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BACKGROUND: Cardiovascular diseases including arterial hypertension are common comorbidities among patients hospitalized
due to COVID-19. We assessed the influence of preexisting hypertension and its pharmacological treatment on in-hospital
mortality in patients hospitalized with COVID-19.

METHODS: We studied all consecutive patients who were admitted to the University Hospital in Krakow, Poland, due to COVID-19
between March 2020 and May 2021. Data of 5191 patients (mean age 61.9216.7 years, 45.2% female) were analyzed.

RESULTS: The median hospitalization time was 14 days, and the mortality rate was 18.4%. About a quarter of patients had an
established cardiovascular disease including coronary artery disease (16.6%) or stroke (7.6%). Patients with hypertension
(58.3%) were older and had more comorbidities than patients without hypertension. In multivariable logistic regression analysis,
age above median (64 years), male gender, history of heart failure or chronic kidney disease, and higher C-reactive protein
level, but not preexisting hypertension, were independent risk factors for in-hospital death in the whole study group. Patients
with hypertension already treated (n=1723) with any first-line antihypertensive drug (angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, beta-blockers, calcium channel blockers, or thiazide/thiazide-like diuretics) had a significantly
lower risk of in-hospital death (odds ratio, 0.25 [95% Cl, 0.2-0.3]; A<0.001) compared to nontreated hypertensives (n=1305).

CONCLUSIONS: Although the diagnosis of preexisting hypertension per se had no significant impact on in-hospital mortality
among patients with COVID-19, treatment with any first-line blood pressure—lowering drug had a profound beneficial effect
on survival in patients with hypertension. These data support the need for antihypertensive pharmacological treatment during
the COVID-19 pandemic. (Hypertension. 2022;79:2601-2610. DOI: 10.1161/HYPERTENSIONAHA.122.19575.)
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t would be difficult to indicate another phenomenon in daily life, has led to a crisis in health care systems
in recent history that has changed the lives of people  causing millions of serious health complications and over
around the world as significantly as the COVID-19." 6.3 million deaths worldwide.? Cardiovascular diseases,

Indeed, COVID-19, despite unprecedented restrictions  arterial hypertension, and diabetes were identified very
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Hypertension and In-Hospital Mortality in COVID-19

NOVELTY AND RELEVANCE

What Is New?

Our study for the first time confirms the importance of anti-
hypertensive treatment for the improvement of survival in
patients with hypertension hospitalized due to COVID-19.

What Is Relevant?

The use of each main antihypertensive drug class
improves the prognosis of patients with hypertension
hospitalized with COVID-19.

Clinical/Pathophysiological Implications?

Study results provide strong support for the use of anti-
hypertensive treatment during the COVID-19 pandemic,
thus there is no reason to discontinue or change the

given antihypertensive drug only because of the fact of
the SARS-CoV-2 infection.

Nonstandard Abbreviations and Acronyms

ACE angiotensin-converting enzyme
ARB angiotensin receptor blocker
BP blood pressure

HF heart failure

ICU intensive care units

IL interleukin

NT-proBNP N-terminal pro-brain natriuretic peptide

early as common comorbidities, particularly in patients
hospitalized due to COVID-1934 Further publications
have provided evidence for the prognostic significance
of these diseases for the COVID-19 severity and mortal-
ity57” Accordingly, the World Health Organization stated
that people with preexisting noncommunicable diseases,
including hypertension, appeared to be more vulnerable
to developing a severe form of COVID-19.28 Initial stud-
ies also reported arterial hypertension as an independent
predictor of COVID-19 severity as indicated by the need
for hospitalization, occurrence of acute respiratory dis-
tress syndrome, admission to intensive care units (ICU),
and mortality.”® However, recent studies have shown that
hypertension may not represent an independent predic-
tor of mortality in COVID-19, particularly after accounting
for age and other comorbidities in adjusted analyses.'®'®
The role of antihypertensive treatment and more specifi-
cally, the relevance of renin-angiotensin-system blockers
was also extensively discussed and investigated dur-
ing the initial phase of the COVID-19 pandemic."%3"5
This was largely driven by the hypothesis that treatment
with renin-angiotensin-system-blockers, that is, ACE
(angiotensin-converting enzyme) inhibitors or angioten-
sin receptor blockers (ARB), may increase the risk for
COVID-19 based on an unfavorable interaction with
ACEZ2 representing the cell-entry receptor for the SARS-
CoV2 virus."® However, a large number of original studies
and meta-analyses discarded the initial findings suggest-
ing poorer COVID-19 outcomes in patients using ACE
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inhibitors/ARB.'” Nevertheless, the relevance of preex-
isting hypertension, its treatment as well as blood pres-
sure (BP) control through treatment among patients with
COVID-19 are still not clear and represent important
knowledge gaps.'3'®

The aim of the current study was to assess the influ-
ence of diagnosed arterial hypertension and its treatment
with first-line BP-lowering drugs on in-hospital mortality
in patients with COVID-19, including the impact of other
risk factors and comorbidities.

