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1 | INTRODUCTION

The emergence of COVID-19 pandemic, which occurred
by the novel coronavirus SARS-CoV-2, is contemplated

| Mohammad Safiqul Islam*?

Abstract

Background: ACE1 I/D rs1799752 and ACE2 rs2285666 genetic polymorphisms
could play a critical role in altering the clinical outcomes of SARS-CoV-2. The
findings of previous studies remained inconclusive. This meta-analysis was per-
formed to evaluate the association and provide a more reliable outcome.
Methods: This study was completed following the updated recommendations of
PRISMA using RevMan 5.4.1 statistical software.

Results: A total of 11 studies with 950 severe cases and 1573 non-severe cases
with COVID-19 infection were included. Pooled analysis showed that ACE1 I/D
polymorphism was correlated with the severity of SARS-CoV-2 in the DD gen-
otype and D allele for the fixed-effects model (OR:1.27 and OR:1.17). Besides,
codominant 3, recessive, and allele models were associated with the severity of
the fixed-effects model (OR:1.35, OR:1.37, and OR:1.20) in Caucasian ethnicity.
ACE2 1s2285666 was linked with the severity in codominant 3 (OR:2.63, for both
random- and fixed effects-models), overdominant (OR:1.97, for random-effects
model and OR:1.97, for fixed effects-model), and recessive model (OR:0.41 for
fixed- and random-effects model). Allele model of rs2285666 showed a significant
association in the fixed-effects model (OR:1.61).

Conclusion: Our present meta-analysis suggests that ACEI I/D rs1799752 and
ACE2 rs2285666 variants may enhance the severity in SARS-CoV-2 infected pa-
tients. Future studies are warranted to verify our findings.
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to be one of the most severe threats to humankind of
the century due to its higher morbidity and mortal-
ity rate (Huang et al., 2020; Yamamoto et al., 2021; Zhu
et al., 2020). The SARS-CoV-2 virus enters the host cell
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via the angiotensin-converting enzyme 2 (ACE2) receptor.
The viral spike glycoprotein interacts with the ACE2 re-
ceptor that helps to release viral RNA into the cytoplasm,
establishing subsequent infection and inflammation in the
lungs and other organs. Angiotensin-converting enzyme 1
(ACEL), on the contrary, plays a reciprocal role to that of
ACE2. It modulates the expression of ACE2 via regulat-
ing angiotensin II levels (Hoffmann et al., 2020; Livshits
et al., 2021; Parit & Jayavel, 2021; Peng et al., 2021).

A commonly investigated gene during the COVID-19
pandemic is the angiotensin-converting enzyme 1 (ACE1),
found on the chromosomal location 17q23.3. It comprises
an insertion or a deletion (I/D) allele that forms II, ID, and
DD genotypes (Rigat et al., 1990). Studies have previously
reported the association between ACE1 (OMIM 106180)
I/D (rs1799752) polymorphism and hypertension, hy-
pertrophic cardiomyopathy, obesity, and myocardial in-
farction, which are notable comorbidities leading to the
severity of COVID-19 (Gemmatietal., 2020; Lin etal., 2019;
Yoo et al., 2017; Yuan et al., 2017). The ACE1 rs1799752
has been investigated extensively during the post-
COVID-19 situation to correlate with the susceptibility of

SARS-CoV-2 infection, associated clinical outcomes, and
mortality rate (Celik et al., 2021; Delanghe et al., 2020;
Goémez et al., 2020; Hatami et al., 2020; Pati et al., 2020;
Saadat, 2020; Yamamoto et al., 2020). However, these
studies reported inconsistent outcomes, which should be
investigated more comprehensively (Gémez et al., 2020;
Yamamoto et al., 2021).

Recent studies have demonstrated that single-
nucleotide polymorphisms (SNPs) in ACE2 (OMIM
300335) could play a critical role in altering the suscep-
tibility and clinical outcomes of SARS-CoV-2 by mod-
ifying the level of expression and binding affinity (Cao
et al., 2020; Celik et al., 2021; Darbani, 2020; Devaux
et al., 2020; Gemmati et al., 2020; Gémez et al., 2020; Hou
et al., 2020; Li, Zhou, et al., 2020; Mohlendick et al., 2021;
Novelli et al., 2020). SNP rs2285666, one of the most fre-
quently investigated polymorphisms in ACE2, is located
in the splice site of intron 3 found to be associated with
severities of SARS-CoV-2 (Cafiero et al., 2021; Gémez
et al., 2020; Mohlendick et al., 2021). As of the previous
line of evidence, cerebral stroke, coronary heart disease
(CHD), diabetes, and hypertension are correlated with
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FIGURE 1 PRISMA flow chart showing the process of study identification and selection.
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TABLE 2 Meta-analysis of the association of ACEI I/D rs1799752 polymorphism with the infection and severity of COVID-19

Test of association

Genetic models (ACE Test of heterogeneity Random-effects model Fixed-effects model

