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Abstract

Hypertension is the most common comorbidity in patients with coronavirus disease
2019 (COVID-19) and increases in-hospital mortality. Day-by-day blood pressure (BP)
variability (BPV) is associated with clinical outcomes in hypertensive patients. How-
ever, little information is available on the association of BPV with the outcomes of
COVID-19 patients with hypertension. This study aimed to demonstrate whether day-
by-day in-hospital BPV had prognostic significance in these patients. The authors
included 702 COVID-19 patients with hypertension from Huoshenshan Hospital
(Wuhan, China), who underwent valid in-hospital BP measurements on at least seven
consecutive days. Day-by-day BPV was assessed by standard deviation (SD), coeffi-
cient of variation (CV), and variation independent of mean (VIM). Overall, patients
with severe COVID-19 and non-survivors had higher BPV than moderate cases and
survivors, respectively. Additionally, higher BPV was correlated with greater age and
higher levels of C-reactive protein, procalcitonin, high-sensitive cardiac troponin I, and
B-type natriuretic peptide. In multivariable Cox regression, SD of systolic BP (SBP) was
predictive of mortality [hazard ratio (HR) 1.17, 95% confidence interval (Cl) 1.05-1.30]
as well as acute respiratory distress syndrome (ARDS) (HR 1.09, 95% Cl 1.01-1.16).
Similar trends were observed for CV and VIM of SBP, but not indices of diastolic BP
variability. The authors demonstrated that day-by-day in-hospital SBP variability can
independently predict mortality and ARDS in COVID-19 patients with hypertension.
And high BPV might be correlated with severe inflammation and myocardial injury.
Further studies are needed to clarify whether early reduction of BPV will improve the

prognosis of these patients.
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1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2), has quickly developed
into a global pandemic since December 2019. With high transmission
and lack of specific treatment, more than 200 million COVID-19 cases
have been confirmed worldwide, and four million patients had pro-
gressed to death as of September 2021, which poses a great threat
to global health. SARS-CoV-2 mainly attacks the respiratory system,
with some patients progressing to acute respiratory distress syndrome
(ARDS).! As reported, patients with comorbidities are more likely to
develop severe pneumonia and adverse clinical outcomes.?® Hyper-
tension has been reported to be the most common comorbidity in
COVID-19 patients and it is associated with pronounced increase in
disease severity and the risk of mortality.*> Hence, it should be treated
to prevent adverse outcomes.

Blood pressure (BP) monitoring in clinical settings or out of office
has generally been used for clinical management of hypertension.
Recently, blood pressure variability (BPV), which represents the fluc-
tuation of BP in a period of time, has been identified as an accurate
assessment of BP that helps to avoid oscillations of mean BP. Increas-
ing evidence suggests that BPV is associated with higher risk of inci-
dent cardiovascular diseases and all-cause mortality, which is indepen-
dent of mean BP.”-? Day-by-day BP measurement is commonly used to
assess mid-term BPV, which provides incremental value of risk assess-
ment over BP level.

However, it remains to be determined whether BPV correlates with
adverse outcomes in COVID-19 patients with hypertension. There-
fore, in this study, we investigated 702 COVID-19 patients with hyper-
tension who were consecutively admitted to Huoshenshan Hospital
in Wuhan, China. The aim of the study was to investigate the rela-
tionships between BPV and background factors, and further demon-
strate whether day-by-day in-hospital BPV had prognostic significance
in these patients.

2 | METHODS

2.1 | Study design and patients

This was a retrospective cohort study of consecutive patients at
Huoshenshan Hospital (Wuhan, China) from February 4, 2020 to April
11, 2020. The Huoshenshan Hospital was established by the govern-
ment as a designated center to provide medical care for patients with
COVID-19. The inclusion criteria for this study were patients (1) aged
at least 18 years, (2) diagnosed with confirmed COVID-19, and (3) hav-
ing a history of hypertension prior to admission. The exclusion criteria
were patients with valid BP measurements on less than seven consec-
utive days during hospitalization.

The diagnosis and severity categorization of COVID-19 in the
study patients were based on the World Health Organization interim
guidance,’© and the diagnosis and treatment protocol for novel
coronavirus pneumonia provided by the Chinese National Health

Commission.!! Patients with suspected COVID-19 were admitted
to the hospital to confirm SARS-CoV-2 infection. Throat swabs and
plasma samples were collected to detect new coronavirus nucleic acids
(ORF1ab gene and the N gene) by reverse transcriptase-polymerase
chain reaction, and specific IgM and IgG by the immune colloidal gold
technique.

