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Background-—Most evidence of target-organ damage in hypertension (HTN) is related to the kidneys and heart. Cerebrovascular
and cognitive impairment are less well studied. Therefore, this study analyzed changes in cognitive function in patients with
different stages of hypertension compared to nonhypertensive controls.

Methods and Results-—In a cross-sectional study, 221 (71 normotensive and 150 hypertensive) patients were compared. Patients
with hypertension were divided into 2 stages according to blood pressure (BP) levels or medication use (HTN-1: BP, 140–159/90–99
or use of 1 or 2 antihypertensive drugs; HTN-2: BP, ≥160/100 or use of ≥3 drugs). Three groups were comparatively analyzed:
normotension, HTN stage 1, and HTN stage 2. The Mini–Mental State Examination, Montreal Cognitive Assessment, and a validated
comprehensive battery of neuropsychological tests that assessed 6 main cognitive domains were used to determine cognitive
function. Compared to the normotension and HTN stage-1, the severe HTN group had worse cognitive performance based on Mini–
Mental State Examination (26.8�2.1 vs 27.4�2.1 vs 28.0�2.0; P=0.004) or Montreal Cognitive Assessment (23.4�3.7 vs 24.9�2.8
vs 25.5�3.2; P<0.001). On the neuropsychological tests, patients with hypertension had worse performance in language, processing
speed, visuospatial abilities, and memory. Age, hypertension stage, and educational level were the best predictors of cognitive
impairment in patients with hypertension in different cognitive domains.

Conclusions-—Cognitive impairment was more frequent in patients with hypertension, and this was related to hypertension
severity. ( J Am Heart Assoc. 2017;6:e004579. DOI: 10.1161/JAHA.116.004579.)
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I ncreased blood pressure (BP) is the leading risk factor for
premature death, stroke, and heart disease worldwide.1 In

2000, the world was estimated to have nearly 1 billion people
with hypertension (HTN) with an increase to 1.56 billion by
2025.2

Prevalence of dementia increases exponentially with
increasing age,3 doubling with every 5-year increase after
age 65. In higher-income countries, prevalence is 5% to 10% in
those aged 65+ years and is usually greater among women

than men, primarily because women live longer. Within the
United States, a higher prevalence has been reported in
African-American and Latino/Hispanic than in white non-
Hispanic populations. Global systematic reviews and meta-
analyses suggest that the prevalence of dementia is lower in
sub-Saharan Africa and higher in Latin America than in the
rest of the world.3,4 According to Chaves et al,5 in Brazil the
incidence of mild cognitive impairment (MCI) is 13.2 per
1000 person-years and for Alzheimer’s disease (AD) is 14.8
per 1000 person-years.

MCI is an intermediate state between normal cognition and
dementia. Although specific changes in cognition are
observed in normal aging, there is increasing evidence that
some forms of cognitive impairment are recognizable as an
early manifestation of dementia.6 Several criteria for, and
subtypes of, MCI have been proposed.7 In general, these
criteria include a measurable deficit in cognition in at least 1
domain, in the absence of dementia or impairment in activities
of daily living.

Both HTN and dementia are common in elderly individu-
als.8 Among people aged ≥65 years, the prevalence of
dementia is �8%, and the prevalence of HTN is �65%.2,9

From the Hypertension Unit, Heart Institute (Incor) (H.C.S.M., V.A.C.-H., T.A.M.,
A.J.M., L.A.B.) and Department of Neurology (M.S.Y., N.C.M., C.M.M., M.F.M.,
E.B.S.S., A.R.M., R.N.), University of S~ao Paulo Medical School, S~ao Paulo,
Brazil; Department of Physiology, Faculty of Medicine, Agostinho Neto
University, Luanda, Angola (H.C.S.M.).

Correspondence to: Henrique C.S. Muela, MD, Hypertension Unit, Heart
Institute (Incor), 2nd Floor, Room 8, Av Dr En�eas de Carvalho Aguiar,
44–Pinheiros CEP: 05403-900, Brazil. E-mail: henrimuela@hotmail.com

Received August 27, 2016; accepted December 6, 2016.

