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Impact of risk factors for major
cardiovascular diseases: a comparison of
life-time observational and Mendelian
randomisation findings

Lars Lind

ABSTRACT

Background This study compared the strength and
causality of associations between major risk factors for
cardiovascular disease (CVD) and the four major CVDs:
myocardial infarction, ischaemic stroke, heart failure

and atrial fibrillation. Both a long-term follow-up in an
observational cohort and Mendelian randomisation (MR)
were used for this aim.

Methods In the Uppsala Longitudinal Study of Adult

Men study, 2322 men, all aged 50 years, were assessed
for CVD risk factors and then followed for four decades
regarding incident CVDs. The two-sample MR part used
public available Genome-Wide Association Study (GWAS)
data.

Results In multivariate analyses, systolic blood pressure
was overall by far the most important risk factor, since it
was related to all four CVDs, both in observational and MR
analyses. Body mass index was the second most overall
important risk factor, being linked to all four CVDs, except
ischaemic stroke, both in observational and MR analyses.
Smoking was an important risk factor for ischaemic stroke
and heart failure, both in observational and MR analyses,
while low-density lipoprotein-cholesterol mainly was
related to myocardial infarction. Diabetes was mainly a
causal risk factor for incident myocardial infarction and
heart failure. Neither HDL-cholesterol nor triglycerides
were of major importance as risk factors in these
multivariable models.

Conclusion By combining long-term observational data
with genetic data, we show that the impact and causal
role of specific established cardiovascular risk factors
varies between different major CVDs. Systolic blood
pressure was causally related to all four cardiovascular
outcomes and was therefore, overall, the most important
risk factor.

INTRODUCTION

Our understanding of the strength of specific
cardiovascular risk factors for different cardi-
ovascular diseases (CVDs) is predominantly
based on data from longitudinal studies with
around 10 years follow-up.' From these data,
risk scores for coronary heart disease (CHD) 2
stroke,?’ heart failure* and atrial fibrillation®
have been constructed with data from the

,' Martin Ingelsson,? Johan Sundstrom,’ Johan Arnlov®*

Key questions

What is already known about this subject?
» A risk factor for different cardiovascular diseases
has previously been identified.

What does this study add?

» This study compares observational data with
Mendelian randomisation data for each traditional
risk factor regarding myocardial infarction, stroke
and heart failure.

How might this impact on clinical practice?

» It is of great importance to know which of the risk
factors found in observational studies that are
causal.

Framingham Heart Study, as well as other
studies.”” A common view from these studies
is that these four major CVDs share the
same risk factors, like systolic blood pressure
(SBP), diabetes, high low-density lipopro-
tein (LDL) and low high-density lipoprotein
(HDL)-cholesterol, obesity and smoking, but
that the strength of the specific risk factors
varies between the different CVDs.

In  epidemiological  settings, where
randomised control trials are often difficult to
implement, Mendelian randomisation (MR)
analysis can be used to assess causality.” The
method uses randomly distributed genetic
variants that are robustly associated with a risk
factor (the exposures in this case) as instru-
mental variables to test for causal effects on
an outcome. In recent years, a number of
MR studies have investigated the causal role
of cardiovascular risk factors for the devel-
opment of different CVDs.” " However, no
study has in a systematic fashion investigated
all the traditional risk factors versus the four
major CVDs; CHD, ischaemic stroke, heart
failure and atrial fibrillation. Furthermore,
in most Genome-Wide Association Studies
(GWAS) performed for CVDs, a majority of
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the cases were elderly. Thus, in these studies, the genetic
impact on the disease would have been present for many
decades prior to disease onset. Thus, if the results from
an MR study of risk factors on CVDs should be compared
with observational data, ideally, the observational data
should have a long follow-up period.

This study aims to fill a gap in our knowledge on shared
and specific causal risk factors for the four major CVDs.
First, the strength of the traditional risk factors for CHD,
ischaemic stroke, heart failure and atrial fibrillation were
investigated in a longitudinal study with 40 years follow-up
(the Uppsala Longitudinal Study of Adult Men, ULSAM
study). The impact of the risk factors was compared
between the different CVDs, and also compared with
their possible causal role evaluated by MR analyses.

