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Abstract

Background: Although observational studies have reported several common biomarkers related to coronary artery disease (CAD) and
cancer, there is a shortage of traditional epidemiological data to establish causative linkages. Thus, we conducted a comprehensive
two-sample Mendelian randomization (MR) analysis to systematically investigate the causal associations of 109 traits with both CAD
and cancer to identify their shared risk and protective factors. Methods: The genetic association datasets pertaining to exposure and
outcomes were reviewed using the most recent and public genome-wide association studies (GWAS). Inverse variance weighting (IVW),
weighted median (WM), and MR-Egger strategies were implemented for the MR analyses. The heterogeneity and pleiotropy were
measured utilizing leave-one-out sensitivity testing, MR-PRESSO outlier detection, and Cochran’s Q test. Results: The IVW analyses
revealed that genetic-predicted mean sphered cell volume (MSCV) is a protective factor for CAD, and weight is a risk factor. MSCV and
weight also show similar effects on cancer. Furthermore, our study also identified a set of risk and protective factors unique to CAD and
cancer, such as telomere length. Conclusions: Our Mendelian randomization study sheds light on shared and unique risk and protective
factors for CAD and cancer, offering valuable insights that could guide future research and the development of personalized strategies
for preventing and treating these two significant health issues.
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clusions drawn from these studies are inconclusive and in-
consistent. For example, testosterone has been demon-
strated to raise noncalcified plaque volume in heart arter-
ies [8,9]. Another set of epidemiological and observational
studies reached the opposite conclusion: low testosterone
levels correspond with atherosclerosis (AS) [10]. Similarly,
studies have shown that testosterone, by binding to andro-
gen receptors, inhibits the risk of breast cancer [11]. On
the other hand, Davis [12] identified no correlation between
testosterone and female breast cancer or other aggressive tu-
mors. Hence, additional research is warranted to further in-
vestigate the shared underlying factors contributing to both
CAD and cancer.

1. Introduction

Both coronary artery disease (CAD) and cancer are
significant health issues [1,2], and account for two-thirds
of all illness-related deaths worldwide, and they commonly
overlap [3]. Sixty-six percent of cancer patients developed
an acute coronary syndrome [4]. A Swedish cohort study
discovered that the majority of cancers were linked to an
increased risk of coronary heart disease within the initial
6 months following their diagnosis [5]. Furthermore, a
systematic evaluation and meta-analysis of a cohort study
revealed that patients with coronary artery disease had a
significantly higher risk of developing cancer compared to
those without coronary artery disease [6]. CAD and cancer

frequently manifest in overlapping patient populations due
to shared biological mechanisms and common risk factors
[71.

Despite the existence of numerous studies investigat-
ing the factors influencing both CAD and cancer, the con-

Because of unknown residual confounding, observa-
tional research may be restricted in the ability to establish
causal relationships between risk factors and disorders [13].
Thus, we performed Mendelian randomization (MR) analy-
ses to identify shared risk factors between CAD and cancer
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Fig. 1. The p-value distribution of associations between 109 factors and both CAD and cancer in the Mendelian randomization

analysis. The read dashed line represents the suggestive significance threshold, set at p = 0.05. CAD, coronary artery disease.

and explore their causal relationships. MR is a statistical
method to assess the association between putative risk fac-
tors or exposures and medical results [14—16]. It can miti-
gate the obscuring effects of reverse causality and residual
confounding using instrumental variables (IVs) that mimic
randomization of individual exposure, hence safeguarding
the strength of causal chains. This study adds to our knowl-
edge of the causal associations between as many as 109 po-
tential risk factors and CAD/cancer, offering opportunities
for individualized targeted preventive and treatment thera-
pies.

2. Methods
2.1 Study Design

MR is an epidemiological method that aims to deter-
mine the presence of a causal relationship between exposure
and outcome by utilizing I'Vs. The three steps of MR are as
follows: (1) Selection of exposure and outcome data from
the available genome-wide association study (GWAS), fol-
lowed by the selection of single nucleotide polymorphism
(SNPs) as IVs. (2) Utilization of IVs to assess the presence
of causal relationships between exposure and outcome us-
ing various statistical methods of MR analysis. (3) Con-
ducting a sensitivity analysis to verify the reliability of the
MR results.

