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Abstract. COVID-19 and arterial hypertension: whether normal blood pressure is a sign of a benign course of COVID-
19. Kuryata O.V,, Frolova Ye.O., Stadnyk O.L., Semenov V.V. SARS-CoV-2 virus, which causes coronavirus disease 2019
(COVID-19), apart from respiratory manifestations, is able to directly affect the cardiovascular system. Therefore, different
from general population target values of blood pressure might be beneficial for the patients with COVID-19. The aim of this
study was to investigate whether conventional blood pressure control was associated with the severity of COVID-19. From 260
patients that were hospitalised to the unit subdivision of stable patients of COVID-center between March, 2020, and December,
2020, 163 patients with confirmed infection with SARS-CoV-2 virus and hypertension were selected. The patients were
distributed by hypertension control: blood pressure <140/90 mmHg (n=94) and blood pressure >140/90 mmHg (n=69).
Routine instrumental and laboratory investigations were registered and analysed. The patients were diagnosed and treated
according to national and European guidelines. The information about the control of blood pressure was taken from the
patients’ medical records. The group of patients with controlled hypertension had higher prevalence of females (p=0.03),
10 years higher median of age (p<0.01) and lower frequency of obesity (p=0.04). The patients with controlled hypertension
had lower median of pulmonary injury (p=0.04) and lower frequency of Sp0,<92% (p=0.02). Glomerular filtration
rate <60 ml/min and proteinuria were detected significantly more frequently in the patients with controlled hypertension
(p=0.02). In the presented study blood pressure below 140/90 mmHg before the admission to the hospital was associated with
a lower degree of pulmonary injury but with the higher frequency of nephropathy signs. Urine test and blood creatinine
monitoring might be beneficial for the patients with COVID-19 and hypertension.

Pedepar. COVID-19 Ta apTepianbHa rinepreHsisi: 44 € HOpMAILHUIN THCK 03HAKOIO 100posikicHOro nepediry COVID-
19. Kypsita O.B., @pogona €.0., Cragauk O.1., CemenoB B.B. Bipyc SARS-CoV-2, axuii 6uxiuxae KOpoHagipycHy Xeopooy
2019 (COVID-19), kpim pecnipamopHux nposeis, 30ameH 6e3nocepeonbo BNIUBAMU Ha cepyeo-cyOunHy cucmemy. Tomy ons
nayienmig 3 COVID-19 mooce Oymu OOYinbHUM GUKOPUCTMAHHSA BIOMIHHUX 8I0 3A2ATbHONONYIAYIIHUX YLIbOBUX 3HAYEHb
apmepianbHo2o mMucky. Memoio yb02o 00CHiONHCeHHs OYI0 O00COUMU  aAcoyiayito Mixc MpaouyiiHum KOHMpoaem
apmepianvHozo mucky ma madxckicmio nepebdicy COVID-19. 3 260 nayicumis, axi 6yau eocnimanizogaui 0o 6i00ineHHs
cmabinvnux xeopux COVID-yenmpy 6 nepioo 3 bepests 2020 poxy do epyona 2020 poky, 6yno eidioparo 163 nayicnmu 3
niomeepoicenoio inghexyiero sipycom SARS-CoV-2 ma apmepianvrhoio einepmensiero. [layicumu Oynu po3nooineHi 8i0nosioHo
00 KOHMpOIO apmepianvhoi einepmensii: apmepianohutl muck <140/90 mm pm. cm. (n=94) ma apmepianvhuii muck
>140/90 mm pm. cm. (n=69). Peecmpysanu ma ananizyéanu pymuHHi IHCMPYMEHMALbHI Ma J1a00pamopHi OOCIIONCEHHSL.
Tayienmam ecmarnogmosanu diacHo3 ma npoeoouu JIiKY8aHHsL 6iON0GIOHO 00 HAYIOHATILHUX MA EGPONEUCHKUX PEKOMEHOAYIL.
ITnghopmayia npo konmpone apmepianbHo2o MUcKy 6y1a 63ama 3 MeouuHoi oKymenmayii nayieumis. Y epyni nayieHmie 3
KOHMPOTIbOBAHOI0 APMEPIAIbHOIO 2inepmen3ieto nepesadicanu ocodu sicinoyoi cmami (p=0,03), mediana 6ixy 6yna na 10 pokis
suworo (p<0,01), a uacmoma ooxcupinna — nuoicuoro (p=0,04). Ilayienmu 3 KOHMPOTLOBAHOK APMEPIATLHOI 2INEPMEH3IEI0
manu menuy meoiany 6iocomkie ypascenns nezens (p=0,04) ma menuwty yacmomy Sp0:<92% (p=0,02). Llleuokicme
K1y60uKk080i ¢hinempayii <60 mn/xe ma npomeiHypis 0OCMOSIPHO yYacmilie BUABTANUCA 8 NAYIEHMIE 3 KOHMPOIbOBAHOIO
apmepianvtoro cinepmensiero (p=0,02). V npeocmasnenomy docniodcenti apmepianoHuti muck Hudxcde 140/90 mm pm. cm.
nepeo 20ChImani3ayiero acoyito8asest 3 MEHWUM CIYNEHeM YPadiCeHHs 1e2etb, ale 3 DLIbUIOI0 YACMOMmO0 03HAK Hegponamii.
Monimopune ceui ma kpeamuniny Kpogi modice Oymu kopucHum ons nayienmie 3 COVID-19 ma apmepianvHoio 2inepmensiero.

