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Abstract

Blood pressure variability (BPV) is essential in hypertensive patients and is frequently associated with organ damage. As of
today, hypertension is still the most common comorbidity in COVID-19, but the impact of BPV and the therapeutic target of
BPV on outcomes in COVID-19 patients with hypertension remain unclear. Therefore, this study investigated the
relationship between BPV and severity of COVID-19, in-hospital mortality, hypertensive status, and efficacy of
antihypertensives in suppressing hypertensive covid-19 patient BPV. This cohort retrospective study enrolled 351 patients
hospitalized with COVID-19. Subjects were classified according to the severity of COVID-19, the presence of hypertension,
and their BPV status. During hospitalization, mean arterial pressure (MAP) was measured at 6 a.m. and 6 p.m., and BPV was
calculated as the coefficient of variation of MAP (MAPCV). MAPCYV values above the median were defined as high BPV. In
addition, we compared the hypertensive status, COVID-19 severity, in-hospital mortality, and antihypertensive agents
between the BPV groups. The mean age was 53.85 + 18.84 years old. Hypertension was significantly associated with high
BPV with prevalence ratio (PR)=1.38 (95% CI=1.13-1.70; p=0.003) or severe COVID-19 (PR=1.39; 95%
CI=1.09-1.76; p = 0.005). In laboratory findings, high BPV group had lower Albumin, higher WBC, serum Cr, CRP, and
creatinine to albumin ratio. High BPV status also significantly increased risk of mortality (HR =2.30; 95% CI = 1.73-3.86;
p <0.001). Patients with a combination of severe COVID-19 status, hypertension, and high BPV status had the highest risk
of in-hospital mortality (HR =3.51; 95% CI=2.32-4.97; p<0.001) compared to other combination status groups. In
COVID-19 patients with hypertension, combination therapy with calcium channel blockers (CCB) as well as CCB
monotherapy significantly develop low BPV (PR =2.002; 95 CI% = 1.33-3.07; p = 0.004) and low mortality (HR =0.17;
95% CI = 0.05-0.56; p = 0.004). Hypertensive status and severe COVID-19 were significantly associated with high BPV,
and these factors increased in-hospital mortality. CCBs might be antihypertensive agents that potentially effectively
suppressing BPV and mortality in COVID-19 patients.
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Background

Various reports have shown a high prevalence of hyper-
tension in patients with COVID-19, where it is reported that
patients with hypertension will be more susceptible to
COVID-19. Conversely, hypertensive patients with
>< Gusti Ngurah Prana Jagannatha COVID-19 are more likely to experience worsening con-
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showed a significant association between higher blood
pressure (BP) levels at baseline at hospital admission and
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Graphical Abstract

Study design and outcomes of Therapeutic Target And Clinical Impact Of Day-To-Day Blood Pressure. Variability In

Hypertensive Patients With Covid-19 study.
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worsening conditions.

CONCLUSION

BPV also has the potential to be a novel therapeutic target for hypertensive patients, especially patients who are prone to

Calcium channel blockers dihydropyridines, are antihypertensive agents that promise to provide more benefits in terms of
controlling BPV in hypertensive patients, especially those with COVID-19

reported that patients with BP < 130 mmHg treated with
COVID-19 were associated with higher mortality, espe-
cially in geriatric patients [6—8] In the end, how is the BP
target in COVID-19 patients still unclear.

In COVID-19, there will be a phase of excess inflam-
mation called a “cytokine storm” that causes immune cell
activation, the release of inflammatory cytokines, and fur-
ther cell recruitment from the immune system [9]. If this
immune response occurs in excess, inflammation will cause
final tissue damage and organ failure. Overall these cyto-
kine storms are thought to be caused by an imbalance of the
autonomic nervous system (ANS) [9], which is associated
with overexcitation of the sympathetic nervous system
(SNS) as an adaptive response to maintain homeostasis
[9, 10]. Where imbalanced ANS regulation contributes to
the pathophysiology of hypertensive patients, such as fluc-
tuating BP [11].

