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COVID‑19 induces greater difficulty in blood pressure control due 
to increased arterial stiffness
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Abstract
COVID-19 infection induces widespread endotheliitis, with long-term effects on the vascular system and arterial hyperten-
sion that are still under investigation. This study verified the possible correlation between COVID-19 infection and blood 
pressure control. In the multicenter study presented here, we enrolled 185 hypertensive patients with a positive nasopharyn-
geal swab for SARS-CoV-2 in the 6 months prior to the follow-up visit (Group 1, 90F, age 63.38 ± 10.29 years) and 97 
hypertensive patients consistently negative for SARS-CoV-2 (Group 2, 49F, age 64.20 ± 10.79 years), overlapping in terms 
of age, sex, weight, and Body Mass Index (BMI). We evaluated the follow-up visit within 12 months (T1) and the one prior 
to the infection (T0). Group 2 had a higher percentage of patients with dyslipidemia and a significantly lower percentage 
of patients with hypertensive cardiomyopathy (HTN-CM) compared to Group 1. In Group 1, we observed a significant 
decrease in the number of smokers and an increase in the diagnosis of HTN-CM at T1, with a significant increase in systolic 
values (134.30 ± 14.93 mmHg vs 132.40 ± 16.19 mmHg, p < 0.05) and a decrease in diastolic values (78.30 ± 8.77 mmHg 
vs 79.63 ± 8.41 mmHg, p < 0.05) compared to T0. Moreover, there was a significant increase in the number of antihyper-
tensive drugs taken at T1 in Group 1, particularly angiotensin-receptor blockers, compared to T0. Finally, at T1 in Group 1, 
we observed a significant increase in pulse wave velocity (PWV) compared to T0. These findings were absent in Group 2. 
Patients who contracted the COVID-19 infection showed increased vascular stiffness, hence higher blood pressure values, 
and needed a greater number of medications for blood pressure control.

Keywords  COVID-19 · Arterial hypertension · Arterial stiffness · Hypertension-mediated organ damage

 *	 Costantino Mancusi 
	 costantino.mancusi@unina.it

 *	 Sebastiano Cicco 
	 sebastiano.cicco@uniba.it

1	 Unit of Internal Medicine “Guido Baccelli”, Department 
of Precision and Regenerative Medicine and Ionian Area 
‑ (DiMePRe‑J), University of Bari Aldo Moro, AUOC 
Policlinico Di Bari, University Hospital Policlinico Di Bari, 
Piazza Giulio Cesare, 11, 70124 Bari, Italy

2	 Unit of Arterial Hypertension “Anna Maria Pirrelli”, 
Department of Precision and Regenerative Medicine 
and Ionian Area ‑ (DiMePRe‑J), University of Bari Aldo 
Moro, AUOC Policlinico Di Bari, University Hospital 
Policlinico Di Bari, Piazza Giulio Cesare, 11, 70124 Bari, 
Italy

3	 Department of Advanced Biomedical Science, Hypertension 
Research Center, Federico II University of Naples, Via 
Pansini 5, 80131 Naples, Italy

4	 UOC Di Medicina Interna Ospedaliera, AUOC Policlinico 
Riuniti Di Foggia, Viale Pinto, 1, 71122 Foggia, Italy

5	 UOC Di Medicina Generale, Ospedale “C. Poma” 
Di Mantova, ASST Mantova, Str. Lago Paiolo, 10, 
46100 Mantua, Italy

6	 Unit of Internal Medicine, Terni University Hospital, Viale 
Tristano Di Joannuccio, 05100 Terni, Italy

http://crossmark.crossref.org/dialog/?doi=10.1007/s11739-025-04138-4&domain=pdf
http://orcid.org/0000-0002-1980-5728


	 Internal and Emergency Medicine

Introduction

Hypertension along with diabetes is the most common 
comorbidity in patients with COVID-19 infection [1, 2].

The presence of these cardiovascular risk factors mark-
edly increases the risk of the COVID‐19 disease progres-
sion to its most severe forms. Indeed, the pre‐existing 
structural and functional alterations of the organs affected 
by long‐lasting high blood pressure as well as metabolic 
alterations weaken their resistance to the COVID-19 virus. 
In addition, the most common complication of these risk 
factors is the development of atherosclerosis, an inflamma-
tory process that may adversely interact with the virus [3].

Since the beginning of the pandemic COVID-19, it has 
quickly become evident that despite the SARS-CoV-2 
infection affects primarily the respiratory system, the virus 
exerts its effects on multiple organs, i.e., heart, lungs, kid-
neys, liver, and lymph nodes, with sizeable consequences 
for the vascular system as a whole [4].

The SARS-CoV-2 virus uses angiotensin-converting 
enzyme 2 (ACE2), a key element of the renin–angioten-
sin–aldosterone system (RAAS), to facilitate its entry into 
cells [5]. ACE2 is expressed on the endothelial cells of 
both arterial and venous vessels primarily of the lung, 
heart, and kidney. Angiotensin II, the main effector of 
RAAS, acts on the cardiovascular system by binding to 
AT1 receptors, through which it activates vasoconstriction, 
inflammation, and fibrosis pathways. Under physiologi-
cal conditions, ACE2 gives a counter-regulatory role in 
RAAS by converting angiotensin II to angiotensin 1–7; it 
also functions on angiotensin I by converting this to angio-
tensin 1–9 [6]. Both converting peptides have powerful 
anti-inflammatory, antioxidant, and antifibrotic properties. 
The SARS-CoV-2 virus restrains the expression of ACE2 
on the cell surface, leading to a reduction of the protective 
role of the enzyme to the endothelium and other organs 
[4–7]. Also, patients with COVID-19 show markedly 
elevated level of angiotensin II [4, 8]. Overall, this viral 
infection results in the activation of the RAAS with its 
endothelium-damaging function profile. [9] At the begin-
ning of the pandemic, the use of RAAS inhibitors was a 
topic of debate, as both ACE inhibitors and angiotensin II 
receptor blockers (ARBs) result in an over-expression of 
ACE2 on the cell surface that can (in theory) increase sus-
ceptibility to infection. Numerous studies have shown that 
RAAS inhibitors improve endothelial dysfunction [8, 10].

It is therefore plausible the existence of a bidirectional 
relationship between COVID-19 and endothelial cell dys-
function. On the one hand, the endothelium is, in fact, 
a target of SARS-CoV-2 virus that induces intracellu-
lar damage, including mitochondrial dysfunction, mas-
sive cytokine production, microthrombosis, and immune 

system abnormalities, peaking in a pro-thrombotic state 
and systemic vascular damage [11, 12]. On the other hand, 
the damaged and dysfunctional endothelium promotes the 
activation of the coagulation cascade and abnormal and 
dysregulated immuno-inflammatory response, promoting 
the evolution of the infection toward its most clinically 
severe forms [13]. Importantly, emerging evidence sug-
gests that COVID-19-related endotheliopathy, hyperco-
agulability, and low-grade inflammation may persist for 
months after the acute infection, sustaining a pro-throm-
botic milieu and increasing long-term cardiovascular risk 
[14].

