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Abstract

Background: Essential hypertension has been associated with decreased cognitive performance; however, the literature 
is conflicting.

Objective: This study aims at comparing cognitive performance between elderly normotensives (“N”; n = 17; 
age 68 ± 1; blood pressure = 133 ± 3/74 ±2 mmHg) and hypertensives (“H”; n = 28; age 69 ± 1, blood 
pressure = 148 ± 4/80 ± 1mmHg) with at least 5 years of education.

Methods: The comprehensive neuropsychological assessment was comprised of the Cambridge Cognition-Revised 
(CAMCOG-R), the Trail Making Test A and B (TMT A and B) and the Rey Auditory Verbal Learning Test (RAVLT).

Results: Elderly hypertensives presented lower CAMCOG-R global scores (N = 87.6 ± 1.8; H = 78.6 ± 1.4; p = 0.002). 
The hypertensive’s performance was slower in the TMT A and B (TMT A: N = 39 ± 3s; H = 57 ± 3s; p = 0.001; 
TMT B: N = 93 ± 7s; H = 124 ± 7s; p = 0.006), which was also reflected in smaller percentiles achieved by hypertensives in 
these tests. Hypertensive subjects exhibited a significantly lower RAVLT summation score (N = 51.8 ± 1.7; H = 40.7 ± 1.5; 
p < 0.0001). Even when adjusted for age, sex, education and depression symptoms, hypertension was an independent 
predictor of cognitive performance as measured by CAMCOG-R global score, TMT A and RAVLT summation score.

Conclusion: Cognitive performance is lower in elderly hypertensives as compared with elderly normotensives (Arq Bras 
Cardiol. 2013; 100(5):444-451).
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Introduction
According to the Brazilian Institute of Geography and 

Statistics (IBGE), there are 18 million people over 60 years of 
age living in the country, representing 12% of the population1. 

Population aging is associated with an increased 
prevalence of chronic diseases, including high blood 
pressure (HBP)2. HBP is considered to be an important risk 
factor for multiple diseases, such as coronary insufficiency, 
stroke and renal insufficiency, which are also associated 
with changes in cognitive performance3-5. According to the 
Ministry of Health6, the proportion of Brazilians diagnosed 
with HBP has grown from 21.5% in 2006 to 24.4% in 2009. 
This study was performed with 54 thousand adults and 
showed that the predominance of the disease in the period 
2006 through 2009 increased in all age ranges. Currently, 
63.2% of people aged 65 years of age or older have HBP, 
compared with 57.8% in 20066.

Elderly hypertensives, compared with elderly normotensives, 
are at increased risk of cognitive decline, including slow 
response and declining memory and executive functioning7-9. 
In addition, untreated elderly hypertensives present a higher risk 
of cognitive loss than treated elderly hypertensives9-14. However, 
some studies reveal a negative association between HBP and 
cognitive deficit15-17. Therefore, the relationship between 
HBP and changes in cognitive performance in the elderly is 
not fully understood. Some of the conflicting results in the 
literature can be attributed to the use of insufficiently sensitive 
neuropsychological assessment instruments such as the Mini 
Mental State Examination (MMSE). The goal of the present study 
is to evaluate and compare cognitive performance in elderly 
hypertensives and normotensives through the employment of 
different neuropsychological assessment instruments, which 
allows for a detailed diagnosis of the various cognitive domains 
potentially altered in these individuals.

Methods
This was a randomized, observational, cross-sectional 

and comparative study. Normotensive subjects (n = 17) 
and hypertensive subjects (n = 28) aged ≥ 60 years and 
< 80 years with at least 5 years of education were included. 
In order to be considered hypertensive, subjects were 
required to have a systolic pressure ≥ 140 mmHg and/
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or diastolic pressure ≥ 90 mmHg, or were taking stable 
antihypertensive medication for at least 3 months. These 
people were recruited from outpatient geriatric and general 
medical clinics, and from the university outreach program 
of the University Open to the Third Age (UNATI, as per 
its acronyms in Portuguese) of the Rio de Janeiro State 
University (UERJ).

