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Abstract

Background: Cognitive impairment is very common in patients with hypertension, it’s necessary to conduct a meta-analysis to
evaluate the association of cognitive function and blood pressure variability in patients with hypertension, to provide insights
into the clinical management of hypertension and cognitive impairment. Methods: We searched PubMed et al databases for
the case-control studies on the association between blood pressure variability and cognitive function up to July 15, 2021. Two
researchers independently screened the literature and retrieved the data. RevMan 5.3 was used for data meta-analysis Results:
A total of 13 studies involving 2754 patients were included. Meta-analysis indicated that 24-hour systolic [MD= 3.54, 95% CI
(2.48, 4.60)] and diastolic [MD=2.43, 95%CI (1.55, 3.31)] blood pressure variation coefficient in the CI group were significantly
higher than that of no CI group (all P<0.05). Standard deviation of systolic [MD=2.20, 95% CI (0.27, 4.13)] and diastolic
[MD=1.79, 95% CI (0.80, 2.79)] blood pressure variation in the CI group were significantly higher than that of no CI group
(all P<0.05). Mean systolic [MD=3.73, 95% CI (0.92, 6.53)]and diastolic [MD = 5.41, 95% CI (0.42, 10.40)] blood pressure
variation in the CI group were significantly higher than that of no CI group (all P<0.05). There were no statistically significant
differences in the morning peak systolic [MD=7.85,95% CI (-1.30,17.01)] and diastolic [MD=4.44,95% CI (-6.00, 14.89)] blood
pressure drop between the CI group and no CI group(all P>0.05). Conclusion: Cognitive impairment in hypertensive patients
is closely associated with increased blood pressure variability, and clinical medical staff should pay attention to the management

of blood pressure variability in hypertensive patients to reduce the development of cognitive impairments.
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Results: A total of 13 studies involving 2754 patients were included. Meta-analysis indicated that 24-
hour systolic [MD= 3.54, 95% CI (2.48, 4.60)] and diastolic [MD=2.43, 95%CI (1.55, 3.31)] blood pressure
variation coefficient in the CI group were significantly higher than that of no CI group (all P<0.05). Standard
deviation of systolic [MD=2.20, 95% CI (0.27, 4.13)] and diastolic [MD=1.79, 95% CI (0.80, 2.79)] blood
pressure variation in the CI group were significantly higher than that of no CI group (all P<0.05). Mean
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variation in the CI group were significantly higher than that of no CI group (all P<0.05). There were no



statistically significant differences in the morning peak systolic [MD=7.85,95% CI (-1.30,17.01)] and diastolic
[MD=4.44,95% CT (-6.00, 14.89)] blood pressure drop between the CI group and no CI group(all P>0.05).

Conclusion: Cognitive impairment in hypertensive patients is closely associated with increased blood pressure
variability, and clinical medical staff should pay attention to the management of blood pressure variability
in hypertensive patients to reduce the development of cognitive impairments.
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Review criteria: how did you gather the information you considered in your review?

We searched PubMed, Cochrane library, Web of Science, China National Knowledge Infrastructure(CNKI),
Wanfang, China Biology Medicine disc (CBM), and Weipu database for the study on the association between
blood pressure variability and cognitive function. Retrieval time limit was from the date of establishment of
each database to July 15, 2021. Two researchers independently searched and screened relevant documents.
The search results were imported into Endnote for double-checking, and then the initial screening was carried
out based on the abstracts of the literature to eliminate irrelevant or unusable documents.

Message for the clinic: what is the ‘take-home’ message for the clinician?
The decline in cognitive function is related to the increase of blood pressure variability
Background

Hypertension is a syndrome with elevated blood pressure as the main clinical manifestation, with or without a
variety of cardiovascular risk factors, which can cause a variety of cardiovascular and cerebrovascular diseases,
and can even cause heart, brain, kidney and other organ failures!. Elderly patients are the population
with a high incidence of hypertension?. The pathogenesis of hypertension is not clear. Related factors of
hypertension include thickening of the arterial wall and decreased elasticity®. Studies*® have shown that
blood pressure fluctuations and pulse pressure index changes in elderly hypertensive patients can cause

cognitive impairment(CI), yet the potential mechanisms remain unclear.

CI refers to a series of pathological phenomena caused by abnormal brain functions related to learning,
memory and thinking judgment®. It has significant physical, psychological, social and economic consequences
for patients, caregivers and health care systems, and with the aging of the population, the burden of disease
has increased exponentially”®. Studies®!? have shown that the probability of CI turning into dementia is
extremely high, and the progress is extremely fast. According to statistics'’*'2, China currently has more
than 10 million dementia patients, becoming one of the fastest growing countries in the world, resulting
in high economic and social resource burdens. Studies'®!® have shown that persistent hypertension is an
important risk factor for cognitive impairment. At the same time, more and more scholars have found that
there is a certain correlation between blood pressure variability and cognitive function, but the results of
the study are not consistent. Therefore, we aimed to conduct a meta-analysis to explore the association
between blood pressure variability and cognitive function, and to provide reliable evidence support for the
early intervention of hypertension and the prevention of CI.

