
This may be the author’s version of a work that was submitted/accepted
for publication in the following source:

Jayarathna, Dulari, Renteria, Miguel Enrique, Kho, Pik Fang, Batra, Jyot-
sna, & Gandhi, Neha S.
(2022)
Dehydroepiandrosterone Sulfate and Colorectal Cancer Risk: A Mendelian
Randomization Analysis.
Twin Research and Human Genetics, 25(4-5), pp. 180-186.

This file was downloaded from: https://eprints.qut.edu.au/234032/

c© The Author(s), 2022

This work is covered by copyright. Unless the document is being made available under a
Creative Commons Licence, you must assume that re-use is limited to personal use and
that permission from the copyright owner must be obtained for all other uses. If the docu-
ment is available under a Creative Commons License (or other specified license) then refer
to the Licence for details of permitted re-use. It is a condition of access that users recog-
nise and abide by the legal requirements associated with these rights. If you believe that
this work infringes copyright please provide details by email to qut.copyright@qut.edu.au

License: Creative Commons: Attribution 4.0

Notice: Please note that this document may not be the Version of Record
(i.e. published version) of the work. Author manuscript versions (as Sub-
mitted for peer review or as Accepted for publication after peer review) can
be identified by an absence of publisher branding and/or typeset appear-
ance. If there is any doubt, please refer to the published source.

https://doi.org/10.1017/thg.2022.31

https://eprints.qut.edu.au/view/person/Hakamuwa_Lekamlage,_Dulari.html
https://eprints.qut.edu.au/view/person/Renteria,_Miguel_Enrique.html
https://eprints.qut.edu.au/view/person/Batra,_Jyotsna.html
https://eprints.qut.edu.au/view/person/Batra,_Jyotsna.html
https://eprints.qut.edu.au/view/person/Gandhi,_Neha_S=2E.html
https://eprints.qut.edu.au/234032/
https://doi.org/10.1017/thg.2022.31


Article

Dehydroepiandrosterone Sulfate and Colorectal Cancer Risk:
A Mendelian Randomization Analysis

Dulari K. Jayarathna1,2, Miguel E. Rentería2,3, Pik Fang Kho4, Jyotsna Batra1,3,5 and Neha S. Gandhi1,5
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Sciences, Queensland University of Technology, Brisbane, Queensland, Australia, 4Division of Cardiovascular Medicine, Department of Medicine, Stanford
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Abstract

Colorectal cancer is the third most common and second most deadly type of cancer worldwide, with approximately 1.9 million cases and 0.9
million deaths worldwide in 2020. Previous studies have shown that estrogen and testosterone hormones are associated with colorectal cancer
risk andmortality. However, the potential effect of their precursor, dehydroepiandrosterone sulfate (DHEAS), on colorectal cancer risk has not
been investigated. Therefore, evaluating DHEAS’s effect on colorectal cancer will expand our understanding of the hormonal contribution to
colorectal cancer risk. In this study, we conducted a two-sample Mendelian randomization (MR) analysis to investigate the causal effect of
DHEAS on colorectal cancer.We obtained DHEAS and colorectal cancer genomewide association study (GWAS) summary statistics from the
Leipzig Health Atlas and the GWAS catalog and conducted MR analyses using the TwoSampleMR R package. Our results suggest that higher
DHEAS levels are causally associated with decreased colorectal cancer risk (odds ratio per unit increase in DHEAS levels z score= 0.70; 95%
confidence interval [0.51, 0.96]), which is in line with previous observations in a case–control study of colon cancer. The outcome of this study
will be beneficial in developing plasma DHEAS-based biomarkers in colorectal cancer. Further studies should be conducted to interpret the
DHEAS-colorectal cancer association among different ancestries and populations.
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Colorectal cancer is the third most common cancer among males
and second among females worldwide, accounting for approxi-
mately two million new incidents in 2020 (Xi and Xu, 2021).
Known risk factors associated with colorectal cancer include
genetic, lifestyle and environmental factors. Investigating the role
of lifestyle factors such as physical inactivity, obesity, smoking and
alcohol consumption is important due to the potential for improv-
ing our understanding of the disease (Aran et al., 2016).

