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Association of physical activity, sedentary
behaviours and sleep duration with
cardiovascular diseases and lipid profiles: a
Mendelian randomization analysis
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Abstract

Background: Observational studies have shown that moderate-to-vigorous physical activity (MVPA), vigorous
physical activity (VPA), sedentary behaviours, and sleep duration were associated with cardiovascular diseases (CVDs)
and lipid levels. However, whether such observations reflect causality remain largely unknown. We aimed to
investigate the causal associations of physical activity, sedentary behaviours, and sleep duration with coronary artery
disease (CAD), myocardial infarction (MI), stroke and lipid levels.

Methods: We conducted a Mendelian randomization (MR) study using genetic variants as instruments which are
associated with physical activity, sedentary behaviours, and sleep duration to examine the causal effects on CVDs
and lipid levels. This study included analyses of 4 potentially modifiable factors and 7 outcomes. Thus, the threshold
of statistical significance is P = 1.8 × 10− 3 (0.05/4 × 7) after Bonferroni correction.

Results: In the present study, there was suggestive evidence for associations of genetically predicted VPA with CAD
(odds ratio, 0.65; 95% confidence intervals, 0.47–0.90; P = 0.009) and MI (0.74; 0.59–0.93; P = 0.010). However, genetically
predicted VPA, MVPA, sleep duration and sedentary behaviours did not show significant associations with stroke and
any lipid levels.

Conclusions: Our findings from the MR approach provided suggestive evidence that vigorous exercise decreased risk
of CAD and MI, but not stroke. However, there was no evidence to support causal associations of MVPA,sleep duration
or sedentary behaviours with cardiovascular risk and lipid levels.

Translational perspective: The findings of this study did not point out specific recommendations on increasing
physical activity required to deliver significant health benefits. Nevertheless, the findings allowed clinicians and public
health practitioners to provide advice about increasing the total amount of excising time by demonstrating that such
advice can be effective. Reliable assessment of the association of physical activity levels with different subtypes of CVDs
is needed to provide the basis for a comprehensive clinical approach on CVDs prevention, which can be achieved
through lifestyle interventions in addition to drug therapy.
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Background
Cardiovascular diseases (CVDs) have become serious
public health issues, which are the leading causes of
death globally [1]. Etiology of CVDs is complex, includ-
ing genetics and environmental factors such as diet and
lifestyle [2–4]. A composite of light PA, sufficient sleep,
and high sedentariness was responsible for the increased
risk of CVDs according to a cross-sectional study [5].
Several observational studies have provided evidence for
the significant association between CVDs and physical
inactivity [6–8]. Importantly, a recent meta-analysis of
36 studies concluded that increased levels of physical ac-
tivity was significantly associated with lower risk of
CVDs [9]. Nevertheless, such observational studies were
influenced by the possibility of confounding and reserve
causation. In addition, epidemiological researches mainly
rely on self-reported information, which may be inaccur-
ate and subject to misclassification.
A recent community-based randomized controlled trial

(RCT) suggested that physical activity had beneficial ef-
fects on adverse cardiovascular events in both the short-
and medium-term [10]. Furthermore, there was a small
benefit for reducing sedentary time to improve biomarkers
of cardiometabolic risk in a cluster RCT [11]. Although
RCTs have explored the effect of physical activity and sed-
entary behaviours on cardiovascular risk, the results are
still inconclusive [10, 11]. Taken the limited duration of
intervention trials into account, the information on poten-
tial long-term side effects may not be obtained, which also
leads to bias in the results [12]. Therefore, the causal asso-
ciations of physical activity, sedentary behaviours, and
sleep duration with CVD remain uncertain.
The two-sample mendelian randomization (MR) is a