Methods

We tried to conduct and report this meta-analysis in comply with Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)S.

Literature search

We searched PubMed, Cochrane library, Web of Science, China National Knowledge Infrastructure(CNKI),
Wanfang, China Biology Medicine disc (CBM), and Weipu database for the study on the association between
blood pressure variability and cognitive function. The search terms included ”blood pressure variability”
OR "BPV” OR ”ambulatory blood pressure” and ”cognitive function” ”OR ”cognitive functioning”. The
search was carried out by combining subject words and free words. Retrieval time limit was from the date
of establishment of each database to July 15, 2021.



Inclusion and exclusion criteria

The inclusion criteria for this meta-analysis were: Study type: a publicly published case-control study on
blood pressure variability and cognitive function; Research population: patients aged 18 to 80 years old and
diagnosed with essential hypertension; Control: CI group and no CI group; The outcome indicators included
blood pressure et al; Language: Chinese or English article. The exclusion criteria of this meta-analysis were:
patients with severe cardiovascular diseases and other major diseases; articles that repeatedly publish or use
the same data; studies with incomplete data.

Literature screening and data extraction

Two researchers independently searched and screened relevant documents. The search results were imported
into Endnote for double-checking, and then the initial screening was carried out based on the abstracts of
the literature to eliminate irrelevant or unusable documents. After completion, the researchers collected and
recorded following information, including the author, publication year, country, age, sample size, outcome
indicators, findings.

Quality Evaluation

The type of studies included in this meta-analysis was case-control study, so it was scored according to
the Newcastle-Ottawa Scale (NOS) Literature Quality Evaluation Scale!”. The full scale of the scale was 10
points. The evaluation items mainly included three items: population selection, comparability, and exposure.
If the quality score was less than 5, it indicated a high risk of bias and needs to be excluded. Disagreements
in the evaluation results were resolved through further discussion.

Statistical processing

We used RevMan 5.3 for data meta-analysis. Relevant indicators were visually displayed in forest plots,
and funnel plots were used to detect the populations. Continuous variables were represented by the mean
difference (MD) and its 95% confidence interval (CI). If I?[?]50% or P>0.10, the heterogeneity of the study
was small, and the fixed-effects model was adopted; if 12>50% or P [?]0.10, the random-effects model was
adopted. P<0.05 indicated the differences between two groups were statistically different.

Results
Literature search results

172 documents were obtained by searching the database through the computer. After eliminating duplicates
and irrelevant documents, 40 articles were included for further intensive reading of the full text, and finally
13 articles'®3° were included in this meta-analysis. The study selection process was indicated in Figure 1.

Figure 1 PRISMA flow diagram of study selection
The basic characteristics of the included literature and the methodological quality evaluation

In the included 13 case-control studies, there were a total of 2754 patients with hypertension, including
1444 patients in the CI group and 1310 patients in the no CI group. The basic characteristics of the
included literature were shown in Table 1. We conducted methodological quality evaluation based on the
NOS evaluation scale, and the scores of each literature were all above 5 points, and the quality of the articles
were good, see Table 2 for details.

Table 1 The characteristics of included studies
Table 2 The NOS quality score of included studies

Synthesized outcomes

24-hour blood pressure variation coefficient A total of 10 studies'®?21-28:30 analyzed the coefficient of variation

of 24-hour systolic and diastolic blood pressure, a total of 2163 cases were reported, including 1127 cases in
the CI group and 1036 cases in the no CI group. The heterogeneity analysis of the coefficient of variation of



systolic blood pressure showed that there was heterogeneity among the studies (I> =99%, P <0.001,), so the
random effects model was selected. The results of meta analysis showed that the differences between the two
groups had statistical significance [MD= 3.54, 95% CI (2.48, 4.60), P <0.001], indicating that the coefficient
of variation of systolic blood pressure increased significantly in the CI group(Figure 2A). The results of
the analysis of the coefficient of variation of diastolic blood pressure showed that there was heterogeneity
among the studies (I? =98%, P <0.001), and the random effects model was used. The results of meta-
analysis showed that the difference between the two groups was statistically significant [MD=2.43, 95%CI
(1.55, 3.31), P <0.001], indicating the coefficient of variation of diastolic blood pressure in the CI group was
significantly increased(Figure 2B).