BP variability (BPV) is a parameter that represents the
dynamic physiological condition of the functioning of the
cardiovascular system. The value of this BPV varies
between individuals because it depends on their needs in
carrying out their daily activities. It is also determined by
the reactivity of the characteristics of control mechanisms.
Their cardiovascular effects include the contribution of the
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ANS [12, 13]. From a clinical perspective, BPV has now
been widely studied and is thought to have the potential to
be an independent predictor of cardiovascular risk [14].
Recent studies have also hypothesized that BPV levels
could potentially be a new therapeutic target in hypertensive
patients to provide good outcomes [13].

Because in COVID-19 patients, there is systemic
inflammation, impaired cardiopulmonary coupling, and
cardiac insufficiency that will interfere with BP regulation,
all of which have the potential to increase BPV that pre-
cedes the general condition worsening in some patients with
COVID-19, especially in hypertensive patients who have
already ANS regulation disturbance occurs [15]. Thereby,
BPV can predict clinical outcomes and a therapeutic target
for hypertensive patients with COVID-19 infection.

Design and method

This study is a single-center, retrospective cohort study
conducted at the IGNG Prof. Dr. Ngoerah, Bali, Indonesia,
from 2020 to 2021. We included hypertensive patients aged
>18 with ICD-X coding: 110 in medical records suffering
from COVID-19, patients with an incomplete recording of
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BP and laboratory parameters during treatment, and patients
with shock or sepsis since the first day of hospitalization
were excluded. They were confirmed positive for COVID-
19 based on their symptoms and the results of the PCR
swab test positive and isolated in the inpatient room of our
hospital. Patient data during hospitalization in the form of
socio-demographic characteristics, comorbid diseases, vital
signs during treatment, results of laboratory tests, anti-
hypertensive drugs used, and patient outcomes were
reviewed by four authors through medical records, which
were then inputted and analyzed. All patient’s BP were
measured in a supine position, the patient was needed to lie
down for Smin to stabilize sympathetic activity. Each
measurement was taken twice and then the mean value was
calculated to be reported. The measurement was using a
digital BP device twice a day by nurses during treatment, in
the morning at 6 a.m before taking antihypertensive drugs
and another one in the afternoon at 6 p.m after taking
antihypertensive drugs. The device itself has been validated
according to our hospital standards and is constantly
checked for recalibration, and all patients were tested for
blood on the first day of treatment. Patients were followed-
up and BP measurement is carried out until the patient went
home or the patient died during the treatment (mean
11.4 4 2.1 days), which we made as the patient’s outcome.
Then we compared the outcomes based on the grouping of
hypertension control status, the severity of COVID-19
based on its clinical presentation, and whether the patient’s
BPV status was categorized as low or high BPV.

We grouped hypertension control status into controlled
and uncontrolled hypertension based on the target pressure
according to the International Society of Hypertension
Global Hypertension Practice Guidelines [16]. Where if the
systolic BP (SBP) is 140 mmHg or diastolic BP (DBP) is
90 mmHg, then the patient is categorized as uncontrolled
hypertension, and if the systolic BP < 140 mmHg and dia-
stolic BP <90 mmHg, then the patient is categorized as
controlled hypertension. BPV status was determined based
on mean arterial pressure (MAP), mean (MAP mean), SD
(MAPD), and coefficient of variation [equal to (SD x 100)/
mean, MAPcy]. These were measured and calculated for
each individual during treatment. In our study, MAPcy was
considered a BPV parameter, and BPV is classified as high
BPV when the MAPcy value is above the median and low
BPV when the values are below the median. For severe
COVID-19, we divide it into severe COVID-19 and non-
severe COVID-19, where the definition of severe COVID-
19 is when patients with COVID-19 had SpO, <94% on
room air at sea level, PaO,/FiO2 < 300 mmHg, a respiratory
rate >30 breaths/min, or lung infiltrates >50% and called
critical illness if patients may have acute respiratory distress
syndrome, septic shock that may represent virus-induced
distributive shock, cardiac dysfunction, an exaggerated

inflammatory response, and exacerbation of underlying
comorbidities. In contrast, non-severe COVID-19 is a
spectrum of COVID-19 with mild and moderate illnesses.

