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Abstract
Beside the well‐known complications of poorly controlled, long‐standing hyperten‐
sion, milder abnormalities induced by early‐stage hypertension have also been de‐
scribed. In our study, the authors examined the reversibility of changes induced by 
early‐stage hypertension. The authors performed laboratory testing, ambulatory 
blood pressure monitoring, carotid intima‐media thickness (IMT) measurement, eval‐
uation of stiffness parameters, assessment of various cardiac and cerebral hemody‐
namic parameters during head‐up tilt table (HUTT) testing, and neuropsychological 
examinations in 49 recently diagnosed hypertensive patients. Following baseline as‐
sessment, antihypertensive therapy was commenced. After one year of therapy, 
lower IMT values were found. Pulse wave velocity showed a borderline significant 
decrease. During HUTT, several hemodynamic parameters improved. The patients 
performed better on neuropsychological testing and reached significantly lower 
scores on questionnaires evaluating anxiety. The present study shows that early vas‐
cular changes and altered cognitive function observed in newly diagnosed hyperten‐
sive patients may improve with promptly initiated antihypertensive management.

1  | INTRODUC TION

Hypertension is one of the leading risk factors of cardio‐ and cere‐
brovascular diseases. The devastating, long‐term complications of 
untreated or ineffectively controlled hypertension are well known.1 

Moreover, the importance of asymptomatic organ damage has also 
been recognized and thoroughly discussed previously.2

Manifest cardiovascular events are preceded by progressive, subclin‐
ical deterioration of the arterial wall, which can be visualized by mea‐
suring the intima‐media thickness (IMT) by B‐mode ultrasonography.3 
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Hence, IMT is a marker of structural vessel wall property and indicator of 
hypertensive target organ damage.4,5 The change in IMT represents one 
of the earliest manifestations of atherosclerotic disease and its measure‐
ment greatly contributes to the timely diagnosis of target organ damage. 
Importantly, IMT was found to decrease or progress slower when var‐
ious antihypertensive agents were applied in hypertensive patients.6,7

While IMT reflects to the morphological characteristics of the 
vessel wall, functional features of the arteries may be described 
by stiffness parameters. Previously, it has been shown that aortic 
stiffness provides an independent predictive value for fatal and 
non‐fatal cardiovascular events in hypertensive patients.8,9 The 
"gold standard" method for measuring aortic stiffness is the detec‐
tion of the carotid‐femoral pulse wave velocity (PWV).10 Hence, the 
latest European Society of Hypertension (ESH) / European Society 
of Cardiology (ESC) guideline recommends the evaluation of PWV, 
as the marker of asymptomatic organ damage.2

In addition to the structural and functional changes induced in 
the arteries, hypertension also associates with a higher incidence of 
cognitive decline.11 Previously, a consistent association between high 
midlife blood pressure and late‐life cognitive decline and incident 
dementia has been suggested by large epidemiological studies.12

We have earlier investigated the association of hypertension 
with neuropsychological performance by evaluating the cardio‐ 
and cerebrovascular reactivity, cognitive function and affectivity in 
newly diagnosed hypertensive patients. While no differences were 
found in the cerebral blood flow velocities during head‐up tilt table 
(HUTT) testing, several cardiovascular parameters (blood pressure‐
BP, heart rate‐HR, stroke index, total peripheral resistance‐TPR 
index) differed significantly when comparing hypertensive patients 
to healthy control individuals.13 Moreover, the sum of standard‐
ized test scores of the neuropsychological battery was significantly 
lower, while state and trait anxiety scores were significantly higher 
among HT patients.13 Additionally, analysis of the adjusted effect of 
mean arterial pressure shed light on the gradual elevation of IMT, 
augmentation index (AIx) and PWV values with increasing BP.14

In the current work, we hypothesize that hypertension‐induced 
subclinical vascular and cognitive changes are reversible. Therefore, we 
aim to examine the morphological (IMT) and functional (AIx and PWV) 
changes in the vascular wall, as well as cognitive function in the same 
population after 1 year of antihypertensive therapy. We also evaluate 
tilt induced changes in cardiac and cerebral hemodynamic parameters.

2  | MATERIAL AND METHODS

In this prospective, human, open, observational cohort study, patient 
recruitment took place at the Department of Neurology, University 
of Debrecen Medical Center, Debrecen, Hungary.

