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ABSTRACT 

Schizophrenia is a severe mental disorder that affects approximately 1% of the 

general population. Genetic factors play a complex role in its development. The 

inheritance pattern is complex, non-Mendelian, and usually results from a 

combination of genetic factors. In addition to environmental factors, whose exact 

impact remains unknown, this work summarizes the genetic variants influencing 

the occurrence of schizophrenia. Analysis of schizophrenia inheritance focuses on 

evaluating genetic transmission through genome-wide association studies, 

studies on copy-number variants, and next-generation sequencing. Additionally, 

this study examines the impact of physical exercise on schizophrenia symptoms. 

The following research highlights the crucial role of genes in the inheritance of 

schizophrenia. Furthermore, it demonstrates the initial effectiveness of physical 

activity in schizophrenia treatment. 
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1. INTRODUCTION  

Schizophrenia is a complex and variable disorder characterized by impairments 

in cognitive, social, and affective functions. Examples of symptoms include 

delusions, auditory hallucinations, thought disorders, unusual speech and 

behavior, and social problems (Giegling et al., 2017). According to a study 

conducted at Chestnut Lodge, suicide is the most common cause of death among 

people with schizophrenia, in which 40% of patients reported suicidal thoughts, 

23% attempted suicide, and 6.4% died by suicide (Giegling et al., 2017; Agerbo et 

al., 2015). 
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Schizophrenia spectrum disorders are often observed in families with a reported history of the illness. In 2000, the first studies 

confirming the hereditary nature of schizophrenia were conducted by (Cardno and Gottesman, 2000). Although the lifetime risk of 

developing schizophrenia varies across countries, an individual's risk increases nonlinearly with the degree of genetic relatedness to 

someone affected by the disorder; for third-degree relatives, it is approximately 2% and increases to about 9% for first-degree relatives, 

or, in the case of children of two affected parents, about 27%. For monozygotic twins, the risk of developing the disorder is about 50%.  

It is essential to note that adopted children whose biological parent has schizophrenia have a 6–10 times higher risk of developing 

the illness than the general population (Giegling et al., 2017; Cardno and Gottesman, 2000). In summary, schizophrenia heritability is 

estimated to range from 64% to 81%. Numerous genetic variations contribute to the disorder’s complex inheritance pattern. 

Advancements in research methods have contributed to a better understanding of the inheritance of schizophrenia. 

 

2. METHODOLOGY 

The study involved explored databases such as Google Scholar and PubMed, using keywords like genetics, schizophrenia, inheritance, 

and physical exercise. Our search consisted of selecting articles based on their titles, and then, after analysis of the abstracts, we selected 

the most appropriate ones. Various scientific sources on both Polish and global schizophrenia inheritance realities were analyzed, with 

a focus on evaluating inheritance based on genome-wide association studies, research on copy-number variants, or next-generation 

sequencing.  

 

3. RESULTS AND DISCUSSION 

Linkage studies 

One of the most significant achievements of humanity is the discovery of the human genome. The Genome Project is a global study 

plan to determine the order of three billion base pairs in the human genome and map all its genes. The Human Genome Project has also 

helped with gene work on schizophrenia (Andreasen, 1984). The first way to use DNA was linkage analysis to discover genomic 

regions in samples of families affected by the disease. Evidence of linkage between the disease and genomic loci was obtained (Todorov 

and Rao, 1997).   

Linkage analysis is conducted based on the observation that genetic markers located close to each other on the same chromosome 

are usually inherited together and remain linked during meiosis. Numerous linkage studies on mental illness have been conducted, but 

it has been shown that good results are hard to repeat in later tests (Risch and Merikangas, 1996). The first studies hinted at the role of 

risk genes o͏n chromosome 5 [5q11.2 to 5q13.3], but this discovery was not widely confirmed.  