Large artery stiffening may in principle be one of the 
COVID‐19 infection damages with a greater chance to per-
sist after disease recovery. Arterial stiffness is a vascular 
aging phenomenon that refers to a loss of arterial compliance 
or changes in artery wall characteristics. According to The 
European Society of Hypertension (ESH), carotid–femoral 
pulse wave velocity (PWV) is the gold standard for measur-
ing large-artery stiffness [15, 16].

Clinical studies demonstrated that SARS-CoV-2 is associ-
ated with an increased risk of a persistent elevation in blood 
pressure requiring new or intensified antihypertensive treat-
ment during hospitalization [17–20].

We focused on possible effects of the COVID-19 on 
arterial stiffness and blood pressure control in hypertensive 
patients.

Methods

We conducted a multicenter, observational cohort study 
involving 282 hypertensive patients enrolled in five Italian 
hospitals (Bari University Hospital, Naples University Hos-
pital, Foggia University Hospital, Mantova Hospital, and 
Terni University Hospital) from 2021 to 2023. The inclusion 
criteria were: i) documented history of arterial hypertension, 
ii) follow-up visit after the initial SARS-CoV-2 test, and iii) 
availability of detailed clinical records, including prior and 
current antihypertensive therapy.

The primary endpoint of the study was the change in 
blood pressure between baseline (T0) and follow-up (T1).

The secondary end-points included: change in 
carotid–femoral pulse wave velocity, variation in the preva-
lence of hypertensive cardiomyopathy, modification in the 
number of antihypertensive medications required, changes 
in ankle–brachial index (ABI), and correlations among vas-
cular parameters.

Study population

Participants were divided into two groups based on their 
SARS-CoV-2 infection status:
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- Group 1 (n. = 185): patients with a positive naso-
pharyngeal swab for SARS-CoV-2 within at least 6 months 
prior to the follow-up visit.

- Group 2 (n. = 97): patients with a consistently negative 
nasopharyngeal swab for SARS-CoV-2 during the same 
period (controls).

Both groups were matched for age, sex, weight, and 
body mass index (BMI) to ensure comparability of base-
line characteristics.

Among Group 1, eight patients required hospitalization, 
including two who were admitted to the intensive care unit 
(ICU). In addition, 5 patients received domiciliary oxy-
gen therapy. In the remaining cases, only nasopharyngeal 
swab positivity was documented, as detailed information 
on mild or moderate symptoms was not systematically 
collected. We acknowledge that asymptomatic or untested 
infections cannot be completely excluded in the control 
group.

Data collection

Clinical and demographic data were collected at the two 
time points:

- T0 (pre-infection): The visit prior to SARS-CoV-2 
infection, within 12 months before the follow-up (retrospec-
tive review of clinical records).

- T1 (follow-up): The visit conducted at least 6 months 
after the confirmed SARS-CoV-2 infection for Group 1 or 
an equivalent follow-up period for Group 2.

Data collected included detailed medical history, comor-
bidities, cardiovascular risk profile, and current antihyper-
tensive therapy. We also recorded the presence of hyper-
tensive cardiomyopathy (HTN-CM) as indicated in the 
international guidelines at the time of ethical committee 
approval[16], defined according to echocardiographic cri-
teria, including presence of left-ventricular hypertrophy 
(LVH) and/or evidence of grade II or more of diastolic 
dysfunction.

Blood pressure measurement

Blood pressure was measured at each visit using a standard-
ized protocol. Measurements were taken in a seated posi-
tion after 5 min of rest, using a calibrated automated sphyg-
momanometer. Three consecutive readings were recorded, 
and the mean of the second and third measurements was 
calculated for both systolic and diastolic blood pressure [16].

Assessment of arterial stiffness

This was assessed by measuring PWV, an established indi-
cator of vascular stiffness. PWV was measured using a 

validated noninvasive device (PulsePen) which calculates 
the velocity of the pressure wave between the carotid and 
femoral arteries [21]. The measurements were performed by 
trained personnel, and the mean of two consecutive meas-
urements was recorded. An increase in PWV is considered 
a marker of increased arterial stiffness that correlates with 
cardiovascular risk in hypertensive patients [21].

Ankle–brachial index measurement

ABI was assessed non-invasively using the ABI SYSTEM 
100PWV device (Boso – Bosch & Sohn GmbH, Jungingen, 
Germany) [22]. Measurements were performed in accord-
ance with the current guidelines, with patients in the supine 
position after a resting period, and ABI was calculated as 
the ratio of systolic blood pressure at the ankle to that at the 
brachial artery [23].

Echocardiographic evaluation

Transthoracic echocardiography (TTE) was performed for 
assessment of HTN-CM at both T0 and T1. TTEs were car-
ried out using commercially available phased-array machines 
following a standardized protocol. LVH was identified by 
prognostically validated sex-specific cut-off values for LV 
mass/height (LVMi): > 47 g/m2.7 in women and > 50 g/m2.7 
in men, respectively [24, 25]. LV end-diastolic dimension 
was ratiometrically normalized for height [20]. Relative wall 
thickness was calculated as the ratio between posterior wall 
thickness and LV internal radius at end-diastole and consid-
ered increased if ≥ 0.43 [16, 25]. LV systolic function was 
assessed by LV ejection fraction [5, 26], and diastolic dys-
function by current guidelines [16, 25, 27].

Treatments analysis

Changes in antihypertensive therapy were evaluated by 
recording the number and class of medications at T0 and 
T1. The classes included:

–	 Angiotensin-converting enzyme inhibitors (ACEIs)
–	 Angiotensin II receptor blockers (ARBs)
–	 Beta-blockers
–	 Calcium channel blockers
–	 Diuretics.

Ethical approval

The study was conducted in accordance with the ethical 
standards laid down in the 1964 Declaration of Helsinki 
and its later amendments. The protocol was reviewed and 
approved by the Independent Ethics Committee of the 
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Azienda Ospedaliero-Universitaria Consorziale Policlinico 
(Approval No. 0089041/26/10/2021). Written informed con-
sent was obtained from all participants prior to inclusion in 
the study.

Sample size calculation

The primary endpoint for sample size estimation was the 
between‑group difference in the change of blood pressure. 
Assuming a clinically meaningful difference of 5 mmHg 
between COVID‑19 and control groups [28], a common 
standard deviation of 8 mmHg [25], a two‑sided α = 0.05, 
and 95% power, the required sample size per group was 67 
participants/group.

Therefore, 134 participants in total would be sufficient 
under equal allocation. Our actual sample (185 vs 97; total 
n = 282) exceeds this threshold, thus ensuring sufficient 
power for the predefined endpoint.

