montreal Cognitive Assessment (MoCA)

The Beijing version of MoCA is a brief screening test for cognitive impairment that covers major cognitive domains, such as memory, attention, orientation, language, visuospatial ability, and executive functions (22). MoCA has been proved to be effective in distinguishing AD, MCI, and normal elderly (25), and can detect 90% of subjects with MCI, with high sensitivity and specificity (26). Compared with MMSE, the MoCA scale shows a higher sensitivity (27). Under the recommended cut-off score of 26, the Beijing version of MoCA demonstrated an excellent sensitivity of 90.4, and fair specificity (31.3) (28).



Digit Span

The Digit span test includes both digit forward and digit backward conditions, and is widely performed to assess working memory and attention-concentration (29). It is portable, quick, and easy to use, often forming an integral part of the mental state examination and neuropsychological examinations. Good performance on the Digit span test requires short-term verbal memory and auditory attention, and the integrity of the left hemisphere is more important than the right hemisphere or diffuse damage (30).



Language Fluency

Verbal fluency refers to the ability to speak fluently. The measurement of phoneme and semantic fluency, such as the controlled oral word association test (COWAT, also known as oral fluency or VF), is usually conceptualized as measuring executive function (31). Previous studies have suggested that general verbal fluency is also strongly associated with word knowledge, auditory attention, and lexical ability and access (32). In the current study, two forms of fluency were used: phonemic (that is, letter oriented) and semantic (that is, category oriented), where, for a limited time, the candidates were asked to provide answers that began with a particular letter or that fit a target category. A higher score for verbal fluency was associated with better executive performance.



Wechsler Mapping and Wechsler Woodblock

Neuropsychological tests of executive function were performed using by Wechsler mapping and Wechsler wood block. Lower scores for Wechsler mapping and Wechsler wood block indicate more severe impairment of executive function (33).




Study Design

All the subjects completed clinical evaluation, neuropsychological test evaluation, blood biochemical test, and structural magnetic resonance test at the baseline stage. However, we only carried out clinical evaluation and neuropsychological test evaluation, and did not carry out blood biochemical and structural magnetic resonance tests at the follow-up of 1 year.



Statistical Analysis

Continuous variables were expressed as mean ± SD, and categorical variables were expressed as frequencies (%). A single-sample Kolmogorov–Smirnov test was performed to test whether the data conformed to normal distribution. Mann–Whitney tests or independent sample t-tests were performed to compare non-normally distributed data and normally distributed data between the hypertension group and the normal control group, respectively. A Chi-square test was performed to compare categorical variables between the two groups. A linear regression analysis (mediating model) and a correlation analysis were performed to investigate the association among hypertension, cognitive-related brain areas, blood biochemical index, and cognitive scores (age and education were controlled). All the statistical analyses were performed using SPSS 22.0 (IBM Corporation, Armonk, NY, United States), and two-tailed tests were performed at a significance level of P < 0.05.




RESULTS


Characteristics of Study Patients

Total protein, SBP, and thickness of temporal polar cortex in patients with hypertension were significantly higher than those in normal controls, but the scores on MMSE, MoCA, digit span, Wechsler mapping, and Wechsler wood block at baseline were significantly lower than those in normal controls (p < 0.05), and there was no statistical difference (p > 0.05) in age, education, BMI, diastolic blood pressure, male, smoker, alcohol drinker, tea drinker, physical exercise, hobby, diabetes, fasting plasma glucose, triglycerides, cholesterol, HDL, LDL, total brain volume, left amygdala, right amygdala, left hippocampus, right hippocampus, language fluency score at baseline, and scores on MMSE, MoCA, digit span, language fluency, Wechsler mapping, and Wechsler wood block at 1-year follow-up between the two groups. Table 1 presents the results.


