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Abstract

CETP is a lipid drug target under development for coronary heart disease (CHD) in both European and
East Asian populations. Previous drug target Mendelian randomization (MR) studies conducted in East
Asians failed to show a CHD effect, which has been interpreted as lack of effectiveness of CETP
inhibition for CHD prevention in this population. Nevertheless, CETP inhibitors are currently being
evaluated in East Asian participants. Capitalizing on recent increases in sample size of East Asian GWAS,
we therefore conducted a drug target MR to estimate and compare ancestry-specific effects of on-target
CETPinhibition. Employing cross-ancestry colocalization, we found strong evidence of a shared causal
CETPvariant affecting HDL-C in both populations, which was not observed for LDL-C. WE conducted
drug target MR, scaled to a standard deviation increase in HDL-C, and found that lower CETP was
associated with lower LDL-C, Lp[a], systolic blood pressure and pulse pressure in both groups, with more
pronounced effects in Europeans individuals (interaction p-values < 1.9x10 - 3). Lower CETP was
protective against CHD, angina, intracerebral haemorrhage and heart failure in both ancestries, for
example for CHD in East Asians (OR 0.89, 95%Cl 0.84;0.94) compared to Europeans (OR 0.95, 95%ClI
0.92;0.99, interaction p-value = 0.05). In conclusion, on-target inhibition of CETP is anticipated to decrease
cardiovascular disease in individuals of both European and East Asian ancestries.

Introduction

Cholesteryl ester transfer protein (CETP) plays a crucial role in the reverse cholesterol transport from
peripheral tissues to the liver by promoting the exchange of triglycerides (TG) and cholesterol ester
between high-density lipoprotein cholesterol (HDL-C) and other apolipoprotein-B rich particles, including
low-density lipoprotein cholesterol (LDL-C)". Due to its effects on HDL-C and LDL-C, there have been
numerous attempts to develop CETP-inhibitor drugs to reduce coronary heart disease (CHD) risk. The
REVEAL? trial showed a protective effect of anacetrapib on cardiovascular disease (CVD), but the drug

was not pursued to market for commercial or other reasons®*. We have shown that previous failures of
several CETP-inhibitor drugs in clinical trials can be attributed to the compounds or trial duration rather

than a failure of the target®.

Drug target Mendelian randomization (MR) analyses conducted in European populations, leveraging
genomic variants within and around the CETP locus, have consistently indicated that sufficiently potent
on-target inhibition of CETP is anticipated to decrease CHD risk>®’. However, previous MR studies on
CETP in East Asian populations have failed to replicate this protective effect on CHD®. Loss-of-function
CETPvariants (D442G and Int14A) found in Japanese individuals are associated with a 35% decrease in
CETP concentration, as well as a 10% elevation in HDL-C concentration®'%17. Therefore, the lack of a
protective effect of CETP inhibition inferred from MR analysis of CETP and CHD in East Asian
populations is unexpected.
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Due to ongoing efforts, the availability of genomic data on East Asian participants is growing. Biobank
Japan (BBJ)'? has released large sample size analyses (n = 179,000) covering 220 clinical phenotypes,
and biomarkers. Concomitantly, the Global Lipids Genetics Consortium (GLGC)'3, a multi-ancestry meta-
analysis of 201 studies, has published a genome-wide association study (GWAS) including genetic
associations with lipid concentrations from 146,492 East Asian participants.

Given the growing number of genotyped East Asian participants, we aimed to conduct a large sample
size drug target MR analysis of the on-target effect of CETP inhibition, exploring potential differences
between European and East Asian populations. First, colocalization was employed to determine potential
cross-ancestry signals between CETP variants for HDL-C and LDL-C. Subsequently, we performed a
biomarker weighted drug target MR analysis, scaling the CETP effect by a standard deviation increase in
HDL-C concentration. Specifically, we considered effects on 26 clinically relevant traits including 11
biomarker traits, cardiovascular outcomes such as CHD, angina, peripheral artery disease (PAD), stroke,
intracerebral & subarachnoid haemorrhage, heart failure (HF), as well as potential safety outcomes:
chronic kidney disease (CKD), pneumonia, chronic obstructive pulmonary disease (COPD), type 2
diabetes (T2D), asthma, and glaucoma. As explained in Schmidt et al. 2020 (and the Supplementary
Methods) biomarker weighted drug target MR analyses draw inference on the drug target effect on the
considered outcomes, without implying (or requiring) that the biomarker itself causing disease. Hence,
our HDL-C weighted cis-MR provides inference on the potential effects of lower CETP activity, and does
not provide support for the presence or absence of a HDL-C mediating pathway.

