European Journal of Internal Medicine xxx (Xxxx) XXX

Contents lists available at ScienceDirect

EUROPEAN JOURNAL OF

NI RINA
MEDICINE® ..

European Journal of Internal Medicine

ELSEVIER journal homepage: www.elsevier.com/locate/ejim

Original Article

The impact of the COVID-19 Pandemic on hypertension phenotypes (ESH
ABPM COVID-19 study)

Aleksandra Ostrowska ', Wiktoria Wojciechowska -, Marek Rajzer ', Thomas Weber ?,
Michael Bursztyn , Alexandre Persu”, George Stergiou’, Grzegorz Kietbasa ',
Marzena Chrostowska °, Michaelis Doumas’, Gianfranco Parati ®°, Grzegorz Bilo *°,
Guido Grassi ', Giuseppe Mancia °, Andrzej Januszewicz ', Reinhold Kreutz '*

1 1st Department of Cardiology, Interventional Electrocardiology and Arterial Hypertension, Jagiellonian University Medical College, Krakow, Poland

2 Cardiology Department Klinikum Wels-Grieskirchen, Wels, Austria

3 Hypertension Clinic, Hadassah-Hebrew University Medical Center, Mount Scopus, Jerusalem, and Faculty of Medicine, Hadassah-Hebrew University, School of
Medicine, Jerusalem, Israel

“ Pole of Cardiovascular Research, Institut de Recherche Expérimentale et Clinique and Division of Cardiology, Cliniques Universitaires Saint-Luc, Université Catholique
de Louvain, Brussels, Belgium

S Hypertension Center STRIDE-7, National and Kapodistrian University of Athens, School of Medicine, Third Department of Medicine, Sotiria Hospital, Athens, Greece
© Hypertension Unit, Department of Hypertension and Diabetology, Medical University of, Gdansk, Poland

7 2nd Prop Department of Internal Medicine, Aristotle University, Thessaloniki, Greece

8 Department of Cardiology, S. Luca Hospital, IRCCS, Istituto Auxologico Italiano, Milan, Italy

9 Department of Medicine and Surgery, University of Milano-Bicocca, Milan, Italy

10 Clinica Medica, S. Gerardo dei Tintori Hospital, University Milano-Bicocca, Monza, Italy

1 Department of Hypertension, National Institute of Cardiology, Warsaw, Poland

12 Charité-Universitatsmedizin Berlin, Corporate Member of Freie Universitat Berlin, Humboldt-Universitit zu Berlin, and Berlin Institute of Health, Institute of Clinical
Pharmacology and Toxicology, Berlin, Germany

on behalf ofESH ABPM COVID-19 Study Investigators”

ARTICLE INFO ABSTRACT
Keywords: Objective: The COVID-19 pandemic had a major impact on medical care. This study evaluated the influence of the
Hypertension pandemic on blood pressure (BP) control and hypertension phenotypes as assessed by office and 24-hour

Hypertension phenotypes

Ambulatory blood pressure monitoring
Covid-19 pandemic

Antihypertensive treatment

ambulatory BP monitoring (ABPM).

Design and Methods: Data were collected from 33 centers including Excellence Centers of the European Society of
Hypertension. Two groups of patients with treated hypertension were compared. Pandemic group: including
participants who had ABPM twice - at visit 2 during the COVID-19 pandemic and visit 1 performed 9-15 months
prior to visit 2. Pre-pandemic group: had ABPM at two visits, performed before the pandemic within 9-15
months interval. We determined the following hypertension phenotypes: masked hypertension, white coat hy-
pertension, sustained controlled hypertension (SCH) and sustained uncontrolled hypertension (SUCH). We
analyzed the prevalence of phenotypes and their changes between visits.

Results: Data of 1419 patients, 616 (43 %) in the pandemic group and 803 (57 %) in the pre-pandemic group,
were analyzed. At baseline (visit 1), the prevalence of hypertension phenotypes did not differ between groups. In
the pandemic group, the change in hypertension phenotypes between two visits was not significant (p = 0.08). In
contrast, in the pre-pandemic group, the prevalence of SCH increased during follow-up (28.8 % vs 38.4 %, p <
0.01) while the prevalence of SUCH decreased (34.2 % vs 27.8 %, p < 0.01). In multivariable adjusted analysis,
the only factor influencing negative changes of hypertension phenotypes was the COVID-19 pandemic period.
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Conclusion: These results indicate a negative impact of the COVID-19 pandemic on BP control assessed by hy-

pertension phenotypes.