Table 1. General demographic data between the two groups.
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Influencing Factors of Baseline Cognitive Scores

By the single-sample Kolmogorov-Smirnov test, we found that the baseline scores on MOCA, digit span, Wechsler mapping, and Wechsler woodblock accorded with normal distribution, while the baseline scores on MMSE did not accord with normal distribution. Therefore, the linear regression analysis (baseline MOCA score, digit span score, Wechsler mapping and Wechsler wood block) and correlation analysis (baseline MMSE score) were performed to explore the relationship between baseline cognitive scores and total protein and temporal polar cortex thickness (age and education were controlled). Finally, we found that baseline Wechsler mapping scores were negatively correlated with total protein (B = −0.243, t = −3.735, p < 0.001, 95% CI: −0.371 to −0.114), while the other baseline cognitive scores were not correlated with (p > 0.05) total protein or temporal polar cortical thickness. Table 2 presents the results.


Table 2. Influencing factors of baseline Wechsler mapping (linear regression analysis).
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Influencing Factors of Follow-Up Cognitive Scores

Through the linear regression analysis (with follow-up MMSE score as dependent variable, total protein, baseline MMSE score, left temporal pole cortex thickness and right temporal pole cortex thickness as independent variables, age and education were controlled), we found that follow-up MMSE score was related to right temporal pole cortex thickness (B = 2.657, t = 2.002, p = 0.049, 95% CI: 0.009–5.306). Table 3 presents the results. By the linear regression analysis (mediation model), we found that hypertension directly affected the MMSE score during follow-up by affecting the thickness of the right temporal pole cortex (B = 1.727, p = 0.022, 95% CI: 0.261–3.193). Figure 1 presents the results.


Table 3. Influencing factors of follow-up Mini-Mental State Examination (MMSE) scores (linear regression analysis).
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FIGURE 1. Mediating effect model among hypertension, right temporal pole thickness and MMSE score at follow-up.




Influencing Factors of Cognitive Change Scores (Baseline Cognitive Score—Follow-Up Cognitive Score)

The partial correlation analysis (age and education were controlled) showed that there was a significant negative correlation between the cortical thickness of the right temporal pole and change in the MMSE score (r = −0.025, p = 0.047), Figure 2 presents the results.


[image: Figure 2]
FIGURE 2. Relationship between MMSE score and right temporal pole cortical thickness.





DISCUSSIONS

The purpose of this study was to explore the state of cognitive function in elderly patients with hypertension and the possible mechanism of hypertension regulating cognitive function, and we found that: (1) the elderly with hypertension showed worse overall cognitive function and executive dysfunction; (2) there was a significant negative correlation between total protein and executive function; (3) the cortical thickness of the right temporal pole played a fully mediating role in the effect of hypertension on cognitive function.

Hypertension is one of the most important modifiable risk factors for cardiovascular and cerebrovascular diseases, which can lead to serious target organ damage. Studies have shown that hypertension is related to the increased prevalence of cognitive decline (34, 35). For example, Li et al. (36) found that higher long-term blood pressure variability was associated with accelerated cognitive decline in general adults aged ≥ 50 years in a non-linear dose-response relationship. Ungvari et al. pointed out that hypertension could significantly increase the risk of both Alzheimer's disease and vascular cognitive impairment (37). In our study, we used a range of scales to assess the cognitive function of the subjects, both overall and dome-specific. Not surprisingly, we found that the hypertensive patients exhibited poorer overall cognitive status and poorer executive function status. Wei et al. (38) found that systolic blood pressure (SBP) and pulse pressure (PP) were significantly negatively correlated with cognitive function in people over 60 years old. Naharci et al. (39) found that blood pressure index (BPI) was associated with cognitive ability and might be a new alternative marker for identifying dementia risk in older adults. What is more, in the study of Natália Cristina Moraes, they also found that patients with systemic arterial hypertension (SAH) had a significant impairment in executive functions (EFs), more specifically in shifting and updating (40). Therefore, our conclusions were consistent.