2.2 Data Sources

Utilizing a published trait selection method
(Supplementary Fig. 1) described by Walker et al.
[17], we utilized GWAS summary statistics that were
minimally adjusted for the specific traits. These statistics
were derived from the largest population of individuals
with European or mixed ancestry, comprising both genders,
in the Integrative Epidemiology Unit (IEU) OpenGWAS
database. Omic variables related to gene expression,

protein level and metabolomics were excluded from our
analyses.

The GWAS analyses for the investigated traits mainly
originated from the UK Biobank (UKBB), while the GWAS
studies examining cancer susceptibility and liability to
CAD were obtained from FinnGen and the CARDIo-
GRAM consortium [ 18], respectively (Supplementary Ta-
ble 1). More detailed information can be found on the
websites of IEU OpenGWAS (https://gwas.mrcieu.ac.uk/),
the FinnGen (https://www.finngen.fi/), and the CARDIo-
GRAM consortium (http://www.cardiogramplusc4d.org/).

2.3 Selection of IVs

The three essential assumptions for I'Vs selection are
outlined as follows: (1) IVs should exhibit an association
with the exposure; (2) IVs should not be associated with
any confounding factors; and (3) I'Vs should solely influ-
ence the outcome through the exposure. To ensure compli-
ance with these assumptions, specific implementation cri-
teria were established as described in previous publications
[19-21]. The inclusion criteria mandated a robust genetic
association between the Vs and the exposure of interest, as
demonstrated by a p < 5 x 1078, Independent IVs with
minimal levels of linkage disequilibrium, indicated by an
R? value below 0.001, were detected through the applica-
tion of the clumping method within a genomic interval of
10 megabases. Consistent with previous research findings,
only IVs with minor allele frequencies exceeding 0.01 were
considered for analysis. F-statistics were computed as indi-
cators of IV strength, where values exceeding ten indicate
minimal vulnerability to weak instrument bias [22].

2.4 MR Analysis

The primary approach utilized in this study among
the three MR methods employed was the inverse-variance
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Fig. 2. Venn diagram showing traits causally associated with CAD, cancer, or both. * indicates traits associated with both CAD and

cancer, with the direction of the associations being the same. ' indicates traits associated with both CAD and cancer, but with different

directions of association with these two diseases. CAD, coronary artery disease; HDL, high-density lipoprotein; LDL, low-density

lipoprotein; SHBG, sex hormone binding globulin.

weighted (IVW) method. To address situations where the
IVW result lacks sufficient accuracy, the weighted median
(WM) method was employed [23]. Additionally, the IVW
method assumes that its intercept must pass through zero
[24], which may overlook cases where the intercept devi-
ates from zero. To account for this limitation, the MR-
Egger method was utilized as a supplementary approach
[25]. We utilized Steiger filtering analysis to identify SNPs
exhibiting an incorrect causal direction [26]. Furthermore,
we conducted the MR Steiger directionality test to explore
the direction of the effect in the exposure-outcome associ-
ation.

2.5 Sensitivity Analysis

In order to assess the possibility of horizontal
pleiotropy, we performed a test on the intercept using
the MR-Egger method. Additionally, the identification of
SNPs exhibiting horizontal pleiotropy was conducted using
PhenoScanner v2 [27,28]. To accommodate for potential
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outliers, we integrated pleiotropy-corrected data obtained
from MR-PRESSO. The Cochrane Q value was computed
in order to evaluate the presence of heterogeneity. A leave-
one-out sensitivity analysis was conducted to investigate
the impact of individual I'Vs on causal relationships and ver-
ify the reliability of the findings. Inthe MR analyses, the as-
sessment of causal effects involved odds ratios (ORs), along
with their respective 95% confidence intervals (95% Cls),
given that the outcome variable was dichotomous. To ac-
count for the issue of multiple comparisons, a false discov-
ery rate (FDR) threshold of 5% was utilized. The TwoSam-
pleMR package in R 4.2.2 was utilized to perform all MR
analyses.

3. Results
3.1 Assessment of the IVs

MR analysis was employed to investigate the relation-
ships between 109 traits and both CAD and cancer. The [Vs
corresponding to the potential factors exhibited F-statistics
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Fig. 3. Comparison of associations between genetically predicted 10 factors on CAD and cancer examined by three MR methods.