Recent epidemiological and experimental studies suggest that
endogenous concentrations of sex hormones, such as estradiol, tes-
tosterone and sex hormone-binding globulin (SHBG), play a role
in colorectal cancer risk. Lin et al. (2013) identified an association
between estrone, estradiol, testosterone and SHBG and colorectal
cancer risk. The authors measured the plasma level of sex hor-
mones in 732 colorectal cancer patients (293 women and 439
men) and 1156 controls (437 women and 719 men). They applied
the unconditional logistic regression method to calculate relative
risk (RR) and confidence intervals (CIs) of two-sided tests. Both

testosterone (RR= 0.62; 95% CI [0.40, 0.96]) and SHBG
(RR= 0.65; 95% CI [0.42, 0.99]) showed an inverse association
with colorectal cancer among men after adjusting for body mass
index (BMI) and plasma levels of c-peptides. Among women, only
the ratio between estradiol and testosterone (RR= 0.43; 95% CI
[0.22, 0.84]) was inversely associated with colorectal cancer after
adjusting for potential confounding.

A recent study by Yang et al. (2020) focused on investigating the
association between circulating sex hormones and the survival of
colorectal cancer patients. Samples were collected from 609 cases
(370 men and 239 postmenopausal women not taking hormone
therapy at blood collection). Multivariate hazard ratios (HRs)
and 95% CIs were estimated using the Cox proportional hazard
regression. The authors showed that higher circulating levels of
free testosterone were associated with a lower risk of overall and
colorectal cancer-specific mortality among men. A positive corre-
lation was found between estrone and both overall- and colorectal
cancer-specific mortality among women. Leveraging data from the
UK Biobank, Dimou et al. (2021) conducted both observational
and two-sample Mendelian randomization (MR) analyses to elu-
cidate the role of circulating levels of testosterone and SHBG in
colorectal cancer risk. The authors found no causal associations
between circulating SHBG and free testosterone with colorectal
cancer risk.
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In addition to studying the association between sex hormones
and colorectal cancer risk, recent studies have focused on the effect
of sex steroids and colorectal cancer precursors, including conven-
tional adenomas and serrated polyps. Hang et al. (2021) investi-
gated the association between plasma sex hormones and early
initiation of colorectal cancer among 5404 postmenopausal
women from the Nurses’ Health Study I and II. Using the multi-
variate logistic regression approach, they observed that higher con-
centrations of SHBG were associated with a lower risk of
conventional adenomas. A nominally significant association
between SHBG and a lower risk of large-serrated polyps (≥10
mm) was found. In addition to SHBG, free estradiol and free tes-
tosterone were associated with a higher risk of conventional adeno-
mas. A recent study investigated the serum hormone levels
(testosterone, androstenedione, DHEAS [dehydroepiandrosterone
sulfate] and SHBG) and the risk of colorectal precursors among
men (Figueiredo et al., 2022). Authors have found that levels of free
testosterone, total testosterone, androstenedione, DHEAS or
SHBG are not associated with either ‘low-risk’ (single tubular
adenoma <1 cm) or ‘high-risk’ (advanced adenoma or sessile ser-
rated adenoma or right-sided serrated polyps or >2 adenomas in
any size) early precursor lesions in the colorectum.

