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Aim: This study aims to determine whether a causal relationship exists between circulating sphingomyelins
and breast cancer-specific survival, since, if one does, sphingomyelins could be studied as a therapeutic
target in the management of breast cancer. Patients/materials & methods: Mendelian randomization is
used here to investigate whether higher levels of circulating sphingomyelins impact breast cancer-specific
survival for estrogen receptor-negative (ER–) and estrogen receptor-positive (ER+) patients. Results: The
results suggest a null effect of sphingomyelins for ER– breast cancer-specific survival and a protective effect
for ER+ breast cancer-specific survival. Sensitivity analyses implicate low-density lipoprotein cholesterol as
a potential confounder. Conclusion: Future studies should replicate and triangulate the present findings
with other methods and tease out the roles of sphingomyelins and low-density lipoprotein cholesterol on
breast cancer-specific survival.
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Breast cancer is the leading cause of cancer-related death for women aged 20–59 years in USA. More than 40,000
breast cancer patients died in 2018 [1]. A deeper understanding of the molecular mechanisms leading to breast
cancer progression – processes that impact cell growth, invasion, angiogenesis, metastasis and, ultimately, survival
– is, therefore, urgent to prevent deaths caused by this common cancer. Mechanistic insights could lead to new
drug targets and interventions to better manage the disease.
To that aim, sphingolipids are key regulatory molecules that control aspects of cell growth arrest and proliferation.
They are also essential for cellular structural integrity and have been studied to some extent for their role in cancer
progression [2]. Notwithstanding this, proteins – not lipids – have had the lion’s share of attention as signaling
molecules in cancer-progression research [2].
Various sphingolipids impinge on a major pathway downstream of HER2 [3] – PI3K/AKT – which represses
apoptosis and autophagy and is involved in cancer progression and drug resistance [4]. Somatic mutations in PIK3CA
occur in 25–35% of breast cancers, with enrichment in HER2 and hormone receptor-positive tumors [5]. Thus,
sphingolipids are important, potentially modifiable targets to prevent breast cancer progression. A few examples of
sphingolipids include ceramide, sphingosine, sphingosine-1-phosphate and sphingomyelin.
Briefly, ceramide is a tumor-suppressor lipid involved in cell growth arrest and induction of cell death [6].
Intracellular ceramides are released by apoptotic cells and, thus, cell death within the tumor is a source of ceramides
that belongs to the tumor, not the host [7]. Higher levels of ceramides have been associated with less tumor
aggressiveness in breast cancer patients [8]. Conversely, lower levels of endogenous ceramides are involved in
multidrug resistance [9].
Ceramide can serve as a structural and metabolic precursor for sphingomyelin [9]. Sphingomyelin, which can be
reciprocally hydrolyzed to ceramide [9], has been reported to be higher in breast cancer than normal breast tissue [2].
While sphingomyelin is the major sphingolipid in cell membranes and has been investigated for its chemopreventive
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and chemotherapeutic potential [6], the role of circulating levels of sphingomyelin on breast cancer-specific survival
is currently unknown. If a causal relationship exists between circulating sphingomyelins and breast cancer-specific
survival, this knowledge could be exploited for the development of new drug targets and/or other interventions to
improve survival for breast cancer patients.
Here, circulating levels of sphingomyelin are explored for their role in breast cancer-specific survival. Specifically,
Mendelian randomization (MR) is used to investigate whether higher levels of circulating sphingomyelins impact
breast cancer-specific survival for estrogen receptor-negative (ER-) and estrogen receptor-positive (ER+) patients.
What is MR?
MR is an analytic technique that uses genetic variants as instruments to examine the effect of an exposure
(i.e., independent variable; in the present study sphingomyelins) on an outcome (i.e. dependent variable; in the