ª 2017 The Authors. Published on behalf of the American Heart Association,
Inc., by Wiley Blackwell. This is an open access article under the terms of the
Creative Commons Attribution-NonCommercial License, which permits use,
distribution and reproduction in any medium, provided the original work is
properly cited and is not used for commercial purposes.

DOI: 10.1161/JAHA.116.004579 Journal of the American Heart Association 1

ORIGINAL RESEARCH

 by guest on A
pril 25, 2017

http://jaha.ahajournals.org/
D

ow
nloaded from

 

info:doi/10.1161/JAHA.116.004579
http://creativecommons.org/licenses/by-nc/4.0/
http://jaha.ahajournals.org/


The relation of BP with cognitive function and dementia has
recently received much attention in epidemiological studies.10

The findings of cross-sectional studies of BP and cognitive
function have varied greatly in their results. Some studies
found higher rates of cognitive impairment associated with
elevated BP,11 others with low BP,12 and others documented a
U-shaped relationship.13

Epidemiological data from the Framingham study14 has
suggested that no association exists between BP and
cognitive performance measured concurrently; however, when
the data were reanalyzed longitudinally, the average BP over
20 years was inversely related to cognitive performance.15

Two further longitudinal studies have shown a link
between midlife or later-life HTN and subsequent cognitive
impairment.11,16

Reasons for discrepancies between cross-sectional and
longitudinal studies may include the tendency for BP levels to
change with onset of dementia,16,17 inclusion of individuals
with established cerebrovascular disease in cross-sectional
studies, and effects of BP-lowering therapy on cognitive
function. Except for 1 small study with 25 older patients with
severe HTN, there are no data on cognitive function in either
older or younger patients with HTN where the effects of
cerebrovascular disease have been excluded18 and the
severity of HTN has been addressed in the analyses.

The hypothesis of the present study was that (1) cognitive
performance in patients with HTN without manifested cere-
brovascular disease would be more impaired than that in
normotensive individuals and (2) worse cognitive scores
would be observed with increasing BP level.

Methods
Of �724 patients (199 normotensive and 525 hypertensive)
screened for this cross-sectional study, we enrolled 221
(71 normotensive and 150 hypertensive) patients. Cognitive
function was assessed using the Mini–Mental State Examina-
tion (MMSE), the Montreal Cognitive Assessment (MoCA), and
a battery of neuropsychological tests.

Patients from the Hypertension Unit of the Heart Institute
of S~ao Paulo University (S~ao Paulo, Brazil) were consecutively
recruited from June 2013 to December 2015. The normoten-
sion group participants were recruited from patients without
cardiovascular disease followed yearly at the Heart Institute
as part of a protocol for cardiovascular assessment.19

Patients with the following conditions were excluded: aged
<18 years; overt cerebrovascular disease (previous stroke or
transient ischemic attack); diabetes mellitus; current smoker;
arrhythmias; heart failure with left ventricular dysfunction;
known neurodegenerative or psychiatric disease; and illiteracy.
The number of school years completed was used to assess

educational level. The local ethics committee approved the
protocol, and all participants gave written informed consent.

BP Measurement
Brachial systolic (SBP) and diastolic BP (DBP) was assessed
with an Omron automatic device (HEM-705 CP model) in the
right upper arm, with the subject seated, after resting for
5 minutes following the recommendations of the VI Brazilian
HTN guidelines.20 A mean of 3 measurements with a 1-minute
interval between was calculated and used to determine SBP
and DBP in each patient.

Patients with HTN were divided into 2 levels of HTN severity,
according to their BP levels or medication use (HTN-1: BP,
140–159/90–99 or use of 1 or 2 antihypertensive drugs;
HTN-2: BP, ≥160/100 or use of ≥3 drugs). Three groups were
comparatively analyzed: normotension, HTN stage 1, and HTN
stage 2.