METHODS

In 1970-1974, 2322 men all aged 50 years living in the
city of Uppsala, Sweden, were investigated as part of the
ULSAM (https://www.pubcare.uu.se/ulsam/). Of the
invited individuals, 82% accepted to participate.

Traditional risk factors

The baseline examination of ULSAM in the early 70s
when participants were 50 years old has been described
in detail previously.15 Fasting blood samples were drawn
in the morning after an overnight fast. Serum levels of
cholesterol and triglycerides, and HDL were assayed by
enzymatic techniques. Friedewald’s formula was used
to calculate LDL-cholesterol. Moreover, fasting blood
glucose was measured using an oxidase method. Supine
SBP and diastolic blood pressures were measured twice
in the right arm after 10 min rest, and means were calcu-
lated. Data on smoking status at baseline were based on
a questionnaire.

GVD diagnosis

Data on cause-of-death and hospitalisations were
retrieved from the Swedish Cause of Death Register and
the Swedish Hospital Discharge Register, respectively.
The four major CVDs were defined as: acute myocardial
infarction (International Classification of Diseases, Revi-
sion 8 (ICD-8) code 410, ICD-9 code 410 or ICD-10 code
120), ischaemic stroke (ICD-8 codes 431, 433-436, ICD-9
code 431, 433-436, ICD-10 code 163-166), heart failure
(ICD-8 codes 427.00, 427.10, 428.99, ICD-9 code 428, and
ICD-10 code 150, as well as hypertensive heart disease
with heart failure (ICD-10 code 111.0)) and atrial fibril-
lation (ICD-8 code 427.9, ICD-9 code 427D and ICD-10
code I48). In addition, we also used data from the ECG
recordings at the physical re-examinations at ages 60, 70,
77,82 and 87 years to identify additional cases of incident
atrial fibrillation. The accuracy of myocardial infarction,
stroke and atrial fibrillation in the Swedish registers have
been deemed of high quality.'® As the heart failure diag-
nosis has shown less validity, we performed additional
chart review based validation of heart failure events as
previously described.'” There was no lost to follow-up.

The baseline examination was performed in 1970-1974
and data on cause-of-death and hospitalisations were
obtained until 31 December 2014, giving four decades
of follow-up.

Statistics

In the observational part of the study, the distribution
of triglycerides was skewed to the right, therefore, an
In-transformation was performed to promote a normal
distribution. Thereafter, all continuous risk factors were
Z-transformed to enable comparisons of strengths of asso-
ciations between each risk factor and outcome. We used
Cox proportional hazards regression models to evaluate
the associations between the risk factors and the four
outcomes. First, each risk factor-outcome pair was eval-
uated in a separate model (univariate). Thereafter, all
seven risk factors entered the same model (multivariate).
Age at baseline and sex were the same in all subjects. The
proportional hazard assumption was met for all reported
significant results when evaluated by visual inspection of
Kaplan-Meier curves.

In the MR part of the study, summary data from
published GWAS studies regarding each exposure—
outcome pair were used in a two-sample approach: For
the lipids, data from the Global Lipids Consortium were
used.'”® Data from the GIANT consortium were used
for body mass index (BMI)." Data from the DIAGRAM
(DIAbetes Genetics Replication And Meta-analysis)
consortium were used for diabetes.” For current smoking
and SBP, available GWAS from UK biobank (http://
www.nealelab.is/uk-biobank) and own calculations using
UK biobank were used,” respectively. Regarding the
outcomes, data from the CARDIoGRAMplusC4D Consor-
tium were used for CHD,22 data from the METASTROKE
consortium were used for ischaemic stroke,”® GWAS from
the HERMES consortium was used for heart failure*
and for atrial fibrillation the recent large GWAS study by
Roselli et al was used.”

As instrument for the exposure, only independent
genetic variants (single nucleotide polymorpisms (SNPs))
with p<5x10~® were used. Independency of these variants
was evaluated by the clump command in the package
MRbase in R (V.3.6.1).