METHODS

In this retrospective study, all consecutive patients who were
admitted between 6 March 2020 and 13 May 2021 to the
University Hospital in Krakow (Poland), which was converted
temporarily into an infectious disease hospital dedicated only
to COVID-19 treatment, were included in this study (CRACoV-
HHS Study [Cracow in COVID Pandemics - Home, Hospital
and Staff]). Data available on request from the authors. Patients
were admitted from the whole Malopolska Voivodship and
neighboring regions. The Matopolska Voivodship is one of 16
administrative regions in Poland with its capital in Krakow. Over
3.4 million people live in an area of 15108 square kilometers,
mostly Poles of White descent.

Patients were diagnosed with COVID-19 according to World
Health Organization and Polish guidelines with the use of real-
time polymerase chain reaction.'®2" The treatment algorithm for
COVID-19 was in accordance with the recommendations of the
Polish Association of Epidemiologists and Infectiologists. 22!
Individual patient data were obtained from the Hospital Information
System. Information on diagnosis of hypertension, other cardio-
vascular risk factors, and comorbidities were identified based
on the medical history of prehospital diagnoses. Importantly, the
diagnosis of hypertension was based on prehospital data about
hypertension diagnosis or treatment. Diagnosis of hyperten-
sion was based on the current European Society of Cardiology
Guidelines,® that is, systolic BP 2140 mmHg or diastolic 290
mmHg measured at two different ambulatory visits. BP values
obtained at admission to the hospital due to COVID-19 were not
considered as a criterion for hypertension diagnosis. Prehospital
diagnosis of hyperlipidemia and diabetes was established accord-
ing to criteria provided by the European Guidelines,?*?* whereas
obesity was defined as body mass index =30 kg/m?. Data on

Hypertension. 2022;79:2601-2610. DOI: 10.1161/HYPERTENSIONAHA.122.19575



Wojciechowska et al

drug treatment including antihypertensive treatment were also
obtained from in-hospital medical records. The primary end point
of our study was in-hospital mortality from any cause. The study
was approved by the Jagiellonian University Ethics Committee,
decision number 1072.6120.278.2020. The retrospective nature
of the analysis precluded the collection of separate informed
consents. Before admission, each patient signed an agreement
to be hospitalized and to have their data processed. Approval by
the Local Ethics committee was granted to use anonymized data
from Hospital Information System for this study.

Statistical Analysis

We used the SAS software, version 9.3 (SAS Institute, Cary,
NC), for database management and statistical analysis. The
results were expressed as numerical values and percentages
for categorical variables and mean values and SD if normally
distributed (assessed using the Kolmogorov-Smirnov test) or
median and interquartile range for continuous variables. To
test the differences between patients with COVID-19 with
and without preexisting hypertension and between treated
and untreated hypertensives in means and proportions, we
applied the t test and the %2 statistic, respectively, while in
the case of nonparametric data, the Wilcoxon Rank-sum test
was used. We also adjusted these differences for age by
means of a general regression model. In multivariable logis-
tic regression, we searched for possible covariates of the
likelihood of in-hospital death. Then odds ratios and corre-
sponding 95% CI were calculated for covariates influencing
in-hospital death. Then, separate models were constructed
for patients with and without hypertension, treated and
untreated hypertensives as well as for patients with cardio-
vascular risk factors but without comorbidities, that is, coro-
nary artery disease and stroke or heart failure and chronic
kidney disease and selected drugs used in pharmacological
treatment. We also constructed separate models for each
antihypertensive drug class to assess the effect of their use
in patients with hypertension (each model besides the antihy-
pertensive drug class use versus not use, included: age, gen-
der, diabetes, atrial fibrillation, coronary artery disease, heart
failure, stroke, chronic kidney disease, chronic obstructive
pulmonary disease, cancer, and increase of highly sensitive
C-reactive protein). Patients with missing data were excluded
from regression analyses. In all analyses, a P value of <0.05
was considered statistically significant.