Cognitive Function Evaluation

Mini–Mental State Examination

The MMSE is a commonly used 30-point scale for assessing
cognitive function in orientation, registration, attention and
calculation, recall, language, and praxis. MMSE administration
was performed according to existing standards.21 Because
participants had heterogeneous educational levels, cutoffs
were adjusted to the level of education. The following cutoff
scores were used to identify abnormal cognition in this study:
≤21 for the patients with <8 years of education; ≤23 for those
with 9–11 years of education; and ≤25 for those with
≥12 years of education.22

Montreal Cognitive Assessment

The MoCA is a rapid screening instrument to identify MCI.23 It
assesses attention and concentration, executive functions,
memory, language, visuoconstructional skills, conceptual
thinking, calculations, and orientation. The total possible
score is 30 points, and a score of ≥26 is considered normal. A
previous validation study in Brazil suggested 25 points as the
ideal cutoff for MCI identification.24 To counterbalance the
effect of lower education, 1 point was added to the final score
of those individuals with <12 years of education.

Neuropsychological Evaluation

The neuropsychological tests were chosen according to the
guidelines offered by the National Institute of Neurological
Disorders and Stroke-Canadian Stroke Network standards25

and by the recommendations of the Brazilian Academy of
Neurology.26
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Procedures and descriptions of the neuropsychological
tests used have been published elsewhere.27–35 The neu-
ropsychological test battery included the Boston Naming Test
(BNT),27 Rey Auditory Verbal Learning Test (RAVLT5 = sum of
5 recall trials of 15 words; RAVLT6 = immediate recall after
inference; and RAVLT7 = delayed recall after 30 minutes),31

the Rey-Osterrieth Complex Figure Test copy and delayed
recall (REY-C and REY-30),32 Semantic Verbal Fluency animal
category (VF),28 Phonological Verbal Fluency (FAS),30 Forward
and Backward Digit Span Test (FDST and BDST),35 Trail
Making Test part A and B (TMT-A and TMT-B),29 Clock Drawing
Test (CDT),33 and Digit Symbols Substitution Test (DSST).34

We computed scores for global cognition (mean z score of
the BNT, RAVLT5, RAVLT6, RAVLT7, REY-C, REY-30, VF, FAS,
FDST, BDST, TMT-A, TMT-B, CDT, and DSST), language (BNT),
memory (mean z score of RAVLT5, RAVLT6, RAVLT7, and REY-
30), executive functioning (mean z score of VF, FAS, BDST,
and TMT-B), visuospatial abilities (mean z score of REY-C and
CDT), attention (mean z score of FDST and TMT-A), and
processing speed (DSST).

Statistical Analysis
Data were analyzed with SPSS software (SPSS for Windows
21.0, SPSS, Inc., Chicago, IL). Data distribution was deter-
mined using the Kolmogorov–Smirnov test. Continuous vari-
ables are presented as mean and SD or as median and range
if they are not normally distributed and were analyzed by the
independent-samples t test and Mann–Whitney U test, when
suitable. Categorical data are presented as percentages. An

ANOVA test was used with Bonferroni post-hoc comparisons
for continuous variables. The Kruskal–Wallis test was used for
categorical variables. Pearson’s coefficient was used for
bivariate correlations. In multivariable regression analyses, all
variables with P<0.1 on unadjusted analysis were selected for
multivariable linear step-wise analysis. To account for group
differences in education, this variable was included as a
covariate in the models. Statistical significance was set at 5%.

Z scores were calculated using normotension as the
reference group. Participants were considered to have
cognitive impairment if they had scores below �1.5 SD in 1
or more cognitive domains.

Results
In a cross-sectional study, 221 patients (71 normotensive and
150 hypertensive) were compared. Figure 1 presents the flow
chart of the study and the main exclusion reasons. Baseline
characteristics are described in Table 1. The 3 groups were
similar regarding age, but compared to the normotension and
HTN stage 1 groups, the HTN stage 2 group had higher body
mass index (BMI) and lower educational level and family
income. Diuretics were the most frequently prescribed drugs,
followed by calcium-channel blockers.