widely used method for evaluating the casual relationships
between risk factors and disease outcomes [13–16]. MR
exploits the fact that alleles are randomly assigned from
parents to offspring, which are unlikely to be affected by
confounding factors. Moreover, issues of reverse causation
are avoided because genotypes that are fixed at zygote for-
mation could not be affected by diseases [17]. A recent
MR study has shown that genetic instruments can be used
to reveal causal relationships of physical activity with the
risk of disease outcomes [18]. Therefore, such a method
can be used in a large study design to uncover if and how
lifestyle factors cause CVDs, under the premise that neces-
sary assumptions are satisfied.
Therefore, in the present study, we used this MR ap-

proach to estimate the causal effect of physical activity,
sedentary behaviours, and sleep duration on CVDs such
as stroke, myocardial infarction (MI) and coronary artery
disease (CAD). In complementary analysis, we investi-
gated the role of four lifestyle factors on lipids including
high density lipoprotein (HDL), low density lipoprotein
(LDL), total cholesterol (TC) and triglycerides (TG).

Methods
Exposure and instrumental variables
We selected four lifestyle factors that have been shown
to be strongly associated with CVDs in observational
studies, including moderate-to-vigorous physical activity
(MVPA), vigorous physical activity (VPA) [19–21], sed-
entary behaviours [22, 23], and sleep duration [24–26].
Then we searched PubMed and identified 3 publications
reporting genome-wide association studies (GWAS)
conducted for four lifestyle factors [27–29]. From these
GWASs, 9 single nucleotide polymorphisms (SNPs) were
identified with MVPA, 5 SNPs were identified with
VPA, 4 SNPs were identified with sedentary behaviours
and 7 SNPs were identified with sleep duration, showing
strong association for genome-wide significance (P < 5 ×
10− 8) with four lifestyle factors respectively. Besides, we
chose the genetic variant with the lowest P value for as-
sociation with each lifestyle factor if genetic variants are
in linkage disequilibrium (LD). We included summarized
statistics (effect size estimates and their standard errors)
on four lifestyle factors including MVPA, VPA, seden-
tary behaviours and sleep duration from published
GWAS (Table 1). The SNPs significantly associated with
the lifestyle factors in our study were used as instrumen-
tal variables (IVs) for lifestyle factors.

Data sources
For disease outcomes, the summary statistics are extracted
from the Coronary ARtery DIsease Genome wide Replica-
tion and Meta-analysis (CARDIoGRAM) plus the Coronary
Artery Disease (C4D) Genetics (CARDIoGRAMplusC4D)
consortium for CAD (60,801 cases and 123,504 controls),
and MI (43,676 cases and 128,197 controls), respectively
[30]; from the NINDS Stroke Genetics Network (SiGN)
and International Stroke Genetics Consortium (ISGC) for
stroke (37,792 cases and 397,209 controls) [31]. For lipid
profiles, we extracted summary-level data from the Global
Lipids Genetics Consortium (GLGC) consortium (n = 188,
577) for lipid levels such as HDL, LDL, TC and TG [32].
Detailed information about summary data for the associa-
tions of the genetic variants with the lifestyle factors and
CVDs and lipid levels are presented in Table 2 and
eTable 1–7.
CAD cases status were defined broadly, including MI,

acute coronary syndrome, chronic stable angina, or cor-
onary artery stenosis greater than 50% [30]. Stroke cases
were recruited between 1989 and 2012, aged 16 to 104
years, and subtypes of ischaemic stroke were recorded
by centrally trained and certified investigators who used
the web-based protocol, Causative Classification of
Stroke (CCS) [31]. In addition, lipids GWAS evaluated
the additive effects of each SNP on blood lipid levels
after adjusting for age and sex, and individuals known to
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be on lipid levels lowering medications were excluded
[32].