2.1 | Participants

Patients with primary hypertension were enrolled. The di‐
agnosis was based on international guidelines.2 After the 

baseline evaluation, antihypertensive therapy was suggested 
by the internist. The study protocol was approved by the local 
Ethical Committee of the University of Debrecen Medical Center 
(DEOEC RKEB/IKEB 2425‐2005); therefore, the study has been 
performed in accordance with the ethical standards laid down in 
the 1964 Declaration of Helsinki and its later amendments. All pa‐
tients were informed about the details of the study. Inclusion cri‐
teria of patient recruitment were the following: recent diagnosis 
of hypertension, subject considered mentally capable of adhering 
to the protocol, and written informed consent signed. Exclusion 
criteria were the following: untreatable, uncontrolled hyperten‐
sion with hypertensive crisis episodes, secondary hypertension, 
explicit target organ damage, diabetic patients, extreme obesity, 
alcohol dependence, previous stroke, previous orthostatic hy‐
potension or syncope, abnormal cerebral computed tomography 
(silent brain infarction, bleeding, atrophy or tumor), significant ca‐
rotid stenosis (>70%), peripheral artery disease, pregnancy, malig‐
nancies, any severe comorbidity, antidepressant or psychotropic 
drug use.

2.2 | Measurements

After taking a detailed patient's history and performing a general 
physical and neurological assessment, all patients underwent the 
following examinations:

2.2.1 | Laboratory examination

Fasting blood sample was obtained for serum lipids and glucose.

2.2.2 | Ambulatory blood pressure monitoring

In those patients who were not treated yet, ambulatory blood pres‐
sure monitoring (ABPM) was started on the day when we first exam‐
ined the patients, and therapy was recommended the second day, 
at the end of the ABPM. In case of patients who were already com‐
menced on antihypertensive drug, ABPM was performed under the 
drug effect. For ABPM measurements, we used a Cardiospy ABPM 
device by Labtech Ltd. (Hungary, model: EC‐ABP).

2.2.3 | Head‐up tilt table test

Head‐up tilt table was performed in the morning hours in a quiet 
room. Patients were in a fasting state. During the examination, var‐
ious cardiac hemodynamic parameters (BP, HR, stroke volume, car‐
diac output‐CO, TPR) and the cerebral blood flow velocity (CBFV) 
were recorded simultaneously, continuously, and non‐invasively 
with a medical device (Task Force Monitor) incorporating elec‐
trocardiography, impedance cardiography, oscillometric and con‐
tinuous (beat‐to‐beat) BP monitoring, and a transcranial Doppler 
(Multidop T2, DWL, Überlingen, Germany) being attached to 
the main device. Detailed presentation of HUTT was previously 
described.13
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2.2.4 | Intima‐media thickness

Intima‐media thickness was measured during carotid ultrasonog‐
raphy performed with a 7.5 MHz SonoSite MicroMaxx ultrasound 
machine (SonoSite Inc, Bothell, WA). Baseline and follow‐up IMT 
measurements were shared randomly between three physicians. 
At the time of the 1‐year follow‐up visit, the investigators were not 
aware of the result of the first assessment. Six measurements were 
taken on the far wall of both common carotid arteries (CCAs). The 
retrieved 12 values were subsequently averaged for statistical eval‐
uation. The detailed method of IMT measurement was previously 
presented.14

2.2.5 | Stiffness parameters

AIx (in %) and PWV (in m/s) were assessed with a validated, comput‐
erized, portable device (TensioClinic Arteriograph, TL1, TensioMed 
Ltd., Hungary).15,16 The measurement was performed with the 
patients lying in supine position. A cuff was placed on the resting 
right arm with its lower edge located approximately 25 mm above 
the elbow and the air outlet directed above the brachial artery. AIx 
and PWV were determined by analyzing the oscillometric pressure 
curves registered on the upper arm.17

2.2.6 | Neuropsychological examination

A series of neuropsychological tests were applied to evaluate re‐
action times (choice and selective), memory (Rey Auditory Verbal 
Learning Test, Digit Span Test), attention and vigilance (Pieron Test, 
Digit Span Test, Trail Making Test), visuospatial and motor skills 
(Block Design Test), general processing speed (Digit Symbol Test), 
anxiety (The Spielberger State‐Trait Anxiety Inventory), and depres‐
sion (Beck Depression Inventory). The neuropsychological testing 
lasted for approximately 1 hour ± 10 minutes and was performed 
and evaluated by a trained psychologist. The tests were discussed 
in detail previously.13