Standard deviation of blood pressure A total of four studies!®?23:2429 included in this meta-analysis analyzed

the associations between blood pressure standard deviation and cognitive function, with a total of 396
cases, including 185 cases in the CI group and 211 cases in the no CI group. The meta-analysis of systolic
blood pressure standards showed that there was heterogeneity among the studies (12 = 81%, P = 0.001), so
the random effects model was chosen. Meta-analysis indicated the difference between the two groups was
statistically significant [MD=2.20, 95% CI (0.27, 4.13), P = 0.03], indicating that the standard deviation
of systolic blood pressure increased in the CI group(Figure 2C). The qualitative analysis of diastolic blood
pressure standard deviations showed that there was heterogeneity among the studies (1 = 61%, P = 0.05),
so the random effects model was used. The results of meta-analysis showed that the difference between
the two groups was statistically significant [MD=1.79, 95% CI (0.80, 2.79), P <0.001], and the standard
deviation of diastolic blood pressure of patients in the cognitive impairment group was increased(Figure 2D)

Figure 2 The forest plots of synthesized outcomes

Mean blood pressure A total of 11 studies!'®20:22-26:28-30 reported the mean blood pressure with involvement

of 1874 patients, including 821 cases in the CI group and 1053 cases in the no CI group. There was
heterogeneity between the studies in the mean systolic blood pressure (12=74%, P <0.001), so the random
effect model was selected. The combined results showed that the difference between the two groups was
statistically significant [MD=3.73, 95% CI (0.92, 6.53), P=0.009], indicating that the average systolic blood
pressure of the CI group was higher than that of the no CI group(Figure 3A). There was heterogeneity among
the studies in the mean diastolic blood pressure (I> =97%, P <0.001). Therefore, the random effects model
was selected. The meta-analysis results showed that the difference between the two groups was statistically
significant [MD = 5.41, 95% CI (0.42, 10.40), P = 0.03], indicating that the mean diastolic blood pressure
of the CI group was higher than that of the no CI group(Figure 3B).

Morning peak blood pressure drop A total of two studies®®26 reported that morning peak blood pressure with

involvement of 357 patients, including 155 cases in the CI group and 202 cases in the no CI group. There was
significant heterogeneity in the morning peak systolic(I2= 86%, P = 0.008) and diastolic(I*= 93%, P< 0.001)
blood pressure drop, so random effects models were applied. The meta-analyses indicated that there were no
statistically significant differences in the morning peak systolic [MD=7.85,95% CI(-1.30,17.01), Figure 3C|
and diastolic]MD=4.44,95% CI(-6.00, 14.89), Figure 3D] blood pressure drop between the CI group and no
CI group(all P>0.05).

Figure 3 The forest plots of synthesized outcomes
Sensitivity analysis and publication bias

The sensitivity analysis of the included studies was carried out, each included study was removed one by
one to see the changes in overall results. And we have found that no results were changed by removing any
single study. The funnel plots and Egger’s tests were performed for the synthesized outcomes of the included
study to detect publication bias, and the results showed that there were no publication bias (all P> 0.05,
Figure 4).

Figure 4 The funnel plots of synthesized outcomes

Discussions



Long-term hypertension can cause cerebral arteriosclerosis and cerebral blood circulation disorders, cause
brain tissue function damage, and is related to cognitive dysfunction®'. This meta-analysis has included
thirteen case-control studies on the correlation between blood pressure variability and cognitive function,
and the quality of the included literature is high. The synthesized outcomes have showed that the increase
in blood pressure coefficient of variation is correlated with cognitive dysfunction, and cognitive function is
also correlated with 24-hour blood pressure standard deviation and average blood pressure, but there is no
correlation with the morning peak of blood pressure. The increase of blood pressure variability will increase
the risk of cognitive dysfunction and adversely affect the prognosis of hypertensive patients3?. It is worth
noting that the large heterogeneity of the analysis indicators in this study may be related to the sample size
and age or the inconsistent follow-up time of each study. Therefore, the results of this meta-analysis should
be treated with cautions.

Short-term and long-term blood pressure variability are independently related to the development, progres-
sion, and severity of heart, blood vessel, and kidney damage, and are associated with an increased risk of
cardiovascular events and death®33*. Blood pressure variability has been considered that it has a better
predictive effect on cardiovascular events than the average blood pressure [20]. Cognitive dysfunction covers
the entire progression from mild cognitive impairment to dementia, and it is also a major problem in the
prevention and treatment of hypertension complications. There has been a large amount of evidence in the
past that hypertension is the most common risk factor for cognitive impairment, and recent studies®>»3¢ has
shown that blood pressure variability has a close clinical relationship with cognitive function. At present, the
mechanism between blood pressure variability and cognitive function is not clear, but some scholars believe
that it may be related to the white matter. Blood pressure variability is related to target organ damage,
including white matter that has nothing to do with the 24-hour average blood pressure value, leading to the
occurrence of white matter hyperintensity, and white matter lesions are the inducing conditions for cogni-
tive impairment®”. The presence of high-strength lesions and cavities around the ventricles of the elderly
with asymptomatic hypertension suggests the relationship between diurnal blood pressure changes and cere-
brovascular injury, and cerebrovascular injury will further accelerate the progress of cognitive dysfunction,
which is also a common predictor of stroke®.