One of the most extensive meta-analyses was conducted in 2009 by Kennedy et al., (1988), including 32 independent whole-genome 

linkage scans and a total of 3255 pedigrees and 7413 genotyped cases that had schizophrenia or similar issues. The results showed 

proof of connection on 5q (142–168 Mb) and 2q (103–134 Mb). A second look at families of European background provided a hint of a 

link on chromosome 8p (16–33 Mb) (Ng et al., 2009). Up to now, these linkage studies have not definitively identified any risk genes, 

although some new meta-analyses showed a bit of overlap on 5p14.1 and 10q26.12 (Vieland et al., 2014). 

 

Candidate gene 

Unlike linkage analysis, the candidate gene approach allows for detecting genes with alleles of small effect, provided that the sample 

size is adequate. Candidate genes are typically selected based on their position or functionality (e.g., genes encoding proteins 

associated with dopamine or serotonin neurotransmission). Overall, the results of candidate gene studies have been disappointing. 

Many frequently mentioned candidate genes include DISC1, DTNBP1, NRG1, and COMT, but their possible role in schizophrenia 

remains debated (Giegling et al., 2017; Levinson et al., 2000). The lack of significant findings may have several causes, such as 

difficulties in replicating positive results, insufficient statistical power, and limited knowledge about genes involved in the 

pathophysiology of schizophrenia (Sanders et al., 2008; Sun et al., 2009). 

 

GWAS 

A genome-wide association study (GWAS) is a study that looks for variants in the genome associated with the risk of a disease or a 

given trait. A thorough examination of the genome and searching for correlations between genomic variants and a given disease are the 
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main assumptions of GWAS (Giegling et al., 2017; Kennedy et al., 1988). In 2009, a significant attempt was made by (Hreinn et al., 2009). 

Strong association signals were detected in 5,013 cases and 15,559 controls from four additional European sample sets, leading to the 

identification of three new potential schizophrenia loci: NRGRN (encoding neurogranin), TCF4 (encoding transcription factor 4), and 

the central histocompatibility complex region (Image 1). 

 

 
Image 1 Three potential schizophrenia loci 

 

The most recent and largest GWAS on schizophrenia was published in 2014 by the schizophrenia PGC team, including a multi-

stage GWA study of 36,989 cases and 113,075 controls (Giegling et al., 2017). A total of 128 associations in 108 independent loci were 

identified, with the most strongly associated locus being an extended region on chromosome 6, which contains numerous genes, 

including the MHC region (P¼3.4810–31) (Ripke et al., 2013).  

New associations for 83 loci were identified, but these were linked to regions rather than to a specific gene. Associations were more 

pronounced in genes exhibiting epigenetic markers indicative of expression in the brain. Notably, several loci with known candidate 

genes (e.g., DRD2) and genes linked to glutamate signaling (GRM3, GRIN2A, SRR, GRIA1) reached genome-wide significance, 

highlighting their therapeutic relevance and supporting existing hypotheses about the illness (Image 2). 

 

 
Image 2 The impact of genetic factors on schizophrenia 

 

The PGC study was also provided with evidence that associations were enriched in genes expressed in tissues related to immunity. 

However, a more sophisticated re-analysis of the data failed to support this, confirming only the enrichment of brain-expressed genes 

(Finucane et al., 2015). The most consistent result throughout the GWAS of schizophrenia is the association with the extended MHC 

region, observed in several independent samples of moderate to large sizes (Grayton et al., 2012). Allelic variation at the Complement 
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component C4A locus, situated in the MHC region, accounts for part of the heritability of schizophrenia. (Image 3) (Giegling et al., 

2017). 

 

 
Image 3 The association between extended MHC region and schizophrenia 

 

Effects of Physical Activity on Schizophrenia Symptoms 

Individuals with schizophrenia experience a premature mortality gap of between 10 and 20 years from the general population (Walker 

et al., 2015). There is evidence in the literature that people with schizophrenia have high levels of metabolic syndrome Mitchell et al., 

(2013), type 2 diabetes, and cardiovascular disease, which cause premature mortality in over 70% (Lawrence et al., 2013) (Image 4). 

Physical activity (PA), even without weight loss, improves cardio-metabolic results and has a positive effect on mental symptoms in 

people who have schizophrenia (Image 5). PA intervention, i.e. performing 150 minutes of moderate-intensity PA per week, is a factor 

that is not present in most people with schizophrenia. Unfortunately, there is insufficient evidence about what type of physical activity 

and intensity is the most effective.  