present study, ER– and ER+ breast cancer survival).
Though MR is a methodological strategy that has been around since the early 1990s [10] and is increasingly
commonly used with the wide availability of large genome-wide association (GWA) studies, researchers who have
not performed an MR analysis may be unfamiliar with it.
MR is referred to as a ‘causal’ method, in contrast to observational studies for which randomization is not done,
usually for ethical reasons. Because its strategy is paradigm shifting, it has been referred to as a ‘gene-based hack’
by a freelance journalist writing for Nature [11]. In MR, quasi-randomization happens on genotype, ‘hacking’ the
following natural processes: Mendel’s laws of inheritance and the temporal assignment of genotype at conception.
Exploiting these means that, at the population level, genetic variants strongly associated with an exposure of interest
are generally, though not always, independent of confounders that can distort observational estimates [12,13]. An
exception might be population stratification if a family-based design is not used. Since genotype assignment occurs
at conception, capitalizing on this overcomes most instances of reverse causation.
MR has certain important caveats, assumptions that must hold in order for its results to be valid. First, the
genetic variants (usually single-nucleotide polymorphisms [SNPs]) serving as proxies for the exposure trait of
interest (e.g., circulating sphingomyelins) must be robustly associated with the exposure trait (conventionally SNPs
associated at genome-wide significance are used satisfy the robustness assumption, p < 5 × 10-8 ). Second, the
genetic variants serving as exposure-trait proxies must not be associated with confounders of the exposure and
outcome traits of interest. Third, the genetic variants serving as proxies must not be directly associated with the
outcome of interest through a pathway other than the exposure of interest. This third assumption is what is meant
by ‘no pleiotropy’. MR sensitivity estimators have been developed to examine violations to the no-pleiotropy
assumption.
Originally MR was performed within a single sample. With the availability of massive GWA studies, the MR
procedure was adapted to use summary data from two GWA studies: one for the exposure and one for the outcome.
This is known as two-sample MR and is the method used for the present study of circulating sphingomyelins on
breast cancer-specific survival.
Materials & methods
Two-sample MR data sources
Sample 1: the sphingomyelin summary genetic data come from Kettunen et al. (2016), which performed a GWA
study of 123 circulating metabolites – including sphingomyelins – in European participants (n = 13,476 for
sphingomyelins) [14]. From this, independent (those not in linkage disequilibrium; R2 < 0.01) SNPs associated at
genome-wide significance (p < 5 × 10−8 ) with a standard-deviation (SD) increase in circulating sphingomyelins
were identified and the summary statistics extracted. Nine SNPs were available for this purpose. The summary data
for the Kettunen GWA study are publicly available through MR-Base [15], a platform that contains many GWA
studies whose summary statistic data have been made public for use in two-sample MR [16].
Sample 2: the summary genetic data for ER− and ER+ breast cancer-specific survival come from two publicly
available GWA studies of breast cancer-specific survival: one for ER− and one for ER+ breast cancer-specific
survival. These were performed by Guo et al. (2015) [17]. Guo et al. pooled data from multiple breast cancer case
cohorts of European ancestry, comprising eight datasets. ER status was obtained from medical records, followed
up by immunohistochemistry on either tumor tissue microarrays or whole-section slides. Cox proportional hazards
models were fitted to assess the relationship between genotype and breast cancer-specific mortality. The survival
analysis for ER− contained 6,881 patients with ER− breast cancer, of which 920 died. The GWA study for ER+
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Table 1. Summary statistic data for two-sample Mendelian randomization of circulating sphingomyelins on ER– and
ER+ breast cancer-specific survival.
Effect allele

