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Since the outbreak of COVID-19 pandemic many epidemiological
studies revealed that common cardiovascular risk factors are
frequently seen in these patients, but it was not clear which of
them represented an independent predictor of adverse outcomes
including mortality [1, 2]. Data coming from China indicated that
arterial hypertension might be responsible for worse outcome
irrespective of other risk factors and comorbidities, including age,
diabetes, coronary artery disease, and renal dysfunction [2].
However, this was not confirmed in studies and some authors
claimed that this relationship was a consequence of other
confounding factors that frequently meet in hypertensive patients,
including antihypertensive treatment, which was at the early stage
of pandemic considered responsible for increased admissions in
intensive care unit and even higher mortality [3]. This mainly
referred to angiotensin-converting enzyme inhibitors (ACEIs) and
angiotensin receptor II blockers (ARBs) [4, 5]. However, many
studies and meta-analysis that followed the first false alarm
dismissed any relation between the aforementioned drug classes
and cardiac injury and adverse outcomes in COVID-19 patients [6].
Moreover, investigations showed the beneficial effect of ACEIs and
ARBs on the outcome in COVID-19 patients [7]. Many questions
still remained unanswered.
In this issue of the Journal, Işik et al. investigated the influence

of resistant arterial hypertension on in-hospital mortality in large
cohort of COVID-19 patients [8]. The authors used the definition of
the American Heart Association for resistant arterial hypertension
[8]. Therefore, resistant hypertension was diagnosed in all patients
with blood pressure (BP) ≥ 130/80mmHg who were treated with
three antihypertensive drugs including a diuretic or reached <130/
80mmHg with at least four antihypertensive medications [8]. The
influence of resistant hypertension on outcomes in COVID-19
patients has not been investigated so far. In the present study the
mortality of COVID-19 was surprisingly high (18.7%) in the whole
population of 1897 patients. Interestingly, there were no many
significant differences in demographic and clinical characteristics
between regulated and resistant hypertensive patients [8]. The
patients with resistant hypertension had higher prevalence of
heart failure and, by definition, higher percentage of different
antihypertensive medications than their controlled counterparts.
Frequently seen comorbidities in hypertensive patients such as
diabetes, coronary artery disease, congestive heart failure, atrial
fibrillation, chronic renal failure, cerebrovascular diseases and
chronic obstructive pulmonary disease were predictors of
mortality due to COVID-19. However, advanced age, resistant
hypertension and chronic renal failure were the only independent
predictors of lethal outcome in this population [8]. From

laboratory parameters, only procalcitonin level was the indepen-
dent predictor of mortality in the patients.
There are many controversies about the relationship between

arterial hypertension and outcomes in COVID-19 patients. The
large study that involved 45,418 COVID-19 patients showed that
11,950 of them had controlled BP, 17,025 prehypertension,
13,173 stage 1 hypertension and 3270 stage 2 hypertension [9].
Patients with stage 1 uncontrolled BP had lower risk of COVID-19
death compared with patients with well-controlled BP. There was
no association between BP control and COVID-19 diagnosis or
hospitalization. Interestingly, stage 1 uncontrolled hypertension in
patients older than 70 years, without diabetes, chronic kidney
disease and cardiovascular disease was associated with the risk
reduction of COVID-19-related death. These findings revealed an
inverse relationship between recent BP control and COVID-
19–related mortality. This might suggest that BP control can be
related with worse COVID-19 outcomes, possibly due to more
advanced target organ damage that was not possible to assess in
this study [9]. These unexpected results were explained by the
authors as a consequence of the fact that patients with well-
controlled BP were older, with more comorbidities and had
hypertension for a longer time [9]. There was no significant
difference in antihypertensive treatment between different
groups, which excluded the possibility of any (positive or
negative) effect of these medications on the outcomes in the
large cohort of patients. Nevertheless, this study included only 28-
day outcome and possible many relevant outcomes were missed
because they occurred afterwards.
The investigation from Wuhan, the source of pandemic,

reported that average systolic BP was independent predictor of
heart failure development, but not mortality, in hypertensive
COVID-19 patients [10]. Nevertheless, increased BP variability was
related with higher mortality and ICU admission. Interestingly, the
risk of COVID-induced heart failure was significantly higher in
patients with high systolic BP, but not in those patients with
elevated diastolic BP [10]. This finding implies that high BP
variability perhaps might be more important parameter than BP in
prediction mortality and ICU admissions.
Chen et al. showed mortality, septic shock, ARDS, respiratory

failure, mechanical ventilation and ICU admission gradually
increased from normotensive COVID-19 patients, across those
with grade I hypertension, to those with grade II and III
hypertension [11]. However, the significant difference was not
noticed between normotensive subjects and patients with grade I
hypertension, as well as between patients with grade II and III
hypertension. The important finding is that the length of COVID-19