1/D rs1799752) p-value P (%) OR 95% CI p-value OR 95% CI p-value
Overall population

DIvs. II .065 42.64 1.00 0.66-1.50 984 1.00 0.77-1.31 985
DD vs. II <.0001 77.84 1.46 0.73-2.91 .285 1.32 0.99-1.77 .059
DD vs. DI <.0001 74.00 1.34 0.81-2.22 .249 1.24 0.98-1.57 .077
DD+DIvs. II .0007 67.29 1.22 0.74-1.99 436 1.16 0.91-1.49 218
DD vs. DI+1I <.0001 80.32 1.35 0.80-2.27 .263 1.27 1.02-1.59 .031
DIvs. DD+1I .0086 57.71 0.90 0.64-1.27 .559 0.92 0.75-1.12 .397
Duvs. I <.0001 83.90 1.24 0.86-1.80 251 1.17 1.02-1.35 .025
Caucasian

DI vs. II 134 37.01 0.96 0.60-1.53 .860 0.92 0.67-1.26 .605
DD vs. II .001 71.20 1.65 0.82-3.30 161 1.28 0.92-1.79 144
DD vs. DI .0006 72.44 1.64 0.92-2.91 .092 1.35 1.03-1.78 .029
DD +DIvs. II .0165 59.15 1.30 0.77-2.19 328 1.10 0.82-1.46 .537
DD vs. DI+II .0001 76.38 1.62 0.93-2.81 .086 1.37 1.07-1.76 .012
DIvs. DD+1I .0167 59.08 0.74 0.49-1.13 .163 0.80 0.63-1.02 .068
Duvs. 1 <.0001 80.10 1.42 0.95-2.12 .088 1.20 1.02-1.41 .031
Asian

DIvs. II .068 62.79 1.10 0.33-3.66 .877 1.23 0.76-1.99 410
DD vs. I <.0001 90.32 1.08 0.09-1.65 951 1.47 0.81-2.68 .209
DD vs. DI .003 82.38 0.80 0.24-2.68 713 0.93 0.57-1.52 772
DD +DIvs. II .002 84.42 1.06 0.18-6.32 951 1.35 0.86-2.11 .189
DD vs. DI+II .0001 89.79 0.80 0.17-3.63 772 0.98 0.62-1.56 931
DIvs. DD+II 354 3.76 1.32 0.88-1.96 175 1.31 0.89-1.92 174
Duvs. 1 <.0001 92.51 0.86 0.30-2.48 783 1.11 0.85-1.45 445

Bold p-values indicate statistically significant.

rs2285666 polymorphism, the comorbidities which lead to
the worse clinical outcome in COVID-19 patients (Chen
et al., 2021; Mohlendick et al., 2021; Pinheiro et al., 2019;
Wu et al.,, 2017; Yang et al., 2015). A study by Celik and
others (Celik et al., 2021) failed to demonstrate any associ-
ation between this SNP and severe outcomes of COVID-19.
Given that ACE1 and ACE2 polymorphisms may be
correlated with the infection and severity of COVID-19,
the present meta-analysis aimed to systematically evaluate
and validate the association of both ACE1 1/D rs1799752
and ACE2 rs2285666 genetic polymorphisms with SARS-
CoV-2-infected patients based on the available data.

2 | METHODS AND MATERIALS

This meta-analysis was performed following the updated
recommendations of the Preferred Reporting Items for

Systematic Reviews and Meta-analyses (PRISMA) (Page
et al., 2021).