Other allele

EAF
exposure

␤ exposure

SE exposure

p exposure

EAF
outcome

Log HR
outcome

rs10402112

A

T

0.10

-0.14

0.02

1.34E-11

0.10

-0.025

0.09

0.7874

rs11591147

T

G

0.03

-0.37

0.04

3.74E-20

0.01

0.087

0.27

0.7471

rs13392272

T

C

0.40

0.07

0.01

2.08E-08

0.48

0.005

0.05

0.9274

rs141622900

A

G

0.03

-0.29

0.04

5.75E-13

0.05

0.162

0.12

0.1704

rs174418

C

T

0.56

-0.08

0.01

1.09E-10

0.59

-0.033

0.05

0.5040

rs1800588

T

C

0.25

0.12

0.01

3.20E-16

0.22

0.053

0.06

0.3547

rs190934192

A

G

0.03

-0.24

0.04

4.47E-08

0.02

0.181

0.27

0.5099

rs629301

T

G

0.79

0.09

0.01

3.13E-09

0.76

−0.122

0.06

0.0288

rs75679663

A

C

0.03

-0.41

0.04

1.95E-21

0.01

-0.106

0.30

0.7241

rs10402112

A

T

0.10

-0.14

0.02

1.34E-11

0.10

0.015

0.08

0.8425

rs11591147

T

G

0.03

-0.37

0.04

3.74E-20

0.01

0.042

0.21

0.8416

rs13392272

T

C

0.40

0.07

0.01

2.08E-08

0.47

0.024

0.04

0.5724

rs141622900

A

G

0.03

-0.29

0.04

5.75E-13

0.05

0.342

0.09

0.0002

rs174418

C

T

0.56

-0.08

0.01

1.09E-10

0.58

0.009

0.04

0.8203

SNP

SE outcome p outcome

ER−

ER+

rs1800588

T

C

0.25

0.12

0.01

3.20E-16

0.23

-0.048

0.05

0.3241

rs190934192

A

G

0.03

-0.24

0.04

4.47E-08

0.02

-0.234

0.21

0.2553

rs629301

T

G

0.79

0.09

0.01

3.13E-09

0.78

-0.043

0.05

0.3673

rs75679663

A

C

0.03

-0.41

0.04

1.95E-21

0.01

0.197

0.22

0.3599

Summary data for sphingomyelin-associated SNPs (‘exposure’) and the sphingomyelin-associated SNPs extracted from the ER– and ER+ breast cancer-specific survival genome-wide
association studies (‘outcome’).
␤: Beta estimate; EAF: Effect allele frequency; Log HR: Log hazards ratio; SE: Standard error; SNP: Single-nucleotide polymorphism.

survival contained 23,059 patients with ER+ breast cancer, of which 1333 died. The summary data for these breast
cancer-specific survival GWA studies are publicly available through MR-Base.
The summary statistics for the nine sphingomyelin SNPs are displayed in Table 1.
Statistical approach

Estimates of the proportion of variance in circulating sphingomyelins explained by the nine-SNP sphingomyelins
instrument (R2 ) and the strength instrument (F-statistic) were generated (conventionally F-statistics < 10 are
weak). A range of power estimates were also calculated for both ER– and ER+ breast cancer-specific survival using
the ‘mRnd’ MR power calculator [18,19] (Figure 1).
The log-hazards ratios for breast cancer-specific survival per SD-increase in circulating sphingomyelins were
calculated, using the inverse-variance weighted (IVW) MR method. The ‘TwoSampleMR’ package [16] was used
for the MR analysis. The results were exponentiated to hazards ratios (HR) for interpretability.
Sensitivity analyses

Statistically based sensitivity estimators that make different assumptions about the underlying nature of pleiotropy
can be used to appraise pleiotropic bias in MR studies. Three were chosen to complement the primary IVW causal
tests: MR-Egger regression including its intercept test, weighted median, and weighted mode estimations. If there
is a major violation to the MR assumption about no pleiotropy, we would expect that the effect estimates for the
various MR estimators to differ in their magnitudes or directions. This comparison with the IVW method is how
these estimators are used in the present study (for a detailed explanation of the different assumptions made by the
various MR estimators, see the supplement to Yarmolinsky et al. (2019) [20, 21]).
In addition, statistical tests for heterogeneity were performed, since variability in the causal estimates between
SNPs can indicate pleiotropy. The test for heterogeneity was performed using Cochrane’s Q-statistic (p < 0.05
indicates a lack of heterogeneity) [20].
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Figure 1. Range of power estimates for the Mendelian randomization analyses of sphingomyelins on ER– (neg) and
ER+ (pos) breast cancer-specific survival.