RESULTS

During analyzed period a total of 5191 patients (mean
age, 61.91 16.7 years) were hospitalized due to COVID-
19 and completed their hospital course (ie, from admis-
sion to discharge or death). The study sample comprised
2348 women (mean age, 62.6+179 years) and 2843
men (mean age 61.2+15.6 years). A preexisting diag-
nosis of arterial hypertension was recorded in 3028
patients (58%), rendering this diagnosis the most com-
mon cardiovascular risk factor, followed by diabetes
(26.2%), hyperlipidemia (20.7%), and obesity (17.5%,
Table 1). The prevalence of preexisting chronic diseases
is summarized in Table 1; about a quarter of patients had
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an established cardiovascular disease, that is, coronary
artery disease (16.6%) or stroke (7.6%).

The median time of hospitalization was 14 days
(Table 2). Admission to the ICU was needed in 12.2%
of patients, and the median length of ICU stay was 11
days. The overall in-hospital mortality was 18.4% (953
of 5191 patients, Table 2). In-hospital mortality was sig-
nificantly higher among patients older than 64 years (the
median age in the study cohort) compared to younger
patients (14.7% versus 3.6%, P<0.01).

Overall, 33.2% of patients were treated with first-line
BP-lowering drugs, including 14.7% of patients using
ACE inhibitors, 5.3% ARBs, 28.9% B-blockers, 13.5%
calcium channel blockers, 6.5% thiazide or thiazide-like
diuretics; 30% were treated with loop diuretics. Statins
were used in 13.9%, antiplatelet drugs in 14.6%, new
oral anticoagulants in 6.1%, and vitamin K antagonists in
1.0% of patients (Table 2).

Comparison of Patients With and Without
Hypertension

Patients with hypertension were older and had a higher
prevalence of other cardiovascular risk factors including
hyperlipidemia (31.2% versus 6.2%), diabetes (37.2%
versus 10.8%), and obesity (20.0% versus 13.9%)
than those without hypertension after adjusting for
age (P<0.0001). Patients with hypertension had also
more comorbidities and were more frequently treated
with cardiovascular medications, including BP-lowering
drugs (Tables 1 and 2). The prevalence of in-hospital
death in patients with hypertension was almost 2x
higher than in patients without hypertension (22.2%
versus 12.9%, P=0.02, after adjusting for age). The
median length of hospitalization was longer in hyper-
tensives than in patients without hypertension (Table 2);
however, the need for admission to the ICU and the
length of stay in the ICU were similar in both groups
(Table 2). Compared with patients without hypertension,
patients with hypertension had (at admission) higher
systolic BP, mean BPF, and pulse pressure, but not dia-
stolic BP. Patients with hypertension had significantly
higher respiratory rates and NT-proBNP levels than
patients without hypertension (P<0.05 after adjust-
ing for age; Table 2), whereas blood oxygen saturation,
heart rate, and immune-inflammatory markers at admis-
sion were similar in both groups (Table 2).

Comparison of Patients With Hypertension
Treated and Untreated With First-Line BP-
Lowering Drugs

Among 3028 patients with hypertension, 1723 (57%)
were treated with first-line BP-lowering medications,

whereas 1305 (43%) were not. In comparison to
untreated patients, those with treated hypertension
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Table 1. Initial Characteristics of the Patients

= Of 3028 patients with history of
g History of hypertension hypertension
n<: Characteristics All No Yes Treated” Untreated* P valuet
5 Number 5191 2163 3028 1723 1305
‘E Aget, y 61.9 (16.7) 52.8 (17.3) 68.3 (12.7) 68.1 (12.8) 68.8 (12.6) 0.21
g Female, n (%) 2348 (45.2) 998 (46.1) 1350 (44.6) 798 (46.3) 552 (42.3) 0.028
BMI,§ kg/m? 29.1 (5.78) 27.9 (5.47) 30.0 (5.84)| 30.1 (6.0) 29.9 (5.6) 0.70
Preexisting disorders, n (%)
Hyperlipidemia 1075 (20.7) 134 (6.20) 941 (31.1) || 591 (34.3) 350 (26.8) <0.0001
Diabetes 1361 (26.2) 233 (10.8) 1128 (37.2) || 652 (37.8) 476 (36.5) 0.44
Coronary artery 864 (16.6) 119 (5.50) 745 (24.60) | | 429 (24.9) 316 (24.2) 0.66
disease
Stroke 394 (7.59) 65 (3.01) 329 (10.9) || 206 (12.0) 1283 (9.4) 0.027
Heart failure 509 (9.81) 87 (4.02) 422 (13.9) || 237 (13.8) 185 (14.2) 0.74
Atrial fibrillation 641 (12.3) 112 (5.18) 529 (175) || 304 (17.6) 225 (17.2) 0.77
Asthma 316 (6.09) 109 (5.04) 207 (6.84) 110 (6.4) 97 (7.4) 0.26
COPD 276 (56.32) 54 (2.50) 222 (7.33) || 106 (6.15) 116 (8.9) 0.004
CKD 483 (9.3) 92 (4.25) 391 (12.9) || 212 (12.3) 179 (13.7) 0.25
Cancer 624 (12.0) 238 (11.0) 386 (12.7) 214 (12.4) 172 (13.2) 0.53