The outbreak of coronavirus disease 2019 put healthcare systems worldwide under an unpre-
(COVID-19), which is caused by severe acute respi- cedented load [1]. During this pandemic, naturally,
ratory syndrome coronavirus 2 (SARS-CoV-2) virus, respiratory complications of the infection were
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mainly in focus, dragging the attention away from
other pathologies, including cardiovascular [2,3]. For
instance, during the pandemic there was a drop in
atrial fibrillation diagnosis [3] while cardiovascular
mortality increased [2]. SARS-CoV-2 virus is ca-
pable of directly damaging the cardiovascular system
[4]. Thus, individuals with cardiovascular pathology
suffering from COVID-19 might require additional
care in order to improve their outcomes.

Despite suggestions that hypertension (HTN) was
associated with the worse prognosis of COVID-19
[1], currently there is no evidence that HTN per se is
a risk factor of a poor outcome [5]. The telehealth
technologies are widely introduced in management of
stable patients [6, 7], including self-assessment by
patients themselves. Similarly, self-isolated patients
with COVID-19 and HTN should monitor their BP
without attending a hospital [5]. Given the ability of
SARS-CoV-2 virus to directly affect the cardio-
vascular system, different from general population
target values of blood pressure (BP) might be bene-
ficial for the patients with COVID-19.

The aim of this study is to investigate whether
conventional BP control is associated with the
severity of COVID-19.

MATERIALS AND METHODS OF RESEARCH

Between March, 2020, and December, 2020,
260 patients with confirmed infection with SARS-
CoV-2 virus were hospitalised to the unit of stable
patients of COVID-center, Mechnikov Dnipro-
petrovsk Regional Clinical Hospital, Dnipro, Uk-
raine. From those 163 patients with the diagnosis of
HTN were selected. COVID-19 was confirmed using
a nasopharyngeal polymerase chain reaction swab
[8]. Pneumonia was diagnosed using chest computed
tomography or chest X-ray investigation [8]. All the
patients in the study had a non-severe course of
COVID-19, did not require treatment in the intensive
care unit and were discharged to outpatient healthcare
facilities. The patients in the study received short-
term oxygen support via cannula. The patients were
diagnosed and treated according to national guidelines
[8, 9]. The patients were distributed into two groups
according to the control of HTN: BP<140/90 mmHg
(n=94) and BP>140/90 mmHg (n=69).