Physical activity reduces cardiovascular risk and may also alleviate symptoms. Understanding the level of physical activity and 

predictive factors in people with schizophrenia is of great clinical importance. Physical activity has a positive effect on both positive 

and negative symptoms, as well as on general psychopathological symptoms, which are reflected in cognitive abilities. These 

connections are at a similar level in people who have schizophrenia and among people with other psychotic disorders. Guidelines 

should be established for PA interventions that apply to the treatment of people with schizophrenia and other psychotic disorders 

(Mitchell et al., 2013; Lawrence et al., 2013). 

 

 
Image 4 Premature mortality in people with schizophrenia 
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Image 5 Physical activity in people with schizophrenia 

 

4. CONCLUSIONS 

Premolecular and molecular genetic studies indicate a significant contribution of genetics to the occurrence of schizophrenia in the 

population. Replication of numerous findings from genome-wide association studies (GWAS) has consolidated our knowledge, and 

several have achieved genome-wide meta-analytic significance. Furthermore, strong correlations between schizophrenia and over 100 

susceptibility loci have been demonstrated, and copy number variations (CNVs) and single nucleotide variations (SNVs) have been 

discovered, which is considered promising for further research. Moreover, thousands of common alleles have been shown to have little 

effect individually but collectively contribute significantly to the risk of schizophrenia.  

Thanks to this research, it will be possible to introduce innovative therapeutic techniques. However, statistical associations between 

common (SNP) or rare (CNV, SNV) genetic variants and schizophrenia are apparent but do not always explain the cause. Many of the 

identified associations are related not only to schizophrenia but also to other mental disorders. Although many studies indicate a 

correlation between specific genotypes and the development of schizophrenia, it is essential to consider the complex interactions 

between genotype and environment that influence the onset of mental illnesses.  

Care should be taken when interpreting the extent of genetic influence on the etiology of schizophrenia. The initiation of physical 

activity and the minimization of risk factors are closely linked to the reduction of premature mortality and the occurrence of metabolic 

syndrome. PA interventions have a positive impact on the circulatory system and psychological symptoms in people who have 

schizophrenia. Lifestyle modification by introducing physical activity should be part of the therapy for people with psychotic 

disorders. 

 

Authors contribution  

Conceptualization: Michalina Minkowska 

Methodology: Piotr Pierzchała 

Software: Urszula Muroń 

Check: Maciej Gancarczyk 

Formal analysis: Sabina Ściążko-Gancarczyk 

Investigation: Urszula Muroń  

Resources: Maciej Gancarczyk  

Data curation: Sabina Ściążko-Gancarczyk 

Writing - rough preparation: Filip Lachowski  

Writing - review and editing: Urszula Muroń  

Visualization: Filip Lachowski  

Supervision: Michalina Minkowska  

Project administration: Piotr Pierzchała 

All authors have read and agreed with the final, published version of the manuscript. 

 



 

REVIEW | OPEN ACCESS   

 

 

 

Medical Science 29, e36ms3529 (2025)                                                                                                                                                                     6 of 8 

Ethical approval 

Not applicable. 

 

Informed consent 

Not applicable. 

 

Funding  

This study has not received any external funding. 

 

Conflict of interest  

The authors declare that there is no conflict of interests. 

 

Data and materials availability 

All data sets collected during this study are available upon reasonable request from the corresponding author. 

 

REFERENCES 

1. Agerbo E, Sullivan PF, Vilhjálmsson BJ, Pedersen CB, Mors O, 

Børglum AD, Hougaard DM, Hollegaard MV, Meier S, 

Mattheisen M, Ripke S, Wray NR, Mortensen PB. Polygenic 

Risk Score, Parental Socioeconomic Status, Family History of 

Psychiatric Disorders, and the Risk for Schizophrenia: A 

Danish Population-Based Study and Meta-analysis. JAMA 

Psychiatry 2015; 72(7):635-41. doi: 10.1001/jamapsychiatry.201 

5.0346 

2. Andreasen NC. The Broken Brain: The Biological Revolution 

in Psychiatry. New York, NY: Harper & Row, 1984. 