Data are presented as mean (SD) or median (interquartile range) or number (%). BMI indicates body mass index; CKD, chronic kidney
disease; and COPD, chronic obstructive pulmonary disease.
“Treatment with any of first-line antihypertensive drugs (ie, B-blockers, angiotensin-converting enzyme inhibitors; angiotensin receptor

blockers; thiazide diuretics, calcium channel blockers).

tP for differences between patients with hypertension treated and untreated due to hypertension.

+Age median=64 (Q1-Q3: 51-74);
§Data are available in 2403 patients.

||P<0.05 for adjusted to age differences between patients with and without hypertension.

were more commonly women and had higher prehos-
pital prevalence of diagnosed hypercholesterolemia
and stroke but less frequently chronic obstructive
pulmonary disease (Table 1). Treated hypertensive
individuals were also characterized by higher BP val-
ues and oxygen saturation at admission, while lower
heart rate, respiratory rate, CRP (C-reactive protein),
IL (interleukin) 6, and D-Dimer levels than untreated
hypertensives (Table 2). Of note is that the number
of in-hospital deaths in patients with hypertension
who were treated by any drug belonging to the first-
line BP-lowering drug class (ie, ACE inhibitors, ARB,
[-blockers, calcium channel blockers, or thiazide/
thiazide-like diuretics) was significantly lower than in
untreated hypertensives (Table 2).

Independent Predictors of In-Hospital Death

We used multivariable logistic regression analysis to iden-
tify independent predictors of in-hospital death. In these
analyses, age above a median of the cohort, male gender,
and a history of heart failure or chronic kidney disease
as well as increased hsCRP (high-sensitivity CRP) level
were independent predictors of in-hospital death, while
a preexisting diagnosis of hypertension was not (Fig-
ure 1). The use of first-line BP-lowering drugs, however,
improved in-hospital survival in the whole study group
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(Figure S1). In sensitivity analysis, we also assessed
whether differences between pandemic periods may
have influenced the relationship between hypertension
and its treatment with mortality outcome. Accordingly,
the pandemic period in our study was divided into three
separate periods (waves) reflecting the trends of admis-
sion increase: (1) from March 6 to July 31, 2020; (2)
from August 1 to January 31, 2021; (3) from February
1, 2021 to May 13, 2021. Independently of admission
period, hypertension diagnosis did not influence in-hos-
pital mortality, whereas BP-lowering drug use improved
prognosis (Figure S1).

In further analysis, we assessed in more detail the role
of treatment status with first-line BP-lowering drugs in
patients with hypertension. This analysis revealed that
use of any drug belonging to the first-line BP-lowering
drug classes was associated with reduced mortality
(odds ratio, 0.25 [95% ClI, 0.20-0.30]; A<0.001) (Fig-
ure 2). In this analysis, older age, increased hsCRP, his-
tory of coronary artery disease, heart failure, and chronic
kidney disease were also independent predictors of
in-hospital death (Figure 2; Figure S2A and S2B). The
positive influence of antihypertensive drug treatment on
survival in COVID-19 persisted after inclusion into the
model the treatment with other cardiovascular drugs
including statins, antiplatelet drugs, heparins, and new
oral anticoagulants (Figure S3A and S3B).
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Table 2. Clinical Characteristics, Drug Therapy, and Outcomes During Hospitalization

