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Background: Angiotensin converting enzyme (ACE) genotypes are known to be associated with devel- 

opment of acute respiratory distress syndrome (ARDS) and resultant mortality. In the present study, we 

examined the association between distribution frequency of ACE genotypes and COVID-19 mortality. 

Methods: We undertook an ecological study to examine the association between ACE genotypes and 

COVID-19 mortality across 25 countries to represent different geographical regions of the world. The pop- 

ulation frequencies of ACE genotypes were drawn from previously published reports and data on COVID- 

19-related mortality were extracted from ‘Worldometer’. Multivariable analyses were also undertaken ad- 

justing for age (median age), sex (percentage of females) and the number of COVID-19 tests undertaken. 

Associations between genotypes deletion/deletion (DD) and insertion/insertion (II) prevalence and COVID- 

19-related mortality (per million people per day since the first diagnosed case) were evaluated. 

Results: The frequency of II genotype is highest in east Asian countries and lower among the European 

and African countries. An inverse geographical distribution frequency was noted for DD genotype. Increas- 

ing II genotype frequency was significantly associated with decreased COVID-19 mortality rates (adjusted 

incident rate ratio [IRR] 0.3, 95% confidence interval [CI]: 0.002–0.7, p = 0.03). However, no association 

was found between DD genotype frequency and COVID-19 mortality rates (adjusted IRR 4.3, 95% CI: 0.5–

41.2, p = 0.2). 

Conclusions: Distribution frequency of ACE insertion/insertion (II) genotype may have a significant influ- 

ence on COVID-19 mortality. This information has potential utility for resource planning at a systemic 

level, as well as for clinical management. 

© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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The coronavirus disease 2019 (COVID-19), caused by SARS-CoV2 

irus, has evolved rapidly into a pandemic, with total confirmed 

ases of nearly 9 million, and more than 460,0 0 0 deaths world- 

ide as of 22 June 2020. 1 The COVID-19 fatality rates vary greatly 

cross countries, and have been attributed to multiple factors in- 

luding availability of healthcare resources and mitigation strate- 
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ies, including border closures, social distancing, mass screening, 

ontact tracing and quarantine. 2 , 3 

The clinical presentation of COVID-19 ranges from mild symp- 

oms to potentially fatal respiratory failure due to development of 

dult respiratory distress syndrome (ARDS). The renin-angiotensin- 

ldosterone system (RAAS) has been implicated in the pathogene- 

is of COVID-19. 4 Moreover, the role of angiotensin converting en- 

ymes 1 and 2 (ACE and ACE2) in the development of ARDS is well 

stablished. 5 The coronavirus utilises membrane bound ACE2 re- 

eptors for entry into alveolar epithelial cells. This disrupts counter 

egulatory mechanisms between ACE and ACE2, leading to en- 

othelial dysfunction and activation of severe maladaptive immune 

esponses, the hallmark of ARDS. 5 , 6 
eserved. 
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. 
The ACE gene is known to consist of two variant alleles; inser- 

ion (I) and deletion (D) polymorphisms. 7 The allelic distribution 

f the ACE gene within a population follows the Hardy-Weinberg 

quilibrium, with three distinct genotypes: II, ID, and DD. 8 Dis- 

ases such as stroke and diabetic nephropathy have been shown 

o be associated with the DD genotype. 9 , 10 Additionally, previous 

tudies on patients with sepsis (not due to coronavirus) demon- 

trated an association between DD genotype and development of 

RDS resulting in higher mortality risk 11 On the other hand, the II 

enotype is associated with decreased mortality from ARDS. 12 The 

CE genotype distributions vary across geographical regions, with 

requency of DD genotype being lowest among east Asian popula- 

ions and highest among Caucasian and African populations. 8 

Recent studies demonstrate that infection with COVID-19 may 

e associated with I/D polymorphisms, with increasing D allele 

requency correlating to a reduction in prevalence but increase 

n mortality from COVID-19 infection. 13 , 14 Currently, it remains 

nclear whether the observed variations in COVID-19 mortality 

mong countries can be explained by variations in ACE polymor- 

hisms, specifically in relation to the frequency of the II and DD 

enotypes. Hence, we undertook an ecological study to examine 

he association between the distribution frequency of ACE geno- 

ypes and COVID-19 mortality in selected countries representing 

ifferent geographical regions of the world. 

ethods 

enotype frequency data 

Data on the distribution of ACE genotypes were collected for 25 

ountries representing a diverse cross-section of geographical re- 

ions of the world ( Table 1 ). The data were drawn from systematic

eviews and meta analyses published in the past 15 years (since 

005) examining ACE genotypes and risk of cardiovascular, respi- 

atory, diabetes, renal and stroke diseases. 8 , 9 , 15–22 Published stud- 

es in English which contained the largest cohort of patients were 

elected to represent each country. For countries where ACE geno- 

ype data were not available from systematic reviews and meta- 

nalyses, further searching was conducted through PubMed and 

oogle Scholar, using search terms ‘ACE polymorphisms + (country 

ame)’ or ‘ACE genotype + (country name)’. The full list of citations 

or included studies can be found in Supplementary Materials. Se- 

ected studies for each country included genotype distribution data 

or healthy controls or general population and diseased popula- 

ions, except for France, where data were not available for the gen- 

ral population. The combined data for healthy and diseased pop- 

lations were taken as the overall genotype frequency of that par- 

icular country. 