MoCA and MMSE Scores
The cognitive profile according to the patient’s BP level is
presented in Table 2. The HTN stage 2 group performed worse

Screened for the study

(n=724)

Normotensive

(n=199)

Excluded (n=122)

Causes: Arrytmia (n=7); current 

smoker (n=53); patient refusal

(n=54); illiteracy (8)

Included (n=77) 
Incomplete protocol (n=6)

Analyzed(n=71)

Hypertensive
(n=525)

Excluded (n=361)

Causes: Diabetes (n=124); arrhytmia (n=33); current 

smoker (n=50); stroke (n=36); ventricular dysfunction 

(n=40); patient refusal (n=75); illiteracy (3)

Included (n=164) 
Incomplete protocol (n=14)

Analyzed(n=150)

Figure 1. Flow chart of the study population. Patients who did not perform complete
neuropsychological protocol have been withdrawn from the final analysis.
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than the HTN stage 1 and normotensive individuals did on the
MoCA (HTN-2, mean=23.4�3.7; HTN-1, mean=24.9�2.8;
normotension, mean=25.5�3.2, P=0.004) and on the MMSE
(HTN-2, mean=26.8�2.1; HTN-1, mean=27.4�2.1; normoten-
sion, mean=28.0�2.0, P=0.001).

Neuropsychological Evaluation Performance
The normotensive group performed better than the HTN
groups in the majority of cognitive tests, with significance
differences mainly between the control and the most
severe HTN group (Table 2). However, after the educational-
level adjustment, only the following variables retained
statistical differences: MoCA (P=0.027); RAVLT5 (P=0.040);
Animal Fluency Test (P<0.001); Backward Digit Span
(P=0.024); phonological verbal fluency (P=0.021); and DSST
(P=0.047).

Both MoCA and neuropsychological evaluation (NPE) were
better screening tools than MMSE for cognitive impairment
(Figure 2). The frequencies of cognitive impairment by
different tools were, respectively, normotension (7%, 25%,
and 24%); HTN stage 1 (9%, 33%, and 35%), and HTN stage 2
(14%, 50%, and 45%) for MMSE, MoCA, and NPE. Table 3
shows cognitive performance according to the cognitive
domains investigated comparing the 3 groups. The HTN stage
2 group performed worse than the other 2 groups, with
differences mainly observed in global cognitive function,
memory, executive functioning, and processing speed. These
differences remained significant even after adjustment for
educational level: global function (P=0.002); memory
(P=0.036); executive function (P<0.001); and processing
speed (P=0.047).

Alterations on NPE in patients with HTN were mainly
because of the impairment in language (16%), followed by