Previous studies have investigated the causal effects of hor-
mone-related traits such as age at menarche, age at menopause,
using oral contraceptives and hormone replacement therapy
(HRT) on colorectal cancer risk. Li et al. (2013) conducted a
meta-analysis (11 case–control and 11 cohort studies) to assess
the relationship between age at menarche and colorectal cancer.
The random-effects pooled RR for the oldest versus the youngest
age of menarche was 0.95 (95% CI [0.85, 1.06]) with significant
heterogeneity (p < .001). Approximately similar RR values were
obtained for separate case–control and cohort studies. Therefore,
these RR results explained that age at menarche was not associ-
ated with colorectal cancer risk. Neumeyer et al. (2018) used an
MR approach to test the causal effect of age at menarche and
menopause on colorectal cancer risk. The authors found that
age at menarche (OR = 0.98; 95% CI [0.95, 1.02]) and age at men-
opause (OR = 0.98; 95% CI [0.94, 1.01]) were not associated with
colorectal cancer risk. Symer et al. (2018) conducted a meta-
analysis among women aged 55 to 74 years to evaluate the colo-
rectal cancer incidence (disease-specific mortality and all-cause
mortality) on an individual’s use of HRT at the time of randomi-
zation: never, current or former users. The authors found that
adjusted colorectal cancer incidence in current users compared
to never-users was lower (HR = 0.81; 95% CI [0.69. 0.94];
p = .005), as was death from colorectal cancer (HR = 0.63; 95%
CI = [0.47, 0.85]; p = .002) and all-cause mortality (HR = 0.76;
95% CI [0.72, 0.80]; p < .001).

Despite the accumulating evidence for the role of sex hormones
in colorectal cancer, the effect of ‘sex hormone precursors’ has not
been studied thoroughly. DHEAS is the precursor of major sex
hormones in our body, testosterone in males and estrogen in
females (see Figure 1). The concept for Figure 1 was adopted from
Allolio and Arlt (2002).

DHEAS, the sulfated derivative of DHEA, is a steroid hormone
produced mainly by the adrenal cortex, the outer layer of the adre-
nal glands. Osawa et al. (2002) have found that DHEA increases the
number of aberrant crypt foci induced by azoxymethane in a
murine model without progression to carcinogenesis, suggesting
that DHEA may be a promising chemopreventive drug for colon
cancer. DHEAS activates ERK1/2 in MCF-7 breast cancer cells
(Upmanyu et al., 2020). The ERK 1/2 cascade is a central signaling

pathway that regulates various biological processes, including pro-
liferation, differentiation, survival, apoptosis and stress response
(Wortzel and Seger, 2011).

In 2000, Alberg et al. (2000) conducted a nested case–control
analysis to evaluate whether serum DHEAS is associated with
the likelihood of developing colon cancer. The results did not pro-
vide strong evidence for an association between circulating
DHEAS and colon cancer risk. Nevertheless, DHEAS was associ-
ated with a decreased risk of colon cancer among men, and these
results were not statistically significant under 95% CIs (p = .06).
Therefore, further studies are required to support or refute the
potential association between DHEAS and colorectal cancer.

MR is an epidemiological technique that leverages genetic data
to provide evidence on causal relationships between pairs of com-
plex traits. The variants must be robustly associated with the expo-
sure as instrumental variables to predict the effect of the exposure
(here DHEAS) on disease risk (colorectal cancer in this study). MR
can be compared to a randomized controlled trial as it takes advan-
tage of random allocation of genetic variants at conception
(Larsson et al., 2022), while observational studies are susceptible
to confounding. In this study, we have used a two-sample MR
approach to assess the potential causal association of DHEAS with
colorectal cancer. In two-sample MR, the associations of the
instrumental variables with the exposure and outcome are derived
from two independent (nonoverlapping) samples.

Materials and Methods

This study followed the STROBE-MR (strengthening the reporting
of observational studies in epidemiology using MR) (Skrivankova
et al., 2021) guidelines to report MR results.

Summary Data Resources

DHEAS. The genomewide association study (GWAS) summary
statistics of DHEAS (adjusted for sex, age and log [BMI]) was
obtained from Pott et al. (2019). In their study, GWAS analyses
were performed using two cohorts of the Leipzig Research
Centre for Civilization Diseases, Life-Adult (5758 samples: 2969
men and 2789 women) and Life-Heart (2070 samples: 1358 men
and 712 women), after excluding all patients under treatment of
sex hormones or glucocorticoids. Both Life-Adult and Life-
Heart studies comprise randomly assigned participants from
Leipzig, Germany. In LIFE-Heart and Life-Adult, the DHEAS lev-
els were measured using liquid chromatography–tandem mass
spectrometry and an electrochemiluminescence immunoassay.
The unit of DHEAS measurement was μmol/L.