The diagnosis of HTN was confirmed from the
medical records of the patient or if the patient had a
history of treatment with antihypertensive drugs.
Control of HTN was assessed according to 2018
European Society of Cardiology Guidelines on treat-
ment of hypertension [10]. Discontinuation of anti-
hypertensive drugs was not recommended to hospi-
talised patients. HTN was considered as controlled in
patients with BP<140 mmHg before the admission to
the hospital. The information about the control of BP
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was taken from the patients’ medical records. Obesity
was diagnosed in patients with body mass index
above 25 kg/m*[11].

Laboratory assessment included: clinical blood
count; blood glucose, creatinine, albumin, bilirubin,
alanine aminotransferase (ALT), aspartate amino-
transferase (AST), total cholesterol, chloride, sodium,
potassium, C-reactive protein (CRP), ferritin measu-
rement; coagulation tests (activated partial thrombo-
plastin time (APTT), international normalized ratio
(INR) and fibrinogen); urine test [8, 9]. Glomerular
filtration rate (GFR) was calculated using CKD-EPI
equation [12]. Intake of non-steroid anti-inflam-
matory drugs (NSAIDs) before the admission to the
hospital (acetylsalicylic acid, paracetamol or ibupro-
fen) was assessed.

The study was approved by the Ethical Committee
of Dnipro State Medical University (protocol No. 9
from 24.05.2023) and was conducted in accordance
with patients’ written permission on the data collection
and processing and in compliance with the Helsinki
Declaration “Ethical principles for medical research
involving human subjects” and “Universal Declaration
on Bioethics and Human Rights (UNESCO)”.

The data were processed and analysed using
LibreOffice and R (version 4.2.1) software [13, 14].
The type of numeric data distribution was assessed
using the Shapiro-Wilk test. As the majority of the
numeric variables had non-parametric type of distri-
bution, for their presentation median, 1st and 3rd
quartiles (Me [1st;3rd quartile]) were used. Compa-
rison of numeric variables between groups was
performed using the U-Mann-Whitney test. Catego-
rical data were presented as n (%) and were compared
using Chi-squared test. Missing data were omitted
from calculations. The level of p-value <0.05 was
chosen for the confirmation of statistical hypotheses.

RESULTS AND DISCUSSION

Gender distribution of the patients in the study was
almost equal (Table 1). 52.8% of the patients in the
study were obese. Less than 25% of patients had
massive COVID-19-related lung injury (>50%) or
significant decrease of SpO;(<92%) at the moment of
admission to the hospital. The group of patients with
controlled HTN had higher prevalence of females
(p=0.03), 10 years higher median of age (p<0.01) and
lower frequency of obesity (p=0.04). The patients
from both groups spent the same time in the hospital,
but the patients with controlled HTN were hospi-
talised earlier (p=0.01). NSAIDs were used more
frequently by the patients with uncontrolled HTN
(p=0.02). The patients with controlled HTN had
lower median of pulmonary injury (p=0.04) and
lower frequency of Sp02<92% (p=0.02).
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Table 1
Clinical and instrumental data of the patients
with HTN subdivided by control of blood pressure
Parameter HTN (n=163) (ll];]l)czoln 4t ;7;};%111’21;) (BCP0<n]t:8;l9€;)(; 2111;4) p-value

Females, n (%) 80 (49.1) 27 (39.1) 53 (56.4) 0.03
Males, n (%) 83 (50.9) 42 (60.9) 41 (43.6)

Age, years 65.0 [57.5;73.0] 60.0 [53.0;69.0] 70.0 [59.0;74.0] <0.01
Obese, n (%) 38 (52.8) 19 (67.9) 19 (43.2) 0.04
SBP, mmHg 130.0 [120.0;142.0] 150.0 [140.0;160.0] 120.0 [120.0;130.0] <0.01
DBP, mmHg 80.0 [80.0; 89.0] 90.0 [80.0;100.0] 80.0 [80.0;80.0] <0.01
Days of disease before 10.0 [7.0;11.0] 10.0 [8.5;11.0] 9.0 [6.0;11.0] 0.01
hospitalisation