Serum total protein, which can be divided into albumin and globulin, has important physiological functions (such as maintaining normal colloid osmotic pressure and pH of blood, transporting various metabolites, and regulating the physiological effect of transported substances) in the body. Serum total protein (TP) can be used to monitor the nutritional status of the body, and for the diagnosis and differential diagnosis of different diseases. Therefore, determination of TP is one of the important items in clinical biochemistry (41). Previous studies have shown that serum TP is strongly associated with hypertension. For example, Song et al. (42) found that serum total protein (TP) was an important predictive marker of depression in hypertension. Wu et al. (43) found that serum TP was statistically significantly related to systolic blood pressure (SB). Mone et al. (44) pointed out that hyperglycemia and hyperlipidemia may lead to cognitive decline by affecting endothelial cell function. What is more, Morys et al. found that obesity was associated with poor cognitive ability, and that obesity and metabolic consequences of cerebrovascular diseases were potential mediating factors (45). In our study, we also found that the serum TP content of hypertensive patients was significantly higher than that of normal controls, and that it was negatively correlated with executive function. Therefore, our findings were partially consistent.

To further explore the possible mechanisms by which hypertension affects cognitive functions, we then included magnetic resonance data. Based on the previous research, we mainly focused on the effects of hippocampal, amygdala, and temporal polar cortex thickness on cognitive function (46). We found that the cortical thickness of the left temporal pole and right temporal pole in hypertensive patients was significantly higher than that in normal controls. By the linear regression analysis (mediation model), we further found a negative correlation between the cortical thickness of the right temporal pole and MMSE score at follow-up, and that hypertension might affect cognitive function by affecting right temporal pole cortical thickness. Beason-Held et al. (47) found that high blood pressure could alter the activity patterns of the temporal polar cortex. However, Gonzalez et al. (48) found that hypertension was associated with thinning of cortical thickness in cognitive brain areas. Since we did not re-examine the head MRI of the subjects during the follow-up period, we were unable to determine the longitudinal effect of hypertension on temporal polar cortical thickness.

We have to admit that our study has some limitations. First, the sample size is relatively small, which will reduce the reliability of the study. Second, we did not obtain cranial magnetic resonance data of the subjects after follow-up, so it is impossible to further determine the effect of hypertension on temporal polar cortex thickness. Third, our follow-up period was too short (only 1 year), which might miss more meaningful brain areas.



CONCLUSIONS

Elderly patients with hypertension exhibit poorer overall cognitive function and executive function, and the mechanism may be related to the effect of hypertension on the cortical thickness of the right temporal pole.



DATA AVAILABILITY STATEMENT

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



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Research Ethical Committee of the affiliated mental health center of Shanghai Jiaotong University School of Medicine. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

WL and LY contributed to the study concept and design. SX analyzed the data and drafted the manuscript. WL directed the analysis and statistics of MRI data. All the authors have read and approved the final version of the manuscript.



FUNDING

This study was supported by grants from the clinical research center project of Shanghai Mental Health Center (CRC2017ZD02), Shanghai Clinical Research Center for Mental Health (19MC1911100), the Cultivation of Multidisciplinary Interdisciplinary Project in Shanghai Jiaotong University (YG2019QNA10), curriculum reform of Medical College of Shanghai Jiaotong University, and the Feixiang Program of Shanghai Mental Health Center (2020-FX-03). This project was also funded by the Shanghai Elderly Brain Health Cohort Institute, Chinese Academy of Sciences (XDA12040101), Shanghai Clinical Research Center for Mental Health (SCRC-MH, 19MC1911100), the National Natural Science Foundation of China (82001123), and the Shanghai Science and Technology Committee (20Y11906800).



