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Abstract. - OBJECTIVE: While current re-
search suggests potential value for docosahex-
aenoic acid (DHA) in the prevention and man-
agement of atopic dermatitis (AD), the causal
relationship between DHA and AD remains un-
clear, and the underlying mechanisms are not
well understood.

MATERIALS AND METHODS: To investigate
the potential causal relationship between DHA
and AD, as well as to explore potential mediat-
ing mechanisms, we employed the Mendelian
randomization (MR) methods. To study these
potential relationships, we conducted MR anal-
ysis using publicly available Genome-Wide As-
sociation Studies (GWAS) data. Effect estimates
were computed using the random-effects in-
verse-variance weighted method.

RESULTS: Our study demonstrates a neg-
ative correlation between DHA levels and AD
risk (OR: 0.915, 95% CI: 0.858-0.975, p=0.007).
Furthermore, in MR analysis using tumor ne-
crosis factor ligand superfamily member 14
(TNFSF14) levels as an outcome, DHA levels al-
so show a negative association with TNFSF14
levels (OR: 0.933, 95% CI: 0.879-0.990, p=0.022).
Subsequently, we performed further analysis
to explore the relationship between TNFSF14
and AD risk, revealing a positive correlation
(OR: 1.069, 95% CI: 1.005-1.137, p=0.033). This

suggests a potential mediating role of TNFSF14
in the impact of DHA on AD risk.

CONCLUSIONS: In summary, our study em-
ploys MR analysis to offer genetic evidence in-
dicating a potential role of DHA in reducing the
risk of AD, as well as opening avenues for fur-
ther in-depth investigation into potential mech-
anisms. These findings emphasize the impor-
tance of ongoing research in this field.
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Abbreviations

DHA = Docosahexaenoic acid, AD = Atopic Derma-
titis, MR = Mendelian Randomization, GWAS = Ge-
nome-Wide Association Study, TNFSF14 = Tumor ne-

crosis factor ligand superfamily member 14.

Introduction

Atopic dermatitis (AD), also known as atopic
eczema, is a chronic and recurrent inflammatory
skin condition that affects approximately one
in every ten individuals during their lifetime'.
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The development of AD is the result of a com-
plex interplay involving genetic mutations in the
epidermis, dysregulation of the immune system,
and environmental influences’. These multifa-
ceted interactions lead to the disruption of the
skin’s barrier function, ultimately resulting in the
formation of intensely pruritic dermatological le-
sions®. The incessant itch-scratch cycle triggered
by repetitive scratching significantly impairs the
quality of life for those afflicted by AD>.
Docosahexaenoic acid (DHA), an omega-3
polyunsaturated fatty acid, has gained promi-
nence in recent research4 due to its potential to
modulate the skin’s epidermal ecosystem. It aids
in maintaining normal keratinocyte differentia-
tion and supports the structural integrity of the
epidermal layers, thereby enhancing skin barrier
function®. In addition to these benefits, DHA
exhibits anti-inflammatory potential, helping to
balance immune system activity and mitigate
excessive immune responses’. While primarily
acknowledged as a dietary supplement beneficial
for cardiovascular health®, DHA has been explo-
red for its therapeutic applications in AD’. Several
select clinical trials have examined the potential of
DHA in preventing and treating AD. Furuhjelm
et al® conducted a study focusing on the effects
of prenatal and postnatal supplementation with
eicosapentaenoic acid (EPA) and DHA on allergic
diseases in infants up to 2 years of age. Their fin-
dings indicated a significant reduction in AD asso-
ciated with IgE levels among infants in the group
receiving EPA/DHA supplementation. However,
another clinical trial initiated by Gunaratne et
al’ found that, compared to standard-dose DHA,
high-dose DHA supplementation did not signifi-
cantly reduce the incidence and severity of AD in
infants from birth to 7 years. Consequently, the
cause-and-effect connection between DHA and
AD remains inconclusive, and its application in the
prevention and treatment of AD remains a subject
of ongoing and enduring scientific discussion.
Regarding causality, Mendelian Randomiza-
tion (MR) has become an increasingly employed
method, utilizing data from recent Genome-Wide
Association Studies (GWAS). Genetic variation
within a phenotype can serve as an instrumental
variable (IV) to clarify the causal relationship
between exposure and outcome, concurrently
mitigating the potential impact of confounding
factors and the issue of reverse causation often
encountered in observational studies'®. A recent
comprehensive systematic review’, which aggre-
gates findings from seven distinct studies, has
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put forth the proposition that omega-3 fatty acid
supplementation may potentially mitigate the in-
cidence of AD and ameliorate associated clinical
symptoms, conceivably through its anti-inflam-
matory properties. In this study, our aim is to
employ MR analysis to investigate the potential
causal relationship between DHA and AD while
exploring potential mediating mechanisms''.