Just as in the case of the observational data, the risk
factors were evaluated one by one (univariate), as well as
all seven together (multivariate) in the MR models.

The inverse-variance weighted (IVW) test was consid-
ered as the primary MR test, and MR Egger and the
weighted median test as sensitivity tests. Both IVW and
MR Egger were used for both the univariate and multivar-
iate models, while the weighted median test was only used
in the univariate setting.

In order to define a significant association as causal, we
also demanded the causal estimates of the MR Egger test
and the weighted median test to be in the same order as
when using IVW, and the weighted median test to show
p<0.05.

2

Lind L, et al. Open Heart 2021;8:€001735. doi:10.1136/openhrt-2021-001735


https://www.pubcare.uu.se/ulsam/
http://www.nealelab.is/uk-biobank
http://www.nealelab.is/uk-biobank

Cardiac risk factors and prevention

Table 1 Baseline characteristics in the ULSAM study at

age 50

Variable

Mean (SD) or proportion (%)

Fasting glucose (mmol/L)
Triglycerides (mmol/L)
HDL (mmol/L)

LDL (mmol/L)

BMI (kg/m?)

SBP (mm Hg)

DBP (mm Hg)

Diabetes (%)

Current smoking (%)

5.5(0.9)
1.93 (1.24)
1.36 (.38)
5.26 (1.19)
25.0 (3.1)
133 (18)
83.7 (11.2)
4.1

51

BMI, body mass index; DBP, diastolic blood pressure; HDL, high-

density lipoprotein; LDL, low-density lipoprotein; SBP, systolic

blood pressure; ULSAM, Uppsala Longitudinal Study of Adult Men.

Myocardial infarction-ULSAM

STATA V.16 (Stata) was used for calculations if not
stated otherwise.

RESULTS
Baseline characteristics in the ULSAM study at age 50 are
given in table 1.

During the follow-up period, 552 incident cases of
myocardial infarction, 349 cases of ischaemic stroke,
405 cases of heart failure and 556 incident cases of atrial
fibrillation occurred.

Myocardial infarction

(Figure 1, online supplemental table 1) In the observa-
tional part of the study, all of the seven evaluated risk
factors were related to incident myocardial infarction
when analysed one by one (univariate). In the multivar-
iate model, HDL-cholesterol and triglycerides were no
longer significant. LDL, SBP and smoking were the risk

Myocardial infarction (MR-IVW)

Method HR (95% Cl) p-value method OR (95% Cl) pvalue
Triglycerides Triglycerides
Univariate * 1.36 (1.26, 1.47) 9.100e-15 Univariate L 1.29 (1.22, 1.37) 4.800e-18
Multivariate .- 1.08 (0.97, 1.20) A3 Multivariate a2 1.03(0.93,1.15) 57
HDL HDL
Univariate * 0.79(0.71,0.87)  4.300e-06 Univariate * 0.87 (0.82,0.91)  2.400e-08
Multivariate * 0.91(0.81, 1.02) 1M Multivariate * 0.94 (0.86,1.03) .16
LDL LDL
Univariate * 1.33(1.24,1.43)  8.600e-15 Univariate * 1.46 (1.40,1.53)  4.000e-63
Multivariate * 1.23(1.14,1.33) 1.800e-07 Multivariate - 1.36 (1.27, 1.46) 6.800e-18
BMI BMI
Univariate * 1.25(1.15,1.36)  7.900e-08 Univariate - 1.62(1.48,1.76)  6.300e-28
Multivariate * 1.15(1.04, 1.26) 004 Multivariate * 1.18 (1.09, 1.29) 000076
SBP SBP
Univariate * 1.28 (1.19, 1.39) 1.000e-10 Univariate 4 1.03(1.03,1.04)  3.700e-49
Multivariate * 1.22(1.12,1.33)  2.100e-06 Multivariate 4 1.03(1.02,1.08)  5.700e-27
Diabetes Diabetes
Univariate —&— 1.85(1.30, 2.65) .00072 Univariate id 1.13(1.08,1.17)  1.500e-08
Multivariate —_—— 1.63 (1.12, 2.36) .01 Multivariate d 1.07 (1.04, 1.11) 000066
Smoking Smoking
Univariate —— 1.71 (1.44,2.03) 5.700e-10 Univariate —4&— 2.19(1.73, 2.76) 4.900e-11
Multivariate —— 1.75(1.45,2.10) 1.800e-09 Multivariate —— 1.55 (1.21, 1.97) 00044