Categorical variables are shown as frequencies or per-
centages, and continuous variables as mean + SD. Catego-
rical variables were compared using the x” test. Continuous
variables were compared using the Mann—Whitney U test.
Kaplan—Meier method was used to estimate the survival
rate, and Cox proportional hazard regression analysis was
applied to determine the potential risk factors associated
with in-hospital mortality. Variables that showed a uni-
variate relationship with in-hospital mortality (P <0.05)
were included in the multivariate regression analysis, and
the results are reported as hazard ratios (HR) and 95%
confidence interval (CI). All data were analyzed through the
statistical package SPSS 22 (SPSS Inc.).

Results

A total of 351 hypertensive patients with COVID-19 were
included in this study for analysis. Of the 351 patients,
67.2% had uncontrolled hypertension status, and during
treatment, 39.1% experienced severe COVID-19, with a
total of 37.8% deaths. We divided the patients according to
their hypertension control status and severity of COVID-19
during treatment, as shown in Table 1. On clinical char-
acteristics, if the groups were divided according to their
hypertension control status, patients with uncontrolled
hypertension were mainly male with a proportion of 58.8%
(p =0.007) and had SBP and DBP were significantly higher
at baseline (144 +31 vs. 126 +18, p=0.007; 92+ 18 vs.
8111, p=0.043) respectively. However, if divided based
on the severity of COVID-19, the two groups had no sig-
nificant differences in demographic data. However, in the
patient’s comorbidities, diabetes mellitus was significantly
higher in the severe COVID-19 group, but there was no
significant difference in comorbidities when compared
based on hypertension control status. The use of major
antihypertensive drugs such as Angiotensin Converting
Enzyme Inhibitors (ACEi), Angiotensin II Receptor
Blockers (ARB), Beta blockers, Calcium Channel Blockers
(CCBs), and diuretics, was evenly distributed in all groups.
However, other antihypertensive drugs were significantly
higher in uncontrolled hypertension and severe COVID-19
groups.

Based on laboratory data taken on the first day of patient
admission (Table 2), patients with lower albumin
(34.43 £5.52 vs. 37.17 £12.35), higher white blood cells
(WBC) (7.55+11.21 vs. 6.33+£4.51), serum creatinine
(SCr) (1.80x1.5 vs. 0.91+0.55), C-Reactive Protein
(CRP) (97.79 £77.17 vs. 55.15£50.80), and creatinine to
albumin ratio (CAR) (5.03+1.54 vs. 2.57+0.89) had
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Table 1 Demographics, blood

Controlled Uncontrolled P value Non-Severe Severe P value
pressure proﬁles', treatments and Hypertension Hypertension Covid-19 covid-19
outcomes of patients (n=115) (n = 236) (n=137) (n=214)
Demographics
Age, year 5217 55+26 0473  50+27 56 +30 0.053
Sex, men 41.2% 58.8% 0.033  51.2% 49.9% 0.231
BP on admission
SBP, mmHg 126+ 18 144 +31 0.007 128+ 10 130+22 0.144
DBP, mmHg 81+11 92+18 0.043 809 8015 0.556
MAP, mmHg 96+ 13 97+16 0.632 99+20 97+23 0.473
Comobidities
Diabetes mellitus 32.9% 25.6% 0.063 14.6% 34.5% 0.003
CAD 32.9% 17.6% 0.556  32.9% 27.6% 0.556
CKD 14.1% 33.3% 0.188 14.1% 33.3% 0.188
Heart failure 10.6% 17.6% 0.631 10.6% 17.6% 0.631
Antihypertensive drugs on admission
AdCEis/ARBs 60.5% 64.2% 0.152  60% 62.3% 0.209
Beta blockers 18.5% 25% 0.131  252% 22.3% 0.440
CCBs 42% 43.1% 0.665  44.5% 46.8% 0.556
Diuretics 22.3% 19.3% 0.154  23.1% 18,3% 0.188
Any of 12.3% 27.9% 0.045 33.4% 27% 0.052
drugs above
Other medications
Glucocorticoid 86.9% 83.8% 0.822  87.5% 92.5% 0.082
Anticoagulant 52.1% 55.1% 0.898  36.49% 84.1% 0.000
BP Profile during hospitalization
MAPcy 2.1+2.385 327+49 0.002 29+3.77 1.88+2.42  0.000
High BPV 40.2% 59.8% 0.003  68.4% 31.6% 0.005
Outcome
In-hospital 16.52% 46.08% 0.003  8.02% 37.8% 0.000

