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Mendelian Randomization & RCT

MR: Random

segregation of alleles

Exposed:

one allele

Control:

other allele

Confounders equal

between groups

Outcomes compared

between groups

RCT: Random allocation

of people

Exposed:

treated

Control:

placebo

Confounders equal

between groups

Outcomes compared

between groups



 Observational studies are subject to confounding, 

selection bias and reverse causation

Traditional epidemiology designs

Risk 

factor
outcome

C

?



 Take the advantage of genetic variants as a 

nonconfounded proxy for the risk factor

Mendelian randomization design

Risk 

factor
outcome

C

SNP



The enzyme aldehyde dehydrogenase is responsible for efficient metabolism of 

alcohol after it has been oxidized to acetaldehyde. Peak blood acetaldehyde 

concentrations after drinking alcohol are 18 times higher among people who are 

homozygous for the null variant allele and five times higher among heterozygous 

people compared with people with two functioning alleles.

Mendelian randomization: example

Alcohol CVD

smoking

SNPALDH2



Core assumptions of MR

1. Didelez V, Sheehan N. Mendelian randomization as an instrumental variable approach to causal inference. 

Statistical Methods in Medical Research 2007

G X Y

U

 An instrumental variable (G) should satisfy the following 

assumptions:

1. The IV G is robustly associated with the exposure of interest X

2. G is independent of confounding factors U that confound the association of 

X and the outcome Y

3. G is independent of outcome Y given X and confounding factors U

(no pleiotropy)



What data can be used?

• Exposure and outcome in the same data

• Meta-analyses, e.g., consortium

• Individual level data, e.g., UK Biobank

• Exposure and outcome in different data

• Summary level data, e.g., consortium

G X Y G Y

G X

One-sample
Two-sample



G X Y

U

 An instrumental variable (G) should satisfy the following assumptions:

1. The IV G is robustly associated with the exposure of interest X

SNPALDH2 alcohol CVD

smoking

Neil M Davies et al. BMJ 2018;362:bmj.k601



Genetic variants of telomere length

Codd V. et al. Nat Genet. 2013,  45.422–427

Hägg et al. Transl Psych, 2017

Genetic risk score (GRS)

Assumption 1: SNP (G) is robustly associated with exposure (X)



NOTE: Weights are from random effects analysis
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Testing assumption 1: FTO vs. SCORE

n=124,527

P-value=9 x 10-44

n=89,995

P-value=7 x 10-123

Fall et al, PLoS Med, 2013; Hägg et al. Int J Epidemiol, 2015



G X Y

U

 An instrumental variable (G) should satisfy the following assumptions:

1. The IV G is robustly associated with the exposure of interest X

2. G is independent of confounding factors U that confound the association of X and the 

outcome Y

SNPALDH2 alcohol CVD

smoking

Neil M Davies et al. BMJ 2018;362:bmj.k601



Assumption 2: SNP (G) is independent of confounding factors 

The assignment of the paternal or maternal allele to a gamete is random

This implies that U cannot modify G

G X Y

U



Testing assumption 2

Burgess et al. Epidemiology, 2017



G X Y

U

 An instrumental variable (G) should satisfy the following assumptions:

1. The IV G is robustly associated with the exposure of interest X

2. G is independent of confounding factors U that confound the association of X and the 
outcome Y

3. G is independent of outcome Y given X and confounding factors U

(no pleiotropy)

SNPALDH2 alcohol CVD

smoking

Neil M Davies et al. BMJ 2018;362:bmj.k601



Assumption 3: SNP (G) is independent of outcome (Y) if

adjusted for X

G X Y

G X YZ

Z

Horizontal pleiotropy

Vertical pleiotropy

Testing assumption 3

“Analyses were conducted using the inverse 

variance-weighted, weighted median, MR-PRESSO, 

MR-Egger, and multivariable MR methods.”



What exactly is frailty? 
 Conceptually defined as an ”age-associated decline in physiological 

reserves and function across multiorgan systems making the 

individual vulnerable to adverse outcomes”

 Strongly predictive of mortality, falls, fractures, disability, 

hospitalizations, ER visits, morbidity…

17Juulia Jylhävä
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How to measure frailty?