Previous study>® has showed that increased systolic blood pressure and increased sleep systolic pressure
variability were related to the aggravation of brain atrophy. The aggravation of cerebral arteriosclerosis and
cerebral arterial remodeling caused by long-term systolic hypertension may be related to the disorder of brain
autoregulation®®. It leads to a decrease in cerebral blood flow and aggravation of brain atrophy, which leads
to a decline in cognitive function®. Recent studies*!*? have shown that increased blood pressure variability
is associated with stroke and advanced carotid artery remodeling, and carotid artery remodeling can lead
to cognitive impairment. The absolute dynamic systolic blood pressure level especially during sleep and the
decrease in night systolic blood pressure are important indicators of brain volume and cognitive function.
Based on the above results, it is believed that chronic ischemia caused by hypertension may cause the
interruption of the day and night changes in blood pressure through the damage of the brain’s self-regulatory
function, and then the blood pressure does not drop during sleep*3. Previous studies***> have found that
systolic blood pressure variability is more predictive of cognitive dysfunction than systolic blood pressure.
It’s been reported that through community experiments that higher blood pressure variability is related
to the decline in cognitive function of patients assessed by simple mental status examination®®. Although
the systolic blood pressure variability cannot predict whether the risk of dementia in the overall population
increases, it is not found in the subgroup of individuals without a history of cardiovascular disease?”. The
systolic blood pressure variability is positively correlated with the risk of dementia*®. Previous studies*?>°
have reported that high or low blood pressure will lead to cognitive dysfunction. The above conclusions are
consistent with the analysis results of this research. Therefore, it is speculated that blood pressure variability
reflects the degree of cognitive decline to a certain extent, and can be used as an important clinical reference
index in the prognosis of middle-aged and elderly hypertensive patients®!52.

Several limitations in this present meta-analysis should be concerned. Firstly, most included studies were
reported from China, therefore population and region biases may be existed, future studies from different



region and populations should be conducted. Secondly, studies have reported that cognitive impairment
is related to factors such as pulse pressure index and ankle brachial index. Due to the limitations of the
included research data, we cannot further analyze and discuss the correlation of these indicators. Future
research should be further conducted to elucidate the correlation between blood pressure related indicators
and CIL.

Conclusions

In summary, the cognitive function of hypertensive patients is closely related to blood pressure variability.
The decline in cognitive function is related to the increase of blood pressure variability, but whether it
is related to morning peak blood pressure requires further clinical exploration. This provides certain pre-
vention and treatment significance and prognostic value for clinical hypertension patients, but its specific
physiological mechanism and reasons are still unclear, and it needs to be further explored in the future
studies.

List of abbreviations

CI: cognitive impairment

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
CNKI: China National Knowledge Infrastructure
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References

1. Zibara V, Costanian C, Al Haddad N, Kilani H, Tohme F, Aoun Bahous S. Epidemiology and management
of hypertension among refugees in the Middle East: a review of the literature. J Hum Hypertens. 2021.

2. Miyazawa D. Why obesity, hypertension, diabetes, and ethnicities are common risk factors for COVID-19
and HIN1 influenza infections. J Med Virol. 2021;93(1):127-128.

3. Leber L, Beaudet A, Muller A. Epidemiology of pulmonary arterial hypertension and chronic thromboem-
bolic pulmonary hypertension: identification of the most accurate estimates from a systematic literature
review. Pulm Circ. 2021;11(1):2045894020977300.

4. Ahammed B, Maniruzzaman M, Talukder A, Ferdausi F. Prevalence and Risk Factors of Hypertension
Among Young Adults in Albania. High Blood Press Cardiovasc Prev. 2021;28(1):35-48.

5. de Menezes ST, Giatti L, Brant LCC, et al. Hypertension, Prehypertension, and Hypertension
Control: Association With Decline in Cognitive Performance in the ELSA-Brasil Cohort. Hyperten-
si0n.2021;77(2):672-681.

6. Gavelin HM, Dong C, Minkov R, et al. Combined physical and cognitive training for older adults with
and without cognitive impairment: A systematic review and network meta-analysis of randomized controlled
trials. Ageing Res Rev. 2021;66:101232.

7. Chen Z, Xie H, Yao L, Wei Y. Olfactory impairment and the risk of cognitive decline and dementia in
older adults: a meta-analysis.Braz J Otorhinolaryngol. 2021;87(1):94-102.

8. Adank MC, Hussainali RF, Oosterveer LC, et al. Hypertensive Disorders of Pregnancy and Cognitive
Impairment: A Prospective Cohort Study. Neurology. 2021;96(5):€709-e718.

9. Perinan MT, Macias-Garcia D, Labrador-Espinosa MA, et al. Association of PICALM with Cognitive
Impairment in Parkinson’s Disease. Mov Disord. 2021;36(1):118-123.



10. Zhang Y, Lu S, Yang Y, et al. The diversity of gut microbiota in type 2 diabetes with or without
cognitive impairment. Aging Clin Exp Res. 2021;33(3):589-601.

11. Zhang Q, Wu Y, Han T, Liu E. Changes in Cognitive Function and Risk Factors for Cognitive Impairment
of the Elderly in China: 2005-2014.Int J Environ Res Public Health. 2019;16(16).

12. Jia L, Du Y, Chu L, et al. Prevalence, risk factors, and management of dementia and mild cog-
nitive impairment in adults aged 60 years or older in China: a cross-sectional study. Lancet Public
Health.2020;5(12):€661-e671.

13. van der Flier WM, Skoog I, Schneider JA, et al. Vascular cognitive impairment. Nat Rev Dis Primers.
2018;4:18003.