Statistical analyses

These were conducted using IBM SPSS Statistics, ver-
sion 25.0 (IBM Corp., Armonk, NY, USA). A two-tailed p 
value < 0.05 was considered statistically significant.

A comprehensive descriptive analysis was initially per-
formed to characterize the study population. The distribution 
of continuous variables was assessed using the Kolmogo-
rov–Smirnov test.

To compare baseline characteristics between patients with 
a history of SARS-CoV-2 infection and those without, we 
employed univariate analyses using the appropriate statisti-
cal tests based on variable type and distribution. Specifically, 
the independent samples t test was applied for normally dis-
tributed continuous variables, and the Mann–Whitney U test 
for non-normally distributed variables. Categorical variables 
were compared using the chi-square test or Fisher’s exact 
test, as appropriate.

Longitudinal changes within each group were analyzed 
by comparing baseline (T0) and follow-up (T1) values. For 
continuous variables, paired samples t tests were used in 
the case of normally distributed data, while the Wilcoxon 
signed-rank test was used for non-parametric distributions.

To explore the differential impact of SARS-CoV-2 infec-
tion on the trajectory of clinical and instrumental param-
eters, we computed delta values (Δ = T1–T0) for each con-
tinuous variable and compared them between groups using 
either the independent samples t test or Mann–Whitney U 
test, depending on the data distribution.

Exploratory stratified analyses were also performed by 
sex, age categories, and baseline blood pressure control sta-
tus to identify potential effect modifiers. Within each stra-
tum, comparisons followed the same statistical methodology 
outlined above.

To better understand if COVID-19 is the key determi-
nant in our endpoint, we perform first a univariate regres-
sion between swab positive detection and each end point 
(difference systolic blood pressure, diastolic blood pressure, 
number of antihypertensive drugs, pulse wave velocity, and 
ankle–brachial index between the two time points). To point 
out if other factors may influence the result, a multivariate 
linear regression was adjusted in a model that includes sex, 
age at T0, and difference in eGFR and BMI between the two 
time points.

Results

At T1, the mean age of Group 1 was 63.38 ± 10.29 years, 
with 48.6% females (Table 1), while of Group 2 it was 
64.20 ± 10.79 years, with 50.5% females. The prevalence of 
major cardiovascular risk factors, including diabetes mel-
litus, dyslipidemia, and smoking status, was also similar 
between the two groups at baseline, except for a higher inci-
dence of dyslipidemia in Group 2 (p < 0.05) (Tables 2 and 3).

Table 1   Anthropometric 
parameters of the patients in 
study group and controls at T0 
and T1 visit

No significance between the Groups at any timepoint

Group 1 (n. = 185) Group 2 (n. = 97)

T0 T1 T0 T1

Male/female 95/90 48/49
Age (years) 62.39 ± 10.21 63.38 ± 10.29 63.70 ± 10.50 64.20 ± 10.79
Weight (cm) 79.37 ± 17.25 78.84 ± 15.61 82.85 ± 17.97 82.98 ± 19.02
Height (cm) 165.10 ± 9.48 165.50 ± 9.57 166.40 ± 11.03 165.40 ± 11.06
Body Mass Index (Kg/m2) 28.98 ± 4.98 28.80 ± 4.67 29.41 ± 4.38 29.74 ± 4.90
Abdominal circumference (cm) 102.70 ± 13.75 103.40 ± 13.32 102.90 ± 10.82 104.60 ± 13.42
Body surface area (m2) 1.89 ± 0.24 1.90 ± 0.22 1.95 ± 0.26 1.71 ± 0.69
Heart rate (bpm) 67.99 ± 10.41 69.56 ± 9.40 67.46 ± 9.10 70.21 ± 11.53
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Table 2   History and medication 
of the patients in Group 1 and 
Group 2 at T0 and T1 visit

Group 1 T1 vs T0, *p < 0.05
Group 2 T0 vs Group 1 T0, ^^p < 0.005, ^^^ p < 0.001
Group 2 T1 vs Group 1 T1, °p < 0.05,°°p < 0.005, °°°p < 0.001

Group 1 (n. = 185) Group 2 (n. = 97)

T0 T1 T0 T1

History
 Smokers 102 86* 62^^ 62°°°
 Dyslipidemia 60 60 76^^^ 65°°°
 Diabetes 94 85 18 20
 Heart disease 116 139* 72^^^ 73°
 Chronic obstructive pulmonary disease 13 13 1 2
 Arrhythmias 13 13 14 18

Medications
 Angiotensin-converting enzyme inhibitors 40 53 20^^^ 17°
 Angiotensin II receptor blocker 87 106* 65^^^ 68°°
 Calcium channel blockers 46 62 35 38
 Beta-blockers 62 76 37 36
 Alpha-blockers 3 15 17 10
 Thiazide 54 60 30 37
 Chlorthalidone 4 2 0 0
 Furosemide 4 6 0 0
 Indapamide 3 7 5 5

Median number of antihypertensive drugs 2 [1–3] 2 [1–4]* 2 [1–3] 2 [1–3]
Statins 81 105* 54 65
Ezetimibe 7 16 7 12
Acetylsalicylic acid 36 46 28 26
Antiaggregants 16 21 10 10
Warfarin 3 7 2 5
Oral antidiabetes 60 59 10 12
Insulin 4 6 2 2
Other antidiabetes 26 20 6 6

Table 3   Laboratory parameters of the patients in Group 1 and Group 2 at T0 and T1 visit

Group 2 T1 vs T0, # p < 0.05

Group 1 (n. = 185) Group 2 (n. = 97)

T0 T1 T0 T1

Creatinine (mg/dL) 0.90 ± 0.21 0.92 ± 0.30 0.88 ± 0.19 0.84 ± 0.19
Estimated Glomerular Filtration Rate (mL/

min)
84.57 ± 14.80 84.24 ± 15.97 82.03 ± 17.63 84.97 ± 17.40

Glycemia (mg/dL) 96.14 ± 17.72 98.00 ± 19.76 92.87 ± 19.16 96.30 ± 21.98
Total Cholesterol (mg/dL) 182.00 ± 34.37 180.90 ± 40.97 176.30 ± 38.83 166.30 ± 34.47
High Density Lipoprotein (mg/dL) 52.94 ± 13.71 54.73 ± 13.53 53.49 ± 12.73 53.25 ± 14.71
Low Density Lipoprotein (mg/dL) 106.5 ± 32.33 105.40 ± 37.25 101.60 ± 36.82 96.79 ± 32.81
Triglycerides (mg/dL) 124.50 ± 75.93 114.40 ± 51.69 119.40 ± 59.29 102.90 ± 39.82#
Urate (mg/dL) 5.32 ± 2.83 5.18 ± 1.46 5.09 ± 1.21 5.29 ± 1.16
Hemoglobin (g/dL) 14.01 ± 1.40 13.81 ± 1.51 14.52 ± 1.43 14.51 ± 1.21
White Blood Cell (× 10^3/uL) 6.54 ± 1.79 6.98 ± 2.65 6.76 ± 1.83 6.56 ± 1.60
Neutrophils (%) 57.89 ± 9.92 58.48 ± 8.81 60.82 ± 8.82 60.65 ± 8.32
Lymphocytes (%) 30.96 ± 7.94 30.65 ± 7.91 29.48 ± 7.70 28.46 ± 7.52
Platelets(× 10^3/uL) 230.10 ± 58.34 234.50 ± 62.41 233.50 ± 65.20 245.00 ± 60.96
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Baseline characteristics and prevalence 
of hypertensive cardiomyopathy

At T0, a significant difference was observed in the preva-
lence of HTN-CM between the two groups. Group 1 showed 
a markedly higher prevalence of HTN-CM compared to 
Group 2 (p < 0.05), suggesting a more advanced stage of 
hypertensive disease at baseline. This difference in HTN-
CM prevalence remained significant even after adjusting 
for potential confounders, such as age, sex, and duration of 
hypertension (Table 2).

