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Dear Editor,

Hypertension was reportedly the most common coexisting
condition of COVID-19 as 15%–31.2% patients with
COVID-19 had hypertension, and the incidence of hy-
pertension reached 58.3% in COVID-19 patients requiring
ICU care (Wang et al., 2020). However, it remains unclear
whether combined hypertension carries an increased risk for
a worse outcome in patients with COVID-19 and what
clinical factors independently predict death in these patients.
Angiotensin converting enzyme inhibitors (ACEI) and an-
giotensin receptor blockers (ARB) are commonly used an-
tihypertensive medications, but it is highly controversial
whether ACEI/ARB treatment should be applied to patients
with COVID-19 and hypertension because of a theoretical
concern that these drugs may increase the expression of
angiotensin converting enzyme 2 (ACE2), a high-affinity
receptor of 2019-nCoV, thereby facilitating invasion of
2019-nCoV into the human body (Zhou et al., 2020).

To address these questions, a total of 580 patients admitted
into Renmin Hospital of Wuhan University for COVID-19
from January 12, 2020 to March 27, 2020 were enrolled.
Patients were divided into two groups according to their
history of hypertension: hypertension (HT) group (blood
pressure ≥140/90 mmHg) and normotension (NT) group
(blood pressure <140/90 mmHg). In addition, patients with
hypertension were further divided into two subgroups:
ACEI/ARB treatment (AT) sub-group and non-ACEI/ARB
treatment (NAT) sub-group.
There were 300 men and 280 women, aged from 27 to

94 years and ≥60 years in more than half patients. Patients in
the HT group were older and had higher systolic and dia-
stolic blood pressures (SBP, DBP) and more comorbidities
such as stable coronary artery disease and diabetes, than
those in the NT group. There were higher white blood cells,
neutrophils, neutrophil-to-lymphocyte ratio (NLR) and ser-
um levels of C-reactive protein (CRP), creatinine, blood
glucose, triglycerides (TG), lactate dehydrogenase (LDH),
and creatine kinase-myocardial isoenzyme (CK-MB) in the
HT than the NT group. In contrast, the counts of platelet and
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CD8 cells were significantly lower in the HT than the NT
group. Among 580 enrolled patients, 74 and 40 individuals in
HT and NT groups, respectively, exhibited an increased cTnI
level (28.6% vs. 12.5%), suggesting that hypertension was
associated with an increased risk of acute myocardial injury
in patients with COVID-19. Patients in the HT group re-
ceived more invasive mechanical ventilation than in the NT
group (8.5% vs. 3.1%). In-hospital mortality was sig-
nificantly higher in HT than in NT group (21.2% vs. 10.3%,
P<0.05, Table S1 in Supporting Information).
In the subgroup analysis, among 259 patients in the HT

group, 73 received ACEI/ARB treatment (AT sub-group),
while 186 received non-ACEI/ARB treatment (NAT sub-
group). Patients in the AT sub-group showed lower neu-
trophil counts, NLR, serum levels of CRP, blood glucose and
LDH, and higher lymphocyte and platelet counts, than those
in the NAT sub-group (P<0.05). Importantly, 14 and 60 pa-
tients in the AT and NAT sub-group, respectively, exhibited
elevated cTnI levels (19.2% vs. 32.3%, P<0.05). Further-
more, patients in the NAT sub-group showed lower CD3,
CD4 and CD8 cell counts than in the AT sub-group (P<0.05).
In the NAT sub-group, 51 (27.4%) patients died while in the
AT sub-group, only 4 (5.5%) died. Noticeably, the differ-
ences in characteristics, laboratory findings and outcomes
between the AT and NAT subgroups remained significant
even after propensity score matching (Table 1). These results
suggested that ACEI/ARB therapy may play a beneficial role
in improving the clinical outcome in patients with severe
COVID-19 and hypertension.
Multivariate regression analysis showed that dyspnea, in-

creased age, serum levels of LDH and NLR, decreased CD3
cell counts and elevated serum levels of cTnI were sig-
nificant and independent predictors of death in all COVID-
19 patients with and without hypertension (Table S2 in
Supporting Information). In patients with combined COVID-
19 and hypertension, however, only decreased CD3 cell
counts and elevated serum levels of cTnI were independent
predictors of death. Noticeably, less use of ACEI/ARB was
identified as a powerful and independent predictor of death
in these patients, lending support to the notion that treatment
with ACEI/ARB improves the outcome of patients with
combined COVID-19 and hypertension (Table S3 in Sup-
porting Information).
To analyze the effect of elevated blood pressure on clinical