Table 1. Demographic, Social, and Clinical Characteristics of Study Participants

Variable Normotension (71) HTN Stage 1 (89) HTN Stage 2 (61) P Value

Age, mean�SD, y 52.1�13.8 52.3�12.9 51.0�10.5 0.82

Sex, male, n (%) 33 (46.5) 39 (43.8) 28 (45.9) 0.94

Race, white, n (%) 46 (64.8) 69 (77.5) 36 (59.0) 0.038*

Married, n (%) 33 (50.7) 59 (66.3) 33 (54.1) 0.080

Weight, mean�SD, kg 74.7�16.3 77.8�14.6 83.2�13.5 0.005†

Height, mean�SD, m 1.7�0.1 1.7�0.1 1.7�0.1 0.56

BMI, mean�SD, kg/m2 26.9�4.2 28.7�4.9 30.4�4.6 <0.001‡

Education, mean�SD, yr 12.9�4.0 11.3�4.2 10.0�4.4 <0.001‡

Monthly income, median
(range), R§

3000.0 (730–20 000) 2000.0 (600–14 000) 1900.0 (500–20 000) <0.001‡

SBP, mean�SD, mm Hg 122.1�8.3 134.6�13.2 150.1�27.9 <0.001k

DBP, mean�SD, mm Hg 76.7�6.9 82.5�9.5 92.2�15.2 <0.001k

HTN time, median (range), yr — 5.0 (1–33) 10.0 (1–37) <0.001

Number of drugs, mean�SD — 1.4�0.8 3.9�1.2 <0.001

Controlled HTN, n (%) — 50 (56.2) 22 (36.1) <0.001

Most-used drugs —

ARB, n (%) — 30 (33.7) 31 (50.8) 0.037

ACEI, n (%) — 31 (34.8) 28 (45.9) 0.17

Diuretics, n (%) — 41 (46.1) 55 (90.2) <0.001

CCB, n (%) — 10 (11.2) 48 (78.7) <0.001

BB, n (%) — 10 (11.2) 38 (62.3) <0.001

P value refers to comparisons of the means or proportions among the groups by the 1-way ANOVA, Kruskal–Wallis, and Mann–Whitney tests. ACEI indicates angiotensin-converting enzyme
inhibitors; ARB, angiotensin II receptor blockers; BB, beta blockers; BMI, body mass index; CCB, calcium-channel blockers; DBP, diastolic blood pressure; HTN, hypertension; SBP, systolic
blood pressure.
*HTN-1 versus HTN-2.
†

Normotension versus HTN-2.
‡

Normotension versus HTN-1 and HTN-2.
§

R (1 USD=3.3 Real).
k
All groups different.
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processing speed (14%), visuospatial abilities (13%), and
memory (10%) domains.

Correlations Between Clinical and Cognitive
Variables
Unadjusted analysis (Table 4) showed that family income and
educational level positively correlated with cognitive function,
mainly on MoCA and NPE tests. Conversely, age, HTN level,
and SBP had negative correlations with cognitive tests in
different domains. In the multivariable analysis (Table 5), age,
educational level, and HTN stage independently predicted the
cognitive impairment either on the MoCA or the NPE tests.
The odds ratio of cognitive impairment on different tests in
patients with HTN was, respectively, MMSE (1.58; 95% CI,
0.55–4.49); MoCA (1.91; 95% CI, 1.02–3.57), and NPE (2.00;
95% CI, 1.01–3.78).

A subanalysis of cognitive performance in those patients
with high level of education (≥9 years schooling years) is
presented in Table 6. Even in this subgroup of patients, where
the education level might have a possible protective effect,
cognitive performance worsened in line with the severity of BP
level.

Discussion
Our data show that patients with HTN had poorer cognitive
performance than controls in all cognitive tests, which seems
to be related to severity of HTN. Age, HTN stage, and
educational level were the variables that most robustly
predicted cognitive impairment in our study.

The relation of HTN to cognitive function is frequently
studied by comparing the cognitive performance of people

