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COGNITIVE DECLINE AND BLOOD PRESSURE

Hypertension, Prehypertension, and Hypertension
Control

Association With Decline in Cognitive Performance in the ELSA-Brasil Cohort

Sara Teles de Menezes, Luana Giatti®2, Luisa Campos Caldeira Brant, Rosane Harter Griep®, Maria Inés Schmidt,
Bruce Bartholow Duncan, Claudia Kimie Suemoto®®, Antonio Luiz Pinho Ribeiro®®, Sandhi Maria Barreto

ABSTRACT: Hypertension, particularly in middle age, has been associated with worse cognitive function, but evidence is
inconclusive. This study investigated whether hypertension, prehypertension, age, and duration of diagnosis, as well as blood
pressure control, are associated with a decline in cognitive performance in ELSA-Brasil participants. This longitudinal study
included 7063 participants, mean age 589 years at baseline (2008-2010), who attended visit 2 (2012-2014). Cognitive
performance was measured in both visits and evaluated by the standardized scores of the memory, verbal fluency, trail B tests,
and global cognitive score. The associations were investigated using linear mixed models. Hypertension and prehypertension
at baseline were associated with decline in global cognitive score; being hypertension associated with reduction in memory
test; and prehypertension with reduction in fluency test Hypertension diagnose >b5 years was associated with lower
global cognitive and memory test scores, and hypertension diagnose <b5 years with lower memory test scores. Duration of
hypertension diagnoses was not associated with any marker of cognitive function decline. Among treated individuals, blood
pressure control at baseline was inversely associated with the decline in both global cognitive and memory test scores.
In this relatively young cohort, hypertension, prehypertension, and blood pressure control were independent predictors of
cognitive decline in distinct abilities. Our findings suggest that both lower and older age of hypertension, but not duration
of diagnosis, were associated with cognitive decline in different abilities. In addition to hypertension, prehypertension and
pressure control might be critical for the preservation of cognitive function. (Hypertension. 2021;77:672-681. DOI:
10.1161/HYPERTENSIONAHA.120.16080.) ® Data Supplement
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nitive decline and dementia,' potentially preventable
and treatable.* Although it is not known exactly
when hypertension begins to affect cognition, middle
age seems to be a sensitive period in which exposure
to hypertension has a subtle and lasting negative impact
on the brain,® more than hypertension started at older
ages.”® However, variability in middle age definition
among studies, as well as differences in the methods
used to classify cognitive end points hinder comparability
between studies.'®'?
Conversely, earlier onset of hypertension implies lon-
ger exposure to hypertension, and longer duration has

Hypertension is a highly prevalent risk factor for cog-

also been associated with greater cognitive decline
and dementia regardless of the age of onset of hyper-
tension.'®® Thus, it is possible that shorter duration of
hypertension explains part of the inconsistencies among
studies that investigated the effect of later-life hyperten-
sion on cognitive decline or dementia.’® Consequently,
the 2 components—age of diagnosis and duration of
hypertension—must be addressed.

The use of antihypertensive medications®'*'® and
the control of pressure levels' seem to moderate the
association of hypertension with cognitive decline and
dementia, but such effects have not yet been suffi-
ciently explored.'®
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Novelty and Significance

What Is New?

* Hypertension at middle and older ages were associ-
ated with faster cognitive decline.

* Duration of hypertension diagnosis was not associated
with the speed of cognitive decline.

What Is Relevant?

» Noncontrolled hypertension predicted significantly
faster declines in memory and global cognitive func-
tion performance than controlled hypertension.

* Both hypertension and prehypertension acceler-
ated the decline in standardized global cognitive
performance.

Summary

Our study shows that hypertension and prehyperten-
sion relate to faster cognitive decline in middle-aged
and older adults and that the speed of cognitive decline
was irrespective of hypertension duration. Moreover,
controlled hypertension appeared to have reduced the
pace of cognitive decline. Taken together, our findings
emphasize the importance of diagnosing and control-
ling hypertension strictly and at any age spectrum to
reduce loss of cognition.

Nonstandard Abbreviations and Acronyms

BP blood pressure

DBP diastolic blood pressure
HDL high-density lipoprotein
SBP systolic blood pressure

Although prehypertension (systolic blood pressure
[SBP] between 121 and 139 and diastolic blood pres-
sure [DBP] between 81 and 89 mmHg) has been asso-
ciated with significant damage in several target organs,'”
its association with cognitive decline and dementia has
been less investigated.”'®'® Such investigation is impor-
tant because of the greater potential for prevention and
reversibility of prehypertension.

This study investigated whether hypertension and
prehypertension predict greater decline in cognitive tests
performance in ELSA-Brasil participants after 4-year
follow-up. Additionally, we assessed whether the age
of diagnosis, duration, treatment status, and control of
hypertension also predict greater decline in cognitive
tests performance. We hypothesize that all these vari-
ables predict acceleration in cognitive decline.

METHODS

The data that support the findings of this study are available
from the corresponding author on request.

Study Population

This study used data from visits 1 (2008-2010) and 2 (2012-
2014) of ELSA-Brasil, a multicenter cohort with 15105 civil
servants (35-74 years old), in 6 Brazilian capitals. Detailed
information on study was previously published.'®?® ELSA-
Brasil was approved by the Research Ethics Committees of
the participating institutions and the National Research Ethics

Hypertension. 2021;77:672-681. DOI: 10.1161/HYPERTENSIONAHA.120.16080

Committee (CONEP 976/2006). All participants signed an
informed consent.

Of the 15105 participants, 223 died and 868 did not
attend visit 2, resulting in 94.2% retention rate. Cognitive func-
tion tests were applied to all baseline participants, but only to
those >55 years old on visit 2. Therefore, 7248 participants
were eligible for this analysis. Of these, those using anticholin-
esterase drugs (n=1) and with missing BP data (n=8) at base-
line were excluded.

In addition, we excluded individuals because of (1) age at
hypertension diagnoses <9 years (n=2); (2) normotensive indi-
viduals who reported using antihypertensives for another rea-
son (n=44); and (3) individuals who reported stroke at baseline
(n=130). Because information was missing for specific cogni-
tive tests, our final analytical sample varied for each test (mem-
ory, N=6646; fluency, N=6805, trail B, N=6619; and global
cognitive score, N=6480). The sample selection is described in
Figure S1 in the Data Supplement.

