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atherosclerosis used to predict cardiovascular dis-

ease.' Lipid traits and type 2 diabetes (T2D) have
been implicated in the pathogenesis of cIMT. Statins,
which reduce low-density lipoprotein cholesterol (LDL-
C), have been shown in a meta-analysis of randomized
trials to slow cIMT growth-or 'even reduce cIMT.-How-
ever, most research into cIMT has been conducted in
European ancestry individuals, and little is known about
whether the same causal risk factors apply for African
ancestry populations.

In this study, we investigated the relationship between
lipid parameters and T2D with cIMT using inverse-
variance weighted 2-sample Mendelian randomization
(MR) analysis.? This method uses genetic variants as
instrumental variables to study the effect of modifying
an exposure. The random allocation of genetic variants
at conception means that MR is less susceptible to the
environmental confounding and reverse causation that
can hinder causal inference in traditional epidemiological
studies. Since the standard MR method can suffer from
pleiotropy, we also perform 2 sensitivity analyses, the
MR-Egger and weighted median methods. Since the lipid
traits are correlated, we also performed a multivariable
MR analysis. This analysis uses genetic variants associ-
ated with any of the lipid exposures to estimate the inde-
pendent effect of each lipid exposure on the outcome.

carotid intima-media thickness (cIMT) is a measure of

All data and code used in this study are available upon
reasonable request from the corresponding author. Only
summary data were used, and ethical approval had been
obtained in the original studiesgt 1 netie: association esti-
mates for lipid traits and T2D were“&Btained from pub-
lished data from the Million Veterans Program for both
African (N=b53 503-57 280) and European ancestry
(N=210967-1 042 540) individuals.®* For cIMT, we used
the study by Boua and colleagues for genetic association
estimates of cIMT in African ancestry individuals (N=7894;
we use mean-max cIMT; the average of the maximum
cIMT from the left and right carotid arteries converted to
micrometers), and replicated the genome-wide associa-
tion study analysis by Boua and colleagues in UK Biobank
for European ancestry individuals (N=35 175) using data
fields 22 672, 22 675, 22 678, and 22 681, which are
measures of cIMT at 2 different angles across the left and
right carotid arteries (right 150° right 120°, left 210°, and
left 240°). The outcome genome-wide association stud-
ies are corrected for age, sex, and the first 8 principal
components. We selected ancestry-specific independent
(pair-wise linkage disequilibrium r’<0.01 using the cor-
responding reference ancestry from the 1000 Genomes
Project) genome-wide significant (FP<Bx107%) genetic
variants for high-density lipoprotein cholesterol, LDL-C,
triglycerides, and T2D. There was no participant overlap
anticipated in the exposure and outcome data.

Key Words: ancestry ® cardiovascular disease ® carotid intima-media thickness ® diabetes ® ethnicity ® lipids ® Mendelian randomization

Correspondence to: Dr Dipender Gill, Department of Epidemiology and Biostatistics, School of Public Health Imperial College London, Praed St, London, W2 1NY, UK,
Email Dipendergill@imperial.ac.uk or Dr Segun Fatumo, London School of Hygiene and Tropical Medicine, Department of Non-communicable, Disease Epidemiology,

Keppel St, London, WC1E 7HT, UK, Email segun.fatumo@Ishtm.ac.uk
*0O. Soremekun and E.AAW. Slob contributed equally.

For Sources of Funding and Disclosures, see page XXX.

© 2022 American Heart Association, Inc.

Circulation: Genomic and Precision Medicine is available at www.ahajournals.org/journal/circgen

Circ Genom Precis Med. 2022;156:e003910. DOI: 10.1161/CIRCGEN.122.003910

December 2022 1


mailto:Dipender.gill@imperial.ac.uk
mailto:segun.fatumo@lshtm.ac.uk

2202 ‘62 JoquenoN uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

Soremekun et al Lipids, Diabetes, and cIMT

In the univariate analyses, genetically predicted LDL-C

Nonstandard Abbreviations and Acronyms levels are significantly associated with cIMT in both African
and European individuals (Figure). Genetically predicted

clMT carotid intima-media thickness levels of high-density lipoprotein cholesterol are signifi-
LDL-C low-density lipoprotein cholesterol cantly associated with cIMT in Europeans, but not in the
MR Mendelian randomization African ancestry analysis. For triglycerides, we do not see
T2D type 2 diabetes a significant association with cIMT for either ancestry. For
T2D liability, we observe a significant association with cIMT