3. Cardno AG, Gottesman II. Twin studies of schizophrenia: 

from bow-and-arrow concordances to Star Wars Mx and 

functional genomics. Am J Med Genet 2000 Spring; 97(1):12-7. 

4. Finucane HK, Bulik-Sullivan B, Gusev A, Trynka G, Reshef Y, 

Loh PR, Anttila V, Xu H, Zang C, Farh K, Ripke S, Day FR; 

ReproGen Consortium; Schizophrenia Working Group of the 

Psychiatric Genomics Consortium; RACI Consortium; Purcell 

S, Stahl E, Lindstrom S, Perry JR, Okada Y, Raychaudhuri S, 

Daly MJ, Patterson N, Neale BM, Price AL. Partitioning 

heritability by functional annotation using genome-wide 

association summary statistics. Nat Genet 2015; 47(11):1228-

35. doi: 10.1038/ng.3404 

5. Giegling I, Hosak L, Mössner R, Serretti A, Bellivier F, Claes S, 

Collier DA, Corrales A, DeLisi LE, Gallo C, Gill M, Kennedy 

JL, Leboyer M, Maier W, Marquez M, Massat I, Mors O, 

Muglia P, Nöthen MM, Ospina-Duque J, Owen MJ, Propping 

P, Shi Y, St Clair D, Thibaut F, Cichon S, Mendlewicz J, 

O'Donovan MC, Rujescu D. Genetics of schizophrenia: A 

consensus paper of the WFSBP Task Force on Genetics. World 

J Biol Psychiatry 2017; 18(7):492-505. doi: 10.1080/15622975.20 

16.1268715 

6. Grayton HM, Fernandes C, Rujescu D, Collier DA. Copy 

number variations in neurodevelopmental disorders. Prog 

Neurobiol 2012; 99(1):81-91. doi: 10.1016/j.pneurobio.2012.07.0 

05 

7. Hreinn S, Ophoff RA, Steinberg S, Andreassen OA, Cichon S, 

Rujescu D, Werge T, Pietiläinen OP, Mors O, Mortensen PB, 

Sigurdsson E, Gustafsson O, Nyegaard M, Tuulio-Henriksson 

A, Ingason A, Hansen T, Suvisaari J, Lonnqvist J, Paunio T, 

Børglum AD, Hartmann A, Fink-Jensen A, Nordentoft M, 

Hougaard D, Norgaard-Pedersen B, Böttcher Y, Olesen J, 

Breuer R, Möller HJ, Giegling I, Rasmussen HB, Timm S, 

Mattheisen M, Bitter I, Réthelyi JM, Magnusdottir BB, 

Sigmundsson T, Olason P, Masson G, Gulcher JR, Haraldsson 

M, Fossdal R, Thorgeirsson TE, Thorsteinsdottir U, Ruggeri 

M, Tosato S, Franke B, Strengman E, Kiemeney LA; Genetic 

Risk and Outcome in Psychosis (GROUP); Melle I, Djurovic S, 

Abramova L, Kaleda V, Sanjuan J, de Frutos R, Bramon E, 

Vassos E, Fraser G, Ettinger U, Picchioni M, Walker N, 

Toulopoulou T, Need AC, Ge D, Yoon JL, Shianna KV, 

Freimer NB, Cantor RM, Murray R, Kong A, Golimbet V, 

Carracedo A, Arango C, Costas J, Jönsson EG, Terenius L, 

Agartz I, Petursson H, Nöthen MM, Rietschel M, Matthews 

PM, Muglia P, Peltonen L, St-Clair D, Goldstein DB, 

Stefansson K, Collier DA. Common variants conferring risk of 

schizophrenia. Nature 2009; 460(7256):744-747. doi: 10.1038/ 

nature08186 

8. Kennedy JL, Giuffra LA, Moises HW, Cavalli-Sforza LL, 

Pakstis AJ, Kidd JR, Castiglione CM, Sjogren B, Wetterberg L, 



 

REVIEW | OPEN ACCESS   

 

 

 

Medical Science 29, e36ms3529 (2025)                                                                                                                                                                     7 of 8 

Kidd KK. Evidence against linkage of schizophrenia to 

markers on chromosome 5 in a northern Swedish pedigree. 