2.3 | Statistical analysis

Baseline and follow‐up levels of continuous outcome variables were 
compared using paired t tests if normality assumptions were satis‐
fied, or Wilcoxon's matched‐pairs signed‐ranks tests otherwise. 
Neuropsychological test scores were unified into a single measure 
by standardizing each score, separately at baseline and at follow‐up, 
and taking their average (mean of standardized test scores [STS]). 
Missing data were not imputed.

Correlations between pairs of variables were assessed using 
Pearson's correlation coefficient. This involved estimation at base‐
line, at follow‐up, as well as for changes from baseline to follow‐up. 
Variable pairings for IMT included the following: mean BP, sys‐
tolic BP, diastolic BP, HR, TPR, TPR index, AIx, PWV, mean of STS, 
Spielberger's state anxiety score, Spielberger's trait anxiety score 
and Beck's score; for AIx and PWV: mean of STS, Spielberger's state 

anxiety score, Spielberger's trait anxiety score, Beck's score, and 
mean BP; and for mean of STS, Spielberger's state anxiety score, 
Spielberger's trait anxiety score and Beck's score: mean BP, systolic 
BP, diastolic BP, HR, TPR, and TPR index.

Multiple linear regression was used to assess whether the lin‐
ear relationship between baseline and follow‐up levels of outcome 
parameters was heterogeneous across baseline levels of potential 
modifying variables such as low‐density lipoprotein‐cholesterol 
(LDL‐C), total cholesterol, body mass index, age, mean BP, smoking 
status and, for neuropsychological test outcomes only, and presence 
or absence of higher education. Regression model terms included 
the baseline variants of the outcome and the potential modifier, with 
interaction terms between them to evaluate the presence of inter‐
cept (baseline‐independent modification) and slope heterogeneity 
(baseline‐dependent modification). Significant interactions were vi‐
sualized using fitted value lines at the 75th vs the 25th percentile 
level of the modifier.

We also evaluated whether the relationship between changes in 
BP and changes in outcome parameters was heterogeneous across 
levels of change in body mass index (BMI). We used linear regres‐
sion models with change in outcome parameter as the outcome, and 
change in BP in interaction with change in BMI as the explanatory 
variables, and assessed whether adjustment for age and sex was 
necessary.

3  | RESULTS

3.1 | Patients

Originally, 81 hypertensive patients (43.5 ± 10.2 years, male/female 
ratio: 1.08) were recruited into our baseline investigation follow‐
ing screening for target organ damage (urine analysis, echocar‐
diography, fundoscopy, and cerebral computed tomography) and 
comorbidities (diabetes mellitus, anxiety, depression, etc). After a 
meticulous patient selection, we excluded all patients who were al‐
ready on antihypertensive therapy for more than 5 weeks, or who 
were treated even temporarily months/years earlier, and those who 
were not treated yet, but were suspected of having hypertension 
for several months/years based on explicit target organ damages. 
Hence, 72 hypertensive patients (mean [SD] age: 43.6 [10.2] years, 
male/female ratio: 0.95) were planned to be followed up.14 Eighteen 
patients (25%) did not complete the follow‐up visit at 1 year, two pa‐
tients (2.8%) had to be excluded from final data analysis as diabetes 
mellitus was diagnosed between the baseline and 1‐year follow‐up 
evaluation, and another three patients (4.17%) were excluded be‐
cause of taking psychotropic drug. Eventually, the final data analysis 
of the follow‐up study was applied in 49 (68.05%) patients.

3.2 | Demographic, clinical, and social 
characteristics of the patients

Mean (SD) age of the 49 patients was 43.08 (10.82) years, male/fe‐
male ratio was 1.45. 34.7% of patients (n = 17) were smokers, while 
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65.3% (n = 32) were non‐smokers or former smokers. 55.1% (n = 27) 
had higher education.

