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Blood pressure and cognitive performances in middle-
aged adults: theAging, Health andWork
longitudinal study

Laure Roucha,b,c, Philippe Cestaca,b,c, Olivier Hanond,e, Jean-Bernard Ruidavetsa,f,
Virginie Ehlingerf, Catherine Gentilf, Charlène Coola,b,c, Catherine Helmerg,h,
Jean-François Dartiguesg,h, Béatrice Bouhanicka,b,i, Bernard Chamontina,b,i, Brigitte Sallerinb,c,j,
Bruno Vellasa,b,k, Jean-Claude Marquiél, Yolande Esquirola,b,m, and Sandrine Andrieua,b,f

Background: Our objective was to investigate the impact
of both prevalent and incident hypertension on cognition
in middle-aged individuals followed up for 10 years and to
explore the extent to which blood pressure control by
antihypertensive drugs could modify this relationship.

Method: Three thousand, two hundred and one
participants from the Vieillissement Santé Travail (Aging,
Health and Work) (VISAT) cohort study, aged 32, 42, 52
and 62 years at baseline were followed up 5 and 10 years
later. Blood pressure, antihypertensive medication use as
well as memory and speed cognitive performances were
assessed at baseline and follow-up. Linear mixed models
were used for analyses.

Results: At 10-year follow-up, compared with
nonhypertensive participants, prevalent hypertensive
individuals showed poorer global cognitive performances
(b¼�2.99�0.96, P¼0.002 for participants aged 32 or
42 years at baseline and b¼�5.94� 1.00, P<0.001 for
those aged 52 or 62). Patients with incident hypertension
had poorer global cognitive performances over time
compared with patients without hypertension. When
considering prevalent hypertension and blood pressure
control status by antihypertensive therapy, untreated and
uncontrolled hypertension were associated with poorer
cognitive performances than controlled and no
hypertension (untreated hypertension compared with no
hypertension: b¼�5.51�0.75, P<0.001; uncontrolled
hypertension compared with no hypertension:
b¼�6.13� 1.40, P< 0.001).

Conclusion: Our findings showed that both prevalent and
incident hypertension are associated with poorer global
cognitive function in middle-aged individuals and
suggested a potential preventive effect of antihypertensive
therapy on cognition. Thus, for brain functioning,
heightened efforts to detect hypertension and adequately
treat it are of critical importance.

Keywords: antihypertensive agent, blood pressure,
cognition, epidemiology, hypertension

Abbreviations: BP, blood pressure; DSST, digit symbol
substitution subtest; PCA, principal component analysis

INTRODUCTION

A
ccumulating evidence has suggested that hyperten-
sion may be an important risk factor for cognitive
decline and dementia [1,2]. However, most studies

had a short follow-up, included few participants, only
focused on prevalent hypertension, on certain cognitive
domains or did not address the potential benefits of anti-
hypertensive therapy [3–10]. They mainly assessed the
relationship between late-life or midlife hypertension and
cognition in elderly people but few studies evaluated the
effect of high blood pressure (BP) on cognitive perfor-
mances in middle-aged individuals. Thus, the aim of our
study was to investigate the impact of both prevalent and
incident hypertension on cognitive changes in middle-aged
adults followed-up for 10 years. A secondary objective was
to explore the extent to which antihypertensive treatment
could modify this relationship, particularly with an ade-
quate BP control.

METHODS

Study design and participants
The VISAT study is a 10-year prospective multicenter cohort
study aiming to underline the impact of working conditions
on health. Details regarding population sampling have
been described elsewhere [11]. A total of 4258 current
and former salaried workers were randomly selected from
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the worker’s list of 94 occupational physicians in three areas
in the South of France. Of these, 3232 participants, aged 32,
42, 52 and 62 years when selected, agreed to participate and
were thus included. Recruitment occurred during compul-
sory medical examinations. Data were collected at three
time points in 1996, 2001 and 2006.

Standard protocol approvals, registrations, and
patient consents
Participants were informed and volunteered to participate
in the study. Oral informed consent was sought and
granted. Agreement from the French national committee
on computer files and civil liberties (n8 389581V1) was
obtained. All the procedures followed the international
standards pertaining to human research.