REFERENCES

 1. Mills KT, Bundy JD, Kelly TN, Reed JE, Kearney PM, Reynolds K, et al. global disparities of hypertension prevalence and control: a systematic analysis of population-based studies from 90 countries. Circulation. (2016) 134:441–50. doi: 10.1161/CIRCULATIONAHA.115.018912

 2. Walker KA, Power MC, Gottesman RF. Defining the relationship between hypertension, cognitive decline, and dementia: a review. Curr Hypertens Rep. (2017) 19:24. doi: 10.1007/s11906-017-0724-3

 3. Ou YN, Tan CC, Shen XN, Xu W, Hou XH, Dong Q, et al. blood pressure and risks of cognitive impairment and dementia: a systematic review and meta-analysis of 209 prospective studies. Hypertension. (2020) 76:217–25. doi: 10.1161/HYPERTENSIONAHA.120.14993

 4. Qin J, He Z, Wu L, Wang W, Lin Q, Lin Y., et al. Prevalence of mild cognitive impairment in patients with hypertension: a systematic review and meta-analysis. Hypertens Res. (2021) 44:1251–60. doi: 10.1038/s41440-021-00704-3

 5. Hu C, Yu D, Sun X, Zhang M, Wang L, Qin H. The prevalence and progression of mild cognitive impairment among clinic and community populations: a systematic review and meta-analysis. Int Psychogeriatr. (2017) 29:1595–608. doi: 10.1017/S1041610217000473

 6. July J, Pranata R. Prevalence of dementia and its impact on mortality in patients with coronavirus disease 2019: A systematic review and meta-analysis. Geriatr Gerontol Int. (2021) 21:172–7. doi: 10.1111/ggi.14107

 7. Iulita MF, Girouard H. Treating hypertension to prevent cognitive decline and dementia: re-opening the debate. Adv Exp Med Biol. (2017) 956:447–73. doi: 10.1007/5584_2016_98

 8. Hughes D, Judge C, Murphy R, Loughlin E, Costello M, Whiteley W, et al. Association of blood pressure lowering with incident dementia or cognitive impairment: a systematic review and meta-analysis. JAMA. (2020) 323:1934–44. doi: 10.1001/jama.2020.4249

 9. Dickerson BC, Fenstermacher E, Salat DH, Wolk DA, Maguire RP, Desikan R, et al. Detection of cortical thickness correlates of cognitive performance: reliability across MRI scan sessions, scanners, and field strengths. Neuroimage. (2008) 39:10–8. doi: 10.1016/j.neuroimage.2007.08.042

 10. Guevarra AC, Ng SC, Saffari SE, Wong BYX, Chander RJ, Ng KP, et al. Age moderates associations of hypertension, white matter hyperintensities, and cognition. J Alzheimers Dis. (2020) 75:1351–60. doi: 10.3233/JAD-191260

 11. Triantafyllou A, Ferreira JP, Kobayashi M, Micard E, Xie Y, Kearney-Schwartz A, et al. longer duration of hypertension and mri microvascular brain alterations are associated with lower hippocampal volumes in older individuals with hypertension. J Alzheimers Dis. (2020) 74:227–35. doi: 10.3233/JAD-190842

 12. Meurs M, Groenewold NA, Roest AM, van der Wee NJ, Veltman DJ, van Tol MJ, et al. The associations of depression and hypertension with brain volumes: independent or interactive? Neuroimage Clin. (2015) 8:79–86. doi: 10.1016/j.nicl.2015.03.020

 13. García-Alberca JM, Mendoza S, Gris E, Royo JL, Cruz-Gamero JM, García-Casares N. White matter lesions and temporal atrophy are associated with cognitive and neuropsychiatric symptoms in patients with hypertension and Alzheimer's disease. Int J Geriatr Psychiatry. (2020) 35:1292–300. doi: 10.1002/gps.5366

 14. Mosconi L, Walters M, Sterling J, Quinn C, McHugh P, Andrews RE, et al. Lifestyle and vascular risk effects on MRI-based biomarkers of Alzheimer's disease: a cross-sectional study of middle-aged adults from the broader New York City area. BMJ Open. (2018) 8:e019362. doi: 10.1136/bmjopen-2017-019362

