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Purpose: Unlike eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), the rela-
tionship between eicosatetraenoic acid (ETA) and psoriasis remains unclear. Therefore, We
performed a cross-sectional study in the general American population to investigate the
association between daily dietary ETA, EPA, and DHA intake and the risk of psoriasis.
Participants and Methods: This study applied data from the National Health and
Nutrition Examination Survey (NHANES) 2003-2006 and 2009-2014. Dietary n3 polyun-
saturated fatty acids (PUFA) were calculated based on two 24-hour dietary recall interviews.
We defined psoriasis by responding to the question “Have you ever been told by a doctor or
other health care professional that you had psoriasis?”’. Multivariable logistic regression
analysis, trend tests, subgroup analysis, and interaction tests were used to evaluate the
associations of ETA, EPA, and DHA intake with the risk of psoriasis, respectively.
Results: A total of 15,733 participants were included in this study. In our optimal multi-
variate-adjusted model, the odds ratio (OR) with 95% confidence interval (CI) of psoriasis
were 0.30 (0.12, 0.88), 1.92 (0.78, 4.74), 1.28 (0.72, 2.27) for daily dietary ETA, EPA, and
DHA intake, respectively. Trend tests showed a dose—effect relationship between daily
dietary ETA intake and the lower risk of psoriasis. Subgroup analysis and tests for interaction
showed that the association was stable in different subgroups.

Conclusion: Our study revealed that there might be a dose—effect association of daily
dietary ETA intake with the lower risk of psoriasis in American adults.

Keywords: psoriasis, diet, eicosatetraenoic acid, long-chain n3 polyunsaturated fatty acid,
NHANES

Introduction

Psoriasis is a chronic inflammatory skin disease affecting about 2—3% of the world’s
population.’ Psoriasis negatively affects patients’ quality of life; it may lead to impair
appearance, itching, and other discomforts and could even cause social disability and
depression.” In general, psoriasis is considered a multifactorial disease involving genetic
components, diet, lifestyle, and environmental factors.” Patients with psoriasis often have
higher dietary fat intake and less fish or dietary fiber intake, which may be related to the
incidence and severity of psoriasis.” In addition, the severity of psoriasis has a relation to
lower levels of circulating n3 polyunsaturated fatty acids (n3 PUFA), and the course of
psoriasis was associated positively with a higher ratio of saturated fatty acids to unsatu-
rated fatty acids.” These findings indicate that the risk and condition of psoriasis are
strongly associated with the intake and metabolism of fatty acids. Therefore, a diet
involving fatty acids is an essential part of the comprehensive management of psoriasis.
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N3 polyunsaturated fatty acids (n3 PUFA) are essential
fatty acids that cannot be synthesized de novo by humans
and must be obtained from the diet. N3 PUFA is divided into
short-chain (<C18) n3 PUFA including o-linolenic acid (ALA,
18:3n-3) and stearidonic acid (SDA, 18:4n-3), and long-chain
(>C20) n3 PUFA including eicosapentacnoic acid (EPA,
20:5n-3); docosahexaenoic acid (DHA, 22:6n-3); and the less-
studied eicosatetraenoic acid (ETA, 20:4n-3). Long-chain n3
PUFA are biosynthesized from ALA (Figure 1), and the meta-
bolic pathway is limited in the human body.® Therefore, the
best way of acquiring these n3 PUFA is from dietary sources.’
The focus here is on long-chain n3 PUFA attributable to their
wholesome effects in human disease. Numerous studies have
consistently revealed their crucial roles in inhibiting chronic
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Figure | Possible biosynthesis and metabolic pathway of long-chain n3 PUFA.

diseases, including inflammatory, carcinogenic, adipogenic,
diabetogenic, and atherogenic diseases.® Moreover, previous
studies have also found that supplementation of n3 PUFA (rich
in EPA and DHA) improves the condition of psoriasis,®” "% but
other studies have not found similar results.'*'* More
researches are needed to confirm the relationship between n3
PUFA intakes and psoriasis. Previous studies have focused
mainly on EPA and DHA, but no ETA. Therefore, this study
aimed to explore the relationship between three kinds of long-
chain n3 PUFA (ETA, EPA, and DHA) intakes in the daily diet
and the risk of psoriasis through a cross-sectional study with
a large sample size.

Materials and Methods

The NHANES study was approved by the institutional
review board of the National Centre for Health Statistics,
CDC, USA, and informed consent was obtained from
participants prior to the research.