 ~30 different scales

 Clinically most useful scales

 Clinical Frailty Scale (CFS) 

 The FRAIL scale

 Fried phenotypic model

 Most common definitions for research purposes

 Fried phenotypic model (2001)

 Rockwood Frailty Index, deficit accumulation model (2002)

18



Fried phenotypic model (FP)

Frailty Index (FI)
 Measures the accumulation of deficits: signs, symptoms, diseases, difficulties in 

functioning, psychosocial well-being etc. 

 FI = number of health deficits present/number of health deficits measured

 For example, a person with 8 of 40 deficits considered has an FI of 8/40 =0.2

 Robust and replicative across different cohorts when different items and different 
numbers of items are used

19

Score across the five items:

0=non-frail

1-2=pre-frail

≥3 = frail

Fried et al. 2001. J Gerontol 56 (3): M146–56

Searle et al. BMC Geriatrics. 2008; 8(1)



Frailty index –

example items

from the 

Swedish 

SATSA study

Item            Scoring

Hearing status Perfect=0, Good=0.25, Pretty Good=0.5, Bad=0.75, Deaf or almost deaf=1

Vision status Perfect=0, Good=0.25, Pretty Good=0.5 , Bad=0.75, Blind or almost blind=1

Health prevents from doing things

normally would like to do

No=0, Somewhat=0.5, Yes=1

Self-reported general health Good=0, Mediocre=0.5, Bad=1

Cancer or leukemia No=0, Yes=1

Rheumatoid arthritis No=0, Yes=1

Arthritis No=0, Yes=1

Chronic bronchitis or emphysema No=0, Yes=1

Cataracts No=0, Yes=1

Chest pain No=0, Yes=1

Circulation problems in arms or legs No=0, Yes=1

Persistent cough No=0, Yes=1

Diabetes No=0, Yes=1

Dizziness No=0, Yes=1

Gastric ulcer No=0, Yes=1

Allergies/allergic manifestations No=0, Yes=1

Asthma No=0, Yes=1

Shower and bathe No problem=0, Needs help=0.5, Cannot=1

Get in and out of bed No problem=0, Needs help=0.5, Cannot=1

Dress and undress No problem=0, Needs help=0.5, Cannot=1

Self-grooming No problem=0, Needs help=0.5, Cannot=1

Walking No problem=0, Needs help=0.5, Cannot=1

Trouble getting to toilet in time No=0, Yes=1

Manage money No problems=0, Needs help=0.5, Doesn’t do=1

Feeling lonely Never, almost never, rather seldom=0  

Quite often, always, almost always=1 

Consider oneself happy and carefree No=1, Yes=0

Usually feels tired No=0, Yes=1



FI predicts mortality

UK biobank

Swedish 

Twin 

Registry

Swedish Adoption/Twin 

Study of Aging (SATSA)

Men (N=620) Women (N=840)

Williams et al. J Gerontol, 2018

Li et al, BMC Med, 2019

Jiang et al. Aging, 2017
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Genetic variation and FI

Meta-analysis GWAS of 

Frailty Index (normalized) in 

164,610 UK Biobank 

participants aged 60–70 of 

European descent and 

10,616 TwinGene

participants aged 41–

87 years.
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Mendelian Randomization: education and FI

On average, a standard 

deviation increase (i.e. an 

additional 3.7 years) in 

education was predicted to lead 

to 13.6% lower frailty by the 

seventh decade of life in UK 

Biobank participants.

SNPs education FI



Frailty & nutrition

 Frail individuals are often

malnourished

 Frailty is associated with

sarcopenia

 Interventions include nutrient

supplementations with high

protein and energy intake

 RCTs use mixed interventions 

or are missing

3/18/2022 24
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2022 Jan 11;152(1):269-275. doi: 10.1093/jn/nxab348.
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2021 Oct 9;13(10):3539. doi: 10.3390/nu13103539.



MR for estimating the causal effect of 

drug repurposing on age-related traits

Statins: HMG-CoA reductase inhibitors

G HMGCR YLDL



Objective: Investigate association between LDL-lowering genetic 

variants and the frailty index (FI) in the UK Biobank using MR.

SNP HMGCR FILDL

Is lifelong lowering of LDL cholesterol

protective for the frailty index?

GRS (number of SNPs) Mechanism/drug

Large (274) All GWAS hits for LDL

Small (50) Remove pleiotropic SNPs

HMGCR (16) statins

PCSK9 (34) alirocumab, evolocumab

NPC1L1 (24) ezetimibe

APOB (30) mipomersen

APOC3 (19) Apolipoprotein C3

LDLR (30) LDL receptor
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