T T T T T T

5 1 15 25 5 1 15 25

Figure 1 Relationships between traditional risk factors and incident myocardial infarction. Left is results from the ULSAM
longitudinal study with 40 years follow-up and right is results from two-sample Mendelian randomisation (MR). Results are
given both for a univariate (risk factors analysed one by one) and a multivariate model (including all risk factors in the same
model). BMI, body mass index; HDL, high-density lipoprotein; IVW, inverse-variance weighted; LDL, low-density lipoprotein;
SBP, systolic blood pressure; ULSAM, Uppsala Longitudinal Study of Adult Men.
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Stroke-ULSAM

Stroke (MR-IVW)

Method HR (95% CI) p-value method OR (95% Cl) pvalue
Triglycerides Triglycerides
Univariate - 1.17 (1.06, 1.31) .003 Univariate 4 1.02 (0.95, 1.08) .62
Multivariate - 1.06 (0.92, 1.22) .38 Multivariate > 1.02 (0.91, 1.15) 7
HDL HDL
Univariate * 0.94 (0.84, 1.06) 34 Univariate - 0.95 (0.90, 0.99) 047
Multivariate * 1.00(0.88, 1.14) .83 Multivariate L 0.97 (0.88, 1.06) A48
LDL LDL
Univariate > 1.10(0.99, 1.23) 076 Univariate . 1.12(1.06, 1.17) 3.500e-06
Multivariate > 1.04 (0.93,1.17) 44 Multivariate 4 1.02 (0.95, 1.10) 57
BMI BMI
Univariate -+ 1.19(1.06, 1.32) .002 Univariate > 1.12(1.02, 1.23) 013
Multivariate - 1.09 (0.96, 1.24) 15 Multivariate L 0.98 (0.90,1.07) .68
SBP SBP
Univariate * 1.34(1.22,1.47) 1.500e-09 Univariate 4 1.03 (1.02, 1.03) 6.900e-36
Multivariate * 1.28 (1.15, 1.42) 1.900e-06 Multivariate 4 1.02 (1.02, 1.03) 2.000e-13
Diabetes Diabetes
Univariate —— 1.80(1.12,2.90) 015 Univariate 1.14 (1.09, 1.18) 2.200e-09
Multivariate -T—— 1.42(0.85,2.37) A7 Multivariate * 1.06 (1.03, 1.10) 001
Smoking Smoking
Univariate Fo— 1.19(0.97, 1.47) 097 Univariate —— 1.48 (1.20, 1.82) 00026
Multivariate —— 1.33 (1.06, 1.66) 012 Multivariate —— 1.50 (1.16, 1.95) 0021

T T T T T T

5 1 15 25 5 1 15 25

Figure 2 Relationships between traditional risk factors and incident ischaemic stroke. Left is results from the ULSAM
longitudinal study with 40 years follow-up and right is results from two-sample Mendelian randomisation (MR). Results are
given both for a univariate (risk factors analysed one by one) and a multivariate model (including all risk factors in the same
model). BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure;

ULSAM, Uppsala Longitudinal Study of Adult Men.

factors being most closely related to incident myocardial
infarction, with similar low p values.

In the MR part of the study, using IVW, all of the seven
evaluated risk factors were related to CHD in the univar-
iate analyses. However, the additional MR Egger and
weighted median analyses gave evidence against that
HDL-cholesterol is causally related to CHD. In the multi-
variate MR model, HDL-cholesterol and triglycerides
were no longer significant. In this analysis, LDL and SBP
were the two risk factors being most closely related to
incident myocardial infarction.