Results

Lack of LDL-C cross-ancestry colocalization at the CETP locus

We conducted colocalization analysis to explore potential cross-ancestry colocalization of CETP variants
associated with LDL-C and HDL-C (Fig. 1, Supplementary Fig. 2). Comparing the CETPHDL-C signal
between European and East Asian participants, we observed a high posterior probability (1.00) for a
colocalized signal driven by rs183130 (16:9.56991363C > T, GRCh37), which is a known fine-mapped
CETP variant in Europeans. Unlike in Europeans, the East-Asian GWAS for LDL-C did not reach genome-
wide significance (p-value = 6.6x10%) within the CETP locus, resulting in a low posterior probability for
cross-ancestry colocalization (0.22) (Fig. 1).

On-target effects of CETP inhibition on biomarkers

Given the lack of LDL-C signal in East Asian participants, we performed a HDL-C weighted drug target MR,
scaling CETPvariants by an SD increase in HDL-C (Supplementary Data 1). In European ancestries, lower
CETP levels proxied through elevated HDL-C were associated with higher concentrations of Apo-A1, and
lower LDL-C, Apo-B, TG, Lp[a], blood pressure, PP, glucose and CRP (Fig. 2). In East Asians, we were able
to confirm the association between lower CETP and Apo-A1 0.67 g/l (95%Cl 0.54; 0.80), TG -0.12 mmol/I
(95%Cl -0.14;-0.09), Lp[a] -0.25 nmol/I (95%CI -0.44;-0.07), DBP - 0.03 mmHg (95%Cl -0.05;-0.01), and
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glucose - 0.04 mmol/I (95%Cl -0.07;-0.02). Accounting for multiplicity, we observed significant
differences in effect magnitude between ancestries for LDL-C, Apo-A1, Lp[a], SBP, and PP, but not in effect
direction (Fig. 2, Supplementary Data 2). The LDL-C association in East Asians was - 0.04 mmol/L
(95%Cl-0.09; 0.00, p-value = 0.06) compared to -0.15 mmol/L (95%Cl -0.16;-0.14, p-value< 1x107199) in
Europeans (interaction p-value = 6.89x10~%). While the effect of CETP inhibition on Apo-A1 was larger in
East Asians 0.67 g/l (95%Cl 0.54; 0.80) compared to Europeans 0.20 g/l (95%Cl 0.20; 0.21) (interaction p-
value = 1.01x10712), the CETP effect on Lp[a] was larger in Europeans - 2.70 nmol/l (95%Cl -3.27;-2.13)
compared to East Asians - 0.25 nmol/I (95%Cl -0.44;-0.07) (interaction p-value = 1.22x1071°)
(Supplementary Data 2).

On-target effects of CETP inhibition on clinical outcomes

Lower CETP levels, proxied by HDL-C, was associated with a decreased risk of CHD, angina, HF,
intracerebral and subarachnoid haemorrhage in Europeans (Fig. 3, Supplementary Data 2). The majority
of these associations were replicated in East Asians for: CHD (OR 0.89, 95%Cl 0.84; 0.94), angina (OR
0.91,95%Cl 0.84; 0.99), HF (OR 0.85, 95%CI 0.78;0.94), and for intracerebral haemorrhage (OR 0.69,
95%Cl 0.55; 0.87). We did not observe significant differences in CETP effect magnitude or direction
between the populations (Fig. 3, Supplementary Data 2-3).

