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Most recent studies have stressed a high risk of thromboembolism in patients

with SARS-CoV-2 infection, particularly in those with severe COVID-19 pneumonia.

Counterbalance between angiotensin-converting-enzyme (ACE) and ACE2 activities in

COVID-19 disease may be crucially involved in the thrombo-inflammatory process.

Currently, no study has investigated ACE I/D polymorphism involvement in COVID-19

disease complicated by pulmonary embolism, hence the aim of the present pilot study.

This is a retrospective, single-center observational case-control study, conducted at

the Sub-Intensive Care Unit of A.O.R.N. Ospedali dei Colli, Cotugno Hospital, Naples

(Italy). We included 68 subjects with severe/critical COVID-19 pneumonia. COVID-19

patients were divided according to occurrence of PE (PE+, n = 25) or absence of

thromboembolic complications (PE−, n = 43). Assessment of ACE I/D polymorphisms

showed a statistically significant difference between PE+ and PE− patients (p =

0.029). Particularly, prevalence of D/D homozygous polymorphism was significantly

higher in PE+ COVID-19 patients than in PE− (72 vs. 46.5%; p = 0.048), while

heterozygote I/D polymorphism was significantly lower expressed in PE+ patients than

in PE− (16 vs. 48.8%; p = 0.009). Computed tomographic pulmonary angiography

showed predominantly mono/bilateral sub-segmental embolisms. In conclusion, our

findings let us hypothesize a genetic susceptibility to thromboembolism in COVID-19

disease. ACE D/D polymorphism might represent a genetic risk factor, although studies

on larger populations are needed.
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INTRODUCTION

Most recent studies have stressed a high risk of thromboembolism in patients affected by
SARS-CoV-2 infection, particularly in those with severe COVID-19 pneumonia.

Laboratory findings from retrospective cohort studies suggest an activation of the coagulation
cascade characterized by elevated levels of D-dimer and fibrinogen in association with other altered

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2020.631148
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2020.631148&domain=pdf&date_stamp=2021-01-21
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles
https://creativecommons.org/licenses/by/4.0/
mailto:cecilia.calabrese@unicampania.it
https://doi.org/10.3389/fmed.2020.631148
https://www.frontiersin.org/articles/10.3389/fmed.2020.631148/full


Calabrese et al. ACE-Polymorphysms and PE in COVID-19

coagulation indexes (1, 2). In addition, anticoagulant therapy
with low molecular weight heparin reduced mortality rates of
patients affected by severe SARS-CoV2 pneumonia showing an
increase either in D-dimer levels and/or high sepsis-induced
coagulopathy score (3, 4).

Venous thromboembolism in COVID-19 patients has been
largely reported most in Intensive Care Units, with a prevalence
ranging from 17 to 69% (5–9).

Nonetheless, the pathogenesis of the increased
thromboembolic risk in COVID-19 pneumonia still remains
unclear. Several mechanisms have been hypothesized as involved
in this process, i.e., the direct cytotoxic effect induced by the
virus, the endothelial cell inflammation and the dysregulated
immune response, which ultimately result in the recruitment
of inflammatory cells, platelet aggregation and activation of the
complement and coagulation cascade (10).

In addition, the counterbalance between angiotensin-
converting enzyme (ACE) and ACE2 activities occurring in
COVID-19 may play a crucial role in the thrombo-inflammatory
process. ACE cleaves Angiotensin (Ang) I to produce Ang II,
whilst ACE 2 converts Ang II in the protective Ang 1-7. The
loss of ACE2, the receptor of the SARS-CoV2 spike protein,
leaves unopposed effects of Angiotensin II, thus leading to
vasoconstriction, endothelial injury, endovascular thrombosis,
and increased blood volume (10, 11).