Colorectal cancer. The GWAS summary statistics of colorectal
cancer were obtained from a recent study that included 4562 cases
and 382,756 controls of white British ancestry (Zhou et al., 2018).

DHEAS and colorectal cancer GWAS summary statistics were
obtained from two independent studies to avoid overlapping
samples.

Instruments Selection

Summary statistics for 467 genetic variants (single nucleotide poly-
morphisms; SNPs) associated with DHEAS levels at genomewide
significance (p< 5E-08 and MAF> 0.01) were extracted from the
original DHEAS GWAS study (Pott et al., 2019). To ensure instru-
mental variables were independent, strict clumping was performed
with an r2 threshold of .001 and a window size of 10,000 kb using the
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‘ld_clump’ function in the TwoSampleMR package (Hemani et al.,
2018). Six instrumental variables (SNPs) were retrieved by the link-
age disequilibrium pruning. We queried both PhenoScanner v2
(http://www.phenoscanner.medschl.cam.ac.uk/ accessed on
February 8, 2022) and GWAS Catalog (https://www.ebi.ac.uk/
gwas/home accessed on February 8, 2022) to investigate the poten-
tial confounding effect (p< 5E-08) among instrumental variables
and their proxies (r2 > .8). Particularly, we checked obesity-related
traits (BMI index, waist circumference, hip circumference and
weight; Doleman et al., 2016), physical activity (Shaw et al.,
2018), smoking (Botteri et al., 2020), alcohol consumption (Y.
Kim et al., 2019), inflammatory bowel disease (Nørgaard et al.,
2011) and Crohn’s disease (Olén et al., 2020), as reported in the lit-
erature. One SNP, rs117978821, was removed as it was associated
with weight-related traits. These rigorously selected SNPs were used
in the subsequent MR analyses.

MR Analysis

We used four complementary two-sample MR approaches,
inverse-variance weighted (IVW), MR-Egger, weighted median
and weighted mode, to estimate the causal effect of DHEAS on
colorectal cancer. These methods have been derived under differ-
ent assumptions of horizontal pleiotropy. The IVW method
assumes no/balanced pleiotropy. The IVW estimate is calculated
bymeta-analyzingWald ratio values of the individual instrumental
variable. We used Cochran’s statistic (Q ∼ �2

L�1, where L is the
number of instrumental variables) to check the presence of hetero-
geneity, which can indicate pleiotropy under the null hypothesis of
homogeneity.

MR-Egger regression is based on the INSIDE assumption
(instrument strength independent of the direct effects).
According to INSIDE, the instrumental variables’ pleiotropic
effects should be independent instrumental variables’ association
with the exposure. In addition to INSIDE, MR-Egger is also based
on the no measurement error (NOME), where genetic associations
with exposure of interest are measured without error. The regres-
sion dilution can evaluate the NOME assumption (I2GXÞ. When
0.6 < I2GX < 0.9, the simulation extrapolation (SIMEX) correlation

analysis is used to estimate the causal effect. If I2GX < 0.6, MR-Egger
and SIMEX are unreliable, so neither is performed (Vermeulen
et al., 2021). The intercept term of the Egger regression method
is considered an estimate of the directional pleiotropic effect.
The Rucker’s Q’ statistic (Q ∼ �2

L�2, where L is the number of
instrumental variables) was used to evaluate the heterogeneity in
the MR-Egger method. In general, Rucker’s Q’ is less than or equal
to Cochran’s Q. If the difference of Q statistics, Q-Q’, is sufficiently
large with respect to a 2

1 (3.84), we would infer that directional plei-
otropy is an important factor and the MR-Egger model provides a
better model than the IVW method.

