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Cardiovascular Disease
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Motivation Data Analysis Discussion

The ‘Fetal Origins’ Hypothesis (Nurture)
Adverse conditions in utero or very early ⇒ health and development
Barker & Osmond (1986): area-level infant mortality 1920s vs. Ischaemic Heart Disease
(IHD) mortality 1970s.
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Motivation Data Analysis Discussion

This paper: GxE interplay

We study GxE interplay in ischaemic heart disease

Does genetic susceptibility aggravate early-life circumstances?
Can advantageous environments cushion genetic inequality?
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Motivation Data Analysis Discussion

Contributions

1 Replicate and extend Barker using high quality data, large sample sizes, individual level
outcomes, and within-family design

Digitize UK infant mortality rates in Local Government Districts, and link with the UK
Biobank (UKB)
∼ 35 years and ∼ 1400 districts of birth of the UKB participants

2 Estimate causal effect of genetic predisposition on later life conditions
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Motivation Data Analysis Discussion

Data

UK Biobank:
Drop non-European ancestry, those with missing values, and those born outside England
& Wales
Final sample size N = 378, 838 and N = 33, 060 full siblings

Outcome variable: Ischaemic Heart Disease (IHD)
Identified using the ICD-10 codes (I20-I25) obtained from mortality records and hospital inpatient records
Around 11% of our sample has been diagnosed with IHD

Independent variable:
Infant Mortality Rate (IMR)

Identify the Local Government District individuals were born in (n≈1400)
Digitize and merge the Infant Mortality Rate (number of deaths within the first year of life per 1,000 live births) in
the district and year of birth

Polygenic Index (PGI)
LDpred score using sumstats from Nikpay et al. (2015)
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Motivation Data Analysis Discussion

Data – Infant Mortality Rate
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Motivation Data Analysis Discussion Descriptive Statistics Empirical Specification Results Mechanisms

Data – descriptives IMR
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Data – descriptives IMR
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Data – descriptives IMR & PGI

Within Family
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Motivation Data Analysis Discussion Descriptive Statistics Empirical Specification Results Mechanisms

Empirical specification

Yijd = α + β1IMRd,t=0 × PGIi + β2IMRd,t=0 + β3PGIi + γXi + uid (1)
Yijd = α̃ + β̃1IMRd,t=0 × PGIi + β̃2IMRd,t=0 + β̃3PGIi + γ̃Xi + δd + ũid (2)
Yijd = α̇ + β̇1IMRd,t=0 × PGIi + β̇2IMRd,t=0 + β̇3PGIi + γ̇Xi + ηj + u̇id (3)

Yid is IHD of individual i , in family j , born in district d
IMRd,t=0 and PGIi standardized (mean 0, std 1)
Xi are individual characteristics

Sex, YoB × MoB dummies, 10 principal components, square terms of IMRd,t=0 and PGIi , and interactions between
Xi and IMRd,t=0 and PGIi

uid is the error term, clustered by district
δd are district indicators / fixed-effects
ηj are family indicators / fixed-effects
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Raw Data
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Motivation Data Analysis Discussion Descriptive Statistics Empirical Specification Results Mechanisms

OLS: main regression

Ischaemic Heart Disease

(1) (2) (3) (4) (5)

IMR 0.0148*** 0.0120*** 0.0122*** 0.0038***
(0.0016) (0.0013) (0.0013) (0.0010)

IMR2 -0.0008 -0.0004 -0.0005 0.0005
(0.0005) (0.0005) (0.0005) (0.0004)

PGI 0.0291*** 0.0289*** 0.0289*** 0.0285***
(0.0006) (0.0006) (0.0006) (0.0006)

PGI2 0.0042*** 0.0042*** 0.0042*** 0.0042***
(0.0004) (0.0004) (0.0004) (0.0004)

IMR × PGI 0.0097*** 0.0098***
(0.0006) (0.0006)

Covariates Yes Yes Yes Yes Yes
District FEs No No No No Yes
Mean 0.11 0.11 0.11 0.11 0.11
R2 0.07 0.07 0.07 0.08 0.08
No. of observations 378’807 378’807 378’807 378’807 378’807

Notes: ‘Mean’ is the mean of the dependent variable. Robust standard errors clustered by district in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01. 13 / 22



Motivation Data Analysis Discussion Descriptive Statistics Empirical Specification Results Mechanisms

Results - Family fixed effects

Reduced (sibling) sample With family fixed effects

IMR 0.0078** 0.0068* 0.0071** 0.0012 0.0010 0.0014
(0.0036) (0.0036) (0.0036) (0.0058) (0.0058) (0.0058)

IMR2 0.0016 0.0019 0.0019 0.0062*** 0.0064*** 0.0064***
(0.0016) (0.0016) (0.0016) (0.0022) (0.0022) (0.0022)

PGI 0.0276*** 0.0273*** 0.0223*** 0.0220***
(0.0017) (0.0017) (0.0033) (0.0033)