1. Introduction

The COVID-19 pandemic had a significant impact on various aspects
of public health. The imposed restrictions forced people to spend more
time at home, which may have resulted in a decline in physical activity
and a deterioration of diet quality in affected populations including
patients with hypertension [1,2]. Due to limited access to medical care,
some patients did not attend regular medical follow-up visits [3], which
led to delays in diagnosing diseases related to unhealthy lifestyles [4].
Moreover, difficulties in monitoring patients with already diagnosed
cardiovascular diseases (CVD), including hypertension, was often asso-
ciated with the inability to modify their treatment.

Numerous studies have already shown a relationship between the
COVID-19 pandemic and worsening of blood pressure (BP) control [5,6],
but there are also reports that prove otherwise [7,8]. Despite the
outcome, most analyses concentrate on the one method of measuring BP
at home or in office. An important supplementary method to these
measurements is 24 h ambulatory blood pressure monitoring (ABPM).
ABPM provides a higher number of BP data and enables assessment of
BP control over a 24 h period. The use of two methods may substantially
increase accuracy of BP control assessment. By combining the ABPM
result with the office measurement, four main hypertension phenotypes
can be specified: sustained controlled hypertension (SCH), white-coat
hypertension (WCH), masked hypertension (MH) and sustained uncon-
trolled hypertension (SUCH). The evaluation of these phenotypes is of
interest because they have been associated with differences in CV risks
[9-11].

In a previous report of the European Society of Hypertension (ESH)
ABPM COVID-19 Study a negative impact of the COVID-19 pandemic on
BP control in absolute BP values based on ABPM was observed [12]. The
current study is based on the analysis of the same data, yet offering a
different perspective on the issue of BP control. The aim of this study is
to extend previous findings by evaluating the impact of the COVID-19
pandemic on changes in hypertension phenotypes.

2. Methods

Clinical and BP data were collected from 33 centers including
Excellence Centers of the European Society of Hypertension. A full
description of the study protocol was published in a previous report of
the ESH ABPM COVID-19 Study [13]. The study was conducted

Table 1
Description of categories of hypertension phenotypes change from visit 1 to visit
2.

WCH - SUCH
SCH — SUCH
MH - SUCH
SCH - MH
SCH — WCH
SUCH — SCH
SUCH — WCH
SUCH — MH
WCH — SCH
MH — SCH
SCH — SCH
MH — MH
WCH — WCH
WCH - MH
MH - WCH
SUCH — SUCH

Deterioration-worsening

Improvement or no-change

Uncontrolled with no definite improvement or worsening

SCH - sustained controlled hypertension; SUCH - sustained uncontrolled hy-
pertension; WCH — white coat hypertension; MH — masked hypertension.

according to the principles outlined in the Helsinki declaration for in-
vestigations in human subjects, and general data protection regulations.
The study protocol received the approval of the local Ethics Committee
in the countries of participating centers.

2.1. Study material

Two groups of patients with treated hypertension were compared.
Group 1 (pandemic): including participants who had ABPM twice - at
visit 2 during the COVID-19 pandemic and at visit 1 performed 9-15
months prior to visit 2. Group 2 (pre-pandemic): had ABPM at two visits,
performed before the pandemic within 9-15 months interval.

The onset of the pandemic was defined by the formal declaration of
the World Health Organization on March 11th in 2020. Consequently,
the following periods of time were set as inclusion criteria. In Group 1,
visit-2 was eligible from 01.04.2020 to 31.03.2021 and visit 1 before
31.12.2019 (9-15 months prior to visit 2).

In Group 2, visit 2 was eligible from 01.01.2019 to 31.12.2019 and
visit 1 about 9-15 months before visit 2.

2.2. Hypertension phenotypes and clinical data collection

The average of 24-hour systolic BP (SBP) and diastolic BP (DBP) as
well as office SBP and DBP were collected. Only ABPM recordings ful-
filling previously defined quality criteria, i.e. at least 20 valid awake and
7 valid asleep measurements were eligible for the study [14].