2.1 | Literature search

Two authors (MAA and MSI) systematically searched
electronic databases, including PubMed, Web of Science,
Cochrane Library, EMBASE, Science Direct, and Google
Scholar for eligible published pieces of literature through
November 2021, using the following terms: COVID-19,
SARS-CoV-2, coronavirus, angiotensin-converting en-
zyme, ACE, ACE1 1/D, ACE]I insertion-deletion, ACE2,
rs1799752, rs2285666, polymorphism, and variants ei-
ther as a sole form or in combination. To retrieve all
available literature, the authors also checked the ref-
erences from related studies. All the studies were se-
lected independently by the authors and disagreements
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Experimental  Control Odds Ratio Odds Ratio
Study or Subgroup _Events _Total Events Total Weight M.H,Fixed, 95% CI M.H, Fixed, 95% CI
144 Divs. 1l
Akbari etal 331 39 43 00% 7.18(037,138.37) R —
Aladag etal 10 10 22 30 0.0% 7.93(042,150.78) _—t
Cafiero et al 15 22 21 43 04%  2.24(0.76,6.60) —
Calabrese etal 4 72 23 03%  013(002,1.02
Celiketal 15 21 64 85 06% 0.82(0.28,239) e —
Gomezetal 3 3% 76 93 05% 1.39(0.47,4.09 —_1
Gunal etal 2 11 12 34 04%  041(008,220] e
Hubacek etal 123 194 87 123 32%  0.72(0.44,1.17) —
Mir et al 200 31 24 29 07% 0.38(0.11,1.27) —_—
Mohlendick et al 40 53 88 133 14%  1.15[060,221] —_1
Verma etal 48 90 58 132 18%  1.46(0.85,250) T
Subtotal (95% CI) 512 768 95%  1.03[0.79,1.33] *
Total events 339 510
Heterogeneity: Chi*= 17.47, df= 10 (P = 0.06); F= 43%
Testfor overall effect Z=0.21 (P = 0.84)
14200 vs. I
Akbari etal 6 6 11 15  00% 5.09(0.23,11024] —_—
Aladag etal 2 223 31 04% 1.81(0.08,4162) —_—
Cafiero et al 2 39 729 01% 14.37(4.42,4675] —_—
Calabrese etal 18 21 20 22 02%  0.60(0.09,4.01) —_—T
Celiketal 1420 34 55 05%  1.44(0.48,4.33) -1
Gomezetal 3 3% 44 61 04%  240(0.80,7.18) —
Gunal etal 19 28 26 48 05%  1.79(067,4.74) -
Hubacek etal 51 122 40 76 24%  0.65(0.36,1.15) —
Mir et al 1223 45 50 14%  0.12(0.04,042) —_—
Mohlendick et al 350 74 121 14%  1.04(0.53,204) -1
Verma etal 30 72 17 91 07%  3.11(1.54,6.29) —
Subtotal (95% CI) 419 509 74% 1.35[1.03,1.78] >
Total events 246
Heterogeneity: Chi*= 45.14, df= 10 (P < 0.00001); I*= 78%
Testfor overall effect Z= 2.16 (P = 0.03)
14.3DDvs. DI
Akbari etal 6 37 11 50 06% 069(023,208 —_— T
Aladag etal 2 12 23 45 07%  019(004,097) e
Cafiero et al 2 4 728 02% 6.40(223,1834) —_—
Calabrese etal 18 22 20 41 02% 472(1.36,16.40) _—
Celiketal 1428 34 98 07%  1.76(0.76,4.06) -—
Gomez et al 362 44 120 12%  173(0.93,3.21) —
Gunal etal 19 21 26 38 04% 438(0.88,21.93) —
Hubacek etal 51 174 40 127 27%  0.90(0.55,1.48) —
Mir etal 12 32 45 69 15%  0.32(0.13,0.76) —
Mohlendick et al 371 74 160 21%  0.90[051,158 -
Verma etal 30 78 17 75 09%  213(1.05,4.33) —
Subtotal (95% CI) 585 851 11.0%  1.25[0.99,1.57] .
Total events 246 341
Heterogeneity: Chi*= 38.46, df= 10 (P < 0.0001); I*= 74%
Testfor overall effect Z=1.90 (P = 0.06)
1.1.4 Dominanat Model (DD+DI vs. lj
Akbari etal 37 3 50 54 0.0% 6.68(035127.96)  EEee—
Aladag etal 12 12 45 53 04%  467(0.25,86560] —
Cafiero et al 47 54 28 50 03% 528(200,1393) —_—
Calabrese etal 2 25 41 43 03%  0.36(0.06,2.30) —
Celiketal 200 35 98 119 06%  1.04(0.38,281) e
Gomezetal 62 67 120 137 05%  1.76(0.62,4.99) —_—
Gunal etal 21030 38 60 06% 1.35(0.53,3.46) —_1
Hubacek etal 174 245 127 163 37%  069(044,110] —
Mir etal 32 43 69 T4 14%  0.21(0.07,066) —_—
Mohlendick et al 7 90 160 207 1.7%  1.10(0.60,2.00) 1T
Verma etal 78 120 75 149 19%  1.83(1.12,3.00) —
Subtotal (95% CI) 758 1109 10.8%  1.19[0.94,1.50] >
Total events 585 851
Heterogeneity: Chi*= 30.59, df= 10 (P = 0.0007); I*= 67%
Testfor overall effect Z=1.45 (P = 0.15)
1.1.5 Recessive model (DD vs. Dil)
Akbari etal 6 37 11 54 06% 076[025,227] —_—
Aladag etal 2 12 23 53 06% 026(005131] —_— T
Cafiero et al 2 s 750 02% 8.94(3.40,23.47] —_—
Calabrese etal 18 25 20 43 03%  2.96(1.03,853) —
Celiketal 14 35 34 119 08%  1.67(0.76,3.65) ——
Gomezetal 3 87 44 137 13%  1.82(1.00,331) —
Gunal etal 19 30 26 60 05%  2.26(0.92,556) —
Hubacek etal 51 245 40 163 32%  0.81(0.50,1.30) —T
Mir et al 12 43 45 T4 20%  0.25(0.11,0.56) —_—
Mohlendick et al 3 90 74 207 24%  0.94(0.56,1.59) -
Verma etal 30 120 17 149 09%  2.59(1.35,4.97) —
Subtotal (95% CI) 758 1109 12.9%  127[1.03,157) *
Total events 246
Heterogeneity: Chi*= 50.82, df= 10 (P < 0.00001); I*= 80%
Testfor overall effect Z= 2.27 (P = 0.02)
1.1.6 Overdominant model (DI vs. DDl
Akbari etal 3N 37 39 54 04%  1.99(069,572) -
Aladag etal 10 12 22 53 04% 7.0501.40,3537)
Cafiero et al 15 54 21 50 13%  0.53(0.23,1.20) —T
Calabrese etal 4 25 M 43 11%  020(0.06,068 I
Celiketal 15 35 64 119 1.4%  0.64(0.30,1.38) —T
Gomezetal 3N 67 76 137 22%  0.69(0.38,1.24) —
Gunal etal 2 30 12 60 06% 029[006,137] T
Hubacek etal 123 245 87 163 43%  0.88(059,131) —r
Mir et al 20 43 24 74 08%  1.81(0.84,392) —
Mahlendick et al 40 90 85 207 24%  1.13(0.68,1.85) -—
Verma etal 48 120 58 149 26%  1.05(084,1.71) -
Subtotal (95% C) 758 1109 17.2%  0.92[0.75,1.11] <
Total events 339 510
Heterogeneity: Chi*= 23.65, df= 10 (P = 0.009); = 58%
Testfor overall effect Z= 0.88 (P = 0.38)
1.1.7 Allele Contrast (D Vs. 1)
Akbari etal 43 74 61 108 17%  1.07(0.59,1.94) -1
Aladag etal 14 24 68 106 09%  0.78(0.32,1.93) T
Cafiero et al 79108 35 100 08%  5.06(280,9.14) —_
Calabrese etal 40 50 61 86 07%  1.64(0.71,378) T
Celiketal 4370 132 238 19%  1.28(0.74,2.21) T
Gomezetal 93 134 164 274 27%  152(0.98,2.36) —
Gunal etal 40 60 64 120 12%  1.75[0.92,3.34) —
Hubacek etal 225 490 167 326 9.0%  0.81(061,1.07) -1
Mir et al 44 86 114 148 34%  0.31(0.18,0.56) —
Mohlendick et al 102 180 234 414 51%  1.01(0.71,143 -
Verma etal 108 240 92 208 37%  1.83[1.29,261] —
Subtotal (95% CI) 1516 2218 3M2%  1.18[1.03,1.35] .
Total events 8 192
Heterogeneity: Chi*= 62.11, df= 10 (P < 0.00001); F*= 84%
Testfor overall effect Z= 2.37 (P = 0.02)
Total (95% CI) 5306 7763 100.0%  1.45[1.07,1.25) »
Total events 2832 4086
Heterogeneity: Chi* = 276.26, df = 76 (P < 0.00001); F=72% bor 16t