We excluded elderly patients with left ventricular systolic 
dysfunction, atrial fibrillation or other clinically relevant 
arrhythmias, diabetes mellitus type 1 or 2, renal insufficiency, 
history of transient ischemic attack or stroke, Parkinson's 
disease, use of psychotropic medications, dementia, 
abnormal results of MMSE according to level of education  
(24/25, ≥ 1 year education), individuals with uncorrected 
sensory deficits, those confined to a wheelchair  or those 
with motor deficits that could compromise performance in 
neuropsychological testing. We also excluded older adults 
with systolic blood pressure ≥ 180 mmHg and/or diastolic 
blood pressure ≥ 110 mmHg and those individuals using 
four or more antihypertensive medications.

Two groups were studied: elderly hypertensives (n = 28) 
and elderly normotensives (n = 17). The participants 
underwent a thorough physical examination performed 
by a cardiologist. Blood pressure was measured with the 
patient in the sitting position, after a 10-minute rest, with an 
automatic sphygmomanometer (Omron HEM-711, Omron 
Healthcare, USA)18. Blood pressure values used in the study 
correspond to the average of three measurements at least 
5 minutes apart.

The study was approved by the Research Ethics 
Committee of the Pedro Ernesto University Hospital 
of UERJ. According to Resolution No. 196/1996 of the 
National Health Council, all volunteers agreed to participate 
and signed a consent form.

Neuropsychological assessment
Neuropsychological assessment consisted of the 

Cambridge Cognition Examination-Revised (CAMCOG-R), 
which is section B of the cognitive assessment of the 
Cambridge Examination for Mental Disorders of the 
Elderly-revised (CAMDEX-R)19 adapted and validated for 
Portuguese20, by the Trail Making Test A and B (TMT A and 
B)21, and by the Rey Auditory Verbal Learning Test (RAVLT)22. 
To screen for depression, the Brazilian version of Beck’s 
Depression Inventory was used23.

The neuropsychological evaluations were conducted 
over two days, always in the morning by a single researcher 
trained and supervised by a neuropsychologist. The 
researcher who applied the neuropsychological tests was 
not "blind" regarding the hypertension diagnosis. However, 
the measurements taken were mostly objective, and it 
was not up to the researcher to interpret the results. Each 
meeting lasted approximately one hour and a half. On 
the first day we administered CAMCOG-R and Beck’s 
Depression Inventory, and on the second day the RAVLT 
and TMT A and B. The results of the neuropsychological 
evaluations were organized and analyzed by the same 
investigator who conducted the tests.

Sample size calculation and statistical analysis
To calculate the sample size, we considered that the 

averages and standard deviations from the overall score on the 
CAMCOG-R of hypertensives and normotensives would be 
comparable to the averages and standard deviations observed 
in groups with minimal cognitive impairment and the control 
groups, respectively, in the study performed by Nunes et al24. 
Therefore, the average and standard deviation of the overall 
score on the CAMCOG-R in the elderly normotensives group 
was estimated at 99±3; in the elderly hypertensives it was 
estimated at 91±7. Considering a p-value of 0.05 and a study 
power of 0.95, the minimum sample size per group was 
estimated at 14. The sample size was calculated by means 
of the GPower 3.1.0 program of Kiel University, Germany.

The results were presented in the form of average 
± standard error or median and respective minimum 
and maximum values and interquartile intervals. We used 
Mann Whitney U test for discrete variables with distribution 
presumably not normal25. The continuous or discrete variables 
with normal distribution were evaluated by unpaired Student 
t test with similar variance for both groups. Multivariate 
linear regression analysis was used to verify the effect of the 
presence of hypertension, adjusted for age, sex, education 
and depression symptoms, over several scores of cognitive 
performance. The p-value < 0.05 was considered statistically 
significant. For statistical calculations, we used Excel (Microsoft, 
2007) and SPSS v.20 (IBM, 2011).

Results
The sociodemographic characteristics of the study groups 

are shown in Table 1. Age, sex, marital status, smoking habits, 
physical activity, body mass index, and Beck’s Depression 
Inventory scores are similar in both groups. However, the 
education levels of elderly hypertensives are significantly lower. 
As expected, the values of systolic and diastolic pressures are 
higher in hypertensive individuals.

The elderly hypertensives showed a lower cognitive 
performance compared with normotensives by global score of 
CAMCOG-R (Table 2). When evaluated by the isolated cognitive 
domain of CAMCOG-R, the comprehension and expression 
of language, remote memory, attention, praxes, executive 
functioning and perception were significantly lower in the 
elderly hypertensives (Table 2). In Table 3, we demonstrate the 
results of TMT A and B and RALVT. The elderly hypertensives 
had a significantly slower performance than the normotensives 
in TMT A and B. The cognitive performance of the elderly 
hypertensives in RALVT was also significantly lower than that of 
the normotensives, as evidenced by the lower sum of A1-A5.