Assessment of hypertension and
antihypertensive treatment status
SBP and DBP were measured manually in 1996 and auto-
matically (OMRON 705CP sphygmomanometer) three
times at 1-min interval in 2001 and 2006. All BP measure-
ments were done in the office during medical examination
by occupational physicians. The average value was used in
our analyses. Hypertension was defined as either high BP
(mean SBP at least 140 mmHg or mean DBP at least
90mmHg, according to the current WHO criteria) [12] or
current use of antihypertensive medication. Individuals
with baseline hypertension were classified as prevalent
hypertension. Participants without baseline hypertension,
still participating, were classified as incident hypertension if
they developed hypertension at 5 or 10-year follow-up.
Data regarding antihypertensive medication use were
based on self-report of being currently treated for hyper-
tension in 1996, 2001 and 2006. Participants with hyperten-
sion were further divided into controlled hypertension
(normal BP with medication use), uncontrolled hyperten-
sion (high BP despite medication use) and untreated hyper-
tension (high BP without medication use). Participants with
normal BP and no medication use represented the
reference group.

Assessment of cognitive function
Neuropsychological assessment was performed in 1996,
2001 and 2006 using the same eight cognitive tests each
time, administered in the following order: three immediate
free recall tests adapted from the Rey auditory verbal
learning test [13], the WAIS (Wechsler Adult Intelligence
Survey) digit symbol substitution subtest (DSST) [14] con-
sidered to be highly loaded by the information processing
speed component, two selective attention tests derived
from the Sternberg’s test [15], a delayed recall test and a
recognition test, both based on the material learned earlier.

Assessment of covariates
Age at baseline, sex and educational level were considered
as sociodemographic covariates. Sedentary behavior, active
smoking, type 1 or 2 diabetes, dyslipidemia, obesity, car-
diovascular diseases (myocardial infarction, angina pectoris
or stroke), daily alcohol consumption and high social
activities level were considered as potential confounding

factors. All the collected data were based on self-report,
except obesity defined as BMI greater than or equal to 30.

Statistical analyses
A principal component analysis (PCA) was performed to
summarize information from the eight cognitive tests
[16,17]. Further details are provided in the online-only data
supplement, http://links.lww.com/HJH/B44. The first axis
was interpreted as a general performance axis whereas the
second one tended to contrast memory-oriented tests with
speed-oriented tests. A global cognitive performance vari-
able was constructed from this PCA, based on the factorial
score of the first axis. Given the structure of the second axis,
two additional PCAs, respectively, based on the five mem-
ory-oriented tests (three immediate free recalls, one delayed
free recall and one delayed recognition measure) and on the
three speed-oriented tests (one-digit symbol substitution
subtest and two selective attention tests), were performed.
Factorial scores instead of standardized means were used in
order to maximize the variance summarized by the factorial
axes. Linear mixed models were used to analyze cognitive
performances over time [18]. Random effects for both inter-
cept and slope were specified. Time-related variables were
the measurement occasion and have been considered as
dummy variables for the two follow-ups. Interactions preva-
lent hypertension, incident hypertension or BP control sta-
tus�measurement occasion were included in our analyses,
depending on the predictor used in the model. Interactions
prevalent hypertension� age and incident hypertension� -
age were checked. Our models were adjusted for all poten-
tial confounding factors mentioned above, considered as
time varying-factors, except for high social activities level
because of nonsignificant differences between hypertension
groups at baseline. Parameter estimates (b� SE) gave infor-
mation about the effect of hypertension andBP control status
on cognition. Estimated marginal means were used for
graphic representations of cognitive performances. We used
the Hochberg method for multiple comparisons [19]. Finally,
to test the potential impact of attrition, sensitivity analyses
were performed under the hypothesis that participants
would be lost to follow-up because of greater decline in
cognitive performances over time (see online-only data
supplement, http://links.lww.com/HJH/B44). All statistical
analyses were performed using STATA software version 15
(Stata Corp, College Station, Texas, USA).