Testfor overall effect Z= 3.62 (P = 0.0003)

[X] 10
Fav tal] F trol]
Testfor subaroun differences: Chi*= 8.5, df= 6 (P= 0.18), F'= 32.2% avours lexperimental] Favours conirol

FIGURE 2 Forest plot showing the association of ACE1 I/D
181799752 polymorphism with the infection and severity of COVID-19.

were resolved through discussion if needed. We did not
put any specific language restrictions during database
searches.

Open Access,

2.2 | Eligibility criteria

Studies that analyzed the association of ACEI
(NG_011648.1)I/Drs1799752and/or ACE2(NG_012575.2)
1s2285666 with the infection and/severity of COVID-19,
designed as case-control analysis, contained sufficient
data of genotypes or alleles frequency for odds ratios
(ORs) and 95% confidence intervals (CIs) calculation and
involved human subjects were included. In contrast, stud-
ies that did not analyze ACE1 1/D rs1799752 and/or ACE2
rs2285666 polymorphisms, contained no control arm, in-
sufficient genotypes or alleles frequency, and did not in-
volve human subjects were excluded.

2.3 | Data extraction

Both reviewers independently extracted the following
information from literature using a precoded data form:
name of the first author, year of study, country of publi-
cation, ethnicity, number of severe and non-severe cases,
and genotypic information. For calculating the Hardy-
Weinberg Equilibrium (HWE) p-value, we used the ap-
plication in https://ihg.gsf.de/cgi-bin/hw/hwal.pl.

