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Abstract

Aims Previous studies investigated the associations between sleep traits and cardiac diseases, but the evidence for the
causal inferences was unclear. This study aimed to explore the causal relationship between sleep and cardiac diseases by
virtue of Mendelian randomization (MR).

Methods and results Summary-level data for exposure variables (sleep duration, chronotype, and insomnia) and outcome
variables (ischaemic heart disease, atrial fibrillation, myocardial infarction, and heart failure) were derived from UK Biobank.
Data from the FinnGen consortium was used as a robustness check. In MR analysis, the inverse variance weighted (IVW)
method was applied to infer causality between exposure and outcome. MR-Egger regression was used to identify pleiotropy,
and MR-PRESSO outlier test was used to remove the pleiotropy of the genetic instruments. Based on UK Biobank, MR analysis
suggested that sleep duration was weakly associated with atrial fibrillation (OR = 0.9999, 95% Cl: 0.9998-0.9999) and ischae-
mic heart disease (OR = 0.9997, 95% Cl: 0.9995-0.9998). Insomnia was associated with ischaemic heart disease (OR = 1.0117,
95% Cl: 1.0051-1.0183) and myocardial infarction (OR = 1.0049, 95% Cl: 1.0019-1.0079). No associations were found between
chronotype and cardiac diseases (P > 0.05). We did not find pleiotropy except for insomnia with ischaemic heart disease and
myocardial infarction using MR-Egger regression, and MR-PRESSO analysis consistent with IVW. Finally, we obtained the same
direction as with UK Biobank using the FinnGen data.

Conclusions Sleep duration and insomnia might be the potential causal risk factors of cardiac diseases. As the OR was small,
these associations are probably not clinically relevant. Further validation studies are needed.
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Introduction

As a complex phenotype driven by genetic and lifestyle fac-
tors, sleep disturbance has led to many health problems.®
Over the past decades, there has been a growing interest in
exploring the extent of impaired sleep patterns on various
adverse health outcomes.”? Some observational studies re-
ported U-shaped associations between sleep duration and
cardiovascular diseases,>* and the harmful effects of insom-
nia on the heart have been confirmed.’ In addition, there
are some reports on the association between circadian
rhythm disorders and disease,® but there is limited evidence
on the role of chronotype on disease.’

Pathogenic mechanisms linking sleep duration to adverse
health outcomes might include reciprocal changes in circulat-
ing levels of leptin and hunger hormone.®° Changes in
hormone levels might affect appetite, promote obesity and in-
crease the risk of cardiovascular disease.’® In addition, in-
creased cortisol secretion and altered growth hormone me-
tabolism were associated with low-level inflammation, which
was also activated during short sleep periods and might have
implications for cardiovascular diseases.'* The duration of
sleep was inextricably linked to the quality of sleep. Further-
more, poor sleep quality might disrupt circadian rhythms.?
There was evidence that changes in the timing of circadian
rhythms might contribute to the development of disease,
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particularly metabolic disease.'® For example, independent of
sleep disturbance, evening people had a high risk of obesity**
and type 2 diabetes.'® However, the evidence was limited for a
causal relationship between chronotype and cardiac diseases.
Apart from, the evidence of the association between insomnia
and all cardiovascular diseases was found.'® A possible expla-
nation for the increased risk of cardiovascular disease in peo-
ple with insomnia was that insomnia was a hyperarousal
disorder that chronically activates the stress response,
resulting in increased metabolic rate, increased heart rate
and decreased heart rate variability.16 Whereas, it is difficult
to distinguish whether abnormal sleep patterns cause adverse
health outcomes or risk factors like poor health result in both
abnormal sleep patterns and adverse health outcomes.