Exploring potential associations with non-cardiovascular outcomes, we observed a protective effect of
lower CETP against pneumonia in both Europeans (OR 0.87,95%Cl 0.84; 0.90) and East Asians (OR 0.89,
95%Cl 0.81; 0.99) (Fig. 4, Supplementary Data 1). After accounting for multiplicity, we observed a
differential effect of lower CETP on asthma and CKD (interaction p-value<1.9x10"2), with a protective
effect in Europeans (asthma: OR 0.95, 95%CI 0.91; 0.99; CKD: OR 0.93, 95%CI 0.90; 0.97), and a risk
increasing effect in East Asians (asthma: OR 1.26, 95%CI 1.16; 1.36; CKD: OR 1.31, 95%Cl; 1.05; 1.63)
(Fig. 4, Supplementary Data 2-3).

Comparison of CETP effects against Millwood et al.

We compared the CETP effect, weighted by HDL-C, on cardiometabolic biomarkers and clinical outcomes
presented in our current analysis against the results by Millwood et al. conducted in China Kadoorie
Biobank (Supplementary Data 4-5). Despite the larger effect observed by Millwood et al. for Apo-A1 1.29
g/1 (95%Cl 1.04; 1.35) and SBP - 0.73 mmHg (95%Cl -0.24;-1.21), we did not observe a significant
difference of lower CETP levels on these traits. Notably, a difference in effect magnitude was found
between the effect of CETP on CHD between the current studies (OR 0.89, 95%Cl 0.84;0.94) and the

Millwood et al. analysis (OR 1.08, 95%Cl 0.95;1.22) (interaction p-value = 4.90x10" ).

Discussion

In this study we compared the on-target effect profile of lower CETP levels between individuals of East
Asian or European ancestries. Contrary to European populations, where genetic variants in and around
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CETP associate with both HDL-C and LDL-C concentration, in East Asian populations CETP variants seem
to exclusively affect HDL-C concentration. Using drug-target MR we estimated the on-target effects of
lower CETP levels in both populations, which indicated that lower CETP had a larger effect on Apo-AT,
LDL-C, LP[a], SBP, and PP in people of European ancestry. Nevertheless, we observed a similar risk
decreasing effect of lower CETP levels on CVD outcomes, including CHD, in individuals of East Asian (OR
0.89,95%Cl 0.84; 0.94) and European ancestries (OR 0.95, 95%Cl 0.92; 0.99).

Our results are consistent with the previously reported reduction in cardiovascular disease risk observed
in the REVEAL clinical trial of anacetrapib?, which included a substantial number of participants from
China (n =4,314). The effect of anacetrapib on major coronary events in Chinese participants of the
REVEAL trial (rate ratio 0.84, 95%Cl 0.75; 0.95) was comparable to the aforementioned MR CETP effect
on CHD in East Asian: OR 0.89 (95%Cl, 0.84; 0.94). This suggests that the absence of a CHD effect in the
Millwood et al. drug target MR analysis is likely due to the smaller number of participants available to
Millwood et al. (17,854 had lipid measurement, compared to 146,492 East Asian subjects in our analysis),
which can lead to weak-instrument bias towards a neutral effect®.

In line with the lack of genetic associations of CETP with LDL-C in individuals of East Asian ancestry, we
did not observe a significant effect of lower CETP concentration on LDL-C levels: -0.04 mmol/L (95%ClI
-0.09; 0.00, p-value = 0.06). Randomized controlled trials of anacetrapib conducted in Japanese
individuals did however show a decreasing effect of CETP inhibition on LDL-C concentration: -38.0%
(95%CI - 42.4; -33.7) change from baseline3?, suggesting that the lack of LDL-C signal observed in our
study, as well as that of Millwood et al, is likely limited to the genetic effects of CETP variants on LDL-C,
and does not reflect a fundamental difference in biology of CETP between the ancestries. Importantly, we
wish to reiterate (as explained in Schmidt et a/. 2020 and the Supplementary Methods) that performed
HDL-C weighted MR analysis does not imply the CETP effect is mediated by HDL-C itself, and instead
provides inference on the effects of CETP activity, irrespective of its downstream lipids effects.