 15. Liberzon I, Taylor SF, Amdur R, Jung TD, Chamberlain KR, Minoshima S, et al. Brain activation in PTSD in response to trauma-related stimuli. Biol Psychiatry. (1999) 45:817–26. doi: 10.1016/S0006-3223(98)00246-7

 16. Olson IR, Plotzker A, Ezzyat Y. The Enigmatic temporal pole: a review of findings on social and emotional processing. Brain. (2007) 130(Pt 7):1718–31. doi: 10.1093/brain/awm052

 17. O'Sullivan M, Jarosz JM, Martin RJ, Deasy N, Powell JF, Markus HS. MRI hyperintensities of the temporal lobe and external capsule in patients with CADASIL. Neurology. (2001) 56:628–34. doi: 10.1212/WNL.56.5.628

 18. Shikimoto R, Noda Y, Kida H, Nakajima S, Tsugawa S, Mimura Y, et al. Association between resilience and cortical thickness in the posterior cingulate cortex and the temporal pole in Japanese older people: a population-based cross-sectional study. J Psychiatr Res. (2021) 142:89–100. doi: 10.1016/j.jpsychires.2021.07.026

 19. Hutton C, Draganski B, Ashburner J, Weiskopf N. A comparison between voxel-based cortical thickness and voxel-based morphometry in normal aging. Neuroimage. (2009) 48:371–80. doi: 10.1016/j.neuroimage.2009.06.043

 20. Bundy JD, He J. Hypertension and related cardiovascular disease burden in China. Ann Glob Health. (2016) 82:227–33. doi: 10.1016/j.aogh.2016.02.002

 21. Wolz R, Schwarz AJ, Yu P, Cole PE, Rueckert D, Jack CR Jr, et al. Robustness of automated hippocampal volumetry across magnetic resonance field strengths and repeat images. Alzheimers Dement. (2014) 10:430–8.e2. doi: 10.1016/j.jalz.2013.09.014

 22. Ciesielska N, Sokołowski R, Mazur E, Podhorecka M, Polak-Szabela A, Kedziora-Kornatowska K. Is the Montreal Cognitive Assessment (MoCA) test better suited than the Mini-Mental State Examination (MMSE) in mild cognitive impairment (MCI) detection among people aged over 60? Meta-analysis. Psychiatr Polska. (2016) 50:1039–52. doi: 10.12740/PP/45368

 23. Tsoi KK, Chan JY, Hirai HW, Wong SY, Kwok TC. Cognitive tests to detect dementia: a systematic review and meta-analysis. JAMA Intern Med. (2015) 175:1450–8. doi: 10.1001/jamainternmed.2015.2152

 24. McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR Jr, Kawas CH, et al. The diagnosis of dementia due to Alzheimer's disease: recommendations from the National Institute on Aging-Alzheimer's Association workgroups on diagnostic guidelines for Alzheimer's disease. Alzheimers Dement. (2011) 7:263–9. doi: 10.1016/j.jalz.2011.03.005

 25. Huang L, Chen KL, Lin BY, Tang L, Zhao QH, Lv YR, et al. Chinese version of Montreal Cognitive Assessment Basic for discrimination among different severities of Alzheimer's disease. Neuropsychiatr Dis Treat. (2018) 14:2133–40. doi: 10.2147/NDT.S174293

 26. Tiffin-Richards FE, Costa AS, Holschbach B, Frank RD, Vassiliadou A, Krüger T, et al. The Montreal Cognitive Assessment (MoCA) - a sensitive screening instrument for detecting cognitive impairment in chronic hemodialysis patients. PLoS ONE. (2014) 9:e106700. doi: 10.1371/journal.pone.0106700

 27. Zhang H, Zhang XN, Zhang HL, Huang L, Chi QQ, Zhang X, et al. Differences in cognitive profiles between traumatic brain injury and stroke: a comparison of the Montreal Cognitive Assessment and Mini-Mental State Examination. Chin J Traumatol. (2016) 19:271–4. doi: 10.1016/j.cjtee.2015.03.007