Materials and Methods

Study Design

The study design meets the three crucial assu-
mptions of MR analysis'®, as follows: (A) Single
Nucleotide Polymorphisms (SNPs) are strongly as-
sociated with the exposure, (B) SNPs are indepen-
dent of known confounding factors, and (C) SNPs
only influence the outcome through exposure.

Data Sources

The analysis was conducted using publicly avai-
lable summary-level data from GWAS (https:/
gwas.mrcieu.ac.uk/), focusing on the traits of in-
terest. These studies predominantly featured Eu-
ropean populations and were published between
2020 and 2022. In our study, the diagnosis of AD
adhered to the diagnostic criteria of the American
Academy of Dermatology'?. Quantitative variables
within the dataset, including key metrics such as
DHA and tumor necrosis factor ligand superfa-
mily member 14 (TNFSF14) levels, were measu-
red using their respective standard units. Genetic
association estimates for DHA were derived from
the GWAS database reported by Richardson et al',
primarily focusing on European populations and
involving 115,006 study subjects and 11,590,399
SNPs. Genetic association estimates for TNFSF14
were obtained from the GWAS database reported
by Folkersen et al", primarily focusing on Eu-
ropean populations and involving 21,758 study
subjects and 12,601,513 SNPs. Genetic associa-
tion estimates for AD were extracted from the
GWAS database reported by Sliz et al'®, predo-
minantly concentrating on European populations
and encompassing 16,121,213 SNPs and 796,661
study subjects, including 22,474 cases and 774,187
controls. The data used in this work are publicly
available, and we have used and cited the data
from these studies. All these studies""'> obtained
consent and ethical approval from the relevant
participants. The analysis results conducted in
this work are provided in the main manuscript
or its supplementary files. All code used for this
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work is available upon reasonable request from the
respective authors. This study is reported in ac-
cordance with the STrengthening the Reporting of
OBservational studies in Epidemiology-Mendelian
Randomization (STROBE-MR) guidelines'.

Statistical Analysis

Selection and valiaation of SNPs

Compliance with three standard guidelines di-
rected the selection of suitable SNPs'. Firstly,
we identified SNPs associated with DHA/TNF-
SF14 above a genome-wide significance threshold
(p<5x107)1%17_To ensure the independence of the
chosen SNPs, we assessed pairwise linkage dise-
quilibrium. Any SNP showing a high correlation
(#>0.001) with other SNPs or having a higher
p-value within a 10,000 kb aggregate window was
excluded. Subsequently, we calculated the F-sta-
tistic to assess the strength of individual SNPs.
SNPs with an F-statistic greater than 10 were
considered robust enough to mitigate potential
bias. Before conducting MR analysis, data har-
monization steps were taken to ensure that SNPs
affecting exposure and outcomes corresponded
to the same alleles. To prevent IVs from being
correlated with potential confounders that could
influence exposure and outcomes, we systemati-
cally searched each selected SNP and its proxies
in the Phenoscanner (http://www.phenoscanner.
medschl.cam.ac.uk/)"® and GWAS Catalog (ht-
tps://www.ebi.ac.uk/gwas/)"* databases. We remo-
ved SNPs associated with exposure and outcomes
to avoid potential pleiotropic effects. Subsequent-
ly, we conducted the MR analysis as described
above. This comprehensive approach ensures the
reliability and robustness of MR analysis.

MR and Statistical Analysis

We employed the random-effects model for In-
verse Variance Weighting (IVW) as our primary
MR analysis method". Regarding missing values,
we used imputation methods. Additionally, two
sensitivity analyses were conducted: the Weighted

Median method and the MR-Egger method. The
Weighted Median method can provide reliable esti-
mates when more than 50% of the information
originates from valid TVs?*®. MR-Egger method was
used to assess the presence of horizontal pleiotropy
among the selected IVs?'. Heterogeneity among the
chosen Vs was indicated by Cochrane’s Q stati-
stic'’. Furthermore, we performed a leave-one-out
sensitivity analysis to evaluate whether individual
SNPs disproportionately influenced the overall esti-
mates. These analysis methods were employed to
ensure the reliability and robustness of our MR
study. All statistical analyses were conducted using
the “TwoSampleMR” package in R version 4.3.1
(R Foundation for Statistical Computing, Vienna,
Austria). The results were considered statistically
significant with a threshold set at p<0.05. The re-
search protocol and details were not pre-registered.