In agreement with the results from CETP inhibitor trials, we did not observe differences in the MR effects
of lower CETP levels on cardiovascular events between ancestries. Instead, we observed that lower CETP
levels decreased the risk of CHD, angina, intracerebral haemorrhage, and heart failure in both ancestry
groups. Furthermore, while we did observe some evidence for difference in the effect magnitude of lower
CETP levels on biomarkers such as SBP, Apo-A1, and Lp[a], this did not result in directionally opposing
effects, at most suggesting a differential amount of CETP inhibition might be considered in East Asian
populations.

Considering all the 26 evaluated traits, we only observed a directionally discordant effect for asthma and
CKD, where lower CETP levels increased the risk of both diseases in East Asian ancestries, while
decreasing the risk in European ancestries. We observed similar risk decreasing effects on asthma and

CKD in European centric MR analysis of lower CETP protein concentration®. Lower plasma
concentrations of CETP have been previously linked to asthma in non-randomized observational

studies*C. A clear biological rationale for CETP involvement in asthma or CKD is however currently
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absent, prohibiting a straightforward evaluation of the validity of the observed risk increasing effects in
individuals of East Asian ancestry. Although approximately 10-30% of participants enrolled in CETP-
inhibitor trials are of East Asian ancestry3%#47, these studies have not been designed to detect potential
differences between ancestry groups, and hence the lack of observed association does not fully rule out a
possible ancestry specific risk increasing effects.

The observed comparability in effects of lower CETP levels on CVD outcomes in both European and East
Asian populations, despite attenuated effects on CVD risk factors in the later group, argues for the
important of a wholistic evaluation of the available evidence in terms of outcomes and traits, as well as
in populations, and types of studies. Due to the extensive evidence from CETP inhibitor trials, which
specifically recruited participants from East Asian countries, there was strong prior evidence to suggest
that CETP should have an effect on CVD in East Asian populations. Without similar supporting evidence
from trials, a comparison across different ancestries as presented here — focussing on difference in
effect direction instead of effect magnitude, would come to a similar conclusion on the absence of
meaningful differences between both populations. The growing genetic data from non-European
populations may provide further opportunities to conduct similar analyses, potentially uncovering drug
targets overlooked by European centric studies. Above all, the presented results provide yet another
reminder to not mistake lack of statistical significance for proof of the null-hypothesis*?.

The following potential limitations deserve consideration. First of all, genetic variants from GWAS have a
small, presumed cumulative effect size over a lifetime, while pharmacological inhibition of CETP have
larger effects, usually prescribed later in life. Consequently, drug target MR estimates may indicate a
lifelong effect of perturbing a drug target, which may not be representative of pharmacological
interventions at a specific time point and for a shorter period*3. Although drug target MR does not directly
reflect the effect magnitude of the pharmacological intervention, it is a robust indicator of the direction of
causal effects®’. Secondly, we used a biomarker weighted drug target MR approach that does not
indicate the possible mediating pathways of the drug target on the disease, but rather reflects the on-
target effects drug target perturbation irrespective of the downstream pathway. Thirdly, we note that
some residual heterogeneity may reflect design artefacts rather than actual biology. Heterogeneity across
biobanks and study cohorts, might occur due to different disease outcome definitions, or participants
recruitment criteria, and highlight the need to standardise and prioritise data collection in multi-ancestry
cohorts?*. For example, while East Asian data was predominantly sourced from the BBJ, the European
ancestry data represents an amalgamation of distinct European ancestry groups which combined may
induce heterogeneity**. Rather than design artefacts, observed heterogeneity may reflect influence of
distinct environmental settings modifying CETP expression rather than genetic ancestry. Given the
various possible sources of heterogeneity, it is important to highlight that we only observed limited
differences between the effects profiles of lower CETP levels in European and East Asian ancestries, and
instead observed a general tendency for shared beneficial effects of lower CETP levels. We do note
however, that due to the relatively limited number of outcomes available in East Asian populations, we
were unable to evaluate all relevant clinical outcomes. For example, lower levels of CETP have been
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linked to increased risk of age-related macular degeneration outcome currently unavailable in genetic
studies of East Asian subjects’. Finally, we note that due to the relatively limited amount of data available
from East Asian ancestries, there was partial overlap between the exposure data sourced from GLGLC
and the outcome GWAS data predominantly sourced from BBJ. As shown by Burgess et al.#® such partial
overlap might cause a limited amount of bias in weak instrument settings, often defined as an F-statistic
below 10. It is therefore important to emphasize the instruments were sources from a large number of
subjects, based on a minimal F-statistic of 15, where above all the comparability between MR effects in
European ancestries and CETP inhibitor trials suggests the impact of any potential weak-instrument bias
was minimal.