Clinical outcomes and hypertensive cardiomyopathy

Group 1 showed a significant increase in the prevalence 
of newly diagnosed hypertensive cardiomyopathy at T1 
(p < 0.05), suggesting that COVID-19 infection may accel-
erate the progression of cardiac structural changes in 
hypertensive patients. No such increase was seen in Group 

2 (Table 4), where the prevalence of HTN-CM remained 
stable.

Changes in blood pressure at follow‑up

At T1, Group 1 exhibited a significant increase in 
systolic blood pressure compared to the baseline 
(134.30 ± 14.93 mmHg vs 132.40 ± 16.19 mmHg, p < 0.05), 
while diastolic blood pressure showed a slight but signifi-
cant decrease (78.30 ± 8.77 mmHg vs 79.63 ± 8.41 mmHg, 
p < 0.05) (Fig. 1). The rise in systolic blood pressure sug-
gests a trend toward worsening blood pressure control in 
hypertensive patients with a history of SARS-CoV-2 infec-
tion. In contrast, Group 2 did not show significant changes 
in either systolic or diastolic blood pressure between T0 and 
T1.

Table 4   Echocardiographic parameters of the patients in Group 1 and Group 2 at T0 and T1 visit

Group 1 T1 vs T0, * p < 0.05
Group 2 T0 vs Group 1 T0, ^^^ p < 0.001

Study group (n. = 185) Controls (n. = 97)

T0 T1 T0 T1

Interventricular septal (mm) 12.00 ± 2.72 12.42 ± 2.74 12.62 ± 1.57 12.97 ± 1.35
Posterior Wall in diastole (mm) 11.82 ± 2.77 12.20 ± 2.95 11.68 ± 1.59 11.91 ± 1.67
Left-Ventricular dimension in diastole (mm) 47.19 ± 4.10 46.22 ± 5.66 46.51 ± 4.31 46.99 ± 4.62
Left-Ventricular end-Diastolic Volume (mL) 95.69 ± 32.87 85.99 ± 39.62 119.40 ± 31.11 103.50 ± 25.80
Left-Ventricular Mass (g/m2) 210.30 ± 71.91 214.50 ± 72.68 213.60 ± 65.00 224.70 ± 60.48
Left-Ventricular Mass indexed (g/m2) 107.30 ± 32.45 119.30 ± 41.69 111.70 ± 27.26 124.20 ± 29.10
Left-Ventricular Mass indexed h2.7 (g/m2.7) 55.07 ± 19.38 60.30 ± 21.50 55.30 ± 12.96 60.10 ± 13.38
Relative Wall Thickness 0.44 ± 0.07 0.56 ± 0.81* 0.52 ± 0.08^^^ 0.51 ± 0.07
Ejection Fraction (%) 61.25 ± 5.69 61.60 ± 5.77 62.47 ± 5.12 61.34 ± 4.65
Aortic root (mm) 30.53 ± 3.96 30.92 ± 4.85 30.96 ± 4.89 32.42 ± 4.40
Left Atrium volume (mL) 60.17 ± 21.30 61.37 ± 23.00 64.37 ± 20.35 62.15 ± 21.30
Left Atrium volume/Body Surface Area (mL/m2) 28.80 ± 12.64 31.70 ± 11.46 34.79 ± 8.39 30.87 ± 11.10
Velocity E (cm/s) 66.82 ± 19.19 63.57 ± 20.02 63.36 ± 16.97 66.43 ± 15.86
Velocity A (cm/s) 75.76 ± 17.10 73.35 ± 19.74 78.50 ± 19.21 80.76 ± 17.92
Velocity E/Velocity A 0.95 ± 0.63 0.88 ± 0.29 0.85 ± 0.31 0.85 ± 0.25
Velocity e’ (cm/s) 8.14 ± 2.37 8.07 ± 1.81 7.57 ± 1.27 7.58 ± 1.84
Velocity E/Velocity e’ 8.13 ± 4.35 8.15 ± 7.15 8.14 ± 2.12 9.38 ± 2.99
Right basal ventricular diameter (mm) 30.28 ± 3.15 31.25 ± 5.19 31.23 ± 4.64 33.65 ± 5.76
Right Ventricular Area (cm2) 15.67 ± 2.22 15.71 ± 4.61 21.22 ± 7.35 22.12 ± 4.91
Right Atrium volume (mL) 38.67 ± 16.42 47.50 ± 22.49 55.14 ± 16.29 52.31 ± 14.39
Right Atrium Area (cm2) 15.40 ± 6.09 17.30 ± 5.09 18.50 ± 3.16 17.32 ± 3.26
Inferior Vena Cava (mm) 17.74 ± 5.42 15.79 ± 2.99 15.38 ± 3.02 14.26 ± 2.95
Tricuspid Regurgitant Velocity (cm/s) 2.52 ± 0.34 2.38 ± 0.50 2.15 ± 0.56 2.06 ± 0.41
Pulmonary Artery Pressure systolic (mmHg) 31.57 ± 5.14 29.46 ± 9.42 28.87 ± 8.59 23.25 ± 7.67
Tricuspid Annular Plane Systolic Excursion (mm) 23.46 ± 3.35 24.26 ± 4.20 25.59 ± 6.57 26.05 ± 4.00
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Impact on vascular stiffness

At T1, PWV was significantly increased in Group 1 com-
pared to T0 (8.62 ± 1.83 m/s vs 7.87 ± 1.13 m/s, p < 0.05), 
indicating a progressive deterioration of arterial elasticity 
post-infection. By contrast, Group 2 did not show significant 
changes in PWV (Fig. 2). Similar results were seen for ABI 
(Fig. 2B), while Intima-Media Thickness (IMT) or stenosis 
(%) did not change (Fig. 2C and D). Finally, there was a 
significant correlation between IMT and ABI but not PWV 
(Fig. 2E and F) at T1 in the Group 1.

