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The association between blood pressure levels and mortality
in critically ill patients with COVID-19 in Wuhan, China: a
case-series report
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Study participants and definitions

This study was a single-center, retrospective observational
study of 123 critically ill patients with COVID-19 in Wuhan
Huo Shen-shan Hospital, China. The patients analyzed in
this report were admitted to the ICU between February 9th
and April 6th, 2020, and were either discharged or died
during their ICU hospitalization. Clinical data were col-
lected by experienced physicians during the ICU admission
and hospitalization. The study design and procedures were
approved by the ethics committees of Wuhan Huo Shen-
shan Hospital (HSSLL030) and Jiangnan University
(JNU20200927RB02).

The onset of symptoms was defined as the time when
COVID-19-associated symptoms were initially noted. The
criteria of successful treatment prior to discharge were
resolved clinical symptoms and inflammation and at least
two consecutive negative results (24-h interval) on labora-
tory tests for COVID-19 infection. The endpoint in the ICU
was specified as the point at which patients died or were
cured from COVID-19 infection and transferred. The
hypertension grades were defined according to the Chinese
guidelines for the management of hypertension as follows:

Stage 1 hypertension [S1 HT], systolic blood pressure
[SBP] between 140 and 159 mmHg, and/or diastolic blood
pressure [DBP] between 90 and 99 mmHg; Stage 2 hyper-
tension [S2 HT], SBP 160–179 mmHg, and/or DBP
100–109 mmHg; and Stage 3 hypertension [S3 HT], SBP ≥
180 mmHg, and/or DBP ≥ 110 mmHg) [1]. BP values were
based on previous medical records or measured during the
ICU admission without antihypertensive medications.

Case-series report

Among 123 patients admitted to the ICU, 29 were pre-
diagnosed with S1 HT, 24 with S2 HT, and 22 with S3 HT.
Forty-eight patients did not have hypertension. Only eight
hypertensive patients were medicated with RAAS inhibi-
tors. The mortality among the S3 HT patients (14/22,
63.6%) was the highest, while 44.9% (22/48) of patients
without HT, 44.8% (13/28) of patients with S1 HT, and
33.3% (8/24) of those with S2 HT died during ICU hos-
pitalization. Compared with normotensive patients, those
prediagnosed with S3 HT had significantly higher rates of
diabetes and coronary heart disease but not cerebrovascular
disease, chronic kidney disease, or COPD. All hypertensive
patients had longer durations in the ICU compared with
normotensive patients, particularly the S3 HT group, which
had a significantly extended duration vs. those without HT
(mean, 36.8 [range, 12–55] days vs. 28.5 [range, 9–55]
days; P < 0.05). Kaplan–Meier survival curves were plotted
from the time of symptom onset to the endpoint (Fig. 1).
There were significant differences in the time from symp-
tom onset to the endpoint between the S3 HT patients and
those without HT but not in the other groups. According to
multivariate Cox regression analysis, patients with S3 HT
presented a significantly higher risk of death from symptom
onset than those without S3 HT (hazard ratio, 1.26 [95% CI,
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1.02–1.56]) after adjusting for age, sex, comorbidities, and
complications (Table 1).

From the laboratory findings (Table 2), S3 HT patients
had significantly higher levels of inflammatory, cardiac and
kidney biomarkers, including CRP, procalcitonin, myoglo-
bin, high-sensitivity troponin I, creatine kinase, BNP, and
creatinine, than patients without hypertension. Patients with
S1 HT and S2 HT did not show any significant differences
in these levels compared with normotensive patients, except
that S2 HT cases had significantly higher levels of myo-
globin and creatinine than normotensive cases. In terms of
complications, more S3 HT patients had ARDS than S2 HT,
S1 HT, and normotensive patients, although the differences
were not statistically significant. Compared with normoten-
sive patients, significantly more patients in the S2 HT and S3
HT groups had cardiac injury during hospitalization. In
addition, kidney injury was more common among patients
with S3 HT than among those without hypertension.

Discussion

This single-center, retrospective, and objective report pro-
vides comprehensive information on the association
between S3 HT and mortality among critically ill patients
during ICU hospitalization. Hypertension has been widely
documented as a risk factor associated with the severity of
COVID-19 and was suggested to be associated with high
mortality in the ICU in some reports [2, 3]. Consistent with
these reports, we found a high fatality rate in hypertensive

patients during ICU hospitalization in Wuhan Huo Shen-
shan Hospital, particularly in the S3 HT group; 14 of 22
(63.6%) patients ultimately died of COVID-19. Among
patients with S3 HT, four were medicated with RAAS
inhibitors as antihypertensive treatment, while the rest were
treated with calcium-channel blockers, beta-blockers, or
thiazide diuretics. Two of four S3 HT patients taking RAAS
inhibitors died. Despite the limited number of subjects, this
is consistent with other reports that the use of RAAS inhi-
bitors is not associated with the risk of severe COVID-19
and in-hospital deaths [4, 5].