Cognitive Evaluation

The response variables were the total scores of 3 cognitive
tests (memory, fluency, and trail B) and the global cognitive
score. Tests were applied on study visits 1 and 2, in a quiet
room by highly trained interviewers using standardized proto-
cols, recorded, and reviewed for quality control.?22

The memory test score represents the sum of the number
of correct words in the learning, recall, and word recognition
tests. They evaluate the declarative memory and were obtained
through the battery of neuropsychological tests consortium to
establish record of Alzheimer disease.?%%*

The verbal fluency test evaluates executive function, explicit
memory, semantics, and language and is also part of the con-
sortium to establish record of Alzheimer disease battery.?32*
The categories used were the letter F and animals in visit 1
and letter A and flora (vegetables, flowers, trees, etc) in visit
2. The final score is the sum of all correct words spoken for
60 seconds. The categories of the verbal fluency test varied
between visits to reduce the learning effects. Because the 2
versions of the verbal fluency test can be parallel, but not nec-
essarily equivalent®2¢ the test scores on visit 2 were converted
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into equivalent scores, comparable to the scores of the verbal
fluency tests on visit 1.%7

The trail B test evaluates attention, concentration, psycho-
motor speed, visuomotor scanning, and mental flexibility (exec-
utive function).28 Only individuals who completed the trail A test
performed the trail B test. The score consists of the time (in
seconds) spent to complete the trail B test since the trail A test
time was not recorded. For individuals who did not complete the
trail B test (n=493), the time of accomplishment was estimated
as being the maximum time (+ one second) taken for individu-
als of the same sex, age group (5 years), and schooling.?® The
trail B test score were log-transformed because its distribution
was highly skewed.

The global cognitive score, measured by the global cogni-
tive factor (factor g), was obtained from factor analysis with
standardized scores (Z score) of memory, fluency, and trail B
tests of participants who performed all the tests (n=6480).
Factor g was the first factor and explained 64% of the total
variance of cognitive tests. This proportion is a typical value of
variance explained by Factor g.2°

Previous results from ELSA-Brasil showed that the memory
tests had moderate reliability, the verbal fluency tests had good
reliability, and the trail B test had almost perfect reliability.%'

For performance comparability between visits, the final
scores of all tests were standardized to Z scores (based on
the mean and SD of visit 1 test). Thus, the standardized scores
for each test at visits 1 and 2 have mean equal to zero and
SD equal to one. Therefore, a reduction in participant's Z score
in any test at visit 2, except for trail B tests, signals a rela-
tive decline in participant's performance. For the trail B test, an
increase in Z score in visit 2 (longer execution time) represents
a performance decline in this activity.

Blood Pressure

BP was measured using a validated oscillometric device
(Omron HEM 705CPINT) on the right arm after a 5-minute
rest in a sitting position in a quiet, temperature-controlled room
(20-24°C). Three measurements were taken at 1-minute
intervals, and the means of the last 2 measurements of SBP
and DBP?? were used.

The explanatory variables were hypertension status, age of
hypertension diagnosis, duration of hypertension diagnosis, hyper-
tension treatment, and control statuses, all obtained at visit 1.

Individuals with SBP<120 mmHg and DBP<80 mmHg
and who did not use antihypertensive were classified as nor-
mal; prehypertension as SBP between 121 and 139 mmHg or
DBP between 81 and 89 mmHg and no antihypertensive use;
and hypertension as SBP=140 mmHg or DBP>90 mmHg and
use of antihypertensive.

The age of hypertension diagnosis was self-reported for
participants diagnosed with hypertension before study entry.
For individuals found hypertensive at visit 1, the age of diag-
nosis was the same age at study entry plus 0.1 to differentiate
from normotense participants. The age of diagnosis was then
categorized as (1) middle-age hypertension (<55 years) and
(2) late hypertension (=55 years), being normotense the refer-
ence category. Duration of hypertension (visit 1 age—age of
hypertension diagnosis) and analyzed as a continuous variable.

The effect of antihypertensive use per se on cognitive per-
formance was evaluated on participants with hypertension
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diagnosis before study entry (N=2717) and grouped into
treated and untreated. The role of BP control was evalu-
ated only in hypertensive individuals under treatment at visit
1 (N=2650) and categorized into: controlled hypertension
(SBP<140 mmHg and DBP<90 mmHg) and uncontrolled
hypertension (SBP>140 mmHg or DBP>=90 mm Hg).

Covariables

Sociodemographic characteristics included sex, education, and
race/skin color (White, Brown (pardo), Black, yellow, and indig-
enous). Age was used in the analysis to index time. Thus, visit 1
age was the starting point, and visit 2 age corresponded to the
initial age plus the interval (in years) between the 2 visit dates.

The health behaviors included smoking (nonsmoker, ex-
smoker, and smoker), leisure physical activity, and alcohol con-
sumption. Physical activity was evaluated by the long version of
the International Physical Activity Questionnaire and grouped
according to the number of MET (metabolic equivalent of task)
into: light (<600 MET min/week), moderate (600£3000 MET
min/week), and strong (>3000 MET min/week).>* Alcohol
consumption (moderate, nondrinking, and excessive) accord-
ing to reported weekly consumption in grams, being moder-
ate if <210 g/week for men and <140 g/week for women,
and excessive if 2210 g/week for men and 2140 g/week for
women.?!

Other potential confounders were body mass index (kg/m?
continuous); total cholesterol/HDL (high-density lipoprotein)
ratio (continuous), determined by the enzymatic colorimetric
method (ADVIA Chemistry; Siemens)?; use of lipid-lowering
drugs (no/yes); self-reported CVD (cardiovascular disease) (no/
yes, including acute myocardial infarction, unstable angina, con-
gestive heart failure, and coronary artery bypass grafting); atrial
fibrillation (no/yes); and diabetes (no/yes). Diabetes was defined
by self-reported diagnosis or any of the following criteria: use of
antidiabetic drugs, or fasting glucose >126 mg/dL, or glucose
tolerance test =200 mg/dL, or glycated hemoglobin >6.5%.
Biochemical tests, weight, and height were obtained on fasting.

Statistical Analysis

Categorical variables were described as proportions and con-
tinuous variables, as medians and interquartile range, or as
means and SD.

Mixed linear regression models with random intercept and
slope were used to evaluate longitudinal changes in tests per-
formance between study visits 1 and 2.347%¢ The fixed effects
(B) and variance components () of the mixed linear models
were estimated using maximum restricted likelihood methods.

The explanatory variables of interest (hypertension sta-
tus, age of hypertension diagnosis, duration of hypertension,
hypertension treatment, and control statuses) and covariates
were ascertained at visit 1, while cognitive tests performance
(response variables) at visits 1 and 2. Separate regression mod-
els were run for each cognitive test and for the global cognitive
score, as well as for each explanatory variable. All explanatory
and covariates were included in the models as fixed effects,
and age was modeled as random effect to index time.

First, we modeled each explanatory variable of interest and
age. Then, the covariates were included in the models. Next,
the longitudinal change in standardized cognitive scores was
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evaluated by including interaction terms between the explan-
atory variable and age (hypertension status x age, hyperten-
sion diagnosis age x age, duration of hypertension x age,
hypertension treatment status x age, and hypertension con-
trol status x age), and the results of the fully adjusted models
presented. The suitability tests confirmed the adequacy of the
models presented.