Received: 25 July 2021 Revised: 24 August 2021 Accepted: 3 September 2021
Published online: 10 September 2021

1Klinik für Innere Medizin II, Universitätsklinikum Ulm, Albert-Einstein Allee 23, 89081 Ulm, Germany. 2Department of Medicine and Surgery, University of Milano-Bicocca, Milano,
Italy. ✉email: marijana_tadic@hotmail.com

www.nature.com/jhhJournal of Human Hypertension

http://crossmark.crossref.org/dialog/?doi=10.1038/s41371-021-00607-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41371-021-00607-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41371-021-00607-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41371-021-00607-3&domain=pdf
http://orcid.org/0000-0002-6235-5152
http://orcid.org/0000-0002-6235-5152
http://orcid.org/0000-0002-6235-5152
http://orcid.org/0000-0002-6235-5152
http://orcid.org/0000-0002-6235-5152
http://orcid.org/0000-0002-7689-478X
http://orcid.org/0000-0002-7689-478X
http://orcid.org/0000-0002-7689-478X
http://orcid.org/0000-0002-7689-478X
http://orcid.org/0000-0002-7689-478X
https://doi.org/10.1038/s41371-021-00607-3
mailto:marijana_tadic@hotmail.com
www.nature.com/jhh


disease and severity of symptoms gradually increased with level of
hypertension. Hypertension grade ≥2 was independently asso-
ciated with adverse events in multivariable analysis [11].
In the present study, Işik et al. did not provide data about the

duration of hypertension or target organ damage in studied
population, which might enlighten the relationship between
resistant hypertension and higher mortality [8]. It is expected that
atherosclerosis and target organ damage are more pronounced in
patients with resistant hypertension and this may partly explain
higher mortality in this group of patients. The authors did not
provide correlation between BP level and mortality risk, which
would clarify whether higher BP level was responsible for worse
outcomes or mortality in patients with resistant hypertension.
Considering the fact that BP in patients with resistant hyperten-
sion was ~130/80mmHg, one may assume that BP levels probably
did not have decisive role in higher mortality in COVID-19 patients.
Coronary artery disease and stroke were more prevalent among
resistant hypertensive patients, which indicate advanced athero-
sclerosis in these patients, but might be also associated with
COVID-related hypercoagulability that was detected in these
patients [12]. Resistant hypertension is associated with hyperacti-
vation of bio-humoral systems such as sympathetic nervous
system and renin-angiotensin-aldosterone system (RAAS) [13],
which may lead to unfavorable outcomes—development of heart
failure, myocardial infarction, stroke, and other cardiovascular
complications. Interestingly, in the present study only resistant
hypertension, but not cardiovascular and cerebrovascular events,
was independently associated with COVID-related mortality.
The obesity is an important risk factor of resistant hypertension,

which may be also associated with worse outcome in COVID-19
patients. Unfortunately, its impact was not investigated in this
study [8]. In the recent large study that included >2.5 millions of
participants in Catalonia showed proportional relationship
between body mass index (BMI) and risk of COVID-19 infection,
as well as hospitalization due to COVID-19 [14]. The association
between BMI and subsequent COVID-related mortality was J-
shaped, with a modestly higher risk among patients with BMI ≤ 19
kg/m2 and a significantly higher risk in patients with BMI ≥ 40 kg/
m2 [14]. It is possible that obesity had an important influence on
mortality in the present study considering the high prevalence of
overweight and obesity in Turkish population [15].
The current research is a single-center retrospective study and

therefore associated with all limitations typical for this kind of
investigation, such as limited application of reported findings
outside of this population and possible bias during inclusion in
this investigation. Different criteria were used for hospitalization
due to COVID-19 in different countries and criteria significantly
varied over time, which is difficult to assess, but might be
important confounding factor. Treatment protocols were also not
presented, which might have a very important impact on outcome
of COVID-19 patients. The lack of therapeutic data makes difficult
the comparison of the current findings with similar studies in
other populations. Furthermore, all data about taking antihyper-
tensive medications regularly, before hospitalization due to
COVID-19, were self-reported by the patients, which might be a
significant source of bias. In these circumstances was difficult to
differentiate low adherence and compliance to antihypertensive
therapy, particularly during period that preceded hospitalization,
from resistant hypertension.
Even though hypertension represents one of the most prevalent

comorbidity in COVID-19 patients, the role of hypertension in
outcome of these patients has not been clarified yet. Conflicting
data from different studies do not clearly show which parameter is
the most responsible for adverse outcomes—presence of
hypertension, BP level, BP variability, resistance on antihyperten-
sive treatment, or hypertension in combination with other risk
factors. Well-conducted investigations with a significant number
of hypertensive patients are required to resolve ongoing

uncertainties in the association between hypertension and
COVID-19.
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