Compared to IVW and MR-Egger, the weighted median
method is more robust even when 50% of SNPs are invalid instru-
ments. The weighted mode approach provides a consistent esti-
mate when the largest number of similar instrumental variables
come from valid instruments, even though the majority (>50%)
are invalid. We used the MR pleiotropy residual sum and outlier
(MR-PRESSO) global test to detect horizontal pleiotropy.
Moreover, F statistics and the proportion of variance (R2) were cal-
culated to assess instrumental variables’ strength (Rees et al., 2017).
Staiger and Stock (1997) suggested that the F statistic of instrumen-
tal variables should be larger than 10 to ensure that the maximum
bias in instrumental variable estimators is less than 10%. The
TwoSampleMR R package (Hemani et al., 2018) was utilized for
all analyses explained in the Methods section except I2GX calcula-
tion, which was performed using the MendelianRandomization
R package (Yavorska and Burgess, 2017).

Sensitivity Analysis

Leave-one-out sensitivity analyses were carried out with significant
MR analysis results to check whether the causal association is
driven by a single SNP.

Results

Two Sample MR Analysis Results

The proportion of variance (R2), F statistics and Wald estimates
were calculated for each instrumental variable (Table 1). The

Fig. 1. Schematic representation of converting dehydroepiandrosterone sulfate (DHEAS) into testosterone and estrogen. The concept for the image was adopted from Allolio and
Arlt (2002).
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combined multi-allelic instrument has explained 2.97% of the
variation in DHEAS levels.

As shown in Table 1, the F statistic is greater than 10 for all the
instrumental variables. IVW estimate exhibits an inverse associa-
tion between DHEAS level and colorectal cancer risk (OR= 0.70;
95% CI [0.51, 0.96]; p = .03). According to Cochran’s Q statistic
(Q= 5.47; p = .24), homogeneity was observed among individual
IVW causal estimates. We did not fit MR-Egger models as I2GX was
close to zero. The Q’ (3.45; p = .33) and Q-Q’ (2.02; p value = .16)
test statistics and respective p values indicated that the IVW
method provides a better estimate. MR-PRESSO global test
showed no horizontal pleiotropy among individual SNPs of
DHEAS for colorectal cancer (p = .31), strengthening the selection
of the IVWmethod to estimate the causal effect of DHEAS on colo-
rectal cancer. Moreover, causal effects found from weighted
median (OR= 0.70; 95% CI [0.49, 1.00]; p = .05) and weighted
mode (OR= 0.69; 95% CI [0.41, 1.15]; p = .23) were consistent
with IVW causal estimate (see Table 2).

Results in Table 2 (OR= 0.70; 95% CI [0.51, 0.96]; p = .03) and
Figure 2 (IVW regression line in light blue color) imply an inverse
relationship between DHEAS level and colorectal cancer risk.

Sensitivity Analyses (Leave-One-Out Analysis)

We used the leave-one-out analysis to check whether the SNPs are
inconsistent in their effect on the overall outcome or whether a sin-
gle outlying SNP is driving the results. Figure 3 illustrates the
results of MR analyses using the IVW method when leaving one
SNP out each time. Figure 3 shows a consistent effect size at the
exclusion of most SNPs (three out of five, rs28620926,
rs29001546 and rs296360).

Discussion

Colorectal cancer is one of the most common cancers in Western
society, with a poor prognosis for patients in the advanced stages.
Emerging evidence shows that sex hormones such as estrogen and
testosterone may play an important role in colorectal cancer risk.

Nevertheless, the role of DHEAS, the precursor of estrogen and tes-
tosterone, was unclear. We conducted the first MR study that
assesses the causal effect of endogenous DHEAS levels on colo-
rectal cancer risk.