We found that compared to patients without hyperten-
sion, those who had a history of S3 HT were more likely to
develop cardiac injury during ICU hospitalization and had
significantly increased levels of cardiac biomarkers at ICU
admission (myoglobin, high-sensitivity troponin I, creatine
kinase, and BNP). Cardiac injury has been extensively
reported as an important risk factor associated with the
severity and mortality of COVID-19 [6–8]. Given the close
relationship between hypertension and cardiac injury
[9, 10], it is reasonable to hypothesize that higher blood
pressure causing more frequent cardiac injury eventually
leads to increased mortality among critically ill patients in
the ICU. Compared with normotensive patients, markedly
more patients with S3 HT also had more kidney injuries in
the ICU, accompanied by significantly increased levels of
creatinine on ICU admission. This implies that the higher
fatality rate in critically ill patients with S3 HT may result
from the increased likelihood of developing kidney dys-
function. In addition, it should be noted that critically ill
patients with S3 HT were more likely to have more severe
prognoses, even after multiple organ dysfunction occurred.
Consequently, they may face a higher risk of death.
Overall, it would be helpful to give special care to patients
with S3 HT in the ICU. More prioritized and aggressive
treatment strategies, together with appropriate prevention of
organ damage, should be applied to these patients.
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Fig. 1 Kaplan–Meier survival curves for mortality during the time
from symptom onset to either death or discharge from the ICU.
Patients were divided into four groups (No HT, S1 HT, S2 HT, S3 HT)
according to their blood pressure levels

Table 1 Multivariate Cox regression analysis of the risk factors for
mortality among critically ill patients

From symptom onset to endpoint

Factor Hazard ratio (95% Cl) P value

Age 0.99 (0.97–1.03) 0.99

Gender 1.36 (0.73–2.54) 0.32

Stage 3 hypertension 1.26 (1.02–1.56) 0.02

Diabetes 1.02 (0.56–1.89) 0.93

Coronary heart disease 1.91 (0.97–3.78) 0.06

COPD 1.82 (0.61–5.46) 0.28

ARDS 1.55 (0.89–2.73) 0.12

Cardiac injury 1.37 (0.73–2.56) 0.31
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Monitoring associated biomarkers or parameters at the early
stage in the ICU would be helpful to reduce mortality.
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Table 2 Vascular-system-related
parameters among clinical data
of critically ill patients with
COVID-19a

Without HT S1 HT S2 HT S3 HT

No. of patients (%) 48 (39.0) 29 (23.6) 24 (20.0) 22 (17.9)

RAAS inhibitors (%) 0 2 (6.8) 2 (8.3) 4 (18.2)

Comorbidities, no. (%)

Diabetes 8 (16.3) 6 (20.7) 4 (16.7) 11 (50.0)**

Coronary heart
disease

5 (10.2) 7 (24.1) 2 (8.3) 7 (31.8)*

Cerebrovascular
disease

5 (10.2) 5 (17.2) 7 (29.2) 5 (22.7)

Chronic kidney
disease

4 (8.2) 5 (17.2) 2 (8.3) 5 (22.7)

COPD 2 (4.1) 3 (10.3) 3 (12.5) 2 (9.1)

Laboratory tests on admission, median (IQR)

CRP, mg/L 48.2 (11.1–105.4) 27.2 (8.9–95.7) 80.0 (8.7–128.3) 92.8 (32.2–136.6)*

Procalcitonin, ng/mL 0.21 (0.07–0.57) 0.20 (0.08–0.30) 0.27 (0.10–0.50) 0.86 (0.12–2.60)*

Myoglobin, ng/mL 29.7 (7.1–126.5) 32.7 (20.3–381.0) 113.9 (8.2–485.3)* 103.2 (19.6–406.6)*

High-sensitivity
troponin I, ng/mL

0.02 (0.01–0.07) 0.01 (0.02–0.20) 0.01 (0.01–0.20) 0.04 (0.03–0.89)*

Creatine kinase, IU/L 52.7 (31.9–108.3) 33.2 (20.7–75.0) 48.3 (37.4–111.4) 95.2 (33.6–713.5)*

BNP, pg/mL 104.3 (46.5–186.6) 395.0 (47.0–524.7) 46.6 (0.01–60.0) 285.6 (53.9–1401.0)*

Creatinine, μmol/L 58.6 (48.8–76.0) 68.7 (43.7–90.0)* 73.1 (62.5–146.0)* 104.0 (56.8–185.0)*

Complications [No. of patients (%)]

ARDS 20 (41.7) 14 (48.3) 14 (58.3) 15 (68.2)

Cardiac injury 13 (27.1) 13 (44.8) 15 (62.5)* 20 (90.9)**

Kidney injury 8 (16.7) 7 (24.1) 4 (16.7) 9 (40.9)*

Died 22 (44.9) 13 (44.8) 8 (33.3) 14 (63.6)

COPD chronic obstructive pulmonary disease, CRP C-reactive protein, BNP type B natriuretic peptide,
ARDS acute respiratory distress syndrome
aCategorical variables are presented as numbers and percentages. Continuous variables are shown as the
median and interquartile range (IQR). Proportions for categorical variables were compared using the χ2 test.
Fisher’s exact test was used if the sample size was small. Continuous variables were compared using
independent group t-tests when the data were normally distributed, otherwise the Mann–Whitney test was
used. *P < 0.05; **P < 0.001 vs. group without HT
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