Conclusions

In conclusion, lower CETP levels had a consistent protective effect against coronary heart disease,
angina, heart failure and intracerebral haemorrhage across both ancestries. Therefore, sufficiently potent
on-target inhibition of CETP is anticipated to prevent cardiovascular disease in both European and East
Asian populations.

Methods

Data sources

Genetic association data on plasma LDL-C, HDL-C and TG concentrations were extracted from GLGC,
which released aggregated data (i.e., point estimates and standard errors) for 146,492 East Asian
participants and 1,320,016 European participants.

The following outcome data was sourced for the drug target MR analyses to estimate the on-target
effects of CETP inhibition (Supplementary Data 1). For individuals of European ancestry, we leveraged
data on apolipoprotein (Apo) A1 and B, lipoprotein a (Lp[a]), from 361,194 UK biobank (UKB) participants,
systolic blood pressure (SBP), diastolic blood pressure (DBP) and pulse pressure (PP) on 757,601
participants'#, glucose and HbA1c on 196,991 participants'®, C-reactive protein (CRP, n = 204,402)', CHD
(60,801 case)'’, any stroke (110,182 cases) and ischemic stroke (86,668 cases)'8, HF (47,309 cases)’,
T2D (180,834 cases)?%, CKD (41,395 cases)?', glaucoma (15,655 cases)?? and subarachnoid
haemorrhage (5,140 cases)?3. Additional outcome data was sourced from a FinnGen and UKB meta-
analyses by Sakaue et. al.”? on angina (30,025 cases), ventricular arrhythmia (1,018 cases), PAD (7,114
cases), asthma (38,369 cases), intracerebral haemorrhage (1,935 cases), pneumonia (16,887 cases), with
COPD (58,559 cases) included from the Global Biobank Meta-analysis Initiative (GBMI)?4.

The corresponding outcomes in the East Asian participants were accessed through the Pan-ancestry
GWAS of the UK Biobank (Pan-UKB)2® on Apo-AT (n = 2,325), Apo-B (n = 2,553) and Lpla] (n =2,275).
Additional cardiometabolic biomarker data was sourced from Biobank Japan (BBJ)'? on SBP, DBP, PP,
glucose, HbA1c, CRP for between 71,221 and 145,505 participants (Supplementary Data 1). BBJ provided
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data on CHD (32,512 cases), angina (14,007 cases), PAD (4,112 cases), ischemic stroke (22,664 cases),
subarachnoid (1,203 cases) and intracerebral (1,456 cases) haemorrhage, ventricular arrhythmia (1,673
cases), T2D (45,383 cases), CKD (2,117 cases), glaucoma (8,448 cases), pneumonia (7,423 cases).
Finally, the following outcomes were sourced from the East Asian GBMI release: HF (12,665 cases), COPD
(19,044 cases), and any stroke (23,345 cases).