TheMR analysis was conducted under three main assumptions.
These assumptions should be satisfied to select genetic variants as
instrumental variables: (1) the selected instrumental variables are
robustly associated with the exposure; (2) the instrumental varia-
bles are not associated with confounding factors; and (3) the
instrumental variables influence the outcome only through the
exposure (no horizontal pleiotropy exists). Initially, we selected
genetic variants at the genomewide significance level (5E-08) to
reflect a strong association with the exposure, DHEAS.
Furthermore, we calculated the F statistic for the selected SNPs.
All instrumental variables have F statistic >10, satisfying the first
assumption. We have minimized the violation of the second
assumption by examining previously reported associations of
instrumental variables. One genetic variant, rs117978821, was
removed as it was associated with weight-related traits (BMI is con-
sidered a potential risk factor in colorectal cancer). These findings
may be limited as there can be undiscovered risk factors of colo-
rectal cancer. Herein, we did not perform MR-Egger (intercept
analysis) as I2GX was too low. Nevertheless, weighted median,
Cochran’s Q, the difference of Q (Q-Q’) and MR-PRESSO test sta-
tistics detected the no/balanced horizontal pleiotropy satisfying the
third assumption. Therefore, the IVWmethod was selected to esti-
mate the causal effect.

In the present study, IVW estimates exhibit a significant asso-
ciation between DHEAS levels and decreased colorectal cancer
risk. Lin et al. (2013) reported that testosterone levels and the ratio
of estradiol to testosterone were associated with decreased colo-
rectal cancer risk among men and women, respectively. Their
results suggest that men with lower androgenicity due to reduced
androgen receptor activity or lower circulating DHEAS are at
higher risk of colorectal cancer. Yang et al. (2020) have found that
higher circulating testosterone levels are associated with lower
colorectal cancer risk among men, but higher estrone levels show
increased colorectal risk among women. Previous studies have sug-
gested an inverse relationship between testosterone and colorectal
cancer risk among men, but the association between estrogen and
colorectal cancer was not consistent among women. Our study was
conducted using DHEAS GWAS summary statistics adjusted for
the sex variable, and an inverse association was found between
DHEAS and colorectal cancer. Moreover, Alberg et al. (2000) have
mentioned that DHEAS was associated with a decreased risk of
colon cancer amongmen, and these results were within the bounds
of chance. Our outcome strengthens Alberg et al.’s (2000) results
through the negative causal effect of DHEAS on colorectal cancer.

In addition to colorectal cancer, DHEA (desulfated version of
DHEAS)/DHEAS shows an association with other hormonal
cancers such as prostate (Kim et al., 2016), breast (Hankinson
and Eliassen, 2010; Tworoger et al., 2006), ovarian
(Mizushima and Miyamoto, 2019) and endometrial (Michels
et al., 2019) cancers. Kim et al. (2016) have explained DHEA
as a potential biomarker in metastatic castration-resistant pros-
tate cancer. Nevertheless, case–control, cohort or MR studies
were not found that investigated the DHEAS-prostate cancer
association. Tworoger et al. (2006) described that DHEAS
was associated with increased estrogen receptor/progesterone
receptor-positive breast cancer risk in predominantly postme-
nopausal women. Later on, Hankinson and Eliassen (2010)
explained that DHEA/S was associated with breast cancer risk

Table 1. F statistic values and Wald ratio estimates for individual instrumental
variables

Instrumental variable F statistic BetaDHEAS-CRC SEDHEAS-CRC PDHEAS-CRC

rs28620926 96.3 −0.45 0.32 0.15

rs29001546 78.9 −0.38 0.29 0.19

rs296360 75.4 −0.29 0.31 0.34

rs57159061 47.7 −0.95 0.35 0.01

rs615567 97.6 0.07 0.28 0.77

Note: SE, standard error; CRC, colorectal cancer; DHEAS, dehydroepiandrosterone sulfate

Table 2. MR causal estimate of DHEAS on colorectal cancer

Method
Number of

SNPs
Odds
ratio

Confidence
interval

p
value

Inverse-variance
weighted (IVW)