In the literature, several polymorphisms of ACE gene have
been described, amongwhich the either presence (insertion, allele
I) or absence (deletion, allele D) of a 287-base pair (bp) Alu
repeat sequence in intron 16. A strong association between these
polymorphisms and serum levels of ACE has been reported, with
D/D homozygotes having 65% more, and I/D heterozygotes 31%
more ACE than I/I homozygotes (12).

Indeed, several studies have also demonstrated an association
between the frequency of ACE D/D polymorphism and both the
prevalence and the mortality rates of COVID-19 (13, 14).

Up to now, no study has investigated the involvement of ACE
I/D polymorphism in COVID-19 complicated by pulmonary
embolism, hence the aim of the present pilot study.

MATERIALS AND METHODS

Study Design
This is a retrospective, single-center observational case-control
study, conducted at the Sub-Intensive Care Unit of A.O.R.N.
Ospedali dei Colli, CotugnoHospital, Naples (Italy).We included
all patients suffering from COVID-19 pneumonia hospitalized
between March 20, 2020 and July 20, 2020 with suspect of
pulmonary embolism.

Severe/Critical COVID-19 patients, according to the World
Health Organization classification (15), were divided into two
subgroups according to their either occurrence or not of
pulmonary embolism (PE) during SARS-CoV2 lung infection.
The diagnosis of pulmonary embolism was performed by
computed tomographic pulmonary angiography and lower-limb
compression ultrasonography.

We compared our COVID-19 ACE genotype frequencies with
those from the Italian general population reported on https://
alfred.med.yale.edu/alfred/index.asp.

All subjects provided their written informed consent to the
treatment of their data for clinical and research purposes. The
study was approved by the local Ethic committee of AORN
Ospedali dei Colli and it is in accordance with the 1976
Declaration of Helsinki and its later amendments.

Parameters
Upon admission, all patients were asked for collection of
anamnestic and anthropometric data (age, sex, BMI, smoking
habit), presence of comorbidities (systemic arterial hypertension,
type 2 diabetes mellitus, cardiovascular disease, chronic
obstructive pulmonary disease, deep venous thrombosis, and
obesity) and medication intake (e.g., antihypertensives such as
ACE inhibitors or AT1 receptor antagonists).

All patients underwent to molecular analysis for
thrombophilia and cardiovascular risk factors, performed by our
Hospital Central Laboratory using a Reverse Dot Blot (RDB) kit
by Nuclear Laser Medicine (NLM, version 2020.10.19, CVD-14
cod. AC084, Milan). In depth, we focused on Angiotensin I
Converting Enzyme (ACE I/D polymorphism) (rs1799752 SNP):
I/I = Insertion in homozygosis, I/D = Insertion/Deletion, and
D/D= Deletion in homozygosis.

Statistical Analysis
Categorical variables were expressed as number and percentage
whilst continuous variables by median and interquartile range,
after Shapiro-Wilk test to assess for normal distribution. The
differences between groups were evaluated either by the Fisher’s
exact test or Chi-square test, depending on the sample size.
Where appropriate, Yates correction was applied to the Chi
Square test (in case of cell width <5 and table “m X n”) and
Dunn-Sidak correction to Fisher Exact test. For all statistical tests,
we used the Stata 15.0 (StataCorp, Texas, USA) and SPSS 24.0
(SPSS INC, Chicago, IL, USA). Statistical significance was defined
as p < 0.05 and all p-values were two-tailed.

RESULTS

General Characteristics of the Study
Population
The overall study population included 68 patients with either
severe or critical COVID-19 pneumonia.

COVID-19 patients were further divided into two subgroups
according to the occurrence, during hospitalization, of PE
(PE+, n = 25) or absence of any thromboembolic complication
(PE−, n= 43). The median age of the study population was 58.5
years [IQR: 46.3–66], and they were mainly males (69.1%). As
for smoking, the 50% were non-smokers, only the 2.9% were
smokers, whilst the 39.7% were past-smokers.