Of 3028 patients with history of hyper- g
History of hypertension tension =
Characteristics All No Yes Treated” Untreated* P valuet E
Number 5191 2163 3028 1723 1305 %
Parameters on admission =
=
SBP# mmHg 130.5 (22.3) 127.3 (19.5) 132.6 (23.7)8 135.4 (23.0) 128.9 (24.2) <0.001 m
DBP# mmHg 79.0 (14.3) 79.3 (13.3) 78.9 (14.9) 80.5 (14.5) 76.8 (15.2) <0.001
PP# mmHg 51.4 (16.7) 48.0 (14.3) 53.7 (17.8) § 54.9 (17.9) 52.1 (17.5) <0.001
MAP# mmHg 96.2 (15.5) 95.3 (14.1) 96.8 (16.3) § 98.8 (15.7) 94.2 (16.8) <0.001
Heart rate$/min 85.7 (16.4) 87.1 (16.7) 84.9 (16.2) 83.6 (14.9) 86.6 (17.7) <0.001
Respiratory rate+/min 15 (12-18) 14 (12-16) 16 (14-18) § 14 (12-18) 16 (14-20) <0.001
Oxygen saturation,¥ % 95 (92-97) 95 (93-97) 94 (92-97) 95 (92-97) 94 (91-96) <0.001
hsCRP# mg/L 50.9 (15.2-103.5) | 42.8 (9.78-98.9) 55.1 (20.1-106) 46.8 (14.9-93) 69.9 (28.3-119) <0.001
D-dimer,# pg/mL 0.95 (0.53-2.02) 0.84 (0.47-1.85) 1.02 (0.57-2.12) 0.94 (0.55-1.83) 1.14 (0.62-2.65) <0.001
IL6, pg/mL# 32.8 (12.3-75.5) 28.2 (10.8-70.3) 35.3 (14.2-77.9) 31.6 (11.9-73.5) 39.2 (17.1-85.0) <0.001
NT-proBNP# pg/mL 484.0 (145-1839) | 219 (80-958) 712 (225-2440) § | 738 (237-2355) 700 (206-2596) 0.33
Cardiovascular therapy
ACE inhibitor 763 (14.7) 102 (4.72) 661 (21.8) § 661 (38.4)
ARB 275 (5.3) 13 (0.6) 262 (8.6) § 262 (15.2)
B-blocker 1503 (28.9) 310 (14.3) 1193 (39.4) § 1193 (69.2)
Calcium channel blockers 703 (13.5) 80 (3.7) 623 (20.6) § 623 (36.2)
Thiazide diuretics 338 (6.5) 23 (1.06) 315(10.4) § 315 (18.3)
Loop diuretics 1558 (30.0) 418 (19.3) 1140 (376) § 770 (44.7) 370 (28.3) <0.001
Statins 721 (13.9) 94 (4.35) 627 (20.7) § 555 (32.2) 72 (5.5) <0.001
Antiplatelets|| 760 (14.6) 142 (6.56) 618 (20.4) § 525 (30.5) 93 (7.1) <0.001
Novel oral anticoagulants 317 (6.11) 72 (3.33) 245 (8.09) § 220 (12.8) 25 (1.9) <0.001
Vitamin K antagonists 52 (1.0) 12 (0.55) 40 (1.32) 36 (2.09) 4(0.31) <0.001
Heparin 2785 (53.6) 1210 (55.9) 1575 (52.0) 1165 (67.6) 410 (31.4) <0.001
Clinical course
In hospital death 953 (18.4) 281 (12.9) 672 (22.2) § 212 (12.3) 460 (35.2) <0.001
Noninvasive oxygen therapy| 1641 (31.6) 624 (28.8) 1017 (33.59) 674 (39.1) 343 (26.3) <0.001
Mechanical ventilation 643 (12.4) 244 (11.3) 399 (13.2) 176 (10.2) 223 (17.1) <0.001
Admission to an ICU, n % 634 (12.2) 237 (10.9) 397 (13.1) 203 (11.8) 194 (14.9) 0.013
Length of stay at ICU, d 11 (6-21) 12 (6-23) 11 (6-19) 14 (7-26) 10 (5-16) <0.001
Length of hospital stay, d 14 (9-21) 12 (8-18) 15 (10-23) § 17 (12-27) 12 (8-18) <0.001

Data are presented as mean (SD), median (Q1-Q3), or number (%). ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; DBP, diastolic
blood pressure; hsCRP, highly sensitive C-reactive protein; hscTn, high-sensitivity cardiac troponin; ICU, intensive care unit; IL6, interleukin 6; NT-proBNP, N-terminal
pro-brain natriuretic peptide; PP, pulse pressure; and SBP, systolic blood pressure.

“Treatment with any of first-line antihypertensive drug (ie, 3-blockers, angiotensin-converting enzyme inhibitors; angiotensin receptor blockers; thiazide diuretics,
calcium channel blockers).

tP for differences between patients with hypertension treated and untreated due to hypertension.

#Data available for SBP/DBP in 4361 patients, respiratory rate in 3623 patients, oxygen saturation in 4128 patients, hsCRP in 5020 patients, D-Dimer in 4572
patients, IL6 for 2991 patients, NT-proBNP in 3074 patients.

§F<0.05 adjusted for age differences between patients with and without hypertension.

[[Antiplatelet therapy included those treated with low-dose aspirin or clopidogrel, ticagrelor, or prasugrel.

flAt least 5 L/min.

Subsequent separate logistic regression analysis
for the use of each first-line antihypertensive drug
class confirmed the effect on in-hospital death reduc-
tion for each analyzed drug class (Table S1). The inde-
pendent predictors of in-hospital death in treated and
untreated patients with hypertension are summarized
in Figure S4.