Hypertensive patients were defined as patients diagnosed with
hypertension before admission to our hospital for management of
COVID-19.12 History of hypertension was collected from electronic
medical records. The study was approved by the Human Ethics Com-
mittee of Huoshenshan Hospital (No. HSSLLO23) and complied with
the Declaration of Helsinki. Oral informed consent was obtained from
each patient at enrollment. Written consent was waived by the ethics
committee in view of urgency of data collection amid outbreaks of the

infectious disease.

2.2 | Data collection

Patients’ demographic, clinical, laboratory, treatment, and outcome
data were extracted from electronic medical records. All data were
checked independently by two physicians. The laboratory parame-
ters included leukocyte count, neutrophil count, lymphocyte count,
D-dimer, alanine aminotransferase (ALT), aspartate aminotransferase
(AST), creatinine, lactate dehydrogenase (LDH), high-sensitive cardiac
troponin | (hs-Tnl), B-type natriuretic peptide (BNP), high-sensitive
C-reactive protein (hs-CRP), and procalcitonin (PCT). Reference val-
ues for the laboratory parameters were based on the results that are
seen in 95% of the healthy population. The choice of antihypertensive
treatment during hospitalization was at the physician’s discretion, and
anti-hypertensive drugs included renin-angiotensin-aldosterone sys-
tem inhibitors (angiotensin-converting enzyme inhibitor/angiotensin
receptor blocker), B-blocker, calcium channel blocker, and diuretic.
Antiviral therapy included arbidol, oseltamivir, and ribavirin.

2.3 | BP measurement and variability

Day-by-day BP measurements were collected from the electronic
nursing records. Trained nurses measured the BP of patients daily
between 6:00 am. and 9:00 a.m. (before breakfast and intake of
anti-hypertensive drugs) using an automatic cuff sphygmomanometer
(Omron HEM-7122, Omron Healthcare, Kyoto, Japan).1314 Two BP
measurements were taken at 15-s intervals and the average BP was
recorded in the medical documents. BP measurements of the first 14
days were included in the BPV analyses. BP measurements with sys-
tolic BP < 70 or > 250 mm Hg, or diastolic BP < 40 or > 140 mm
Hg were discarded to retain physiologically meaningful measurements
in the analysis and to ensure the reliability of BPV indexes.!®> Day-
by-day BPV was evaluated using three indices including the stan-
dard deviation (SD) of BP, coefficient of variation (CV) of BP, and
variation independent of mean (VIM).'® CV was calculated using

the formula: CV = SD/meanx100. VIM was calculated as follows:
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2864 adullt patients with confirmed COVID-19 admitted
in Huoshenshan hospital from Feb 4 to April 11, 2020

867 patients with preexisting hypertension

165 patients with valid BP measurements on
less than 7 consecutive days were excluded

A total of 702 patients were included the final study

FIGURE 1 Study flow chart

VIM = M*xSD/mean*, where M is the average of mean systolic BP
(SBP) or diastolic BP (DBP) among the study patients, and x was derived

from the fitting curve (SD = kxmean*).%”

2.4 | Clinical outcomes

For this study, all patients were hospitalized and had definite out-
comes. The criteria for discharge were absence of fever for more
than 3 days, obvious remission of respiratory symptoms, obvious res-
olution of inflammation on pulmonary imaging, and two consecutive
respiratory tract swab samples negative for nuclei acid and obtained
at least 24 h apart.!! The primary endpoint was in-hospital mortal-
ity. The secondary endpoint was ARDS, which was diagnosed based
on the Berlin definition.’® Onset date was defined as the day when
COVID-19 symptoms were first noticed. The final follow-up date was
April 11, 2020.

2.5 | Statistical analysis

Continuous variables with normal distribution were presented as
mean + SD, and those with non-normal distribution were presented
as median (interquartile range, IQR). Categorical variables were pre-
sented as counts (percentages). Two continuous variables were com-
pared with independent Student’s t-test or Mann-Whitney U-test,
as appropriate. Categorical variables were compared with 2 test or
Fisher’s exact test. Correlation analyses between BPV and background
data were calculated using Spearman’s rank correlation. The mortality
between groups stratified by BPV median was compared using Kaplan-
Meier plots and log-rank tests.'” Hazard ratios (HRs) with 95% con-
fidence intervals (Cls) of BPV were calculated using univariable and

multivariable Cox proportional hazard models. Previous studies have

demonstrated the risk factors for critical or fatal cases in COVID-
19.4>2021 These confounders were included in the univariable Cox
regression analysis, and variables with p < .1 were entered to the step-
wise multivariable Cox regression. p value < .05 was considered sta-
tistically significant. All statistical analyses were performed using SPSS
22.0 (IBM Corp., Armonk, NY, USA) and GraphPad Prism 7.0 (Inc., La
Jolla, USA).