The following hypertension phenotypes in treated subjects were
distinguished and listed in line with their increasing negative prognostic
significance:

1) sustained controlled hypertension (office SBP <140 mm Hg and DBP
<90 mm Hg, and 24-hour SBP <130 mm Hg and DBP <80 mm Hg),

2) white coat hypertension (office SBP >140 mm Hg and/or DBP >90
mm Hg, and 24-hour SBP <130 mm Hg and DBP <80 mm Hg),

3) masked hypertension (office SBP <140 mm Hg and DBP <90 mm Hg,
and 24-hour SBP >130 mm Hg and/or DBP >80 mm Hg),

4) sustained uncontrolled hypertension (office SBP >140 mm Hg and/
or DBP >90 mm Hg, and 24-hour SBP >130 mm Hg and/or DBP >80
mm Hg).

Hypertension phenotypes were determined at both visit 1 and visit 2.
The patients were classified based on changes in their phenotype be-
tween two visits into three categories (Table 1 provides a detailed
description of the categories):

1. Deterioration-worsening (DW)
2. Improvement or no-change (INC)
3. Uncontrolled with no definite improvement or worsening (UN)

Clinical data were gathered and entered to the data form when
available. Data regarding the antihypertensive drug class, dosing change
or drug discontinuation were also collected. Differences in use of anti-
hypertensive drugs between visit 1 and visit 2 (drug classes, change in
dose, and initiation or discontinuation) were classified into three cate-
gories: unchanged, increase or decrease.

2.3. Statistical methods

Database management and statistical analysis were performed using
SPSS statistical software (IBM Statistics 29; Chicago, IL, USA).
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Table 2
Clinical characteristics of the study participants at baseline visit according to distinguished categories of hypertension phenotypes change between visits.
All patients (n = Deterioration- Improvement or no- Uncontrolled with no definite improvement or P anova
1419) worsening change worsening
(n=298) (n = 828) (n = 293)

Age, [years] 59.2 + 14.7 59.3 £ 14.9 59.3 £ 14.5 58.6 £ 15.1 0.78

Male sex 713 (50.2 %) 140 (47 %) 426 (51.4 %) 147 (50.2 %) 0.42

BMI [kg/mz] 28.7 £ 4.9 28.7 £ 4.5 28.5 + 4.9 29.2 £5.3 0.22

Participants from pandemic 616 (43.4 %) 149 (50 %)~ 329 (39.7 %) 138 (47.1 %) 0.003

group
Current smoking 197 (15.5 %) 38 (12.8 %) 119 (14.4 %) 40 (13.7 %) 0.70
Duration of hypertension 10 (4-17) 10 (5-17) 9(4-16) 10 (4-18) 0.39
[years]

Alcohol intake 223 (21 %)) 46 (15.4 %) 123 (14.9 %) 54 (18.4 %) 0.92

Office SBP 130.1 + 20.6 130.2 + 14.7* 136.6 + 19" 155.2 + 21.3% <
0.001

Office DBP 83.3 +£13.3 79.5 £ 10.8* 81.9 +£12.3" 91.1 +15.1% <
0.001

24 h SBP 129.1 + 15.6 122.2 + 11.7* 126.9 + 14.3" 142.3 + 15.1¢ <
0.001

24 h DBP 75.9 £ 10.9 72.1 £ 8.3 75.1 £10.2" 82.1 + 12.8% <
0.001

Comorbidities:

e Diabetes mellitus 355 (24.9 %) 74 (24.8 %) 195 (23.6 %) 86 (29.4 %) 0.14

e CKD 216 (15.2 %) 46 (15.4 %) 112 (13.5 %)" 58 (19.8 %) 0.04

e AF 131 (9.2 %) 29 (9.7 %) 78 (9.4 %) 24 (8.2 %) 0.78

e CAD 158 (11.1 %) 35 (13.7 %) 83 (10 %) 40 (13.7 %) 0.30

e Stroke 154 (10.9 %) 37 (12.4 %) 87 (10.5 %) 30 (10.2 %) 0.62

Data are presented as mean =+ standard deviation or number and percent or median with confidence interval. BMI - body mass index; CKD - chronic kidney disease; AF

— atrial fibrillation; CAD — coronary artery disease.

" p < 0.05 for differences between deterioration-worsening and improvement or no-change category.
# p < 0.05 for differences between improvement or no-change and uncontrolled with no definite improvement or worsening category.
& p < 0.05 for differences between uncontrolled with no definite improvement or worsening and deterioration-worsening category.