Statistical significance was defined as £<0.05 and 95% CI.
The analyses were performed using Stata software version 14
(Stata Corporation, College Station, United States).

RESULTS

The average interval between visits was 3.8 years
(1.7-6.0 years). Of 7063 participants included, 55.2%
were female, mean age 589 (SD=5.9) years at visit 1,
156.3% Black participants, and 53.4% had >14 years of
study (Table 1). In total, 22.0% had prehypertension and
46.8% hypertension. Among hypertensive individuals,
29.8% were diagnosed at middle age, and the median
duration of hypertension was 7.0 (interquartile range=1-
15) years. Among those who reported hypertension at
visit 1, 7.3% did not use antihypertensive medication, and
among the treated hypertensive participants, 31.2% pre-
sented uncontrolled BP levels (Table 1).

After considering all covariates in the analysis, the
interaction term status of hypertension x age was sta-
tistically significant for the memory, verbal fluency tests,
and global cognitive score (Factor @), indicating that
hypertension is associated with the greatest decline in
the memory, fluency, and global cognitive score between
visits, that is, as individuals age. Prehypertension, when
compared with normal BPF, was an independent predictor
of greater decline in the verbal fluency test and global
cognitive score (Table 2).

Compared with participants without hypertension,
middle-age hypertension was associated with a sharper
decline in memory test, and late hypertension with
sharper decline in memory test and global cognitive
score (Table 3).

The interaction term duration of hypertension x age
was not statistically significant in any analysis (F<0.109
memory; 0.885 fluency; 0.266 trail B; 0.457 factor—
Table S1), indicating that hypertension duration was not
an independent predictor of longitudinal changes in cog-
nitive performance in this study.

Finally, among treated hypertensive individuals, those
with uncontrolled BP showed a more accelerated decline
in the memory test and global cognitive score compared
with controlled hypertensive individuals (Table 4). Among
individuals who reported hypertension in visit 1, treatment
status (no versus yes) was not associated with longitudi-
nal changes in cognitive performance (data not shown).

Secondary analysis including individuals with preva-
lent stroke and persons with hypertension medications
for other reasons did not change the results.

Hypertension. 2021;77:672-681. DOI: 10.1161/HYPERTENSIONAHA.120.16080
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Table 1. Characteristics of the Study Population at the

Baseline (2008-2010)

Characteristics Baseline
Age,y 58.9 (5.9)
Sex, women 55.2
Schooling—time of study—y
>14 53.4
11-13 30.0
8-10 8.6
<8 8.0
Race or skin color
White 54.2
Brown (pardo) 26.3
Black 15.3
Yellow or Indigenous 4.2
Smoking
Never smoker 50.6
Former smoker 36.8
Current smoker 12.6
Alcohol consumption
Moderate 60.6
Do not use 31.5
Excessive 7.9
Leisure-time physical activity
Mild 75.3
Moderate 18.6
Vigorous 6.1
BMI, kg/m? 27.2 (4.6)
Cardiovascular disease 8.1
Atrial fibrillation 0.3
Diabetes 22.9
Total cholesterol/HDL cholesterol ratio 3.9 (1.0)
Use of lipid-lowering drugs 19.8
Status BP
Normal BP 31.3
Prehypertension 22.0
Hypertension 46.7
Age at diagnosis of hypertension
Normal BP 53.3
Middle age hypertension (<55 y) 29.8
Late hypertension (=55 y) 16.9
Exposure time to hypertension, y 7.0 (1.0-15.0)
Treated hypertension 92.7
Controlled hypertension 68.7
Memory test score (number of correct words)* 36.8 (6.1)
Verbal fluency test score (number of correct words)t | 29.8 (8.4)
Trail B test score (seconds)# 114.0 (83.0-178.0)

ELSA-Brasil (N=7063). Data are given as percentage, mean (SD), or median
(range). BMI indicates body mass index; ELSA-Brasil, Brazilian Longitudinal Study
of Adult Health; and HDL, high-density lipoprotein.

*Score ranging from O to 50 correct words.

tScore ranging from O to o correct words remembered in a time interval of 1 min.

$Score ranging from 1 to « seconds.
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Table 2. Association Between Prehypertension and Hypertension at Baseline and Cognitive Performance Over 4 Years of
Follow-Up, Estimated by Linear Mixed Effects Regression

Memory tests (Z score),

Verbal fluency tests (Z score),

Trail B test (Z score),

" . N=6646 N=6805 N=6619 Factor g, N=6480
Cognitive function
test B (95% CI) B (95% CI) B (95% CI) B (95% CI)
Intercept 0.7303 (0.3661 to 1.0944)* 0.6908 (0.3503 to 1.0313)* -1.0370 (-1.3475 to —0.7266)* | 0.6904 (0.4527 to 0.9281)*

Status xhypertension

Normal BP

Ref.

Ref.

Ref.

Ref.

Prehypertension

0.3854 (-0.1129 to 0.8838)

0.5596 (0.0948 to 1.0243)t

0.3059 (-0.1180 to 0.7298)

0.2504 (-0.0660 to 0.5668)

Hypertension

0.9158 (0.4990 to 1.3325)*

0.3374 (-0.0514 to 0.7262)

0.0694 (-0.2855 to 0.4244)

0.3823 (0.1174 to 0.6472)t

Agety

-0.0057 (-0.0114 to —0.0001)&

-0.0049 (-0.0102 to 0.0002)

0.0093 (0.0045 to 0.0140)*

-0.0080 (-0.0115 to —0.0044)*

Status hypertension x age+

Normal BP

Ref.

Ref.

Ref.

Ref.

Prehypertension

-0.0073 (-0.0156 to 0.0010)

-0.0095 (-0.0172 to -0.0018)t

-0.0035 (-0.0105 to 0.0034)

-0.0049 (-0.0102 to —0.0003)§

Hypertension

-0.0153 (-0.0222 to -0.0083)*

-0.0065 (—0.0129 to —0.0001)8§

0.0003 (-0.0055 to 0.0061)

-0.0072 (-0.0115 to —0.0028)+

ELSA-Brasil (N=7063). Final model adjusted for age, sex, education level, race or skin color, smoking, alcohol consumption, leisure-time physical activity, body mass
index, diabetes, cardiovascular disease, atrial fibrillation, total cholesterol/high-density lipoprotein ratio, use of lipid-lowering drugs, and interaction: Status hypertension

x age. B indicates B coefficient.
Indicate (B); Pvalue *<0.001; t+<0.01; and §<0.05.

+Age (age at baseline + follow-up time) was modeled as a random effect to index time.

Graphic representations of the mean cognitive scores’
predictions for the explanatory variables were plotted to
illustrate the main findings (Figures 1 and 2). As age was
modeled as a random effect in the analysis, the inclina-
tions in the figures indicate changes in performance in
standardized cognitive tests and global cognitive score
as individuals age during the study period.