The most prevalent comorbidity was arterial hypertension
(50%), while diabetes was present in 14.7% of patients,
cardiovascular disease in the 11.8% and COPD in 7.4%.
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In depth, among the 34 patients with arterial hypertension,
8 (23.5%) were on ACE inhibitors and 11 (32%) on angiotensin
receptor blockers.

The comparison of demographic, clinical and laboratory
characteristics between the two subgroups (PE+ vs. PE−) did not
shown any statistically significant difference, except for a higher
prevalence of smoking habit and an increase in serum C-reactive
protein in the PE+ group.

General characteristics of the study population are described
in Table 1.

Assessment of ACE I/D Polymorphism
Table 2 describes the allelic and genotypic frequencies of the
rs1799752 SNP. We compared the genetic frequencies of the
rs1799752 SNP of PE+ and PE− COVID-19 patients with the
Italian control population (CP) published by the Yale Genom
Databank website (https://alfred.med.yale.edu/alfred/index.asp).
From Alfred database we know that 222 ACE I/D alleles were

studied, with an I allele frequency of 34.2% (76 alleles) vs.
65.8% for D allele (146 alleles). So there are 13 I/I; 50 I/D; and
48 D/D in the control population. Thus, checking for Hardy-
Weinberg equilibrium (HWE): PE+ p-value is 0.027, so HWE
is not satisfied. Conversely, PE− p-value is 0.456 so the two
populations are in HWE.

As for allele differences between the three subgroups (controls,
PE+ and PE− COVID-19 patients) no significant difference was
found at Fisher’s test (p = 0.500), whilst there was a significant
difference between groups as for genotypes (p= 0.029).

Looking at differences among genotypes between the three
subgroups, the following results were obtained. Comparison
between CP and PE+ genotypes (13 50 48; 3 4 18) showed
a p-value = 0.013, whilst CP vs. PE− (13 50 48; 2 21 20) a
p-value = 0.447 and, finally, PE+ vs. PE− (3 4 18; 2 21 20)
a p-value = 0.015. Sorting into ascending and using Dunn-
Sidak thresholds order we found a difference between CP and
PE+ (0.013 < 0.017) and between PE+ and PE− (0.015 <

TABLE 1 | Baseline clinical and laboratory characteristics of the overall study population and study subgroups according to the presence of pulmonary embolism (PE+

and PE−) (n = 68).

Parameter Overall Population

(n = 68)

PE +

(n = 25)

PE –

(n = 43)

P

Age (yrs.), median [IQR] 58.5 [46.3-66] 62 [49–67.5] 57 [42–65] 0.315

Sex, n (%) 0.502

M/F 47 (69.1)/21 (30.9) 19 (76)/6 (24) 29 (68.3)/14 (31.7)

BMI (kg/m2), median [IQR] 28 [26-30.3] 28 [27–31.5] 27 [24.5–29.2] 0.182

Obesity, n (%) 20 (29.4) 8 (32) 12 (27.9) 0.781

Smoking habit, n (%) 0.035

Yes 2 (2.9) 2 (8) -

No 34 (50) 17 (68) 22 (48.8)

Ex 27 (39.7) 6 (24) 21 (51.2)

Hypertension, n (%) 34 (50) 13 (52) 21 (48.8) 0.897

Diabetes, n (%) 10 (14.7) 3 (12) 7 (16.3) 0.859

CAD, n (%) 8 (11.8) - 8 (18.6) 0.051

COPD, n (%) 5 (7.4) 1 (4) 4 (9.3) 0.711

Deep Venous Thrombosis, n (%) 1 (1.5) 1 (4) - 0.801

Pulmonary Embolism, n (%) 25 (36.8) n.a.