Days spent in hospital 10.0 [8.0;13.0] 10.0 [8.0;13.0] 10.0 [8.0;13.0] 0.37
NSAIDs usage, n (%) 184 (70.8) 67 (80.7) 117 (66.1) 0.02
Lung injury, % 18.0 [10.0;30.0] 30.0 [15.0;38.8] 15.0 [10.0;25.0] 0.04
Lung injury>50%, n (%) 16 (13.6) 5(11.4) 11 (14.9) 0.59
SpO2, % 95.0 [92.5;97.0] 95.0 [90.0;97.0] 95.0 [93.0;97.0] 0.47
Sp0:<92%, n (%) 41 (25.2) 24 (34.8) 17 (18.1) 0.02

Note: p-value corresponds to the comparison between the patients with uncontrolled and controlled HTN.

Median blood glucose of the patients was 6.6 normal thresholds (Table 2). 31.8% of the patients
[5.9;8.0] and exceeded the upper-normal threshold. had GFR lower than 60 ml/min and 33.8% of
Medians of ALT and AST were close to the upper-  patients had proteinuria.

Table 2
Routine blood and urine tests subdivided by blood pressure control
_ Uncontrolled HTN Controlled HTN
Parameter HIN (n=163) (BP=140/90) (n=69) (BP<140/90) (n=94) p-value

Leukocytes, 10/1 6.5[4.5;9.6] 5.3[4.5;8.8] 7.9 [4.6;9.6] 0.21
Erythrocytes, 10"/ 4.8[4.3;5.1] 4.8 [4.4;5.1] 4.8 [4.1;5.1] 0.16
Hb, g/l 136.0 [124.0;152.0] 140.0 [124.0;150.0] 135.0 [124.0;152.0] 0.93
Anemia, n (%) 34 (22.1) 13 (18.8) 21 (24.7) 0.38
Platelets, 10°/1 227.0 [148.0;293.8] 248.0 [168.0;358.0] 218.0 [145.0;268.0] 0.01
Proteinuria, n (%) 45 (33.8) 13 (22.8) 32 (42.1) 0.02

Note: p-value corresponds to the comparison between the patients with uncontrolled and controlled HTN.

Medians of CRP, ferritin and fibrinogen were far the differences in the levels of chloride, bilirubin and
above upper-normal limits. In the group with controlled ~ALT between groups, their levels were within normal
HTN lower median of platelets (p=0.01), GFR (p<0.01), ranges. Proteinuria was detected significantly more
and chloride (p<0.01), and higher median of bilirubin  frequently in the patients with controlled HTN (p=0.02).
(p=0.03), ALT (p=0.02) (Table 3) was detected. Despite
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Table 3
Blood chemistry and electrolytes subdivided by blood pressure control
Parameter HTN (n=163) (I]J;;)czoln ;(1;791};;11([]1-[:"1;1;1) (B(i,(;lllt:;,)};e()(; 2121;14) p-value
Glucose, mmol/l 6.6 [5.9;8.0] 6.6 [6.257.7] 6.5 [5.7;8.1] 0.13
Albumin, g/l 39.0 [36.0;41.6] 38.8 [36.3;41.6] 39.1 [36.0;40.4] 0.37
Bilirubin, memol/l 9.1[6.1;10.3] 8.5 [5.5;10.0] 9.2 [6.3;10.9] 0.03
ALT, IU/ 27.1 [19.7;43.8] 23.2 [17.7;42.2] 32.7 [20.2;45.7] 0.02
AST, U/ 31.7 [27.1;41.9] 30.6 [26.4;33.9] 32.3 [27.6;44.8] 0.09
Cholesterol, mmol/l 3.2 [2.8;3.4] 3.1[2.8;3.4] 3.2 [3.2;4.2] 0.42
GFR, ml/min 66.8 [55.0;89.0] 82.0 [61.8;97.2] 62.0 [49.5;76.6] <0.01
GFR<60 ml/min, n (%) 49 (31.8) 13 (20.3) 36 (40.0) 0.01
CRP, mg/dl 50.8 [28.1;95.5] 41.9 [33.5;75.1] 60.1 [8.3;126.5] 0.90
Ferritin, mcg/1 435.3 [347.65733.1] 442.6 [316.25733.1] 405.8 [349.6;721.0] 0.42
APTT, sec 27.5[24.8;31.4] 29.0 [24.8;31.8] 25.5[24.8;31.3] 0.18
INR 1.1 [1.0;1.1] 1.0 [1.0;1.2] 1.1 [1.0;1.1] 0.27
Fibrinogen, g//1 6.0 [4.9;6.7] 5.5 [5.0;6.4] 6.2 [4.9;6.7] 0.46
Chloride, mmol/l 98.7 [98.4;102.0] 102.0 [102.0;104.7] 98.4 [95.0;99.9] <0.01
Sodium, mEq/1 139.0 [137.5;140.0] 139.0 [139.0;142.0] 138.0 [134.5;139.0] 0.09
Potassium, mmol/l 4.7 [4.6;5.1] 4.9 [4.6;5.3] 4.7 [4.4;5.0] 0.22