Table 3
Antihypertensive drug classes taken at baseline according to distinguished categories of hypertension phenotypes change between visits.
Deterioration-worsening Improvement or no-change Uncontrolled with no definite improvement or worsening p
(n = 298) (n = 828) (n=293)
ACEI 88 (29.53 %) 262 (31.68 %) 97 (33.11 %) 0.64
ARB 154 (51.68 %) 386 (46.62 %) 140 (47.78 %) 0.33
CCB 190 (63.76 %) 513 (61.96 %) 205 (69.97 %) 0.05
BB 155 (52.01 %) 417 (50.36 %) 154 (52.56 %) 0.77
Thiazide 114 (38.26 %) 313 (37.80 %) 125 (42.66 %) 0.33
Loop 48 (16.11 %) 100 (12.08 %)” 54 (18.43 %) 0.027
K+ sparing diuretics 45 (15.10 %) 156 (18.84 %) 63 (21.50 %) 0.13
Other 42 (14.09 %) 108 (13.04 %)” 72 (24.57 %)“ < 0.001

ACEI - angiotensin converting enzyme inhibitors; ARB — angiotensin receptor blocker; BB — beta blockers; CCB — calcium channel blockers; Thiazide — thiazide and
thiazide-like diuretic; Loop — loop diuretic; Other — other antihypertensive treatment (alpha-blockers, central agents).

# p < 0.05 for differences between improvement or no-change and uncontrolled with no definite improvement or worsening category.

& p < 0.05 for differences between uncontrolled with no definite improvement or worsening and deterioration-worsening category.

Continuous variables are presented as means and standard deviations.
Categorical variables are expressed as percentages. Differences between
groups were assessed using one-way analysis of variance (ANOVA). Post
hoc analyses were performed using Fisher’s Least Significant Difference
test for continuous variables. Categorical variables were compared by
the Pearson’s y2 test and for those all post hoc analyses were performed
using the Bonferroni adjustments. Logistic regression analysis was used
to investigate independent factors of phenotypes deterioration. P values
<0.05 were considered statistically significant.

3. Results

Out of the 1620 patients included in the study, we excluded those
with missing ABPM or clinical data precluding to define hypertension
phenotypes. Consequently, 1419 patients (616 (43 %) from pandemic
and 803 (57 %) from pre-pandemic group) met the criteria for analysis
in the present study. Among them 298 (21 %) were categorized as
deterioration-worsening of hypertension phenotype, 828 (58 %) as

improvement or no-change, 293 (21 %) patients were uncontrolled with
no definite improvement or worsening.

The baseline characteristics and between hypertension phenotypes
categories comparisons are presented in Table 2. Patients in the distin-
guished categories did not differ with regard to gender, age, BMI index,
current smoking status and alcohol intake or history of hypertension. At
the baseline visit, distinguished categories differed in office SBP and
DBP values and average 24-hour SBP and DBP values, with the highest
values in UN category. In UN category there was a significantly higher
rate of chronic kidney disease than in INC (19.8 % % vs 13.5 %, p <
0.04). The prevalence of other comorbidities such as diabetes mellitus,
atrial fibrillation, coronary artery disease and stroke as well as labora-
tory results did not differ between analyzed categories. In addition, only
in the UN category the change in BMI index between visits was statis-
tically significant (28.7 + 4.5 vs. 29.3 £+ 5, p = 0.03).

In our analysis, the only factor differentiating deterioration-
worsening category from improvement or no-change category was the
number and percentage of patients from pandemic group (50 % % vs
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Fig. 1. Prevalence of hypertension phenotypes in pandemic and pre-pandemic group between visits.

39.7 %, p < 0.003).

Table 3 summarizes the antihypertensive drugs used in each category
at visit 1. The use of loop diuretics was more prevalent in the UN than in
the INC category. The usage of other drugs was lower in DW and INC
categories than in UN. The Supplementary Table 1 summarizes the
frequency of each drug class at the second visit.

In the DW category, the dosage of beta-blockers decreased as
compared to other categories. In the INC category, maintenance of
dosage was more common within beta-blockers and loop diuretics in
comparison to other categories. In the UN category, the dosage of cal-
cium channel blockers increased in comparison to other categories.