14. Tadecola C, Gottesman RF. Neurovascular and Cognitive Dysfunction in Hypertension. Clirc Res.
2019;124(7):1025-1044.

15. Tulita MF, Girouard H. Treating Hypertension to Prevent Cognitive Decline and Dementia: Re-Opening
the Debate. Adv Fxp Med Biol.2017;956:447-473.

16. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic re-
views and meta-analyses of studies that evaluate healthcare interventions: explanation and elaboration.
BMJ.2009;339:b2700.

17. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonran-
domized studies in meta-analyses. Eur J Epidemiol. 2010;25(9):603-605.

18. Kwon KY, Pyo SJ, Lee HM, Seo WK, Koh SB. Cognition and Visit-to-Visit Variability of Blood Pressure
and Heart Rate in De Novo Patients with Parkinson’s Disease. J Mov Disord.2016;9(3):144-151.

19. Conway KS, Forbang N, Beben T, Criqui MH, Ix JH, Rifkin DE. Relationship Between 24-Hour Ambu-
latory Blood Pressure and Cognitive Function in Community-Living Older Adults: The UCSD Ambulatory
Blood Pressure Study. Am J Hypertens. 2015;28(12):1444-1452.

20. Chunhua Y, Wei C, Xiaofen P. The relationship between ambulatory blood pressure, plasma homocys-
teine levels and cognitive dysfunction in elderly hypertensive patients. Practical Journal of Cardiovascular
and Cerebropulmonary Disease. 2018;26(2):36 -38.

21. Haizhen L, Yonghui L, Yuankan Z. Correlation of blood pressure variability, pulse pressure difference
and cognitive function in middle-aged and elderly hypertensive patient. Journal of Electrocardiography
2018;7(4):68-70.

22. Lanlan D, Yan Z, Jinyu F. Correlation analysis of blood pressure variability and mild cognitive dysfunc-
tion in elderly hypertensive patients. Electronic Journal of Clinical Medicine Literature.2017;4(3):20208-
20209.

23. Liu JL, Wei H. Correlation analysis of blood pressure variability and cognitive dysfunction in acute
phase of cerebral infarction. Hebei Medicine. 2019;41(3):442-444.

24. Liu Lz, Peihua Z, Ruixian Z. Effects of long-term blood pressure variability on cognitive function in
patients with hypertension. Chinese Journal of Multiple Organ Diseases in the Elderly.2019;18(8):607-610.

25. Qian X, Liging S, Wei T. Blood pressure variability and cognitive impairment in elderly hypertensive
patients. Chinese Journal of Multiple Organ Diseases in the Elderly. 2018;17(6):407-411.

26. Qing P, Xiaojie W, Qin Y. Correlation between blood pressure variability and cognitive function in
patients with hypertension. China Journal of Modern Medicine. 2012;22(7):76-79.

27. Shan G, Na L, Pin M. Correlation between blood pressure variability and cognitive impairment in
patients with acute ischemic stroke.International Journal of Cerebrovascular Disease.2016;24(11):992-997.



28. Xiaojie J. Characteristics of ambulatory blood pressure in patients with cognitive impairment after
stroke. Medical Equipment.2017;30(22):16-17.

29. Xuemei C, Zheng L, Yun F. Analysis of blood pressure level and blood pressure variability in patients
with hypertension complicated with vascular cognitive dysfunction. Modern Medicine.2017;45(1):10-13.

30. Yanming L, Qilin W, Ruili H. Blood pressure variability in patients with hypertension and cognitive
impairment. Chinese Journal of Hypertension. 2019;27(6):559-561.

31. Walker KA, Power MC, Gottesman RF. Defining the Relationship Between Hypertension, Cognitive
Decline, and Dementia: a Review. Curr Hypertens Rep. 2017;19(3):24.

32. Akinyemi RO, Owolabi MO, Thara M, et al. Stroke, cerebrovascular diseases and vascular cognitive
impairment in Africa. Brain Res Bull. 2019;145:97-108.

33. Group SMIftSR, Williamson JD, Pajewski NM, et al. Effect of Intensive vs Standard Blood Pressure
Control on Probable Dementia: A Randomized Clinical Trial. JAMA. 2019;321(6):553-561.

34. Hou Q, Guan Y, Yu W, et al. Associations between obesity and cognitive impairment in the Chinese
elderly: an observational study. Clin Interv Aging. 2019;14:367-373.

35. Tadecola C, Yaffe K, Biller J, et al. Impact of Hypertension on Cognitive Function: A Scientific Statement
From the American Heart Association. Hypertension. 2016;68(6):e67-94.

36. 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 (Greenwich).2018;20(11):1575-1583.

37. Morsund AH, Ellekjaer H, Gramstad A, et al. The development of cognitive and emotional impairment
after a minor stroke: A longitudinal study. Acta Neurol Scand. 2019;140(4):281-289.

38. Wang F, Li D, Wang L, Zhu J, Zhao M, Lei P. Mild hypertension protects the elderly from cognitive
impairment: a 7-year retrospective cohort study. Psychogeriatrics. 2020;20(4):412-418.