In patients without preexisting arterial hypertension,
the main factors increasing the odds of in-hospital
death were slightly different from patients with hyper-
tension and included older age, history of heart failure
or chronic kidney disease, and higher hsCRP, but not
a history of cardiovascular disease. In this group, use
of ACE inhibitors but not use of any other BP-lowering
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Odds Ratios with 95% Profile-Likelihood Confidence Limits
Age 3.93 (3.2-4.8) — Figure 1. Independent predictors of
Male 1.19 (1.0-1.4) -o—i :n-hospital death in muIItivariabI: |
. _ ogistic regression analysis in whole
. Hypertens'mn 0.89 (0.7-1.1) et study group N=5191 (171 patients
Diabetes mellitus 1.18 (0.9-1.4) o excluded due to missing data.
AF 1.19 (0.9-1.5) e Age: indicates patients at age equal
CAD 1.21 (0.9-1.4) Le or above median for study group; AF -
HF 2.01 (1.6-2.6 atrial fibrillation, CAD - coronary artery
( ) y disease, HF - heart failure, Stroke; CKD
Stroke 1.19 (0.9-1.6) H—— - chronic kidney disease, COPD - chronic
CKD 2.35(1.9-2.9) —— obstructive pulmonary disease; CRP
COPD 1.13 (0.8-1.5) —o—i (C-reactive protein) units - indicates
Cancer 0.98 (0.8-1.2) e increase in 10 mg/L of hsCRP (high-
hsCRP 1.09 (1.08-1.1) sensitivity C-reactive protein).
’ ) w r P T T 1
0 1 2 4 5

drug class was related to lower risk of in-hospital death
(Figure Sb).

In the subgroup of patients without preexisting
established cardiovascular diseases or chronic kidney
disease not treated with any cardiovascular medica-
tion, including BP-lowering drugs, multivariable logis-
tic regression still showed that preexisting diagnosis
of hypertension was a significant factor increasing the
risk of in-hospital death (Figure 3).

DISCUSSION

Hypertension was the most common clinical condition in
the group of patients hospitalized due to COVID-19 in
this study. This prevalence of about 60% was similar to
the prevalence observed among subjects in the general
population over 50 years of age in epidemiological studies
from Poland.?® Overall, patients with hypertension in our
cohort were older and had more coexisting comorbidities
with a potential impact on clinical outcome than patients
without hypertension. Therefore, in-hospital mortality

in patients with preexisting hypertension was higher in
crude analysis than in patients without hypertension.
However, the preexisting diagnosis of hypertension per
se was not an independent predictor of in-hospital death.
In contrast, significant predictors of death, besides older
age and male sex were higher hsCRP levels, heart fail-
ure, and chronic kidney disease. The 2 latter conditions
are widely recognized as a consequence of long-lasting
hypertension.???* Preexisting hypertension was an inde-
pendent predictor of in-hospital death during COVID-19
only in patients free of cardiovascular diseases. This can
be explained also as these patients had not been used
to get medical treatment. Of interest, the treatment with
first-line BP-lowering drugs had a significant impact on
mortality in patients with hypertension, that is, the use
of any class of first-line antihypertensive medications as
recommended in guidelines?>** increased the probability
of surviving COVID-19 hospitalization.

Prior studies have also shown that there is a high
prevalence of hypertension ranging from 27% to
59%361011 in patients hospitalized due to COVID-19.

AHT 025 (0.2-0.3) -

Odds Ratios with 95% Profile-Likelihood Confidence Limits

ACEI 0.52 (0.4-0.7) —e—i
ARB 0.24 (0.1-0.4)  ——e——
B-blocker 0.52 (0.4-0.6) —a—
CCB 0.61 (0.4-0.8) T
Thiazides 0.41 (0.2-0.6) ———i

0

1 2

Figure 2. Independent predictors of in-hospital death in multivariable logistic regression analysis in patients with hypertension

N=3028 (59 patients excluded due to missing data).

The models include age, sex, diabetes, atrial fibrillation, coronary artery disease, heart failure, stroke, chronic kidney disease, chronic obstructive
pulmonary disease, cancer, and highly sensitive C-reactive protein level increase (the whole models are presented in Figure S2). ACE inhibitor
indicates angiotensin-converting enzyme inhibitor; AHT, treatment with any class of main antihypertensive drugs; ARB, angiotensin receptor
blockers; CCB, calcium channel blockers; and Thiazides, thiazide diuretics or thiazides like diuretics.
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Age 5.53 (4.0-7.6)