mortality

ABP blood pressure, SBP systolic blood pressure, DBP diastolic blood pressure, MAP mean arterial pressure,
CAD coronary artery disease, CKD chronic kidney disease, ACEis angiotensin converting enzyme inhibitors,
ARBs angiotensin receptor blockers, CCBs calcium channel blockers, MAPCV mean arterial pressure
coefficient of variation, BPV blood pressure variability

higher BPV during treatment. Patients with uncontrolled
hypertension (PR =1.38; 95% CI =1.13-1.70; p = 0.003)
and severe COVID-19 (PR =1.39; 95% CI=1.09-1.76;
p =0.005) were also significantly more likely to have high
BPV when compared to controlled hypertension and non-
severe COVID-19. Likewise, the SBP and DBP values were
higher in the uncontrolled hypertension group, but there
was no significant difference based on the severity of
COVID-19 (Table 1.). From the outcome section, the fre-
quency of mortality was higher in the uncontrolled hyper-
tension group (16.52% vs. 46.07%; p = 0.003) and severe
COVID-19 (37.8% vs. 81.02%; p =0.000). In the HR of
deaths in the hospital during treatment, both groups were
uncontrolled hypertension (HR =3.42; 95%
CI=2.24-5.23; p <0.001), severe COVID-19 (HR = 3.46;
95% CI=1.84-6.53; p<0.001), and high BPV (HR =
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2.30; 95% CI=1.73-3.86; p=0.001), was significantly
associated with mortality during treatment, and when all
three groups were combined, patients with severe COVID-
19 4 uncontrolled hypertension + high BPV had the highest
risk of in-hospital mortality (HR=3.51; 95%
CI=2.32-4.97; p<0.001) (Fig. 1).

In Table 3, patients on dihydropyridine CCB medication,
either monotherapy or in combination with other drugs, had
significantly lower BPV (PR = 2.002; 95 CI% = 1.33-3.07,
p =0.004) (Table 3), and mortality was also lower (HR =
0.17; 95% CI=0.05-0.56; p=0.004) (Fig. 1E).
Kaplan—Meyer curves (Fig. 2) show that patients with low
BPV, who in our study used a daily MAPcv cut-off below
1.4, had a protective effect on mortality as evidenced by
higher survival during hospitalization (HR =0.466; 95%
CI=0.289-0.721) (Fig. 2). Then we performed a
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Table 2 Laboratory findings based on BPV status

120
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;b .
WBC HB

HlowBPV  6.33 13.1 24.4
H High BPV  7.55 12.4 22,5
0.045 0.153 0.312

PLT

H p-value

0.045

Procalci

ALB CAR CRP tonin SCr
34.32 5.03 55.15 2.9 0.91
37.17 2.57 97.79 2.5 1.8

0.000 0.000 0.829 0.076

WBC White blood cell, HB hemoglobin, PLT platelet, ALB albumin, CAR C-reactive protein to albumin ratio, CRP C-reactive protein, SCr Serum

Creatinine

regression analysis of all variables on BPV and found that
age, CAR, severity of COVID-19, and hypertension control
status contributed to high BPV. At the same time, using
CCBs had a protective effect on high BPV (Table 4).

Discussion

The main finding in our study is that uncontrolled hyper-
tension, severe COVID-19, and CAR contribute to high
BPV, and all of these parameters together promote poorer
clinical outcomes, especially mortality during treatment.
However, CCB use was significantly associated with low
BPV, and maintaining BP under low BPV with daily fluc-
tuations MAP,, < 1.4 had a protective effect on mortality in
hypertensive patients with COVID-19.