Thirty‐three (67.35%) patients were not treated at baseline at 
all, while the rest (16 patients; 32.65%) were already on antihy‐
pertensive therapy for <1 week (10 patients), for 2 weeks (four 
patients), or up to a maximum of 5 weeks (two patients). In the 
majority of patients (79.6%, n = 39), antihypertensive monother‐
apy was commenced with an angiotensin converting enzyme in‐
hibitor (ACEI; n = 22; 56.4%), angiotensin receptor blocker (ARB; 
n = 4; 10.3%), β‐blocker (BB; n = 11; 28.2%), or calcium channel 
blocker (CCB; n = 2; 5.1%). Although monotherapy was preferred, 
combined therapy was applied when necessary (two patients on 
additional diuretic, one patient on two different antihyperten‐
sive agents, one patient on two agents plus additional diuretic). 
In three patients, switching from one to another antihypertensive 
agent was necessary for side effects or inefficiency. In case of 
three patients, lifestyle changes were solely recommended with‐
out any drug therapy. Aspirin was used in case of three patients 
(6.12%) and statins in case of 12 patients (24.49%), while fibrate in 
case of only one patient (2.04%) as co‐treatment.

At baseline, 22.45% of the patients (n = 11) had a normal body 
mass index (BMI < 24.9 kg/m2), 55.1% (n = 27) were overweight 
(BMI = 25‐29.9 kg/m2), and 22.45% (n = 11) were obese (BMI > 30 kg/m2). 
When evaluating the change in BMI and its influence on the different out‐
come measures, statistically non‐significant associations were found as 
follows: Changes in outcome parameters were homogeneous across the 
entire range of changes in BMI, the latter being close to zero on average, 
and non‐significant (27.18 ± 3.42 vs 27.13 ± 3.38 at baseline vs follow‐up, 
P = 0.7607, difference mean (95% CI) = 0.05561 (−0.3098‐0.4211).

3.3 | Laboratory parameters

At baseline, the average serum cholesterol level was just above 
the upper normal value of our local laboratory (<5.2 mmol/L). 
Patients having higher serum cholesterol and LDL‐C levels were 
recommended on a diet free of animal fat, and they were started 
on a lipid lowering therapy when necessary. At follow‐up, the av‐
erages of the total serum cholesterol and LDL‐C levels showed a 
mild, but statistically non‐significant reduction, while the high‐
density lipoprotein‐cholesterol (HDL‐C) and triglyceride (TG) lev‐
els remained unchanged. Detailed laboratory data are presented 
in Table 1.

3.4 | Ambulatory blood pressure monitoring data

Ambulatory blood pressure monitoring was performed in 45 pa‐
tients (91.8%) at the baseline evaluation and in 47 patients (95.9%) 
at the follow‐up evaluation. Forty‐four (89.8%) patients had both the 
baseline and follow‐up ABPM. ABPM revealed significant decrease 
in all measured parameters (systolic, diastolic BPs, as well as systolic 
and diastolic hyperbaric indices [data not shown]) during both day‐
time and nighttime evaluations. Detailed ABPM data are presented 
in Table 2.

3.5 | Intima‐media thickness measurements

A significant overall reduction in the IMT value could be ob‐
served after one year of antihypertensive therapy [median/
interquartile range (iqr) 0.61/0.11 vs 0.57/0.11 mm at baseline 

TA B L E  1   Demographic and laboratory data of hypertensive patients

Demographic data

Mean age (y; SD) 43.08 (10.82)

Male/female ratio 1.45

Higher education (%) 27 (55.1)

Smoking habit: smoker/non‐ or former smoker (%) 17 (34.7)/32 (65.3)

Laboratory parameters

  Baseline 1‐y follow‐up P value, difference mean (95% CI)

CHOLb  (n = 47) 5.32/1.69 4.93/1.72 0.1089, 
−0.253 (−0.517 to 0.012)

LDL‐CHOLa  (n = 45) 3.20 (0.92) 3.09 (0.88) 0.3958, 
−0.108 (−0.363 to 0.146)

HDL‐CHOLb  (n = 45) 1.36/0.51 1.36/0.49 0.3605, 
−0.052 (−0.167 to 0.064)

TGa  (n = 47) 1.49 (0.95) 1.48 (0.73) 0.9340, 
−0.0083 (−0.209 to 0.192)

Serum glucosea  (n = 47) 5.05 (0.56) 5.19 (0.7) 0.1046, 
0.136 (−0.029 to 0.302)