2.4 | Data analysis

Association of ACEI 1/D rs1799752 and/or ACE2
rs2285666 polymorphisms with SARS-CoV-2 infec-
tion and severity was considered as the major out-
come of this meta-analysis. Therefore, the ORs with
95% CIs were calculated for each study included using
seven genetic association models, including allele (D
vs. I), codominant 1 (DI vs. II), codominant 2 (DD vs.
IT), codominant 3 (DD vs. DI), dominant (DD + DI vs.
IT), recessive (DD vs. DI +1II), and overdominant (DI
vs. DD + II) models for ACEI 1/D rs1799752, and al-
lele (G vs. A), codominant 1 (GA vs. AA), codominant
2 (GG vs. AA), codominant 3 (GG vs. GA), dominant
(GG + GA vs. AA), recessive (GG vs. GA+ AA), and
overdominant (GA vs. GG+ AA) models for ACE2
rs2285666, individually. For ACE1 I/D 1rs1799752
polymorphism, the subjects were classified into two
subgroups based on their ethnicity as Caucasian and
Asian. The pooled results were evaluated using the
random-effects model (the DerSimonian and Laird
method) and the fixed-effects model (the Mantel-
Haenszel method). A p-value of < .05 was considered
statistically significant in terms of the association. In
addition to this, I” (%) was calculated to test the het-
erogeneity. The probability of publication bias was
assessed using a funnel plot (Duval & Tweedie, 2000)
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and asymmetry was analyzed through Egger's regres-
sion (Egger et al., 1997) and Begg-Mazumdars (Begg
& Mazumdar, 1994) tests. Moreover, we implemented
sensitivity analysis to evaluate the influence of indi-
vidual studies by deleting one study in each turn. All
analyses in this study were completed using Review
Manager (RevMan) version 5.4.1 (The Cochrane
Collaboration, Oxford, UK).

3 | RESULTS

Our systemic search resulted in a total of 821 re-
cords from the aforementioned electronic databases.
After removal of duplicates, and screening based
on the eligible criteria, 16 full-text articles were as-
sessed for eligibility. Due to the lack of insufficient
genotype information, another 5 articles were re-
moved, and finally, 11 studies were included in this
meta-analysis (Akbari et al., 2021; Aladag et al., 2021;
Cafiero et al., 2021; Calabrese et al., 2021; Celik
et al., 2021; Gémez et al., 2020; Gunal et al., 2021;
Hubacek et al., 2021; Mir et al., 2021; Mohlendick
et al., 2021; Verma et al., 2021). Among these, all stud-
ies evaluated the association of ACEI 1I/D rs1799752
polymorphism (severe cases = 758 and non-severe
cases = 1109), while only 3 studies (Celik et al., 2021;
Gomez et al., 2020; Mohlendick et al., 2021) evaluated
the association of ACE2 rs2285666 polymorphism (se-
vere cases = 192, non-severe cases = 464). Three stud-
ies were performed on the Asian population (Akbari
et al., 2021; Mir et al., 2021; Verma et al., 2021) and 8
studies were performed on the Caucasian population
(Aladag et al., 2021; Cafiero et al., 2021; Calabrese
et al., 2021; Celik et al., 2021; Gomez et al., 2020;
Gunal et al., 2021; Hubacek et al., 2021; Mohlendick

et al., 2021) for ACEI 1I/D rs1799752 polymorphism
(Figure 1 and Table 1).

3.1 | Association of ACE1 I/D rs1799752
with the infection and severity of
COVID-19

Pooled analysis showed that ACEI I/D rs1799752 poly-
morphism was correlated with the infection and sever-
ity of SARS-CoV-2 in recessive and allele models for
the fixed-effects model (DD vs. DI+II: OR: 1.27, 95%
CI: 1.02-1.59, p-value: .031, I%: 80.32% and D vs. I: OR:
1.17,95% CI: 1.02-1.35, p-value: .025, 2 83.90%) (Table 2
and Figure 2). Subgroup analysis showed that codomi-
nant 3, recessive, and allele model were associated with
COVID-19 infection and severity for fixed-effects model
(DD vs. DI: OR: 1.35, 95% CI: 1.03-1.78, p-value: .029, )i
72.44% and DD vs. DI+II: OR: 1.37, 95% CI: 1.07-1.76,
p-value: .012, I?: 76.38%, and D vs. I: OR: 1.20, 95% CI:
1.02-1.41, p-value: .031, I*: 80.10%) in Caucasian ethnic-
ity (Table 2).

3.2 | Association of ACE2 rs2285666
with the infection and severity of
COVID-19

Pooled meta-regression analysis of ACE21s2285666 with
the infection and severity of COVID-19 (Table 3 and
Figure 3) showed that codominant 3 (GG vs. GA: [OR:
2.63, 95% CI: 1.45-4.75, p-value: .001 for both random-
and fixed-effects models], I*: 0%), overdominant (GG
vs. GA+ AA: [OR: 1.97,95% CI: 1.28-3.03, p-value: .002
for random-effects model and OR: 1.97, 95% CI: 1.29-
3.00, p-value: .002 for fixed-effects model], I’ 4.70%),

TABLE 3 Meta-analysis of the association of ACE2 rs2285666 polymorphism with the infection and severity of COVID-19