outcome in patients with combined COVID-19 and hy-
pertension, we further divided the HT group patients into
controlled blood pressure (blood pressure <140/90 mmHg on
admission) and uncontrolled blood pressure (SBP
≥140 mmHg and/or DBP ≥90 mmHg on admission) sub-
groups. The results showed that patients in the uncontrolled
blood pressure sub-group had an older age, higher SBP, DBP
and serum levels of CK-MB and cTnI, and more use of
diuretics than those in the controlled blood pressure sub-

group. However, after propensity score matching, only SBP,
DBP and serum levels of cTnI remained different between
the two subgroups, indicating more patients with un-
controlled blood pressure had myocardial injury than those
with controlled blood pressure (Table S4 in Supporting In-
formation), a finding similar to a higher serum level of cTnI
in the HT than the NT group.
In this study, patients in the HT group were different from

those in the NT group in four aspects: older age, higher blood
pressure, more intensive systemic inflammation as reflected
by increased white blood cells, neutrophils, NLR and CRP,
and more significant myocardial injury. The elderly is more
subject to viral infection and multiple organ damage, and
hypertension may induce endothelial dysfunction and left
ventricular hypertrophy. It has been reported that viral re-
plication may provoke apoptosis of respiratory epithelial and
vascular endothelial cells, initiating a rapid production of
proinflammatory cytokines and chemokines (Fu et al., 2020).
Increased white blood cells, neutrophils and CRP were re-
lated to cytokine storm, which had been deemed as a pre-
dictor of a fatal outcome. The mildly increased serum level
of cTnI in our patients is a definite indictor of myocardial
injury, which has been recognized as a unique clinical feature
of COVID-19 (Ruan et al., 2020). These differences between
HT and NT groups may explain the higher in-hospital mor-
tality and a lower discharge rate in HT than in NT group.
Taken together, our results indicated that hypertension car-
ries an increased risk for a worse outcome in patients with
severe COVID-19.
Although respiratory failure is the leading cause of death in

patients with COVID-19, myocardial injury has emerged as a
secondary cause of death in these patients. In the current
study, an elevated serum level of cTnI was detected in 28.6%
and 12.5% patients in the HT and NT groups, respectively.
The mechanism of an increased incidence of myocardial
injury in the HT group is unclear but may be related to three
potential mechanisms. First, the virus may directly invade
myocardium leading to viral myocarditis, as ACE2, the re-
ceptor of 2019-nCoV, is widely distributed in the human
heart and patients in the HT group are likely susceptible to
COVID-19 due to an older age (Zhou et al., 2020). Second,
2019-nCoV downregulates ACE2 expression by binding
ACE2 with resultant endocytosis, and activating disintegrin
and metalloprotease 17 (ADAM17) to cleave membrane-
bound ACE2, which may lead to an increased level of an-
giotensin II (Ang II) (Yang et al., 2020). A recent study
reported that the serum levels of Ang II and CRP were
dramatically increased in patients with COVID-19, which
was linearly related to viral load and lung injury (Liu et al.,
2020). As Ang II is a powerful pro-inflammatory factor, an
elevated serum level of Ang II may predispose myocardium
to an acute injury induced by cytokine storm. Third, hy-
poxemia as a consequence of respiratory failure may cause
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myocardial ischemia, thus aggravating coronary microvessel
disease commonly seen in HT patients.
Since human ACE2 is recognized as the cell binding re-

ceptor of 2019-nCoV (Zhou et al., 2020), the relation be-
tween ACE2 and ACEI/ARB treatment has received
increasing attention. Fang et al. proposed that ACEI/ARB

treatment may increase ACE2 expression, which may facil-
itate COVID-19 infection and multiply the risk for severe
COVID-19 (Fang et al., 2020). This speculation aroused
serious concerns about the safety of ACEI/ARB in patients
with COVID-19 and hypertension. However, the effect of
ACEI/ARB on the expression and activity of ACE2 has

Table 1 Comparison of patients with combined COVID-19 and hypertension receiving ACEI/ARB and non-ACEI/ARB treatment before and after
propensity score matchinga)