DISCUSSION

In this large cohort of middle-aged and older adults,
hypertension and prehypertension were associated
with a reduction in standardized cognitive performance,
assessed by a global composite score between visits 1
and 2 of the ELSA-Brasil cohort. Besides, hypertension
was associated with a decrease in memory test, and
prehypertension with a decrease in verbal fluency test.
Regarding the age of diagnosis, hypertension in middle
age predicted a reduction in memory test, while hyper-
tension in older age predicted a decline in memory test
and global cognitive score. Neither duration of hyper-
tension nor hypertension treatment per se predicted
age-related decreases in cognitive performance in the
examined period. However, individuals with uncontrolled
hypertension presented a sharper decline in memory test
and global cognitive score when compared with those
controlled. None of the hypertension variables evaluated
was associated with changes in the standardized scores
of the trail B test.

Hypertension has been associated with virtually all
domains of cognitive function, but existing evidences
suggest that hypertension does not equally affect distinct
cognitive abilities over time.®37 Our results are in line
with longitudinal evidences as hypertension predicted

676  February 2021

faster declines in memory tests and global cognitive
score.814%83% However, unlike other studies8'4494! we
found no association between hypertension and trail B
test, a test that evaluates executive function, one of the
most vulnerable domains to hypertension effects.5%”

The inverse association of prehypertension with verbal
fluency observed here is consistent with most of the pre-
vious studies that evaluated executive function using this
or other tests.8'84243 Few cohort studies have examined
and shown that BP at prehypertensive levels predicts a
reduction in cognitive performance in a large sample of
middle-aged and older adults of both sexes. Most pre-
vious studies on this topic were across-sectional with
very small samples*?#3 or were restricted to women'® or
evaluated only dementia.” Thus, this study contributes to
the current literature on prehypertension and cognitive
function decline, an important finding because of the
greater potential for prevention as well as reversibility of
prehypertension.

We found that hypertension at older ages predicted
a more rapid decline in memory tests and global cogni-
tive score, in accordance with 3 other longitudinal stud-
ies.%94044 The Rotterdam and Leiden 85-plus studies
observed an inverse association between high BP at
older ages (65—74 years), but not at middle ages (55-64
years), and worse cognitive performance after 11 years
of follow-up.*

The associations between hypertension or high BP
at older ages and decline in cognitive performance at
later stages of life are not consistent in the literature,
varying from positive associations,'34546 null,*” and even
protective associations.***849 In spite of the observed
disagreements, on the whole, it appears that the age of
hypertension onset can modify the effect of hypertension
in cognitive performance decline and dementia.”

Hypertension. 2021;77:672-681. DOI: 10.1161/HYPERTENSIONAHA.120.16080
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Table 3. Association Between Age at Diagnosis of Hypertension at Baseline and Cognitive Performance Over 4 Years of Fol-
low-Up, Estimated by Linear Mixed Effects Regression

Cognitive function test

Memory tests (Z score), Verbal fluency tests (Z score), | Trail B test (Z score), Factor g,
N=6646 N=6805 N=2354 N=6480
B (95% CI) B (95% CI) B (95% CI) B (95% CI)

Intercept

0.9430 (0.6536 to 1.2323)*

0.9541 (0.6847 to 1.2236)*

-0.9789 (-1.2250 to —0.7329)*

0.8375 (0.6450 to 1.0299)*

Age at diagnosis of hypertension

Normal BP

Ref.

Ref.

Ref.

Ref.

Hypertension in mid-
dle age (<55 y)

0.4801 (0.0691 to 0.8911)1

-0.1015 (-0.4845 to 0.2813)

0.1622 (-0.1874 to 0.5119)

-0.0344 (-0.2271 to 0.2960)

Late hypertension
(=55y)

0.9140 (0.3573 to 1.4707)*

0.2924 (-0.2213 to 0.8062)

0.2086 (-0.2613 to 0.6786)

0.4395 (0.0860 to 0.7930)t

Agety

-0.0094 (-0.0135 to —0.0052)*

-0.0094 (-0.0132 to —0.0055)*

0.0083 (0.0047 to 0.0118)*

-0.0105 (-0.0131 to —0.0078)*

Age at diagnosis of hypertension x age#

Normal BP

Ref.

Ref.

Ref.

Ref.

Hypertension in mid-
dle age (<55 y)

-0.0072 (-0.0141 to —0.0003)+

0.0010 (-0.0053 to 0.0074)

-0.0025 (-0.0084 to 0.0032)

-0.0006 (-0.0050 to 0.0037)

Late hypertension
(>65y)

-0.0151 (-0.0237 to —0.0064)*

-0.0056 (-0.0135 to 0.0023)

-0.0013 (~0.0085 to 0.0059)

-0.0080 (-0.0134 to -0.0025)§

ELSA-Brasil (N=7063). Final model adjusted for age, sex, education level, race or skin color, smoking, alcohol consumption, leisure-time physical activity, body mass

index, diabetes, cardiovascular disease, atrial fibrillation, total cholesterol/high-density lipoprotein ratio, use of lipid-lowering drugs, and interaction: Age at diagnosis of

hypertension x age. {3 indicates f§ coefficient.
Indicate (B); Pvalue *<0.001; t<0.05; and §<0.01.

$Age (age at baseline + follow-up time) was modeled as a random effect to index time.

Our initial hypothesis anticipated based on the liter-
ature® 9% that the negative effects of hypertension on
cognitive function would be more critical when hyperten-
sion started at younger ages. However, the regression
parameters indicate only modest effects of hypertension
at middle age on the decline in memory test.

Direct comparisons between studies on middle-age
hypertension and decline in cognitive function'®-"2 are dif-
ficult. First, middle age comprises wide age ranges, from
35 to 68 years.'®? Also, the instruments that evaluate

cognitive function diverge widely, are not standardized,
and this might explain part of the inconsistencies found
between the domains evaluated or even the tests used
to evaluate a single domain.®'

Furthermore, survival bias and censorship in older
cohorts may explain part of the inconsistencies
observed between the studies that addressed age of
hypertension onset and cognitive performance. Finally,
a potential cognitive benefit of higher BP levels in the
elderly due to better brain perfusion, often present

Table 4. Association Between Hypertension Control Status in Hypertensive Individuals Under Treatment at the Baseline and
Cognitive Performance Over 4 Years of Follow-Up, Estimated by Linear Mixed Effects Regression

Memory tests (Z score),

Verbal fluency tests (Z score),

" . N=2361 N=2392 Trail B test (Z score), N=6619 | Factor g, N=2295
Cognitive function
test B (95% CI) B (95% CI) B (95% CI) B (95% CI)
Intercept 1.2958 (0.8607 to 1.7310)* 0.8285 (0.4348 to 1.2222)* —-0.8487 (-1.2238 to -0.4737)* | 0.9151 (0.6261 to 1.2041)*

Hypertension control status

Controlled hyperten-
sion

Ref.

