ORIGINAL PAPER

COVID-19 clinical outcomes in patients
with and without ongoing therapy
with angiotensin-converting enzyme inhibitors
or angiotensin Il receptor blockers

Ahmed Nafakhi', Ihsan Rabeea’, Rasha AL-Darraji®’, Hussein Nafakhi’, Ahmed Mechi®,
Alhan Al-Khalidi’

'Najaf Health Bureau, Ministry of Health, Iraq
“University of Kufa, Pharmacy College, Najaf, Iraq
SUniversity of Kufa, Medicine College, Najaf. Iraq

*Jabir Ibn Hayan Medical University, Najaf, Iraq

Abstract

Background: The are conflicting reports on the effects of angiotensin-converting enzyme inhibitors (ACEI) or an-
giotensin II receptor blockers (ARB) continued treatment on clinical outcomes in COVID-19 patients.

Material and methods: Patients presented with symptoms suggestive of COVID-19 infection were enrolled between
5 April 2021,and 5 June 2021. Patients who survived acute stage of the disease were asked to attend out-patient clinic
after six months following COVID-19 infection diagnosis.

Results: A total of 162 patients were enrolled in this study. ARB users showed significant independent association
with lower fatality rate as compared to ACEI/ARB-naive patients [OR (CI) = 0.1(0.0-0.5), p = 0.01]. The prevalence
of respiratory support use and intensive care unit (ICU) admission was numerically, but not statically significant,
lower among ARB users than non-ARB users. The distribution of in-hospital adverse outcome was numerically lower
among ACEI users than in non ACEI users, though the association did not reach statistical significance. ARB users
showed significant independent association with persistent cough [OR (CI) = 2 (1.1-10), p = 0.02]. No significant
differences in other long term symptoms were found between ARB users and nonusers. On the other hand, chest
pain showed higher prevalence among ACEI users than in non-ACEI users. After adjusting for baseline comorbidi-
ties, chest pain association with ACEI user was not persisted. No significant differences in other long term symptoms
were found between ACEI users and nonusers.

Conclusion: ARB and ACEI users showed low prevalence of in-hospital adverse outcome compared to ARB/ACEI
nonusers. ARB showed significant and independent association with persistent cough.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has become a worldwide pandemic
that is associated with adverse clinical outcome and
increased mortality [1-3]. Thus, proper detection of
patients with COVID-19 infection at high risk for
adverse outcome is of paramount importance.

Hypertension is a common baseline comorbidity
among patients with COVID-19 infection and is
associated with adverse prognosis and increased mor-
tality [1, 2]. It has been suggested that SARS-CoV-2
may adhere to angiotensin-converting enzyme 2
(ACE2),which is a component of renin-angiotensin
system, to enter human cell for replication. Initial
studies reported that Angiotensin II receptor block-
ers (ARB) and Angiotensin converting enzyme in-
hibitors (ACEI) were associated with severe form of
COVID-19 infection due to increased expression of
ACE2 caused by ARB or ACEI use. However, later
studies showed no significant association between
these drugs and COVID-19 related morbidity and
mortality [1-4]. Besides the conflicting results of
anti-hypertensive medication with COVID-19 prog-
nosis in the literature, the possible effects of these
drugs in long term post-acute COVID-19 symp-
toms remains unclear.

We aimed to assess the possible association of
ARB and ACEI users with in-hospital adverse out-
come and long term symptoms following acute CO-
VID infection.

Materials and methods

Adult patients presented with symptoms sugges-
tive of COVID-19 infection who were admitted to
hospital or attended outpatient clinic at Al-Amal
hospital for communicable disease between 5 April
2021, and 5 June 2021, were enrolled in the present
study. Baseline comorbidities, including age, sex,
hypertension, anti-hypertensions drugs, diabetes
mellitus, smoking, and body mass index (BMI) of
patients were collected from chart review of hospital
medical records by trained physicians. Hyperten-
sion was defined as any established diagnosis be-
fore acute COVID-19 infection. All the patients
had similar ethnic characteristics and diagnosis of
COVID-19 infection was confirmed by real-time
reverse transcription polymerase chain reaction
(RT-PCR) test on nasopharyngeal swabs. according
to the severity of COVID-19 infection, the patients
were classified into two groups: symptomatic pa-

tients without pneumonia or not requiring hospital
admission were classified as mild-moderate disease,
while those with pneumonia requiring intensive
care unit (ICU) admission or respiratory support
were classified as severe-critical disease. Primary
in-hospital adverse outcomes included the need for
ICU admission, use of respiratory support [contin-
uous positive airway pressure (CPAP) or mechanical
ventilation], and death.