Antihypertensive drugs and changes in medication

One notable finding was the significant increase in the num-
ber of antihypertensive medications prescribed to Group 1 
patients at follow-up. At T1, the median number of antihy-
pertensive drugs per patient was increased (p < 0.05). In par-
ticular, the use of ARBs showed a substantial rise (p < 0.01).

In contrast, Group 2 did not show significant changes in 
the overall number of antihypertensive medications between 
T0 and T1. The stable medication regimen aligns with the 
lack of significant changes in blood pressure and PWV, rein-
forcing the hypothesis that the alterations observed in Group 
1 are directly related to the effects of SARS-CoV-2 infection.

Determinants in end‑points

Univariate regression results in a significant inverse correla-
tion between the difference in systolic blood pressure and 
the Group, supporting the results that indicate an increase 

in SBP in Group 1. No other significant linear regression 
was found (Beta − 5.57 [confidence interval − 10.28 to 
− 0.86], p = 0.02). However, to evaluate possible effects of 
confounding factors or interferences, multivariate regression 
was performed. Also in this analysis persists a statistically 
significant inverse correlation between the Group and the 
change in SBP. Due to this result, we further performed the 
same multivariate regression to the other end-points deter-
minants. Interestingly, in multivariate regression, there was 
a significant correlation to in DBP and ABI (directly) and 
PWV (inversely), while no correlation was found in change 
of number of antihypertensive drugs (Supplementary Table).

Discussion

Here, we show that hypertensive patients with a history 
of COVID-19 infection have a significant increase in sys-
tolic blood pressure and arterial stiffness, and a need for an 
increased number of antihypertensive medications compared 
to hypertensive patients without prior infection. The increase 
in vascular stiffness, as evidenced by higher PWV values, 
suggests that COVID-19 may induce persistent endothelial 
dysfunction, which could contribute to long-term cardiovas-
cular complications in these patients (Fig. 3).

It is unlikely that SARS-CoV-2 infection, occurring only 
a few months prior, directly induced de novo hypertensive 
cardiomyopathy. A more plausible explanation is that infec-
tion-related endothelial dysfunction, vascular inflammation, 
and increased arterial stiffness acted as accelerators of pre-
existing subclinical cardiac damage in hypertensive patients, 

Fig. 1   Changes in systolic and diastolic blood pressure before (T0) and after (T1) SARS-CoV-2 infection. Plain bars indicate T0 evaluation, 
while dotted bars indicated T1. Red bars are for the Group 1, while blue bars are for Group 2
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thereby favoring an earlier manifestation of left-ventricular 
hypertrophy. This interpretation is supported by prior evi-
dence of COVID-19-induced endotheliitis [29] and by the 
established association between arterial stiffness, hyperten-
sive target organ damage, and cardiovascular outcomes [16].

A recent retrospective cohort examined the long-term 
effects of the COVID-19 infection on blood pressure 
among 5355 nonhospitalized patients who were followed up 
12.5 ± 0.4 months after recovery. Both systolic and diastolic 
blood pressures were significantly higher post-infection. 
There were 456 (17%) patients with new-onset hypertension 
and 456 (14%) with exacerbated hypertension requiring an 
intensified antihypertensive regimen [30].

In our study, a reduction in diastolic blood pressure 
emerged. Tentatively, this might be explained by the increase 
in large-artery stiffness, which is the most important patho-
physiological determinant of increase of systolic blood pres-
sure and reduction of diastolic blood pressure [31].

Although the between-group difference in mean systolic 
blood pressure was small (134 vs 132 mmHg), even minor 
but sustained increases can have clinical impact in hyperten-
sive patients. Epidemiological evidence has shown that the 
relationship between systolic blood pressure and cardiovas-
cular risk is continuous, without a clear threshold [32, 33]. 
By extrapolation, a persistent difference of few mmHg may 
still translate into a measurable increase in long-term car-
diovascular risk, particularly in an already high-risk popula-
tion. In our cohort, this modest increase was accompanied 
by a significant intensification of antihypertensive therapy, 
reinforcing its clinical significance.

Meta-analysis by Zuin et al. showed that the COVID-19 
recovered subjects presented an increased risk of new-onset 
hypertension compared to subjects who did not experience 
the infection. As demonstrated by the meta-regression, this 
risk was directly influenced by age, female sex, and cancer, 
and resulted higher in the early post-acute phase of the infec-
tion [34].

Fig. 2   Markers of vascular damage before (T0) and after (T1) SARS-
CoV-2 infection. A Carotid–femoral pulse wave velocity (PWV). 
B Ankle–brachial index (ABI). C Carotid intima–media thickness 
(IMT). D Carotid stenosis (%) measured using the European Carotid 
Surgery Trial (ECST) method. E–F Correlation between IMT and 
PWV (E), and between IMT and ABI (F), at T1 in the COVID-19 

group. While IMT did not correlate with PWV, it showed a signifi-
cant inverse correlation with ABI. Plain bars represent baseline (T0) 
values and dotted bars represent follow-up (T1). Red bars correspond 
to COVID-19 patients (Group 1), and blue bars correspond to con-
trols (Group 2)
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Earlier studies have shown, in different patient groups, a 
significantly higher arterial stiffness and PWV in COVID-
19 patients compared to control groups: Schnaubelt et al. 
showed differences in arterial stiffness between acutely ill 
patients with and without COVID-19 [35]; Peng et al. [36] 
shown effects of COVID-19 infection on vascular function 
in young college students who did not require hospitaliza-
tion. Their small pre-post-controlled study’s findings indi-
cate that throughout the course of the COVID-19 infection, 
there was a significant increase in carotid–femoral pulse 
wave velocity (cfPWV) with a mean difference of 0.44 m/s 
(p = 0.022) and systolic blood pressure with a mean differ-
ence of 3.24 mmHg (p = 0.047). Diastolic blood pressure 
also exhibited an increase, though it was not statistically sig-
nificant, with a mean difference of 2.65 mmHg (p = 0.068)
[36].

An increasing number of clinical studies suggest that 
apart from the acute phase of the disease, the SARS-CoV-2 
virus may cause prolonged and extended effects on blood 
vessels. Lambadiari et al.[37] conducted a case–control 
prospective study including 70 patients 4 months after the 
COVID-19 infection, matched with 70 newly diagnosed and 
untreated patients with hypertension of similar age and sex 
(positive control) and 70 healthy individuals. Compared 
to controls, both COVID-19 and hypertensives had higher 
PWV (carotid–femoral PWV 12.09 ± 2.50 vs. 11.92 ± 2.94, 
p = 0.7 vs. 10.04 ± 1.80  m/s, p = 0.036) and impaired 

left- and right-ventricular function (GLS). These results 
support that the SARS-CoV-2 virus causes endothelial and 
vascular dysfunction that persists 4 months after the onset of 
infection and is, thus, linked to reduced cardiac performance.