In the baseline characteristic, patients with uncontrolled
hypertension were mostly male, whereas there was no

difference based on the severity of COVID-19. We found that
the male sex is significantly more in uncontrolled hyperten-
sion patients, and the mechanism is thought to be due to a lack
of estrogen, which modulates vascular endothelial function to
perform vasodilation so that BP will decrease [17, 18]. There
is a correspondence between the reports from these studies
and our study, namely that the population we used was
hypertensive patients, and severe COVID-19 was sig-
nificantly associated with some comorbid like diabetes mel-
litus [19]. The pathogenesis of COVID-19 in diabetes
mellitus is said to be caused by glucotoxicity, oxidative stress,
endothelial damage by inflammation, and cytokine produc-
tion, which results in the risk of thromboembolic complica-
tions and organ damage to patients with diabetes mellitus.
Some treatments used in the clinical care of COVID-19
patients, such as systemic corticosteroids or antiviral agents to
suppress excessive inflammation, can cause hyperglycemia
that worsens the patient’s condition [20].

SPRINGER NATURE
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tension, C HTN Controlled hypertension, BPV Blood pressure.

Besides factors influencing uncontrolled hypertension
and severe COVID-19, these two conditions were sig-
nificantly associated with high BPV in our study. Over the
years, several studies have demonstrated independent
associations between the various components of BPV and
organ damage or cardiovascular events [13]. From the
prognostic point of view, some series of studies have pro-
vided evidence that a day-to-day increase in BPV, regard-
less of mean BP level, is a predictor of the development,
formation, and evolution of damage to the heart, blood
vessels, and kidneys that result in an increased risk of fatal
and nonfatal cardiovascular events [15, 21-24]. Further-
more, in our study, high BPV significantly increased mor-
tality, and its combination with the status of uncontrolled
hypertension and severe COVID-19 gave the highest mor-
tality. Although the mechanism underlying abnormal BPV
is still under debate, autonomic nervous factors, particularly
SNS overactivity, which also occurs in hypertension and
COVID-19, are thought to be involved. In the condition of
being infected with SARS-CoV-2, an excessive immune
reaction will be induced, which causes a cytokine storm that
leads to multi-organ failure. This cytokine storm involves
the release of a large number of proinflammatory cytokines,
such as IL-6 and TNF- o which can further cross the blood-
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variability, BB Beta blockers, ACEi Angiotensin converting enzyme
inhibitors, ARBs Angiotensin receptor blockers, CCBs calcium
channel blockers

brain barrier, thereby increasing SNS activation through
dysregulation of the central autonomic network consisting
of the insular cortex, anterior/mid-cingulate cortices,
amygdala, hypothalamus, periaqueductal gray matter,
parabrachial complex, the nucleus of the solitary tract, and
rostral ventrolateral medulla [9, 25-27]. Increased activa-
tion of the ordinarily dominant and reactive resting SNS can
have detrimental effects on several physiological systems,
including changes in cardiac contraction [28], impaired
vascular functions [29], and reduced blood flow capacity
[30]. Although the levels of IL-6 and TNF- o which are
markers of cytokine storm, were not examined in our study,
the CAR levels associated with high BPV in our study, also
reported in previous studies, can be a marker of the cytokine
storm of COVID-19 patients [31].

The sensitivity of baroreceptor function is one of the
primary determinants of BPV. It is known that structural
vascular changes can reduce baroreceptor sensitivity (BRS),
especially in hypertension [32]. It has also been reported
that there is a decrease in the compliance of the great
arteries, which contributes to the decrease in BRS in young
hypertension, increasing the fluctuations in BP associated
with minor changes in stroke volume, due to ANS
instability [32]. Thus, it makes sense in our study that
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Table 3 Association of antihypertensive drugs, BPV status, and
mortality

Low BPV  High BPV  p value

Antihypertension drug monoteraphy

Beta Blockers 25% 75% 0.005
CCBs Non DHP 16.7% 83.3%
CCBs DHP 63.6% 36.4%
ACEi 13.3% 86.7%
ARB 88.9% 11.1%
Antihypertension drug combination teraphy
ACEi/ARB + CCB 61.5% 38.5% 0.084
ACEi/ARB + Diuretic 25% 75%
ACEi/ARB + BB 40% 60%
BB -+ Diuretic 25% 75%
CCBs + Diuretic 83% 16,7%
CCB DHP medication
CCB DHP 66.7% 33.3% 0.004
Other antihypertensive drugs  33% 67%
Mortality
Death 71.7% 28.3% 0.000
Survive 28.3% 41.7%