Results

SNP Selection and Validation

In summary, the studies included in our analy-
sis were published between 2020 and 2022 and
primarily focused on European populations (Table
I). Based on the selection criteria mentioned earlier,
we extracted 95 and 108 independent SNPs without
linkage disequilibrium from a total of 115,006
samples for MR analysis to investigate their asso-
ciations with AD and TNFSF14, respectively. Ad-
ditionally, we extracted 20 independent SNPs wi-
thout linkage disequilibrium from 21,758 samples
for MR analysis to estimate the genetic association
of TNFSF14 with AD (Table II). Supplementary
Tables I-III provide information about SNPs si-
gnificantly associated with the exposure factors,
including SNP ID codes, effect alleles, other al-
leles, estimated allele frequencies (EAF) values,
Beta values, and standard errors (SE).

Mendelian Randomization Analysis
As shown in Table 11, the [IVW analysis results
indicate that DHA levels are inversely associated

Table I. Details of the GWAS datasets included in this mendelian randomization.

GWAS ID Traits Author Year Sample size Number of SNPs Population
ebi-a-GCST90027161 AD Sliz et al®® 2021 796,661 16,121,213 European
ebi-a-GCST90092816 DHA Richardson et al® 2022 115,006 11,590,399 European
ebi-a-GCST90012029 TNFSF14  Folkersen et al** 2020 21,758 12,601,513 European

GWAS: Genome-Wide Association Studies, TNFSF14: Tumor necrosis factor ligand superfamily member 14, DHA:

Docosahexaenoic acid, AD: Atopic dermatitis.
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Table II. The causal association of exposure with outcome in Mendelian randomization analysis.

95% CI
Exposures Outcomes  nSNPs B SE P OR Lower Upper
DHA AD 95
MR Egger -0.101 0.046 0.032 0.904 0.826 0.990
Weighted median -0.121 0.037 0.001 0.886 0.825 0.952
Inverse variance weighted -0.089 0.033 0.007 0.915 0.858 0.975
Simple mode -0.119 0.112 0.287 0.887 0.713 1.104
Weighted mode -0.100 0.032 0.002  0.905 0.850 0.963
DHA TNFSF14 108
MR Egger -0.080 0.043 0.068 0.923 0.848 1.005
Weighted median -0.120 0.042 0.004  0.887 0.817 0.963
Inverse variance weighted -0.070 0.030 0.022 0.933 0.879 0.990
Simple mode -0.021 0.129 0.870 0.979 0.760 1.261
Weighted mode -0.102 0.036 0.006  0.903 0.841 0.969
TNFSF14 AD 20
MR Egger 0.111 0.041 0.016 1.117 1.030 1.211
Weighted median 0.084 0.032 0.010 1.087 1.020 1.159
Inverse variance weighted 0.067 0.031 0.033 1.069 1.005 1.137
Simple mode 0.038 0.103 0.715 1.039 0.849 1.272
Weighted mode 0.086 0.033 0.017 1.089 1.022 1.161

SNP: Single nucleotide polymorphism, SE: Standard error, OR: Odd ratio, Cl: Confidence interval, MR: Mendelian randomization,
TNFSF14: Tumor necrosis factor ligand superfamily member 14, DHA: Docosahexaenoic acid, AD: Atopic dermatitis.

with the risk of AD, with an Odds Ratio (OR) of
0.915 [95% Confidence Interval (CI): 0.858-0.975,
p=0.007]. Furthermore, in the MR analysis with
TNFSF14 as the outcome, DHA levels also exhibit
a negative correlation with TNFSF14 levels, with
an OR of 0.933 (95% CI: 0.879-0.990, p=0.022).
Consequently, we conducted further analysis
to explore the relationship between TNFSF14
and the risk of AD. Using the same analytical
approach, we found that TNFSF14 levels are
positively associated with the risk of AD, with
an OR of 1.069 (95% CI: 1.005-1.137, p=0.033).
Additionally, we calculated the F-values for the
IVs, and all the exposure F-values exceeded
10, indicating the robust strength of the SNPs
(Supplementary Tables I-111). We defined the

causal effect of DHA on the risk of AD as fl,
representing the total effect. The causal effect
of DHA on TNFSF14 was represented as f2.
The causal effect of TNFSF14 on the risk of AD
was defined as 3, and the mediating effect was
expressed as f2xf3. [2xp3/F1 quantifying the
percentage of the mediating effect. The calcula-
ted mediating effect was -0.005, accounting for
5.27% of the total effect. Furthermore, the majo-
rity of weighted median and MR-Egger analyses
yielded consistent estimates.