PGI2 0.0059*** 0.0059*** 0.0057*** 0.0057***
(0.0013) (0.0012) (0.0019) (0.0019)

IMR × PGI 0.0049*** 0.0053**
(0.0018) (0.0026)

Controls Yes Yes Yes Yes Yes Yes
District FE No No No No No No
R2 0.07 0.07 0.07 0.56 0.57 0.57
N 33’058 33’058 33’058 33’058 33’058 33’058

Notes: Columns (1)-(3) show robust standard errors clustered by district on the full UKB sample. Columns (4)–(6) show robust standard errors clustered by family on the UKB
sibling sample. Columns (7)–(9) show robust standard errors clustered by family on the sibling sample. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Motivation Data Analysis Discussion

Summary of results: Environment

Barker hypothesis:
Adverse circumstances (e.g., high IMR) in early life associated with the prevalence of IHD
later in life

Association works at area and individual level
Attenuates if looking at within-district variation
Almost zero within families

⇒ IMR: between families unobservables (e.g., poverty, health behavior, etc.)
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Motivation Data Analysis Discussion

Summary of results: Genes

Genetic predispositions play an important role
Levels G : main effect ‘bigger’ than IMR
Variation G × E : amplified by the environment

Causal effect
Within-family variation in PGI is quasi-random
Inequality at birth close to zero in advantageous conditions

16 / 22



Motivation Data Analysis Discussion

Limitations

UK Biobank is not representative
There will be selective mortality (by definition!)
Estimates of the IMR cannot be interpreted causally

Cannot identify the exact mechanism
But likely to capture predetermined “environmental influences” as it is uncorrelated with genetic predisposition, at
least within-families

Hence, environmental interventions may reduce genetic susceptibility to heart disease
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Motivation Data Analysis Discussion

Thank you
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Families in the UK Biobank

Full siblings can be identified using their genotypes
They share 50% of their genetic code

Approximately 35,000 siblings in the full data
Drop ∼5,000 due to missing data, not born in England or Wales
Big reduction in the sample size
Exploiting variation within families
But there is relatively little within-family variation
Loss of power

CHD IMR PGI CHD
Overall SD 0.232 19.1 0.995
Between SD 0.169 16.3 0.858
Within SD 0.160 10.3 0.507
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Results - by gender

Females Males
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

IMR 0.0088*** 0.0088*** 0.0089*** 0.0008 0.0159*** 0.0159*** 0.0161*** 0.0071***
(0.0014) (0.0014) (0.0014) (0.0012) (0.0017) (0.0017) (0.0017) (0.0017)

IMR2 0.0007 0.0007 0.0007 0.0017*** -0.0014** -0.0014** -0.0014** -0.0003
(0.0005) (0.0005) (0.0005) (0.0005) (0.0007) (0.0007) (0.0007) (0.0006)

PGI 0.0169*** 0.0170*** 0.0171*** 0.0169*** 0.0429*** 0.0429*** 0.0424*** 0.0420***
(0.0005) (0.0005) (0.0005) (0.0005) (0.0010) (0.0010) (0.0010) (0.0010)

PGI2 0.0028*** 0.0028*** 0.0028*** 0.0028*** 0.0058*** 0.0058*** 0.0059*** 0.0059***
(0.0004) (0.0004) (0.0004) (0.0004) (0.0007) (0.0007) (0.0006) (0.0007)

IMR × PGI 0.0068*** 0.0069*** 0.0129*** 0.0130***
(0.0007) (0.0007) (0.0010) (0.0010)

Covariates Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
District FEs No No No No Yes No No No No Yes
Mean 0.07 0.07 0.07 0.07 0.07 0.16 0.16 0.16 0.16 0.16
R2 0.04 0.04 0.04 0.04 0.05 0.07 0.07 0.07 0.07 0.08
No. of observations 203’732 203’732 203’732 203’732 203’720 175’076 175’076 175’076 175’076 175’055

Notes: ‘Mean’ is the mean of the dependent variable. Robust standard errors clustered by district in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Further robustness checks
Ischaemic Heart Disease

(1) (2) (3) (4) (5)
IMR 0.0014 0.0014 0.0015 0.0014 0.0093*

(0.0058) (0.0060) (0.0058) (0.0058) (0.0049)
IMR2 0.0064*** 0.0065*** 0.0062*** 0.0068***

(0.0022) (0.0022) (0.0022) (0.0025)
PGI 0.0220*** 0.0220*** 0.0323*** 0.0220*** 0.0216***

(0.0033) (0.0033) (0.0032) (0.0033) (0.0033)
PGI2 0.0057*** 0.0057*** 0.0054*** 0.0061***

(0.0019) (0.0019) (0.0019) (0.0022)
IMR × PGI 0.0053** 0.0053** 0.0088*** 0.0053** 0.0054**

(0.0026) (0.0026) (0.0029) (0.0026) (0.0026)
IMR2 × PGI2 -0.0004

(0.0011)
Illegitimacy Rate -0.0005

(0.0045)
Birth Rate 0.0022

(0.0042)
Death Rate -0.0013

(0.0041)
Covariates Yes Yes Yes Yes Yes
PCs Yes Yes Yes Yes Yes
Additional controls No Yes No No No
R2 0.57 0.57 0.57 0.57 0.57
No. of observations 33’058 33’058 33’058 33’058 33’058
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Timing of the Infant Mortality Rate