Ref.

Ref.

Ref.

Uncontrolled hyper-
tension

0.7657 (0.1648 to 1.3667)t

0.1264 (-0.4161 to 0.6689)

-0.2607 (-0.7780 to 0.2564)

0.3846 (0.0029 to 0.7664)+

Age,Sy

-0.0163 (-0.0219 to —0.0108)*

-0.0095 (-0.0145 to —0.0045)*

0.0072 (0.0025 to 0.0120)*

-0.0125 (-0.0160 to —0.0090)*

Hypertension control status x age§

Controlled hyperten-
sion

Ref.

Ref.

Ref.

Ref.

Uncontrolled hyper-
tension

-0.0126 (-0.0222 to -0.0030)t

—-0.0038 (-0.0124 to 0.0047)

0.0059 (-0.0022 to 0.0141)

-0.0074 (-0.0134 to —0.0013)t

ELSA-Brasil (N=2650). Final model adjusted for age, sex, education level, race or skin color, smoking, alcohol consumption, leisure-time physical activity, body mass
index, diabetes, cardiovascular disease, atrial fibrillation, total cholesterol/high-density lipoprotein ratio, use of lipid-lowering drugs, and interaction: control status of
hypertension x age. §§ indicates f coefficient.

Indicate (B); Pvalue #<0.05; t<0.01; * <0.001.

§Age (age at baseline + follow-up time) was modeled as a random effect to index time.
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Figure 1. Longitudinal trajectories* in the predicted Z scorest
(95% CI) of the cognitive tests according to hypertension
status at visit 1. ELSA-Brasil (2008-2010 and 2012-2014).
The memory test (A), verbal fluency (B) and the global cognitive
score (C). *As age was modeled as a random effect in data analysis,
this figure shows changes in cognitive performance over time (ie, as
individuals age). tPredicted figures are dependent variable values
based on estimated regression coefficients and a prediction on the
values of independent variables after adjustments (age, sex, education
level, race or skin color, smoking, alcohol consumption, leisure-time
physical activity, body mass index, diabetes, cardiovascular disease,
atrial fibrillation, total cholesterol/high-density lipoprotein ratio, use of
lipid-lowering drugs and interaction: Status hypertension x age).

as a result of decompensated autoregulatory brain
mechanisms, may hinder the analysis of the effect
of hypertension onset at different ages on cognitive
performance.'2'3
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Figure 2. Longitudinal trajectories* in the predicted z

scoret (95% CI) of the cognitive tests according to the age

of diagnosis of hypertension and the hypertension control
status at visit 1. ELSA-Brasil (2008-2010 and 2012-2014).

The memory test (A and C) and the global cognitive score (B and D).
*As age was modeled as a random effect in data analysis, (Continued)
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Figure 2 Continued. this figure shows changes in cognitive performance over time (ie, as individuals age). tPredicted figures are dependent
variable values based on estimated regression coefficients (mean ratios observed in regression) and a prediction on the values of independent
variables after adjustments (age, sex, education level, race or skin color, smoking, alcohol consumption, leisure-time physical activity, body mass
index, diabetes, cardiovascular disease, atrial fibrillation, total cholesterol/high-density lipoprotein ratio, use of lipid-lowering drugs and interaction:

age of diagnosis of hypertension X age).

Because earlier age of hypertension onset generally
implies longer duration of exposure to hypertension, we
analyzed these 2 components separately, but our results
do not support an adverse effect of increased duration of
hypertension on cognitive performance in the follow-up
period, as reported by some studies.'®'

The analytical strategies used to disentangle age
at onset and duration effects differ among studies,
hindering comparisons.®” The Normative Aging Study
also addressed these 2 effects, but their results differ
from ours, that is, longer exposure to hypertension pre-
dicted lower cognitive function.'® The lack of association
between duration of hypertension and cognitive perfor-
mance in our study is consistent with our findings about
age of hypertension diagnosis: greater effect of hyper-
tension at older age than hypertension at middle age in
cognitive performance over 4-year follow-up. Conversely,
greater duration of exposure could be related to lon-
ger awareness of hypertension, and consequently, bet-
ter control along time. In fact, in our cohort, the median
duration of hypertension was 11 years among those with
controlled hypertension and 9 years among those with
uncontrolled hypertension (p<001; data not shown).

Our results contribute to further elucidate the poten-
tial benefits of BP control on cognitive function, as
noncontrolled hypertensive individuals had significantly
faster declines in memory and global cognitive function
performance than controlled individuals. Contrariwise, we
found no effect of hypertension treatment per se on cog-
nitive function, in line with recently published finding.>?
Few studies have evaluated the control status of hyper-
tension.” We do not know the causes of inadequate
control of hypertension in ELSA-Brasil: low adherence
to treatment, more severe form of hypertension, or more
advanced stage of the disease. Although important, such
analysis is beyond the scope of this study.

Several pathophysiological mechanisms have linked
hypertension to anatomic and functional alterations
of the brain.®¥®* Hypertension, by producing pulsatile
stress, can lead to remodeling of cerebral blood vessels,
favoring lipohyalinosis, atherosclerosis in the large intra-
cranial arteries, and arteriosclerosis in the smaller arte-
rioles resulting in reduced cerebral blood flow.® Cerebral
hypoxia can lead to oxidative stress, which, in turn, can
affect vascular tonus, endothelial function and induce
chronic inflammation.?3%° Hypertension can also alter
neurochemical transmission, basic cellular functions of
neurons, and brain autoregulation,®’ and together, the
impairment of these functions can modify the permeabil-
ity of the blood-brain barrier, allowing the entry of toxic
substances into the brain.® These alterations in brain

Hypertension. 2021;77:672-681. DOI: 10.1161/HYPERTENSIONAHA.120.16080

structure and function can lead to microvascular brain
damage that manifests as chronic ischemia, silent lacu-
nar infarctions,®® hyperintensity of the white substance,
resulting from the disease of small vessels,® and brain
atrophy.®” These alterations, in turn, are associated with
an increased risk of dementia and other neurological
dysfunctions.5"58

The strengths of this study include large sample
from a middle-income country, high compliance rate,
and evaluation of different cognitive abilities. Among
the limitations, we cannot rule out misclassifications of
age of hypertension onset since it was self-reported by
hypertensive individuals at baseline. Furthermore, we
compared cognitive performances in 2 visits. Our study
population is relatively young, has a high level of edu-
cation, and has been followed-up for a relatively short
time. The high schooling of our cohort, due to mecha-
nisms involving greater cognitive reserve, may contribute
to better initial cognitive performance or delayed cogni-
tive decline in the follow-up period,*® hindering our abil-
ity to detect a more pronounced modifying effect of age
of hypertension onset on cognitive decline in distinct
abilities. ELSA-Brasil did not perform a comprehensive
screening to rule out cognitive impairment at entry, and
stroke information was self-reported. In addition, our
results cannot be extrapolated to unevaluated domains
and abilities.