Ischaemic stroke
(Figure 2, online supplemental table 2)In the obser-
vational part of the study, triglycerides, BMI, SBP and
diabetes were related to incident ischaemic stroke in
the univariate analyses. In the multivariate model, only
smoking and SBP were significantly related to ischaemic
stroke. Of those two, SBP was by far the risk factor being
most closely related to ischaemic stroke.

In the MR part of the study, using IVW, all of the eval-
uated risk factors were related to CHD in the univariate

analyses but triglycerides. In the multivariate MR model,
only smoking, diabetes and SBP were significantly
related to ischaemic stroke. Of those three, SBP was
by far the risk factor being most closely related to isch-
aemic stroke.

Heart failure

(Figure 3, online supplemental table 3) In the obser-
vational part of the study, all risk factors but LDL were
related to incident heart failure in the univariate anal-
yses. In the multivariate model, BMI, smoking and SBP
were significantly related to heart failure. Of those three,
SBP and BMI were the risk factors being most closely
related to heart failure.

In the MR part of the study, using IVW, all of the eval-
uated risk factors were related to heart failure. In the
multivariate MR model, smoking, diabetes, BMI and SBP
were significantly related to heart failure. Of those four,
BMI was the risk factor being most closely related to heart
failure, followed by SBP.

Lind L, et al. Open Heart 2021;8:€001735. doi:10.1136/openhrt-2021-001735
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Heart failure-ULSAM

Heart failure (MR-IVW)

Method HR (95% Cl) p-value method OR (95% CI) pvalue
Triglycerides Triglycerides
Univariate > 1.20 (1.09, 1.33) 0.00024 Univariate * 1.14(1.09,1.20)  1.500e-07
Multivariate - 0.92 (0.81, 1.05) 0.25 Multivariate 4 1.02(0.93,1.12) .65
HDL HDL
Univariate * 0.84 (0.74, 0.94) 0.0033 Univariate L 0.93 (0.89, 0.97) 00085
Multivariate L 0.90 (0.80, 1.03) 0.14 Multivariate 0.98 (0.92, 1.06) 67
LDL LDL
Univariate 1.10 (0.99, 1.22) 0.055 Univariate . 1.16 (1.12, 1.20) 2.000e-17
Multivariate - 1.06 (0.95, 1.18) 0.26 Multivariate 4 1.02 (0.96, 1.08) .54
BMI BMI
Univariate - 1.47 (1.34, 1.62) <e-15 Univariate - 1.68 (1.56, 1.80)  8.700e-46
Multivariate - 1.40 (1.26, 1.56) 6.5e-10 Multivariate > 1.57 (1.46, 1.68) 1.000e-35
SBP SBP
Univariate - 1.41(1.80, 1.54) <e-15 Univariate y 1.02 (1.02, 1.02) 4.700e-26
Multivariate »> 1.35 (1.23, 1.48) 1.56-10 Multivariate ; 1.02(1.01,1.02)  2.820e-11
Diabetes Diabetes
Univariate ——> 1.73(1.11,272) 0.016 Univariate d 1.09 (1.05,1.12)  3.400e-07
Multivariate T—— 1.39 (0.86, 2.25) 0.18 Multivariate * 1.05 (1.02, 1.08) 0011
Smoking Smoking
Univariate —— 1.49 (1.22, 1.81) 0.000071 Univariate - 1.62(1.38, 1.92) 9.900e-09
Multivariate —— 1.70 (1.38, 2.09) 7.2e-07 Multivariate —— 1.28(1.05,1.57) 016

T T T T T T

5 1 15 25 5 1 15 25

Figure 3 Relationships between traditional risk factors and incident heart failure. Left is results from the ULSAM longitudinal
study with 40 years follow-up and right is results from two-sample Mendelian randomisation (MR). Results are given both for
a univariate (risk factors analysed one by one) and a multivariate model (including all risk factors in the same model). BMI,
body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure; ULSAM, Uppsala

Longitudinal Study of Adult Men.

Atrial fibrillation

(Figure 4, online supplemental table 4)In the observa-
tional part of the study, BMI and SBP were related to
incident atrial fibrillation in the univariate analyses. In
the multivariate model, BMI and SBP, but also diabetes
and LDL, were significantly related to atrial fibrillation,
the latter two in a negative fashion. Of those four, SBP
and BMI were the risk factor being most closely related to
atrial fibrillation with equally low p values.