Mendelian randomization analysis
A two-sample MR method was used in the present study
using summary level data with a beta-coefficient and the
standard error from the regression of the lifestyle factors
on the genotype and similar data for the regression of the
disease outcomes on the genotype [12]. Recently, the two-
sample MR method is widely applied because of the large
amount of public data from the global GWAS collabor-
ation group. To make genetic variant qualified as a valid
instrument for causal inference, the MR approach we used
must satisfy the following three core assumptions: genetic
variants are associated with the exposure; genetic variants
are not associated with confounders; genetic variants

influence risk of the outcome only through the exposure,
not through other pathways (Fig. 1).
We first harmonized the effect of exposure and out-

come data sets containing combined information on
SNPs, phenotype, effect allele, effect size, standard error
for selected SNPs. In the main analyses, we calculated
the odds ratio (OR) and 95% confidence intervals (CIs)
for IVs by dividing the per-allele log-OR of CVDs by the
per-allele difference in four lifestyle factors for each gen-
etic variant respectively, using four different MR
methods in which the conventional fixed effect inverse
variance weighted method (IVW) is in a key position to
get causal estimates. Besides, simple median method,
weighted median method and MR-Egger regression
method are performed as sensitivity analyses for lifestyle
factors that are found to be significantly associated with
CVDs. The weighted median method has a high

fig. 1 Assumptions of a Mendelian randomization analysis for lifestyle factors and risk of cardiovascular diseases. Broken lines represent potential
pleiotropic or direct causal effects between variables that would violate Mendelian randomization assumptions. MVPA =moderate-to-vigorous
physical activity, VPA = vigorous physical activity; CAD = coronary artery disease, MI =myocardial infarction

Table 2 Description of cardiovascular outcomes

Cardiometabolic factors Consortium or study Sample size# Population Year

Lipids The Global Lipids Genetics 188,578 Trans-Ethnics 2013

Diseases

CAD CARDIoGRAM and CARDIoGRAMplusC4D 60,801/123,504 Trans-Ethnics 2015

MI CARDIoGRAM and CARDIoGRAMplusC4D 43,676/128,197 Trans-Ethnics 2015

Stroke SiGN and ISGC 37,792/397,209 Trans-Ethnics 2016
#Reports total sample size or case/controls;
Lipids include high density lipoprotein (mg/dL), low density lipoprotein (mg/dL), total cholesterol (mg/dL), triglycerides (mg/dL)
CAD: coronary artery disease; MI: myocardial infarction; CARDIoGRAMplusC4D: the Coronary ARtery DIsease Genome wide Replication and Meta-analysis
(CARDIoGRAM) plus the Coronary Artery Disease (C4D) Genetics (CARDIoGRAMplusC4D) consortium; SiGN: the NINDS Stroke Genetics Network; ISGC: International
Stroke Genetics Consortium

Zhuang et al. Lipids in Health and Disease           (2020) 19:86 Page 5 of 11



tolerance for pleiotropy, which provides a consistent esti-
mate if at least 50% of the weight comes from valid SNPs.
To see if there is directional pleiotropy existing in the
IVW estimates, the MR-Egger analysis was conducted to
test whether there is evidence of the intercept parameter
being different from zero. In the absence of directional
pleiotropy, the IV estimates of each SNP should be distrib-
uted symmetrically near the point estimation, indicating
that there is no systematic bias in the results. Heterogen-
eity in odds ratio was quantified using the I2 test.
The results of the present study are shown as OR (95%

CIs) per genetically predicted increase in each lifestyle
factor. We selected SNPs associated with self-reported
levels of physical activity which were measured via a
touchscreen questionnaire in the UK Biobank [27]. The
measurement of MVPA like carrying light loads, cycling
at normal pace was taking the sum of total minutes/
week of MVPA multiplied by four and the total number
of VPA minutes/week multiplied by eight, which were
corresponding to metabolic equivalents. However, mi-
nutes/week of VPA such as fast cycling, aerobics, heavy
lifting were divided into those meeting the 3 days/week
of VPA at 25/mins per day vs. 0 days of VPA because
the heritability of VPA has previously been shown to be
high [27]. Sedentary was measured by self-reported dur-
ation of sedentary behaviours, which may occur in sit-
ting, reclining or lying postures [28]. Furthermore, sleep
duration was measured by self-reported usual hours of
sleep at night [29]. It’s worth noting that the estimates
represent the odds ratio per 1 unit higher log odds of
the risk factor for the binary risk factors like VPA.
All analyses were performed with Stata version 14.2

(StataCorp, College Station, TX) and R version 3.5.3 (R

foundation). Taken multiple testing into account, we ap-
plied Bonferroni correction in the genetic association
analyses, thus the threshold of statistical significance is
0.05 / (3 outcomes × 4 factors) = 0.00417. P < 0.05 but
above the Bonferroni corrected significance threshold
was considered as suggestive evidence for a potential
association.