Test of association

SO Test of heterogeneity Random-effects model Fixed-effects model

(ACE2 rs2285666) p-value P (%) OR 95% CI p-value OR 95% CI p-value
GAvs. AA 134 50.34 0.58 0.19-1.77 341 0.59 0.27-1.30 .190

GG vs. AA .163 44.94 1.48 0.69-3.17 317 1.38 0.79-2.40 257

GG vs. GA 374 0 2.63 1.45-4.75 .001 2.63 1.45-4.75 .001
GG+ GAvs. AA 135 50.15 L2 0.58-2.85 531 1.19 0.69-2.06 .538
GG vs. GA+AA .350 4.70 1.97 1.28-3.03 .002 1.97 1.29-3.00 .002
GA vs. GG+AA .298 17.38 0.41 0.21-0.78 .006 0.41 0.23-0.74 .003
Gvs. A .069 62.64 1.66 0.96-2.86 .068 1.61 1.16-2.24 .004

Bold p-values indicate statistically significant.
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and recessive model (GA vs. GG+ AA: [OR: 0.41, 95%
CI: 0.21-0.78, p-value: .006 for random-effects model
and OR: 0.41, 95% CI: 0.23-0.74, p-value: .003 for fixed-
effects model], I*: 17.38%) were linked with severity of
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SARS-CoV-2 for both random-effects and fixed-effects
models. Allele model of rs2285666 showed significant
association for fixed-effects model only (G vs. A: OR:
1.61, 95% CI: 1.16-2.24, p-value: .004, % 62.64%).

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.4.1 GAvs. AA
Celiketal 6 1" 27 50  3.4% 1.02[0.28, 3.79] e (et
Gomez et al 3 15 25 43 31% 0.18[0.04,0.73]
Mdhlendick et al 6 10 34 57  3.2% 1.01 [0.26, 4.00] =
Subtotal (95% ClI) 36 150 9.8% 0.58 [0.19, 1.78] e
Total events 15 86
Heterogeneity: Tau®= 0.49; Chi*= 4.05, df=2 (P=0.13); F=51%
Test for overall effect: Z= 0.95 (P = 0.34)
1.4.2GGvs. AA
Celik et al 24 29 70 93 4.2% 1.58 [0.54, 4.61] ]
Gomez et al 52 64 94 112  54% 0.83[0.37,1.86] S
Mohlendick et al 80 84 150 173 4.1% 3.07[1.02,8.18] e
Subtotal (95% ClI) 177 378 13.7% 1.48[0.69, 3.19]
Total events 156 314
Heterogeneity: Tau®= 0.21; Chi*= 3.68, df= 2 (P = 0.16); F= 46%
Test for overall effect: Z=1.00 (P =0.32)
1.4.3GGvs.GA
Celik et al 24 30 70 97  45% 1.54 [0.57,4.19] =—
Gomez et al 52 55 94 119  36% 4.61[1.33,16.00] _——
Mohlendick et al 80 86 150 184  4.9% 3.02[1.22,7.50] =
Subtotal (95% CI) 171 400 13.0% 2.63 [1.45,4.74] <>
Total events 156 314
Heterogeneity: Tau®= 0.00; Chi*=1.99, df= 2 (P = 0.37); F=0%
Test for overall effect: Z= 3.20 (P = 0.001)
1.4.4 Dominant model (GG+GA vs. AA)
Celiketal 30 35 97 120 4.3% 1.42[0.50, 4.07] e E—
Gomez et al 55 67 119 137 54% 0.69[0.31,1.54] ==i=
Mohlendick et al 86 90 184 207 4.2% 2.69(0.90, 8.01] i
Subtotal (95% Cl) 192 464 13.9% 1.29 [0.58, 2.87] <l
Total events 171 400
Heterogeneity: Tau®= 0.25; Chi*= 4.06, df=2 (P=0.13); F=51%
Test for overall effect: Z=0.62 (P=0.53)
1.4.5 Recessive model (GG vs. GA+AA)
Celik et al 24 35 70 120 54% 1.56 [0.70, 3.47] ==
Gomez et al 52 67 94 137 B6.0% 1.59(0.80, 3.13] St=.—
Mohlendick et al 80 90 150 207 57% 3.04[1.47,6.27] =
Subtotal (95% CI) 192 464 1741% 1.97 [1.28, 3.03] <
Total events 166 314
Heterogeneity: Tau*= 0.01; Chi*= 2.11, df= 2 (P = 0.35); F= 5%
Test for overall effect: Z= 3.06 (P = 0.002)
1.4.6 Over dominant (GA vs. GG+AA)
Celik et al 6 35 27 120 46% 0.71(0.27,1.89] —_ T
Gomez et al 3 67 25 137 36% 0.21(0.06, 0.72] S
Maohlendick et al 6 90 34 207 4.9% 0.36 (0.15, 0.90] =
Subtotal (95% Cl) 192 464 13.2% 0.40 [0.21,0.78] <l
Total events 15 86
Heterogeneity: Tau*= 0.06; Chi*= 2.45, df=2 (P = 0.29); F=18%
Test for overall effect: Z=2.71 (P = 0.007)
1.4.7 Allele contrast (G vs. A)
Celik et al 54 70 167 240 6.2% 1.48(0.79, 2.75] )
Gomez et al 107 134 213 274  6.8% 1.13(0.68,1.89] ===
Maohlendick et al 166 180 334 414 6.3% 2.84 [1.56, 5.16) =
Subtotal (95% ClI) 384 928 19.3% 1.66 [0.96, 2.86] =
Total events 327 714
Heterogeneity: Tau*= 0.15; Chi*= 5.40, df= 2 (P = 0.07); F= 63%
Test for overall effect: Z=1.82 (P = 0.07)
Total (95% Cl) 1344 3248 100.0% 1.30 [0.95, 1.78] »
Total events 996 2228