OVID-19 data 

COVID-19 data as of 8 June 2020 were extracted from ‘Worl- 

ometer’, a website owned by Dadax providing daily updated 

oronavirus data since 15 February 2020. 23 For each of the se- 

ected countries, we extracted data pertaining to the number of 

onfirmed COVID-19 cases, date of the first reported case, num- 

er of deaths and number of tests. COVID-19 related death was 

efined as per Worldometer’s definition of cumulative number 

f deaths among detected cases ( https://www.worldometers.info/ 

oronavirus/about/ ). For countries in which the first case was re- 

orted prior to 15 February 2020, date of the first reported COVID- 

9 case was obtained from the ‘Our World in Data’ website, which 

resents updated figures provided by the European Centre for Dis- 

ase Prevention and Control (ECDC). 24 The United Nations popu- 

ation database was used to collect information regarding popula- 

ion, median age and gender distribution. 25 
962 

https://www.worldometers.info/coronavirus/about/
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Fig. 1. A. Mortality rate (per million per day, natural log transformed) and DD genotype frequency 

B. Mortality rate (per million per day, natural log transformed) and II genotype frequency 

Legend: curved lines represent 95% confidence intervals. 
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tatistical analysis 

The outcome of interest was COVID-19-related deaths per mil- 

ion people per day since the first reported case. 

We first plotted this outcome (natural log transformed) against 

ercentage of population with DD and II genotypes. We then used 

ultivariable generalised linear models (GLMs) to determine its as- 

ociation with percentage of population with DD and II genotypes, 

ith adjustment for median age of the population, percentage of 

emales within the population and number of diagnostic tests per 

illion people. The models excluded China because data regard- 

ng the number of tests conducted in this country could not be 

ourced. We considered percentage of population with DD and II 

enotypes as a continuous variable in the primary analyses, and as 

 categorical variable comprising four quartiles in secondary anal- 

ses, with the first (lowest) quartile as the reference category. 

esults 

The ACE genotype distribution and adjusted mortality rates 

or each country are shown in Table 1 . Overall, the DD geno- 

ype frequency was lowest in east Asian countries and highest in 

frican countries. Among European countries, Italy displayed the 

igh prevalence of the DD genotype, at 58%. The II genotype fre- 

uency was highest in east Asian countries. Geographical varia- 

ions in genotype distribution were also noted when genotype fre- 

uency data were drawn from sub-populations with existing dis- 

ase ( Table 1 ). 

Fig. 1 A and B show the correlation between COVID-19-related 

eaths per million people per day since the first reported case 

natural log transformed) and genotype frequencies. A positive re- 
963 
ationship was noted between frequency of the DD genotype and 

OVID-19 mortality, whereas a negative relationship was observed 

or frequency of the II genotype. 

Table 2 displays incident rate ratios drawn from the GLMs, with 

nd without adjustment for median age, proportion of females and 

iagnostic tests per million people. Frequency of the II genotype 

as significantly negatively associated with COVD-19-related mor- 

ality rates (incident rate ratio [IRR] 0.02, 95% confidence interval 

CI]: 0.0 0 04–0.6, p = 0.03), while frequency of the DD genotype did 

ot show any significant correlation (IRR 10.3, 95% CI: 0.4–243.4, 

 = 0.15). 

iscussion 

COVID-19 has severely challenged governments and healthcare 

ystems worldwide. Variation in mortality does not seem to be 

dequately explained by differences in country-specific mitigation 

trategies alone. Our study suggests that differences in COVID-19 

ortality may be partially explained by differing frequencies of 

CE genotypes, in particular, II genotype. 

Most COVID-19 deaths occur from ARDS. 26 At the molecular 

evel, the RAAS system underpins in the pathogenesis of ARDS 

n COVID-19 infection. High levels of ACE and ACE2 are found in 

he alveolar epithelial cells and serve as the key regulators of the 

AAS system by maintaining pulmonary vascular and immuno- 

ogical homeostasis. 5 Binding of SARS-CoV2 virus spike protein to 

CE2 on the surface of epithelial cells leads to downregulation of 

ts activity, thereby permitting unopposed action of ACE and an- 

iotensin II. The consequent pulmonary endothelial cell dysfunc- 

ion and immune activation results in the inflammatory exudate 

haracterising the onset of ARDS. 6 The different I/D polymorphisms 
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Fig. 1. Continued 

Table 2 

Incident rate ratios and adjusted incident rate ratios for mortality according to DD and II genotypes. 