Table 2. Cognitive Performance According to Blood Pressure Level

Variable, Mean�SD Normotension (71) HTN Stage 1 (89) HTN Stage 2 (61) P Value

MMSE 27.99�1.99 27.45�2.04 26.66�2.13 0.001*

MoCA 25.48�3.21 24.93�2.83 23.36�3.60 0.001†

Language

BNT �0.004�0.99 �0.33�1.24 �0.44�1.19 0.069

Memory

RAVLT5 (sum of 5 trials) 0.001�0.10 �0.08�1.23 �0.64�1.18 0.003†

RAVLT6 0.001�1.00 �0.23�1.40 �0.71�1.33 0.006*

RAVLT7 0.001�1.00 �0.14�1.17 �0.48�1.17 0.045*

REY-30 0.003�1.00 �0.09�0.98 �0.43�0.86 0.028*

Executive function

Verbal fluency animal �0.001�1.00 �0.18�0.95 �0.81�0.69 <0.001†

Backward digit span �0.006�0.99 �0.34�0.93 �0.67�0.74 <0.001‡

TMT-B �0.01�0.97 �0.25�0.81 �0.54�1.17 0.009*

Phonological verbal fluency �0.004�1.00 �0.30�0.94 �0.72�0.99 <0.001†

Visuospatial abilities

REY-C �0.004�1.00 �0.29�1.02 �0.41�1.16 0.071

CDT �0.003�1.00 �0.22�1.27 �0.29�1.15 0.32

Attention

Forward digit span �0.002�0.99 �0.05�0.97 �0.38�0.65 <0.035‡

TMT-A 0.00�1.00 0.37�1.47 �1.05�3.90 0.033*

Processing speed

Digit symbol substitution test 0.002�1.00 �0.39�0.93 �0.65�0.85 <0.001‡

P value refers to comparisons of the means among the groups by the 1-way ANOVA step-wise test with Bonferroni post-hoc analysis. All analyses were adjusted to the education level
(years of education). BNT indicates Boston Naming Test; CDT, Clock Drawing Test; HTN, hypertension; MMSE, Mini–Mental State Examination; MoCA, Montreal Cognitive Assessment;
RAVLT, Rey Auditory Verbal Learning Test (RAVLT5 = sum of 5 recall trials of 15 words; RAVLT6 = immediate recall after inference; and RAVLT7 = delayed recall after 30 minutes); REY-C,
Rey-Osterrieth Complex Figure Test copy; REY-30, Rey-Osterrieth Complex Figure Test delayed recall; TMT-A and TMT-B, Trail Making Test part A and B.
*Normotension versus HTN-2.
†

HTN-2 versus normotension and HTN-1.
‡

Control versus group 1 and group 2.
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with normal BP (or normotensives) with that of hypertensive
patients at 1 time point. Commonly assessed cognitive
functions include attention, learning and memory, executive
functions (ie, self-regulatory behaviors like planning and
organization, mental flexibility, and response inhibition),
visuospatial skills, psychomotor abilities, perceptual skills,
and language abilities.36 Results of such studies indicate that
increases in BP are associated with incremental reductions in
cognitive function. Interestingly, several studies have instead
found that low levels of BP are associated with poorer
cognitive function. Indeed, some investigations found that
both high and low BP were associated with lower levels of
cognitive performance.37

The most convincing evidence of a relationship between
HTN and cognitive deterioration is derived from a prospective

study conducted in the 1960s, when antihypertensive treat-
ment was still infrequent.38 The researchers suggested that
“the basis for the cognitive decline associated with aging
should be considered secondary to some pathologic pro-
cesses and not merely as a ‘normal’ aging process.” Results
from other studies assessing longitudinally measured BP point
in the same direction. In the Honolulu-Asia Aging Study, high
midlife SBP was a predictor of reduced cognitive function in
later life, when stroke cases were included.11 Similarly, in the
Framingham study, untreated BP levels and chronicity of HTN
were inversely related to the composite cognitive score.39

Education, HTN, and Cognitive Impairment
Our data also show that both HTN stage and educational level
predicted cognitive impairment, with better performance
occurring in those patients with a higher educational level.

Although the relationship between education and cognitive
status is well known, evidence regarding whether education
moderates the trajectory of cognitive change in later life is
conflicting.40

The hypothesis of cognitive reserve asserts that older
individuals with greater experiential resources exhibit better
cognitive functioning and are able to tolerate higher levels of
brain pathology before displaying clinical symptoms.41 One of
the most well-established proxy measures of reserve capacity
in the elderly is educational attainment, which is thought to
reflect the more-effective use of brain networks or cognitive
paradigms.42 In line with the hypothesis of cognitive reserve,
many studies in both North America and Europe have
suggested that educational attainment is associated with
better cognitive performance and reduced risk for cognitive
impairment and dementia in later life.43,44 On the other hand,
some studies found that education is not related to cognitive
decline. In a large longitudinal cohort, education was related
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Figure 2. Percentage of participants with cognitive impairment.
HTN indicates hypertension; MMSE, Mini–Mental State Examina-
tion; MoCA, Montreal Cognitive Assessment; NPE, neuropsycho-
logical evaluation. *Normotension versus HTN-2 (P<0.05).

Table 3. NPE Compound Scores in Specific Cognitive Domains According to Blood Pressure Levels

Cognitive Domain, Mean�SD Normotension (71) HTN Stage 1 (89) HTN Stage 2 (61) P Value

Global cognitive function �0.002�0.61 �0.23�0.70 �0.59�0.60 <0.001*

Language �0.004�0.99 �0.33�1.24 �0.44�1.19 0.069

Memory 0.007�0.77 �1.13�1.03 �0.56�0.92 0.002*

Executive function �0.005�0.76 �0.27�0.66 �0.69�0.62 <0.001*

Visuospatial abilities �0.002�0.88 �0.25�0.92 �0.35�0.93 0.073

Attention �0.001�0.74 �0.21�0.95 �0.47�0.64 0.004†

Processing speed 0.002�1.00 �0.39�0.93 �0.65�0.85 <0.001‡

P value refers to comparisons of the means among the groups by the 1-way ANOVA step-wise test with Bonferroni post-hoc analysis. All analyses were adjusted to education level (year of
education). HTN indicates hypertension; NPE, neuropsychological evaluation.
*HTN-2 versus normotension and HTN-1.
†