The prevalence of hypertension phenotypes within the pandemic and
pre-pandemic groups are presented in Fig. 1. At baseline visit, the
prevalence of hypertension phenotypes did not differ between groups (p
= 0.80). In the pandemic group, there was also no change in the fre-
quency of hypertension phenotypes at visit 2 compared with visit 1 (p =
0.08). In contrast, in the pre-pandemic group, the prevalence of SCH
increased at the second visit (28.8 % % vs 38.4 %, p < 0.01) while the
prevalence of SUCH decreased (34.2 % % vs 27.8 %, p < 0.01). Fig. 2
shows the transition between phenotypes. In the pre-pandemic group, a

greater number of patients with SCH maintained their phenotype than in
the pandemic group (64.5 % % vs 51.3 %, p < 0.01). Additionally, in the
pre-pandemic group, a greater proportion of patients with MH improved
to SCH than in the pandemic group (35.3 % % vs 25.2 %), while a
smaller proportion of patients with MH deteriorated to SUCH (19.3 % %
vs 29.4 %), however these differences did not reach statistical
significance.

In multivariable adjusted analysis of between categories differences
(Supplementary Table 1), any change in treatment was not a factor
related to deterioration of hypertension phenotype. The only significant
factor influencing the negative changes of hypertension phenotypes was
the COVID-19 pandemic period.

4. Discussion

Numerous studies have assessed the impact of the COVID-19
pandemic on BP control, but the results of these studies are inconsis-
tent. There are data that showed a lack of influence [8] or even
improvement in BP control during pandemic [15]. Increasing number of
studies however prove otherwise [5,6,16]. This study extends the
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Fig. 2. Panel A. Hypertension phenotypes at visit 2 in pandemic and pre-pandemic group in patients with masked hypertension on visit 1.

Panel B. Hypertension phenotypes at visit 2 in pandemic and pre-pandemic group in patients with white coat hypertension on visit 1.

Panel C. Hypertension phenotypes at visit 2 in pandemic and pre-pandemic group in patients with sustained controlled hypertension on visit 1.

Panel D. Hypertension phenotypes at visit 2 in pandemic and pre-pandemic group in patients with sustained uncontrolled hypertension on visit 1.

MH - masked hypertension; WCH — white coat hypertension; SCH - sustained controlled hypertension; SUCH - sustained uncontrolled hypertension; BP —

blood pressure.

Table 4
Antihypertensive drug classes taken at follow-up according to distinguished categories of hypertension phenotypes change between visits.
Deterioration-worsening Improvement or no-change Uncontrolled with no definite improvement or worsening p
(n = 298) (n = 828) (n = 293)
ACEI 90 (30.20 %) 246 (29.71 %) 92 (31.40 %) 0.86
ARB 151 (50.67 %) 405 (48.91 %) 143 (48.81 %) 0.86
CCB 184 (61.74 %) 508 (61.35 %)" 220 (75.09 %) < 0.001
BB 143 (47.99 %) 425 (51.33 %) 161 (54.95 %) 0.24
Thiazide 112 (37.58 %) 337 (40.70 %) 130 (44.37 %) 0.24
Loop 43 (14.43 %) 106 (12.80 %)” 59 (20.14 %) 0.01
K+ sparing diuretics 52 (17.45 %) 171 (20.65 %) 76 (25.94 %)“ 0.049
Other 46 (15.44 %) 110 (13.29 %)” 81 (27.65 %)“ < 0.001

ACEI - angiotensin converting enzyme inhibitors; ARB - angiotensin receptor blocker; BB — beta blockers; CCB — calcium channel blockers; Thiazide — thiazide and
thiazide-like diuretic; Loop — loop diuretic; Other — other antihypertensive treatment (alpha-blockers, central agents).
*p < 0.05 for differences between deterioration-worsening and improvement or no-change category.

# p < 0.05 for differences between improvement or no-change and uncontrolled with no definite improvement or worsening category.