39. Cipolla MJ, Liebeskind DS, Chan SL. The importance of comorbidities in ischemic stroke: Impact of
hypertension on the cerebral circulation.J Cereb Blood Flow Metab. 2018;38(12):2129-2149.

40. Teylan M, Mock C, Gauthreaux K, et al. Cognitive trajectory in mild cognitive impairment due to
primary age-related tauopathy. Brain.2020;143(2):611-621.

41. Forte G, Casagrande M. Effects of Blood Pressure on Cognitive Performance in Aging: A Systematic
Review. Brain S¢i.2020;10(12).

42. Wang BQ, Mei J, Liu L, et al. Exploratory study on the safety and effectiveness of Yizhi Qingxin De-
coction (capsules) in the treatment of hypertension in the elderly with mild cognitive impairment (deficiency
of kidney essence syndrome). Medicine (Baltimore).2020;99(27):¢20789.

43. Forte G, De Pascalis V, Favieri F, Casagrande M. Effects of Blood Pressure on Cognitive Performance:
A Systematic Review. J Clin Med. 2019;9(1).

44. Paganini-Hill A, Bryant N, Corrada MM, et al. Blood Pressure Circadian Variation, Cognition and
Brain Imaging in 90+ Year-Olds. Front Aging Neurosci. 2019;11:54.

45. Geng S, Liu N, Meng P, et al. Midterm Blood Pressure Variability Is Associated with Poststroke
Cognitive Impairment: A Prospective Cohort Study. Front Neurol. 2017;8:365.

46. Lu ZH, Li J, Li XL, et al. Hypertension with Hyperhomocysteinemia Increases the Risk of Early
Cognitive Impairment after First-Ever Ischemic Stroke. Fur Neurol. 2019;82(4-6):75-85.

47. Lachmann G, Feinkohl I, Borchers F, et al. Diabetes, but Not Hypertension and Obesity, Is Associated
with Postoperative Cognitive Dysfunction. Dement Geriatr Cogn Disord. 2018;46(3-4):193-206.



48. Lazo-Porras M, Ortiz-Soriano V, Moscoso-Porras M, Runzer-Colmenares FM, Malaga G, Jaime Miranda
J. Cognitive impairment and hypertension in older adults living in extreme poverty: a cross-sectional study
in Peru.BMC Geriatr. 2017;17(1):250.

49. van Sloten TT, Sedaghat S, Carnethon MR, Launer LJ, Stehouwer CDA. Cerebral microvascular com-
plications of type 2 diabetes: stroke, cognitive dysfunction, and depression. Lancet Diabetes Endocrinol.
2020;8(4):325-336.

50. Muela HC, Costa-Hong VA, Yassuda MS, et al. Hypertension Severity Is Associated With Impaired
Cognitive Performance. J Am Heart Assoc.2017;6(1).

51. Huang CQ, Dong BR, Zhang YL, Wu HM, Liu QX, Flaherty JH. Cognitive impairment and hypertension
among Chinese nonagenarians and centenarians. Hypertens Res. 2009;32(7):554-558.

52. Kapusta J, Kidawa TM, Rynkowska-Kidawa M, IrzmaNski TR, Kowalski TJ. Evaluation of fre-
quency of occurrence of cognitive impairment in the course of arterial hypertension in an elderly popu-
lation. Psychogeriatrics. 2020;20(4):406-411.

Figure legends

Figure 1 PRISMA flow diagram of study selection
Figure 2 the forest plots of synthesized outcomes
Figure 3 the forest plots of synthesized outcomes
Figure 4 the funnel plots of synthesized outcomes
Hosted file

Tables.docx available at https://authorea.com/users/435954/articles/538628-the-correlation-
of-blood-pressure-variability-and-cognitive-function-in-hypertension-patients—-a-meta-
analysis


https://authorea.com/users/435954/articles/538628-the-correlation-of-blood-pressure-variability-and-cognitive-function-in-hypertension-patients-a-meta-analysis
https://authorea.com/users/435954/articles/538628-the-correlation-of-blood-pressure-variability-and-cognitive-function-in-hypertension-patients-a-meta-analysis
https://authorea.com/users/435954/articles/538628-the-correlation-of-blood-pressure-variability-and-cognitive-function-in-hypertension-patients-a-meta-analysis

Eligibility Screening ] [ Identification ]

Included

Records identified through
database searching

(n=164)

Additional records identified
through other sources

Records after duplicates removed

(n=172)

y

Records screened
(n=172)

Records excluded (n = 132)

l

Full-text articles assessed
for eligibility
(n =40)

l

Full-text articles excluded (n =27):
25 inappropriate population and

study design;
1 duplicate publication;
1 low-quality report

Studies included in
qualitative synthesis
(n=13)

I

Studies included in
quantitative synthesis
(meta-analysis)
(n=13)

10




Deng 2017
Geng 2016
Jin 2017
Jun 2019
Kwon 2016
Li2018

Li 2019
Ling 2019
Peng 2012
Xue 2018

Total (95% CI)