Beyond the formal statistical tests for pleiotropy, the nine SNPs instrumenting circulating sphingomyelins were
looked up in PhenoScanner, a database containing known phenotype-genotype associations [22,23]. The look-up in
PhenoScanner provides knowledge about potential pleiotropic pathways. The sphingomyelin SNPs were associated
with various cholesterols, including low-density (LDL) cholesterol and high-density (HDL) cholesterol. This was
expected, since sphingomyelin is a sphingolipid in peripheral blood [24–27], and the metabolisms of sphingomyelin
and cholesterol are partly coordinated [28].
MR sensitivity analyses of the influence of LDL cholesterol and HDL cholesterol on sphingomyelins were
performed to demonstrate the close causal relationships between these molecules (Supplementary Tables 1 & 2
contain the SNP characteristics for the MR tests of LDL cholesterol on sphingomyelins and HDL cholesterol on
sphingomyelins, respectively). The GWA data sources for the LDL cholesterol and HDL cholesterol instruments
were obtained from Willer et al. (2013) and are available through MR-Base. For these tests, MR radial regression
was used to detect and remove SNP outliers [29]. As with the primary tests for sphingomyelins on ER– and ER+
breast cancer-specific mortality, MR-Egger regression, weighted median and weighted mode estimators were also
calculated.
Finally, a sensitivity analysis for LDL cholesterol and HDL cholesterol in relation to ER+ breast cancer-specific
survival was done. (Since the main results for ER– breast cancer-specific survival were null, LDL cholesterol and
HDL cholesterol were not examined in relation to ER– breast cancer-specific survival.) As mentioned above,
the instruments for the LDL cholesterol and HDL cholesterol instruments were obtained from Willer et al.
(2013) GWA study. Supplementary Tables 3 and 4 contain the SNP characteristics for LDL cholesterol and HDL
cholesterol, respectively, and the summary data for these same SNPs as extracted from the GWA study for ER+
breast cancer-specific survival. The study population included up to 188,578 participants of European ancestry
from 37 cohorts. For most, blood lipids were measured after 8 h of fasting. Those on lipid-lowering medications
were excluded. The GWA study was adjusted for age and sex [30]. The Willer et al. (2013) GWA studies of LDL
cholesterol and HDL cholesterol were selected because of the large sample sizes, which maximizes power to detect
effects.
The associations between LDL cholesterol and HDL cholesterol on sphingomyelins and LDL cholesterol and
HDL cholesterol on ER+ breast cancer-specific survival were done to assess confounding (see Discussion).
All described analyses were performed in R version 3.5.2.

Results
The instrument for sphingomyelins had an R2 = 0.04 and F-statistic of 55. There was approximately 80% or more
power to detect true effects between 0.4 and 0.6 for both ER– and ER+ breast cancer-specific survival (Figure 1).
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Table 2. Mendelian randomization and sensitivity estimator results for the tests of circulating sphingomyelin levels
on ER– and ER+ breast cancer-specific survival.
Method

SNPs

HR

Lower 95% CI

Upper 95% CI

p-value

Q

Q p-value

ER− breast cancer-specific survival
Inverse variance weighted

9

0.86

0.58

1.27

0.44

8

0.42

MR Egger

9

0.73

0.31

1.74

0.50

8

0.34

Weighted median

9

1.08

0.61

1.91

0.78

NA

Weighted mode

9

1.33

0.53

3.34

0.57

NA

ER+ breast cancer-specific survival
Inverse variance weighted

9

0.65

0.45

0.94

0.02

11

0.20

MR Egger

9

0.41

0.21

0.83

0.04

8

0.30

Weighted median

9

0.67

0.42

1.06

0.08

NA

Weighted mode

9

0.74

0.36

1.52

0.44

NA

HR: Hazards ratio; NA: Not applicable; Q: Cochrane’s Q-statistic; SNP: Single-nucleotide polymorphism.

rs1800588
rs174418
rs75679663
rs10402112
rs13392272
rs11591147
rs141622900
rs190934192
rs629301

AII – weighted median
AII – weighted mode
AII – Egger
AII – IVW
0

2

4
MR effect size for
‘Sphingomyelins || id:935’ on ‘ER- breast cancer (survival) || id:1163’

Figure 2. Causal estimates of individual single-nucleotide polymorphisms and meta-analyzed estimates for the effect of circulating
sphingomyelins on ER– breast cancer-specific survival. The x-axis displays the hazards ratios and confidence intervals. The dotted line
represents 1. The confidence intervals cross 1 for all the meta-analytic MR estimators (in red), indicating the relationship is not causal.
IVW: Inverse-variance weighted; MR: Mendelian randomization.