IVW methods indicate that the directions of the associations between two factors (i.e., mean sphered cell volume and weight) and CAD

are the same as those of the associations between these two factors and cancer. The directions of the associations between the other eight

factors (i.e., telomere length, sleeplessness or insomnia, sitting height, trunk fat-free mass, trunk predicted mass, birth weight of the first

child, standing height, glycated hemoglobin) and CAD are different from those of the associations between these eight factors and cancer.

MR, Mendelian randomization; IVW, inverse-variance weighted; WM, weighted median; OR, odds ratio; CI, confidence interval; CAD,

coronary artery disease.

ranging from 29.73 to 8023.61. These F-statistics signify
robust instrument strength, as outlined in Supplementary
Table 2.

3.2 Results of the MR Analysis

The IVW analysis revealed suggestive causal associ-
ations between 60 factors and CAD (p < 0.05), as well as
between 16 factors and cancer (p < 0.05). Furthermore, 10
factors exhibited suggestive causal associations with both
CAD and cancer (p < 0.05) (Figs. 1,2).

However, out of these 10 factors, only mean sphered
cell volume (MSCV) and weight exhibited the same asso-
ciation direction with CAD and cancer, while the direction
of associations between the other eight traits and CAD was
different from that of cancer (Fig. 3).

The remaining eight factors that causally associated
with both CAD and cancer, such as telomere length (TL)

and glycated hemoglobin (HbAlc), exhibited opposite as-
sociation directions with CAD and cancer, as outlined in
Fig. 3. Specifically, a positive causal relationship was ob-
served between TL and cancer, while a negative causal rela-
tionship was identified with CAD. Conversely, HbAlc ex-
hibited a suggestive negative causal relationship with can-
cer and a suggestive positive causal relationship with CAD.
The relationships between potential risk factors and both
CAD and cancer were further examined using the MR-
Egger and WM approaches, and consistent results for most
traits were observed (Fig. 3). Furthermore, similar results
were obtained when using instrumental SNPs after Steiger
filtering (Supplementary Table 3). The results we ob-
served also followed the expected direction as revealed by
Steiger directionality test (Supplementary Table 4). How-
ever, the results indicated that the associations between five
factors and CAD/cancer remained significant after multi-
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Fig. 4. Scatter plot showing the causal effects of 10 factors on CAD and cancer. IVW results in the scatter plots indicate that the
directions of the associations between two factors (i.e., mean sphered cell volume and weight) and CAD are the same as those of the
associations between these two factors and cancer. The directions of the associations between the other eight factors (i.e., telomere
length, sleeplessness or insomnia, sitting height, trunk fat-free mass, trunk predicted mass, birth weight of the first child, standing height,
glycated hemoglobin) and CAD are different from those of the associations between these eight factors and cancer. SNP, single nucleotide

polymorphism; CAD, coronary artery disease; MR, Mendelian randomization; IVW, inverse-variance weighted.

ple comparison correction: sitting height, standing height, 4. Discussion
telomere length, trunk fat-free mass, and trunk predicted
mass. Fig. 4 presents a scatter plot that visually depicts
the potential causal relationship between the 10 factors and
both CAD and cancer.

In this study, we employed an MR design to inves-
tigate potential traits that could influence both CAD and
cancer. The results revealed a potential causal relationship
between 10 factors and the risk of both CAD and cancer.
3.3 Results of the Sensitivity Analysis Among these factors, 2 traits demonstrated consistent asso-
ciation direction for both diseases. Specifically, an increase
in MSCV was found to simultaneously decrease the risk of
both CAD and cancer, while higher body weight was asso-
ciated with an increased risk of both diseases. However, the
remaining eight factors exhibited opposite effects on CAD
and cancer. For instance, TL was found to promote can-
cer but decrease CAD risk, whereas HbA 1c was associated
with an increased risk of CAD but a decreased risk of can-
cer.