Qdds Ratios with 95% Profile-Likelihood Confidence Limits

Figure 3. Independent predictors of in-
hospital death in multivariable logistic
regression analysis in patients without
history of the following disease: heart

failure, coronary artery disease, chronic
kidney disease, stroke, atrial fibrillation,
and without antihypertensive treatment
(nontreated with p-blockers, angiotensin-
converting enzyme inhibitors, angiotensin
receptor blockers, calcium channel
blockers or thiazide diuretics; 112
patients excluded due to missing data).
N= 2281 including 1061 women, 704
patients with arterial hypertension, 338

with diabetes; 66 with chronic obstructive
pulmonary disease (COPD), and 238 with

Male 1.10 (0.8-1.5) He—
Hypertension 1.45 (1.1-1.9) —o—i
Diabetes mellitus 1.68 (1.2-2.3) —e—i
COPD 1.25(0.7-2.2) ot
Cancer 1.69 (1.1-2.5) —e—
hsCRP 1.10 (1.08-1.12) r
o 1 2 3 4 5 6 7

history of cancer. hsCRP indicates high-
sensitivity C-reactive protein.

The prevalence was even higher, up to 70%, in those
who died due to COVID-19."%" Consequently, the ques-
tion arises whether preexisting hypertension is a factor
influencing in-hospital prognosis in patients hospital-
ized due to COVID-19, as it is a significant long-term
prognostic factor in the general population.?” Available
data on the role of hypertension in COVID-19 progno-
sis are, however, equivocal 561012192829 |n gn early study
from Wuhan, China, coexisting hypertension, observed
in 28% of patients, was independently associated with
all-cause mortality (hazard ratio, 1.8 [95% CI, 1.2-2.7])
in patients treated due to COVID-19.° Moreover, in the
analyses of 13 early studies, which included a total of
3822 patients, there was a significant association of
hypertension with mortality due to COVID-19.26 How-
ever, in the study of Sun et al,'? hypertension was a
predictor of death but only in combination with diabetes
(odds ratio, 3.02 [95% CI, 1.48—6.15]). Other recently
published data did not confirm the previous observation
about the negative influence of hypertension on prog-
nosis in patients with COVID-19.8 In a meta-analysis of
18 studies (14 558 individuals), the estimated pooled
relative risk of mortality among patients with COVID-19
was significantly increased for comorbidities, including
cardiovascular disease, chronic obstructive pulmonary
disease, chronic kidney disease, and cancer, but not
for hypertension or diabetes.® In a study by the Italian
Society of Hypertension of 15691 patients hospitalized
due to COVID-19 in multivariable analyses, only older
age, diabetes, chronic obstructive pulmonary disease,
and chronic kidney disease but not hypertension pre-
dicted increased mortality.” In a different group of Ital-
ian patients hospitalized with COVID-19 and admitted
to intensive care units, hypertension was also not an
independent predictor of in-hospital mortality.2® Similarly,
in our results, we did not identify preexisting hyperten-
sion as an independent predictor of in-hospital death
when analyzed along with other comorbidities and other
risk factors. Among those comorbidities, only a history
of heart failure or chronic kidney disease—well-known

Hypertension. 2022;79:2601-2610. DOI: 10.1161/HYPERTENSIONAHA.122.19575

consequences of hypertension—were associated with
in-hospital death.

In a Massachusetts community-based observational
study, hypertension was an independent predictor of
severe COVID-19 defined as need for hospitalization or
death, only in patients younger than 65 years.'* This find-
ing is consistent with our results showing that hyperten-
sion predicts in-hospital death only among patients free
of established cardiovascular diseases. This group in our
study was also younger than patients with any cardiovas-
cular disease (median of age 56 versus 70 years).

The importance of antihypertensive treatment for
COVID-19 morbidity and mortality was a subject of inter-
est from the very beginning of the pandemic, mainly due
to the mechanisms of virus incorporation into cells in the
respiratory tract via angiotensin-converting enzyme 2
and a postulated interaction of ACE inhibitors and ARB
treatment with this mechanism.2*#2 However, the majority
of data obtained in observational studies and randomized
trials have shown and reassured that treatment with ACE
inhibitors or ARB has a neutral impact on the outcomes
of patients with COVID-19.3%%7

In one of the largest population-based case-controlled
analyses in the United Kingdom, there was no evidence
that the use of antihypertensive medication is associated
with increased risk of COVID-19 diagnosis or mortality.®®