RESULTS
Our baseline sample consisted of 3201 individuals (mean
age: 44.9 years� 10.3).One thousand, fivehundredand fifty-
nine (48.7%) were women. One thousand and ninety (34%)
participants had baseline hypertension and were thus classi-
fied as prevalent hypertension. Among the 2111 individuals
without baseline hypertension, 350 (16.6%) still participating
were classified as incident hypertension at 5 or 10-year
follow-up. Figure 1 shows the study flowchart.

Individuals with prevalent hypertension had significantly
higher BP [SBP: 145� 13 vs. 121� 9mmHg (P< 0.001) and
DBP: 87� 10 vs. 73� 8mmHg (P< 0.001)] than individuals
without prevalent hypertension. Baseline characteristics of
participants according to prevalent hypertension and
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especially BP control status at baseline arepresented inTable
1. Individuals with incident hypertension had significantly
baseline higher BP [SBP: 125� 8 vs. 120� 9 (P< 0.001) and
DBP: 76� 7 vs. 73� 8 (P< 0.001)] than individuals without
incident hypertension.

Prevalent hypertension and cognitive function
Cognitive performances over time of individuals
with and without prevalent hypertension are pre-
sented in Fig. 2. Parameter estimates are provided in
Table 2.

Baseline 

5-year follow-up 

10-year follow-up 

Missing data for BP and AH medication use 
n = 31 

Prevalent hypertension 
n = 375 

5-year incident 
hypertension 

n = 154

10-year incident 
hypertension 

n = 93 

No hypertension 
n = 574 

Lost to follow-up 
n = 367 

Prevalent hypertension 
n = 742 

5-year incident 
hypertension 

n = 257

No hypertension 
n = 1217 

Lost to follow-up 
n = 348 

Lost to follow-up 
n = 590

Missing data for BP 
and/or AH medication 

use 
n = 47

Prevalent hypertension 
n = 1090 

No prevalent 
hypertension 

n = 2111 

Baseline sample 
n = 3201 

Original sample 
n = 3232 

Lost to follow-up 
n = 103 

Lost to follow-up 
n = 515

Missing data for BP 
and/or AH medication 

use 
n = 35

FIGURE 1 Study flow chart. AH, antihypertensive; BP, blood pressure.

Blood pressure and cognitive performance
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Age-stratified analyses were performed (prevalent
hypertension� age interaction: P¼ 0.03). In the first 5
years, all participants aged 32 or 42 years old at baseline
improved their global cognitive performances. In the sec-
ond time period, unlike nonhypertensive participants,
hypertensive patients showed a declining trend in global
cognitive performances. Thus, even in the younger popu-
lation, hypertensive patients exhibited poorer global cog-
nitive performances at 5-year follow-up and even more at
10-year follow-up (b¼�2.99� 0.96, P¼ 0.002).

When considering participants aged 52 or 62 years at
baseline, no improvement in global cognitive performances
was found for hypertensive patients in the first period of
follow-up whereas a significant decline was reported in the
second period of time. Compared with nonhypertensive
individuals, hypertensive patients had significant poorer
global cognitive performances at each measurement
occasion, particularly at 5 and 10-year follow-up
(b¼�5.94� 1.00,P< 0.001)with a largergap in comparison
with younger individuals.

The examination of memory performances over time
revealed somewhat similar results. However, the effect of
prevalent hypertension on speed performances was
slightly different.

Hypertensive patients aged 32 or 42 years old at baseline
had no significant improvement in speed performances
over the 10-year follow-up (b¼ 1.05� 0.62, P¼ 0.09) in
comparison with memory performances (b¼ 3.49� 0.83,
P< 0.001). Older hypertensive patients showed a signifi-
cant decline in speed performances in the first 5 years. They
also exhibited a greater decline over the 10-year follow-up
(b¼�3.63� 0.62, P< 0.001) compared with memory per-
formances (b¼�1.78� 0.67, P¼ 0.008).

Global cognitive performances over time of individuals
according to BP control status for prevalent hypertension
are presented in Fig. 3. Parameter estimates are provided in
Table 2.