 28. Yu J, Li J, Huang X. The Beijing version of the Montreal Cognitive Assessment as a brief screening tool for mild cognitive impairment: a community-based study. BMC Psychiatry. (2012) 12:156. doi: 10.1186/1471-244X-12-156

 29. Chincotta M, Chincotta D. Digit span, articulatory suppression, and the deaf: a study of the Hong Kong Chinese. Am Ann Deaf. (1996) 141:252–7. doi: 10.1353/aad.2012.0289

 30. Tripathi R, Kumar K, Bharath S, Marimuthu P, Rawat VS, Varghese M. Indian older adults and the digit span A preliminary report. Dement Neuropsychol. (2019) 13:111–5. doi: 10.1590/1980-57642018dn13-010013

 31. Aita SL, Beach JD, Taylor SE, Borgogna NC, Harrell MN, Hill BD. Executive, language, or both? An examination of the construct validity of verbal fluency measures. Appl Neuropsychol Adult. (2019) 26:441–51. doi: 10.1080/23279095.2018.1439830

 32. Ruff RM, Light RH, Parker SB, Levin HS. The psychological construct of word fluency. Brain Lang. (1997) 57:394–405. doi: 10.1006/brln.1997.1755

 33. Li S, Zhang X, Fang Q, Zhou J, Zhang M, Wang H, et al. Ginkgo biloba extract improved cognitive and neurological functions of acute ischaemic stroke: a randomised controlled trial. Stroke Vasc Neurol. (2017) 2:189–97. doi: 10.1136/svn-2017-000104

 34. Czuriga-Kovács KR, Czuriga D, Csiba L. Influence of hypertension, alone and in combination with other vascular risk factors on cognition. CNS Neurol Disord Drug Targets. (2016) 15:690–8. doi: 10.2174/1871527315666160518122721

 35. Tadic M, Cuspidi C, Hering D. Hypertension and cognitive dysfunction in elderly: blood pressure management for this global burden. BMC Cardiovasc Disord. (2016) 16:208. doi: 10.1186/s12872-016-0386-0

 36. Li C, Ma Y, Hua R, Yang Z, Zhong B, Wang H, et al. Dose-response relationship between long-term blood pressure variability and cognitive decline. Stroke. (2021) 52:3249–57. doi: 10.1161/STROKEAHA.120.033697

 37. Ungvari Z, Toth P, Tarantini S, Prodan CI, Sorond F, Merkely B, et al. Hypertension-induced cognitive impairment: from pathophysiology to public health. Nat Rev Nephrol. (2021) 17:639–54. doi: 10.1038/s41581-021-00430-6

 38. Wei J, Yin X, Liu Q, Tan L, Jia C. Association between hypertension and cognitive function: a cross-sectional study in people over 45 years old in China. J Clin Hypertens. (2018) 20:1575–83. doi: 10.1111/jch.13393

 39. Naharci MI, Katipoglu B. Relationship between blood pressure index and cognition in older adults. Clin Exp Hypertens. (2021) 43:85–90. doi: 10.1080/10641963.2020.1812626

 40. Moraes NC, Muela HCS, MemÓria CM, Costa-Hong VAD, Machado MF, Cechinhi MA, et al. Systemic arterial hypertension and cognition in adults: effects on executive functioning. Arquivos Neuro Psiquiatria. (2020) 78:412–8. doi: 10.1590/0004-282x20200039

 41. Kurtoglu S, Atabek ME, Muhtaroglu S, Keskin M. The association of serum total sialic acid/total protein ratio with diabetic parameters in young type 1 diabetic patients. Acta Diabetol. (2006) 43:1–5. doi: 10.1007/s00592-006-0202-x

 42. Song X, Zhang Z, Zhang R, Wang M, Lin D, Li T, et al. Predictive markers of depression in hypertension. Medicine. (2018) 97:e11768. doi: 10.1097/MD.0000000000011768