In the MR part of the study, SBP, BMI and smoking
were related to atrial fibrillation. In the multivariate MR
model, only BMI and SBP were significantly related to
atrial fibrillation. Of those four, BMI was the risk factor
being most closely related to atrial fibrillation, followed
by SBP.

DISCUSSION

The novelty of this study is that we investigated all the
traditional cardiovascular risk factors for the four major
CVDs in a systematic and comprehensive fashion both

univariate and multivariate, and both in a long-term
observational setting, as well as using MR.

SBP was related to all four CVDs in a powerful, multivar-
iate fashion both in the observational and MR part of the
study, thus being the overall most important risk factor
for a major CVD. While the important role of SBP is well-
known from epidemiological studies since decades, data
from MR studies for all major CVDs have been lacking.

BMI was the second most powerful risk factor from
an overall perspective, since BMI was related to all the
four CVDs, except ischaemic stroke, in the multivariate
models.

Several studies have used the MR technique to inves-
tigate the causal role of obesity, measured by BMI, on
CVDs. In early studies, a polygenetic gene score with a
limited number of SNPs for BMI was related to CHD,9
and heart failure.'’ In a later study using multiple SNPs
as genetic instruments, the early findings were repro-
duced and, in addition, a causal relationship with isch-
aemic stroke was demonstrated.'’ Following these early
findings, the causal role of obesity for CHD, heart failure

Lind L, et al. Open Heart 2021;8:€001735. doi:10.1136/0penhrt-2021-001735
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I

Atrial fibrillation-ULSAM Atrial fibrillation (MR-IVW)

Method HR (95% CI) p-value method OR (95% Cl) pvalue
Triglycerides Triglycerides
Univariate * 1.05(0.96, 1.15) .26 Univariate 0.97 (0.93, 1.01) .16
Multivariate * 0.90(0.80, 1.01) .89 Multivariate * 0.93 (0.85, 1.01) 075
HDL HDL
Univariate * 0.91(0.83, 1.01) .057 Univariate * 0.99 (0.95, 1.02) 45
Multivariate * 0.94 (0.84, 1.05) 3 Multivariate * 0.92 (0.86, 0.98) 0093
LDL LDL
Univariate * 0.97 (0.88, 1.06) 46 Univariate * 1.01 (0.98, 1.05) 39
Multivariate * 0.89 (0.80, 0.99) .039 Multivariate * 1.01 (0.96, 1.06) 7
BMI BMI
Univariate L 4 1.29 (1.18,1.40)  3.400e-09 Univariate * 1.44 (1.35,1.564)  6.600e-28
Multivariate - 1.17 (1.06, 1.30) .0016 Multivariate . 1.26 (1.18, 1.34) 1.800e-12
SBP SBP
Univariate - 1.27(1.17,1.37) 3.700e-08 Univariate L 4 1.01 (1.01, 1.02) 3.500e-12
Multivariate * 1.16 (1.05, 1.26) 0015 Multivariate * 1.01 (1.00, 1.01) 0001
Diabetes Diabetes
Univariate —— 0.54 (0.29, 1.01) .055 Univariate < 0.98 (0.95, 1.01) 22
Multivariate - 0.37(0.18, 0.76) .0067 Multivariate * 0.99 (0.96, 1.01) .36
Smoking Smoking
Univariate - 1.09 (0.92, 1.29) 31 Univariate - 1.19 (1.02, 1.39) 023
Multivariate - 1.01(0.84, 1.22) 91 Multivariate H— 1.14 (0.95, 1.37) 16

T T T T T T

5 1 15 25 5 1 15 25

Figure 4 Relationships between traditional risk factors and incident atrial fibrillation. Left is results from the ULSAM
longitudinal study with 40 years follow-up and right is results from two-sample Mendelian randomisation (MR). Results are
given both for a univariate (risk factors analysed one by one) and a multivariate model (including all risk factors in the same
model). BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure;

ULSAM, Uppsala Longitudinal Study of Adult Men.

and stroke have been reproduced by other studies, and
also a causal role of obesity regarding atrial fibrillation
has been demonstrated.”* We did also find BMI to be
significantly related to ischaemic stroke in the univar-
iate models used both in the observational and MR part,
but BMI was not significant in the multivariate models.
Since multivariate MR was not used in the above cited MR
studies, this fact might explain the discrepant findings.