At 5-year follow-up and even more at 10-year follow-up,
individuals having the best global cognitive performances
were the nonhypertensive ones, followed by controlled
hypertensive patients, then by untreated hypertensive
patients (b¼�5.51� 0.75, P< 0.001) compared with non-
hypertensive ones) and finally by uncontrolled hyperten-
sive patients (b¼�6.13� 1.40, P< 0.001 compared with
nonhypertensive ones).

Incident hypertension and cognitive function
Global cognitive performances over time of individuals
with and without incident hypertension are presented in
Fig. 4. Parameter estimates are provided in Table 2.

Interestingly, patients with incident hypertension also
exhibited poorer global cognitive performances over time
compared with patients without hypertension, especially at
10-year follow-up (b¼�2.67� 0.85, P¼ 0.002). Age-strati-
fied analyses (incident hypertension� age interaction:
P¼ 0.11) reported that the negative effect of incident
hypertension was also true even in the younger population
(patients aged 32 or 42 years old at baseline: incident
hypertension: b¼�3.12� 1.11, P¼ 0.005 compared with
no hypertension at 10-year follow-up).

Finally, we focused on testing the potential effect of
attrition (see online-only data supplement, http://links.
lww.com/HJH/B44). Out of the 3201 participants included
in our study, 29.3% could not be seen again at t2 and 59.5%
at t3.

TABLE 1. Baseline characteristics of participants according to prevalent hypertension and blood pressure control status at baseline
(n¼3201)

Characteristics

Controlled
hypertensiona,
n¼83 (2.6%)

Uncontrolled
hypertensionb,
n¼223 (7%)

Untreated
hypertensionc,
n¼784 (24.4%)

No hypertensiond,
n¼2111 (66%) P value

SBP (mmHg), mean� SD 125�7 151�15 145�12 121�9 <0.001e

DBP (mmHg), mean� SD 76�6 90�10 87�9 73�8 <0.001e

Age (years), mean� SD 51.3�9.3 54.3�7.7 48.6�10.1 42.3�9.4 <0.001e

Age (years), n (%) <0.001f

32 10 (12.1) 4 (1.8) 124 (15.8) 752 (35.6)

42 9 (10.8) 35 (15.6) 205 (26.2) 714 (33.8)

52 41 (49.4) 90 (40.4) 270 (34.4) 484 (23)

62 23 (27.7) 94 (42.2) 185 (23.6) 161 (7.6)

Female [n (%)] 51 (61.5) 83 (37.2) 233 (29.7) 1192 (56.5) <0.001f

University [n (%)] 31 (37.8) 37 (16.6) 157 (20.1) 698 (33.1) <0.001f

Sedentary behavior [n (%)] 40 (48.8) 112 (50.9) 389 (49.7) 962 (45.6) 0.14f

Active smoking [n (%)] 21 (25.3) 47 (21.1) 251 (32.0) 687 (32.5) 0.003f

Diabetes mellitus [n (%)] 7 (8.4) 32 (14.4) 20 (2.6) 26 (1.2) <0.001g

Dyslipidemia [n (%)] 14 (16.9) 72 (32.3) 149 (19) 241 (11.4) <0.001f

Obesity [n (%)] 18 (22.0) 60 (26.9) 126 (16.1) 104 (4.9) <0.001f

Cardiovascular diseases [n (%)] 3 (3.6) 8 (3.6) 10 (1.3) 14 (0.7) <0.001g

Daily alcohol consumption [n (%)] 17 (20.5) 94 (42.2) 323 (41.2) 473 (22.4) <0.001f

High social activities level [n (%)] 30 (36.1) 74 (33.2) 284 (36.3) 691 (32.8) 0.32f

aControlled hypertension (normal BP with medication use).
bUncontrolled hypertension (high BP despite medication use).
cUntreated hypertension (high BP without medication use).
dNo hypertension (normal BP without medication use).
eKruskall–Wallis test.
fChi-square test.
gFisher’s exact test.

