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A B S T R A C T   

ABO blood types and their corresponding antigens have long been assumed to be related to different human 
diseases. So far, smaller studies on the relationship between mental disorders and blood types yielded contra-
dicting results. In this study we analyzed the association between ABO blood types and lifetime major depressive 
disorder (MDD). We performed a pooled analysis with data from 26 cohorts that are part of the MDD working 
group of the Psychiatric Genomics Consortium (PGC). The dataset included 37,208 individuals of largely Eu-
ropean ancestry of which 41.6% were diagnosed with lifetime MDD. ABO blood types were identified using three 
single nucleotide polymorphisms in the ABO gene: rs505922, rs8176746 and rs8176747. Regression analyses 
were performed to assess associations between the individual ABO blood types and MDD diagnosis as well as 
putative interaction effects with sex. The models were adjusted for sex, cohort and the first ten genetic principal 
components. The percentage of blood type A was slightly lower in cases than controls while blood type O was 
more prominent in cases. However, these differences were not statistically significant. Our analyses found no 
evidence of an association between ABO blood types and major depressive disorder.   

1. Introduction 

The ABO blood group system is the clinically most significant blood 
group system in transfusion and transplantation medicine. In addition to 
that, ABO blood types and their corresponding antigens have been 
shown to be associated with different human diseases (Ewald and 
Sumner, 2016; Groot et al., 2020). Studies indicate associations between 
ABO blood types and, for example, vascular disorders (higher risk for 
non-O blood groups), cancer (higher incidence for blood group A 
compared to O), metabolic diseases (lowest risk for type 2 diabetes 
mellitus in type O individuals) and cognitive impairment (increased risk 
in AB individuals) (Ewald and Sumner, 2016). Some smaller studies 
have also analyzed the relationship between ABO blood types and psy-
chiatric disorders. A recent Croatian study on 156 psychiatric patients 
and 303 healthy blood donors indicates that psychiatric disorders occur 
almost three times more frequently in individuals with blood type AB 
compared to non-AB individuals. However, the authors found no sta-
tistically significant difference between the blood type distributions of 
individuals with mood disorders, psychotic disorders or addictions 
specifically (Pisk et al., 2019). An earlier U.S. study of the association 
between ABO blood types and depression severity, assessed with the 
Beck Depression Inventory (Beck and Steer, 1993), in a sample of 108 
volunteers showed a significant difference between mean depression 
scores of individuals with blood types A, AB/B and O. Type O individuals 
exhibited a higher mean depression score (M=10.7, SD= 8.0) than both 
the type A (M=7.3, SD=5.8) and B/AB (M=5.8, SD=5.3) groups (Singg 
and Lewis, 2001). 

However, there are no recent studies analyzing the relationship be-
tween ABO blood types and depression on a larger dataset with suffi-
cient power. To address this, we combined data from 26 cohorts of the 
Major Depressive Disorder (MDD) working group of the Psychiatric 
Genomics Consortium (PGC). The pooled dataset included 37,208 in-
dividuals of which 41.6% were diagnosed with lifetime MDD. ABO 
blood types were identified using the three single nucleotide poly-
morphisms (SNPs) rs505922, rs8176746 and rs8176747 in the ABO 
gene on chromosome 9. We performed regression analyses to assess 
associations between the individual ABO blood types and MDD diag-
nosis. Given the higher prevalence of depression among women (Salk 
et al., 2017), we also analyzed interaction effects of blood types and sex 
on lifetime MDD risk to examine putative sex-specific associations. 

2. Methods 

2.1. Dataset 

For our analyses we combined data from 26 case-control studies that 
are part of the MDD working group of the PGC. For a detailed description 
of the cohort sizes, inclusion/exclusion criteria, diagnostic tests as well 
as genotyping and imputation procedures, see (Wray et al., 2018) as well 
as supplementary tables S1 and S2. In summary, the cohorts include 
individuals of mainly European ancestry as study participants were 
recruited in Europe, the USA and Australia. All cases were required to 
have a lifetime diagnosis of MDD based on international consensus 
criteria (DSM-IV, ICD-9 or ICD-10) (World Health Organization, 1978; 
American Psychiatric Association, 1994). This was ascertained using 
structured diagnostic instruments from direct interview by trained in-
terviewers or clinician administered checklists. The majority of studies 
excluded individuals with bipolar disorder, non-affective psychosis or 
MDD related to substance use disorders. The resulting dataset included 
37,208 individuals (45.2% male) of which 41.6% were diagnosed with 
lifetime MDD. 