Finally, participants who refused to attend visit 2 were
younger, had less education, and higher prevalences of
smokers and obesity than those who attended wave 2
(data not shown). Although the losses are small, because
these factors are associated with hypertension and
decline in cognitive function, these losses may have con-
tributed to underestimate the observed associations.

PERSPECTIVES

This study, based on a large and a relatively young
cohort from a middle-income country, corroborates
and advance previous findings showing that both
hypertension and prehypertension are associated with
worse longitudinal trajectories in overall cognitive per-
formance and different cognitive abilities after about
4-year follow-up. Our results contradict a possible age-
dependent effect of hypertension on cognitive function
performance since we found that both older ages and
middle age onsets of hypertension were associated with
faster declines in standardized cognitive performance
tests, hence no effect of duration of hypertension on
cognitive performance was detected. Of importance,
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our findings suggest that control of BP levels may be
critical to preserving cognitive function at all ages.

ARTICLE INFORMATION
Received August 4, 2020; accepted October 26, 2020.

Affiliations

From the Medical School and Clinical Hospital (S.T.dM, LG, L.C.C.B, SM.B)
and Centro de Telessalide/Hospital das Clinicas and Department of Internal
Medicine/Faculdade de Medicina (A.L.PR.), Universidade Federal de Minas
Gerais, Belo Horizonte, Brazil; Laboratory of Education in Environment and
Health, Oswaldo Cruz Institute, Oswaldo Cruz Foundation, Rio de Janeiro, Brazil
(RH.G.); Postgraduate Program in Epidemiology and Hospital de Clinicas de
Porto Alegre, Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil
(M.LS,, B.B.D); and Division of Geriatrics, Faculdade de Medicina, Universidade
de Sao Paulo, Brazil (C.K.S.).

Acknowledgments
We thank all ELSA-Brasil participants for their valuable contribution to this study.

Sources of Funding

The ELSA-Brasil baseline study and the 4-year follow-up was supported by the
Brazilian Ministry of Health (Science and Technology Department) and the Bra-
zilian Ministry of Science and Technology (Financiadora de Estudos e Projetos
and CNPq National Research Council; grants of baseline 01 06 0010.00 RS,
01 06 0212.00 BA, 01 06 0300.00 ES, 01 06 0278.00 MG, 01 06 0115.00
SP, 01 06 0071.00 RJ; grants of 4-year follow-up 01 10 0643-03 RS, 01 10
0742-00 BA, 01 12 0284-00 ES, 01 10 0746-00 MG, 01 10 0773-00 SP,
01 11 0093-01 RJ) and (grants follow-up 01 10 0643-03 RS; 01 10 0742-
00 BA; 01 11 0093-01 RJ; 01 12 0284-00 ES; 01 10 0746-00 MG; 01 10
0773-00 SP). This study was supported in part by the Brazilian Coordination
for the Improvement of Higher Education Personnel (CAPES)—Finance Code
001. SM. Barreto, L. Giatti, B.B. Duncan, M.I. Schmidt, RH. Griep, and ALLP.
Ribeiro are fellow of the National Research Council (CNPg), Brazil. SM. Barreto
and A.L.P. Ribeiro are also a supported by the Research Agency of the State of
Minas Gerais (FAPEMIG), Brazil.

Disclosures
None.

Supplemental materials

Online Figure |
Online Table |

REFERENCES

1. Mills KT, Bundy JD, Kelly TN, Reed JE, Kearney PM, Reynolds K, Chen J,
He J. Global disparities of hypertension prevalence and control: a system-
atic analysis of population-based studies from 90 countries. Circulation.
2016;134:441-450. 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. van Eersel MEA, Joosten H, Gansevoort RT, Slaets JPJ, Izaks GJ. Treatable
vascular risk and cognitive performance in persons aged 35 years or older:
Longitudinal Study of six years. J Prev Alzheimers Dis. 2019;6:42—-49. doi:
10.14283/jpad.2018.47

4. Xue H,Hou P, Li Y, Mao X, Wu L, Liu Y. Factors for predicting reversion from
mild cognitive impairment to normal cognition: a meta-analysis. Int J Geriatr
Psychiatry. 2019;34:1361-1368. doi: 10.1002/gps.51569

B. Debette S, Seshadri S, Beiser A, Au R, Himali JJ, Palumbo C,
Wolf PA, DeCarli C. Midlife vascular risk factor exposure accelerates struc-
tural brain aging and cognitive decline. Neurology. 2011;77:461-468. doi:
10.1212/WNL.Ob013e318227b227

6. Waldstein SR. The relation of hypertension to cognitive function. Current
Directions in Psychological Science. 2003;12:9-12.

7. Gottesman RF, Albert MS, Alonso A, Coker LH, Coresh J, Davis SM, Deal JA,
McKhann GM, Mosley TH, Sharrett AR, et al. Associations between midlife
vascular risk factors and 25-year incident dementia in the Atherosclerosis
Risk in Communities (ARIC) Cohort. JAMA Neurol. 2017;74:1246-1254.
doi: 10.1001/jamaneurol.2017.1658

680  February 2021

20.

21.

22.

23.

24,

25.

26.

27.

Hypertension and Decline in Cognitive Performance

. Gottesman RF, Schneider AL, Albert M, Alonso A, Bandeen-Roche K,

Coker L, Coresh J, Knopman D, Power MC, Rawlings A, et al. Midlife hyper-
tension and 20-year cognitive change: the atherosclerosis risk in com-
munities neurocognitive study. JAMA Neurol. 2014;71:1218-1227. doi:
10.1001/jamaneurol.2014.1646

. Power MC, Tingle JV, Reid RI, Huang J, Sharrett AR, Coresh J, Griswold M,

Kantarci K, Jack CR Jr, Knopman D, et al. Midlife and late-life vascular risk
factors and white matter microstructural integrity: the atherosclerosis risk in
Communities Neurocognitive Study. J Am Heart Assoc. 2017;6:e005608.
doi: 10.1161/JAHA.117005608

. Abell JG, Kiviméki M, Dugravot A, Tabak AG, Fayosse A, Shipley M,

Sabia S, Singh-Manoux A. Association between systolic blood pressure and
dementia in the Whitehall Il cohort study: role of age, duration, and thresh-
old used to define hypertension. Eur Heart J. 2018;39:3119-3125. doi:
10.1093/eurheartj/ehy288

. Desjardins-Crépeau L, Bherer L. Hypertension and age-related cogni-

tive decline. Hypertension and the Brain as an End-Organ Target. Springer;
2016:21-38.