ER− results

The MR analysis of circulating sphingomyelins on ER− breast cancer-specific survival was null: IVW estimate
(HR) per 1-SD increase in circulating sphingomyelins = 0.86; 95% CI: 0.58, 1.27; p = 0.44) (Table 2 & Figure 2).
Though the MR-intercept test (intercept = 1.02; 95% CI: 0.92, 1.14; p = 0.69) and test for heterogeneity with
Cochrane’s Q-statistic demonstrated no evidence for pleiotropy, the MR sensitivity estimators ranged in both their
magnitudes and directions (Table 2). Overall, there was no evidence for an impact of sphingomyelins on ER– breast
cancer-specific survival.
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Figure 3. Causal estimates of individual SNPs and meta-analyzed estimates for the effect of circulating sphingomyelins on ER+ breast
cancer-specific survival. The x-axis displays the hazards ratios and confidence intervals. The dotted vertical line represents 1. When the
confidence intervals do not cross 1, as is the case for the inverse-variance weighted and MR-Egger estimates, this indicates a causal
association.
IVW: Inverse-variance weighted; MR: Mendelian randomization.

ER+ results

The MR analysis of circulating sphingomyelins on ER+ breast cancer-specific survival indicated a causal, protective
relationship: IVW estimate (HR) per 1-SD increase in circulating sphingomyelins = 0.65; 95% CI: 0.45, 0.94;
p = 0.02) (Table 2 & Figure 3). The MR intercept (intercept = 1.07; 95% CI: 0.98, 1.16; p = 0.19) and test
for heterogeneity with Cochrane’s Q-statistic demonstrated no evidence for pleiotropy. There was consistency in
the directions of the estimates across the MR sensitivity estimators and a dip in the magnitude for the MR-Egger
estimate (MR-Egger estimate = 0.41; 95% CI: 0.21, 0.83; p = 0.04) in comparison with the IVW estimate.
PhenoScanner-based sensitivity analyses

The MR analyses of LDL cholesterol and HDL cholesterol on circulating sphingomyelins both suggested causal
relationships (Table 3). The evidence for the impact of LDL cholesterol on circulating sphingomyelins was
strong: a 1-SD increase in circulating LDL cholesterol led to an increase in circulating sphingomyelins: IVW (β)
estimate = 0.52; 95% CI: 0.46, 0.58; p = 3.74E-59. The sensitivity estimators were comparable in both direction
and magnitude. (Notice that the results are β estimates and not HRs). There was no evidence of heterogeneity or
pleiotropy from either from the Cochrane’s Q-statistic test or the MR-Egger intercept test (estimate = -0.001; 95%
CI: -0.007, 0.005; p = 0.74).
The evidence was strong for HDL cholesterol, as well, though the IVW estimate and the MR-Egger estimate
differed in magnitude (Table 3). A 1-SD increase in HDL cholesterol led to an increase in circulating sphingomyelins:
IVW (β) estimate 0.26; 95% CI: 0.18, 0.34; p = 4.26E-10; MR-Egger estimate = 0.13. There was no evidence
of heterogeneity from the Cochran’s Q-statistic test, but some evidence of pleiotropy MR-Egger intercept test
(estimate = 0.006; 95% CI: 0.00001; 0.01; p = 0.05).
The MR analysis of LDL cholesterol on ER+ breast cancer-specific survival indicated a causal, protective
relationship: IVW estimate (HR) per 1-SD increase in LDL cholesterol = 0.81; 95% CI: 0.67, 0.97; p = 0.02)
(Table 4). The MR-intercept (intercept = 1.00; 95% CI: 0.90, 1.02; p = 0.72) and test for heterogeneity with
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Table 3. Causal estimates for LDL cholesterol and HDL cholesterol on circulating sphingomyelins.
SNPs

␤

Lower 95% CI

Upper 95 CI

p-value

Q

Q p-value

Inverse variance weighted

67

0.52

0.46

0.58

3.74E-59

59

0.71

MR Egger

67

0.53

0.44

0.63

8.96E-16

59

0.68

Weighted median

67

0.56

0.46

0.66

3.58E-29

NA

NA

Weighted mode

67

0.56

0.47

0.66

3.24E-17

NA

NA

Method
LDL cholesterol on circulating sphingomyelins

HDL cholesterol on circulating sphingomyelins
Inverse variance weighted

69

0.26

0.18

0.34

4.26E-10

53

0.90

MR Egger

69

0.13

-0.02

0.28

0.09

49

0.95

Weighted median

69

0.15

0.02

0.28

0.02

NA

NA

Weighted mode

69

0.16

0.03

0.28

0.02

NA

NA

␤: Beta estimate; CI: Confidence interval; NA: Not applicable; Q: Cochrane’s Q-statistic; SNP: Single-nucleotide polymorphism.