ACEis angiotensin converting enzyme inhibitors, ARBs angiotensin
receptor blockers, CCBs calcium channel blockers, DHP
Dihidropyridin

patients with uncontrolled hypertension had high BPV. The
study reported by Barbaro et al. [33] also reported similar
findings, but in resistant hypertension without a known
history of infection or other inflammation. In his study, the
condition of resistant hypertension had a higher arterial
stiffness than the usual group, and it is suspected that this is
influenced by a series of inflammatory processes that occur
in the hypertension condition itself, causing a heavier
arterial stiffness, as evidenced by the relationship between
pulse wave velocity disturbances and hypertension. Hs-
CRP, IL-10, IL-1p, and TNF-a are higher in patients with
resistant hypertension, which triggers structural remodeling
and functional changes in the arterial wall [33]. There is
also evidence that the renin-angiotensin-aldosterone system
(RAAS) and aldosterone cause vascular injury by inducing
stress. Oxidative stress and inflammation by activating
mineralocorticoid receptors [34, 35]. Thus, in hypertensive
conditions without SARS-CoV-2 infection or its combina-
tion, it is possible that high BPV is initiated by an increase
in chronic inflammatory mediators and is exacerbated by
acute infection.

Another important finding that should be noted is that the
use of CCBs is associated with low BPV and significantly
lowers mortality. These findings are consistent with a study
in Japan, a randomized efficacy study about a combined
treatment with olmesartan and a CCB versus olmesartan and

Inhospital Survival Base on BPV

0.6

Cum Survival

High BPV
Low BPV

0.0

T T T ) T
0.00 10.00 20.00 30.00 40.00
Length of stay (day)

Number at risk
High BPV | 174 145 117 109 109

Low BPV 177 172 160 152 152

Fig. 2 Kaplan—Meier curve for in-hospital survaival base on BPV
Status. BPV Blood pressure variability

diuretics in 207 hypertensive patients to compare the effect
of hydrochlorothiazide treatment with Azelnidipine after
12 weeks of Olmesartan monotherapy [36]. The study
found that between the two groups, a significantly higher
reduction in day-to-day BPV was found in the CCB/ARB
combination use compared to the diuretic/ARB group. This
indicates the potential of CCBs in improving significant
arterial stiffness, not only peripheral muscular artery
relaxation [37], where the relationship of day-to-day BPV
with sizeable arterial stiffness and BRS has been described
previously. In contrast, in the study with a longer follow-up
with a median of 7.3 years from the HOMED-BP Study, a
multicenter study of hypertension treatment based on
measurement by electrical devices of blood pressure. The
first-line treatment with CCB, ARB, or ACE inhibitors has
no significant difference in reducing day-to-day BPV [38].
Recent evidence in a sub-analysis from a meta-analysis
suggests CCBs may provide a benefit in reducing mortality
in hypertensive patients with COVID-19 [39].

CCBs could block calcium entry, inhibiting the virus
entry. Some have evidenced MERS-CoV and SARS-CoV,
which utilize calcium ions to bind to cell membranes
through the Spike protein [40, 41], where this protein is also
found in SARS-CoV-2. So it makes sense that SARS-CoV-
2 also uses calcium to enter the virus. Another study
reported that dihydropyridines CCBs could inhibit the entry
of SARS-CoV-2 into lung epithelial cells [42]. Furthermore,
CCBs were also associated with a pseudo-increase of serum
calcium, related to the binding of unsaturated fatty acids
that may play a role in preventing organ failure [39]. In
pharmacokinetics, CCBs also induce relaxation of
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Table 4 Cox regression analysis
of factors that influence