Interestingly, in Group 1, we observed a significant cor-
relation between IMT and ABI but not with PWV at follow-
up. This result, although exploratory, highlights the concept 
that different vascular indices capture distinct pathophysi-
ological pathways: IMT and ABI are primarily markers of 
atherosclerotic burden and peripheral vascular disease, while 
PWV reflects central arterial stiffness and large-artery func-
tion [38]. The selective association of IMT with ABI may 
therefore suggest that COVID-19-related vascular damage is 
more closely linked to structural and peripheral alterations 
rather than uniformly involving central arterial stiffness.

Moreover, the correlation between COVID-19 infec-
tion and our endpoint, especially the multivariate results, 
strongly supports our study hypothesis. In particular, there 
was an association between COVID-19 infection and blood 
pressure worsening and vascular stiffness. Our results dem-
onstrate in a similar period but using a different method that 
COVID-19 induce a vascular damage like Bruno et al. [39] 
recently published.

There are several proposed mechanisms regarding 
the development of cardiovascular outcomes after acute 
COVID-19 illness; persistence of viral reservoirs might lead 
to chronic inflammation, and resultant chemokines might 

Fig. 3   Graphical summary of the multicenter study design and key findings. Created in BioRender. Cicco, S. (2025) https://​BioRe​nder.​com/​
bzv7w​mr

https://BioRender.com/bzv7wmr
https://BioRender.com/bzv7wmr
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cause damage via reactive oxidative species. Endothelial 
dysfunction causes loss of barrier function and antithrom-
botic properties. The potential of the RAAS and kinin–kal-
likrein system (KKS) pathways to induce a cytokine or 
bradykinin storm has been proposed as a mechanism for 
the development of cardiovascular consequences of long 
COVID. [30].

Taking all these data together with our results we can 
suggest having a particular caution to patients who were 
hypertensives and experienced infection of SARS-CoV-2. 
The increase in arterial stiffness may induce a higher inci-
dence of major cardiovascular events, even in patients that 
were previously in good blood pressure control [40]. A pos-
sible evaluation of COVID-19-induced change in inflamma-
tory cytokines and oxidative stress related to the increase 
in vascular stiffness may help to understand the molecular 
mechanism of the described results. This evaluation may 
also help in identifying possible target for personalized ther-
apy or evaluating the possible role of SGLT2-inhibitors or 
GLP1-RA as drugs able to protect vascular health.

This study has several limitations. First, this is an obser-
vational study; therefore, it is possible to establish a corre-
lation between the worsening in blood pressure control and 
SARS-CoV-2 infection but not a specific causality. However, 
it is intelligible that it could be difficult to have a differ-
ent nature of similar study. Second, we performed a 1-year 
follow-up. Longer evaluation is needed to establish long-
term cardiovascular change. Third, despite self-reported 
drug assumptions was recorded, no urine evaluation for 
metabolites test was performed. Furthermore, a limitation 
of our study is the lack of detailed data on antiviral therapy 
during the acute phase of COVID-19, including possible 
drug–drug interactions such as the temporary discontinu-
ation of statins during Paxlovid administration. Finally, 
another possible limitation is the potential misclassification 
of controls, since asymptomatic or unrecognized infections 
may have occurred during the study period. Nevertheless, 
the use of documented swab positivity as a diagnostic stand-
ard reflects the methodology adopted in most clinical studies 
during the pandemic.

Conclusions

This study provides evidence that hypertensive patients who 
have contracted COVID-19 have more difficult blood pres-
sure control overtime compared to those without a history 
of infection. The increased vascular stiffness, higher sys-
tolic blood pressure, and greater need for antihypertensive 
medications suggest that the SARS-CoV-2 virus may have a 
lasting impact on the vascular system. These findings under-
score the need for long-term cardiovascular monitoring in 

patients who have contracted the COVID-19 disease, par-
ticularly those with pre-existing hypertension.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11739-​025-​04138-4.

Acknowledgements  The authors thank Prof. Marco Proietti, University 
of Milan, for his support in statistical revision of results.

Author contributions  Conceptualization: Sebastiano Cicco; meth-
odology: Sebastiano Cicco and Costantino Mancusi; formal analysis 
and investigation: Marialuisa Sveva Marozzi, Ilaria Fucile, Immaco-
lata Panettieri, Mauro Pagani, Rosa Curcio, Francesco Corvasce, and 
Giuseppe Simone Falcone; writing—original draft preparation: Mari-
aluisa Sveva Marozzi and Ilaria Fucile; writing—review and editing: 
Sebastiano Cicco and Costantino Mancusi; supervision: Angelo Vacca 
and Raffaele Izzo.

Funding  Open access funding provided by Università degli Studi di 
Bari Aldo Moro within the CRUI-CARE Agreement. No funding was 
received for conducting this study.

Data availability  The data are not publicly available due to ethical 
restrictions.

Declarations 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Human and animal rights statement and Informed consent  The study 
was conducted in accordance with the ethical standards laid down in 
the 1964 Declaration of Helsinki and its later amendments. The pro-
tocol was reviewed and approved by the Independent Ethics Commit-
tee of the Azienda Ospedaliero-Universitaria Consorziale Policlinico 
(Approval No. 0089041/26/10/2021).

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Wang D, Hu B, Hu C et al (2020) Clinical characteristics of 138 
hospitalized patients with 2019 novel coronavirus-infected pneu-
monia in Wuhan, China. JAMA 323:1061. https://​doi.​org/​10.​
1001/​jama.​2020.​1585

	 2.	 Guan W, Liang W et al (2020) Comorbidity and its impact on 
1590 patients with COVID-19 in China: a nationwide analysis. 
Eur Respir J. 55(5):2000547. https://​doi.​org/​10.​1183/​13993​003.​
00547-​2020

https://doi.org/10.1007/s11739-025-04138-4
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1183/13993003.00547-2020
https://doi.org/10.1183/13993003.00547-2020


Internal and Emergency Medicine	

	 3.	 Saeed S, Mancia G (2021) Arterial stiffness and COVID-19: a 
bidirectional cause-effect relationship. J Clin Hypertens 23:1099–
1103. https://​doi.​org/​10.​1111/​jch.​14259

	 4.	 Mokhtari T, Hassani F, Ghaffari N et  al (2020) COVID-19 
and multiorgan failure: a narrative review on potential mecha-
nisms. J Mol Histol 51:613–628. https://​doi.​org/​10.​1007/​
s10735-​020-​09915-3

	 5.	 Cicco S, Vacca A, Albanese F et al (2023) Immune disturbance 
leads to pulmonary embolism in COVID-19 more than classical 
risk factors: a clinical and histological study. Intern Emerg Med 
18:1981–1993. https://​doi.​org/​10.​1007/​s11739-​023-​03383-9

	 6.	 Xue Y, Sun S, Cai J et al (2020) Effects of ACEI and ARB on 
COVID-19 patients: a meta-analysis. J Renin-Angiotensin-Aldos-
terone Syst. https://​doi.​org/​10.​1177/​14703​20320​981321