3 | RESULTS

A total of 2864 hospitalized adult patients were diagnosed with
COVID-19in the study center from February 4,2020 to April 11,2020.
Among these patients, 867 had preexisting hypertension. After exclud-
ing 165 patients without blood pressure measurement on seven con-
secutive days, 702 patients were included in the final analysis (Fig-
ure 1). The median age of the patients was 66.0 (58.0, 73.0) years, and
367 (52.2%) patients were males. The median time from illness onset
to discharge was 44.0 (32.0, 55.3) days. The median number of days of
BP measurement in the hospital was 13.0 (9.0, 14.0) days.

3.1 | Comparison between patients stratified by
disease severity and survival

Among the study patients, 418 (59.5%) were diagnosed with moderate
COVID-19, whereas 284 (40.5%) were severe or critical cases (Table 1).
Compared with moderate cases, patients with severe and critical cases
were older [69.5 (62.0, 76.0) vs. 65.0 (57.0, 71.0) years, p < .001],
had higher proportions of comorbidities, including diabetes, asthma,
COPD; and were more likely to receive diuretic for the antihyperten-
sive treatment. For laboratory findings, severe and critical cases had

higher leukocyte count, hs-CRP, and PCT levels, indicating enhanced
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TABLE 1 Demographics and clinical characteristics of hypertensive patients stratified by severity and survival of COVID-19
Moderate Severe and critical Survivor Non-survivor
Variable Total (n = 702) (n=418) (n=284) p-value (n=680) (n=22) p-value
Age (years) 66.0(58.0,73.0)  65.0(57.0,71.0)  69.5(62.0,76.0) <001 66.0(58.0,73.0)  71.5(65.0,78.8) 012
Male, n (%) 367(52.2) 205 (49.0) 162 (57.0) 037  352(51.8) 15(68.2) 129
Smoking history, n (%) 44(6.3) 24(5.7) 20(7.0) 485  43(6.3) 1(4.5) 1.000
Symptoms, n (%)
Fever 490 (69.8) 293(70.1) 197 (69.4) .836 476 (70.0) 14 (63.6) 522
Cough 471(67.1) 272 (65.1) 199(70.1) 167 457 (67.2) 14 (63.6) 726
Dyspnea 274(39.0) 158 (37.8) 116 (40.8) 417 267(39.3) 7(31.8) 481
Muscle ache 178 (25.4) 104 (24.9) 74(26.1) 725  172(25.3) 6(27.3) .834
Diarrhea 30(4.3) 18 (4.3) 12 (4.2) 959  29(4.3) 1(4.5) 1.000
Comorbidities, n (%)
Diabetes 177 (25.2) 93(22.2) 84 (29.6) .028 173(25.4) 4(18.2) 440
Coronary heartdisease 82 (11.7) 44 (10.5) 38(13.4) .248 76(11.2) 6(27.3) .048
Asthma 37(5.3) 16 (3.8) 21(7.4) 038  34(5.0) 3(13.6) 194
COPD 32(4.6) 13(3.1) 19(6.7) 026  28(4.1) 4(18.2) .010
Chronic kidney disease 19(2.7) 8(1.9) 11(3.9) 116 16 (2.4) 3(13.6) .019
Tumor 18(2.6) 11(2.6) 7(2.5) .891 17(2.5) 1(4.5) 440
Laboratory findings
Leukocyte count (107/L)  5.96(4.90,7.38)  5.70(4.70,7.00)  6.51(5.00,8.25)  <.001 5.90 (4.85,7.20) 9.05 (5.49, 13.5) <.001
Neutrophil count (107/L) 3.73(2.81,5.02)  3.49(2.73,4.58)  4.24(3.04,6.10) <.001 3.67(2.78,4.95)  7.84(4.39,12.2) <.001
Lymphocyte count (10°/L) 1.44(1.02,1.79) 1.54(1.15,1.93) 1.27(0.82, 1.64) <001 1.46(1.05,1.82) 0.75(0.44,1.01) <.001
D-dimer (mg/L) 0.53(0.30, 1.17) 0.41(0.23,0.77) 0.86(0.45, 1.83) <.001 0.51(0.29,1.10) 3.66(2.41,7.24) <.001
ALT (u/L) 21.9(14.6,36.8)  21.4(14.2,35.3)  22.6(15.2,38.7) .121  21.5(144,35.9)  38.2(20.1,67.3) <.001
AST (u/L) 19.7 (15.5,26.7) 18.6(15.1,23.8)  21.5(16.6,32.1) <.001 19.5(154,25.9) 45.5(32.1,56.4) <.001
Creatinine (umol/L) 65.5(55.8,78.9)  65.5(56.3,78.1)  655(54.3,79.5) 950 65.4(55.8,784)  79.5(54.2,140.5) .026