Rouch et al.
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DISCUSSION

Overall, we found that prevalent hypertension was associ-
ated with poorer global cognitive performances, not only in
older patients but also in participants aged 32 or 42 years at
baseline, although to a lesser extent. Interestingly, patients
with incident hypertension had also poorer global cognitive
performances over time compared with patients without
hypertension. This effect was also true for younger patients.
Thus, a relatively short exposition to hypertension in youn-
ger middle-aged patients was already associated with
poorer midlife cognitive function. Moreover, the negative
effect of hypertension on cognitive function built up with

increasing exposure time and was predominant for infor-
mation processing speed. Cognitive performances over
time also differed according to BP control status, with
untreated and uncontrolled hypertensive patients having
poorer cognitive performances compared with
nonhypertensive individuals.

Overall, our results are consistent with previous findings
[3–8,20]. Two recent longitudinal studies provided further
evidence to support the association between midlife hyper-
tension and cognitive change [9,10]. In particular, the Ath-
erosclerosis Risk in Communities (ARIC) study reported an
amount of decline in the global cognitive z score during 20
years for individuals with hypertension 6.5% greater than in
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FIGURE 2 Cognitive performances over time of individuals with and without prevalent hypertension, (a) global cognitive performances of younger participants (aged 32
and 42 years at baseline): based on the five cognitive tests (immediate free recall, delayed free recall, delayed recognition measure, digit symbol substitution subtest and
selective attention test), (b) global cognitive performances of older participants (aged 52 and 62 years at baseline), (c) memory performances of younger participants: based
on the immediate free recall, the delayed free recall and the delayed recognition measure, (d) memory performances of older participants, (e) speed performances of
younger participants: based on the digit symbol substitution subtest and the selective attention test, (f) speed performances of older participants, mean (SE) scores of
cognitive performances are presented with P values indicating differences between groups at each measurement occasion. SE, standard error.
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individuals with normal BP. However, very few studies
investigated the relationship between incident hyperten-
sion and cognitive changes over time. Our findings are
consistent with the MAAS study [21], which reported poorer
cognition function in incident hypertensive participants.
Yet, our multicenter cohort study, conducted in a two-fold
larger sample of patients, adds that the negative effect of
incident hypertension on cognitive performances is also
true for even younger middle-aged individuals.

Our results indicated that participants tended to improve
their cognitive performances in the first period of follow-
up. This improvement, statistically but not clinically signifi-
cant, could be related to tests familiarization over time [22].
The effect of hypertension in the first period of time con-
sisted in a reduced improvement of cognitive performances
whereas it led to a cognitive decline in the second period of
time, suggesting a dose–response relationship.

Evidence has emerged that long-term hypertension
increases arterial stiffness, leading to severe cerebral ath-
erosclerosis and ischemic conditions [3,23–25]. However,
the effects of elevated high BP have already been demon-
strated as early as the fifth decade of life [26]. These
findings are consistent with our results in which hyperten-
sion was found to have negative effects on middle-
aged cognition.

Interestingly, compared with nonhypertensive partici-
pants, hypertensive patients exhibited worse performances
in information processing speed. Similar trend has already
been reported in previous studies [27], particularly in the
Framingham Third Generation Cohort study [28], in which
higher aortic stiffness was associated with poorer process-
ing speed performances in middle-aged adults.

Finally, our results indicated that cognitive performances
over time differed according to BP control status. Our
findings showed, although the results did not reach statisti-
cal significance, that successful hypertension treatment did
not totally reverse cognitive impairment associated with
hypertension. Similar results have been previously found
regarding cognitive function as well as cardiovascular dis-
eases with the PRIME study [29] suggesting the existence of
a residual cardiovascular risk. First, such a residual risk
regarding cognitive function could be related to a late onset
of antihypertensive treatment leading to irreversible brain
damages. Second, despite normal mean blood pressure
levels, potential higher blood pressure variability in treated
hypertensive patients could partly explain such a residual
risk [30]. Third, an increased risk of cognitive impairment in
treated hypertensive patients could be partly attributable to
a greater subclinical disease burden. Our results also
showed that both uncontrolled and untreated hypertensive