Note: p-value corresponds to the comparison between the patients with uncontrolled and controlled HTN.

In the presented study the patients with uncontrolled
BP before the admission to the hospital had a slightly
higher percent of pulmonary injury and percent of
patients with decreased blood saturation, but also higher
frequency of GFR<60 ml/min and proteinuria.

Uncontrolled BP deteriorates the course of COVID-
19, probably via hypertension-mediated organ damage
and vascular injury [1]. Results of our study partially
confirm this idea. Despite being older and having a
higher percent of patients with renal pathology, the
patients with controlled BP had more benign pulmonary
injury (Table 3). Females who suffer from non-severe
forms of COVID-19 (like in the present study) have
better prognosis of survival than males [15]. Higher
frequency of females also may explain a more benign
course of the disease in the group of the patients with
controlled HTN. The patients with uncontrolled BP
were more frequently diagnosed with obesity that could
explain higher pulmonary injury percentage and lower
saturation in the group [16].

In the present study the patients with controlled
HTN had less severe course of COVID-19 in terms of
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percent of pulmonary injury and saturation, despite
more advanced age and worse renal function. These
findings reconfirm the importance of BP control in
patients with COVID-19, as uncontrolled HTN may
contribute to COVID-related vasculopathy and or-
gan damage [1]. Nevertheless, a significant dif-
ference in sex and age distribution between groups
was likely to influence the results of the study and
will need further investigation.

Higher proportion of patients with proteinuria and
GFR<60 ml/min in the group of patients with
controlled BP is unexpected, as HTN is recognised as
a common sign of nephropathy [17]. However, in
case of COVID-19 it might be related to the direct
renal damage by virus (coronavirus associated ne-
phropathy — COVAN) [18,19]. It may be hypo-
thesised that the normalisation of BP is developed via
the loss of electrolytes by kidneys with the sub-
sequent dehydration. This idea is indirectly confirmed
by the slightly lower levels of chlorides (p<0.01),
sodium (p=0.09) and potassium (non-significant) in
the patients with controlled BP. Thus, it may be
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recommended to monitor urine tests and blood
creatinine in patients with COVID-19 and HTN,
especially in case of controlled BP. This recom-
mendation might be of a greater importance, given
that the virus mutation might result in increased
tropism to kidneys, which has already been observed
in the study by Portoles et al. [20].
CONCLUSIONS

1. In the presented study blood pressure below
140/90 mmHg before the admission to the hospital was
associated with a lower degree of pulmonary injury but
with the higher frequency of nephropathy signs.

2. Urine test and blood creatinine monitoring
might be beneficial for the patients with COVID-19
and hypertension.
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