i - . == - 1R = } + + 4

Heterogeneity: Tau®= 0.32; Chi*= 52.96, df= 20 (P < 0.0001); F=62% 0ot oh 19 100

Test for overall effect. Z=1.61 (P=0.11)

Favours [experimental] Favours [control]

Test for subaroup differences: Chi®= 23.32, df= 6 (P = 0.0007), F=74.3%

FIGURE 3 Forest plot showing the association of ACE2 rs2285666 polymorphism with the infection and severity of COVID-19.
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3.3 | Publication bias and
sensitivity analysis

Table 4 and Figure 4 depict the publication bias analysis
for both ACE1 1/D 151799752 and/or ACE2 rs2285666 pol-
ymorphisms. No statistically significant publication bias
was observed from Egger's test and Begg-Mazumdar's test
(Table 4) or funnel plots (Figure 4). We also implemented
sensitivity analysis in terms of the allele model for both
SNPs (Figure 5), but no significant deviation was observed
after excluding each study each time.

4 | DISCUSSION
Based on the recommendations for establishing more
compact scientific evidence by Oscanoa et al. (2021), we
performed the present meta-analysis to explore the asso-
ciation of ACEI and ACE2 genetic polymorphisms with
the severity of SARS-CoV-2 infected patients. Our cur-
rent meta-analysis suggests that ACEI I/D rs1799752
and ACE?2 rs2285666 variants may increase the severity
in SARS-CoV-2-infected patients. Recent investigations
have revealed that genetic polymorphisms in both of these
genes may have a significant role in COVID-19 severity
(Calabrese et al., 2021; Cheng et al., 2020; Li, Wang et al.,
2020).

The correlation of ACEI I/D rs1799752 polymor-
phism with the risk of various diseases has been studied

TABLE 4 Publication bias analysis

Publication Bias (p-value)

Begg-Mazumdar's

Genetic model Egger's test  test

ACE11/D rs1799752

DIvs. II 0.924 0.815
DD vs. I 0.655 0.815
DD vs. DI 0.582 0.686
DD +DIvs. II 0.684 0.697
DD vs. DI+1I 0.711 0.586
DIvs. DD+II 0.899 0.815
Duvs. 1 0.601 0.697
ACE2 152285666
GA vs. AA 0.449 0.117
GG vs. AA 0.256 0.117
GG vs. GA 0.686 0.602
GG+ GAvs. AA 0.199 0.117
GG vs. GA+AA 0.957 0.602
GAvs. GG+AA 0.598 0.602
Gvs. A 0.564 0.602

previously. It was demonstrated that I/D variant can
impose the risk of hypertension in African ethnic-
ity (Mengesha et al., 2019), type 2 diabetes (T2DM) in
Caucasian and East-Asian ethnicities (Zhou et al., 2010),
and both hypertension and T2DM in Caucasian and
Asian ethnicities (Liu et al., 2021), and chronic kid-
ney disease in Asian hypertensive male patients (Lin
et al.,, 2014) which are thought to get worsen during
COVID-19 (Matta et al., 2020). During the COVID-19
pandemic, the role of this variant in the severity had also
investigated by different studies. To establish compre-
hensive evidence, we have tried to retrieve all available
studies and screened and analyzed these studies. Our
analysis reported that ACEI I/D rs1799752 polymor-
phism might confer the severe condition in SARS-CoV-2
infected patients. Both DD genotype (OR: 1.27) and D
allele (OR: 1.17) have demonstrated the correlation with
the severity in the overall population (both Caucasian
and Asian). The risk associated with the severity is also
observed in the Caucasian population for DD genotype
(OR: 1.35 in DD vs. DI and OR: 1.37 in DD vs. DI+1I),
and D allele (OR: 1.20). Studies on COVID-19 patients
also revealed that I/D rs1799752 is associated with the
severity (Akbari et al., 2021; Aladag et al., 2021; Cafiero
et al., 2021; Calabrese et al., 2021; Gomez et al., 2020;
Gunal et al., 2021; Hubacek et al., 2021; Mir et al., 2021;
Verma et al., 2021), which is consistent with our over-
all findings. However, two studies reported no signif-
icant association between ACE1 I/D polymorphism
and COVID-19 severity (Celik et al., 2021; M&hlendick
etal., 2021).