Laboratory

CRP (mg/dL), median [IQR] 11.7 [3.4–20.3] 13.7 [11–20.5] 3.5 [0.4–13.9] 0.014

IL-2R (IU), median [IQR] 913 [500–1561] 932 [764–1428] 614 [275–1565.5] 0.369

IL-6 (pg/mL), median [IQR] 57 [20.7–207] 59 [25–211] 52.5 [6.6–174.9] 0.367

PT, median [IQR] 84 [71–92] 80 [66–102] 91 [75–92] 0.397

aPTT, median [IQR] 34.1 [31.7–36.6] 33.9 [30.6–36] 34.2 [32.9–43.1] 0.456

PT-INR, median [IQR] 1.17 [0.93–1.27] 1.18 [1.08–1.44] 1.06 [0.8–1.22] 0.295

D-dimer (ng/mL), median [IQR] 497 [172–3189] 2235 [246–5959] 204 [163–1186] 0.222

Fibrinoge n (mg/dL), median [IQR] 534 [380–756] 576 [359–842] 427. [371–734] 0.628

P/F, median [IQR] 145 [102–285] 125 [98–200] 182 [122–322] 0.121

Therapy

Ace-inhibitors, n (%) 8 (11.8) 4 (16) 4 (9.3) 0.610

Sartans, n (%) 11 (16.2) 4 (16) 7 (16.3) 1.000

PE, pulmonary embolism; M, male; F, female; BMI, Body Mass Index; CAD, Coronary Artery Disease; COPD, Chronic Obstructive Pulmonary Disease; CRP, C reactive protein; IL,

interleukin; PT, prothrombin time; P/F: PaO2/FiO2; IQR, interquartile range.

Reference ranges: IL-2R: 223–710; IL-6: 0–5; PT: 70–125; aPTT: 25–40; PT-INR: 0.8–1.2; D-dimer: <250 ng/mL; Fibrinogen: 175–417.
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TABLE 2 | Allelic and genotypic frequencies and Hardy Weinberg Equilibrium test

for ACE I/D polymorphism rs1799752 in PE+ and PE− COVID-19 patients, and in

the control population.

Control

Population

COVID-19

PE+

COVID-19

PE−

p

Parameter (n = 222) (n = 25) (n = 43)

Allele, n (%) 0.500

I 76 (34.2) 7 (24.1) 23 (35.9)

D 146 (65.8) 22 (75.9) 41 (64.1)

Genotype, n (%) 0.029

I/I 13 (11.7) 3 (12) 2 (4.7)

I/D 50 (45) 4 (16) 21 (48.8)

D/D 48 (43.3) 18 (72) 20 (46.5)

HWE 0.027 0.456

*Values are expressed as absolute numbers (%). p-values were estimated with Fisher

Exact Test with Dunn-Sidak correction.

**HWE: Hardy Weinberg Equilibrium; PE: Pulmonary Embolism; ACE: Angiotensin I

Converting Enzyme.

FIGURE 1 | Prevalence of ACE I/D polymorphism rs1799752 in COVID-19

PE+ subgroup vs COVID-19 PE− subgroup.

0.025), whilst no difference emerged as between CP and PE−
(0.447 > 0.050).

A significantly higher prevalence of D/D homozygous
polymorphism in PE+ COVID-19 patients than in PE−
(72% vs. 46.5%; p = 0.048) was observed, while heterozygote
I/Dpolymorp hism presented a significantly lower expression
in PE+ patients rather than in PE− (16% vs. 48.8%; p =

0.009). No significant difference instead emerged with regard
to homozygote polymorphism I/I (p = 0.349). Computed
tomographic pulmonary angiography showed predominantly
mono- and bilateral sub-segmental embolisms (Figure 2 and
Supplementary Figure 1).

DISCUSSION

In the present study we observed, for the first time, a significant
higher prevalence of D/D ACE polymorphism in severe COVID-
19 patients who developed pulmonary embolism as compared
to those without thromboembolic complications. As compared

FIGURE 2 | Axial CT images (A,B) and coronal multiplanar reconstruction

(C) document partial centric and eccentric opacification defects in the right

lower lobe basal segmental arteries (white arrows), suggestive of acute

pulmonary embolism. Complete regression after anticoagulant therapy (D).

with the general population, indeed, we observed a statistically
significant difference as compared to COVID-19 PE+ patients,
whilst no difference emerged as for comparison with COVID-19
PE− subgroup.