Table 4. Causal estimates for LDL cholesterol and HDL cholesterol on ER+ breast cancer-specific survival.
Method

SNPs

HR

Lower 95% CI

Upper 95% CI

p-value

Q

Q p-value

LDL cholesterol on ER+ breast cancer-specific survival
Inverse variance weighted

76

0.81

0.67

0.97

0.02

72

0.59

MR Egger

76

0.78

0.59

1.02

0.08

71

0.56

Weighted median

76

0.81

0.60

1.08

0.15

NA

NA

Weighted mode

76

0.79

0.61

1.02

0.08

NA

NA

HDL cholesterol on ER+ breast cancer-specific survival
Inverse variance weighted

84

0.96

0.76

1.21

0.73

56

0.99

MR Egger

84

0.76

0.49

1.17

0.21

54

0.99

Weighted median

84

0.93

0.66

1.32

0.68

NA

NA

Weighted mode

84

0.86

0.59

1.26

0.44

NA

NA

CI: Confidence interval; HDL: High-density lipoprotein; HR: Hazards ratio; LDL: Low-density lipoprotein; NA: Not applicable; Q: Cochrane’s Q-statistic; SNP: Single-nucleotide
polymorphism.

Cochrane’s Q-statistic demonstrated no evidence for pleiotropy. There was consistency in the direction and
magnitude of the estimates across the MR sensitivity estimators.
The MR analysis of HDL cholesterol on ER+ breast cancer-specific survival was null: IVW estimate (HR) per 1SD increase in HDL cholesterol = 0.96; 95% CI: 0.76, 1.21; p = 0.73) (Table 4). The MR-intercept (intercept = 1.01;
95% CI: 0.99, 1.03; p = 0.21) and test for heterogeneity with Cochrane’s Q-statistic demonstrated no evidence for
pleiotropy. There was consistency in the direction but not the magnitude of estimates across the MR sensitivity
estimators.
Discussion
MR, as an analytic approach to causality, comes with caveats. The findings here must be interpreted in light of what
follows: The IVW results point to a potentially protective role of higher circulating sphingomyelins against death
for those with ER+ breast cancer. Supporting this, the MR-Egger sensitivity estimator confirmed the protective
effect, and its intercept test provided no evidence for directional pleiotropy. However, the validity of MR-Egger
regression relies also on what is known as the ‘InSIDE assumption’ – in this case, that no association exists between
the strength of sphingomyelin-associated SNPs and the strength of bias due to horizontal pleiotropy [31]. One way
to consider whether a violation to the InSIDE assumption has occurred is knowing whether a pleiotropic pathway
is a potential confounder.
The PhenoScanner look-up revealed the sphingomyelin instruments were pleiotropically associated with various other lipids, including LDL cholesterol and HDL cholesterol. The subsequent statistical sensitivity analyses
examining the relationships between LDL cholesterol on sphingomyelins and LDL cholesterol on and ER+ breast
cancer-specific survival demonstrate that LDL cholesterol is a candidate confounder: it is genetically associated with
both sphingomyelin levels and associated with ER+ breast cancer-specific survival. This is the most substantial
limitation of the present study: the inability to distinguish between the effects of LDL cholesterol and sphin-
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Figure 4. Hypothetical collider bias induced by breast cancer incidence being a joint cause of sphingomyelins and a
confounder of breast cancer incidence and breast cancer survival.
LDL: Low-density lipoprotein.