Traditional observational studies are prone to be biased,
and no experimental studies explain causal associations be-
tween sleep traits and cardiac diseases, especially in healthy
participants. Mendelian randomization (MR) analysis is used
to explore causality between exposure and outcome, which
can empower causal explanation by using genetic instru-
ments (IVs) associated with exposure, such as sleep
duration.*”*® MR reduces the effect of both reverse causality
and bias as the IVs are assumed to be randomly allocated at
the meiosis and unrelated to confounder.*® Previous studies
have analysed the association of sleep duration and cardio-
vascular diseases, including atrial fibrillation (AF), ischaemic
heart disease (IHD) and myocardial infarction (MI),%° but re-
search on the associations of insomnia and chronnotype with
cardiac diseases are lacking. Recently, larger genome wide as-
sociation studies (GWAS) for insomnia,?* chronotype,?? and
cardiac diseases from UK biobank and FinnGen consortium
have become available. Therefore, this study aimed to inves-
tigate the causal associations of sleep traits (sleep duration,
short sleep, long sleep, chronotype, and insomnia) with car-
diac diseases [IHD, heart failure (HF), MI, and AF] by MR
analysis.

Material and methods
Genetic instruments for sleep traits
Single nucleotide polymorphisms (SNPs) were used as genetic

instrumental variable (IVs) in MR analysis. SNPs associated
with five sleep traits were used in our study, including sleep

duration, short sleep, long sleep, chronotype, and insomnia.
The GWAS data of self-reported habitual sleep traits were de-
rived from the UK Biobank and performed by Dashti et al.,?®
involving in sleep duration (n = 446 118), short sleep
(n =106 192 cases with <7 h of sleep relative to 305 742 con-
trols with 7-8 h of sleep), and long sleep (n = 34 184 cases
with >9 h of sleep to 305 742 controls with 7-8 h of sleep).
Chronotype often referred to as circadian preference, is a
physical and behavioural manifestation of the coupling be-
tween internal circadian cycles and the need for sleep, driven
by sleep homoeostasis.?* Genetic variants associated with
chronotype (n = 252 287 cases with morning chronotype
and n = 150 908 controls with evening chronotype) were ob-
tained from Jones SE’s study.>> The GWAS data of frequent
insomnia symptoms (n = 129 270 cases and n = 108 357
controls) were based on the UK biobank.?* Study subjects re-
ported whether they had symptoms of insomnia (‘never/
rarely’ vs. ‘usually’ insomnia symptoms). The detailed infor-
mation of GWAS data were listed in Table 1.

Genome wide association studies data sources
for cardiac diseases

The GWAS data for cardiac diseases were released by the
UK Biobank.2* UK Biobank enrolled around 500 000 adults,
aged from 37 to 73 years, from 22 assessment centres
across the United Kingdom during 2006 and 2010. For this
study, cardiac diseases were categorized into [IHD
(20 857 cases and 340 337 controls), HF (360 106 cases
and 361 194 controls), Ml (7018 cases and 354 176 controls)
and AF (5669 cases and 457 341 controls). Cardiac diseases
were defined according to ICD-10 (international classification
of diseases, 10th revisions, respectively) codes. Apart from,
FinnGen consortium (https://www.finngen.fi/fi) was used as
a robustness check, including IHD (11 139 cases and
85 360 controls), HF (8016 cases and 75 137 controls), Ml
(4065 cases and 85 760 controls), and AF (7 244 cases and
56 378 controls).

Instrumental variable selection

Ideal Vs were selected based on three important characteris-
tics. Firstly, the IVs should be closely related to exposure.

Table 1 Summary of genome-wide association studies (GWAS) datasets for sleep-related phenotypes

Phenotype GWAS data source PMID Sample size Study Race No. of SNPs
Sleep duration Dashti HS et al. 2019 30 846 698 446 118 people UK Biobank study European 78

Short sleep Dashti HS et al. 2019 30 846 698 106 192 cases and 305 742 controls UK Biobank study European 27

Long sleep Dashti HS et al. 2019 30 846 698 34 184 cases and 305 742 controls UK Biobank study European 8
Chronotype Lane M et al. 2019 30 696 823 252 287 cases and 150 908 controls UK Biobank study European 153
Insomnia Jones SE et al. 2019 30804 566 129 270 cases and 108 357 controls UK Biobank study European 48