It is of interest that some studies indicated that treat-
ment with ACE inhibitors or ARB may even protect
against infection and reduce mortality in COVID-19.121518
In the study by the Italian Society of Hypertension, there
was no interference of antihypertensive therapy with
COVID-19 mortality.” In the study of Ran et al,** ARBs
did not increase the risk of adverse events in patients
with hypertension; moreover, poor BP control was inde-
pendently associated with higher risks of adverse out-
comes of COVID-19, including heart failure, which in
our study was a main determinant of in-hospital mor-
tality. With respect to medical treatment, Bauer et al.
found that therapy with any first-line antihypertensive
drug does not worsen COVID-19 severity.'* Another
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large observational study suggests a lower risk of worse
COVID-19 outcome (hospitalization and death or intuba-
tion) in patients with hypertension treated over a long
period with ACE inhibitors or ARBs compared to those
treated with calcium channel blockers.*® However, some
limitations of the evidence on the role of antihyperten-
sive treatment in patients with COVID-19 presented to
date should also be taken into consideration. A high pro-
portion of studies was based on small sample sizes, and
many studies failed to include adequate adjustments for
confounding variables.

In our study, the use of any first-line BP-lowering drug
had a profound beneficial effect on survival in patients
with COVID-19 with hypertension, after adjustment for
covariates. Consequently, the treatment status in patients
with preexisting hypertension had a major influence on
mortality during hospitalization due to COVID-19, irre-
spective of the drug class used. There is also a possibility
that treated patients with antihypertensive medications
were admitted earlier than untreated attributable to a
potentially higher socioeconomic status or education
level resulting in higher health awareness and earlier
reach out for medical care. This may also partially explain
the between-group differences in clinical condition on
admission. However, it appears still important to empha-
size that the positive effect of antihypertensive treatment
on the prognosis in multivariable logistic regression was
independent of inflammation severity at admission as
assessed by hsCRP level. Based on the available data in
our study, we cannot precisely identify the decisive fac-
tors for whether attending physicians treat their patients
with a recommended first-line BP-lowering pharma-
cotherapy. It appears conceivable that the untreated
patients may represent patients with a lower risk or a
more recent diagnosis of hypertension, with the treating
physicians initiating treatment with lifestyle changes but
not with pharmacotherapy. However, the patient charac-
teristics (as evident from Table 1) showed only subtle
differences between the treated and untreated groups
of patients with hypertension. Interestingly, all BP values
measured at admission to the hospital were significantly
higher in the patients under antihypertensive pharmaco-
therapy, which would confirm more advanced hyperten-
sion in this group. In a recent study by Sheppard et al,’®
better BP control in the period before admission to hos-
pital was shown to be associated with a worse COVID-
19 outcome. The authors explained this phenomenon
by a potentially more advanced target organ damage
in patients with better BP control because their corre-
sponding patients were older, had more comorbidities,
and had been diagnosed with hypertension for a longer
period of time.'® The positive influence of antihyperten-
sive treatment on prognosis in patients with hyperten-
sion hospitalized due to COVID-19 might be explained
by 2 well-known facts. First, the results of numerous
RCT studies from the prepandemic era show that each
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antihypertensive treatment improves prognosis irrespec-
tive of the drug class used.?>** A second explanation is
the positive effect of different antihypertensive drugs on
the endothelium as it is a well-known fact that the endo-
thelium is widely involved in COVID-19 pathogenesis
and its complications.*'#2

Limitations

The lack of detailed data about the preadmission period
of the included patients should be considered as a
first limitation of our study. Such data might have shed
more light on our finding indicating a relevant benefi-
cial prognostic effect of pharmacological treatment
status in patient with preexisting hypertension and
acute COVID-19 disease. We analyzed drug classes
and not individual medications and could not take into
account dosage of different drugs, treatment duration
before admission, or adherence to therapy. A second
limitation is that this is a retrospective observational
study, and despite controlling for various comorbidities,
some other unknown confounders might therefore play
a role in affecting our results. However, we presented
the data of a large cohort from a single center with a
uniform hospital information system and a standard-
ized COVID-19 management with reliable data from
medical records directly available to us. Additionally,
our results of reduced mortality in consecutive COVID-
19 pandemic waves confirmed that COVID-19 treat-
ment strategy improved during pandemic waves.

Conclusions

Preexisting hypertension in patients hospitalized due to
COVID-19 is not overall an independent predictor of in-
hospital death. However, the use of any antihypertensive
drug, regardless of the class to which it belongs, resulted
in a profound reduction of in-hospital mortality in patients
with hypertension.

Perspectives

The future of the COVID-19 pandemic remains unpre-
dictable, but cardiovascular risk factors and diseases
including hypertension should be treated continuously
to obtain a better long-term prognosis in patients with
these conditions as well as for reducing COVID-19 mor-
tality. The following indication should be considered for
patients with hypertension: continuation of antihyperten-
sive treatment during hospitalization due to COVID-19,
and all antihypertensive drug classes might be recom-
mended equally in this indication.
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