Results
Coronary artery disease (CAD)
We found evidence of a potential protective effect of
genetically predicted VPA on CAD (IVW OR, 0.65 for
CAD per 1 unit higher log odds in VPA; 95% CI, 0.47–
0.90; P = 0.009) (Fig. 2 and eFigure 1); simple median
and weighted median yielded similar pattern of effects;
the results of the MR-Egger method confirmed the ab-
sence of evidence for directional pleiotropy (P = 0.258)
(eTable 8). However, there was no significant associ-
ation between CAD and genetically predicted MVPA
(IVW OR, 1.38 for CAD per 1-SD higher in MVPA; 95%
CI, 0.55–3.47; P = 0.499), genetically predicted sleep dur-
ation (IVW OR, 1.00 for CAD per 1-SD higher in sleep
duration; 95% CI, 0.99–1.00; P = 0.162) or genetically
predicted sedentary behaviours (IVW OR, 1.14 for CAD
per 1-SD higher in sedentary behaviours; 95% CI, 0.61–
2.10; P = 0.687), which provided insufficient data for al-
ternative MR methods and sensitivity analyses (Fig. 2).

Myocardial infarction (MI)
Our MR results suggested higher log odds of genetically
predicted VPA was associated with lower risk of MI
(IVW OR, 0.74 for MI per 1 unit higher log odds in
VPA; 95% CI, 0.59–0.93; P = 0.010) (Fig. 2 and eFig. 2);

Fig. 2 Odds ratio for association of genetically predicted lifestyle factors with cardiovascular diseases. OR: odds ratio; CI: confidence internal. OR
(95% CI) means risk of cardiovascular diseases per 1 SD increase of continuous factors or per 1 unit log odds increase of binary factors. SNPs =
single nucleotide polymorphisms; MVPA =moderate-to-vigorous physical activity, VPA = vigorous physical activity; MI = myocardial infarction,
CAD = coronary artery disease
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the simple median and the weighted median methods
obtain consistent results with the IVW; there is no evi-
dence of directional pleiotropy in the genetic instrument
using the Egger intercept test (P = 0.560) (eTable 8).
Nonetheless, we observed that genetically predicted
MVPA (IVW OR, 1.88 for MI per 1-SD higher in
MVPA; 95% CI, 0.52–6.79; P = 0.338), genetically pre-
dicted sleep duration (IVW OR, 1.00 for MI per 1-SD
higher in sleep duration; 95% CI, 1.00–1.00; P = 0.688),
and genetically predicted sedentary behaviours (IVW
OR, 1.45 for MI per 1-SD higher in sedentary behav-
iours; 95% CI, 0.89–2.37; P = 0.140) were not significant
associated with MI (Fig. 2).

Stroke
There was no significant association to be found between
four lifestyle factors and stroke, including genetically pre-
dicted MVPA (IVW OR, 1.33 for stroke per 1-SD higher
in MVPA; 95% CI, 0.58–3.05; P = 0.501), genetically pre-
dicted sleep duration (IVW OR, 1.00 for stroke per 1-SD
higher in sleep duration; 95% CI, 1.00–1.01; P = 0.231),
genetically predicted VPA (IVW OR, 1.23 for stroke per 1
unit higher log odds in VPA; 95% CI, 0.77–1.97; P = 0.381
and genetically predicted sedentary behaviours (IVW OR,
0.85 for stroke per 1-SD higher in sedentary behaviours;
95% CI, 0.48–1.52; P = 0.589) (Figure 2).