With regard to assessment of long term
post-acute COVID-19 symptoms, patients who
survived acute illness were asked to attend out-pa-
tient clinic after six months following COVID-19
infection diagnosis. Pre-defined list of question-
naire was used to collect the data. Each patient
was asked to complete a questionnaires, includ-
ing questions on shortness of breath while routine
daily activities, easy fatigue, persistent cough, chest
pain, palpitation, joint pain, dizziness, headache,
smell loss, and taste loss. If there was a new symp-
tom not mentioned in the questionnaire, the pa-
tient was asked to report this symptom. All patients
continued receiving ACEI or ARB after hospital
discharge. Verbal consent was obtained from the
patients or their relatives. This study was approved
by our institution (University of Kufa).

Statistical analysis

Statistical analysis was conducted using Statistical
Package for Social Sciences (SPSS) Version 23.0
(SPSS Inc., Chicago, IL, USA). Baseline comor-
bidities and long term symptoms were described
as mean * standard deviation for continuous vari-
ables or as numbers with percentages for categorical
data. The distribution of in-hospital outcomes and
long term post-COVID-19 symptoms among ARB
and ACEI users was calculated using Chi-square test
.n-hospital adverse outcomes or long term symp-
toms that showed significant associations with ARB
or ACEI use were further assessed by logistic regres-
sion to compute the odds ratio (OR) and confidence
interval (CI) after adjusting for baseline comorbidi-
ties. p-value < 0.05 were considered statistically sig-
nificant.

Results

From April 5, 2021 to June 5, 2021, a total of 162
patients were enrolled in this study. Of these, 43%
(n =70, 63% were males) had hypertension prior to
COVID-19 infection while 57% (n = 92, 68% were
males) did not have hypertension. The clinical char-
acteristics of patients are shown in Tables 1.
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Patients with hypertension were older (62 + 9 year
versus 49 + 15, p < 0.01) and showed a high preva-
lence of diabetes [29 (41%) vs. 13 (14%), p < 0.01)
compared to patients without hypertension. Other
comorbidities, including sex, smoking, and BMI
were evenly distributed hypertension and without
hypertension groups (Tab. 1)

The prevalence of in-hospital adverse outcomes
was numerically higher in hypertension group than
in non-hypertension group, but the statistical differ-
ence was not significant.

Regarding long term symptoms at 6 months fol-
lowing acute COVID-19 phase, we were able to col-
lect and analysis the data of long term symptom from
112 patients after excluding 40 patients who died
at hospital and 10 patients who did not attend fol-
low up visits. Only those long term symptoms with
a prevalence > 10 were mentioned and included in the

Table 1. Patients’ characteristics

statistical analysis. Patients with hypertension showed
higher prevalence of at least one symptom and chest
pain than patients without hypertension (Tab. 1)

ARB and ACEI and in-hospital adverse
outcome
ARB users showed a significant lower fatality com-
pared to non-ARB users. This phenomenon per-
sisted after adjusting for baseline comorbidities [OR
(CI) = 0.1 (0.0-0.5), p = 0.01] (Tab. 2 and 3).

The need for respiratory support use and ICU
admissions was numerically lower among ARB users
than non-ARB users, but the statistical difference was
not significant (Tab. 2).

The distribution of in-hospital adverse outcome
was numerically lower among ACEI users than in
non ACEI users, though the association did not
reach statistical significance (Tab. 2 and 3)

Hypertension Non-hypertension
(n=170) (n=92) p value
n(%) or mean + SD n(%) or mean * SD

Age, year 62+9 49 + 15 < 0.01
Male sex 44/70 (63) 63/92 (68) 0.36
BMI 305 29+5 0.51
Diabetes 29/70 (41) 13/92 (14) <0.01
Smoking 5/10 (7) 11/92 (12) 0.42
Mild-moderate illness 40/70 (57) 64/92 (69) 0.13
Severe-critical illness 30/70 (43) 28/92 (30) 0.13
Anti-hypertension drugs
ARB use 46/70 (66) - -
ACEI 18/70 (26) - -
Others 14/10 (20) - -
In-hospital adverse outcome
Death 19/70 (27) 21/92 (23) 0.49
Respiratory support 30/70 (43) 28/92 (30) 0.13
ICU admission 30/70 (43) 28/92 (30) 0.13
Long term symptoms
At least one symptom 43/47 (91) 50/65 (77) < 0.01
Shortness of breath 19/47 (40) 15/65 (23) 0.06
Fatigue 34/47 (72) 35/65 (54) 0.05
Cough 12/47 (25) 8/65 (12) 0.08
Chest pain 14/47 (30) 8/65 (12) 0.03
Palpitation 11/47 (23) 7/65 (11) 0.1
Dizziness 8/47 (17) 9/65 (14) 0.79
Smell and taste loss 3/47 (6) 7/65 (11) 0.48