& p < 0.05 for differences between uncontrolled with no definite improvement or worsening and deterioration-worsening category.

methodology used in previously published data [12,13] with a more
accurate hypertension phenotyping, which is an important complement
of common office and home BP measurements interpretation. By using
office BP and 24-hour ABPM, we determined the baseline hypertension
phenotypes as recommended by ESH 2023 Guidelines [17] and assessed,
whether they change from pre-pandemic to pandemic visits. In our
study, we confirmed the result of previous study, that the COVID-19
pandemic had not only a negative impact on BP control but also on
hypertension phenotype deterioration [12]. This study showed that the
expected improvement in hypertension phenotypes was observed in the
pre-pandemic period due to appropriate hypertension treatment and
patients’ control. The main finding during the pandemic was the lack of
a positive change in phenotypes despite treatment. These results suggest

that medical care in the pre-pandemic period worked more effectively,
patients were better monitored and changes in hypertension treatment
were implemented more effectively.

Unfortunately, we do not know the exact medical reasons for
changes in antihypertensive treatment in studied categories. The most
likely explanation for drug changes is medical indication, such as
bradycardia for beta-blockers, peripheral oedema for calcium channel
blockers, introduction of loop diuretics for uncontrolled hypertension
and renal diseases. However, this remains speculative.

Despite the outcome, that any change in treatment was not a factor
related to deterioration of hypertension phenotype, it can be observed,
that the highest prevalence of treatment changes was within the UN
hypertension category. Possible explanation is that patients from the UN
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Table 5
Changes in antihypertensive drug classes between visits according to distin-
guished categories of hypertension phenotypes change.

Deterioration- Improvement Uncontrolled p
worsening or no-change with no
(n = 298) (n = 828) definite
improvement
or worsening
(n =293)
ACEI 0.20
decreased 14 (4.70 %) 54 (6.52 %) 19 (6.48 %)
increased 29 (9.73 %) 59 (7.13 %) 32 (10.92 %)
unchanged 255 (85.57 %)  715(86.35%) 242 (82.59 %)

ARB 0.37

decreased 18 (6.04 %) 48 (5.80 %) 23 (7.85 %)
increased 29 (9.73 %) 92 (11.11 %) 40 (13.65 %)
unchanged 251 (84.23 %) 688 (83.09 %) 230 (78.50 %)
CCB <
0.0017“
decreased 35 (11.74 %) 93 (11.23 %) 22 (7.51 %)
increased 37 (12.42 %) 123 (14.86 %) 75 (25.60 %)
unchanged 226 (75.84 %)  612(73.91 %) 196 (66.89 %)
BB 0.005
W&
decreased 37 (12.42 %) 62 (7.49 %) 25 (8.53 %)
increased 31 (10.40 %) 75 (9.06 %) 48 (16.38 %)
unchanged 230 (77.18 %) 691 (83.45%) 220 (75.09 %)

Thiazide 0.32

decreased 32 (10.74 %) 59 (7.13 %) 27 (9.22 %)
increased 33 (11.07 %) 102 (12.32 %) 39 (13.31 %)
unchanged 233 (78.19 %) 667 (80.56 %) 227 (77.47 %)
Loop < 0.001
decreased 18 (6.04 %) 18 (2.17 %) 13 (4.44 %)
increased 12 (4.03 %) 29 (3.50 %) 25 (8.53 %)
unchanged 268 (89.93 %) 781 (94.32 %) 255 (87.03 %)
K+ sparing 0.04"
diuretics
decreased 11 (3.69 %) 37 (4.47 %) 15 (5.12 %)
increased 18 (6.04 %) 53 (6.40 %) 34 (11.60 %)
unchanged 269 (90.27 %) 738 (89.13 %) 244 (83.28 %)
Other < 0.001
##5&
decreased 10 (3.36 %) 27 (3.26 %) 21 (7.17 %)
increased 25 (8.39 %) 35 (4.23 %) 56 (19.11 %)
unchanged 263 (88.26 %) 766 (92.51 %) 216 (73.72 %)
Any change in 176 (59,06 %) 496 (59,9 %) 222 (75,77 %)~ <0.001
treatment

ACEI - angiotensin converting enzyme inhibitors; ARB — angiotensin receptor
blocker; BB — beta blockers; CCB — calcium channel blockers; Thiazide — thiazide
and thiazide-like diuretic; Loop — loop diuretic; Other - other antihypertensive
treatment (alpha-blockers, central agents); unchanged — the patient did not take
the medicine on either visit or took the same dose on both; increase — increasing
drug dosage or starting treatment on visit 2 over visit 1; decrease - decreasing
drug dose or drug withdrawal on visit 2 over visit 1.