 43. Wu O, Leng JH, Yang FF, Yang HM, Zhang H, Li ZF, et al. A comparative research on obesity hypertension by the comparisons and associations between waist circumference, body mass index with systolic and diastolic blood pressure, and the clinical laboratory data between four special Chinese adult groups. Clin Exp Hypertens. (2018) 40:16–21. doi: 10.1080/10641963.2017.1281940

 44. Mone P, Gambardella J, Pansini A, de Donato A, Martinelli G, Boccalone E, et al. Cognitive impairment in frail hypertensive elderly patients: role of hyperglycemia. Cells. (2021) 10:2115. doi: 10.3390/cells10082115

 45. Morys F, Dadar M, Dagher A. Association between midlife obesity and its metabolic consequences, cerebrovascular disease, and cognitive decline. J Clin Endocrinol Metab. (2021) 106:e4260–74. doi: 10.1210/clinem/dgab135

 46. Yue L, Wang T, Wang J, Li G, Wang J, Li X, et al. Asymmetry of hippocampus and amygdala defect in subjective cognitive decline among the community dwelling Chinese. Front Psychiatry. (2018) 9:226. doi: 10.3389/fpsyt.2018.00226

 47. Beason-Held LL, Fournier D, Shafer AT, Fabbri E, An Y, Huang CW, et al. Disease burden affects aging brain function. J Gerontol A Biol Sci Med Sci. (2021) 30:218–26. doi: 10.1093/gerona/glab218

 48. Gonzalez CE, Pacheco J, Beason-Held LL, Resnick SM. Longitudinal changes in cortical thinning associated with hypertension. J Hypertens. (2015) 33:1242–8. doi: 10.1097/HJH.0000000000000531

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.

Copyright © 2021 Li, Yue and Xiao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fcvm-08-758787-t003.jpg
Variables B t P

The total protein 0084 1.467 0.147
Left temporal pole thickness  —1.140 -0.892 0.376
Right temporal pole thickness  2.657  2.002  0.049"
Baseline MMSE score 0.898 7.108 <0.001"

“Means p < 0.05.

95% confidence

interval

—-0.030~0.199
—3.603~1.412
0.009~5.306
0.646~1.150





OPS/images/fcvm-08-758787-t001.jpg
Variables

Age,y

Education, y

BMI, kg/m?

Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Male, n (%)

Smoker, n (%)

Alcohol drinker, n (%)

Tea drinker, n (%)

Physical exercise, n (%)

Hobby, n (%)

Diabetes, n (%)

Blood biochemical index

The total protein, g/L

Fasting plasma glucose, mmol/L
Triglycerides, mmol/L.
Cholesterol, mmol/L
High-density lipoprotein, mmol/L
Low density lipoprotein, mmol/L
Ti-baseline structural MRI
Total brain volume, mm?

Left Amygdala, mm®

Right Amygdala, mm®

Left hippocampus, mm®

Right hippocampus, mm?*

Left temporal pole thickness, mm®

Right temporal pole thickness, mm?®
Baseline neuropsychological tests

MMSE
MoCA

Digit span

Language fluency
Wechsler mapping
Wechsler wood block

Follow-up neuropsychological tests

MMSE (follow)
MoCA (follow)

Digit span (follow)

Language fluency (follow)
Wechsler mapping (follow)
Wechsler woodblock (follow)

*Means p < 0.05.