A recent study reported a higher prevalence of ACE D/D
genotype in severe COVID-19 patients as compared to those
with mild-disease, even though this association was dependent
on the presence of hypertension comorbidity (16). ACE D/D
polymorphism has been associated not only with hypertension,
though also with obesity and diabetes, chronic conditions highly
suggestive of high risk for COVID-19 infection, as well as for
poor outcomes of the disease (17).

In addition, demographic studies have found in the racial
variance of ACE I/D genotype a potential explanation of the
different prevalence and outcomes due to COVID-19. In fact,
the higher frequency of the D allele seems to perfectly match
with the higher mortality rates observed in the African American
population, as compared to Indians andWhite people, and in the
European populations (particularly Italian, Spanish, and French)
as compared to the Asian ethnic group (13, 14).

Likewise, a recent study reported an inverse correlation
between ACE I/I genotype and both the prevalence and the
mortality due to SARS-CoV-2 infection (18). Moreover, a meta-
analysis demonstrated an association between the I/D allele
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frequency ratio and the recovery rate, though not for mortality
rates (19). On the contrary, a study on people fromEurope, North
Africa and the Middle East demonstrated an inverse correlation
between prevalence andmortality due to COVID-19 and the ACE
D allele frequency (20).

In patients affected by acute respiratory distress syndrome
(ARDS), previous studies have demonstrated an association
between the D/D genotype and incidence, morbidity and
mortality risk (21–24). In addition, SARS patients with an
ACE D/D genotype disclosed a more severe degree of the
disease, with the frequency of D allele higher in the hypoxemic
group (25).

ACE D/D genotype has been suggested as a susceptibility
marker of thrombosis. In fact, ACE D/D homozygosis has been
associated to thromboembolism occurrence in subjects actually
without predisposing factors and traditional thrombophilic
alterations in other disease (26).

In the present study we did not find any significant difference
of serum D-Dimer levels between COVID 19 patients either
with or without pulmonary embolism. This finding could be
related to the small number of patients recruited in the study. In
contrast, the increase in C-reactive protein observed in patients
undergoing to pulmonary embolism suggests the crucial role of
inflammation in the pathogenesis of thrombotic complications
in patients affected by SARS-CoV 2 infection.

In conclusion, the results of the present study let us
hypothesize a genetic susceptibility to thromboembolism
occurring in COVID 19 disease. ACE D/D polymorphism linked
to higher levels of both ACE and angiotensin II could represent
a genetic risk factor, although studies recruiting larger cohorts of
patients are needed.

DATA AVAILABILITY STATEMENT

The data analyzed in this study is subject to the following
licenses/restrictions: available after evaluation of the specific
request and need. Requests to access these datasets should be
directed to cecilia.calabrese@unicampania.it.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Ethic Committee of AORN Ospedali dei
Colli and University of Campania Luigi Vanvitelli. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

The study design and conception was made by CC and AA.
CC and GF were responsible for the whole content of the
study and contributed to the draft of the manuscript. AC
and VD managed data collection. PP was responsible for the
data handling, statistical analysis, and data interpretation. SG
performed and analyzed tomographic pulmonary angiography.
All authors have read, written and approved the final version of
the manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2020.631148/full#supplementary-material

REFERENCES

1. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are
associated with poor prognosis in patients with novel coronavirus pneumonia.
J Thromb Haemost. (2020) 18:844–7. doi: 10.1111/jth.14768

2. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course
and risk factors for mortality of adult inpatients with COVID-19 in
Wuhan, China: a retrospective cohort study. Lancet. (2020) 395:1054–62.
doi: 10.1016/S0140-6736(20)30566-3