Lipids
We further examined the causal effects of the lifestyle
factors on HDL, LDL, TC and TG, and we did not find
that lifestyle factors SNPs were associated with any lipids
(Fig. 3). Results were similar in sensitivity analyses that

used the simple median and weighted median methods.
However, directional pleiotropy existed in the associa-
tions of MVPA or sleep duration with almost all lipids
(P<0.05), which may influence the results. (eTable 9).

Discussion
In the present study, using the MR approach, we for the
first time investigated whether the previously observed
significant associations of physical activity, sedentary be-
haviours and sleep duration with risk of CVDs were
causal. The MR analysis supported the hypothesis that
vigorous exercise may be an effective prevention strategy
for CAD and MI. However, there was no evidence using
this method and these SNPs to support the associations
of MVPA, sedentary behaviours or sleep duration with
cardiovascular outcomes and lipids.
Several observational studies have investigated the asso-

ciation of self-reported physical activity levels with inci-
dence of CVDs. According to the PURE study, a
prospective cohort study in 130 000 people from 17 high-
income, middle-income, and low-income countries, higher
recreational and non-recreational physical activity was as-
sociated with a lower risk of mortality and CVD events
[20]. A population-based prospective cohort study, which
included 487,334 adults in 10 (5 urban, 5 rural) areas
across China, suggested that total physical activity was in-
versely associated with the risk of major vascular events
among Chinese adults [33]. A protective effect of physical
activity on CVDs has also been observed in a smaller co-
hort study with median follow-up of 6.7 years [34]. Some
epidemiology studies, mostly of RCTs, indicated that
physical activity interventions was beneficial to improving

Fig. 3 Odds ratio for association of genetically predicted lifestyle factors with lipids. ES: effect size; CI: confidence internal. ES (95% CI) means risk
of changes in lipids per 1 SD increase of continuous factors or per 1 unit log odds increase of binary factors. SNPs = single nucleotide
polymorphisms; MVPA =moderate-to-vigorous physical activity, VPA = vigorous physical activity; HDL = high density lipoprotein, LDL = low density
lipoprotein, TC = total cholesterol, TG = triglycerides
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cardiovascular health [10, 35]. To our best knowledge, the
present study may be the first time to assess physical ac-
tivity as a causal risk factor for CVDs including CAD, MI
and stroke using the MR design with summarized data
from GWAS with up to about 377,000 individuals [27].
The association appeared to be driven by VPA, whereas
no association was observed with MVPA, which meant
that vigorous activity levels seems to be more important
than total activity time on high cardiovascular fitness [36].
We are not aware of any previous MR study assessing

the association of generally predicted physical activity
with CAD and MI. Our results of the potential relation-
ship between physical activity and CAD or MI were con-
sistent with a prospective population-based Rotterdam
Study among 5901 elderly participants showing that spe-
cific physical activity types provided beneficial effects on
risk of CAD [37]. Likewise, higher levels of leisure-time
physical activity had a strong, graded, inverse association
with the risk of acute myocardial infarction in a cohort
study of 5-year follow-up [38]. In addition, a case-
control study suggested that sports-related physical ac-
tivity is associated with a lower risk of onset of AMI
than inactivity in Chinese CAD patients [39].
Nevertheless, we found no significant association of

physical activity with stroke, different from conclusions
of previous observational studies that suggested physical
activity reduced the risk of stroke [40, 41]. But this MR
study confirmed the findings from a Japanese prospect-
ive study showing that excessive vigorous-intensity activ-
ities might not be beneficial or even disadvantageous for
prevention of hemorrhagic stroke for Japanese people
[42]. Likewise, there was few significant effect of physical
activity on lipid profiles among groups in intervention
studies, which was consistent with our null finding [43,
44]. Further investigations are warranted to elucidate the
potential association between physical activity and differ-
ent stroke subtypes or lipids.
Furthermore, in the present MR analysis, there was no