2.2. Determining ABO blood types 

The ABO gene is located on chromosome 9q34.2 and codes glyco-
syltransferase, which transfers nucleotide donor sugars to the H antigen 
to form ABO blood group antigens (Alkebsi et al., 2019). The four ABO 
blood types A, B, AB and O can be distinguished with three SNPs located 
in this gene: rs8176719 (c.261delG), rs8176746 (c.796C>A) and 
rs8176747 (c.803G>C) (Yamamoto et al., 1990; Daniels, 2013). The 
single base deletion 261delG marks the O allele and variants rs8176746 
and rs8176747 discriminate between alleles A and B. Since genetic data 
for the deletion variant rs8176719 was not available in our dataset we 
instead utilized SNP rs505922 which is in high linkage disequilibrium 
with rs8176719 (D’=0.99, r2=0.87 in Europeans (Machiela and Cha-
nock, 2015)). The ABO blood types were derived from these genetic 
variants as described in Table 1. 

2.3. Association analyses 

To assess the association between the MDD diagnosis and the indi-
vidual ABO blood types A, B, AB and O we performed four separate 
logistic regressions using the software tool R version 3.4.3. For each 
analysis we adjusted for sex, cohort and the first ten genetic principal 
components. As secondary analyses we also studied the interaction ef-
fect of ABO blood types and sex on lifetime MDD risk adjusting for # These authors contributed equally. 
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cohorts and the first ten genetic principal components. 

3. Results 

Table 2 displays the minimal, mean and maximal minor allele fre-
quencies (MAFs) of rs505922, rs8176746 and rs8176747 across the 26 
individual cohorts as well as the MAFs in the combined dataset. The 

MAFs in the combined dataset (rs505922: 34.49%, rs8176746/ 
rs8176747: 7.42%) agree with the MAFs observed in the European 
populations of the 1000 Genomes Project (rs505922: 36.78%, 
rs8176746/rs8176747: 8.45%) (The 1000 Genomes Project Con-
sortium, 2015; Alexander and Machiela, 2020). However, the MAFs of 
rs8176746 and rs8176747 are significantly higher (15.28%) when all 
populations of the 1000 Genomes Project are combined. A detailed ac-
count of the MAFs in the individual datasets is listed in supplementary 
tables S3 and S4. 

The distribution of blood types in each cohort is displayed in Fig. 1 A. 
In total, 42.49% of the 37,208 individuals had blood type A, 10.05% 
type B, 4.13% type AB and 43.34% had blood type O. This is in accor-
dance with the expected distribution in a population of mainly European 
descent (Daniels, 2013). Fig. 1 B shows the difference in blood type 
distribution between MDD cases and controls. The percentage of blood 
type A was slightly lower in cases than controls (41.84% vs. 42.94%) 
while blood type O was more prominent in cases (43.87% vs. 42.96%). 
The percentage of blood types B and AB displayed only minimal dif-
ferences between MDD cases and controls (10.10% vs. 10.01% and 
4.19% vs 4.09%). 

A χ2-Test of independence did not show a significant association 
between MDD diagnosis and ABO blood type distribution (χ2(3)=4.59, 
p=0.205). 

Moreover, none of the four regression analyses assessing the asso-
ciation between the individual blood types and MDD reached statistical 
significance (p<0.05, Fig. 2). Fig. 2 displays the effect estimates, p- 
values and confidence intervals of the four regression models. The ef-
fects in the individual cohorts are shown in Fig.s S1-S4. 

The secondary analyses examining the interaction effects of ABO 
blood types and sex on MDD risk also did not reach statistical signifi-
cance. The effect estimates and p-values of the interaction effects as well 
as the effect estimates and confidence intervals of the sex stratified an-
alyses are displayed in Fig. 3. 