Cl group

35
14
2.98
5.69
28
4.58
57
1.45
225
0.02

8.7
11.84
19.48

9.5
29.16

17.3
9.61
21.95
0.1

1127

No CI group
101 27 99
83 12 198
984 189 162
13.55 4.16 7
86 34 21
19.17 5.04 100
10.8 4 120
6.63 1.24 63
16.98 3.19 139
0.08 0.03 63
1036

10.0%
1.1%
10.4%
8.9%
8.4%
9.5%
9.6%
10.8%
10.3%
11.1%

100.0%

Heterogeneity: Tau? = 2.63; Chi? = 652.13, df = 9 (P < 0.00001); I* = 99%
Test for overall effect: Z = 6.55 (P < 0.00001)

A Forest plot of 24 h systolic blood pressure variation coefficient

Mean Difference
% Cl

Mean Difference

"2

2.80[1.72, 3.88]
0.40[0.19, 0.61]
2.00[1.15, 2.85]
5.93[4.35, 7.51]
0.90 [-0.91, 2.71]
9.99 [8.66, 11.32]
6.50 [5.24, 7.76]
2.98 [2.40, 3.56]
4.97 [4.10, 5.84]
0.03[0.02,0.04]

3.54[2.48, 4.60]

95% Cl

-10 -5

0 5 10

Favours [CI group] Favours [No ClI group]

Cl group No CI group Mean Difference Mean Difference
_Study or Mean SD Total Mean SD Total Weight IV. 95% CI 1V, Rand 95% Cl
Deng 2017 145 42 53 127 39 99  9.0% 1.80[0.43, 3.17] -
Geng 2016 8 15 510 78 13 198 11.4% 0.20 [-0.02, 0.42]
Jin 2017 14.07 35 54 11.73 327 162 9.9% 2.34[1.28, 3.40] -
Jun 2019 14.37 4.05 79 1149 3.18 71 9.6% 2.88[1.72,4.04] -
Kwon 2016 1.1 4 26 94 22 21 7.8% 1.70[-0.10, 3.50]
Li 2018 2348 4.24 100 14.76 413 100 9.6% 8.72[7.56, 9.88] -
Li 2019 128 33 116 93 32 120 104% 3.50[2.67, 4.33] -
Ling 2019 11.61 214 34 9.69 3.04 63 9.9% 1.92[0.88, 2.96] -
Peng 2012 14.33 1.35 41 1237 228 139 11.0% 1.96 [1.40, 2.52] -
Xue 2018 0.12 0.02 114 0.1 0.03 63  11.5% 0.0110.00, 0.02]
Total (95% CI) 1127 1036 100.0% 2.43[1.55,3.31] ’
Heterogeneity: Tau? = 1.76; Chi? = 398.53, df = 9 (P < 0.00001); I2 = 98% o t o 5 p '0

Test for overall effect: Z = 5.41 (P < 0.00001)

Chen 2017
Jun 2019
Kwon 2016
Ling 2019

Total (95% CI)

FEVD:JI'S [CI group]
B Forest plot of 24 h diastolic blood pressure variation coefficient

Favours [No Cl group]

Cl group No CI group Mean Difference Mean Difference
_Study or Subgroup  Mean SD Total Mean SD Total Weight IV, 95% Cl Y 95% CI
16.62 8.83 46 1544 7.07 56 17.6%  1.18[-1.97,4.33] -
1341 422 79 902 263 71 29.9% 4.39[3.28, 5.50] —
118 37 26 107 4 21 230%  1.10[-1.12,332] I —
1406 243 34 1261 344 63 295% 1.45[0.27, 2.63] —_—
185 211 100.0% 220 [0.27, 4.13] i
Heterogeneity: Tau? = 2.92; Chi? = 16.05, df = 3 (P = 0.001); 2= 81% 4 2 ; 2 i

Test for overall effect: Z = 2.23 (P = 0.03)

C Forest plot of standard deviation of systolic blood pressure

Favours [CI group]

Favours [No CI group]

Cl group No Cl group Mean Difference Mean Difference
Study or Mean SD Total Mean SD Total Weight IV. 95% Cl 1V, Random, 95% CI
Chen 2017 11.12 598 46 985 443 56 14.9% 1.27 [-0.81, 3.35] 1
Jun 2019 9.02 263 79 766 2.19 71 34.0% 1.36 [0.59, 2.13] -
Kwon 2016 76 27 26 64 14 21 264% 1.20 [0.00, 2.40] —
Ling 2019 1261 344 34 926 245 63 247% 3.35[2.05, 4.65] - =
Total (95% Cl) 185 211 100.0% 1.79 [0.80, 2.79] -
Heterogeneity: Tau? = 0.60; Chi? = 7.72, df = 3 (P = 0.05); = 61% ! - 0 é Alt

Test for overall effect: Z = 3.53 (P = 0.0004)
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Favours [Cl group] Favours [No Cl group]
D Forest plot of standard deviation of diastolic blood pressure