CHOL, cholesterol; CI, confidence interval; HDL‐CHOL, high‐density lipoprotein‐cholesterol; LDL‐CHOL, low‐density lipoprotein‐cholesterol; TG, 
triglyceride.
aPaired t test: data expressed as mean (SD). 
bWilcoxon matched‐pairs signed‐ranks test: data expressed as median/interquartile range. 
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vs follow‐up, P = 0.0003, difference mean (95% CI) = −0.034 
[−0.058 to −0.011], n = 47; Figure 1A). The change was more ac‐
centuated in subjects with below‐median mean blood pressure 

and higher IMT at baseline. For subjects situated in the top 
half of the sample in terms of MBP, only a moderate tendency 
for improvement in their IMT value could be seen (interaction 
P = 0.0009; Figure 1B).

When analyzing the relationship of IMT with other parameters, a 
positive correlation was found with the TPR measured during HUTT 
(P = 0.0355, r = 0.270 at baseline; P = 0.0297, r = 0.281 at follow‐
up) and stiffness parameters (P = 0.0261, r = 0.306 for correlation 
with AIx at baseline; P = 0.0321, r = 0.279 for correlation with AIx at 
follow‐up; P = 0.0258, r = 0.306 for correlation with PWV at base‐
line), while no correlation could be identified with the mean of STS 
(P = 0.0885, r = 0.206 at follow‐up).

3.6 | Stiffness parameters

Both the AIx and the PWV values decreased non‐significantly 
after 1 year of antihypertensive therapy (−15.9 [31.8] vs −19.2 
[31.9] % for mean [SD] AIx, P = 0.7411, difference mean [95% 
CI] = −0.873 [−6.17 to 4.42] and 9.6 [2.3] vs 9.2 [2.7] m/s for mean 
[SD] PWV, P = 0.0557, difference mean [95% CI] = −0.59 [−1.2 to 

Parameters Baseline Follow‐up
P value, difference mean 
(95% CI)

Active (daytime), n = 44

sBP (mm Hg) 142.2 (12)a  129.4 (9.6) a  <0.0001, 
−12.8 (−16.4 to −9.3)

dBP (mm Hg) 87.8 (8.7)a  79.8 (8.5) a  <0.0001, 
−7.95 (−10.3 to −5.63)

Passive (night time), n = 43

sBP (mm Hg) 124.7 (14.2)a  114.1 (10.1)a  0.0001, 
−10.5 (−15.3 to −5.79)

dBP (mm Hg) 72/ 13b  68/ 7b  0.0009, 
−5.86 (−9.06 to −2.66)

ABPM, ambulatory blood pressure monitoring; CI, confidence interval; dBP, diastolic blood 
pressure; sBP, systolic blood pressure.
aPaired t test: data expressed as mean (SD). 
bWilcoxon matched‐pairs signed‐ranks test: data expressed as median/ interquartile range. 

TA B L E  2   Ambulatory blood pressure 
monitoring data

F I G U R E  1   (A) IMT at baseline and after one year of 
antihypertensive therapy (B) IMT at the 1‐y follow‐up as a function 
of baseline IMT in subjects grouped by baseline MBP. Fitted 
regression lines below and above median represent subjects at 25th 
and 75th percentile, respectively, of baseline MBP. IMT, intima‐
media thickness; MBP, mean blood pressure. *P = 0.0003

F I G U R E  2   PWV at the one‐year follow‐up as a function of 
baseline PWV. PWV, pulse wave velocity
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0.015], respectively; Figure 2). When analyzing the relationship 
of stiffness parameters with other variables, a positive corre‐
lation was found between the change in AIx and PWV and the 
change in mean arterial pressure (P = 0.0453, r = 0.268 for AIx and 
P = 0.0027, r = 0.423 for PWV, respectively). Moreover, a negative 
correlation was found between AIx and mean of STS at the base‐
line evaluation (P = 0.0009, r = −0.468), as well as between the 
change in PWV and that observed in the Spielberger trait anxiety 
score (P = 0.022, r = −0.328).

3.7 | Head‐up tilt table testing

At 1‐year follow‐up, significantly lower values were obtained in BP, 
HR, and TPR index in both supine position and passive orthostasis 

during HUTT compared to baseline data. Data are presented in de‐
tail in Table 3.