5 0.70 (0.51, 0.96) .03

Weighted median 5 0.70 (0.49, 1.00) .05

Weighted mode 5 0.69 (0.41, 1.15) .22

Note: DHEAS, dehydroepiandrosterone sulfate; SNP, single nucleotide polymorphism.
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among postmenopausal women and no significant association
among premenopausal women. Similarly, Michels et al.
(2019) have found that compared to the lowest level, the highest
DHEA level (5th vs. 1st quintile: OR = 1.85; 95% CI [1.06, 3.25])
was associated with increased endometrial cancer risk among
postmenopausal women. In early studies, Cuzick et al. (1983;
p = .007) and Helzlsouer et al. (1995; p = .02) showed that
DHEA levels were significantly higher in ovarian cancer
patients than in control subjects. In contrast, later studies did
not find a significant difference in blood levels of DHEA or
DHEAS between ovarian cancer patients and matched controls
(Lukanova et al., 2003; Ose et al., 2015; Rinaldi et al., 2007;
Tworoger et al., 2008). These studies imply that DHEA/
DHEAS plays an important role in multiple hormonal cancers.

There are several limitations of the current study that should be
acknowledged. The present study used GWAS summary statistics
from the cohorts that dominated European ancestry; hence, results
may not be generalized to other populations. Moreover, MR cap-
tures lifelong exposure to DHEAS; the MR effect may not be sim-
ilar to the short-term effect of randomized clinical trials. Therefore,
the effect of DHEA/DHEAS on colorectal cancer still needs to be
studied in intervention studies. Herein, we conducted MR analysis
for sex-adjusted DHEAS GWAS summary statistics as a sufficient
number of SNPs were not retained by men- or women-specific
DHEAS GWAS. Though DHEAS GWAS summary data are
adjusted for sex groups, the potential residual effect of this cova-
riate cannot be excluded, which may violate the first assumption
that instrumental variables are robustly related to the exposure.

Fig. 2. A scatter plot representation relating the effect
sizes of SNP (single nucleotide polymorphism)-DHEAS
(dehydroepiandrosterone sulfate) association (x-axis,
in standard deviation units) and SNP-colorectal
cancer (y-axis) with standard error bars. The gradients
of the lines correspond to causal estimates using each
of the three different methods.

Fig. 3. Leave-one-out analysis using inverse-variance
weighted (IVW) method. Each black point represents
the IVW causal effect estimation of dehydroepiandros-
terone sulfate (DHEAS) on colorectal cancer, excluding
that particular variant (labeled on the y-axis) from the
analysis. The black point with a red error bar depicts
the IVW estimate using all single nucleotide polymor-
phisms (SNPs). Each point of the plot has been labeled
with effect sizes and their respective p values (within
brackets).
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Moreover, owing to the lack of data, the original DHEAS GWAS
study has not been controlled for the menstrual cycle and using
birth control methods. In leave-one-out sensitivity analyses, the
exclusion of only one SNP was statistically significant under the
5% significance level (all five were significant at the 10% threshold),
showing that results are influenced by the small number of SNPs
used in the analysis. A lower number of SNPs can also affect the
utility of other MR methods as testing heterogeneity is robust with
higher SNPs.

Besides these limitations, this study provides a new direction for
hormone-colorectal cancer risk association studies. DHEAS acts as
the precursor of estrogen and testosterone. Unless DHEAS has a
more significant effect than estrogen/testosterone on colorectal
cancer or DHEAS is a more straightforward supplementation than
estrogen or testosterone, DHEAS/estrogen/testosterone will still be
valuable interventions.

Conclusions

Using publicly available GWAS summary statistics, we conducted
two-sample MR analyses to investigate the causal effect of DHEAS
on colorectal cancer. We identified an inverse relationship between
DHEAS (adjusted for sex variable) and colorectal cancer risk.
Nevertheless, MR explains lifelong exposure to DHEAS, which
may not be analogous to the short-term effect of randomized clini-
cal trials. Moreover, this study is based on data retrieved from the
European ancestry-based databases andmay not be extrapolated to
other ancestries or populations. Apart from these limitations, this
study provides a direction for future hormone-cancer risk associ-
ation studies. Future MR analyses should focus on gender-based
DHEAS-colorectal cancer association among different ances-
tries/populations.
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