No. of SNPs, the number of single nucleotide polymorphisms.
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Secondly, the IVs needed to be independent of possible
confounding factors. Thirdly, the IVs did not affect the out-
come directly, only possibly indirectly via the exposure.®®
We used four steps to select ideal 1Vs.?® First, only SNPs
achieved genome-wide significant (P < 5 x 10™%) were in-
cluded. We identified 78 SNPs for sleep duration, 27 SNPs
for short sleep, 8 SNPs for long sleep, 153 SNPs for sleep
chronotype, and 48 SNPs or frequency insomnia. Second,
we clumped SNPs for linkage disequilibrium (LD)*” (we only
kept the SNPs with the smaller association P-value for all
pairs of SNPs violating the assumption with r* > 0.001) based
on European ancestry reference data from the 1000 Ge-
nomes Project. Third, if the interest exposure SNPs were
not found in the cardiac diseases outcome, we used proxy
SNPs that were in high LD with the interest exposure SNPs.*®
Summary information of instruments achieved genome-wide
significant for sleep traits was presented in Supporting Infor-
mation, Data S1. Finally, in order to perform MR analysis, the
effect of a SNP on an outcome and exposure must be harmo-
nized to be relative to the same allele.

Statistical analysis

We tested the causality of different sleep traits with IHD, HF,
MI, and AF using inverse variance weighted (IVW) method,*’
which assumes that all SNPs are valid instruments or are inva-
lid in such a way that the overall bias is zero. We assume that
there are J genetic variants that are valid instrumental vari-
ables (IVs), the effect of the exposure on the outcome is lin-
ear with no effect modification, and the associations of the
genetic variants with the exposure and with the outcome
are linear without effect modification. The model relating
the variables is

E(X‘Gf =g, U= “) = Bxoj t Pxig + Bxul-
E(Y|Gi =g, U=u) =Py + Pyg + Pyt for j=1, .

E(Y|do(X =x), U=u) = 0o + O+ p,u
where X is the exposure, G1 are the genetic variants, Y is the

outcome, U is an unmeasured confounder, do (X = x) is Pearl’s
do-operator meaning that the value of the exposure is set to

x by intervention, and the causal effect parameter § = &for

Xi
all j=1, ..., J. This means that the ratio estimates for each ge-
netic variant are consistent estimates of the same causal pa-
rameter. The IVW estimate can be expressed as

N Zj@se (5) ”
Ow =———
2se (9,—)

Then, MR-Egger regression analysis was used to examine
whether there was violation of the main MR assumptions

due to directional pleiotropy.>® In addition, we performed
MR pleiotropy residual sum and outlier (MR-PRESSO) analysis
as comparable causal estimators after adjustment for
pleiotropy.3! Last, leave-one-out sensitivity analysis was per-
formed to confirm that the causal relationship was not driven
by a single 1V.32

The statistical analyses were conducted using the Two
SampleMR and MR-PRESSO packages in the R Version 4.0.5
software platform. Results were reported as odds ratio (OR)
with corresponding 95% confidence intervals (Cl) and
P-value.

Results
Mendelian randomization analyses

The potential causal associations between sleep traits and
cardiac diseases were tested using MR analysis. Table 2
and Figure 1 showed MR analyses results for sleep duration,
short sleep, long sleep, chronotype, and insomnia with
IHD, HF, MI, and AF using IVW methods. Positive results of
MR analyses detailed information could be found in
Supporting Information, Data S2.