Smoking was an important risk factor for ischaemic
stroke and heart failure, both in observational and MR
analyses in the multivariate models. Two previous studies
have shown smoking to be causally related to ischaemic
stroke,” * but MR studies regarding smoking and heart
failure are lacking.

LDI -cholesterol was of major importance for myocar-
dial infarction, but was not significant for other CVDs
in the multivariate models. HDIL-cholesterol and
triglycerides were mainly significant in the univariate
models, but not in the multivariate fashion. Although it
has uniformly been shown that LDL-cholesterol is causally
related to CHD and ischaemic stroke.'**' The role of
HDL-cholesterol as causal risk factor has previously been

disproved." " A causal action of elevated triglycerides has
been proposed.'” '* In addition, genetic instruments for
LDL-cholesterol and triglycerides have been associated
with heart failure incidence,14 but the causal role of lipids
for atrial fibrillation is little known. Since multivariate
MR was not generally used in these other MR studies, this
fact might explain the discrepant findings regarding the
role of LDL-cholesterol versus stroke and heart failure.
LDIL-cholesterol was in fact related to stroke and heart
failure in the univariate MR models.

Diabetes was mainly a causal risk factor for incident
myocardial infarction and heart failure in our multivar-
iate models. Several studies have shown that diabetes,
high glucose levels or elevated haemoglobin Alc are
causally related to CHD and ischaemic stroke,” ™ but we
could not find any previous MR studies on diabetes as a
risk factor for heart failure or atrial fibrillation. Again,
since multivariate MR was not generally used in these
other MR studies, this fact might explain the discrepant
findings regarding the role of diabetes versus stroke. In
the univariate MR models, diabetes was related to isch-
aemic stroke.
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The observational part of the study did not disclose any
unexpected findings. We did not find LDL-cholesterol
and smoking to be associated with ischaemic stroke, as
reported by others.” At the baseline investigation in the
early 70s, half of the cohort were active smokers. The
smoking rate then rapidly declined during the coming
two decades to 20%.% Therefore, information on
smoking only at baseline in the 1970s might not be suffi-
cient information to capture the full burden of smoking
during four decades. Also, LDL-cholesterol declined
by >1 mmol/L during the subsequent two decades due to
general changes in dietary preferences in Sweden during
the 70s and eighties. Other risk factors did not change so
dramatically during the follow-up period.

Strengths and limitations

Strengths of the observational part of the study include
a homogeneous cohort, prospective collection of risk
factors, zero lost to follow-up and a long follow-up
period, allowing evaluation of effects of risk factors over a
prolonged period of time, a situation that resembles the
MR situation. Another strength is that we could evaluate
associations of all risk factors for all four CVDs in both
the observational and MR setting in a comprehensive way,
and that we used both univariate and multivariate models
in both the observational and MR part. The major limi-
tation of our observational study is that we only studied
Swedish men, rendering an unknown generalisability to
women and other ethnic groups.

While the evaluation of risk factors in the observa-
tional part of the study was performed in a single sample,
the MR part used multiple GWASs for the different risk
factors and four GWAS:s for the outcomes. The GWASs for
risk factors have different strengths as instrumental vari-
ables, just as the GWASs for the outcomes show different
power in finding genetic loci for the outcomes. There-
fore, the MR part of the study is more heterogeneous and
the causal estimates are not readily comparable between
the risk factors or the outcomes.

CONCLUSION

By combining long-term observational data with genetic
data, we show that the impact and causal role of specific
established cardiovascular risk factors varies between
different major CVDs. SBP was causally related to all four
cardiovascular outcomes, and was therefore the overall
most important risk factor.
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