3.8 | Neuropsychological tests

After 1 year of antihypertensive therapy, patients performed sig‐
nificantly better in many of the tests (reaction time, Rey Auditory 
Verbal Learning Test, Digit Span Test, Digit Symbol Test), while 
showing a non‐significant improvement in the remaining tests 
(Table 4). Hence, the mean of the STS also improved significantly 
after 1 year (Figure 3). In addition, the patients reached sig‐
nificantly lower scores on the tests evaluating anxiety (Table 4). 
When analyzing the correlation of these tests with other param‐
eters, a negative correlation was found between the Spielberger 

TA B L E  3   Hemodynamic parameters during HUTT

Parameters Baseline 1‐y follow‐up P value, difference mean (95% CI)

sBP (mm Hg)

supinea  134.6 (12.6) 122.8 (10.7) <0.0001, −11.83 (−15.19 to −8.464)

during tilta  140.7 (12.7) 127.9 (11.6) <0.0001, −12.81 (−16.4 to −9.224)

change (%)a  4.6 (4.4) 4.2 (4.2) 0.5814

dBP (mm Hg)

supinea  91.6 (9.4) 82.8 (8.7) <0.0001, −8.822 (−11.4 to −6.246)

during tilta  100.7 (10.1) 90.9 (8.6) <0.0001, −9.741 (−12.24 to −7.241)

change (%)a  10 (5.3) 10 (4.3) 0.9799

mBP (mm Hg)

supinea  103.6 (10) 94.4 (8.4) <0.0001, −9.245 (−12.01 to −6.477)

during tilta  112.6 (10.4) 101.8 (8.8) <0.0001, −10.74 (−13.48 to −7.993)

change (%)a  8.8 (4.8) 8 (4.2) 0.3710

HR (beats/min)

supineb  72.4/13.8 67.9/11 0.0019, −3.629 (−6.423 to −0.8347)

during tilta  83.8 (10.7) 80.2 (11) 0.0358, −3.57 (−6.893 to −0.2464)

change (%)a  15 (8.4) 15.9 (9.4) 0.4713

SI (ml/m2)

supinea  40.6 (9.7) 41.1 (9.4) 0.6402, 0.4388 (−1.437 to 2.315)

during tilta  29.9 (5.7) 30.9 (5.8) 0.0632, 1.054 (−0.0605 to 2.168)

change (%)a  −24.7 (12.3) −23.3 (11.6) 0.3628

TPRI (dyn × sec/cm5)

supineb  2839/1268 2722/1045 0.0937, −187.2 (−358 to −16.47)

during tilta  3728 (902) 3383 (813) 0.0003, −345.1 (−525.1 to −165.2)

change (%)b  26.4/26.3 24.5/29 0.1082

CBFVm (cm/s)

supineb  67.5/13.1 67/12.3 0.7564, −0.4512 (−3.369 to 2.466)

during tiltb  61.4/12.8 59.6/11.2 0.1881, −1.759 (−4.412 to 0.8947)

change (%)b  −8.8/6.3 −10.8/4.8 0.0852

CBFVm, mean cerebral blood flow velocity; CI, confidence interval; dBP, diastolic blood pressure; HR, heart rate; HUTT, head‐up tilt test; mBP, mean 
blood pressure; sBP, systolic blood pressure; SI, stroke index; TPRI, total peripheral resistance index. n = 42 for CBFVm, n = 49 for the rest of the 
parameters.
aPaired t test: data expressed as mean (SD). 
bWilcoxon matched‐pairs signed‐ranks test: data expressed as median/interquartile range. 
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trait anxiety score and blood pressure values at 1 year (P = 0.035, 
r = −0.28 for MBP; P = 0.018, r = −0.321 for SBP and P = 0.0272, 
r = −0.296 for DBP, respectively).

4  | DISCUSSION

The current study focused on the reversibility of the vascular and 
cognitive changes in recently diagnosed hypertensive patients in 
response to medical management. After 1 year of antihypertensive 
treatment, IMT values of patients significantly decreased, while 
their stiffness parameters showed only a statistically non‐signifi‐
cant improvement. Nevertheless, the patients performed better on 
neuropsychological assessment at 1‐year follow‐up compared to 
baseline.