TABLE 2. Parameter estimates about the effect of hypertension and blood pressure control status on global cognitive performance

Model 1a. Effect of prevalent HTN on global cognitive performance in younger participants (n¼1853), b� SE (P)
Differences between groups - Baseline 5-year follow-up 10-year follow-up

HTN–non-HTN - �0.68�0.53 (0.20) �0.61�0.88 (0.48) �2.99�0.96 (0.002)

Differences over time - Baseline to 5-year 5-year to 10-year Baseline to 10-year

non-HTN - 4.56�0.33 (<0.001) 1.07�0.49 (0.03) 5.64�0.39 (<0.001)

HTN - 4.63�0.67 (<0.001) �1.30�0.97 (0.18) 3.33�0.75 (<0.001)

Model 1b. Effect of prevalent HTN on global cognitive performance in older participants (n¼1348), b� SE (P)
Differences between groups - Baseline 5-year follow-up 10-year follow-up

HTN–non-HTN - �2.79�0.53 (<0.001) �4.23�0.84 (<0.001) �5.94�1.00 (<0.001)

Differences over time - Baseline to 5-year 5–10 year follow-up Baseline to 10-year

non-HTN - 1.19�0.49 (0.02) �0.83�0.75 (0.27) 0.36�0.60 (0.55)

HTN - �0.24�0.47 (0.62) �2.55�0.77 (<0.001) �2.79�0.64 (<0.001)

Model 2. Effect of BP control status for prevalent HTN on global cognitive performance (n¼3201), b� SE (P)
Differences between groups - Baseline 5-year follow-up 10-year follow-up

Global P - 0.003 <0.001 <0.001

controlled HTN–non-HTN - 0.30�1.05 (0.78) �1.64�1.71 (0.48) �3.50�2.20 (0.45)

Uncontrolled HTN–non-HTN - �2.07�0.69 (0.02) �5.20�1.08 (<0.001) �6.13�1.40 (<0.001)

Untreated HTN–non-HTN - �1.13�0.41 (0.03) �2.88�0.65 (<0.001) �5.51�0.75 (<0.001)

Untreated HTN–controlled HTN - �1.42�1.08 (0.37) �1.24�1.76 (0.48) �2.01�2.54 (0.67)

Untreated HTN– uncontrolled HTN - 0.94�0.71 (0.37) 2.32�1.14 (0.17) 0.62�1.47 (0.67)

Uncontrolled HTN–controlled HTN - �2.37�1.19 (0.19) �3.56�1.95 (0.20) �2.63�2.53 (0.67)

Differences over time Global P Baseline to 5-year follow-up 5-year to 10-year follow-up Baseline to10-year follow-up

Non-HTN <0.001 3.54�0.28 (<0.001) 0.69�0.42 (0.10) 4.24�0.33 (<0.001)

Controlled HTN 0.53 1.61�1.43 �1.17�2.36 0.43�1.99

Uncontrolled HTN 0.88 0.42�0.85 �0.24�1.43 0.18�1.22

Untreated HTN <0.001 1.79�0.46 (<0.001) �1.94�0.71 (0.01) �0.15�0.57 (0.80)

Model 3. Effect of incident HTN on global cognitive performance (n¼2111), b� SE (P)
Differences between groups - Baseline 5-year follow-up 10-year follow-up

HTN–non-HTN - �0.18�0.54 (0.74) �1.48�0.79 (0.06) �2.67�0.85 (0.002)

Differences over time - Baseline to 5-year follow-up 5-year to 10-year follow-up Baseline to 10-year follow-up

Non-HTN - 3.86�0.31 (<0.001) 1.09�0.47 (0.02) 4.95�0.38 (<0.001)

HTN - 2.56�0.57 (<0.001) �0.10�0.80 (0.90) 2.46�0.62 (<0.001)

