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BACKGROUND
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COVID-19: spread worldwide and was declared as a pandemic by WHO in 
March 2020

WHO (11/07/2022)): 96,206,427 confirmed cases
                                    1,060,430 deaths in U.S. (https://covid19.who.int/). 
Clinical manifestations: 
• pneumonia, dry cough, fever, headache, sore throat, loss of taste or smell. 

Most cases have mild symptoms with a low fatality rate, recover on their 
own.

• 20% of the patients develop severe symptoms including ARDS, septic 
shock, and multiple organ dysfunction syndrome, rapid death. 

• Extra-pulmonary manifestations: neurological disorders, such as 
Alzheimer’s disease (AD).

• Long-term or post-infection effect of COVID-19: neurological disorders, 
diabetes, etc. 

https://covid19.who.int/


COVDID-19 PATIENTS HAVE HIGHER RISK FOR AD
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In a retrospective cohort study of 6,245,282 older adults (age ≥65 
years) who had medical encounters between 2/2020-5/2021 

people with COVID-19 were at significantly increased risk for new 
diagnosis of AD within 360 days after the initial COVID-19 
diagnosis 

(hazard ratio or HR:1.69, 95% CI: 1.53-1.72), especially in people 
age ≥85 years and in women. 
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• Why COVID-19 patients have high risk for 
AD? 

• Any genetic correlation between the 
COVID-19 and AD? 



DATASETS AND METHODS 
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AD Genotyping Datasets (dbGaP): 

NIA/LOAD Family Study: (phs000168): 90% European ancestry
  C12:  case = 1278, control = 1293
  C34:  case = 1042, control = 952
GenADA(GSK) (phs000219): European ancestry
  case = 799, control = 778       
                                                                             total =6142

Imputation: Michigan Imputation Server

COVID-19 GWAS summary statistics(https://www.covid19hg.org/): 
Largest data released on April 8,2022 (HGI7)(previous cohorts HGI5, 6 are 
also downloaded) 
3 phenotypes with European, all population, or African American 
• Critical COVID-19 
• Hospitalized COVID-19
• COVID-19 infection
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COVID-19 GWAS SAMPLE SIZE

AD GENOTYPING SAMPLE SIZE



METHODS –CONT’D
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• Polygenic analysis: PRSICE-2 to calculate PRSs
    PRS = # of effect allele in SNP1 * effect size1 + # of effect allele in SNP2 * 
effect size2 +…

   multiple thresholds (x 6/traits): 5e-8, 1e-5, 1e-3, 1e-1, 1, “best-fit” threshold

• LD Score Regression (LDSC)
    LDSC is a command line tool for estimating heritability and genetic 
correlation from GWAS summary statistics. 

• Mendelian randomization (MR)
     Causal effects of the COVID-19 outcomes on AD 



THE DIAGRAM AND THREE KEY ASSUMPTIONS OF 
MENDELIAN RANDOMIZATION
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Exposure
COVID-19

Outcome
    AD

(diabetes, age)



RESULTS
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COVID-19 INFECTION AND SEVERITY ARE HIGHLY 
ASSOCIATED WITH AD DIAGNOSIS FROM “BEST-FIT” 
PRSICE-2 MODEL

COVID-19 infection and critical condition are significantly correlated 
with AD, even after adjusted for sex, age, and APOE genotypes



COVID-19 INFECTION (HGI7C2) AND AD
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RESULTS FROM DIFFERENT COVID-19 COHORTS 



GENETIC CORRELATION FROM LDSC

14



CAUSAL EFFECTS OF COVID-19 ON AD 
(MENDELIAN RANDOMIZATION)
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Critical cases

Hospitalization

infection



Conclusions

� Polygenic analysis indicates a strong positive genetic correlation 

between AD diagnosis and different phenotypes of COVID-19, 

including COVID-19 infection, critical condition, and hospitalization;

� Adjusted for age, sex, and APOE genotyping, the genetic 

correlation still holds true; 

� LDSC shows the positive correlation between COVID-19 critical 

condition, hospitalization and AD, but not the COVID-19 infection;   

� MR analysis shows genetic risk for COVID-19 may have some 

causal effects on AD.
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Future Direction

• Identify shared genes/pathways (multi-omics data) at the 

cell-type specific levels, such as immune cells

• Identify targets for therapeutic intervention.
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