Previously, several investigations focused on structural vessel 
wall remodeling during hypertension. Disparate findings have sur‐
faced regarding the beneficial long‐term effects of overall blood 

pressure control on IMT, as well as the extent of IMT progression 
upon various individual drug choices.6,7,18-22 In our prior work, we 
found higher IMT values in recently diagnosed hypertensive pa‐
tients compared to controls.14 Although the numerical IMT values 
were within the normal range in both groups, apparently, statistical 
significance could be seen. The IMT values of the same hypertensive 
patients at 1‐year follow‐up were lower following the antihyperten‐
sive treatment, and the reduction was more pronounced in patients 
with a mean blood pressure level below the median value at baseline. 
This might draw attention to the importance of early recognition of 
elevated blood pressure values.

Arterial stiffness measurement may be utilized for retrieving 
valuable predictive information for cardiovascular outcomes, com‐
plementing standard risk factor assessments such as BP measure‐
ment.23 As hypertension is the strongest modifiable risk factor 
directly leading to arterial stiffness, a number of clinical trials have 
been carried out in the past to investigate the effect of antihyper‐
tensive medications on the change in arterial stiffness. Almost all 

Neuropsychological 
test Baseline 1‐y follow‐up

P value, difference mean 
(95% CI)

Choice reaction time 
(s), n=46a 

0.56 (0.08) 0.56 (0.08) 0.6448, 
0.0054 (−0.018 to 0.029)

Selective reaction time 
(s), n=47b 

0.65/0.14 0.61/0.12 0.0116, 
−0.036 (−0.062 to −0.009)

Rey auditory verbal 
learning test (no.), 
n = 46a 

13.5/4.5 15/1 0.0001, 
1.74 (0.924 to 2.55)

First recognition (no.), 
n = 47a 

13/3 12/2 0.2777, 
0.681 (−0.096 to 1.46)

Pieron test (%), n = 46a  92.21 (6.66) 93.46 (6.64) 0.1395, 
2.52 (−0.266 to 5.32)

Trail making test (s), 
n = 47a 

29.33 (11.21) 28.47 (9.76) 0.5721, 
−0.83 (−3.76 to 2.11)

Digit span test (no.: 
forward + backward), 
n = 47a 

10/2.5 11/3 0.0076, 
1.23 (0.235 to 2.23)

Block design test (s), 
n = 44a 

25.36 (3.57) 25.62 (3.72) 0.4065, 
0.545 (−0.767 to 1.86)

Digit symbol test (no.), 
n = 45a 

46.85 (10.95) 51.5 (10.73) <0.0001, 
4.2 (2.68 to 5.72)

Mean of standardized 
test scores, n = 47a 

1.98/0.55 3.19/0.63 <0.0001, 
1.23 (1.09 to 1.38)

Spielberger state 
anxiety inventory 
(score), n = 46a 

40.5/15 34/10 0.0008, 
−4.24 (−6.52 to −1.95)

Spielberger trait 
anxiety inventory 
(score), n = 44a 

38.83 (8.18) 32.4 (6.66) <0.0001, 
−5.5 (−7.4 to −3.6)

Beck depression 
inventory (score), 
n = 47a 

4.5/6.5 3/6 0.1752, 
0 (−1.87 to 1.87)

CI, confidence interval.
aPaired t test: data expressed as mean (SD). 
bWilcoxon matched‐pairs signed‐ranks test: data expressed as median/interquartile range. 

TA B L E  4   Neuropsychological tests
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classes of the tested antihypertensive medications effectively de‐
creased arterial stiffness.24-34 In our study group, both stiffness 
parameters (PWV and AIx) decreased upon antihypertensive treat‐
ment; however, the reduction was statistically not significant. This 
might be due to the fact that the baseline average values were only 
borderline abnormal according to recent recommendations.35 The 
low number of patients may also explain why the observed changes 
could not reach statistical significance.