" p < 0.05 for differences between deterioration-worsening and improvement
or no-change category.

# p < 0.05 for differences between improvement or no-change and uncon-
trolled with no definite improvement or worsening category.

& p <0.05 for differences between uncontrolled with no definite improvement
or worsening and deterioration-worsening category.

category require more medical supervision and more frequent visits.
Sometimes, they are also patients characterized by poor compliance.
Therefore, we believe that such patients may have the highest preva-
lence of drug treatment changes, however without of better BP control.

A growing number of research report an association between the
acute phase of COVID-19 infection and the BP raise [18,19]. Neverthe-
less, the patients analysed in our study did not have scheduled visits
during the acute phase of infection and soon after. For this reason we
believe that the COVID-19 infection itself did not significantly disturb
our results. Recently, attention has also been drawn to the adverse ef-
fects of SARS-CoV-2 vaccination on the increase in BP [18,20]. Although
such an effect appears to be rare and temporary [21], it did not affect the
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results of our study, as we started the recruitment substantially before
introduction of the first vaccine.

Hypertension is a major risk factor for cardiovascular mortality
world-wide [22], therefore, its proper diagnosis, treatment and control
are of great importance in any circumstances. By defining the hyper-
tension phenotypes among hypertensive patients, we complement the
diagnosis, which allows to better determine long term prognosis and
establish treatment as well as implement appropriate monitoring [23].
All these tasks were extremely challenging during the pandemic.

Recently, the diagnosis of WCH is of increased interest because some
studies have shown that WCH diagnosis increases the risk of develop-
ment SUCH, almost three times compared to true normotensives in-
dividuals [24]. A negative impact of WCH on carotid atherosclerosis
[25] or cardiac function [26] was also emphasized. Data also indicates
that WCH is an intermediate risk category situated between those with
normotension and SUCH [27]. The accurate diagnosis of MH is of even
greater importance due to its association with cardiovascular risk, which
has been confirmed in most studies, similar to that of SUCH [28,29].

Several previously published studies assessed the impact of the
pandemic on BP control [5-8]. However, to the best of our knowledge,
this is the first study analyzing its impact on the hypertension pheno-
types analyzed in the current report. Our study confirmed that in the
pre-pandemic period, patients treated at ESH Excellence Centers
improved their hypertension phenotypes i.e. the amount of SUCH
decreased, whereas SCH increased. However, similar expected
improvement was not observed during the pandemic period, suggesting
inadequate patient care or other interfering factors. Numerous factors
could have contributed to the lack of improvement in BP control. Among
them are difficulties in accessing medical facilities due to some re-
strictions related to lock-down as well as patients fear of getting infected
in public places. Although some studies show a positive impact of the
pandemic on daily habits, such as increasing physical activity or
improving diet [30], our study shows, that these changes may have been
insufficient in reducing or controlling BP. Adequate BP control is a
matter of great importance, because poorly controlled hypertension,
especially combined with additional risk factors such as increased body
weight, increases the risk of mortality from SARS-CoV-2 infection [31].
The results of our study emphasize the need of appropriate medical
surveillance during exceptional periods such as a global pandemic, as
similar circumstances may occur at other events. Of particular impor-
tance in this regard are improved access to medical care, especially
through the use of telemedicine solutions, and the wider use of
self-monitoring blood pressure devices and applications. The latter, as
well as long-term programs for remote monitoring and management of
cardiovascular disease, will ultimately have an impact on reducing
mortality from SARS-CoV-2 infection and any unprecedented circum-
stances in the future.

This study has some limitations including the insufficient knowledge
about patients’ adherence to treatment in long period between visits. We
did not include patients who had a significant change in their medical
history between visits. The next limitation is the representativeness of
results obtained mainly from patients treated in ESH Excellence Centers
for the wider spectrum of hypertensive patients. However, we assume
that there may have been the same or even worse effect on hypertension
phenotype during pandemic.

5. Conclusion

The effectiveness of treatment in the pre-pandemic period resulted in
hypertension phenotypes improvement, however in the pandemic this
effect was not observed. This result extends previous knowledge about
the negative impact of pandemic on the effectiveness of hypertension
treatment and emphasizes the need for searching better methods of
hypertension long term management.

Tables 4 and 5
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