. Qiu C, Winblad B, Fratiglioni L. The age-dependent relation of blood pres-

sure to cognitive function and dementia. Lancet Neurol. 2005;4:487-499.
doi: 10.1016/S1474-4422(05)70141-1

. Power MC, Tchetgen EJ, Sparrow D, Schwartz J, Weisskopf MG. Blood pres-

sure and cognition: factors that may account for theirinconsistent association.
Epidemiology. 2013;24:886-893. doi: 10.1097/EDE.Ob013e3182a7121c

. Kohler S, Baars MA, Spauwen P, Schievink S, Verhey FR, van Boxtel MJ.

Temporal evolution of cognitive changes in incident hypertension: prospec-
tive cohort study across the adult age span. Hypertension. 2014;63:245—
251. doi: 10.1161/HYPERTENSIONAHA.113.02096

. Walker KA, Sharrett AR, Wu A, Schneider ALC, Albert M, Lutsey PL,

Bandeen-Roche K, Coresh J, Gross AL, Windham BG, et al. Association of
midlife to late-life blood pressure patterns with incident dementia. JAMA.
2019;322:5635-545. doi: 10.1001/jama.2019.10575

. Messerli FH, Streit S, Grodzicki T. The oldest old: does hyperten-

sion become essential again? Eur Heart J. 2018;39:3144-3146. doi:
10.1093/eurheartj/ehy525

. Materson BJ, Garcia-Estrada M, Degraff SB, Preston RA. Prehypertension

is real and can be associated with target organ damage. J Am Soc Hyper-
tens. 2017;11:704-708. doi: 10.1016/jjash.2017.09.005

. Chen KH, Henderson VW, Stolwyk RJ, Dennerstein L, Szoeke C. Prehy-

pertension in midlife is associated with worse cognition a decade later
in middle-aged and older women. Age Ageing. 2015;44:439—-445. doi:
10.1093/ageing/afv026

. Aquino EM, Barreto SM, Bensenor IM, Carvalho MS, Chor D, Duncan BB,

Lotufo PA, Mill JG, Molina MDC, Mota ELA, et al. Brazilian Longitudinal
Study of Adult Health (ELSA-Brasil): objectives and design. Am J Epidemiol.
2012;176:315-324. doi: 10.1093/aje/kwr294

Schmidt M, Duncan BB, Mill JG, Lotufo PA, Chor D, Barreto SM, Aquino EM,
Passos VM, Matos SM, Molina Mdel C, et al. Cohort profile: Longitudinal
Study of Adult Health (ELSA-Brasil). Int J Epidemiol. 2015;44:68-75. doi:
10.1093/ije/dyu027

Chor D, Alves MG, Giatti L, Cade NV, Nunes MA, Molina Mdel C,
BensefiorIM, Aquino EM, Passos V, Santos SM, et al. [Questionnaire devel-
opment in ELSA-Brasil: challenges of a multidimensional instrument].
Rev Saude Publica. 2013;47(suppl 2):27-36. doi: 10.1590/s0034-
8910.2013047003835

Passos VM, Caramelli P, Bensefor |, Giatti L, Barreto SM. Methods of
cognitive function investigation in the Longitudinal Study on Adult Health
(ELSA-Brasil). Sao Paulo Med J. 2014;132:170-177. doi: 10.1690/1516-
3180.2014.1323646

Morris JC, Mohs RC, Rogers H, Fillenbaum G, Heyman A. Consortium to
establish a registry for Alzheimer's disease (CERAD) clinical and neuro-
psychological assessment of Alzheimer's disease. Psychopharmacol Bull.
1988;24:641-652.

Bertolucci PH, Okamoto IH, Brucki SM, Siviero MO, Toniolo Neto J, Ramos
LR. Applicability of the CERAD neuropsychological battery to Brazilian
elderly. Arg Neuropsiquiatr. 2001;59(3-A):632-536. doi: 10.1590/s0004-
282x2001000400009

Kolen MJ, Brennan RL. Test Equating, Scaling, and Linking Linking: Methods
and Practices. Springer Science & Business Media; 2014.

Gonzélez J, Wiberg M. Applying Test Equating Methods. Cham: Springer
International Publishing; 2017.

Bertola L, Bensefior IM, Barreto SM, Moreno AB, Griep RH, Viana MC,
Lotufo PA, Suemoto CK. Measurement invariance of neuropsychological

Hypertension. 2021;77:672-681. DOI: 10.1161/HYPERTENSIONAHA.120.16080



T20Z ‘9z Jequeldes uo Aq Hio'seulnofeye//:dny wouy papeojumoq

Menezes et al

28.

29,

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Hypertension. 2021;77:672-681. DOI: 10.1161/HYPERTENSIONAHA.120.16080

tests across different sociodemographic backgrounds in the Brazil-
ian Longitudinal Study of Adult Health (ELSA-Brasil). Neuropsychology.
2020;34:227-234. doi: 10.1037/neu0000597

Lezak MD. Neuropsychological Assessment. USA: Oxford University Press;
2004.

Menezes ST, Giatti L, Colosimo EA, Ribeiro ALP, Brant LCC, Viana MC,
Cunha RS, Mill JG, Barreto SM. Aortic stiffness and age with cogni-
tive performance decline in the ELSA-Brasil Cohort. J Am Heart Assoc.
2019;8:e013248. doi: 10.1161/JAHA.119.013248

Deary IJ. Intelligence. Annu Rev Psychol. 2012;63:4563-482. doi:
10.1146/annurev-psych-120710-100353

Batista JA, Giatti L, Barreto SM, Galery ARP, Passos VMA. Reliability of
cognitive tests of ELSA-Brasil, the brazilian longitudinal study of adult
health. Dement Neuropsychol. 2013;7:367-373. doi: 10.1590/51980-
57642013DN74000003

Mill JG, Pinto K, Griep RH, Goulart A, Foppa M, Lotufo PA, Maestri MK,
Ribeiro AL, Andredo RV, Dantas ED, et al. [Medical assessments and mea-
surements in ELSA-Brasil]. Rev Saude Publica. 2013;47(suppl 2):54-62.
doi: 10.15690/50034-8910.2013047003851

Committee IR. Guidelines for data processing and analysis of the Interna-
tional Physical Activity Questionnaire (IPAQ)-short and long forms. 2005.
Accessed February 20, 2020. http://www.ipaqki.se.