BMI — body mass index; ARB — angiotensin Il receptor blockers; ACEI — angiotensin-converting enzyme inhibitors; ICU — intensive care unit; SD — standard deviation
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Table 2. Distribution of in-hospital adverse outcome and long-term persistent symptoms related to COVID-19 among angiotensin Il receptor

blockers (ARB) and angiotensin-converting enzyme inhibitors (ACEI) users

ARB users Non-ARB users p value

In-hospital adverse outcome

Death 9/46(19) 10/24(42) 0.01
Respiratory support use 16/46(35) 14/24(58) 0.07
ICU admission 16/46(35) 14/24(58) 0.07
Long term symptoms

At least one symptom 25/21(93) 18/20(90) 0.65
Shortness of breath 11/217(41) 8/20(40) 0.24
Fatigue 19/27(70) 15/20(75) 0.18
Palpation 7/21(26) 4/18(22) 0.14
Dizziness 4/27(15) 4/18(22) 0.68
Cough 10/27(37) 2/18(11) 0.01
Chest pain 7/21(26) 7/18(39) 0.51
Taste and smell loss 1/18(5) 0.56

ACEI users Non-ACEl users p value

In-hospital adverse outcome

Death 5/18 (28) 14/32 (44) 0.06
Respiratory support use 10/18 (56) 20/32 (62) 0.12
ICU admission 10/18 (56) 20/32 (62) 0.12
Long term symptoms

At least one symptom 7/7 (100) 36/40 (90) 0.35
Shortness of breath 4/7 (57) 15/40 (37) 0.19
Fatigue 5/7(11) 29/40 (72) 0.24
Palpation 2/7(29) 9/40 (23) 0.15
Dizziness 7/40 (18) 0.75
Cough 2/7(29) 10/40 (25) 0.15
Chest pain 4/7 (57) 10/40 (25) 0.02
Taste and smell loss 2/40 (5) 0.55

Table 3. Regression analysis

OR (CI) p value
ARB
Death 0.1(0.0-0.5) 0.01
Cough 2(1.1-10) 0.02
ACEI
Chest pain 2(0.5-12) 0.18

ARB — angiotensin Il receptor blockers; ACEI — angiotensin-converting enzyme inhibi-
tors; OR — odds ratio; Cl — confidence interval

ARB and ACEI and long term post-COVID-19
symptoms

ARB users showed a high prevalence of cough com-

pared to non-ARB-users. The association of ARB

with cough persisted after adjustment for baseline
comorbidities [OR (CI) = 2 (1.1-10), p = 0.02]. No

significant differences in other long term symptoms
were found between ARB users and nonusers (Tab.
2 and 3).

Chest pain showed higher prevalence among ACEI
users than in non-ACEI users. After adjusting for
baseline comorbidities, chest pain association with
ACEI user was not persisted [OR (CI) = 2 (0.5-12),
p = 0.18]. No significant differences in other long
term symptoms were found between ACEI users and
nonusers (Tab. 2 and 3).

Discussion

In the literature, hypertension has been recognized as
a major comorbidity associated with increased CO-
VID-19 severity, activation of several inflammatory
responses, multi-organ damage and mortality com-
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pared to patients without hypertension [5]. During
the early months of COVID-19 epidemic, it has been
suggested that have the use of ACEI/ARBs increases
the levels of ACE2 in different tissues, including
lung and cardiovascular system, which may linked
to infectivity rate or disease burden of SARS-COV-2
infection [6].

Our findings are consistent previous clinical and
meta-analyses studies that reported a negative as-
sociation between ARB and ACEI use with COV-
ID-19 related morbidity and mortality [1, 3, 7, 8]
besides, a significant bulk of the previous published
studies have reported that there is no benefit to
stop ACEI/ARB use in patients with hypertension
and COVID-19 regarding clinical outcomes [9].
Several clinical reports have suggested that chronic
use of ARB/ACEI may be associated with deacti-
vation of renin—angiotensin—aldosterone system,
which may limit the inflammatory process linked
with lung injury during acute phase of COVID-19
infection [10].