Cross-ancestry colocalization of the LDL-C and HDL-C CETP signals

Due to sampling variability as well as linkage disequilibrium (LD), the most significant variant at a given
locus may not reflect the causal variant. Colocalization identifies potential shared causal variants
between two traits?® while accounting for sampling variability and LD. Due to the larger sample size
available in the European GLGC GWAS, rs183130 (16:9.56991363C > T, GRCh37) has been robustly
identified as a causal CETP variant for both LDL-C and HDL-C. We leveraged coloc?” to determine
whether this European fine-mapped variant was also causal for LDL-C and HDL-C in East Asian
participants. We considered genetic variants within a + 50kb flank of the CETP genomic region and a
MAF = 0.01, applying the following posterior probabilities: PPH1, PPH2 = 10”4 to detect if at least a
single genetic variant was associated with the plasma lipids in Europeans (PPH1), in East Asians (PPH2),
or with plasma lipids in both populations (PPH4 = 10~ °) at the CETP locus. A posterior probability for a
shared genetic signal larger than 0.80 was considered as evidence of colocalization2®.

To visualise the CETP association with plasma lipids across ancestries, we generated regional
association plots of CETP using the lipids summary statistics for East Asian and European populations
from GLGC. The plots were created with the skyline genomic plotting library
(https://gitlab.com/cfinan/skyline) implemented in Python, based on the East Asian and European LD
references from UKB.

Mendelian randomization analysis

To proxy the effect of CETP inhibition we capitalised on CETP variants strongly associated with HDL-C in
both populations and performed a biomarker weighted drug target MR, by exploring the causal effects of
CETP inhibition scaled towards a standard deviation (SD) increase in HDL-C. Despite weighting by an
intermediate biomarker, the inference of such a “biomarker” drug target MR analysis is on the protein, not
on the potential causality of the intermediate biomarker (Supplementary Methods and Supplementary
Fig. 1).

To identify instruments for CETP inhibition, weighted by HDL-C, genetic variants within + 50 kb of the
CETP gene (Chr 16:56,995,762 - 57,017,757, GRCh37) were selected in both populations, based on an F-
statistic of at least 15, MAF = 0.01, and LD-clumped to an r-squared < 0.3 against their respective
reference populations. Ancestry specific LD reference matrices were generated by selecting a random
subset of 5,000 unrelated Europeans, and the entire subset of East Asians (n =2,000) from UKB. The self-
defined East Asian individuals were assigned to the East Asian ancestry group based on principle
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component analysis, implemented with PC-AIR for the detection of population structure, followed by PC-
Relate to account for cryptic relatedness?®, as described by Giannakopoulou et a/?°.

Residual LD was modelled through generalised least squares®? implementations of the inverse variance
weighted (IVW) and MR-Egger estimators, where the MR-Egger estimator is more robust to the presence of
potential horizontal pleiotropy3'. To further minimise the potential influence of horizontal pleiotropy, we
excluded variants with large leverage or outlier statistics and used the Q-statistic to identify possible
remaining violations32. A model selection framework was applied to select the most appropriate
estimator between IVW or MR-Egger for each specific exposure-outcome relationship3232. This model
selection framework, originally developed by Gerta Riicker®#, utilises the difference in heterogeneity
between the IVW Q-statistic and the Egger Q-statistic, preferring the latter model when the difference is
larger than 3.84 (i.e., the 97.5% quantile of a Chi-square distribution with 1 degree of freedom). The
results were reported as odds ratios (OR) or mean differences (MD) with 95% confidence intervals.

Interaction test

Potential differences between European and East Asian participants in the drug target MR effects of on-

target CETP inhibition were formally tested using interaction tests®°. Briefly, an interaction effect
represents the difference between the ancestry specific MR effects, where the standard error of this
difference is equal to the square root of the sum of the variance of the ancestry specific effect estimates.
For binary outcomes, where the ancestry specific effect represents an OR, instead of a difference, the
interaction effect was calculated as the ratio between the European and East Asian ancestry specific OR
(i.e., representing a difference on the logarithmic scale). We additionally applied the interaction test to
assess the difference in CETP effects between the East Asian population in our MR study and a previous
MR analysis conducted by Millwood et al. in China Kadoorie Biobank.