LDH (u/L) 190.1(160.0,230.4) 175.3(155.2,206.4) 207.9 (174.5,264.5) <.001 188.6(159.2,224.7) 413.1(280.2,523.8) <.001
hs-Tnl (ng/ml) 0.01(0.01,0.02) 0.01(0.01,0.01) 0.01(0.01,0.03) <.001 0.01(0.01,0.01) 0.06(0.02,0.33) <.001
BNP (pg/ml) 15.6 (0.01, 60.7) 0.01(0.01, 36.5) 41.9(0.01,127.7) <.001 14.0(0.01,55.8) 103.8(43.2,321.9) <.001
hs-CRP (mg/L) 3.37(1.17,14.6) 2.13(0.92,6.95) 7.87(2.14,34.4) <.001 3.06(1.15,12.78) 121.1(51.7,135.9) <.001
PCT (ng/ml) 0.06(0.03,0.16) 0.05(0.03,0.12) 0.07 (0.04,0.17) .002  0.05(0.03,0.14) 0.38(0.14, 1.10) <.001
Treatment, n (%)
ACEI/ARB 78(11.1) 42(10.0) 36(12.7) 277 77(11.3) 1(4.5) 515
B blocker 104 (14.8) 54(12.9) 50(17.6) 086  102(15.0) 2(9.1) .643
Calcium channel blocker 406 (57.8) 237(56.7) 169 (59.5) 460  398(58.5) 8(36.4) .038
Diuretic 42(6.0) 14 (3.3) 28(9.9) <001 40(5.9) 2(9.1) 867
Antiviral therapy 305 (43.4) 167 (40.0) 138 (48.6) 023 292(42.9) 13(59.1) .133
Glucocorticoid 80(11.4) 28(6.7) 52(18.3) <.001 71(10.4) 9(40.9) <.001
Blood pressure

measurements

mean SBP (mm Hg) 130.0(123.4,138.0) 130.1(123.4,137.1) 129.9 (123.4,138.7) .867  130.0(123.4,137.9) 130.9 (125.5, 140.2) .815
SD SBP (mm Hg) 11.6(9.11, 14.2) 11.2(8.80, 13.6) 11.7 (9.47,14.8) 017  11.4(9.07,14.0) 16.3(12.5,23.4) <.001
CV SBP (%) 8.87(7.01,10.7) 8.76 (6.75,10.4) 9.05 (7.46,11.0) 017  8.82(6.99,10.6) 12.4(9.72,18.3) <.001
VIM SBP (units) 11.6(9.18, 14.0) 11.5(8.82,13.6) 11.9(9.76, 14.5) 018  11.5(9.13,13.8) 16.3(12.7,23.9) <.001
mean DBP (mm Hg) 78.1(74.1,82.9) 78.9(74.7,83.9) 77.3(73.2,81.4) <.001 78.2(74.2,82.9) 74.0(69.8,76.5) .001
SD DBP (mm Hg) 7.77 (6.49,9.96) 7.75 (6.45,9.72) 7.90(6.57,10.2) 151 7.75(6.45,9.84) 11.2(8.87,13.1) <.001

(Continues)
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TABLE 1 (Continued)
Variable Total (n = 702) Moderate Severe and critical p-value Survivor Non-survivor p-value
(n=418) (n=284) (n=680) (n=22)
CV DBP (%) 9.95(8.32,12.4) 9.77 (8.24,12.1) 10.4 (8.45,13.0) .013 9.88(8.28,12.2) 15.6(12.0,17.3) <.001
VIM DBP (units) 7.85(6.55,9.87) 7.75(6.51,9.64) 8.03(6.63,10.2) .059 7.76(6.52,9.70) 11.4(9.40, 13.5) <.001

Abbreviations: COVID-19, coronavirus disease 2019; COPD, Chronic obstructive lung disease; ALT, alanine aminotransferase; AST, aspartate aminotrans-
ferase; LDH, lactate dehydrogenase; hs-Tnl, high-sensitive cardiac troponin I; BNP, B-type natriuretic peptide; hs-CRP, high-sensitive C-reactive protein; PCT,
procalcitonin; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; SBP, systolic blood pressure; DBP, diastolic blood pressure;
SD, standard deviation; CV, coefficient of variation; VIM, variation independent of mean.

inflammatory responses. In addition, LDH, hs-Tnl, and BNP levels
were much higher in severe and critical cases, as a result of cardiac
involvement during SARS-CoV-2 infection. For BP measurement,
compared with moderate cases, severe and critical cases had lower
mean DBP, but higher BPV, as follows: SD SBP, CV SBP, VIM SBP, and
CV DBP. However, no significant difference in mean SBP was observed
between the two cohorts.