In the present study, ARB use showed significant
and independent association with persistent cough
at 6 months following acute infection. To the best
of our knowledge, this is the first study to assess the
possible association between ARB and ACEI and
long term symptoms of COVID-19 at 6 months fol-
lowing acute infection.

A recent multicenter study showed that ACEI/ARB
use reduced the risk of septic shock without reducing
the risk of other serious complications, suggesting
that ACEI/ARB therapy led to a different type of se-
verity of COVID-19 [11]. Furthermore, it has been
suggested that long term use of ACEIs/ARBs may
suppress the inflammatory response in COVID-19
patients, driven by changes in ACE2 expression, and
could be associated with persistently decreased lym-
phocytes, leading to slow viral clearance from the
body. Also, bradykinin and substance P produced by
ACE inhibitors can be associated with sensitization
of the sensory nerves of the airways and may stimu-
late the cough reflex, which may be linked to persis-
tence of cough following acute infection [12, 13].

The present study has several limitations that need
consideration. This is single center with small sample
size which might limit the statistical power for the
detection of small differences in outcome measures.
Thus, our findings need to be interpreted with cau-
tion. there was a possibility of recall and information
bias regarding assessment of long term symptoms.
Also, there could be a possibility of selection bias
as asymptomatic patients were not enrolled in this
study and therefore the results may not representa-
tive of COVID-19 patients. Some unmeasured con-

founders, such as treatment guideline or COVID-19
related cardiac or vascular involvement, which could
not be ruled out in our study, or lack of information
regarding the control status or duration of hyperten-
sion, which may lead to inconsistencies in study find-
ings. Additional studies are needed to address these
limitations and confirm our results.

Conclusion

ARB and ACEI users showed low prevalence of
in-hospital adverse outcome compared to ARB/ACEI
nonusers. ARB showed significant and independent
association with persistent cough. Larger studies are
required to confirm these results.

Conflict of interest
The authors declare that they have no conflict of
interest.

Funding
There were no external funding sources for this study.

References

1. Tadic M, Saced S, Grassi G, et al. Hypertension and COV-
ID-19: Ongoing Controversies. Front Cardiovasc Med. 2021;
8: 639222, doi: 10.3389/fcvm.2021.639222, indexed in
Pubmed: 33681308.

2. Grasselli G, Greco M, Zanella A, etal. COVID-19 Lombardy ICU
Network. Risk Factors Associated With Mortality Among Patients
With COVID-19 in Intensive Care Units in Lombardy, Italy.
JAMA Intern Med. 2020; 180(10): 1345-1355, doi: 10.1001/
jamainternmed.2020.3539, indexed in Pubmed: 32667669.

3. Zhang G, Wu Y, Xu R, et al. Effects of renin-angiotensin-
aldosterone system inhibitors on disease severity and mortality
in patients with COVID-19: A meta-analysis. ] Med Virol.
2021; 93(4): 2287-2300, doi: 10.1002/jmv.26695, indexed in
Pubmed: 33231299.

4.  Fadini GP, Morieri ML, Boscari E, et al. Newly-diagnosed diabetes
and admission hyperglycemia predict COVID-19 severity by ag-
gravating respiratory deterioration. Diabetes Res Clin Pract. 20205
168: 108374, doi: 10.1016/j.diabres.2020.108374, indexed in
Pubmed: 32805345.

5. Trump S, Lukassen S, Anker MS, et al. Hypertension delays
viral clearance and exacerbates airway hyperinflammation
in patients with COVID-19. Nat Biotechnol. 2021; 39(6):
705-716, doi: 10.1038/541587-020-00796-1, indexed in
Pubmed: 33361824.

6. Xiang D, Ren X, Chen Q, et al. Association of ACEI/ARB,
inflammatory cytokines, and antiviral drugs with liver dysfunc-
tion in patients with hypertension and COVID-19. Clin Exp
Hypertens. 2021; 43(4): 305-310, doi: 10.1080/10641963.20
20.1867160, indexed in Pubmed: 33356606.

7. Chen], Zhang], LuZ, et al. China-HF Investigators. Association
of the serum uric acid level with liver histology in biopsy-proven
non-alcoholic fatty liver disease. Biomed Rep. 2016; 5(2): 188—
192, doi: 10.3892/br.2016.698, indexed in Pubmed: 27446539.