Figure: Exploring the timing of the infant mortality rate for Ischaemic Heart Disease; full sample,
controlling for district fixed effects.
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Data – descriptives IMR & PGI

back
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IMR variation
Rely on variation in IMR across districts within cohorts
Areas with higher IMR also poorer + worse access to medical care

Table: Correlations between district level IMR with social class

All years 1951 1961 1971

Illegitimacy rate 0.0108 0.0050 -0.0045 0.0286***
(0.0087) (0.0238) (0.0145) (0.0095)

Proportion social class I -0.3391*** -0.7338*** -0.4186** -0.2260
(0.1229) (0.2652) (0.2100) (0.1506)

Proportion social class II -0.0309 0.1142 -0.0637 -0.0851
(0.0374) (0.0875) (0.0498) (0.0626)

Proportion social class IV 0.0990** 0.1791*** 0.0581 -0.1434**
(0.0419) (0.0650) (0.0693) (0.0719)

Proportion social class V 0.2417*** 0.3707*** 0.2284 0.1034
(0.0745) (0.1138) (0.1475) (0.1350)

R2 0.17 0.03 0.03 0.03
No. of observations 4’349 1’470 1’411 1’468
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OLS: visuals

7 / 7



Health Behaviors

What could explain this relationship?
Consider adult intermediary behaviors and outcomes:

Body Mass Index
Height
Blood Pressure
Smoking
Drinking
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Potential mediators in the gene-environment interplay for ischaemic heart
disease

BMI DBP SBP Height Alcohol Smoking
(1) (2) (1) (2) (1) (2) (1) (2) (1) (2) (1) (2)

IMR 0.2476*** -0.0108 0.1825 0.0549 0.4441 0.3351 -0.7331*** 0.0865 -0.0004 0.0001 -0.0075 -0.0084
(0.0570) (0.0682) (0.1817) (0.1675) (0.2974) (0.2908) (0.0888) (0.0821) (0.0021) (0.0030) (0.0058) (0.0080)

IMR2 -0.0480** 0.0175 -0.0213 -0.0049 0.0497 0.0362 0.1208*** -0.0139 -0.0006 -0.0009 0.0027 0.0030
(0.0188) (0.0278) (0.0548) (0.0649) (0.0851) (0.1088) (0.0321) (0.0288) (0.0008) (0.0012) (0.0023) (0.0032)

PGI 0.3108*** 0.2769*** 0.5133*** 0.4637*** 1.0752*** 0.9571*** -0.3922*** -0.1045** -0.0032*** -0.0042** 0.0140*** 0.0104**
(0.0277) (0.0401) (0.0526) (0.0936) (0.1118) (0.1857) (0.0385) (0.0435) (0.0010) (0.0020) (0.0029) (0.0048)

PGI2 -0.0068 -0.0040 -0.0786* -0.0581 -0.1027 -0.0582 0.0380 0.0009 -0.0009 -0.0002 -0.0012 -0.0026
(0.0186) (0.0243) (0.0423) (0.0573) (0.0785) (0.1128) (0.0271) (0.0292) (0.0008) (0.0011) (0.0019) (0.0026)

IMR × PGI -0.0537* -0.0268 -0.2010*** -0.1991** -0.0570 -0.0138 -0.0372 0.0003 0.0001 -0.0024 -0.0045 -0.0060
(0.0276) (0.0358) (0.0553) (0.0822) (0.1102) (0.1473) (0.0352) (0.0418) (0.0012) (0.0018) (0.0031) (0.0043)

Covariates Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Family FEs No Yes No Yes No Yes No Yes No Yes No Yes
Mean 27.29 27.29 82.10 82.10 137.98 137.98 168.11 168.11 0.96 0.96 0.45 0.45
R2 0.03 0.64 0.06 0.60 0.13 0.63 0.54 0.89 0.03 0.56 0.03 0.60
No. of observations 33’276 33’276 31’840 31’840 31’840 31’840 31’840 31’840 31’797 31’797 31’592 31’592

Notes: BMI is measured as weight (in kilograms) divided by height (in metres squared). DBP add SBP denote diastolic and systolic blood pressure, respectively, and are measured
in mmHg (millimeters of mercury). Height is measured in cm. Alcohol and smoking are dummy variables indicating whether the individual currently smokes or drinks. ‘Mean’ is the
mean of the dependent variable. Robust standard errors clustered by district (column 1) and family and district (column 2) in parentheses. * p < 0.1, ** p < 0.05, ***
p < 0.01.
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