Among the study patients, 680 (96.9%) patients were discharged
and 22 (3.1%) died. Compared with survivors, non-survivors were
also significantly older [(72.0 (65.0, 81.0) vs. 66.0 (58.0, 73.0) years,
p = .005], and had higher proportions of comorbidities, including
coronary heart disease, COPD, and chronic kidney disease. In addition,
non-survivors were less likely to receive calcium channel blockers for
treatment of hypertension. For laboratory findings, non-survivors had
more severe inflammatory responses (indicated by higher leukocyte
count, hs-CRP, and PCT levels) and organ damage than survivors. For
example, more severe coagulation function dysfunction (elevated
D-dimer), liver dysfunction (elevated ALT and AST), renal injury (ele-
vated creatinine), myocardial injury (elevated LDH and hs-Tnl), and
cardiac dysfunction (elevated BNP) were observed in non-survivors.
Consistently, compared with survivors, all BPV indices were higher
in non-survivors. However, there were no significant differences
in symptoms between groups stratified by severity and survival of
COVID-19.

3.2 | Correlations of clinical data with BPV
Correlation coefficients between BPV and background factors were
illustrated in Table 2. BPV was correlated with various background
factors. For instance, SD SBP showed significant positive relationships
with age, D-dimer, LDH, hs-Tnl, BNP, hs-CRP, and PCT. In addition, SD
DBP showed significant positive relationships with hs-Tnl and BNP.
Furthermore, Kaplan-Meier survival analysis was used to compare
the mortality between groups stratified by BPV median. As shown
in Figure 2A, two (0.9%) died among patients with lower SD SBP (SD
SBP < 11.6 mm Hg), while 20 (5.7%) died among patients with higher
SD SBP (SD SBP >11.6 mm Hg), that is, patients with higher SD SBP
had significantly higher rate of mortality than those with lower SD
SBP. Besides, higher SD DBP was also correlated with higher mortality
(Figure 2B).

3.3 | Prognostic value of BPV for adverse clinical
outcomes

Of all patients, 64 (9.1%) developed ARDS. Table 3 shows univari-
able Cox regression analyses for the mortality and ARDS in COVID-
19 patients with hypertension. There was no significant association
between mean SBP and adverse outcomes in univariable Cox regres-
sion. In univariate Cox regression model, SBP variability parameters,
including SD (HR 1.29, 95% CI 1.20-1.40), CV (HR 1.38, 95% CI 1.27-
1.51) and VIM (HR 1.28, 95% CIl 1.20-1.37) of SBP, were predictive
of mortality. Additionally, variables with p < .1 in univariable regres-
sion were entered to multivariable Cox model, included age, comor-
bidities (coronary heart disease and COPD), medication (calcium chan-
nel blocker, antiviral therapy, and glucocorticoid), laboratory parame-
ters (D-dimer > 0.55 mg/L, AST > 40 u/L, creatinine > 133 umol/L,
LDH > 250 u/L, hs-Tnl > 0.04 ng/ml, BNP > 100 pg/ml, hs-CRP > 4 mg/L,
PCT > 0.05 ng/ml) and mean DBP. In the multivariate Cox regression
model, the SD SBP (HR 1.17, 95% Cl 1.05-1.30) was consistently pre-
dictive of mortality (Table 4). The predictive value of SBP variability for
ARDS was also observed in the univariable and multivariate models.
For DBP indices, mean DBP and all of DBP variability could significantly
predict mortality and ARDS in univariable Cox model, but not in multi-

variable model.

4 | DISCUSSION

Based on in-hospital BP measurement, this study demonstrated the
prognostic significance of day-by-day BPV for adverse outcomes in
COVID-19 patients with hypertension. The main finding of the study
was that SBP variability rather than DBP variability predicted mortal-
ity and ARDS in COVID-19 patients with hypertension, independent
of other validated risk factors. In addition, BPV was correlated with
inflammation and organ damage markers, such as hs-CRP, PCT, hs-Tnl,
and BNP.