gomyelins on ER+ breast cancer-specific survival. Unfortunately, multivariable MR, which permits adjustment,
possibly untangling the relationships, is not suitable. Since the traits overlap, adjusting would render the estimates
meaningless: multivariable MR would abrogate the underlying relationships by, in essence, adjusting for the same
trait [32,33].
While the inability to tease out the direct effects of sphingomyelins and LDL cholesterol precludes definitive
statements about either sphingomyelins or LDL protecting against death in those with ER+ breast cancer, the
findings are biologically plausible. Purwaha et al. recently found that higher levels of sphingomyelins in tumor
samples associated with better disease-free survival in triple-negative breast cancer patients [34]. They hypothesize
that ceramide synthesis, through the hydrolysis of sphingomyelin, may promote progression. Similarly, Knapp et al.
(1991) observed breast cancer patients with boney metastases had lower circulating LDL cholesterol levels than
controls, implying that higher LDL cholesterol levels may be protective against progression [35].
It is also worth bearing in mind that studies involving survival are generally susceptible to a special kind of
confounding known as ‘collider bias’ [36,37]. When studying a selected population (i.e., case-only individuals),
disease incidence can be a ‘collider’. The metaphor comes from visualizing the problem with a directed acyclic
graph (DAG), which we will now do by drawing one in our minds. Suppose that sphingomyelins are a risk factor
for breast cancer incidence (imagine a bold-red arrow going from sphingomyelins into breast cancer incidence).
Also note that breast cancer incidence and breast cancer survival likely share a set of confounders (imagine another
bold-red arrow, this time going from the joint confounders into breast cancer incidence). Given the two arrows
both headed into breast cancer incidence, there is a potential problem (‘collision’) in the causal pathway at breast
cancer incidence. This can induce a spurious association between the sphingomyelins and breast cancer survival
through the shared confounders (Figure 4).
Fortunately, there is a way to check the plausibility of this crash. While we assumed that sphingomyelins are
a risk factor for breast cancer incidence to picture collider bias, if sphingomyelins are not associated with breast
cancer incidence, then the potential collision at breast cancer incidence does not happen. Recently, the relationship
between sphingomyelins and breast cancer incidence was investigated and found to be null [38]. As such, the risk
for confounding due to collider bias is reduced. This does not eliminate other sources of confounding previously
mentioned.
Both sphingomyelins and LDL cholesterol deserve future attention in the context of breast cancer progression
and survival. Replication of the present findings, when more summary data for mortality are available, is needed.
Moreover, bias from pleiotropy cannot be fully ruled out in any MR study. Solid causal inference is made through
triangulating multiple lines of evidence – building a case for causality that gathers evidence from studies that do
not suffer from the same possible biases.
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Future perspective
Therefore, in addition to replicating with MR, future investigations should triangulate the present study’s results by
exploring the role of these lipids on breast cancer-specific survival in designs other than MR. Should the findings
for the protective effect of sphingomyelins on ER+ breast cancer-specific survival replicate and remain robust when
examined with other methods, looking into ways to use sphingomyelins therapeutically to manage ER+ breast
cancer becomes a promising avenue for future research.
Summary points
• If a causal relationship exists between circulating sphingomyelins and breast-cancer specific survival, circulating
sphingomyelins could be studied as a therapeutic target in the management of breast cancer.
• Mendelian randomization (MR) is a quasi-randomization, analytic technique that can be used to study causal
relationships in epidemiologic data.
• MR exploits Mendel’s laws of inheritance and that genotypes are set at conception, temporally preceding
observational factors of interest.
• Due to the reliance on Mendel’s laws of inheritance and genotype assignment at conception, Mendelian
randomization avoids most sources of confounding and reverse causation, and, for that reason, is referred to as a
‘causal’ method.
• MR uses genetic variants that proxy for a trait of interest in statistical models in lieu of the trait itself.
• This MR study, which used genetic variants proxying for sphingomyelins instead of circulating sphingomyelins in
its model, found evidence that circulating sphingomyelins are protective for ER+ breast-cancer specific survival
but null ER− breast-cancer specific survival.
• Sensitivity analyses revealed that low-density lipoprotein cholesterol may contribute to the findings and/or be a
confounder.
• Future replication studies and triangulation with methods other than Mendelian randomization are needed to
confirm or refute the present observations.
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