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Schizophrenia (SCZ) is a neuropsychiatric disorder with a prevalence
rate of 1% causing severe disability. Although several genetic and
environmental causative factors are implicated for SCZ, the high heri-
tability of nearly 80% emphasizes the role of the genetic component.
Being a multigenic disorder, individuals with SCZ often present with
several comorbidities that are diagnosed at varied stages of disease
progression. The timely diagnosis of these comorbidities will help in
improving treatment outcomes, quality of life and reducing mortality in
SCZ.

Genome wide association (GWA) studies data mining can aid in
identifying the risk of comorbidity in SCZ due to shared gene-disease
associations. We performed gene and disease enrichment analysis on
GWAS Catalog (Buniello et al., 2019) (https://www.ebi.ac.uk/gwas)
data, downloaded upto 16/05/2021, and screened for studies that had
individuals with SCZ (and no other comorbidities) as case group and
healthy individuals as control group. We found 22 GWA studies and 654
single nucleotide polymorphisms (SNPs) (P Value <5 x 10_8) that
qualified for the disease enrichment-analysis (Supplementary Table
S1A). All the entries were verified by manually reviewing the publica-
tions describing subject selection and recruitment of individuals. The
ethnicity distribution of the 22 GWA studies included Asian (5), Euro-
pean (5), Ashkenazi Jews (1) and mix of east Asian, European and others
(11). SNPs were labelled as “coding” or “non-coding” based on context
information available in GWAS catalog. SNPs with context as “missense”
and “synonymous” were marked as “coding” SNPs; and context as “5’ or
3’ UTR”, “intragenic”, “intron”, “regulatory region” and “non-coding
transcript exon” were marked as non-coding SNPs. These coding and
non-coding SNPs were used to identify quantitative trait loci (QTL) i.e.
loci that influences the expression of another gene (eQTL); or alterations
in DNA methylation (mQTL) or protein expression (pQTL). The SNPs
present in GWAS Catalog were of GRCh38.p13 form which were con-
verted into GRCh37 (hgl9) for the mapping of tissue specific (brain
related tissues) QTL from QTLbase (Zheng et al., 2020) (http://www.
mulinlab.org/qtlbase). The target genes with P Value of <0.05 (Sup-
plementary Table S1B) were subjected to disease enrichment analysis
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using GeDiPNet (http://gedipnet.bicnirrh.res.in), an in-house devel-
oped knowledgebase of genes, diseases and pathway networks.

The results of disease enrichment analysis revealed that 53 diseases
were significantly enriched and the most enriched parent disease terms
were related to cellular proliferation (18%), immune (15%) and nervous
system diseases (13%; Fig. 1A; Supplementary Table S2). We validated
these observations by comparing the findings to the clinical phenotypes
reported for SCZ individuals. Breast cancer featured as the top enriched
disease and this observation is in accordance with clinical reports of
increased risk of breast cancer observed in women with SCZ (Lu et al.,
2020). Apart from breast cancer, SCZ has been clinically associated with
colorectal cancer, carcinomas, lung cancer, and colon cancer (Norden-
toft et al., 2021). These cancers are identified by the SNP enrichment
analysis (Fig. 1B). Many epidemiological studies have identified a pos-
itive association between SCZ and autoimmune disorders such as lupus
erythematosus (Tiosano et al., 2017), psoriasis (Eaton et al., 2010);
hearing loss (Molina et al., 2021) and Crohn's Disease (Bernstein et al.,
2019). Alzheimer's disease also featured amongst the top enriched dis-
eases. Several clinical studies have reported that white matter deficit is a
phenotype shared amongst Alzheimer's and SCZ; and individuals with
SCZ have an elevated risk for Alzheimer's disease (Kochunov et al.,
2021). Eight genes identified from SNP analysis of SCZ individuals were
associated with 10 or more diseases (Fig. 1C). These eight genes were
CYP21A2 (chromosome 6), NOTCH4 (chromosome 6), POLG (chromo-
some 15), MECP2 (X chromosome) and the remaining four genes
belonged to HLA locus (chromosome 6).