Previous large-scale studies in China reported that the preva-
lence of hypertension in COVID-19 patients ranged from 15% to over
30%.4821-23 |n the present study, 30.3% of patients with COVID-19
had hypertension. A meta-analysis assessing the effect of cardiovascu-
lar comorbidities on COVID-19 patients, reported that hypertension
was associated with 3.67-fold (95% Cl 2.31-5.83) increased risk for
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TABLE 2 Correlation analyses of clinical data with BPV in COVID-19 patients with hypertension

Variable SD SBP CV SBP VIM SBP SD DBP CV DBP VIM DBP
Age 0.15° 0.12' 0.12 -0.03 0.06 0.01
Sex 0.02 0.03 0.04 0.01 -0.02 0.00
Smoking history 0.07 0.09 0.09 0.00 0.02 0.01
Coronary heart disease 0.05 0.05 0.05 —0.05 -0.01 —0.03
ACEI/ARB 0.03 -0.01 -0.01 -0.02 —-0.05 -0.03
B blocker 0.03 0.03 0.03 0.04 0.02 0.03
Calcium channel blocker 0.08 0.03 0.03 0.03 0.00 0.02
Diuretic 0.07 0.06 0.06 0.05 0.06 0.05
Antiviral therapy 0.04 0.04 0.04 0.00 0.01 0.00
Glucocorticoid 0.08 0.09 0.09 0.05 0.07 0.06
Leukocyte count 0.09 0.09 0.09 0.07 0.07 0.07
D-dimer 0.11° 0.11° 0.11' 0.04 0.11' 0.07
ALT —-0.06 -0.04 -0.04 -0.04 —-0.03 -0.04
AST 0.01 0.02 0.03 0.01 0.04 0.02
Creatinine 0.06 0.07 0.07 -0.03 -0.01 -0.02
LDH 0.11 0.11 0.10° 0.04 0.09 0.06
hs-Tnl 0.22° 0.19" 0.19" 0.14" 0.18 0.16"
BNP 0.24° 0.22° 0.21° 0.11° 0.17° 0.14"
hs-CRP 0.19 0.18 0.18 0.09 0.14' 0.11
PCT 0.15" 0.16' 0.16' 0.02 0.09 0.05

Abbreviations: BPV, blood pressure variability; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; hs-Tnl, high-sensitive cardiac troponin I; BNP, B-type natriuretic peptide; hs-CRP, high-sensitive C-reactive protein; PCT, procalcitonin;
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker..

*p < 0.05.
(A) — Lower group (SD SBP<11.6 mmHg) (B) — Lower group (SD DBP<7.77 mmHg)
— Higher group (SD SBP=11.6 mmHg) — Higher group (SD DBP=7.77 mmHg)
100 100
& 801 S 804
;)/ 100 o 1004
T 60- | T 604
o S0 x % _
w p<0.001 - p=0.002
> 404 * = 404 %
g 704 % 70
@ 204 @ 20
60 . = = s y ” = 60
0O 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
0 T T T T T T T 0 T T T T T T T
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Time (days) Time (days)
Number at risk Number at risk
— 351 348 336 290 201 129 75 31 — 351 351 340 288 202 124 73 29
— 351 351 330 274 210 120 61 26 — 351 348 326 276 209 125 63 28

FIGURE 2 Kaplan-Meier survival curves for mortality in patients with higher and lower BPV. Patients with higher SD SBP (>11.6 mm Hg)
exhibited significantly higher incidence of mortality (A). In addition, patients with higher SD DBP (>7.77 mm Hg) exhibited significantly higher
incidence of mortality (B). BPV, blood pressure variability; SD, standard deviation; SBP, systolic blood pressure; DBP, diastolic blood pressure
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TABLE 3 Univariable Cox regression analyses for the mortality and ARDS in COVID-19 patients with hypertension

Mortality(n = 22) ARDS (n = 64)