evidence of association of genetically predicted sleep
duration, MVPA and sedentary behaviours with CVDs
and lipids. Our results did not support previous finds
from some observational studies, which showed that
MVPA favorably reduced cardiometabolic risk [21] and
sedentary behaviours and long sleep duration caused
prejudice to cardiometabolic health [22–24] respectively.
However, results from these epidemiology studies were
inconsistent [25, 45, 46]. Our null findings suggested
that the previously observational association between the
lifestyle factors and cardiometabolic disease in earlier
observational studies might be false positive which
mainly attributed to reverse causation or confounding.
The present analysis, using the genetic variants strongly
associated with lifestyle factors explain a larger part of
variance, shows the true null association. We cannot

exclude, however, the possibility that such association
may have been diluted because of the potential plei-
otropy due to lots of variants. Therefore, further large
intervention trial is needed to explore the effect of sleep
duration, MVPA and sedentary behaviours on cardiovas-
cular risk.
Accumulating evidence have suggested that regular

physical activity has known health benefits and is associ-
ated with reduced risk of CVDs. According to previous
study, VPA is defined as physical activities that make
participants sweat or breathe hard such as fast cycling,
aerobics and heavy lifting, without precise index mea-
surements [27]. Increasing VPA can lower blood pres-
sure, blood glucose and weight and improve lipid profile,
which prevent primary and secondary cardiovascular
events in both young and older adults [47]. However,
the mechanistic pathways underlying the cardiovascular
benefits of VPA are still not fully understood. One bene-
fit of VPA is that the accumulated hemodynamic stimu-
lation during aerobic exercise can induce anti-
atherosclerotic adaptation of vascular function and
structure by releasing nitric oxide and myokines in
ductal arteries that expand with movement, independent
from other risk factors of CVDs [48]. Another interpret-
ation is that VPA can also increase myocardial perfusion
in the coronary collateralization, which not only im-
proves blood flow to the heart but also protects against
serious arrhythmias by cardiac autonomic balance im-
provement [48]. Increasing physical activity has been
considered a simple, widely applicable, low cost global
strategy that could reduce the risk of onset and deaths
of CVDs. Recognizing the biological processes by which
VPA affect the development of CVDs may help to
understand the potential mechanisms.
Several strengths of this study merit consideration.

First, we for the first time systematically assessed the
causal effects of physical activity, sedentary behaviours
and sleep duration in the development of CVDs using a
MR approach. The MR analysis provided a better mean
of generating a relatively less confounded estimates of
causal relationships inferred without influenced by re-
verse causal effects or confounding. Second, in addition
to traditional IVW method, we also adopted simple me-
dian method, weighted median method and MR-Egger
method as sensitivity analysis to ensure the consistency
of causal estimation, suggesting robustness of our find-
ings. Third, besides this design technique, strengths of
this study also included that summary statistics were
collected from GWAS which included larger sample size
than epidemiological studies, suggesting a higher statis-
tical power for reliable causal estimation.
However, MR studies still have potential limitations al-

though core assumptions have been met. First, genetic
variants identified in GWAS often have small phenotypic
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effects, resulting in potentially weak instruments bias
which depends on the strength of the genetic instru-
ments through the F statistic. Second, population strati-
fication is another limitation, which refers to the
existence of the differences in allele frequencies and dis-
ease prevalence in different ethnic groups. Third, we as-
sumed that the associations between lifestyle factors and
CVDs are linear, which may not be consistent with the
fact. Hence, the role of lifestyle factors including physical
activity, sleep duration and sedentary behaviours in the
development of CVDs needs further investigation. Fi-
nally, MR studies require large sample sizes to ensure
enough power, which is not easy to calculate [49].
In conclusion, our study provided evidence to support

the protective effect of vigorous exercise on CAD and
MI, but not stroke, suggesting that aerobic exercise was
a powerful approach for prevention of cardiovascular
risk. However, larger intervention studies are needed to
further explore the causal associations of physical activ-
ity, sedentary behaviours, and sleep duration with CVDs
and lipid profiles.
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