Controlled hypertension (normal BP with medication use); uncontrolled hypertension (high BP despite medication use); untreated hypertension (high BP without medication use);
nonhypertension (normal BP without medication use). Linear mixed models 1: prevalent hypertension, measurement occasion, prevalent hypertension�measurement occasion, age
(stratification), sex, educational level, sedentary behavior, active smoking, type 1 or 2 diabetes, dyslipidemia, obesity, cardiovascular diseases (myocardial infarction, angina pectoris,
stroke), daily alcohol consumption. Linear mixed models 2: BP control status, measurement occasion, BP control status�measurement occasion, age, sex, educational level, sedentary
behavior, active smoking, type 1 or 2 diabetes, dyslipidemia, obesity, cardiovascular diseases (myocardial infarction, angina pectoris, stroke), daily alcohol consumption. Linear mixed
models 3: incident hypertension, measurement occasion, incident hypertension�measurement occasion, age, sex, educational level, sedentary behavior, active smoking, type 1 or 2
diabetes, dyslipidemia, obesity, cardiovascular diseases (myocardial infarction, angina pectoris, stroke), daily alcohol consumption. BP, blood pressure; HTN, hypertension; P, P-value.
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patients had significant poorer cognitive performances
compared with nonhypertensive participants. Similar trend
was found in comparison with controlled hypertensive
patients even if, because of a small subgroup and a lack
of statistical power, the results were not significant. These
results are supported by previous studies [20,31], particu-
larly data indicating that untreated and poorly controlled
hypertension are associated with a decline in cerebral flood
flow [32,33] and greater white matter lesions volume [34].
Surprisingly, untreated hypertensive patients exhibited bet-
ter cognitive performances than uncontrolled hypertensive
participants, although the difference did not reach signifi-
cance. Yet, accumulating evidence has emerged that anti-
hypertensive therapy could decrease the incidence and
progression of cognitive impairment and cognitive decline,
not only by lowering BP but also through a neuroprotective
specific effect [35]. Thus, untreated hypertensive patients
were expected to have lower cognitive performances than
uncontrolled hypertensive participants. However, uncon-
trolled hypertensive patients had on average higher BP
levels and more cardiovascular comorbidities. Overall,
our results indicated that for brain functioning, heightened
efforts to detect hypertension and adequately treat it are of
critical importance. This is consistent with the recent work
conducted in the Framingham Heart study [36], which
found that the decreasing incidence of dementia observed
over three decades could be partly explained by a better
control of vascular risk factors, including hypertension.

Our study suffers from several limitations. Sample attri-
tion during the course of the study is one of them. In our
working population, the main reasons for loss to follow-up
were retirement and change of company’s occupational
physician. However, the proportion of patients lost to
follow-up in the VISAT study is similar to other cohorts
of workers, particularly the ESTEV study [37]. Attrition was
not likely to be related with potential cognitive decline.
Although attrition bias cannot be fully ruled out, it may not
have biased our conclusions. Indeed, the fact that the
proportion of patients lost to follow-up was higher in the
prevalent hypertension group and that these patients had
baseline lower cognitive performances compared with
nonhypertensive individuals lost to follow-up may have
rather led to an underestimation of the potential negative
effect of hypertension on cognitive performances. More-
over, sensitivity analyses conducted under the assumption
that participants could be lost to follow-up because of
greater decline in cognitive performances over time
showed that our results were robust.

Another weakness of our study is the lack of statistical
power in some respects. Despite a large number of partic-
ipants, some subgroups were small, particularly the con-
trolled and uncontrolled hypertension groups, sometimes
leading to fewer possibilities to find significant differences.

Data regarding dietary pattern were not available. Vari-
ous epidemiological studies suggested that, for the most
part, nutrients that increase risk for cardiovascular diseases,
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FIGURE 3 Global cognitive performances over time of individuals according to blood pressure control status for prevalent hypertension, controlled hypertension [normal
blood pressure (BP) with medication use]; uncontrolled hypertension (high BP despite medication use); untreated hypertension (high BP without medication use); no
hypertension (normal BP without medication use), mean (SE) scores of cognitive performances are presented with P values indicating global differences between groups at
each measurement occasion. SE, standard error.
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such as trans-fats and added sugars, would also increase
risk for cognitive decline and dementia, at least in part
through vascular damage in the brain [38]. Conversely,
multinutrient approaches such as the Mediterranean diet
may have potential benefits [39]. Thus, residual and unmea-
sured confounding regarding dietary factors could not
totally be excluded in our study. However, in their work
aiming to determine whether there was an interaction
between hypertension and dietary pattern in relation to
older people’s cognition, Xu et al. [40] did not find such
interaction but found hypertension to be an independent
risk factor for cognitive functioning even after adjustment
for dietary pattern. Finally, thus far, hypertension is recog-
nized as the strongest and the most consistent modifiable
risk factor for cognitive impairment and dementia whereas
dietary pattern still needs further validation [41,42].