Variable HR (95%Cl) p-value HR (95%Cl) p-value
Age 1.05(1.01-1.10) .018 1.05(1.02-1.07) <.001
Sex 2.07 (0.85-5.09) 111 1.22(0.75-2.00) 429
Smoking history 0.67 (0.09-4.99) 696 0.68(0.21-2.19) 522
Diabetes 0.60(0.20-1.77) 351 0.79 (0.44-1.43) 439
Coronary heart disease 3.29(1.29-8.42) 013 1.38(0.68-2.79) 373
COPD 4.06 (1.37-12.0) .011 4.27 (2.17-8.41) <.001
Tumor 2.23(0.30-16.64) 434 3.29(1.19-9.11) .022
ACEI/ARB 0.41(0.05-3.05) .383 0.87(0.38-2.02) .748
B blocker 0.45(0.10-1.93) 281 1.77(1.00-3.13) .049
Calcium channel blocker 0.39(0.16-0.92) .032 1.00(0.61-1.65) .988
Diuretic 1.68(0.39-7.21) 482 4.19(2.23-7.87) <.001
Antiviral therapy 2.27(0.97-5.34) .059 1.25(0.76-2.06) 372
Glucocorticoid 4.65(1.98-10.91) <.001 5.29(3.21-8.72) <.001
Leukocyte count < 4x107/L 1.14(0.15-8.50) .896 0.05 (0.00-13.05) .287
D-dimer > 0.55 mg/L 8.79(2.03-38.07) .004 14.69 (5.31-40.63) <.001
AST > 40u/L 16.73(7.01-39.93) <.001 4.62(2.69-7.91) <.001
Creatinine > 133 umol/L 9.76(3.78-25.19) <.001 4.32(2.13-8.76) <.001
LDH > 250 u/L 42.06 (9.83-180.01) <.001 12.20(7.11-20.91) <.001
hs-Tnl > 0.04 ng/ml 17.73 (6.84-45.95) <.001 8.37 (94.64-15.09) <.001
BNP > 100 pg/ml 6.06 (2.46-14.92) <.001 4.81(2.76-8.38) <.001
hs-CRP >4 mg/L 76.81(2.26-2613.39) .016 26.25(8.23-83.72) <.001
PCT > 0.05 ng/ml 17.44(2.31-131.57) .006 6.61(3.11-14.08) <.001
mean SBP 1.00(0.96-1.04) .950 0.99(0.97-1.02) 567
mean DBP 0.88(0.83-0.94) <.001 0.90 (0.87-0.94) <.001
Assessments of BPV
SD SBP 1.29(1.20-1.40) <.001 1.19(1.13-1.25) <.001
CV SBP 1.38(1.27-1.51) <.001 1.27(1.19-1.35) <.001
VIM SBP 1.28(1.20-1.37) <.001 1.20(1.14-1.25) <.001
SD DBP 1.34(1.21-1.48) <.001 1.18(1.10-1.27) <.001
CV DBP 1.26(1.18-1.34) <.001 1.16(1.11-1.22) <.001
VIM DBP 1.35(1.23-1.48) <.001 1.20(1.13-1.29) <.001

ARDS, acute respiratory distress syndrome; HR, hazard ratio; Cl, confidence interval; COPD, Chronic obstructive lung disease; ACEI, angiotensin-converting
enzyme inhibitor; ARB, angiotensin receptor blocker; AST, aspartate aminotransferase; hs-Tnl, high-sensitive cardiac troponin I; BNP, B-type natriuretic pep-
tide; hs-CRP, high-sensitive C-reactive protein; SBP, systolic blood pressure; DBP, diastolic blood pressure; PCT, procalcitonin.

mortality in the unadjusted model.2* Therefore, it is of great value to
investigate the risk factors for adverse outcomes in COVID-19 patients
with hypertension, and this can guide physicians in early medical man-
agement of these patients. In line with previous studies, our data sug-
gested that non-survivors were more likely to have excessive inflamma-
tions and severe organ damage than survivors.212> Additionally, com-
pared with moderate cases, patients with severe and critical COVID-19
had higher BPV, as assessed by SD, CV, and VIM of SBP and DBP. Sim-
ilarly, non-survivors had higher BPV than survivors, which implied the
associations between BPV and adverse outcomes.

Undoubtedly, hypertensive patients can benefit from reduction in
BP levels in clinical practice. Moreover, more studies have identified
additional benefits of reducing BPV in the prevention of cardiovascu-
lar events and adverse outcomes.® The Finn-Home Study suggested
that higher variability parameters of morning BP, but not evening
BP, were independent predictors of cardiovascular events and mor-
tality, probably resulting from the activation of the sympathetic ner-
vous system and an increase in platelet aggregability.?® Consistently,
the estimation of BPV in our study was derived from in-hospital BP
measured in the morning. In fact, BPV has been identified to be
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TABLE 4 Multivariable Cox regression analyses for the mortality and ARDS with BPV in COVID-19 patients with hypertension

Mortality (n = 22) ARDS (n = 64)