Cl group No CI group Mean Difference Mean Difference

Study or Mean  SD Total Mean SD Total Weight IV.Random.95%Cl IV, Random,95%Cl
Chen 2017 137.95 1449 46 13061 14.86 56 8.5% 7.34[1.62, 13.06] -

Conway 2015 126 1 183 128 13 166 11.8% -2.00 [-4.64, 0.64] -

Deng 2017 1326 131 53 129 137 99 9.9% 3.60[-0.84, 8.04] T

Jin 2017 151.89 2462 54 14871 2339 162 6.8%  3.18[-4.31,10.67] -

Jun 2019 14713 1824 79 14429 18.03 71 84% 2.84[-2.97, 8.65] -

Kwon 2016 1246 10 26 1265 134 21 73% -1.90 [-8.80, 5.00] - 1

Li2019 1416 245 116 1383 145 120 9.1% 3.30[-1.86, 8.46] I

Ling 2019 14771 1803 34 12877 1396 63 7.3% 18.94[11.97,25.91] -
Peng 2012 146.29 1479 41 14253 1549 139 9.1% 3.76 [-1.45, 8.97] T

Xue 2018 138.37 13.06 114 1363 999 63 11.0% 2.07 [-1.37,5.51] T

Yang 2018 140.31 1031 105 13643 157 93 10.7% 3.88[0.13, 7.63] __

Total (95% CI) 821 1053 100.0% 3.73[0.92, 6.53] A

Heterogeneity: Tau? = 15.58; Chi? = 38.04, df = 10 (P < 0.0001); I = 74% _2'0 _1'0 0 1'0 2'0
Test for overall effect: Z = 2.60 (P = 0.009) Favours [Cl group] Favours [No C group]
A Forest plot of mean systolic blood pressure

Cl group No Cl group Mean Difference Mean Difference
Study or Mean D Total Mean D Total Weight IV, Random,95% Cl IV, Random, 95% CI
Chen 2017 7189 9.15 46 69.13 7.94 56 9.2% 2.76 [-0.60, 6.12] [
Conway 2015 74 7 153 72 8 166  9.5% 2.00 [0.35, 3.65] -
Deng 2017 722 8.6 53 746 74 99 9.4% -2.40[-5.14, 0.34] 7
Jin 2017 91.26 19.23 54 8823 1859 162 8.5% 3.03[-2.84,8.90] T
Jun 2019 89.62 17.04 79 87.95 16.38 7 8.7% 1.67 [-3.68, 7.02] T
Kwon 2016 683 49 26 685 8.1 21 9.1% -0.20[-4.14,3.74] T
Li 2019 776 99 116 768 71 120 94% 0.80 [-1.40, 3.00] -
Ling 2019 128.77 13.96 34 771 13.71 63  85% 51.67[45.88, 57.46] -
Peng 2012 84.56 12.01 41 8273 1235 139 9.0% 1.83 [-2.38, 6.04] T
Xue 2018 726 954 114 711 574 63  9.4% 1.50 [-0.75, 3.75] -
Yang 2018 68.87 1272 105 68.61 9.82 93  9.3% 0.26 [-2.89, 3.41] I
Total (95% CI) 821 1053 100.0%  5.41[0.42, 10.40] g
Heterogeneity: Tau? = 67.38; Chi? = 296.76, df = 10 (P < 0.00001); I> = 97% 50 25 0 25 50
Test for overall effect: Z = 2.13 (P = 0.03) Favours [Cl group] Favours [No CI group]
B Forest plot of mean diastolic blood pressure
Cl group No Cl group Mean Difference Mean Difference
_Study or Mean  SD Total Mean  SD Total Weight IV.Random.95%Cl  IV.Random,95%ClI
Peng 2012 44.06 21.03 41 30.86 14.83 139 433%  13.20[6.31,20.09] - =
Xue 2018 17.37 536 114 136 3.57 63  56.7% 3.77 [2.45, 5.09] -
Total (95% CI) 155 202 100.0%  7.85[-1.30,17.01] e ——

Heterogeneity: Tau? = 38.05; Chi? = 6.93, df = 1 (P = 0.008); I* = 86% _2'0 _1'0 0 1'0 2'0
Test for overall effect: Z = 1.68 (P = 0.09) Favours [Cl group] Favours [No CI group]

C Forest plot of morning peak systolic blood pressure drop

Cl group No CI group Mean Difference Mean Difference
i o m., 95% C
Peng 2012 30.86 14.83 41 20.83 13.73 139 47.6% 10.03 [4.95, 15.11]
Xue 2018 1111 875 114 1175 6.59 63 52.4% -0.64 [-2.93, 1.65] I
Total (95% CI) 155 202 100.0% 4.4 [-6.00, 14.89] ——

Heterogeneity: Tau? = 52.88; Chi? = 14.09, df = 1 (P = 0.0002); I> = 93% _1I0 5 0 5 10
Test for overall effect: Z = 0.83 (P = 0.40) Favours [CI group] Favours [No Cl group]
D Forest plot of morning peak diastolic blood pressure drop
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G Funnel plot of morning peak systolic blood pressure drop
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