	 7.	 Cicco S, Vacca A, Cittadini A, Marra AM (2020) Long-term 
follow-up may be useful in coronavirus disease 2019 survivors to 
prevent chronic complications. Infect Chemother 52:407. https://​
doi.​org/​10.​3947/​ic.​2020.​52.3.​407

	 8.	 Nägele MP, Haubner B, Tanner FC et al (2020) Endothelial dys-
function in COVID-19: current findings and therapeutic implica-
tions. Atherosclerosis 314:58–62. https://​doi.​org/​10.​1016/j.​ather​
oscle​rosis.​2020.​10.​014

	 9.	 Mancuso P, Gidaro A, Gregato G et al (2020) Circulating endothe-
lial progenitors are increased in COVID-19 patients and corre-
late with SARS-CoV-2 RNA in severe cases. J Thromb Haemost 
18:2744–2750. https://​doi.​org/​10.​1111/​jth.​15044

	10.	 Mancia G, Rea F, Ludergnani M et al (2020) Renin–angiotensin–
aldosterone system blockers and the risk of Covid-19. N Engl J 
Med 382:2431–2440. https://​doi.​org/​10.​1056/​NEJMo​a2006​923

	11.	 Varga Z, Flammer AJ, Steiger P et al (2020) Endothelial cell 
infection and endotheliitis in COVID-19. Lancet 395:1417–1418. 
https://​doi.​org/​10.​1016/​S0140-​6736(20)​30937-5

	12.	 Karakasis P, Nasoufidou A, Sagris M et al (2024) Vascular altera-
tions following COVID-19 infection: a comprehensive literature 
review. Life 14:545. https://​doi.​org/​10.​3390/​life1​40505​45

	13.	 Trimarco V, Izzo R, Zanforlin A et al (2022) Endothelial dysfunc-
tion in long-COVID: new insights from the nationwide multi-
center LINCOLN study. Pharmacol Res 185:106486. https://​doi.​
org/​10.​1016/j.​phrs.​2022.​106486

	14.	 Boccatonda A, Campello E, Simion C, Simioni P (2023) Long-
term hypercoagulability, endotheliopathy and inflammation 
following acute SARS-CoV-2 infection. Expert Rev Hematol 
16:1035–1048. https://​doi.​org/​10.​1080/​17474​086.​2023.​22881​54

	15.	 Mancia G, Kreutz R, Brunström M et al (2023) 2023 ESH guide-
lines for the management of arterial hypertension the task force for 
the management of arterial hypertension of the European society 
of hypertension: endorsed by the international society of hyperten-
sion (ISH) and the European renal association (ERA). J Hypertens 
41:1874–2071. https://​doi.​org/​10.​1097/​HJH.​00000​00000​003480

	16.	 Williams B, Mancia G, Spiering W et al (2018) 2018 ESC/ESH 
guidelines for the management of arterial hypertension. Eur Heart 
J 39:3021–3104. https://​doi.​org/​10.​1093/​eurhe​artj/​ehy339

	17.	 Trimarco V, Izzo R, Pacella D et al (2024) Incidence of new-onset 
hypertension before, during, and after the COVID-19 pandemic: a 
7-year longitudinal cohort study in a large population. BMC Med 
22:127. https://​doi.​org/​10.​1186/​s12916-​024-​03328-9

	18.	 Angeli F, Zappa M, Oliva FM et al (2022) Blood pressure increase 
during hospitalization for COVID-19. Eur J Intern Med 104:110–
112. https://​doi.​org/​10.​1016/j.​ejim.​2022.​06.​010

	19.	 Angeli F, Zappa M, Verdecchia P (2024) Global burden of new-
onset hypertension associated with severe acute respiratory syn-
drome coronavirus 2 infection. Eur J Intern Med 119:31–33. 
https://​doi.​org/​10.​1016/j.​ejim.​2023.​10.​016

	20.	 Zhang V, Fisher M, Hou W et al (2023) Incidence of new-onset 
hypertension post–COVID-19: comparison with influenza. 

Hypertension 80:2135–2148. https://​doi.​org/​10.​1161/​HYPER​
TENSI​ONAHA.​123.​21174

	21.	 Salvi P, Lio G, Labat C et al (2004) Validation of a new non-inva-
sive portable tonometer for determining arterial pressure wave and 
pulse wave velocity: the PulsePen device. J Hypertens 22:2285–
2293. https://​doi.​org/​10.​1097/​00004​872-​20041​2000-​00010

	22.	 Diehm N, Dick F, Czuprin C et al (2009) Oscillometric measure-
ment of ankle-brachial index in patients with suspected periph-
eral disease: comparison with Doppler method. Swiss Med Wkly 
139:357–363. https://​doi.​org/​10.​4414/​smw.​2009.​12636

	23.	 Aboyans V, Criqui MH, Abraham P et al (2012) Measurement and 
interpretation of the ankle-brachial index: a scientific statement 
from the American heart association. Circulation 126:2890–2909. 
https://​doi.​org/​10.​1161/​CIR.​0b013​e3182​76fbcb

	24.	 De Simone G, Mancusi C, Esposito R et al (2018) Echocardiog-
raphy in arterial hypertension. High Blood Press Cardiovasc Prev 
25:159–166. https://​doi.​org/​10.​1007/​s40292-​018-​0259-y

	25.	 Cicco S, Calvanese C, Susca N et al (2022) Right atrium enlarge-
ment is related to increased heart damage and mortality in well-
controlled hypertension. Nutr Metab Cardiovasc Dis 32:420–428. 
https://​doi.​org/​10.​1016/j.​numecd.​2021.​10.​004

	26.	 Canciello G, Mancusi C, Izzo R et al (2021) Determinants of 
aortic root dilatation over time in patients with essential hyperten-
sion: the Campania salute network. Eur J Prev Cardiol 28:1508–
1514. https://​doi.​org/​10.​1177/​20474​87320​931630

	27.	 Goldstein SA, Evangelista A, Abbara S et al (2015) Multimodal-
ity imaging of diseases of the thoracic aorta in adults: from the 
American society of echocardiography and the European asso-
ciation of cardiovascular imaging: endorsed by the society of 
cardiovascular computed tomography and society for cardiova. J 
Am Soc Echocardiogr 28:119–182. https://​doi.​org/​10.​1016/j.​echo.​
2014.​11.​015

	28.	 Rahimi K, Bidel Z, Nazarzadeh M et al (2021) Pharmacological 
blood pressure lowering for primary and secondary prevention 
of cardiovascular disease across different levels of blood pres-
sure: an individual participant-level data meta-analysis. Lancet 
397:1625–1636. https://​doi.​org/​10.​1016/​S0140-​6736(21)​00590-0

	29.	 Ackermann M, Verleden SE, Kuehnel M et al (2020) Pulmonary 
vascular endothelialitis, thrombosis, and angiogenesis in Covid-
19. N Engl J Med 383:120–128. https://​doi.​org/​10.​1056/​NEJMo​
a2015​432