For the causality between sleep duration and cardiac dis-
eases, MR analyses discovered that genetically determined
sleep duration was weakly associated with IHD (OR = 0.9997,
95% Cl: 0.9995-0.9998, P < 0.001) and AF (OR = 0.9999,
95% Cl: 0.9998-0.9999, P = 0.026), while no associations were
observed for sleep duration with HF (OR = 0.9999, 95% Cl:
0.9999-1.0000, P = 0.303) and MI (OR = 0.9999, 95% Cl:
0.9999-1.0000, P = 0.116). For the causality between short
sleep and cardiac diseases, MR analyses did not show evi-
dence for associations with IHD (OR = 1.0094, 95% Cl:
0.9983-1.0206, P = 0.096), HF (OR = 1.0012, 95% CI: 0.9988—
1.0036, P = 0.323), MI (OR = 1.004, 95% Cl: 0.9989-1.0091,
P = 0.117), and AF (OR = 1.0006, 95% Cl: 0.997-1.0043,
P = 0.707). For the causality between long sleep and cardiac
diseases, we observed an weak causal association of long
sleep with AF (OR = 0.9955, 95% Cl: 0.9919-0.9992,
P =0.018) using IVW method, but there were no associations
with IHD (OR =0.9944, 95% Cl: 0.9866—-1.0023, P = 0.169), HF
(OR = 0.9994, 95% Cl: 0.9971-1.0018, P = 0.680) and Ml
(OR=0.9971,95% Cl: 0.991-1.0031, P =0.351). For the causal-
ity between chronotype and cardiac diseases, MR analyses of
the chronotype instrument did not show evidence for associ-
ations with IHD (OR 1.0005, 95% Cl: 0.9934-1.0077,
P 0.880), HF (OR 0.9993, 95% Cl: 0.9978-1.0008,
P 0.378), MI (OR 0.9992, 95% Cl: 0.9957-1.0026,
P = 0.654), and AF (OR = 0.9984, 95% Cl: 0.9957-1.0012,
P =0.278) using IVW method. For the causality between in-
somnia and cardiac diseases, the Vs used for insomnia indi-
cated that insomnia increased the risk of IHD (OR = 1.0117,
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Table 2 Mendelian randomization estimates for the associations of genetically predicted sleep traits with cardiac diseases in UK Biobank

Outcome

AF
0Odds ratio (95% Cl)

MI

0Odds ratio (95% Cl)

HF
0Odds ratio (95% Cl)

IHD
Odds ratio (95% Cl)

SNPs
58

SNPs
59

SNPs

SNPs
59

Method

VW

Exposure

0.9998-0.9999)
0.9998-0.9999)
0.997-1.0043)

0.9976-1.0046)
0.9919-0.9992)
0.9929-0.9982)

0.9957-1.0012)

0.996-1.0014)

0.9986-1.0029)
0.9987-1.0028)

oo o oo oo oo

0.9999
0.9999
1.0006
1.0011
0.9955
0.9955
0.9984
0.9987
1.0007
1.0007

0.9999 (0.9998-1.0000)
0.9999 (0.9998-1.0000)
1.004 (0.9989-1.0091)

0.9999 (0.9999-1.0000)
0.9999 (0.9999-1.0000)
1.0012 (0.9988-1.0036)
1.001 (0.9986-1.0034)

0.9994 (0.9971-1.0018)

22

23

1.004 (0.9993-1.0088)
0.9971 (0.991-1.0031)

6

7

0.9971 (0.991-1.0031)

0.9994 (0.9971-1.0018)

101

0.9992 (0.9957-1.0026)
0.9993 (0.9959-1.0027)
1.0049 (1.0019-1.0079)
1.0053 (1.0024-1.0081)

0.9993 (0.9978-1.0008) 111

0.9992 (0.9977-1.0006)
1.0005 (0.999-1.0021)

33

35
1.0008 (0.9993-1.0024)

35

NN N N N~~~ o~ o~

0.9997 (0.9995-0.9998
0.9997 (0.9995-0.9998
1.0094 (0.9983-1.0206
1.0099 (0.9995-1.0204
0.9944 (0.9866-1.0023

MR-PRESSO

VW

Sleep duration

23

MR-PRESSO

VW

Short sleep

MR-PRESSO

VW

Long sleep

0.9944 (0.9872-1.0017

1.0005 (0.9934-1.0077
1.0007 (0.9937-1.0077
1.0117 (1.0051-1.0183

1.0129 (1.0064-1.0195
IVW, inverse variance weighted; MR-PRESSO, MR pleiotropy residual sum and outlier; IHD, ischaemic heart disease; HF, heart failure; MI, myocardial infarction; AF, atrial fibrillation; Cl,

confidence intervals; SNPs, the number of single nucleotide polymorphisms.