Unmatched Matched (1:2)

AT sub-group (n=73) NAT sub-group (n=186) P values AT sub-group (n=73) NAT sub-group (n=133) P values

Age (years) 66.0 (57.5–74.5) 69.0 (61.0–76.0) 0.109 66.0 (57.5–74.5) 68.0 (59.5–74.0) 0.581

Sex

Male 33 (45.2%) 105 (56.5%)
0.103

33 (45.2%) 66 (49.6%)
0.544

Female 40 (54.8%) 81 (43.5%) 40 (54.8%) 67 (50.4%)

Heart rate (bpm) 84.0 (76.0–94.0) 85.0 (78.0–99.0) 0.237 84.0 (76.0–94.0) 85.0 (78.0–98.5) 0.305

SBP (mmHg) 135.0 (121.5–146.0) 136.0 (121.8–150.3) 0.859 135.0 (121.5–146.0) 136.0 (123.0–150.5) 0.718

DBP (mmHg) 79.0 (70.5–87.5) 78.0 (71.0–89.3) 0.769 79.0 (70.5–87.5) 78.0 (70.0–87.5) 0.591

White blood cells (109 L–1) 5.76 (4.96–7.79) 6.81 (4.92–9.40) 0.109 5.76 (4.96–7.79) 6.76 (4.90–9.45) 0.135

Neutrophils (109 L–1) 3.96 (2.85–5.67) 5.20 (3.59–7.81) 0.004 3.96 (2.85–5.67) 5.15 (3.64–7.98) 0.007

Lymphocytes (109 L–1) 1.14 (0.83–1.68) 0.85 (0.60–1.23) <0.001 1.14 (0.83–1.68) 0.85 (0.61–1.32) 0.001

NLR 3.33 (2.14–6.34) 6.18 (3.28–11.68) <0.001 3.33 (2.14–6.34) 6.17 (3.19–11.60) <0.001

Hemoglobin (g L–1) 123.0 (113.5–131.5) 123.0 (112.5–136.0) 0.746 123.0 (113.5–131.5) 122.0 (111.0–134.5) 0.997

Platelet (109 L–1) 226.0 (182.5–280.0) 201.0 (150.8–270.5) 0.023 226.0 (182.5–280.0) 200.0 (152.5–260.0) 0.025

CRP (mg L–1) 17.5 (0–67.9) 60.9 (16.4–109.3) <0.001 17.5 (0–67.9) 59.6 (13.0–100.7) 0.002

ALT (U L–1) 25.5 (16.0–46.3) 24.0 (17.0–40.8) 0.953 25.5 (16.0–46.3) 24.0 (17.0–42.0) 0.972

AST (U L–1) 25.0 (18.0–38.8) 30.0 (20.0–47.0) 0.052 25.0 (18.0–38.8) 30.0 (20.0–47.0) 0.117

Creatinine (μmol L–1) 64.5 (51.3–81.5) 66.0 (53.0–84.0) 0.472 64.5 (51.3–81.5) 65.0 (53.0–84.0) 0.748

Blood glucose (mmol L–1) 5.79 (5.20–7.46) 6.62 (5.46–9.28) 0.013 5.79 (5.20–7.46) 6.61 (5.44–9.19) 0.040

TG (mmol L–1) 1.29 (1.03–1.75) 1.24 (0.98–1.67) 0.429 1.29 (1.03–1.75) 1.25 (1.00–1.67) 0.569

TC (mmol L–1) 4.06 (3.36–4.44) 3.64 (3.13–4.23) 0.063 4.06 (3.36–4.44) 3.70 (3.30–4.28) 0.168

LDL-C (mmol L–1) 2.38 (1.90–2.91) 2.29 (1.80–2.75) 0.185 2.38 (1.90–2.91) 2.29 (1.81–2.81) 0.293

LDH (U L–1) 253.0 (214.0–310.0) 339.5 (238.8–481.8) <0.001 253.0 (214.0–310.0) 340.0 (238.5–493.0) 0.001

CK-MB (ng mL–1) 1.27 (0.89–1.95) 1.45 (0.89–2.97) 0.071 1.27 (0.89–1.95) 1.38 (0.88–2.96) 0.141