3. Yin S, Huang M, Li D, Tang N. Difference of coagulation features between
severe pneumonia induced by SARS-CoV2 and non-SARS-CoV2. J Thromb

Thrombolysis. (2020) 3:1–4. doi: 10.1007/s11239-020-02105-8
4. Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant treatment

is associated with decreased mortality in severe coronavirus disease
2019 patients with coagulopathy. J Thromb Haemost. (2020) 18:1094–9.
doi: 10.1111/jth.14817

5. Cui S, Chen S, Li X, Liu S,Wang F. Prevalence of venous thromboembolism in
patients with severe novel coronavirus pneumonia. J Thromb Haemost. (2020)
18:1421–4. doi: 10.1111/jth.14830

6. Lodigiani C, Iapichino G, Carenzo L, Cecconi M, Ferrazzi P, Sebastian T.
Venous and arterial thromboembolic complications in COVID-19 patients
admitted to an academic hospital in Milan, Italy. Thromb Res. (2020) 191:9–
14. doi: 10.1016/j.thromres.2020.04.024

7. Klok FA, Kruip MJHA, van der Meer NJM, Arbous MS, Gommers
DAMPJ, Kant KM, et al. Incidence of thrombotic complications in
critically ill ICU patients with COVID-19. Thromb Res. (2020) 191:145–7.
doi: 10.1016/j.thromres.2020.04.013

8. Llitjos JF, Leclerc M, Chochois C, Monsallier JM, Ramakers M, Auvray M,
et al. High incidence of venous thromboembolic events in anticoagulated
severe COVID-19 patients. J Thromb Haemost. (2020) 18:1743–6.
doi: 10.1111/jth.14869

9. Helms J, Tacquard C, Severac F, Leonard-Lorant I, Ohana M, Delabranche X,
et al. High risk of thrombosis in patients with severe SARS-CoV-2 infection: a
multicenter prospective cohort study. Intensive Care Med. (2020) 46:1089–98.
doi: 10.1007/s00134-020-06062-x

10. McFadyen JD, Stevens H, Peter K. The emerging threat of (Micro)Thrombosis
in COVID-19 and its therapeutic implications. Circ Res. (2020) 127:571–87.
doi: 10.1161/CIRCRESAHA.120.317447

11. Verdecchia P, Cavallini C, Spanevello A, Angeli F. The pivotal link between
ACE2 deficiency and SARS-CoV-2 infection. Eur J Intern Med. (2020) 76:14–
20. doi: 10.1016/j.ejim.2020.04.037

12. Rigat B, Hubert C, Alhencgelas F, Cambien F, Corvol P Soubrier F. An
insertion deletion polymorphism in the angiotensin I-converting enzyme gene
accounting for half the variance of serum enzyme levels. J Clin Invest. (1990)
86:1343–6 doi: 10.1172/JCI114844

13. Zheng H, Cao JJ. Angiotensin-converting enzyme gene polymorphism and
severe lung injury in patients with coronavirus disease 2019. Am J Pathol.

(2020) 190:2013–7. doi: 10.1016/j.ajpath.2020.07.009
14. Gemmati D, Tisato V. Genetic hypothesis and pharmacogenetics side

of renin-angiotensin-system in COVID-19. Genes. (2020) 11:1044.
doi: 10.3390/genes11091044

15. World Health Organization. Clinical Management of COVID-19:

Interim Guidance. Geneve: World Health Organization (2020).
doi: 10.15557/PiMR.2020.0004