The potential heterogeneity was investigated (see
Fig. 5 and Supplementary Table 5), and the analysis of the
intercept term using the MR-Egger method did not show
substantial indications of horizontal pleiotropy in the ma-
jority of the assessments (see Supplementary Table 6).
Although MR-PRESSO identified outlier IVs, most results
were not significantly altered after excluding the outliers
(see Supplementary Table 7). Furthermore, the major-
ity of our analysis results remained unchanged after ex-
cluding SNPs showing associations with CAD or cancer

(Supplementary Table 8). The results of the leave-one- 4.1 Shared Risk and Protective Factors for CAD and

. . Cancer
out method, depicted in Supplementary Fig. 2, revealed
that the majority of results did not cross the invalid line af- This study provides insights into a potential inverse
ter removing specific SNP. This observation suggests that ~ causal relationship between MSCV and both CAD and
there is minimal potential bias present in the study. cancer. However, a machine learning study contradicts

our findings by reporting MSCV as a predictor of CAD
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[29]. This discrepancy is likely due to the machine learning
data predominantly originating from cohort studies, raising
concerns about confounding factors and reverse causality.
Nonetheless, a prospective study based on the UK Biobank
supports our findings by revealing an association between
MSCYV and a reduced risk of prostate cancer [30]. The po-
tential mechanism underlying the impact of MSCV on CAD
and cancer may involve preserving endothelial cell (EC)
functional stability. A cross-sectional study conducted with
elderly Japanese adults found a negative association be-
tween reticulocyte (RET) levels and AS [31]. EC damage
subsequently induces inflammation, mononuclear cell in-
filtration, and activation of vascular smooth muscle cells,
leading to the development of AS [32-34]. Elevated levels
of RET may contribute to preserving EC stability [31]. Fur-
thermore, it has been observed that morphologically aber-
rant tumor vasculature facilitates the intravasation of tumor
cells during metastasis. Previously, tumor blood vessels
and tumor endothelial cells (TECs) were presumed to be
identical to their normal EC [35]. Based on this, we hypoth-
esize that increased RET levels may stabilize the function
of TECs and inhibit the intravasation of tumor cells dur-
ing metastasis. MSCV is frequently used as an additional
parameter for assessing RET counts [36]. Hence, it is plau-
sible to speculate that elevated MSCV levels may confer
protective effects against both CAD and cancer by preserv-
ing stable EC function.

The present study has established a potential positive
causal relationship between weight and both CAD and can-
cer, consistent with previous research findings. Previous
studies have independently identified obesity as a risk fac-
tor for CAD [37], with obesity contributing to 11.9% of
cancer cases in men and 13.1% in women [38]. The In-
ternational Agency for Research on Cancer working group
has also reported that overweight or obesity increases the
risk of at least 13 types of cancer [39]. Additionally, over-
weight or obesity, particularly when accompanied by fre-
quent weight fluctuations, significantly amplifies the risk
of coronary events [40]. Macroscopic simulation mod-
els have further demonstrated that weight loss can pre-
vent numerous future cancer cases over a 30-year period
from 2020 to 2050 [41]. However, the precise mecha-
nisms through which obesity contributes to CAD and can-
cer in patients remain incompletely understood. It is hy-
pothesized that this association may be attributed to en-
docrine dysfunction of adipose tissue resulting from weight
gain. In obese individuals, excessive accumulation of adi-
pose tissue leads to endocrine dysfunction, which in turn
promotes the proliferation of pro-inflammatory adipokines.
These adipokines subsequently lead to endothelial dysfunc-
tion and inflammation, ultimately contributing to the devel-
opment of atherosclerosis and cancer [37,42].
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4.2 Other Traits Causally Associated with CAD and
Cancer

Our study has revealed a potential positive causal re-
lationship between TL and cancer, as well as a potential
negative causal relationship between TL and CAD. Shorter
TL may signal atherosclerotic thrombosis, and genetic re-
search in humans suggest an inverse causal relationship be-
tween leukocyte telomere length and CAD [43,44]. Telom-
ere shortening caused by aging or an unhealthy lifestyle is
accompanied by a decrease in telomerase activity, which
contributes to increased cellular oxidative stress, elevated
levels of inflammatory processes arbitrators, and other re-
lated complications [45]. In terms of cancer, maintaining
telomeres matters for cancer development [46]. Cancer
cells achieve replicative immortality by triggering telom-
ere maintenance mechanisms, including telomerase and al-
ternative lengthening of telomeres routes [47]. Therefore,
these observational studies also support our causal connec-
tion between TL and both cancer and CAD.