Multiple testing

The focus of the presented analysis was evaluation of potential differential effects of CETP inhibition
between participants of East Asian and European descent. To guard against multiplicity, interaction tests

were evaluated against a corrected alpha of 0.05/26 = 1.9x10" 3, accounting for the 26 evaluated traits.
Similarly, comparing the previous analysis by Millwood et. al. we had 14 common traits, resulting in a
multiplicity corrected interaction p-value of 3.6x1073. We did not apply a similar multiple testing corrected
alpha for the ancestry specific findings, and instead focussed on outcomes significant in both ancestries.

Focussing on replicated associations resulted in an alpha of 0.0502 = 0.0025, and an expected number of
false positive results close to zero: 26x0.50%=0.065.

Inferential consideration in biomarker weighted drug target MR

As detailed in Schmidt et. al. 202036, Schmidt et. al. 202237, and described in the Supplementary
Methods, the inference in biomarker weighted drug target MR is on the drug target itself, not on the
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downstream biomarker (e.g., HDL-C). Furthermore, the biomarker does not need to cause disease if the
drug target affects disease through alternative pathways (i.e., post-translation horizontal pleiotropy)
(Supplementary Fig. 1). We further expand these derivations to show that the biomarker weighted drug
target MR will approximate an interaction test of the difference in protein effects, only when the protein
effect on the biomarker is equal in both populations (Supplementary Methods). Alternatively, assuming
directional concordance of the protein effect on the biomarker, more robust inference will be obtained by
applying interaction testing to identify directionally discordant outcome effects.
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Regional association plots for the CETPlocus across LDL-C and HDL-C in European (top) and East Asian
(bottom) populations. The data were sourced from the global lipids genetics consortium (GLGC), with
ancestry specific linkage disequilibrium data obtained from the UK biobank. The y-axis shows the -
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log,o(p-values) of the association between each SNP and lipid outcomes. The x-axis shows the
chromosomal position (GRCh37). The purple circle shows the European-lead variant rs183130
(16:9.56991363C>T, GRCh37) at the CETP locus identified in the GLGC meta-analysis. The colour coding
indicates the linkage disequilibrium with the lead fine-mapped European variant based on the UK Biobank
European and East Asian reference population. The blue line shows the alignment of the CETP signals
between lipids, as an indicator of colocalization, reported as posterior probability of both lipids sharing
the same causal variant at the CETP locus (PPH4).
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Figure 2

Mendelian randomization effect estimates of lower CETP weighted by HDL-C on biomarkers in East Asian
and European populations. The rows represent the plasma biomarker outcomes, with ancestry specific
effects presented in the first two columns, and their interaction effect presented in the final column. Cells
are annotated by the point estimate (in the indicated units) when these were significant at an alpha of
0.05, or by a point otherwise. Multiplicity correct interaction effects (p-value < 1.9x102) were additionally
annotated by a star symbol. Cells are coloured by the direction of effect (dir) times the -log,¢(p-value),
which was truncated to +-8 for display purposes. Apo-A1: apolipoprotein A, Apo-B: apolipoprotein B, Lp[a]
lipoprotein a, SBP: systolic blood pressure, DBP: diastolic blood pressure, PP: pulse pressure, CRP: C-
reactive protein.
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Figure 3

Mendelian randomization effect estimates of lower CETP weighted by HDL-C on cardiovascular
outcomes in European and East Asian populations. Effect estimates are presented as odds ratios (OR)
with 95% confidence intervals (Cl) per standard deviation increase in HDL-C. The number of cases and
total sample size per outcome is shown on the left. The significance of the interaction between the
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ancestry specific MR estimates is shown on the right. The multiplicity corrected interaction test alpha was
1.9x1073.
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Figure 4

Mendelian randomization effect estimates of lower CETP weighted by HDL-C on non-cardiovascular
outcomes in European and East Asian populations. Effect estimates are presented as odds ratios (OR)
with 95% confidence intervals (95%Cl) per standard deviation increase in HDL-C (left). The number of
cases and total sample size per outcome is shown on the left. The significance of the interaction between
the ancestry specific MR estimates is shown on the right. The multiplicity corrected interaction test alpha
was 1.9x1073.
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