Variable HR (95% Cl) p-value HR (95% Cl) p-value
SBP variability

SD SBP (mm Hg) 1.17(1.05-1.30) .004 1.09(1.01-1.16) .021
CV SBP (%) 1.13(0.99-1.29) 076 1.10(1.01-1.19) .027
VIM SBP (units) 1.10(0.99-1.22) 076 1.07(1.01-1.14) .028
DBP variability

SD DBP (mm Hg) 0.77 (0.48-1.24) .283 1.11(0.96-1.28) .149
CV DBP (%) 0.97(0.70-1.34) .854 1.07 (0.97-1.09) 192
VIM DBP (units) 0.98(0.65-1.49) 929 1.10(0.96-1.27) 166

Hazard ratios of BPV in multivariable Cox regression were adjusted for the variables with p <.1 in univariable Cox regression.

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure.

predictive of adverse outcomes in several diseases, such as, hyperten-
sion, transient ischemic attack, heart failure, diabetes, under hemodial-
ysis, and even in the general population.1>1727-30 |ntriguingly, in the
present study, higher SD SBP was associated with in-hospital mortal-
ity and ARDS in COVID-19 patients with hypertension. Several stud-
ies have investigated the risk factors for mortality among COVID-19
patients and demonstrated that older males with comorbidities, includ-
ing hypertension, diabetes, coronary heart disease, COPD, tumor, and
severe organ damage had greater risk of mortality.#>2021 After we
adjusted for these confounders, in this study, the variability of SBP, but
not DBP, could consistently predict adverse outcomes among COVID-

19 patients with hypertension. Although Li eand coworkers3%:32

con-
ducted similar studies, this study included larger sample size and
excluded cases without sufficient BP readings to reduce its confound-
ing impact. Our data implied that stable level of blood pressure has
better prognosis than fluctuating level in COVID-19 patients with
hypertension.

The mechanisms involved in the association between increased day-
by-day BPV and adverse outcomes in COVID-19 patients with hyper-
tension are unknown. BPV is a complex phenomenon that is affected
by multiple intrinsic and extrinsic factors. Aging and hypertension-
induced arterial stiffness can cause BP fluctuation and increased
variability.2” Similarly, the results in this study have demonstrated the
relationship between age and BPV. In addition, inflammation mark-
ers have been reported to be associated with BPV in hypertensive
patients, the same as this study identified.3® Indeed, SARS-CoV-2 infec-
tion has been considered a cytokine storm syndrome, and COVID-19
patients with ARDS showed 10- to 60- fold higher levels of interleukin-
16 and interleukin-6 than patients with moderate cases.?4~%¢ Exces-
sive inflammatory responses may therefore partly explain the associ-
ation between high BPV and adverse outcomes in COVID-19 patients
with hypertension. We also found the correlations of BNP and hs-
Tnl with BPV, perhaps implying the detrimental role of cardiac dys-
function and myocardial injury on BP stability. Previous study has
reported the relationship between visit-to-visit SBP variability and the

rate of myocardial infarction.3” Additionally, Diaz and coworkers38:3?

suggested that high BPV was associated with endothelial dysfunction,
which could account for the link between BPV and vascular injury dis-
eases. Recently, Varga and coworkers*® found evidence that SARS-
CoV-2 directly infected endothelial cell via the protein angiotensin-
converting enzyme 2, and induced endotheliitis in several organs.
Viral infection increases the risk of adverse outcomes for hyperten-
sive patients with pre-existing endothelial dysfunction, which may pro-
vide another underlying mechanism linking high BPV and adverse out-
comes in COVID-19 patients with hypertension. Further studies are
required to confirm the mechanism underlying this effect and to clarify
whether reducing BPV improves the prognosis of COVID-19 patients

with hypertension.

5 | LIMITATIONS

This study has several limitations. First, due to its retrospective design,
some cases patients incomplete medical records, and laboratory tests
were not performed in all patients, which may have caused bias in
our analyses. Second, history of antihypertensive medication prior to
admission could not be ascertained, and this prevented us from exclud-
ing the confounding effect of this on the outcomes of the patients.
Third, this study included only Chinese hypertensive patients with
COVID-19, and further studies are needed to clarify these results in
other populations with COVID-19.

6 | CONCLUSIONS

To the best of our knowledge, this study for the first time demonstrates
that higher day-by-day in-hospital SBP variability can independently
predict mortality and ARDS in COVID-19 patients with hypertension.
In addition, high BPV may be correlated with severe inflammation and
myocardial injury. Early reduction of BPV may improve the prognosis
of these patients. The underlying mechanisms that link higher BPV and
adverse outcomes need to be clarified in further studies.
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