8. Semenzato L, Botton J, Drouin J, et al. Antihypertensive
Drugs and COVID-19 Risk: A Cohort Study of 2 Million
Hypertensive Patients. Hypertension. 2021; 77(3): 833-842,

www.ah.viamedica.pl

13


http://dx.doi.org/10.3389/fcvm.2021.639222
https://www.ncbi.nlm.nih.gov/pubmed/33681308
http://dx.doi.org/10.1001/jamainternmed.2020.3539
http://dx.doi.org/10.1001/jamainternmed.2020.3539
https://www.ncbi.nlm.nih.gov/pubmed/32667669
http://dx.doi.org/10.1002/jmv.26695
https://www.ncbi.nlm.nih.gov/pubmed/33231299
http://dx.doi.org/10.1016/j.diabres.2020.108374
https://www.ncbi.nlm.nih.gov/pubmed/32805345
http://dx.doi.org/10.1038/s41587-020-00796-1
https://www.ncbi.nlm.nih.gov/pubmed/33361824
http://dx.doi.org/10.1080/10641963.2020.1867160
http://dx.doi.org/10.1080/10641963.2020.1867160
https://www.ncbi.nlm.nih.gov/pubmed/33356606
http://dx.doi.org/10.3892/br.2016.698
https://www.ncbi.nlm.nih.gov/pubmed/27446539

arterial hypertension 2022, vol. 26, no. 1

14

10.

11.

doi: 10.1161/HYPERTENSIONAHA.120.16314, indexed in
Pubmed: 33423528.

Najmeddin E Solhjoo M, Ashraf H, et al. Effects of Renin-
Angiotensin-Aldosterone Inhibitors on Early Outcomes of
Hypertensive COVID-19 Patients: A Randomized Triple-Blind
Clinical Trial. Am ] Hypertens. 2021 [Epub ahead of print],
doi: 10.1093/ajh/hpab111, indexed in Pubmed: 34265044.
Baral R, Tsampasian V, Debski M, et al. Association Between Renin-
Angiotensin-Aldosterone System Inhibitors and Clinical Outcomes
in Patients With COVID-19: A Systematic Review and Meta-
analysis. JAMA Netw Open. 2021; 4(3): €213594, doi: 10.1001/
jamanetworkopen.2021.3594, indexed in Pubmed: 33787911.
Zhang B, Zhu L, Cai ], et al. Association of Inpatient Use of
Angiotensin-Converting Enzyme Inhibitors and Angiotensin IT

12.

13.

Receptor Blockers With Mortality Among Patients With Hyper-
tension Hospitalized With COVID-19. Circ Res. 2020; 126(12):
1671-1681, doi: 10.1161/CIRCRESAHA.120.317134, indexed
in Pubmed: 32302265.

Huang L, Chen Z, Ni L, et al. Impact of Angiotensin-Converting
Enzyme Inhibitors and Angiotensin Receptor Blockers on the
Inflammatory Response and Viral Clearance in COVID-19
Patients. Front Cardiovasc Med. 2021; 8: 710946, doi: 10.3389/
fcvm.2021.710946, indexed in Pubmed: 34490373.

Wu C, Qu G, Wang L, et al. Clinical Characteristics and In-
flammatory Immune Responses in COVID-19 Patients With
Hypertension: A Retrospective Study. Front Pharmacol. 2021;
12: 721769, doi: 10.3389/fphar.2021.721769, indexed in
Pubmed: 34759820.

www.ah.viamedica.pl


http://dx.doi.org/10.1161/HYPERTENSIONAHA.120.16314
https://www.ncbi.nlm.nih.gov/pubmed/33423528
http://dx.doi.org/10.1093/ajh/hpab111
https://www.ncbi.nlm.nih.gov/pubmed/34265044
http://dx.doi.org/10.1001/jamanetworkopen.2021.3594
http://dx.doi.org/10.1001/jamanetworkopen.2021.3594
https://www.ncbi.nlm.nih.gov/pubmed/33787911
http://dx.doi.org/10.1161/CIRCRESAHA.120.317134
https://www.ncbi.nlm.nih.gov/pubmed/32302265
http://dx.doi.org/10.3389/fcvm.2021.710946
http://dx.doi.org/10.3389/fcvm.2021.710946
https://www.ncbi.nlm.nih.gov/pubmed/34490373
http://dx.doi.org/10.3389/fphar.2021.721769
https://www.ncbi.nlm.nih.gov/pubmed/34759820