Since the observations from disease enrichment analysis were in
accordance with clinical and epidemiological reports, the data gener-
ated from this analysis was compiled to create an online tool that can aid
in predicting the risk of multimorbidity in SCZ individuals presenting
with one or more comorbid conditions. For e.g., using the tool, it is
predicted that an individual presenting with SCZ, seizures and bipolar
disorder may likely be harboring MECP2 variants and will have a high
risk for breast cancer; as compared to SCZ individual with celiac disease
wherein the predisposing gene may be one of the HLA genes and such
individuals will have higher risk for morbidities such as lymphoma and
Crohn's disease (Fig. 1C). These predictions concur with clinical
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Fig. 1. A) Pie chart depicting the distribution of parent disease terms for morbidities associated with SCZ; B) bar plot depicting top 30 diseases associated with SCZ. The x-axis and y-axis represent gene-overlap ratio and
associated diseases respectively; C) network of genes associated with ten or more diseases. Square and circular nodes represent the genes and diseases respectively. Edge represents a gene-disease association. The
circular node is segmented into colored pies to illustrate the associated genes with each disease. Diseases associated with a single gene are not displayed in the network.
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phenotypes observed for SCZ individuals (Cunningham et al., 2015).
This multimorbidity risk prediction tool for SCZ (MRPS) is freely
accessible at http://www.mrps.bicnirrh.res.in.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.schres.2022.03.013.

Role of the funding source

The funders had no role in study design, data collection, and analysis,
decision to publish, or preparation of the manuscript.

CRediT authorship contribution statement

SIT conceptualized the study and methodology, supervised the work
and reviewed the manuscript. DKD was involved in the conceptualiza-
tion of study and reviewed the manuscript. UG and PH performed the
data curation and analysis. UG was involved in data visualization. SIT,
KD, UG, and BRS wrote the manuscript. RSB developed the multi-
morbidity risk prediction tool for schizophrenia (MRPS). All authors
contributed to data interpretation. All authors read and approved the
final manuscript.

Ethics approval

Exemption from ethics review was approved by the ICMR-NIRRCH
Ethics committee for clinical studies (D/ICEC/Sci-32/35/2022).

Declaration of competing interest
The authors declare that they have no competing interests.
Acknowledgment

Authors are grateful to Dr. Debangana Chakravorty and Ms. Indra
Kundu for help with data curation.

Funding

This work [RA/1227/03-2022] was funded by Indian Council of
Medical Research (ICMR), and Department of Biotechnology (DBT),
India [BT/PR40165/BTIS/137/12/2021].

References

Bernstein, C.N., Hitchon, C.A., Walld, R., Bolton, J.M., Sareen, J., Walker, J.R., Graff, L.
A., Patten, S.B., Singer, A, Lix, L.M., El-Gabalawy, R., Katz, A., Fisk, J.D., Marrie, R.

216

Schizophrenia Research 243 (2022) 214-216

A., 2019. Increased burden of psychiatric disorders in inflammatory bowel disease.
Inflamm. Bowel Dis. 25, 360-368. https://doi.org/10.1093/IBD/IZY235.

Buniello, A., Macarthur, J.A.L., Cerezo, M., Harris, L.W., Hayhurst, J., Malangone, C.,
McMahon, A., Morales, J., Mountjoy, E., Sollis, E., Suveges, D., Vrousgou, O.,
Whetzel, P.L., Amode, R., Guillen, J.A., Riat, H.S., Trevanion, S.J., Hall, P.,
Junkins, H., Flicek, P., Burdett, T., Hindorff, L.A., Cunningham, F., Parkinson, H.,
2019. The NHGRI-EBI GWAS catalog of published genome-wide association studies,
targeted arrays and summary statistics 2019. Nucleic Acids Res. 47, D1005-D1012.
https://doi.org/10.1093/NAR/GKY1120.

Cunningham, R., Sarfati, D., Stanley, J., Peterson, D., Collings, S., 2015. Cancer survival
in the context of mental illness: a national cohort study. Gen. Hosp. Psychiatry 37,
501-506. https://doi.org/10.1016/J.GENHOSPPSYCH.2015.06.003.

Eaton, W.W., Pedersen, M.G., Nielsen, P.R., Mortensen, P.B., 2010. Autoimmune dis-
eases, bipolar disorder, and non-affective psychosis. Bipolar Disord. 12, 638-646.
https://doi.org/10.1111/J.1399-5618.2010.00853.X.