Prior investigations suggested that hypertension can affect 
both the structure and the function of the brain. According to 
more recent studies, a complex association exists between blood 
pressure and brain health, and this link is often dependent on 
other factors too, such as age, hypertension chronicity, and an‐
tihypertensive treatment. Lately, it has been suggested that hy‐
pertension‐induced alterations in brain structure and function are 
the results of cerebral vessel remodeling, leading to disruption in 
cerebral autoregulation, reduction in cerebral perfusion, and lim‐
itation of the brain's ability to eliminate potentially harmful pro‐
teins (eg, β‐amyloid).12 Previously, the effect of antihypertensive 
therapy on cognitive function of both the elderly and younger in‐
dividuals was thoroughly investigated. While in the majority of the 
studies, examinations were conducted during a longer follow‐up 
period, shorter term effect of antihypertensive therapy on cog‐
nition was investigated in only a few studies. In the OSCAR study 
(Observational Study on Cognitive function And Systolic Blood 
Pressure Reduction) for instance, Hanon et al evaluated the effect 
of eprosartan in mono‐ or combination therapy in hypertensive 
patients older than 50 years of age during a follow‐up interval of 
only 6 months. They found a significant reduction in mean sys‐
tolic blood pressure levels and improvement in the mean of Mini‐
Mental State Examination.36 When examining older hypertensive 
subjects with mild executive dysfunction, Hajjar et al37 found that 
1 year of ARB‐based therapy may preserve cerebral hemodynam‐
ics and improve executive function. In line with these findings, the 
patients in our study cohort also performed better on neuropsy‐
chological testing already after 1 year of antihypertensive therapy. 

Recent guidelines suggest that the various first‐line antihyperten‐
sive drug agents are more or less equivalent regarding their blood 
pressure lowering effect.2 However, some contradictory findings 
have emerged related to the ability of these drugs to prevent cog‐
nitive decline and dementia.38-41 Our current study did not aim for 
comparing the preservative effects of the various antihyperten‐
sive drug agents on cognitive function. However, the results may 
indicate that an early commenced treatment may also be import‐
ant for the conservation of a good cognitive battery. Nevertheless, 
further investigations on a higher number of patients are neces‐
sary in the future to provide additional information on the most 
efficient drug regimen and the importance of timing the therapy.

Recently, the association between anxiety and hypertension was 
thoroughly demonstrated in a systematic review and meta‐analysis 
performed by Pan et al.42 Although they concluded that an asso‐
ciation between anxiety and increased risk of hypertension exists, 
they also cited a number of epidemiological studies with inconsis‐
tent results. While Muldoon et al38 found that a short time (6‐week) 
antihypertensive treatment did not affect mood or anxiety in mid‐
dle‐aged hypertensive patients, our patients reached lower scores 
in the inventories evaluating both state and trait anxiety following 
1 year of treatment. Taking into account the bidirectional associa‐
tion between anxiety and hypertension, it is hard to elucidate the 
sequence of events and tell which one is the “chicken” and which 
one is the “egg.”

Overall, our findings suggest that a timely diagnosis and ade‐
quate treatment of recently developed hypertension may revert the 
subclinical vascular and cognitive changes induced by early blood 
pressure elevation. Compared to previous studies, one strength of 
the present work is that we used an array of various methods to 
explore morphological and functional characteristics of the vascula‐
ture, cardio‐ and cerebrovascular hemodynamics, as well as a wide 
range of neuropsychological features. One weakness of our study 
is the relatively low number of patients. From a clinical perspective, 
our findings may be used to raise awareness to the importance of 
an early diagnosis and therapy at a stage of hypertension where the 
adverse changes are still reversible and further progression may be 
prevented. However, future work is essential to further scrutinize 
which subgroup of patients benefit the most from an early therapy, 
what pathomechanisms of reverting these abnormalities lay in the 
background and finally, to develop a tailored therapy with the most 
effective antihypertensive agent, taking into account patient‐spe‐
cific information as well.

5  | CONCLUSIONS

We demonstrated that after 1 year of effective antihypertensive 
therapy, the decrease in BP was accompanied not only by a more 
balanced hemodynamic state of our patients evident from HUTT 
measurements, but also by an improved cognitive battery assessed 
by neuropsychological testing. Anxiety level of the patients also de‐
creased after 1 year of treatment. While a definitive improvement in 

F I G U R E  3   Averages of neuropsychological tests at baseline and 
after 1 y of antihypertensive therapy. *P < 0.0001
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vascular wall structure could be demonstrated by the reduction in 
IMT, the degree of improvement regarding the functional properties 
of the vascular wall represented by arterial stiffness parameters did 
not reach statistical significance. Overall, our study results may raise 
attention to an early diagnosis and prompt management of hyper‐
tension during the everyday clinical practice.
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