Genetic polymorphisms in the ACE2 gene may alter
the expression level and binding affinity of SARS-CoV-2
in the host (Cao et al., 2020; Darbani, 2020; Gemmati
et al., 2020; Hou et al., 2020). A common polymor-
phism in ACE2 is rs2285666, the association of which
had been analyzed for the severe outcome in SARS-
CoV-2 infected patients (Cafiero et al., 2021; Celik
et al., 2021;Gémez et al., 2020; Mdhlendick et al., 2021).
Although it is evident that COVID-19 comorbidities like
cerebral stroke, CHD, T2DM, and hypertension are cor-
related to rs2285666 polymorphism (Chen et al., 2021;
Pinheiro et al., 2019; Wu et al., 2017; Yang et al., 2015),
recent studies showed conflicting outcomes. Only three
studies evaluated the role of this SNP in COVID-19
patients (Gomez et al., 2020; Mohlendick et al., 2021),
among which two studies reported a statistically sig-
nificant association with severe clinical outcomes,
while another one did not suggest any significant cor-
relation (Celik et al., 2021). To provide more compre-
hensive evidence, we performed a meta-analysis with
these three studies, which showed that codominant 3
(GG vs. GA: OR: 2.63), overdominant (GG vs. GA + AA:
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FIGURE 4 Funnel plots in allele @ o
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OR: 1.97 (random-effects model) and OR: 1.97 (fixed-
effects model)), and recessive model (GA vs. GG + AA:
OR: 0.41 (random-effects model), and OR: 0.41 (fixed-
effects model)) are correlated with the severity of
SARS-CoV-2. G allele of rs2285666 was also reported to
be significantly linked with the severity for the fixed-
effects model (G vs. A: OR: 1.61). Moreover, there was
no notable publication bias in our analysis, and the im-
plementation of sensitivity analysis confirmed the sta-
bility of our results.

Although Oscanoa et al. (2021) performed the
first meta-analysis with ACEI I/D polymorphism,
we have performed the first meta-analysis, including
ACE1 1I/D 1s1799752 and ACE2 rs2285666 variants.
Besides, we have included comparatively large number

QOdds Ratio

studies (11 studies) with ACE1 I/D polymorphism (se-
vere cases = 758 and non-severe cases = 1109), with
ACE21s2285666 polymorphism (severe cases = 192, non-
severe cases = 464) that includes population from both
Caucasian and Asian ancestry. Furthermore, publication
bias and sensitivity analyses validated the stability of the
findings. Despite this, our study still lacks some merits.
To mention, there is still no study on African or other
ethnicities except Asian and Caucasian, which may
somehow limit the acceptability of the overall findings.
Again, the number of studies is still short to conclude
any compact association. We suggest conducting a fur-
ther meta-analysis to establish the association of ACE1
151799752 and ACE2 rs2285666 polymorphisms with the
severity of COVID-19.
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(a) Study Odds Ratio OR 95%-ClI

Omitting Akbari et al —i— 1.18 [1.02; 1.36]

Omitting Aladag et al —a 1.19 [1.03;1.37]

Omitting Cafiero et al —T 1.08 [0.93; 1.24]

Omitting Calabrese et al — . 1.16 [1.01; 1.34]

Omitting Celik et al — 1.17 [1.01; 1.35]

Omitting Gomez et al T 1.14 [0.98; 1.32]

Omitting Gunal et al — 1.15 [1.00; 1.33]

Omitting Hubacek et al ——— 1.33 [1.13; 1.56]

Omitting Mir et al —i—-— 1.28 [1.11; 1.48]

Omitting Mohlendick et al — 1.21 [1.04; 1.41]

Omitting Verma et al —t 1.08 [0.93; 1.26]

Fixed effect model _ 1.17 [1.02; 1.35]

T 1
0.75 1 1.5
(b)
Study Odds Ratio OR 95%-ClI

Omitting Celik et al
Omitting Gomez et al
Omitting Mohlendick et al

Fixed effect model

1.67 [1.13; 2.46]
[1.35; 3.19]
1.26 [0.85;1.87]

——5—— 2.07

1.61 [1.16; 2.24]

0.5

FIGURE 5 Sensitivity analysis in allele model: (a) ACE I/D rs1799752 (b) ACE2 rs2285666.

5 | CONCLUSION

The present meta-analysis suggests that ACEI I/D
rs1799752 and ACE2 rs2285666 variants may enhance the
severity in SARS-CoV-2 infected patients. However, fu-
ture investigations, including studies from all ethnicities
and other genetic polymorphisms, are warranted to verify
the actual correlation between COVID-19 infection and
subsequent severity.
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