Kochunov, P., Zavaliangos-Petropulu, A., Jahanshad, N., Thompson, P.M., Ryan, M.C.,
Chiappelli, J., Chen, S., Du, X., Hatch, K., Adhikari, B., Sampath, H., Hare, S.,
Kvarta, M., Goldwaser, E., Yang, F., Olvera, R.L., Fox, P.T., Curran, J.E., Blangero, J.,
Glahn, D.C., Tan, Y., Hong, L.E., 2021. A white matter connection of schizophrenia
and Alzheimer's disease. Schizophr. Bull. 47, 197-206. https://doi.org/10.1093/
SCHBUL/SBAAO078.

Ly, D., Song, J., Lu, Y., Fall, K., Chen, X., Fang, F., Landén, M., Hultman, C.M., Czene, K.,
Sullivan, P., Tamimi, R.M., Valdimarsdéttir, U.A., 2020. A shared genetic contri-
bution to breast cancer and schizophrenia. Nat. Commun. 11 https://doi.org/
10.1038/541467-020-18492-8.

Molina, J.L., Joshi, Y.B., Nungaray, J.A., Thomas, M.L., Sprock, J., Clayson, P.E.,
Sanchez, V.A., Attarha, M., Biagianti, B., Swerdlow, N.R., Light, G.A., 2021. Central
auditory processing deficits in schizophrenia: effects of auditory-based cognitive
training. Schizophr. Res. 236, 135-141. https://doi.org/10.1016/J.
SCHRES.2021.07.033.

Nordentoft, M., Plana-Ripoll, O., Laursen, T.M., 2021. Cancer and schizophrenia. Curr.
Opin. Psychiatry 34, 260-265. https://doi.org/10.1097/YC0.0000000000000697.

Tiosano, S., Farhi, A., Watad, A., Grysman, N., Stryjer, R., Amital, H., Comaneshter, D.,
Cohen, A.D., Amital, D., 2017. Schizophrenia among patients with systemic lupus
erythematosus: population-based cross-sectional study. Epidemiol. Psychiatr. Sci.
26, 424-429. https://doi.org/10.1017/52045796016000561.

Zheng, Z., Huang, D., Wang, J., Zhao, K., Zhou, Y., Guo, Z., Zhai, S., Xu, H., Cui, H.,
Yao, H., Wang, Z., Yi, X., Zhang, S., Sham, P.C., Li, M.J., 2020. QTLbase: an inte-
grative resource for quantitative trait loci across multiple human molecular phe-
notypes. Nucleic Acids Res. 48, D983-D991. https://doi.org/10.1093/NAR/
GKZ888.

Ulka Gawde®, Priyanka Hegde®, Karishma Desai®, Ram Shankar Barai®,
Bipin Raj Shekhar”, Dhanjit K. Das”, Susan Idicula-Thomas™

& Biomedical Informatics Centre, ICMR-National Institute for Research in
Reproductive and Child Health (ICMR-NIRRCH), Mumbai, India

b Stem Cell Biology, ICMR-National Institute for Research in Reproductive
and Child Health (ICMR-NIRRCH), Mumbai, India

* Corresponding author.
E-mail address: thomass@nirrh.res.in (S. Idicula-Thomas).


http://www.mrps.bicnirrh.res.in
https://doi.org/10.1016/j.schres.2022.03.013
https://doi.org/10.1016/j.schres.2022.03.013
https://doi.org/10.1093/IBD/IZY235
https://doi.org/10.1093/NAR/GKY1120
https://doi.org/10.1016/J.GENHOSPPSYCH.2015.06.003
https://doi.org/10.1111/J.1399-5618.2010.00853.X
https://doi.org/10.1093/SCHBUL/SBAA078
https://doi.org/10.1093/SCHBUL/SBAA078
https://doi.org/10.1038/S41467-020-18492-8
https://doi.org/10.1038/S41467-020-18492-8
https://doi.org/10.1016/J.SCHRES.2021.07.033
https://doi.org/10.1016/J.SCHRES.2021.07.033
https://doi.org/10.1097/YCO.0000000000000697
https://doi.org/10.1017/S2045796016000561
https://doi.org/10.1093/NAR/GKZ888
https://doi.org/10.1093/NAR/GKZ888
mailto:thomass@nirrh.res.in