Univariate analysis

Multivariate analysis

high BPV OR (95% CI) P value OR (95% CI) P value
Age 1.321 (1.112-1.572)  0.017 1.178 (1.091-1.272)  0.026
COVID-19 Severity 1.465 (1.265-2.055)  0.015 1.515 (1.332-2.389)  0.003
CRP 1.489 (0.986-0.993)  0.012 1.323 (0.844-1.621)  0.090
CAR 1.758 (1.334-2.266)  0.063 2.141 (1.118-3.198)  0.002
Hypertension control status ~ 0.178 (0.114-0.192) ~ 0.000 0.128 (0.118-0.147)  0.000
Antihypertensive drug 0.237 (0.124-0.312)  0.000 0.469 (0.292-0.721)  0.000
WBC 1.113 (1.011-2.551)  0.044 2.562 (0.364-3.091)  0.155
Sex (male) 0.787 (0.621-1.435) 0.787 Not included
Albumin 0.232 (0.146-1.058)  0.454 Not included
Procalcitonin 1.046 (0.971-1.121) 0.424 Not included
SCr 1.032 (0.542-1.932)  0.263 Not included

CAR C-Reactive protein to albumin ratio, WBC White blood cells, SCr Creatinin cerum, COVID-19 Corona

virus disease 19

pulmonary smooth muscle resulting in pulmonary vasodi-
lation and amelioration of hypoxic conditions in COVID-19
patients [39]. Moreover, nifedipine, a relatively widely
available drug in our population sample, is known to have
an anti-inflammatory effect by suppressing production. IL-
la, IL-6, and IFN-y from peripheral blood mononuclear
cells [43, 44], whose roles in COVID-19 severity, uncon-
trolled hypertension, and high BPV have been described
previously. It makes sense that these alleged mechanisms
together contribute positively to the reduction of BPV in
hypertensive patients with COVID-19. Still, this incredible
benefit may not be obtained in COVID-19 only conditions
without hypertension.

Although CCB has been associated with low BPV, and
this condition has a protective effect on mortality during
treatment, the therapeutic target of BPV is still a gray zone.
In any guidelines, it has not even been the therapy target for
hypertensive patients. In this study, we propose daily
MAP,, fluctuations of less than 1.4 to be a target for BP
control that should be achieved in hypertensive patients
with COVID-19, following the limits on the mean MAP
value for categorizing the BPV status that we use. There
were several indices of BPV, however coefficient of var-
iation (CV) that we used in this study express a normalized
measure of BPV. CV measures the variability of numeric
data independently of the unit of measurement. Therefore,
CV can be used to compare distribution data with different
measurement units [45-48]. To the best of our knowledge,
no studies have assessed fluctuations in BP as a therapeutic
target because most may assume that BPV is a marker or
result of organ damage, ignoring the effects of BP fluctua-
tions. However, various studies have reported that not only
as a predictor but high BPV is also suspected of worsening
multiple patient conditions, such as exacerbating
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endothelial dysfunction and plaque rupture in coronary
artery disease [49], increasing the incidence of cere-
brovascular disease [50], thus contributing significantly to
the increase in the incidence of major adverse cardiac
events. As a marker and outcome, the event is evidence of
its contribution to endothelial dysfunction, atherogenesis,
atheroma development, plaque rupture, inflammation, and
myocardial remodeling to arterial stiffness [S1]. So, it
makes sense that BPV can be an optional therapeutic target
in hypertensive patients, especially in conditions prone to
worsening, such as SARS-CoV-2 infection, if BP is con-
trolled at tolerable limits. However, it should be noted that
fluctuations in BP are normal in healthy patients because
they are related to activity and circadian needs such as
morning surges and night dips, which are physiological
fluctuations in humans [13], the measurement must be
carried out twice outside these times.

Conclusions

The control status of hypertension and the severity of
COVID-19 infection is crucial in mortality because it
increases BPV through various mechanisms. Where not
only as a predictor, BPV also has the potential to be a novel
therapeutic target for hypertensive patients, especially
patients who are prone to worsening conditions. CCBs
dihydropyridine, either as monotherapy or in combination
with other antihypertensive drugs, are antihypertensive
agents that promise to provide more benefits in terms of
controlling BPV in hypertensive patients, especially those
with COVID-19 because the inhibitory pathway of action is
thought to be similar to the pathophysiology of COVID-19
and increase in BPV in hypertensive patients.
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