Our study has found a potential positive causal rela-
tionship between HbAlc and CAD. Elevated HbAlc levels
alone constitute a potential cause of CAD [48]. HbAlc has
an undesirable effect on the coronary arteries, resulting both
in stenoses (a 0.02 mm rise in coronary intima-media thick-
ness per 1% increase in HbAlc) and a higher rate of vascu-
lar lesions [49,50]. Furthermore, a MR study has provided
evidence of a positive association between genetically pre-
dicted HbAlc and CAD [51], which is consistent with the
findings of our study. The underlying mechanism involves
the activation of inflammatory pathways mediated by ad-
vanced glycation end products (AGEs) due to increased
HbAlc levels. HbAlc serves as an indicator of chronic
hyperglycemia, as it undergoes non-enzymatic glycation of
hemoglobin [52]. Chronic hyperglycemia leads to the pro-
duction of reactive oxygen species (ROS) and the accumu-
lation of AGEs. Additionally, it results in the expression of
the receptor for advanced glycation end products (RAGE)
and RAGE ligands [53,54]. The accumulation of ROS di-
rectly damages blood vessels and triggers downstream cel-
lular pathways mediated by AGEs. This cascade leads to
the production of several inflammatory factors, including
vascular cell adhesion molecule-1. Ultimately, these pro-
cesses contribute to arterial stiffness, vascular calcification,
and the accumulation of plaque [54].

Various research studying the relationship between
HbAlc and cancer have shown contradictory results. A
Korean cohort study consisting of 7822 participants with-
out a history of cancer or diabetes at baseline found that
higher levels of circulating HbA1c were associated with an
increased risk of total cancer in the Korean population [52].
However, HbAlc and blood glucose levels had little influ-
ence on the survival of people who died within five years
after being diagnosed with cancer [55]. Furthermore, a UK
cohort study with 378,253 participants did not establish any
independent positive association between HbAlc and the
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risk of other cancers, except for pancreatic cancer [56]. A
multicenter prospective cohort study conducted in China in-
volving 193,846 participants found that 2-hour postprandial
blood glucose, but not fasting glucose or HbAlc, was asso-
ciated with overall cancer risk [57]. Our study has identi-
fied a potential negative causal relationship between HbAlc
and cancer, which contradicts previous studies. In studies
with multiple outcomes, such as CAD and cancer, compet-
ing risk events may occur when the potential competition
between these endpoints is ignored [58]. This may explain
our observation that HbAlc is a risk factor for CAD but has
a protective effect against cancer: individuals with high lev-
els of HbAlc may develop CAD and die from it before de-
veloping cancer, thereby decreasing their cancer risk. The
analyses of other traits (e.g., height, trunk mass, and insom-
nia) showing opposite associations with CAD and cancer
may also be affected by the potential competitive risks of
the outcomes. Thus, future research is warranted to further
investigate these associations.

4.3 Strengths and Weaknesses

Our study has several notable strengths. First, the
utilization of MR studies provides distinct advantages in
comparison to observational studies. By leveraging ge-
netic variation as an IV, this study successfully addresses
the impact of confounding factors and reverse causality.
This methodology offers improved efficiency in terms of
time, labor, cost, and ease of implementation when con-
trasted with randomized controlled trials. Second, we con-
ducted an innovative examination of the causal association
between all feasible factors and the occurrence of both CAD
and cancer. Furthermore, we performed multiple sensitiv-
ity analyses to bolster the reliability and validity of our find-
ings.

Our study also has some limitations. First, the GWAS
database we utilized predominantly consists of individu-
als with European ancestry, which may restrict the appli-
cability of our findings to populations of diverse ancestries.
Second, our analyses can infer causality only based on lin-
ear associations, and we cannot definitively conclude that
the relationship between these potential factors and the oc-
currence of both CAD and cancer strictly adheres to linear
causality. Third, we utilized IVs across multiple gene re-
gions (polygenic MR). Colocalization analyses can be ap-
plied to investigate whether two traits are influenced by
shared or distinct causal variants when focusing on a spe-
cific locus. Finally, as previously noted, the results could
have been influenced by selection bias, as the GWAS may
not have included individuals who passed away due to ex-
posure or competing risk of outcomes.

5. Conclusions

In our study, we have identified MSCV as a poten-
tial protective factor against both CAD and cancer. Con-
versely, weight has been recognized as a potential risk fac-
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tor for the development of CAD and cancer. Moreover, our
research also recognized a distinct set of factors that pose
risks or offer protection specific to CAD and cancer, in-
cluding factors like telomere length. This contributes to a
better understanding of the similar and different biological
foundations of these two conditions, offering valuable in-
sights that could guide future research and the development
of personalized strategies for preventing and treating these
significant health issues.
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