Nature 1988; 336(6195):167-70. doi: 10.1038/336167a0 

9. Lawrence D, Hancock KJ, Kisely S. The gap in life expectancy 

from preventable physical illness in psychiatric patients in 

Western Australia: retrospective analysis of population based 

registers. BMJ 2013; 346:f2539. doi: 10.1136/bmj.f2539 

10. Levinson DF, Holmans P, Straub RE, Owen MJ, Wildenauer 

DB, Gejman PV, Pulver AE, Laurent C, Kendler KS, Walsh D, 

Norton N, Williams NM, Schwab SG, Lerer B, Mowry BJ, 

Sanders AR, Antonarakis SE, Blouin JL, DeLeuze JF, Mallet J. 

Multicenter linkage study of schizophrenia candidate regions 

on chromosomes 5q, 6q, 10p, and 13q: schizophrenia linkage 

collaborative group III. Am J Hum Genet 2000; 67(3):652-63. 

doi: 10.1086/303041 

11. Mitchell AJ, Vancampfort D, Sweers K, Van-Winkel R, Yu W, 

De-Hert M. Prevalence of metabolic syndrome and metabolic 

abnormalities in schizophrenia and related disorders--a 

systematic review and meta-analysis. Schizophr Bull 2013; 39 

(2):306-18. doi: 10.1093/schbul/sbr148 

12. Risch N, Merikangas K. The future of genetic studies of 

complex human diseases. Science 1996; 273(5281):1516-7. doi: 