Exposure Estimate (95% CI) P-value AFR ‘ Estimate (95% CI) P-value EUR
Univeriable MR IVW
HDL-C -0.818 (-9.370 - 7.734) 0.851 —a— -14.380 (-21.059 - -7.700) 2.45e-05 —
LDL-C 9.050 ( 2.575 - 15.525) 0.006 - 25.190 ( 19.238 - 31.142) 1.09e-16 : -
TG —8.764 (-19.273 - 1.746) 0.102 —a— 1.275(-5.812 - 8.361) 0.724 -
T2D —0.646 (-9.715 - 8.424) 0.889 —E— 5.095 ( 2.920 - 7.270) 4.3%-06 a8
MR-Egger
HDL-C —4.826 (-21.305 - 11.653) 0.568 —E— -10.672 (-21.957 - 0.612) 0.066 +
LoL-Cc 11.495 ( 0.918 - 22.073) 0.037 —a— 36.650 ( 28.242 - 45.057) 7.78e-14 : —a—
TG -13.202 (-32.023 - 5.620) 0.179 + —8.222 (-19.396 - 2.952) 0.152 —E—-
T2D —1.193 (-26.930 - 24.543) 0.929 —E— 1.451 (-3.397 - 6.299) 0.558 -B—
Weighted Median
HDL-C —9.337 (-22.900 - 4.226) 0177 —a— —9.266 (-17.392 - -1.140) 0.025 —a
LoL-C 12.338 ( 2.735 - 21.942) 0.012 —a— 31.587 ( 23.023 - 40.150) 4.84e-13 —a—
TG —B8.870 (-24.274 - 6.533) 0.259 —E— —0.442 ( -9.240 - 8.355) 0.921 —'B—
T2D 1.329 (-12.124 - 14.782) 0.846 —E— 6.153 ( 2.691 - 9.615) 4.95e-04 E=3
Multivariable MR
HDL-C 5712 (-33.768 - 45.192) 0.777 ——a— -19.256 (~37.904 - ~0.608) 0.043 —a—
LoL-C 14.442 ( -2.162 - 31.045) 0.088 —E— 38.961 ( 26.940 — 50.982) 2.12e-10 —a—
TG -9.066 (-33.456 - 15.325) 0.466 —E—v— -12.940 (-28.231 - 2.351) 0.097 —E——
40 -20 0 20 40 60 40 -20 0 20 40 60
Beta Beta

Figure. Associations between genetically predicted lipid traits, type 2 diabetes liability, and carotid intima-media thickness
from univariable and multivariable Mendelian randomization analyses in African and European ancestry individuals.
Estimates (95% CI) represent the estimated increase in carotid intima-media thickness (measured in micrometers) per SD
increase in genetically predicted levels of the lipid trait or per unit increase in log odds of type 2 diabetes. For African individuals,
the genetic variants explained 13.2% of the variance in LDL-C, 8.4% in HDL-C, and 7.8% in TG. For European individuals, the
corresponding values were 7.4% for LDL-C, 9.0% for HDL-C, and 5.5% for TG. The shared SNPs across both ancestries explained
0.18% of the variance in HDL, 0.19% in LDL, and 0.01% in TG for European ancestry individuals, while the corresponding values
for Africans were 0.19% for HDL, 0.16% for LDL, and 0.02% for TG. Number of SNPs=150 (HDL-C), 113 (LDL-C), 133 (TG),
and 412 (T2D) in Europeans while in Africans number of SNPs=55 (HDL-C), 74 (LDL-C), 32 (TG), and 21 (T2D). No proxy SNPs
were used. Estimated using univariable MR IVW, MR-Egger, Weighted median and Multivariable MR. The genetic variants used

in the analyses are available at https://zenodo.org/record/7229645. AFR indicates African; EUR, European; HDL-C, high-density
lipoprotein cholesterol; IVW, inverse-variance weighted; LDL-C, low-density lipoprotein cholesterol; MR, Mendelian randomization;
TG, triglycerides; and T2D, type 2 diabetes.
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in Europeans, but not in Africans. The sensitivity analyses
using MR-Egger and the weighted median provide consis-
tent results. MR-Egger showed no evidence of pleiotropic
bias (intercept £>0.05). In the multivariable MR analyses,
we observe that genetically predicted LDL-C levels are sig-
nificantly associated with cIMT in European individuals. In
African ancestry individuals, the multivariable MR results
for LDL-C identify an association in the same direction,
although not reaching conventional significance levels.

Limitations of our study were that we used different
sources for our outcome data, with different imaging
software. This, combined with the fact that cIMT tends
to be larger on average in African ancestry individuals
makes the comparison of effect size estimates diffi-
cult across ancestries. There may be differences in the
allele frequencies and linkage disequilibirum between
the exposure and outcome populations, as the exposure
data contains an admixed population. However, given
that most African-Americans are of West-African origin,
this differences might not be significant enough to bias
the estimate. Another potential issue is a lack of power,
especially in the African ancestry individuals, as repre-
sented by the wider Cls of the MR estimates. This may
explain the discrepancy in significant associations identi-
fied between European and African ancestry populations.

This MR study provides evidence to support that
LDL-C is a causal risk factor for cIMT in both European
and African ancestry individuals. It also provides evidence
that T2D is a risk factor for cIMT in Europeans, although
we did not find evidence to support this in African ances-
try individuals. This discrepancy may-in part-be attribut-
able to limited statistical power. We found no evidence
that there is a difference between European and Afri-
can ancestry individuals in the role of lipid traits and T2D
liability in affecting cIMT. These data are consistent with
the risk factor optimization strategies used to tackle ath-
erosclerosis in European ancestry populations equally
applying to African ancestry populations.
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