4. Discussion 

Previous studies indicated an association between ABO blood types 
and psychiatric disorders (Singg and Lewis, 2001; Pisk et al., 2019), 
although the specific risk-conferring blood type has differed. The most 
recent study found a higher risk of psychiatric disorders (mood disorder, 
psychotic disorder, addiction and personality disorder) in 

Table 1 
Determination of ABO blood types based on three SNPs from the ABO gene.  

rs505922 rs8176746 rs8176747 Genotype Phenotype 

C/T T/G G/C BO B 
C/T T/T G/G BO B 
C/T G/G C/C AO A 
C/C T/G G/C AB AB 
C/C T/T G/G BB B 
C/C G/G C/C AA A 
T/T T/G G/C OO O 
T/T NA NA OO O 
T/T G/G C/C OO O 
NA C/C G/G NA NA 
C/T NA NA NA NA 
NA T/G G/C NA NA 
C/C NA NA NA NA 

NA: Allele not known / blood type cannot be determined 

Table 2 
Summary of minor allele frequencies in the individual PGC studies and selected 
populations of the 1000 Genomes Project. This table displays the minimal, mean 
and maximal minor allele frequencies (MAFs) of the individual studies as well as 
the MAFs in the combined dataset. For comparison, it also shows the MAFs in the 
combined European populations (EUR) of the 1000 Genomes Project (1000G, 
n=503) and in the dataset combining all populations (ALL) of the 1000 Genomes 
Project (n=2,504) (The 1000 Genomes Project Consortium, 2015; Alexander 
and Machiela, 2020).   

rs505922 rs8176746 rs8176747 

Min. 27.74% 4.16% 4.16% 
Mean 34.17% 7.56% 7.56% 
Max. 39.72% 10.66% 10.66% 
combined 34.49% 7.42% 7.42% 
1000G: EUR 36.78% 8.45% 8.45% 
1000G: ALL 35.40% 15.28% 15.28%  

Fig. 1. Distribution of ABO blood types. A Distribution of blood types in each cohort. B Distribution of blood types in MDD cases and controls.  
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AB-individuals (Pisk et al., 2019) whereas other studies indicate a higher 
risk for depressive symptoms in individuals with blood type O compared 
to non-O individuals (Singg and Lewis, 2001). One critical limitation of 
these studies is their low power as they included only up to ~500 in-
dividuals. With our sample size of 37,208 we had a power of 80% to 
detect a significant (p<0.05) association with effect size 0.017 between 
blood type distribution and MDD diagnosis performing a χ2-test. How-
ever, we found no evidence to support such an association. This is in 
accordance with results from a recent study on the association between 
genetically determined ABO blood groups and different health and 
disease outcomes in the UK Biobank cohort that also did not find a 
significant association with a broader phenotype of depression classified 
by self-report and ICD 10 codes (supplement of (Groot et al., 2020)). 

Since the probability of lifetime MDD increases with age, we per-
formed secondary analyses on a subset of 24,917 individuals for which 
information on age at interview was available to examine whether 
adjustment for age affects the results. Again, no association was found in 
these analyses and additionally adjusting for age at interview did not 
affect the results on this dataset (Fig. S5-S7). 

Overall, our analyses do not replicate significant findings of previous 
studies. However, we acknowledge several limitations of our study. 
Notably, the 26 cohorts included in our analysis were heterogeneous 
with respect to genotyping platforms (Table S2) and inclusion/exclusion 
criteria for cases and controls (Table S1). Moreover, some of the cohorts 
were ascertained from population-based studies while others focused on 
clinically-ascertained cases; to the extent that these differences reflect 
varying etiologic factors, they may have obscured an association be-
tween blood type and depression. 

Furthermore, detailed data on individual depression symptoms or 
depression severity were not available for this study. Therefore, we are 
incapable of evaluating to what extent these factors are influenced by 

blood types. However, considering the previously mentioned significant 
findings in smaller studies (Singg and Lewis, 2001) the association be-
tween ABO blood types and depression severity or symptoms presents an 
interesting research question for further analyses in suitable datasets. 

Additionally, the individual cohorts combined in this study are 
largely of European ancestry. Further analyses on datasets with different 
ancestries are required to assess the generalizability of the results. 

For future analyses, the inclusion of additional blood parameters 
such as rhesus (Rh) factor and secretor status could yield a more detailed 
understanding of the role of blood cell markers and depression. 
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Fig. 2. Direct effects of ABO blood types on lifetime MDD risk. Forest plot displaying the estimates, p-values and confidence intervals of the four regression models 
adjusted for sex, cohort and the first ten genetic principal components. The boxes represent the estimates for the effects of the individual blood types on MDD risk. 
The horizontal lines represent the corresponding 95% confidence intervals. 

Fig. 3. Interaction effect of ABO blood types and sex on lifetime MDD risk. The columns display the effect estimates and the corresponding p-values for the 
interaction effect of blood types A, B, AB, O and sex on MDD risk. The boxes represent the individual estimates for the effect of the specific blood type on MDD risk in 
males and females, respectively. The horizontal lines represent the corresponding 95% confidence intervals. 
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