10.1126/science.273.5281.1516 

13. Sanders AR, Duan J, Levinson DF, Shi J, He D, Hou C, Burrell 

GJ, Rice JP, Nertney DA, Olincy A, Rozic P, Vinogradov S, 

Buccola NG, Mowry BJ, Freedman R, Amin F, Black DW, 

Silverman JM, Byerley WF, Crowe RR, Cloninger CR, 

Martinez M, Gejman PV. No significant association of 14 

candidate genes with schizophrenia in a large European 

ancestry sample: implications for psychiatric genetics. Am J 

Psychiatry 2008; 165(4):497-506. doi: 10.1176/appi.ajp.2007.071 

01573. Erratum in: Am J Psychiatry 2008; 165(10):1359. 

14. Ripke S, O'Dushlaine C, Chambert K, Moran JL, Kähler AK, 

Akterin S, Bergen SE, Collins AL, Crowley JJ, Fromer M, Kim 

Y, Lee SH, Magnusson PK, Sanchez N, Stahl EA, Williams S, 

Wray NR, Xia K, Bettella F, Borglum AD, Bulik-Sullivan BK, 

Cormican P, Craddock N, de Leeuw C, Durmishi N, Gill M, 

Golimbet V, Hamshere ML, Holmans P, Hougaard DM, 

Kendler KS, Lin K, Morris DW, Mors O, Mortensen PB, Neale 

BM, O'Neill FA, Owen MJ, Milovancevic MP, Posthuma D, 

Powell J, Richards AL, Riley BP, Ruderfer D, Rujescu D, 

Sigurdsson E, Silagadze T, Smit AB, Stefansson H, Steinberg S, 

Suvisaari J, Tosato S, Verhage M, Walters JT; Multicenter 

Genetic Studies of Schizophrenia Consortium; Levinson DF, 

Gejman PV, Kendler KS, Laurent C, Mowry BJ, O'Donovan 

MC, Owen MJ, Pulver AE, Riley BP, Schwab SG, Wildenauer 

DB, Dudbridge F, Holmans P, Shi J, Albus M, Alexander M, 

Campion D, Cohen D, Dikeos D, Duan J, Eichhammer P, 

Godard S, Hansen M, Lerer FB, Liang KY, Maier W, Mallet J, 

Nertney DA, Nestadt G, Norton N, O'Neill FA, Papadimitriou 

GN, Ribble R, Sanders AR, Silverman JM, Walsh D, Williams 

NM, Wormley B; Psychosis Endophenotypes International 

Consortium; Arranz MJ, Bakker S, Bender S, Bramon E, 

Collier D, Crespo-Facorro B, Hall J, Iyegbe C, Jablensky A, 

Kahn RS, Kalaydjieva L, Lawrie S, Lewis CM, Lin K, Linszen 

DH, Mata I, McIntosh A, Murray RM, Ophoff RA, Powell J, 

Rujescu D, Van Os J, Walshe M, Weisbrod M, Wiersma D; 

Wellcome Trust Case Control Consortium 2; Donnelly P, 

Barroso I, Blackwell JM, Bramon E, Brown MA, Casas JP, 

Corvin AP, Deloukas P, Duncanson A, Jankowski J, Markus 

HS, Mathew CG, Palmer CN, Plomin R, Rautanen A, Sawcer 

SJ, Trembath RC, Viswanathan AC, Wood NW, Spencer CC, 

Band G, Bellenguez C, Freeman C, Hellenthal G, 

Giannoulatou E, Pirinen M, Pearson RD, Strange A, Su Z, 

Vukcevic D, Donnelly P, Langford C, Hunt SE, Edkins S, 

Gwilliam R, Blackburn H, Bumpstead SJ, Dronov S, Gillman 

M, Gray E, Hammond N, Jayakumar A, McCann OT, Liddle J, 

Potter SC, Ravindrarajah R, Ricketts M, Tashakkori-Ghanbaria 

A, Waller MJ, Weston P, Widaa S, Whittaker P, Barroso I, 

Deloukas P, Mathew CG, Blackwell JM, Brown MA, Corvin 

AP, McCarthy MI, Spencer CC, Bramon E, Corvin AP, 

O'Donovan MC, Stefansson K, Scolnick E, Purcell S, McCarroll 

SA, Sklar P, Hultman CM, Sullivan PF. Genome-wide 

association analysis identifies 13 new risk loci for 

schizophrenia. Nat Genet 2013; 45(10):1150-9. doi: 10.1038/ng 

.2742 

15. Sun J, Jia P, Fanous AH, Webb BT, Edwin JCG van den Oord, 

Chen X, Bukszar J, Kendler KS, Zhao Z. A multi-dimensional 

evidencebased candidate gene prioritization approach for 

complex diseases: schizophrenia as a case. Bioinformatics 

2009; 25:2595–6602. doi: 10.1093/bioinformatics/btp428 

16. Todorov AA, Rao DC. Trade-off between false positives and 

false negatives in the linkage analysis of complex traits. Genet 

Epidemiol 1997; 14(5):453-64. doi: 10.1002/(SICI)1098-2272 

(1997)14:5<453::AID-GEPI1>3.0.CO;2-2 

17. Vieland VJ, Walters KA, Lehner T, Azaro M, Tobin K, Huang 

Y, Brzustowicz LM. Revisiting schizophrenia linkage data in 

the NIMH Repository: reanalysis of regularized data across 

multiple studies. Am J Psychiatry 2014; 171(3):350-359. doi: 10. 

1176/appi.ajp.2013.11121766 

18. Walker ER, McGee RE, Druss BG. Mortality in mental 

disorders and global disease burden implications: a 

systematic review and meta-analysis. JAMA Psychiatry 2015; 

72(4):334-41. doi: 10.1001/jamapsychiatry.2014.2502. Erratum 



 

REVIEW | OPEN ACCESS   

 

 

 

Medical Science 29, e36ms3529 (2025)                                                                                                                                                                     8 of 8 

in: JAMA Psychiatry 2015; 72(7):736. doi: 10.1001/jamapsychia 

try.2015.0937. Erratum in: JAMA Psychiatry 2015; 72(12):1259. 

doi: 10.1001/jamapsychiatry.2015.2246 

 

 

 

 