111

MR-PRESSO

VW

Chronotype

35

MR-PRESSO

Insomnia

95% Cl: 1.0051-1.0183, P < 0.001) and MI (OR =1.0049, 95%
Cl: 1.0019-1.0079, P =0.001). No association was observed for
insomnia with HF (OR = 1.0005, 95% Cl: 0.9990-1.0021,
P = 0.464) and AF (OR = 1.0007, 95% Cl: 0.9986-1.0029,
P = 0.483). MR-Egger regression was used to identify pleiot-
ropy, and the results were found in Supporting Information,
Data S3. It showed there was potential pleiotropy for insom-
nia with IHD and MI. However, the MR-PRESSO showed the
same results as IVW analyses and did not identified SNPs as
outlier. Apart from, using MR-PRESSO we obtained consistent
results with IVW methods on other causal association
analyses.

Sensitivity analysis

In the MR leave-one-out analysis using UK Biobank, we found
that the risk estimates of genetically predicted sleep duration
and AF slightly changed after excluding single SNP of
rs13088093. Excluding SNP of rs17688916, we found the
causal association between long sleep and AF disappeared.
However, the causal associations of sleep duration with IHD,
insomnia with IHD and insomnia with MI were shown to be
robust. Specific information could be found in Supporting
Information, Data S4.

Robustness check

In the validation analysis using the FinnGen data, genetically
determined sleep duration was weakly associated with four
cardiac diseases, including IHD (OR 0.9915, 95% ClI:
0.9852-0.9978, P = 0.009), AF (OR 0.9906, 95% Cl:
0.9825-0.9989, P = 0.027), MI (OR 0.9895, 95% Cl:
0.9809-0.9982, P = 0.019), and HF (OR = 0.9915, 95% ClI:
0.9853—-0.9977, P = 0.008). Short sleep was associated with
IHD (OR = 1.3453, 95% Cl: 1.0156-1.7821, P = 0.039) and
Ml (OR = 1.7133, 95% ClI: 1.1292-2.5995, P = 0.011).
Chronotype was associated with IHD (OR = 1.2821, 95% Cl:
1.0583-1.5531, P = 0.011), and no association was found
between long sleep and insomnia with four cardiac
diseases. Specific information could be found in Supporting
Information, Data S5.

Discussion

In this study, causal associations of sleep duration, long sleep,
short sleep, insomnia and chronotype with IHD, HF, MI, and
AF were investigated using MR analyses. Genetically
predicted sleep duration was weakly associated with AF
and IHD, and the results were confirmed in the FinnGen
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Figure 1 Mendelian randomization estimates for the associations of genetically predicted sleep traits with cardiac diseases in UK Biobank. IVW, in-
verse variance weighted; MR-PRESSO, IHD, ischaemic heart disease; HF, heart failure; MI, myocardial infarction; AF, atrial fibrillation; Cl, confidence

intervals.

IHD HF

Exposure OR(95%Cl1) Pvalue OR(95%CI1)

sleep duration 0.9997(0.9995-0.9998) 0.0007 0.9999(0.9999-1.0000)

short sleep 1.0094(0.9983-1.0206) 0.096 1.0012(0.9988-1.0036)

long sleep 0.9944(0.9866-1.0023)  0.1692 0.9994(0.9971-1.0018)

chronotype 1.0005(0.9934-1.0077) 0.8797 0.9993(0.9978-1.0008)

insomnia 1.0117(1.0051-1.0183) 0.0005 L 1.0005(0.9990-1.0021)

MR IVW estimate (95% Cl) MR IVW estimate (95% Cl)

M AF

pvalue OR(95%Cl) pvalue OR(95%Cl) pvalue

0.3026 0.9999(0.9998-1.0000)  0.1157 0.9999(0.9998-0.9999) 0.0259

0.3231 1.0040(0.9989-1.0091) 0.117 1.0006(0.9970-1.0043) 0.7074

0.6797 0.9971(0.9910-1.0031)  0.3508 0.9955(0.9919-0.9992) 0.0184

0.3781 0.9992(0.9957-1.0026)  0.6542 0.9984(0.9957-1.0012) 0.2779

0.464 1.0049(1.0019-1.0079)  0.0011 T 1.0007(0.9986-1.0029) 0.4828

1 101 102 099 0995 1 1.005

MR IVW estimate (95% Cl) MR IVW estimate (95% Cl)

consortium. Otherwise, the other results in UK Biobank and
FinnGen consortium were consistent in direction.