Regardless of controlling for age, sex, education and 
Beck's Depression Inventory score, the presence of high 
blood pressure is an independent predictor of lower cognitive 
performance measured by the overall score of CAMCOG-R, 
by the time and percentile of TMT-A, and sum of A1-A5 of the 
RAVLT in the elderly (Tables 4 and 6). When controlling for 
age, sex, education and Beck’s Depression Inventory score, 
only the scores of the domains of praxes and learning on the 
CAMCOG-R are significantly reduced by the presence of high 
blood pressure in the elderly (Table 5).
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Table 1 – Sociodemographic characteristics of the participants

Hypertensive Normotensive p-value

Sample size 28 17 -

Female (%) 15 (53.6) 9 (52.9) -

Male (%) 13 (46.4) 8 (47.1) -

Schooling in years 8 ± 1 11 ±1 0.02

Age 69 ±1 68 ± 1 0.7

Single (%) 3 (10.7) 2 (11.8) -

Married (%) 20 (71.4) 13 (76.5) -

Widowed (%) 5 (17.8) 2 (11.8) -

Systolic BP., mmHg 148 ± 4 133 ±3 0.007

Diastolic BP., mmHg 80 ± 1 74 ± 2 0.03

Beck’s depression scale score 5 (2-10/2)* 4 (0-7/3)* 0.3#

Smokers (%) 1 ( 3.6) 1 (5.8) -

Non sedentary (%) 3 ( 10.7) 4 (23.5) -

Body mass index 27.5 ± 5 25.2 ± 4 0.7

*Results expressed in median (minimum value – maximum value / interquartile value); other on average ± EP; #P-value associated to U test of Mann-Whitney and the 
other are associated to Student t-test; BP: Blood pressure.

Table 2 – Global score and scores by cognitive domain evaluated by CAMCOG-R

Hypertensives Normotensives p-value

Global scores 78.6 ± 1.4 87.6 ± 1.8 0. 0002*

Temporal orientation 5 (4-5/0) 5 (5-5/0) 0.6

Spatial orientation 5 (4-5/0) 5 (5-5/0) 0.2

Language understanding 9 (7-9/1) 9 (9-9/0) 0.01

Language expression 17.5 (15-20/2) 19 (17-22/3) 0.02

Remote memory 3 (1-6/2.3) 4 (1-6/3) 0.02

Recent memory 4 (2-4/1) 4 (2-4/0) 0.1

Verbal fluency 13.5 (11-21/4.5) 15 (9-26/8) 0.4

Attention 3 (2-7/1) 6 (2-7/4) 0.01

Praxes 15 (10-17/2) 16 (15-18/1) < 0.001

Calculation 2 (1-2/0) 2 (1-2/0) 0.9

Executive function 9.5 (3-20/4.3) 15 (4-21/6) 0.006

Perception 5 (3-8/1) 6 (4-8/1) 0.01

*Results of global score of CAMCOG-R expressed on average ± EP for CAMCOG-R; other scores expressed on median (minimum value – maximum value / interquartile 
interval); #P-value associated to Student t-test; other P-values associated to U test f Mann-Whitney.

Discussion
The results of neuropsychological assessments used in this 

study suggest that elderly patients with hypertension have 
reduced performance in several cognitive domains when 
compared with elderly normotensives. Specifically, elderly 
hypertensives had lower overall scores on the CAMCOG-R, 
whether or not adjustment was made for age, sex, education 
and Beck’s depression score. When adjusting for these 

factors, performance in the domains of praxes and learning 
of the CAMCOG-R is reduced in elderly hypertensives. The 
performance of elderly hypertensives was slower in the TMT 
A and B, which is also demonstrated by significantly lower 
percentiles obtained by these individuals. Likewise, the sum of 
RAVLT was significantly lower in elderly hypertensives. However, 
when adjusted for age, sex, education and Beck’s depression 
score, the presence of hypertension in the elderly is no longer an 
independent predictor of speed and percentile on the TMT-B.
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Table 3 – Cognitive performance in TMT A and B and in RAVLT