Normotension versus HTN-2.
‡

Normotension versus HTN-1 and HTN-2.
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to cognitive performance, but unrelated to cognitive decline,
supporting the hypothesis of passive cognitive reserve with
aging.40

Whether HTN could moderate this hypothesis of cognitive
reserve is unclear. However, in our analysis, we found that
even those patients with higher educational levels (high
school and college) had poorer cognitive performance when
they were hypertensive. In general, patients with more-severe
hypertension had poorer cognitive performance than the
patients in control and stage 1 group irrespective of their
educational level.

Cognitive Functions at Different Domains
Alterations on NPE were mainly because of impairment in the
language domain followed by impairment in processing speed,
visuospatial abilities, and memory. Both NPE and MoCA were
better as screening tools for identifying cognitive impairment
than was MMSE.

In the early 1990s, the criteria for diagnosis of vascular
dementia (VaD) were largely based on those used for AD,
which emphasized memory impairment, irreversibility of the
deficits, and impaired activities of daily living.45 This definition
was felt to be restrictive, because it did not take into
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Table 5. Multivariable Linear Regression Analysis With
Cognitive Parameters as Dependent Variables

Variable

Parameter

B 95% CI for B P Value

Memory

Age �0.026 (�0.039, �0.014) <0.001

Education level 0.046 (0.011, 0.081) 0.011

HTN stage �0.403 (�0.705, �0.101) 0.013

Executive function

Education level 0.082 (0.061, 0.103) <0.001

HTN stage �0.315 (�0.495, �0.134) 0.001

Visuospatial abilities

Education level 0.087 (0.066, 0.109) <0.001

Attention

Age �0.016 (�0.026, �0.006) 0.001

Education level 0.084 (0.057, 0.112) <0.001

Processing speed

Age �0.028 (�0.030, �0.018) <0.001

Education level 0.077 (0.048, 0.105) <0.001

B indicates unstandardized model coefficients to indicate how much the dependent
variable varies with an independent variable when all other independent variables are
held constant. Consider the effect of age in this example. The unstandardized coefficient,
B1, for age is equal to �0.026. This means that for each 1-year increase in age, there is a
decrease in memory of 0.026; HTN indicates hypertension.
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consideration cognitive deficits more commonly associated
with cerebrovascular lesions, such as executive dysfunction
and psychomotor slowing. Therefore, the term vascular
cognitive impairment (VCI) was introduced to better reflect
the full range of cognitive alterations resulting from vascular
factors.46 The concept of VCI has gained wide acceptance and
is currently defined as “a syndrome with evidence of clinical
stroke or subclinical vascular brain injury and cognitive
impairment affecting at least one cognitive domain,”47 VaD
being the most severe form of VCI.

In patients with less-severe cognitive impairment, a more-
distinctive cognitive profile might be discernable. Garrett
et al48 reported that the neuropsychological performance of a
small group of patients with cognitive impairment (but no
dementia) was characterized by disproportionate executive
dysfunction and deficits in verbal retrieval. Data from Looi and
Sachdev49 also confirm an overall profile of less-severe
memory impairment and greater executive impairment in VaD.

Several investigators have reported a profile of memory
impairment that includes better preservation of recognition
memory performance relative to free recall in patients with
VCI.50,51 In studies of patients with CADASIL (Cerebral
Autosomal Dominant Arteriopathy with Subcortical Infarcts
and Leukoencephalopathy), who are younger and therefore
less likely to have concomitant pathological AD changes, the
speed of processing has consistently been identified as
impaired, with somewhat less-pronounced, but significant,
deficits in areas of executive performance and attention. It
has been suggested that this pattern of impairment repre-
sents the core of the cognitive syndrome associated with
small-vessel subcortical ischemic disease.52–54

Furthermore, in our study, although the use of 25 as the
cut-off point following the value proposed by Mem�oria et al24

in the Brazilian population, the frequency of MCI screened by
the MoCA was somewhat high. Whether the HTN status and
its severity might have influenced this scenario is unclear.