Elevated cTnI 14 (19.2%) 60 (32.3%) 0.036 14 (19.2%) 44 (33.1%) 0.034

CD3 (μL–1) 639.0 (437.0–1009.0) 505.0 (306.0–767.0) 0.002 639.0 (437.0–1009.0) 516.0 (306.0–780.0) 0.010

CD4 (μL–1) 422.0 (265.0–606.0) 320.0 (183.0–488.0) 0.001 422.0 (265.0–606.0) 320.0 (172.0–505.0) 0.006

CD8 (μL–1) 212.0 (116.0–326.0) 163.0 (90.0–260.0) 0.011 212.0 (116.0–326.0) 165.0 (95.0–272.0) 0.031

Antihypertensive treatment

β-blocker 24 (32.9%) 37 (19.9%) 0.027 24 (32.9%) 27 (20.3%) 0.045

CCB 48 (65.8%) 107 (57.5%) 0.224 48 (65.8%) 73 (54.9%) 0.130

Diuretic 17 (23.3%) 40 (21.5%) 0.755 17 (23.3%) 25 (18.8%) 0.444

Clinical outcome

Discharge 69 (94.5%) 135 (72.6%)
<0.001

69 (94.5%) 98 (73.7%)
<0.001

Death 4 (5.5%) 51 (27.4%) 4 (5.5%) 35 (26.3%)

a) Data were expressed as n (%) and median (IQR). ACEI: angiotensin converting enzyme inhibitors; ARB: angiotensin receptor blockers; SBP: systolic
blood pressure; DBP: diastolic blood pressure; NLR: neutrophil-to-lymphocyte ratio; CRP: C-reactive protein; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; TG: triglyceride; TC: total cholesterol; LDL-C: low density lipoprotein cholesterol; LDH: lactate dehydrogenase; CK-MB: creatine kinase-
myocardial isoenzyme; cTnI: cardiac troponin I; CCB: calcium channel blockers.

838 Meng, X., et al. Sci China Life Sci May (2021) Vol.64 No.5



never been confirmed in either experimental research or
clinical practice. In a rat model of myocardial infarction,
Burchill et al. reported that neither ramipril or valsartan
alone nor in combination enhanced cardiac ACE2 expres-
sion, suggesting their cardioprotective effects were not
mediated through up-regulation of cardiac ACE2 (Burchill
et al., 2012). Our results demonstrated that patients in the
AT sub-group had a lower level of systemic inflammation
and myocardial injury than the NAT group, which was
consistent with the RAICES study in which serum levels of
CRP were significantly reduced after a 6-month ramipril
therapy in 77 patients with coronary artery disease (Lopez
Santi et al., 2005). The mechanism underlying the benefit of
ACEI/ARB therapy in our patients is unknown but may be
mainly due to the inhibition of Ang II production by ACEI
or the blockade of Ang II receptor type 1 (AT1R) by ARB.
It has been reported that Ang II may activate ADAM-17 to
cleave ACE2 off cell membrane and ACEI/ARB therapy
may restore ACE2-angioten-(1-7)-Mas axis to antagonize
overactive renin-angiotensin system induced by COVID-19
(Jiang et al., 2014). In addition, CD3, CD4 and CD8 T cell
counts were higher in AT than NAT group. Lymphocyto-
penia is commonly seen in patients with COVID-19, which
may indicate an impaired immune response (Chen et al.,
2020; Fu et al., 2020), and ACEI/ARB treatment restored
normal immune function in these patients. Eventually, these
salutary effects of ACEI/ARB therapy translated into a
lower in-hospital mortality and a higher discharge rate in
the AT than the NAT group. Our results provided direct
evidence that ACEI/ARB treatment is beneficial for im-
proving clinical outcomes of patients with severe COVID-
19 and hypertension.
In conclusion, we demonstrated that patients with com-

bined COVID-19 and hypertension had more significant
systemic inflammation and acute myocardial injury, a
higher in-hospital mortality and a lower discharge rate,
whereas COVID-19 and hypertensive patients receiving
ACEI/ARB therapy had an improved clinical outcome.
Finally, an elevated serum level of cTnI and less use of
ACEI/ARB therapy were strong and independent pre-
dictors of death in patients with combined COVID-19 and
hypertension. Further randomized, multicenter and con-
trolled studies are warranted to confirm these preliminary
findings.
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