	30.	 Azami P, Vafa RG, Heydarzadeh R et al (2024) Evaluation of 
blood pressure variation in recovered COVID-19 patients at one-
year follow-up: a retrospective cohort study. BMC Cardiovasc 
Disord 24:240. https://​doi.​org/​10.​1186/​s12872-​024-​03916-w

	31.	 Jia G, Aroor AR, Jia C, Sowers JR (2019) Endothelial cell senes-
cence in aging-related vascular dysfunction. Biochim Biophys 
Acta BBA - Mol Basis Dis 1865:1802–1809. https://​doi.​org/​10.​
1016/j.​bbadis.​2018.​08.​008

	32.	 Lewington S, Clarke R, Qizilbash N et al (2002) Age-specific 
relevance of usual blood pressure to vascular mortality: a meta-
analysis of individual data for one million adults in 61 prospec-
tive studies. Lancet Lond Engl 360:1903–1913. https://​doi.​org/​10.​
1016/​s0140-​6736(02)​11911-8

	33.	 Ettehad D, Emdin CA, Kiran A et al (2016) Blood pressure lower-
ing for prevention of cardiovascular disease and death: a system-
atic review and meta-analysis. Lancet 387:957–967. https://​doi.​
org/​10.​1016/​S0140-​6736(15)​01225-8

	34.	 Zuin M, Rigatelli G, Bilato C et al (2023) Risk of incident new-
onset arterial hypertension after COVID-19 recovery: a system-
atic review and meta-analysis. High Blood Press Cardiovasc Prev 
30:227–233. https://​doi.​org/​10.​1007/​s40292-​023-​00574-5

	35.	 Schnaubelt S, Oppenauer J, Tihanyi D et al (2021) Arterial stiffness 
in acute COVID-19 and potential associations with clinical outcome. 
J Intern Med 290:437–443. https://​doi.​org/​10.​1111/​joim.​13275

https://doi.org/10.1111/jch.14259
https://doi.org/10.1007/s10735-020-09915-3
https://doi.org/10.1007/s10735-020-09915-3
https://doi.org/10.1007/s11739-023-03383-9
https://doi.org/10.1177/1470320320981321
https://doi.org/10.3947/ic.2020.52.3.407
https://doi.org/10.3947/ic.2020.52.3.407
https://doi.org/10.1016/j.atherosclerosis.2020.10.014
https://doi.org/10.1016/j.atherosclerosis.2020.10.014
https://doi.org/10.1111/jth.15044
https://doi.org/10.1056/NEJMoa2006923
https://doi.org/10.1016/S0140-6736(20)30937-5
https://doi.org/10.3390/life14050545
https://doi.org/10.1016/j.phrs.2022.106486
https://doi.org/10.1016/j.phrs.2022.106486
https://doi.org/10.1080/17474086.2023.2288154
https://doi.org/10.1097/HJH.0000000000003480
https://doi.org/10.1093/eurheartj/ehy339
https://doi.org/10.1186/s12916-024-03328-9
https://doi.org/10.1016/j.ejim.2022.06.010
https://doi.org/10.1016/j.ejim.2023.10.016
https://doi.org/10.1161/HYPERTENSIONAHA.123.21174
https://doi.org/10.1161/HYPERTENSIONAHA.123.21174
https://doi.org/10.1097/00004872-200412000-00010
https://doi.org/10.4414/smw.2009.12636
https://doi.org/10.1161/CIR.0b013e318276fbcb
https://doi.org/10.1007/s40292-018-0259-y
https://doi.org/10.1016/j.numecd.2021.10.004
https://doi.org/10.1177/2047487320931630
https://doi.org/10.1016/j.echo.2014.11.015
https://doi.org/10.1016/j.echo.2014.11.015
https://doi.org/10.1016/S0140-6736(21)00590-0
https://doi.org/10.1056/NEJMoa2015432
https://doi.org/10.1056/NEJMoa2015432
https://doi.org/10.1186/s12872-024-03916-w
https://doi.org/10.1016/j.bbadis.2018.08.008
https://doi.org/10.1016/j.bbadis.2018.08.008
https://doi.org/10.1016/s0140-6736(02)11911-8
https://doi.org/10.1016/s0140-6736(02)11911-8
https://doi.org/10.1016/S0140-6736(15)01225-8
https://doi.org/10.1016/S0140-6736(15)01225-8
https://doi.org/10.1007/s40292-023-00574-5
https://doi.org/10.1111/joim.13275


	 Internal and Emergency Medicine

	36.	 Peng J, Guo W, Li P et al (2024) Long-term effects of COVID-
19 on endothelial function, arterial stiffness, and blood pressure 
in college students: a pre-post-controlled study. BMC Infect Dis 
24:742. https://​doi.​org/​10.​1186/​s12879-​024-​09646-w

	37.	 Lambadiari V, Mitrakou A, Kountouri A et al (2021) Associa-
tion of COVID-19 with impaired endothelial glycocalyx, vascular 
function and myocardial deformation 4 months after infection. Eur 
J Heart Fail 23:1916–1926. https://​doi.​org/​10.​1002/​ejhf.​2326

	38.	 Tziomalos K, Athyros VG, Karagiannis A, Mikhailidis DP (2010) 
The role of ankle brachial index and carotid intima-media thick-
ness in vascular risk stratification. Curr Opin Cardiol 25:394–398. 
https://​doi.​org/​10.​1097/​hco.​0b013​e3283​38c109

	39	 Bruno RM, Badhwar S, Abid L et al (2025) Accelerated vascular 
ageing after COVID-19 infection: the CARTESIAN study. Eur 
Heart J. https://​doi.​org/​10.​1093/​eurhe​artj/​ehaf4​30

	40.	 Castelli R, Gidaro A, Casu G et al (2023) Aging of the arterial sys-
tem. Int J Mol Sci 24:6910. https://​doi.​org/​10.​3390/​ijms2​40869​10

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1186/s12879-024-09646-w
https://doi.org/10.1002/ejhf.2326
https://doi.org/10.1097/hco.0b013e328338c109
https://doi.org/10.1093/eurheartj/ehaf430
https://doi.org/10.3390/ijms24086910

	COVID-19 induces greater difficulty in blood pressure control due to increased arterial stiffness
	Abstract
	Introduction
	Methods
	Study population
	Data collection
	Blood pressure measurement
	Assessment of arterial stiffness
	Ankle–brachial index measurement
	Echocardiographic evaluation
	Treatments analysis
	Ethical approval
	Sample size calculation
	Statistical analyses

	Results
	Baseline characteristics and prevalence of hypertensive cardiomyopathy
	Clinical outcomes and hypertensive cardiomyopathy
	Changes in blood pressure at follow-up
	Impact on vascular stiffness
	Antihypertensive drugs and changes in medication
	Determinants in end-points

	Discussion
	Conclusions
	Acknowledgements 
	References