Many studies have been performed for MoCA validation in
different populations, and different cut-off scores have been
proposed.55,56 Although the cut-off point used for years of
education in the original study on MoCA was 12 years,23 the
same we used in the present study, Ng et al56 found that a
1-point correction was needed in patients with <10 years of
education. For these researchers, this change in cut-off score
from that in the original study was affected by the educational
system in their country, where the average population spends
10 years in school to obtain a basic education. These
differences in cut-off scores proposed in many studies
highlight the importance of conducting population-specific
validations of MoCA to maintain its effectiveness as a
screening tool.

Limitations
There is always the possibility of residual confounding
variables with observational studies. First, the primary
limitation of the cross-sectional study design is that because
the exposure and outcome are simultaneously assessed,
there is generally no evidence of a temporal relationship
between exposure and outcome.57 That is, although the
investigator may determine that there is an association
between an exposure and an outcome, there is generally no
evidence that the exposure caused the outcome. Of course, if
the exposure is a characteristic such as sex or race and the
outcome developed over time, the temporal nature of the
exposure-outcome association is more plausible; however, for
studies in which the exposure is not an inherent trait, but one

Table 6. Cognitive Performance in Patients With High Level of Education (≥9 Years) According to the Blood Pressure Levels

Cognitive Domain, Mean (SD) Normotension (61) HTN Stage 1 (64) HTN Stage 2 (39) P Value

MMSE 28.30�1.77 27.88�1.82 27.36�1.97 0.048*

MoCA 26.13�2.53 25.42�2.41 24.64�2.93 0.020*

Global cognitive function 0.14�0.49 �0.05�0.59 �0.31�0.44 <0.001†

Language �0.09�0.89 �0.08�0.95 �0.28�1.29 0.21

Memory 0.14�0.70 �0.04�1.04 �0.31�0.76 0.047*

Executive function �0.12�0.72 �0.10�0.62 �0.42�0.56 <0.001‡

Visuospatial abilities 0.18�0.60 �0.07�0.70 �0.13�0.67 0.039*

Attention 0.14�0.61 �0.08�0.62 �0.26�0.54 0.003‡

Processing speed 0.16�0.90 �0.15�0.87 �0.37�0.88 0.010*

P value refers to comparisons of the means among the groups by the 1-way ANOVA step-wise test with Bonferroni post-hoc analysis. All analyses were adjusted to education level (year of
education). Global cognitive function on neuropsychological evaluation. HTN indicates hypertension; MMSE, Mini–Mental State Examination; MoCA, Montreal Cognitive Assessment.
*Normotension versus HTN-2.
†

Normotension versus HTN-1 and HTN-2.
‡

HTN-2 versus normotension and HTN-1.
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that developed over time, causality is often unclear. Second,
our study sample is relatively small and our study was carried
out in a select group of patients with HTN referred to a
university hospital, limiting the generalizability of our findings
to other populations. The absence of magnetic resonance
imaging is another limitation of this study because we were
not able to completely rule out subclinical cerebrovascular
disease.

Conclusions
Our data demonstrate that cognitive impairment is more
frequent in patients with HTN and is related to the severity of
HTN. HTN stage and educational level were the best
predictors for cognitive impairment in patients with HTN,
and language, processing speed, visuospatial, and memory
were the most affected domains.

Perspectives
The present findings support undertaking further studies to
elucidate the mechanisms through which HTN is associated
with cognitive impairment and intervention studies to deter-
mine whether better control of HTN could prevent cognitive
decline and dementia. Although the relationship of HTN and
cognitive impairment has been reported previously and gained
great interest among researchers worldwide in recent years
with conflicting results, to the best of our knowledge, studies
addressing the severity of HTN and cognitive impairment are
lacking. Our data indicate that not only the hypertensive
condition, but also its severity is an important factor
associated with cognitive impairment in young patients
without previous manifested cerebrovascular disease and
other factors affecting cognitive function.
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