Test Hypertensives Normotensives p-value

TMT A Time (s) 57 ±3* 39 ± 3* 0.001#

Percentile 24.2 ± 3.0* 45.6 ± 5.8* 0.001#

TMT B Time (s) 124 ± 7* 93 ± 7* 0.006#

Percentile 31.9 ± 3.5* 47.2 ± 6.2* 0.02#

RAVLT A1 5 (1-8/1.3) 6 (5-9/2) 0.03

A2 7 (3-11/2) 9 (5-12/3) 0.11

A3 8 (4-12/2) 11 (7-14/2) 0.04

A4 11 (6-13/2.3) 12 (10-15/2) 0.06

A5 11.5 (5-13/2) 13 (10-15/2) 0.01

∑ A1 A5 40.7 ± 1.5* 51.8 ± 1.7* < 0.0001#

REC 18.7 ± 0.7* 20.5 ± 0.8* 0.08#

*Results expressed on average ± EP and the other on median (minimum value – maximum value/interquartile interval); #P-value associated to Student t test and the 
others are associated to Mann-Whitney’s U test; s: seconds; REC: recognition.

Table 4 – Results of the linear regressions in which the dependent variable is the global score of CAMCOG-R and the independent variable is 
the presence of systemic arterial hypertension, controlled or not for age, sex, education and Beck’s depression score

Model Independent Variable B (SD) Beta p-value of B p-value of the model R2

Not Controlled HBP -9.00 (2.27) -0.52 < 0.001 < 0.001 0.25

Controlled HBP -5.69(2.18) -0.33 0.01 < 0.001 0.44

Sex 2.07(1.93) -0.09 0.5 - -

Age 2.07(1.93) 0.12 0.9 - -

Education 1.06(0.26) 0.51 < 0.001 - -

Beck’s Score -0.16(0.52) -0.04 0.8 - -
B: coefficient not standardized in the presence of systemic arterial hypertension; Beta-coefficient standardized in the presence of systemic arterial hypertension; SD: 
standard deviation; the constants were omitted for convenience.

Overall, our results are in agreement with the literature, 
which revealed an association between hypertension 
and decreased cognitive performance5,26. For instance, a 
cross-sectional study performed by Harrington et al8 examined 
the cognitive performance of 107 untreated hypertensives 
and 116 normotensives older than 70 years of age, using a 
battery of computerized neuropsychological tests. Thus, we 
evaluated the following areas: attention, processing speed, 
concentration, working memory, spatial memory, accuracy and 
ability to store and retrieve new information. Notably, older 
hypertensive patients had significantly worse performances 
in all areas evaluated. Furthermore, a longitudinal study by 
Elias et al26 evaluated the cognitive performance of more 
than 500 participants from the Maine-Syracuse Longitudinal 
Study of Hypertension, assessed by WAIS (Wechsler Adult 
Intelligence Scale). The subjects were divided by age into 
groups from 18 to 46 years and from 47 to 83 years and 
assessed over 20 years. Higher measurements of systolic 
and diastolic blood pressure were significantly associated 
with cognitive decline in the areas of visualization and fluid 

abilities in both groups. We observe that several studies with 
a longitudinal outline indicate an association between HBP 
and declining cognitive performance27.

However, associations between HBP and changes in cognitive 
performance were not always observed15,16. For instance, no 
significant association was found between HBP and cognitive 
performance in the elderly 64 years of age or older evaluated 
by MMSE28-30. Such results could be attributed to a reduced 
sensitivity of the MMSE (a tracking test used to detect discreet 
cognition changes) and the difficulty in applying the MMSE for 
the assessment of isolated cognitive areas13. However, using 
the same MMSE, Guo et al31 studied 1736 elderly individuals 
between 75 and 101 years of age for three years and observed 
that blood pressure is associated with a reduced global score 
on the MMSE. The large sample size and longitudinal design 
of this study reinforce the robustness of the results observed. 
Despite being in accordance with our results, this study recruited 
individuals significantly older and presumably more susceptible 
to cognitive decline, and therefore it was not possible to rule out 
an association between very advanced age and hypertension.
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Table 5 – Results of linear regressions whose dependent variables are the cognitive domains of CAMCOG-R, being the independent variable 
at the present of systemic arterial hypertension, controlled or not for age, sex, education and Beck’s depression score