Misclassification of exposure may have been a limitation.
BP measurement was only done in the office, without
ambulatory monitoring, potentially leading to a white
coat effect.

Antihypertensive therapy was self-reported and we can-
not totally exclude the possibility of a recall bias. Antihy-
pertensive drug classes were not collected at baseline.
Patients were only asked if they were currently treated
by antihypertensive drugs. Thus, the impact of specific

antihypertensive drug consumption on temporal evolution
of cognitive changes over the 10-year follow-up could not
be assessed. Duration of antihypertensive therapy was
unknown, particularly regarding prevalent hypertension.
Patient compliance was not assessed in our study.

No information was available regarding the age of onset of
hypertension. However, we focused on testing the potential
impact of both prevalent and incident hypertension on cog-
nitive performances over time. In both cases, hypertension
had a negative impact even in younger individuals, probably
diagnosed as quite recent hypertensive patients because of
their age.Under theassumption that theeffect of hypertension
on cognitive performances builds up with increasing expo-
sure time, if patients had been diagnosed as hypertensive
patients longer before entering the study, they would have
exhibited even worse cognitive performances. Moreover,
assessing the accurate onset of such a chronic disease as
hypertension might sometimes be quite difficult.

Despite these limitations, our study has notable
strengths. First, it was conducted in a large sample of
middle-aged adults with a period of follow-up long enough
to identify cognitive changes over time while still allowing
to explore the effect of hypertension on midlife cognitive
function. Second, we addressed the potential benefits of BP
control by antihypertensive therapy. Moreover, the effect of
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both prevalent and incident hypertension was investigated.
Third, memory and speed-based tests were administered,
providing particular opportunity to create composite mea-
sures of cognitive performances.

In conclusion, our results indicated that both prevalent
and incident hypertension in middle-aged adults were
associated with poorer midlife cognitive performances,
especially regarding information processing speed. Our
findings also reported that the negative effect of hyperten-
sion on cognitive function builds up with increasing expo-
sure time. When considering BP control status by
antihypertensive therapy, untreated and uncontrolled
hypertension were significantly associated with poorer
cognitive performances compared with no hypertension.
Similar trend was found in comparison with controlled
hypertension, suggesting that control of hypertension is
of critical importance to prevent cognitive decline.

Perspectives
In summary, our study reported that both prevalent and
incident hypertension are associated with poorer global
cognitive performances in middle-aged individuals. Very
interestingly, the negative effect of hypertension on cogni-
tion was already true in younger patients with a short
exposition to high blood pressure. Moreover, our findings
suggested that control of hypertension is of critical impor-
tance to prevent cognitive decline, especially in young
newly diagnosed hypertensive patients. This study is of
great importance in the preservation of healthy cognitive
aging by emphasizing the need for early detection of
hypertension and tight control of blood pressure. As sug-
gested by our results, the first objective of treatment should
be a blood pressure goal less than 140/90 mmHg in all
patients but, provided that the treatment is well tolerated,
lower blood pressure thresholds and treatment targets
should be considered according to patient’s age and spe-
cific comorbidities in accordance with the 2018 ESC/ESH
Guidelines for the management of arterial hypertension
[43]. Finally, our study highlighted the importance in hyper-
tensive patients to pay particular attention to processing
speed and executive functions when assessing cognitive
performances. The Montreal Cognitive Assessment (MoCA)
[44], because of its high sensitivity, should be considered in
clinical practice for detecting hypertension-associated
cognitive impairment.
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