IRR (95% CI) 

ACE genotypes Overall Q1 Q2 Q3 Q4 

DD 10.3 (0.4–243.4), p = 0.15 1.0 (ref) 1.4 (0.4–5.0), p = 0.6 5.1 (1.8–14.3), p = 0.002 ∗ 1.6 (0.3–8.8), p = 0.57 

II 0.02 (0.0004–0.6), p = 0.03 ∗ 1.0 (ref) 0.8 (0.2–2.8), p = 0.76 0.7 (0.2–2.2), p = 0.5 0.1 (0.02–0.6), p = 0.014 ∗

Adjusted IRR (95% CI) 

ACE genotypes Overall Q1 Q2 Q3 Q4 

DD 4.3 (0.5–41.2), p = 0.2 1.0 (ref) 0.7 (0.2–3.3), p = 0.7 2.0 (0.5–8.2), p = 0.3 1.2 (0.3–4.7), p = 0.8 

II 0.3 (0.002–0.7), p = 0.03 ∗ 1.0 (ref) 1.1 (0.4–3.1), p = 0.9 0.6 (0.2–1.7), p = 0.3 0.2 (0.02–1.6), p = 0.1 

CI: confidence interval; IRR: incident rate ratio; Q1: first quartile; Q2: second quartile; Q3: third quartile; Q4: fourth quartile; ref: reference. 

IRR was adjusted for median age, sex (% female) and number of tests per million for each country. 
∗ Statistical significance. 
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lter the concentration of circulating and tissue ACE. In particular, 

eletion (DD) genotype is associated with higher serum levels of 

CE compared to II or ID genotypes, and reduced tissue ACE2 ex- 

ression, which may explain the reduced prevalence of COVID-19 

nfections but increasing propensity for a more severe disease. 7 , 13 

Previous studies have also highlighted the role of ACE in ARDS 

y demonstrating a direct correlation between measurable serum 

CE levels and the course of ARDS. 27 Additionally, ACE gene poly- 

orphisms can determine the risk of ARDS and death from sepsis, 

ith II genotype significantly favouring survival from ARDS at 28 

ays. 11 , 12 ACE gene polymorphisms also serve as a risk factor for 

ardiovascular conditions, including hypertension, ischaemic heart 

isease, diabetes, renal disease and stroke. 9 , 16 , 20 , 22 Recent large co- 

ort studies demonstrated that patients with these comorbidities 

re also at a higher risk of death from COVID-19. 26 , 28 All these 

ndings support the hypothesis that ACE genotype can influence 

OVID-19 mortality. 

There is significant interest in the potential effects of ACE in- 

ibitors on the course of COVID-19. 29 , 30 To date, no difference in 
964 
ortality has been observed between COVID-19 patients taking 

nd not taking ACE inhibitors. 29 Furthermore, it is unknown how 

CE genotypes affect binding of ACE inhibitors, while the capac- 

ty for these medications to affect SARS-CoV2 cellular entry re- 

ains unknown. Evaluation of the influence of ACE genotype and 

he pharmacokinetic properties of ACE inhibitors may be beneficial 

n the search for potential SARS-CoV2 therapies. 

The main limitation of our study stems from use of data from 

nly 25 countries, and some of the samples were over-represented 

y people with pre-existing diseases. However, the 25 countries are 

epresentative of their geographical regions in terms of ACE geno- 

ype profiles, as well as COVID-19 burden. The over-representation 

f people with pre-existing diseases for our ACE genotype data 

s mitigated by the fact that most COVID-19-related deaths occur 

mong people with comorbidities. 28 Additionally, genotype data in 

ome countries, such as USA, Australia, South Africa and Singapore, 

ay be represented by multiethnic populations. This limitation 

as overcome by analysis of country-specific mortality data, which 

ncluded all ethnicities. Lastly, although we adjusted for some of 
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3  
he potential confounders in our analysis, many factors such as 

opulation density, accurate registries, case definitions and miti- 

ation policies may further contribute to observed differences in 

OVID-19 mortality rates. 

The findings from our study may partly explain the differential 

ortality observed across the world and are aligned with current 

nderstanding of SARS-CoV2 and ARDS pathophysiology. The role 

f ACE genotype as a prognostic factor in COVID-19 warrants fur- 

her investigation. At a systemic level, knowledge of geographical 

ariations in ACE genotype may allow for better prediction of the 

ourse of COVID-19, allowing safeguards to be implemented early, 

articularly in terms of healthcare resource allocation. At an indi- 

idual patient level, risk stratification involving ACE genotype may 

nform more targeted clinical care, ultimately improving patient 

utcomes to reduce morbidity and mortality from the COVID-19 

andemic. 
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