Frontiers in Medicine | www.frontiersin.org 5 January 2021 | Volume 7 | Article 631148

mailto:cecilia.calabrese@unicampania.it
https://www.frontiersin.org/articles/10.3389/fmed.2020.631148/full#supplementary-material
https://doi.org/10.1111/jth.14768
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1007/s11239-020-02105-8
https://doi.org/10.1111/jth.14817
https://doi.org/10.1111/jth.14830
https://doi.org/10.1016/j.thromres.2020.04.024
https://doi.org/10.1016/j.thromres.2020.04.013
https://doi.org/10.1111/jth.14869
https://doi.org/10.1007/s00134-020-06062-x
https://doi.org/10.1161/CIRCRESAHA.120.317447
https://doi.org/10.1016/j.ejim.2020.04.037
https://doi.org/10.1172/JCI114844
https://doi.org/10.1016/j.ajpath.2020.07.009
https://doi.org/10.3390/genes11091044
https://doi.org/10.15557/PiMR.2020.0004
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Calabrese et al. ACE-Polymorphysms and PE in COVID-19

16. Gómez J, Albaiceta GM, García-Clemente M, López-Larrea C, Amado-
Rodríguez L, Lopez-Alonso I, et al. Angiotensin-converting enzymes (ACE,
ACE2) gene variants and COVID-19 outcome. Gene. (2020) 762:145102.
doi: 10.1016/j.gene.2020.145102

17. Sarangarajan R, Winn R, Kiebish MA, Bountra C, Granger E, Narain
NR. Ethnic prevalence of angiotensin-converting enzyme deletion (D)
polymorphism and COVID-19 risk: rationale for use of angiotensin-
converting enzyme inhibitors/angiotensin receptor blockers. J Racial Ethn
Health Disparities. (2020) 8:1–8. doi: 10.1007/s40615-020-00853-0

18. Yamamoto N, Ariumi Y, Nishida N, Yamamoto R, Bauer G, Gojobori T, et al.
SARS-CoV-2 infections and COVID-19 mortalities strongly correlate with
ACE I/D genotype. Gene. (2020) 758:144944. doi: 10.1016/j.gene.2020.144944

19. Hatami N, Ahi S, Sadeghinikoo A, Foroughian M, Javdani F, Kalani
N, et al. Worldwide ACE (I/D) polymorphism may affect COVID-19
recovery rate: an ecological meta-regression. Endocrine. (2020) 68:479–84.
doi: 10.1007/s12020-020-02381-7

20. Delanghe JR, Speeckaert MM, De Buyzere ML. The host’s angiotensin-
converting enzyme polymorphism may explain epidemiological
findings in COVID-19 infections. Clin Chim Acta. (2020) 505:192–3.
doi: 10.1016/j.cca.2020.03.031

21. Marshall RP, Webb S, Bellingan GJ, Montgomery HE, Chaudhari B,
McAnulty RJ, et al. Angiotensin converting enzyme insertion/ deletion
polymorphism is associated with susceptibility and outcome in acute
respiratory distress syndrome. Am J Respir Crit Care Med. (2002) 166:646–50.
doi: 10.1164/rccm.2108086

22. Lu X-M, Chen G-J, Yang Y. Angiotensin-converting enzyme polymorphism
affects outcome of local Chinese with acute lung injury. Respir Med. (2011)
105:1485–90. doi: 10.1016/j.rmed.2011.06.009

23. Jih-Shuin J, Chong-Jen Y, Hao-Chien W, Kuan-Yu C, et al.
Polymorphism of the angiotensin-converting enzyme gene affects
the outcome of acute respiratory distress syndrome. Crit Care

Med. (2006) 34:1001–6. doi: 10.1097/01.CCM.0000206107.92
476.39

24. Adamzik M, Frey U, Sixt S, Knemeyer L, Beiderlinden M, Peters J,
et al. ACE I/D but not AGT (-6)A/G polymorphism is a risk factor for
mortality in ARDS. Eur Respir J. (2007) 29:482–8. doi: 10.1183/09031936.000
46106

25. Itoyama S, Keicho N, Quy T, Phi NC, Long HT, Ha LD, et al. ACE
polymorphism and progression of SARS. Biochem Biophys Res Commun.

(2004) 323:1124–9. doi: 10.1016/j.bbrc.2004.08.208
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