Hypertension (n = 64)

70.00 4 7.477
9.413.942
24.64 + 3368

137.66 % 15.355
80.03 + 9.780

29(45.9)

18 (28.1)

9(14.1)

23(35.9)

43(67.2)

40 (62.5)
0

73.54 £ 4.095
4.87 £0.909
1.63£0.871
4.84 +1.058
1.18 £0.332
3.10£0.780

1454894.67
1486.74 £ 232.52
1690.28 + 264.66
3589.89 + 437.86
3744.87 + 456.11

3.48 £0.247
3.54 +£0.269

27322271
23.27 £ 4.147
13.89 + 4.221
26.76 £ 7.947
9.83 £ 3.861
25.87 £7.343

26.38 + 3.756
22.68 +5.474
16.02 + 15.500
27.21 +£8.059
9.28 + 4.287

2617 £6.917

Non-hypertension (n = 64)

7059 + 8.110
931 %4222
24.16 + 3892
126.28 % 14.799
77.31 £ 10.106
33(51.6)
17 (26.6)
13(203)
23(35.9)
42(65.6)
46(71.9)
0

71.68 £ 5.609
4.86 + 0.698
1.57 + 1.536
4.96 +£1.174
1.26 +0.360
3.19 £ 1.066

1456356.13
1504.72 + 236.83
1608.19 + 273.75
3588.38 + 456.15
3761.05 + 581.85

3.38 £ 0.294
3.42 £ 0.302

28.14 + 1,950
26.06 + 4.025
15.78 £ 4.077
29.71 + 10.629
11.50 + 4.324
29.14 £9.263

27.75 + 2.356
23.69 + 4.687
15.50 + 3.810
25.28 + 10.337
10.88 + 3.661
26.48 + 10.347

X2ort

-0.369
0.145
0579
4.267
1.647
0.500
0.039
0.878
0.000
0.035
1.276

2.062
0.088
0.271
-0.581
-1.275
-0515

—-0047
-0.433
1.725
0.019
-0.175
2.035
2.382

—2.189
—2.450
-2.578
-1.775
—2.307
-2.196

—-1.827
-0.849
0.186
0.932
-1.723
-0.161

0.712
0.885
0.564
<0.001*
0.124
0.596
1.000
0.483
1.000
1.000
0.347

0.041*
0.930
0.787
0.562
0.205
0.608

0.962
0.665
0.087
0.985
0.861

0.044*
0.019"

0.030%
0.016"
0.011*
0.078
0.023*
0.030%

0.072
0.398
0.853
0.354
0.089
0.873





OPS/images/fcvm-08-758787-t002.jpg
Variables B t P

The total protein -0.234 -3735 <0.001*
Left temporal pole thickness  —0.082 —0.069 0.945
Right temporal pole thickness —1.482 —1.305 0.194

“Means p < 0.05.

95% confidence
interval

-0.371~-0.114
—2.424~2.260
—3.729~0.766





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Increase in Right Temporal Cortex Thickness Is Related to Decline of Overall Cognitive Function in Patients With Hypertension



		Introduction



		Materials and Methods



		Participants



		Measurement of Hypertension



		MR Image Acquisition and Processing



		Blood Biochemical Index Detection



		Neuropsychological Tests



		Mini-Mental State Examination (MMSE)



		Montreal Cognitive Assessment (MoCA)



		Digit Span



		Language Fluency



		Wechsler Mapping and Wechsler Woodblock









		Study Design



		Statistical Analysis







		Results



		Characteristics of Study Patients



		Influencing Factors of Baseline Cognitive Scores



		Influencing Factors of Follow-Up Cognitive Scores



		Influencing Factors of Cognitive Change Scores (Baseline Cognitive Score—Follow-Up Cognitive Score)







		Discussions



		Conclusions



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
’ frontiers
in Cardiovascular Medicine

Increase in Right Temporal Cortex
Thickness Is Related to Decline of
Overall Cognitive Function in
Patients With Hypertension





OPS/images/fcvm-08-758787-g001.gif
Hypertension

Right temporal
pole thickness

i

s
ao

MMSE score at follow-
up






OPS/images/fcvm-08-758787-g002.gif
Changes in the MMSE score

0.6

0.025
° 0.047
0.4
L]
02
0
02

3 35 4 4.5
Cortical thickness in the right temporal pole









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Cardiovascular Medicine