Global score or domain Model B (SD) Beta p-value of B p-value of the model R2

Temporal orientation Non Controlled -0.05 (0.09) -0.08 0.6 0.6 < 0.01

Controlled 0 (0.1) 0 0.9 0.5 < 0.01

Spatial orientation Non Controlled -0.11(0.07) -0.21 0.2 0.2 0.02

Controlled -0.05(0.08) -0.09 0.5 0.1 0.10

Language understanding Non Controlled -0.36(0.14) -0.37 0.01 0.01 0.12

Controlled -0.39(0.15) -0.41 0.02 0.1 0.08

Language expression Non Controlled -1.3(0.5) -0.39 0.007 0.07 0.14

Controlled -0.8(0.5) -0.25 0.1 0.01 0.21

Verbal fluency Non Controlled -1.5(1.2) -0.18 0.2 0.2 0.01

Controlled -0.4(1.3) -0.06 0.7 0.2 0.06

Remote memory Non Controlled -1.2(0.5) -0.36 0.01 0.01 0.11

Controlled -0.5(0.4) -0.14 0.2 < 0.001 0.49

Recent memory Non Controlled -0.2(0.2) -0.18 0.2 0.2 < 0.01

Controlled -0.1(0.2) -0.10 0.5 0.6 < 0.01

Learning Non Controlled -1.2(0.4) -0.40 0.007 0.007 0.14

Controlled -1.2(0.5) -0.38 0.01 0.02 0.20

Attention Non Controlled -1.5(0.5) -0.40 0.006 0.006 0.14

Controlled -1.1(0.6) -0.30 0.06 0.03 0.17

Praxes Non Controlled -1.6(0.4) -0.5 < 0.001 < 0.001 0.24

Controlled -1.2(0.5) -0.4 0.02 0.004 0.26

Calculation Non Controlled 0(0.1) -0.02 0.9 0.9 < 0.01

Controlled 0(0.1) 0.05 0.8 0.3 0.02

Executive function Non Controlled -3.9(1.3) -0.41 0.005 0.005 0.15

Controlled -2.1(1.3) -0.23 0.1 0.001 0.32

Perception Non Controlled -1.0(0.4) -0.37 0.01 0.01 0.12

Controlled -0.6(0.4) -0.23 0.1 0.008 0.23

Executive function (28) Non Controlled -3.8(1.5) -0.37 0.01 0.01 0.12

Controlled -2.2(1.4) -0.22 0.1 0.008 0.31

B: coefficient not standardized in the presence of systemic arterial hypertension; Beta: coefficient standardized in the presence of systemic arterial hypertension; SD: 
standard deviation; the constants and the coefficients of age, sex, education and  Beck’s depression score were omitted for convenience.

In turn, Izquierdo-Porrera and Waldstein17 found no 
significant correlation between blood pressure and cognitive 
performance in 43 subjects aged 43 to 82 years, assessed 
through a more complete set of neuropsychological tests. 
Specifically, the neuropsychological evaluation consisted of 
the clock drawing test, the Executive Interview 25 (EXIT 25) 
for assessment of executive function, testing of digits in the 
forward and reverse order and a test to assess learning. The 
negative results observed could be attributed to the inclusion 
of individuals who were relatively young when compared with 
the individuals in the study presented here.

A unique feature of this project was the use of the 
CAMCOG-R for cognitive assessment of the elderly 
hypertensive individuals. To our knowledge, ours 

is the only study that has used CAMCOG-R for this 
purpose. Therefore, reduction of the global score on the 
CAMCOG-R corroborates the results of the literature that 
showed a reduction in cognitive performance in elderly 
hypertensive subjects evaluated with other instruments. 
This observation is consistent with the concept that 
hypertension is in fact associated with reduced cognitive 
performance. Also shown in this study, the slower 
performance in TMT-A suggests a reduction in the speed 
of information processing. The reduced performance 
in RAVLT, in turn, suggests a reduction in the ability to 
learn new information. Other authors also find deficits in 
these specific cognitive domains in elderly hypertensive 
subjcts32,33.
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Table 6 – Results of linear regressions whose dependent variables are the performances in TMT-A and B, and in RAVLT, being the 
independent variable at the present of systemic arterial hypertension, controlled or not for age, sex, education and Beck’s depression score