Sensitivity Analysis

As indicated in Table III, our sensitivity analy-
sis examined the genetic estimates of the causal
relationship between DHA and AD. It revealed

Table Ill. Pleiotropy and heterogeneity test of exposure IVs in outcome GWAS.

Pleiotropy test Heterogeneity test

MR-Egger MR-Egger Inverse-variance weighted
Exposures Outcomes | Intercept SE P Q Q_df Q_p-value | Q Q_df Q_p-value
DHA AD 0.001 0.003 0.724 | 148 93 <0.001 148 94 <0.001
DHA TNFSF14 0.001 0.002 0.731 | 115 106 0.259 115 107 0.279
TNFSF14  AD -0.009 0.006 0.136 | 22 17 0.172 26 18 0.110

IVs: Independent Variables, GWAS: Genome-Wide Association Studies, MR: Mendelian randomization, Q: heterogeneity
statistic Q, df: degree of freedom, TNFSF14: Tumor necrosis factor ligand superfamily member 14, DHA: Docosahexaenoic

acid, AD: Atopic dermatitis.
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significant heterogeneity according to Cochran’s
Q test (p<0.001). However, other sensitivity
analyses did not show substantial heterogeneity
(p>0.05). Importantly, the MR Egger regression
did not indicate any signs of horizontal pleiotropy
(Table III). Figure 1 presents a scatterplot illustra-
ting individual estimates of the exposure’s causal
effect on the outcome. Notably, as the impact of
SNPs on the exposure strengthens, their effect
on the outcome also becomes more pronounced,
implying an overall positive association between
genetic exposure and the outcome. Additionally,
Figure 2 offers a forest plot of SNPs associated
with the outcome’s risk, providing an intuitive
overview of the Beta values for each SNP after
IVW calculation. These visual aids deepen our
understanding of result consistency. Moreover, we
conducted a leave-one-out sensitivity analysis, de-
picted in Figure 3, to assess how individual SNPs
influence the overall estimate. Importantly, this
analysis demonstrated the stability of the overall
estimate, suggesting it was not unduly influenced
by any specific SNP, and no evidence of reverse
causality was found. Furthermore, we used funnel
plots to investigate potential horizontal pleiotropy,
as shown in Figure 4. The absence of asymmetry
in this plot suggests no evidence of horizontal
pleiotropy, further strengthening the reliability of
our study results. Finally, a reverse MR analysis
did not reveal any evidence of a reverse causal as-
sociation between the exposure and the outcome.
In summary, these additional analyses bolster the
accuracy and robustness of our study.

Discussion

In this study, we employed MR analysis to
investigate the causal relationship between DHA
and the risk of AD. Our findings revealed a signi-
ficant inverse causal association between DHA
levels and AD risk, suggesting the potential of
DHA in reducing the risk of AD. These results
align with prior studies conducted by Lin et al"
and Li et al?2. However, the precise underlying
mechanisms merit further exploration.

DHA, a long-chain ®-3 fatty acid, belongs to
the family of unsaturated fatty acids. It plays a pi-
votal role in the normal development of the brain,
retina, and nervous system®’. Moreover, DHA is
considered beneficial for cardiovascular health,
anti-inflammatory effects, and immune system
regulation®®. Given that the human body cannot
independently synthesize an adequate amount