Fausto MA, Carneiro M, Antunes CM, Pinto JA, Colosimo EA. [Mixed lin-
ear regression model for longitudinal data: application to an unbalanced
anthropometric data set]. Cad Saude Publica. 2008;24:513-524. doi:
10.1690/50102-311x2008000300005

Cnaan A, Laird NM, Slasor P. Using the general linear mixed model to
analyse unbalanced repeated measures and longitudinal data. Stat Med.
1997;16:2349-2380. doi: 10.1002/(sici)1097-0258(19971030)16:
20<2349::aid-sim667>3.0.co;2-e

Molenberghs G, Verbeke G. A review on linear mixed models for longitudinal
data, possibly subject to dropout. Statistical Modelling. 2001;1:235-269.
Waldstein SR, Manuck SB, Ryan CM, Muldoon MF. Neuropsychological cor-
relates of hypertension: review and methodologic considerations. Psychol
Bull. 1991;110:451-468. doi: 10.1037/0033-2909.110.3.451

Knopman DS, Mosley TH, Catellier DJ, Coker LH; Study ARICSBM. Four-
teen-year longitudinal study of vascular risk factors, APOE genotype, and
cognition: the ARIC MRI Study. Alzheimers Dement. 2009;56:207-214. doi:
10.1016/}alz2009.01.027

Waldstein SR, Giggey PP, Thayer JF, Zonderman AB. Nonlinear rela-
tions of blood pressure to cognitive function: the Baltimore Longitudinal
Study of Aging. Hypertension. 2005;456:374-379. doi: 10.1161/01.HYP.
0000156744.44218.74

Knopman D, Boland L, Mosley T, Howard G, Liao D, Szklo M, McGovern P,
Folsom AR; Atherosclerosis Risk in Communities (ARIC) Study Investiga-
tors. Cardiovascular risk factors and cognitive decline in middle-aged adults.
Neurology. 2001;566:42-48. doi: 10.1212/wnl.56.1.42

Reitz C, Tang MX, Manly J, Mayeux R, Luchsinger JA. Hypertension and the
risk of mild cognitive impairment. Arch Neurol. 2007;64:1734—1740. doi:
10.1001/archneur.64.12.1734

Jennings JR, Muldoon MF, Ryan C, Gach HM, Heim A, Sheu LK, Gianaros PJ.
Prehypertensive blood pressures and regional cerebral blood flow inde-
pendently relate to cognitive performance in midlife. J Am Heart Assoc.
2017,6:e004856. doi: 10.1161/JAHA.116.004856

Shanmughavadivu R. Assessment of cognition in prehypertensive individu-
als. Indian J Appl Res. 2019;9:11-13.

Euser SM, van Bemmel T, Schram MT, Gussekloo J, Hofman A,
Westendorp RG, Breteler MM. The effect of age on the association between

45.

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

Hypertension and Decline in Cognitive Performance

blood pressure and cognitive function later in life. J Am Geriatr Soc.
2009;567:1232-1237. doi: 10.1111/}.15632-5415.2009.02264.x

Morris MC, Scherr PA, Hebert LE, Bennett DA, Wilson RS, Glynn RJ,
Evans DA. Association between blood pressure and cognitive function
in a biracial community population of older persons. Neuroepidemiology.
2002;21:123-130. doi: 10.1159/000054809

Obisesan TO, Obisesan OA, Martins S, Alamgir L, Bond V, Maxwell C,
Gillum RF. High blood pressure, hypertension, and high pulse pressure are
associated with poorer cognitive function in persons aged 60 and older: the
Third National Health and Nutrition Examination Survey. J Am Geriatr Soc.
2008;66:5601-609. doi: 10.1111/}.1632-54156.2007.01592.x

Lipnicki DM, Makkar SR, Crawford JD, Thalamuthu A, Kochan NA,
Lima-Costa MF, Castro-Costa E, Ferri CP, Brayne C, Stephan B, et al;
for Cohort Studies of Memory in an International Consortium (COSMIC).
Determinants of cognitive performance and decline in 20 diverse ethno-
regional groups: a COSMIC collaboration cohort study. PLoS Med.
2019;16:e1002863. doi: 10.1371/journal.pmed.1002853

Duarte PO, Duarte MGF, Pelichek A, Pfrimer K, Ferriolli E, Moriguti JC,
Lima NKC. Cardiovascular risk factors and inflammatory activity among
centenarians with and without dementia. Aging Clin Exp Res. 2017;29:411—
417. doi: 10.1007/540520-016-0603-9

Richmond R, Law J, Kay-Lambkin F. Higher blood pressure associated with
higher cognition and functionality among centenarians in Australia. Am J
Hypertens. 2011,24:299-303. doi: 10.1038/2jh.2010.236

Ninomiya T, Ohara T, Hirakawa Y, Yoshida D, Doi Y, Hata J, Kanba S,
Iwaki T, Kiyohara Y. Midlife and late-life blood pressure and dementia in
Japanese elderly: the Hisayama study. Hypertension. 2011;568:22-28. doi:
10.1161/HYPERTENSIONAHA.110.163055

ladecola C, Yaffe K, Biller J, Bratzke LC, Faraci FM, Gorelick PB, Gulati M,
Kamel H, Knopman DS, Launer LJ, et al; American Heart Association Coun-
cil on Hypertension; Council on Clinical Cardiology; Council on Cardiovas-
cular Disease in the Young; Council on Cardiovascular and Stroke Nursing;
Council on Quality of Care and Outcomes Research; and Stroke Council.
Impact of hypertension on cognitive function: a scientific statement from
the American Heart Association. Hypertension. 2016;68:e67-e94. doi:
10.1161/HYP.0O000000000000053

Levine DA, Galecki AT, Langa KM, Unverzagt FW, Kabeto MU,
Giordani B, Cushman M, McClure LA, Safford MM, Wadley VG. Blood pres-
sure and cognitive decline over 8 years in middle-aged and older black
and white Americans. Hypertension. 2019;73:310-318. doi: 10.1161/
HYPERTENSIONAHA.118.12062

Wahidi N, Lerner AJ. Blood pressure control and protection of the aging brain.
Neurotherapeutics. 2019;16:5669-579. doi: 10.1007/s13311-019-00747-y
Waldstein SR, Katzel LI. Hypertension and cognitive function. Neuropsychol-
ogy of Cardiovascular Disease. Psychology Press; 2001:31-52.

Montezano AC, Touyz RM. Molecular mechanisms of hypertension—reactive
oxygen species and antioxidants: a basic science update for the clinician.
Can J Cardiol. 2012;28:288-295. doi: 10.1016/j.cjca2012.01.017
Vermeer SE, Longstreth WT Jr, Koudstaal RJ. Silent brain infarcts: a sys-
tematic review. Lancet Neurol. 2007;6:611-619. doi: 10.1016/S1474~
4422(07)70170-9

Longstreth WT. Brain vascular disease overt and covert. Stroke. 2005;
36:2062-2063. doi: 10.1161/01.5t.0000179040.36574.99

Pantoni L. Cerebral small vessel disease: from pathogenesis and clinical
characteristics to therapeutic challenges. Lancet Neurol. 2010;9:689-701.
doi: 10.1016/51474-4422(10)70104-6

Stern Y. Cognitive reserve. Neuropsychologia. 2009;47:2015-2028. doi:
10.1016/j.neuropsychologia.2009.03.004

February 2021 681

o
=]
o &
— =
==
QE
:I‘I‘I
= 5
I'ﬂﬁ
w2
s
——
- m
m =
=
=)



http://www.ipaq.ki.se