Model B (SD) Beta p-value of B p-value of the model R2

TMT-A (time) Non Controlled 17.83(5.16) 0.46 0.01 0.01 0.20

Controlled 12.45(5.36) 0.33 0.03 0.01 0.31

TMT-A (percentile) Non Controlled -25.41(5.32) -0.59 < 0.001 < 0.001 0.33

Controlled -21.81(6.07) -0.51 0.001 0.02 0.30

TMT-B (time) Non Controlled 31.20(10.88)) 0.40 0.006 0.006 0.14

Controlled 17.85(10.74) 0.23 0.1 0.001 0.33

TMT-B (percentile) Non Controlled -16.83(6.33) -0.38 0.01 0.01 0.12

Controlled -10.64(6.29) -0.24 0.1 0.002 0.30

RAVLT ∑A1-5 Non Controlled -11.05(2.27) -0.59 < 0.001 < 0.001 0.34

Controlled -8.74(1.99) -0.47 < 0.001 < 0.001 0.59

B: coefficient not standardized in the presence of systemic arterial hypertension; Beta: coefficient standardized in the presence of systemic arterial hypertension; SD: 
standard deviation; the constants and the coefficients of age, sex, education and Beck’s depression score were omitted for convenience.

Some important limitations of the study should be 
discussed. A potential criticism would be its small sample 
size. As explained in detail in the methods section, however, 
it should be noted that the number of participants recruited 
per group exceeded the minimum number, which gives 
the study a power of 95% to find a difference of 8 points 
on average in the global score of the CAMCOG-R, 
with a p-value of < 0.05. Another limitation has to do 
with the analysis of multiple secondary outcomes, for 
which the power of the study was not defined a priori. 
Therefore, the results relative to the performance specific 
to cognitive domains should be considered with caution. 
It is emphasized, however, that the study demonstrates a 
significantly lower cognitive performance in hypertensive 
participants reflected in its main outcome, i.e. the global 
score of the CAMCOG-R.

It is known that the cognitive performance measured 
by CAMCOG-R is significantly influenced by level of 
education34. To minimize this bias, participants with at least 
5 years of formal study were evaluated. Despite this, it was 
found that the group of normotensives was significantly 
better educated. However, adjusting for age, sex, education 
and Beck’s score, we show that the presence of hypertension 
is an independent predictor of cognitive performance 
measured by the global score on the CAMCOG-R, the time 
and percentile on the TMT A and the sum of A1-A5 of the 
RAVLT. Nevertheless, it is noteworthy that, in our case, the 
estimated effect of schooling is more accurate than the 
effect of hypertension when compared with the prediction 
of overall score on the CAMCOG-R. Specifically, although 
the unadjusted coefficient ("B") of the hypertension factor 
has an absolute value greater than the coefficient associated 
with education, the confidence interval of 95% (CI 95%) 
related to schooling is much narrower than that related 
to hypertension ("B" hypertension = - 5.69 with CI 95% 
of -10.1 up to -1.27 and p-value = 0.01; “B” schooling 
= 1.06, CI 95% of 0.52 up to 1.59 and p-value < 0.001).

Depression is also associated with reduced cognitive 
performance35. In this study, the Beck’s Depression Inventory 
score was similar in elderly hypertensives and normotensives. 
Thus, the impact of symptoms associated with depression 
was homogeneously distributed between the two groups, 
attenuating the possibility of bias. Moreover, in none of the 
multiple linear regression models did Beck’s depression 
scale prove to be an independent predictor of cognitive 
performance (results not shown).

The use of antihypertensive medications by elderly 
hypertensive participants could confound the results. 
However, there would be a tendency to underestimate the 
impact of hypertension on the cognitive performance10-14. In 
fact, a few studies suggest that the pharmacological treatment 
of hypertension prevents the development and progression 
of cognitive decline10,14. It is further emphasized that none 
of the elderly hypertensives were being treated with beta 
blockers that could per se reduce cognitive performance. In 
addition, the use of psychotropic medications was prohibited 
by the study protocol. Therefore, it is presumed that the 
impact of the use of medication is not associated with the 
reduction of cognitive performance observed in subjects with 
hypertension. Furthermore, the results cannot be extrapolated 
for the elderly with severe hypertension, since those with 
systolic blood pressure ≥ 180 mmHg and/or diastolic 
blood pressure ≥ 110 mmHg, or those using four or more 
antihypertensive medications, were excluded from the study. 
Finally, we emphasize that the study was cross-sectional. 
Consequently, one cannot establish a causal relationship 
between hypertension and cognitive decline.

Conclusions
The present study confirms and expands the concept 

that hypertension is associated with reduced cognitive 
performance in elderly individuals. By means of various 
neuropsychological assessment tools, it was demonstrated 
that the decline in performance occurs in different domains 
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