of DHA, it is typically acquired through die-
tary sources or dietary supplements to maintain
overall health*. TNFSF14, a protein within the
Tumor Necrosis Factor (TNF) superfamily, plays
a critical role in regulating immune responses
and inflammation?*. Current research?* indicates
that TNFSF14 expression levels increase during
infections, immune stimulation, or inflammatory
processes. Typically expressed on the surfaces of
immune cells, including T lymphocytes, B lym-
phocytes, dendritic cells, and others, TNFSF14
interacts with its receptors, Herpesvirus Entry
Mediator (HVEM) or Lymphotoxin B receptor
(LTPBR), triggering the regulation of immune and
inflammatory responses®. Upon binding to its re-
spective receptors, TNFSF14 initiates a series of
signaling pathways, including Nuclear Factor-kB
(NF-xB), Mitochondrial Protein Kinase (MAPK),
and Protein Kinase B (Akt), leading to immune
cell activation and the production of cytokines?®.
Activation of immune cells like T and B lym-
phocytes results in their participation in specific
antigen immune responses, leading to the release
of cytokines such as Interferon-y (IFN-y) and
Interleukin-2 (IL-2), thereby enhancing the im-
mune response’**. Furthermore, TNFSF14 can
modulate inflammatory responses by influencing
macrophage activation, directing them to respond
to infections or injuries, thus aiding in pathogen
clearance and tissue repair, effectively regulating
the inflammatory response®*%. Studies™*’ have
revealed that DHA possesses anti-inflammatory
properties, with elevated levels capable of sup-
pressing immune cell functions and reducing the
production of inflammatory cytokines, potential-
ly achieved through the reduction of TNFSF14
production or release. It is our hypothesis that the
impact of DHA on AD risk is associated with the
downregulation of TNFSF14 expression and the
inhibition of the inflammatory response. Howe-
ver, it is essential to note that in MR analysis,
TNFSF14 levels represent the overall inflamma-
tion status of the organism. Consequently, our
analysis suggests a negative causal relationship
between DHA levels and AD risk, implying that
DHA acts to inhibit the inflammatory response.
AD is a chronic and recurrent inflammatory
skin condition, where various cytokines, including
TNFSF14, are believed to potentially mediate its
pathogenesis®. In the plasma of AD patients, there
is a significant upregulation of various cytokines,
including TNFSF14%. Inflammatory cells are acti-
vated and release numerous cytokines. Elevated
levels of TNFSF14 are indicative of a potentially
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Figure 1. Scatter plots. A, Exposure: Docosahexaenoic acid. Outcome: Atopic dermatitis. B, Exposure: Tumor necrosis factor ligand superfamily member 14. Outcome: Atopic dermatitis. C,
Exposure: Docosahexaenoic acid. Outcome: Tumor necrosis factor ligand superfamily member 14. Each black dot represents a single nucleotide polymorphism (SNP), positioned according to the
SNPs impact on the risk of outcomes, along with their respective standard error bars. The slopes of the lines correspond to causal estimates derived from various methods.
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Figure 3. Forest plots. A, Exposure: Docosahexaenoic acid. Outcome:

Atopic dermatitis. B, Exposure: Tumor necrosis factor ligand superfamily member 14. Outcome: Atopic dermatitis. C,

Exposure: Docosahexaenoic acid. Outcome: Tumor necrosis factor ligand superfamily member 14. The dot and bar represent the causal estimate for outcomes (forest plots).
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Figure 4. Funnel plot. A, Exposure: Docosahexaenoic acid. Outcome: Atopic dermatitis. B, Exposure: Tumor necrosis factor ligand superfamily member 14.
Outcome: Atopic dermatitis, C, Exposure: Docosahexaenoic acid. Outcome: Tumor necrosis factor ligand superfamily member 14. Each black dot indicates a
single nucleotide polymorphism.
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higher risk of AD. Therefore, there is a causal
relationship between TNFSF14 and the risk of
AD. Inflammatory cells and related cytokines are
considered to be associated with the occurrence
and exacerbation of AD. Thus, inhibiting the in-
flammatory response, particularly the key cytoki-
nes within it, is a crucial aspect of preventing
and treating AD. In summary, our study provides
genetic evidence for the adjunctive role of DHA in
reducing the risk of AD and offers potential me-
chanisms that warrant further in-depth analysis.

However, it is essential to acknowledge that
this study has several limitations that warrant
consideration. Firstly, while the MR-Egger in-
tercept test did not reveal evidence of pleiotropy
effects, it is important to acknowledge that fully
ruling out the possibility of directional pleio-
tropy in any MR study remains challenging'.
Secondly, our study population primarily consi-
sted of individuals of European descent, which
may introduce some limitations in terms of the
generalizability of the results. Thirdly, it must
be acknowledged that the calculated percentage
of mediated effect was relatively low, undersco-
ring the potential need for further research and
data to gain a more comprehensive understan-
ding of the causal relationship between DHA
and AD risk. Finally, it is essential to recognize
that our assessment of causality is based on
MR, which leverages the genetic information
for each trait and, therefore, requires cautious
interpretation, as the occurrence and develop-
ment of AD are inherently multifactorial.

Conclusions

In summary, our study employs MR analysis to
offer genetic evidence indicating a potential role of
DHA in reducing the risk of AD, as well as opening
avenues for further in-depth investigation into po-
tential mechanisms. These findings emphasize the
importance of ongoing research in this field.
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