
Does brain structure and function 
causally determine mental 
disorder? 
How mendelian randomisation can 
help causal insights in psychiatry

Graham Murray, University of Cambridge





Monday Tuesday Wednesday

Tonic X
Gin X

Vodka
Whiskey



Monday Tuesday Wednesday
🤮 X

Tonic X
Gin X

Vodka
Whiskey



Monday Tuesday Wednesday
🤮 X X

Tonic X X
Gin X

Vodka X
Whiskey



Monday Tuesday Wednesday
🤮 X X X

Tonic X X X
Gin X

Vodka X
Whiskey X



🤮



🤮 ?









Take home 
message 1

Cross sectional imaging* studies don’t 
tell you much about causality

* nothing special about imaging here - the point is relevant to most 
observational association studies





Methods

• All members of the Northern Finland Birth 
Cohort 1966 with any psychotic disorder 
and a random sample not having psychosis 
invited

• Assessment during 1999-2001 at the age 
of 33-35 years. 

• Follow-up 9 years later during 2008-2010. 
• Brain scans at both time points from 33 

people with schizophrenia and 71 controls



PBVC: Percent Brain Volume Change





Do antipsychotics cause loss of brain 
volume?

R2=0.24, p=0.004





Take home 
message 2

Longitudinal imaging* studies don’t tell 
you much about causality either

* nothing special about imaging here: the point holds for most longitudinal 
observational association studies







Sanderson et al 2022



Mendelian randomisation (MR)
• A form of instrumental variable analysis
• Uses genetic variants as proxies for environmental 

exposures
• Robust to many limitations of observational study designs
• Provides evidence of lifetime causal effects of exposures 

on disease risk 
• In a RCT, randomly assigned treatment evaluates the effect of 

treatment on the outcome, whereas in MR, a genetic variant is treated 
as a naturally occurring form of randomization.

Anderson, Int J Epidemiol, 2020; Raghavan, Neurol Genet, 2019; Larsson, BMJ, 2017 ; Sanderson 2022

Limitations of observational studies
• Residual and/or unmeasured confounding
• Measurement error
• Reverse causation  
• Limited opportunity to explore mediating relationships
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Can optimising 
brain health 
prevent dementia?

Valenzuela, Curr Opin Psychiatry 2008; Foubert-Samier, Neurobiol Aging 2012; Teipel, J Alzheimers Dis 2009; Cox Neurology 2016; 
Noble, 2012

Policy context 

Structural brain changes in Alzheimer’s Dementia
• Reduced grey matter volume (Mak, Neuroimage Clin 2015)
• Cortical thinning (Koval, Sci Rep 2021)
• Reduced surface area (Yang, Gen Psychiatr 2019)



Background: 
Alzheimer’s 
disease & 
educational 
attainment

Livingston, Lancet 2020; Meng, PLoS One 2012; Sharp, Alzheimer Dis Assoc Disord 2011; Kremen, Proc Natl Acad Sci USA 2019

Educational attainment (EA) is a 
potentially modifiable protective 
factor for AD

• Norton, Lancet Neurol 2014
• Low EA associated with increased risk of AD (RR = 1.59, 95% CI 1.35–

1.86) 
• Worldwide population attributable risk = 19.1% (95% CI 12.3–25.6%) 

• Aetiological mechanisms unclear – insight into the biological underpinning 
of the association between EA and AD can inform the development of 
prevention strategies



Objectives

• Test protective causal effect of educational attainment (EA) 
on late-onset Alzheimer’s disease (AD)

• Assess whether brain structural phenotypes have a causal 
effect on late-onset AD

• Assess whether EA has a causal effect on brain structural  
phenotypes

• Assess whether the protective causal effect of EA on late-
onset AD is mediated via changes to brain structure

Primary aims of investigation 

Educational
Attainment

Late-onset
Alzheimer’s Disease

Imaging-derived
Phenotypes



Overview of 
imaging-derived 
phenotypes



Methods: 
Data sources & 
Instrumental 
variable selection

Summary statistics from the following GWAS: 

• All variants associated with the exposure at a genome wide significance 
threshold, p < 5´10-8

• To ensure independence amongst IVs, variants will be clumped using the 
following parameters: kb = 10000, r2 = 0.001, p = 5´10-8

• Exclusion criteria: SNPs with known pleiotropy (ApoE region)

Instrumental variable selection

Phenotype Source Description N

Late-onset Alzheimer’s 
disease (LOAD)

Kunkle et al., Nat 
Genet, 2019

Clinical and autopsy-
documented LOAD 
(onset age >65 years

35,274 AD cases and 
59,163 controls

Educational attainment 
(EA)

Lee et al., Nat 
Genet, 2018 

Number of years of 
schooling completed, 
measured at an age of 
at least 30 years

1,131,881

Brain imaging-derived 
phenotypes (IDPs)

Oxbridge GWAS: 
Smith et al 
Oxford 
Warrier/Bethlehe
m Cambridge

UK Biobank early-2020 
release of combined 
multi-modal 
neuroimaging and 
genetic data

~40,000



Protective causal 
effect of 
educational 
attainment on late-
onset Alzheimer’s 
disease

Analysis Odds ratio (95% CI) P-value N SNPs
Inverse-variance weighted (IVW) 0.69 (0.60, 0.80) 5.02 10 –7 331

MR-Egger 0.50 (0.30, 0.85) 1.0510 –2 331

Weighted median MR 0.70 ( 0.56, 0.89) 2.69 10 –3 331



Seyedsalehi et al 2022 MedRxiv
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Education’s protective effect against AD is not 
mediated by (our measures of) brain structure

Seyedsalehi et al 2022 MedRxiv



Discussion

❑No evidence that brain structure, as measured 
here, has a causal effect on AD risk

❑No evidence for the primary mediation hypothesis
❑Some interesting observations relating education to 

brain structure



Discussion

❑Our brain imaging measures are imperfect and 
necessarily our brain phenotypes reflect only what our 
MRI technology can currently measure

❑We could have looked at brain regions at a finer 
resolution (but were concerned about multiple 
testing)

❑ In spite of imaging GWAS sample size of >30,000, the 
number of independent genetic SNP instruments was 
modest, and power calculation suggested we only 
had power to detect moderate or large effects of 
genetically predicted brain structure on AD.

❑We weren’t able to identify an anatomical measure of 
brain reserve in this study



Williams et al 2022 JAMA psychiatry



Williams et al 2022 JAMA psychiatry



Lower genetically predicted NDI in the thalamus was associated with increased genetically predicted risk for schizophrenia (I

Stauffer et al 2021



Summary

• Observational studies are hard to interpret causally

• Mendelian randomisation offers potential insights into causal relations 
between brain structure and outcomes that matter to patients and 
clinicians
• Preliminary evidence that the IL-6 inflammatory pathway influences brain 

structure
• Preliminary evidence that educational attainment and brain structure are 

reciprocally causal, but that brain structure does not causally influence 
Alzheimer’s risk. 
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