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Large biobank with large N and deep 
phenotyping

Linked Electronic Health Record Data

Improved (novel) Methodologies



PREDICTION 
VS CAUSALITY



CAUSALITY IN EPIDEMIOLOGY

• Observational studies vs Randomized Control Trials

• Confounding

• Reverse causation

• Challenge à use observational (big) data to infer causality (or choose the trials more likely to 
be succesfull) 

• Mendelian Randomization

• Drug target emulation



GENOME WIDE ASSOCTION STUDIES

• Improved genotyping technologies (cost and high troughput) & large consortia and biobanks à
genetic determinants of large number of traits (no reverse causality, no confounding)

• Most traits are polygenic – large number of  common genetic variants of  small effect 

• With higher sample sizew à large number of  variants



GENETIC DETERMINANTS OF C-REACTIVE 
PROTEIN

N~21,000, 5 genetic loci
Elliott et al. JAMA 2009

N~500,000, 266 genetic loci
Said et al Nat Comm 2022



MENDELIAN RANDOMIZATION

Instrumental variable analysis



ATTRIBUTES OF 
MENDELIAN 
RANDOMIZATION 

• Certain genetic polymorphisms produce phenotypes which 
mimic (reflect, serve as proxies for) the effect of 
environmental exposures 

• Allelic variants mimicking environmental exposures (genetic 
instruments, instrumental variables (IV)) 

• IL6 gene for serum IL-6 

• Vitamin D metabolizing genes for serum 25(OH)D 

• ALDH2 gene for alcohol intake 

• Lactase persistence gene for dairy product intake 

• Genetic risk score of systolic blood pressure

• Because of random assortment of alleles, MR reduces bias due 
to confounding 

• MR also largely avoids exposure measurement error and 
reverse causation bias 
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MR STUDY 
DESIGNS
• One sample MR

• In the traditional MR setting 
(one-sample MR), data on G, 
X and Y are available for all 
participants. 
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MR STUDY 
DESIGNS
• One sample MR

• In case of  multiple instruments 

à two stage least squares 

methods
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TWO SAMPLE MR

• Summary level data from 
GWAS
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INSTRUMENTAL VARIABLE (IV) ESTIMATORS IN 
TWO-SAMPLE MR
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METHODS TO 
ASSESS MR 
ASSUMPTIONS
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PHENOME WIDE EFFECTS: FATTY ACIDS

• Epidemiological	studies	have	investigated	the	
influence	of	dietary	fatty	acids	on	several	
chronic	diseases	

• Εvidence not	always	supported	by	randomised	
controlled	trials	(RCTs)	on	fatty	acids	
supplementation.

• Human	fatty	acid	metabolome	partly	reflects	
the	fatty	acid	intake

Zagkos....Tzoulaki, Plos Med 2022
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PHENOME WIDE 
EFFECTS: FATTY 
ACIDS

• Potentially	protective	
effects	of	DHA	and	
omega-3	on	cholelithiasis	
and	cholecystitis	and	
obesity

• Supplementation	of	
unsaturated	fatty	acids	
for	cardiovascular	
disease	prevention	not	
supported	by	these	data

Genetically predicted fatty acid levels





PHENOME-WIDE 
EFFECTS: COFFEE

• Caffeine is one of the most utilized drugs in the 
world, yet its clinical effects are not fully 
understood. 

• widespread availability of caffeine, effects 
on alertness, endurance, concentration, 
and productivity

• Observational consumption data limited by the 
inability to disentangle the effect of caffeine 
from co-occurring bioactive compounds in 
caffeinated foods and beverages

• Interindividual differences in caffeine 
metabolism (CYP1A2)

Zagkos, Tzoulaki Gill. BMC Medicine 2024



PHENOME-WIDE 
EFFECTS: COFFEE
• Higher levels of genetically predicted circulating 

caffeine among caffeine consumers à lower 
risk of obesity and osteoarthritis. 

• 1/3 of the protective effect of plasma caffeine 
on osteoarthritis risk mediated through lower 
bodyweight.

• Proteomic and metabolomic perturbations 
indicated lower chronic inflammation, improved 
lipid profiles, and altered protein and glycogen 
metabolism as potential biological mechanisms 
underlying these effects. 

Zagkos, Gill, Tzoulaki In Press



A STEP FURTHER : MENDELIAN RANDOMIZATION 
FOR TREATMENTS
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Variants at gene 
encoding drug target

Risk of  disease
Downstream 

phenotype

ADRB1

Genetic Instrument Drug response Clinical endpoint

Decrease in blood pressure 
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SNP1 SNP2 SNP3 SNP4 systolic blood pressure

MR estimates for the effect of genetically lower 
systolic blood pressure through the ACE inhibitor, 
β-blocker, and calcium channel blocker variants

Gill…Tzoulaki Circulation. 2019;140:270–279
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CONCLUSIONS (MR)

• Great potential of  MR to assist causal inference in the future given large samples from genetic 
consortia, new efficient study design methods and new methods for testing MR assumptions 

(e.g., MR Egger, weighted median) 

• Exponential use in the literature – a plethora of  new MR methodologies (clustering, non-linear 

effects, multivariate etc.)

• Assumptions needs to be thoroughly checked, bias still exist (eg survival bias), not causality but 
evidence for causality. 



EMULATE RANDOMIZED CLINICAL TRIALS USING 
ELECTRONIC HEALTH DATA 
• Availability	of	electronic	health	records	has	increased	the	potential	for	conducting	analyses	for	
different	treatments	in	real	word	settings
• comparison	of	outcomes	under	different	courses	of	action

• Most	important	challenges	include
• Confounding	by	indication	

• Missing	data	not	at	random

• Time	zero	and	treatment	assignment



EMULATE TARGET TRIALS (STEP 1)

• Causal question in a form of  a RCT protocol (treatment assignment, end and start date, 
contrasts)

• Treatment assignment at time zero without using later information (intention to treat principle)





EMULATE TARGET TRIAL (STEP 2)

• Same analysis as the corresponding target trial, but with 
adjustment for baseline confounders to emulate random 
treatment assignment

• Multivariable regression (including confounders as covariates) 
and inverse probability of  treatment

• Inverse probability weighting (or propensity score)

• Instrumental variables (IV)

• Regression discontinuity

• Interrupted time series (ITS)

• Difference in differences

• Methods depend on data availability





CONCLUSIONS (TARGET TRIALS)

• RCTs are top of  the evidence hierarchy

• Triangulation of  evidence through other methods in observational data can prioritise and 

inform the RCTs most likely to be successful

• Credible sources of  real-world evidence to support regulatory decisions in the absence of  

RCTs
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