Cappuccinos et al.®®* found that both short and long
duration of sleep were predictors for cardiovascular out-
comes, and indicated that people with short sleep duration
were at higher risk for coronary cardiac disease than those
who sleep 7-8 h per day (relative risk = 1.48, 95% Cl: 1.22—
1.80, P < 0.001). Wang et al.>* found that the risk of coronary
heart disease increased by 11% for each hour of sleep reduc-
tion and by 7% for each hour of sleep increase, compared
with 7 h of sleep per day. In contrast, Hoevenaar-Blom et al.>*
suggested no association between long sleep duration and
cardiovascular disease, and the results were debated. Epide-
miological studies demonstrated an association between
sleep and cardiovascular disease®°3> but were unable to
prove whether there was a causal link between them.

Previous MR studies suggested that short sleep may be a
risk factor for MI*® and coronary artery disease.’® Further-
more, recent MR studies obtained inconsistent results regard-
ing the causal relationship between sleep duration and coro-
nary heart disease.>”*® Most of these studies focused on the
effect of single factor such as sleep duration on cardiovascular
diseases. However, the purpose of our study was to investi-
gate the effects of different sleep traits, including sleep dura-
tion, chronotype, and insomnia, on IHD, HF, MI, and AF. Our
study found sleep traits and cardiac diseases had weak associ-
ations, with OR of approximately 1, which was consistent with
the study of Larsson SC.3° Compared with Ai et al.,?° Our study
found similar results that genetically predicted sleep duration
was negatively associated with AF and IHD, and the IVs for
sleep duration, short sleep and long sleep were consistent.
We did not obtain non-linear MR result because of lacking in-
dividual data. Although definitive conclusions are hard to be
drawn, the possibility of false-positive or reverse causation
would be very low in our study because of the application of
strict IV selection procedure and MR test.

We observed slight discrepancy for the associations
between sleep traits and cardiac diseases in FinnGen consor-
tium and UK Biobank, which might be caused by higher prev-
alence of cardiac diseases in UK Biobank compared with Finn
Gen consortium. In leave-one-out MR analysis, we found

rs13088093 may dominate the estimate of the causal effect
between sleep duration and AF, and rs17688916 may domi-
nate the causal effect between long sleep and AF. Theoreti-
cally, if causality is proved by only one variant, then the valid-
ity of the reasoning depends only on that variant. Therefore,
the results of sleep duration and long sleep with AF may be
unstable.

The main strength of our study lied in the MR analysis,
using multiple SNPs as Vs for sleep traits, which minimized
confounding and reverse causal relationship. Although the
results were not identical using UK Biobank and FinnGen
consortium, they all suggested the effect of sleep traits on
cardiac diseases. Furthermore, after excluding the effect of
pleiotropy using MR-PRESSO, sensitivity analyses showed
the results were robust. Our study also had several
limitations. First, sleep duration, short sleep, long sleep,
chronotype, and insomnia were based on self-reported an-
swers, inevitably there were subjective bias. Secondly, only
European participants were included in our study to control
the influence of the genetic variation, so the results were less
likely to be generalized to other population. Lastly, we were
not able to assess the potential nonlinear associations of
sleep traits with cardiac diseases due to lack of individual
data.

This MR study indicated that genetically determined sleep
traits were associated with modest risks of most cardiac
diseases. As the effect size was small, these associations
may not be clinically relevant. However, because couples of
epidemiological studies reported quality of sleep was associ-
ated with incident of cardiovascular diseases, health benefits
of improving the quality of sleep to reduce the risk of
cardiac diseases still remained attractive.
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