Study Population and Purpose

National Health and Nutrition Examination Survey
(NHANEYS) is the annual population survey of the USA
using a multistage, stratified, probability-sampling design.
We analyzed publicly available data with 50,938 individuals
from NHANES 2003-2006, 2009-2014 to determine the
relationship between daily dietary n3 PUFA intakes and
the risk of psoriasis in this study (there is no question on
psoriasis in 2007-2008 survey). Individuals with responses
to the psoriasis question and complete dietary data of the
first-day and the second-day total nutrients, aged 18-60
years, were selectively selected. Finally, a total of 15,733
participants were included in the study (Figure 2).

Definition of Psoriasis

We identified the diagnosis of psoriasis from the 2003—
2006 “dermatology” section and the 2009-2014 ‘medical
conditions’ section of the questionnaire data. The presence
of psoriasis was determined by the response to the ques-
tion “Have you ever been told by a doctor or other health
care professional that you had psoriasis?”.

Daily Dietary N3 Polyunsaturated Fatty
Acid

The average daily dietary n3 PUFA intakes were calcu-
lated from two 24-hour dietary recall interviews of total
nutrient intakes conducted personally in the mobile exam-
ination center and by phone 3 to 10 days later,
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Figure 2 Flowchart of the screening process for the eligible participants selection
from National Centre for Health Statistics (NHANES).

respectively. In our study, n3 PUFA, including ETA, EPA,
and DHA, was obtained from daily foods but not dietary
supplements or medications.

Covariates

The following variables were included as potential con-
founders: Gender, age, marital status, BMI, veteran (Have
you ever served on active duty in the US Armed Forces,
military Reserves, or National Guard), the ratio of family
income to poverty (PIR), smoking (Do you now smoke
cigarettes), drinking alcohol (Drinking alcohol at least 12
times per year or not). All these covariates were obtained
from demographics data and questionnaire data (Alcohol
Use and Smoking - Cigarette/Tobacco Use - Adult).

Statistics

Continuous variables with normal distribution were
described as mean + standard deviation and compared
using Student’s t-tests between psoriasis and non-psoriasis
groups. Categorical variables were described as percentages
and compared by the y* test between the two groups.
Multivariable logistic regression analyses were adopted to
determine the association between daily dietary n3 PUFA
(ETA, EPA, and DHA) intakes and the risk of psoriasis while
accounting for covariates. No covariates were adjusted in
Model 1. Model 2 adjusted for gender, age, veteran, marital
status, PIR. Model 3 adjusted for gender, age, veteran, mar-
ital status, PIR, BMI, drinking alcohol, and smoking.
Additional trend tests were performed to examine the
dose—effect relationship between the daily dietary n3 PUFA
intakes and psoriasis. Moreover, subgroup analyses and inter-
action tests were conducted to test the robustness of associa-
tions between the dietary n3 PUFA intake with psoriasis in

different subgroups. The results are presented with an odds
ratio (OR) with a 95% confidence interval (CI) and p-value.
Two-tailed p <0.05 was considered statistically significant.
R (http://www.R-project.org) and EmpowerStats (http://

www.empowerstats.com) were used for all statistical analyses.

Results

A total of 15,733 participants were enrolled in this cross-
sectional study, including 414 individuals with psoriasis
and 15,319 without psoriasis as control. Compared with
control, those with psoriasis tend to be elderly, married/
widowed/divorced/separated, have larger BMI, and are
more likely to be veterans and smokers. There were no
significant differences between the two groups in gender,
ratio of family income to poverty (PIR) and drinking
alcohol. In addition, among the three kinds of n3 PUFA,
those with psoriasis had less daily dietary ETA intake
(Table 1).

In multivariable logistic regression analysis, only the
association of ETA with the lower risk of psoriasis was
observed, in which the odds ratio (OR) with 95% confi-
dence interval (CI) of psoriasis based on daily dietary ETA
intake was 0.36 (0.14, 0.92) in model 1 (Table 2). In model
2, after adjusting for gender, age, veteran, marital status,
PIR, daily dietary ETA intake was still associated with the
lower risk of psoriasis, in which the OR (95% CI) was
0.35 (0.13, 0.94). In model 3 adjusting for more covari-
ates, the association was still identified with the OR (95%
CI) of 0.30 (0.12, 0.88). However, no associations were
not found between EPA/DHA and psoriasis from model 1
to model 3 (Table 2). Furthermore, the smooth curve
fitting showed the risk of psoriasis decreased linearly
with the increase in daily dietary ETA intake (Figure 3A).

The OR (95% CI) of psoriasis based on quintiles of
daily dietary ETA intakes presented decreasing trend from
the lowest to the highest. Compared with the lowest quin-
tile, the OR (95%) of psoriasis for the highest quintile was
0.71 (0.52, 0.97) (Table 3). Besides, the p-value for trend
was 0.031, and the results were stable in the further
adjusted model 2 and model 3. The result further revealed
the dose—effect association between daily dietary ETA
intakes and psoriasis.

Moreover, subgroup analyses and interaction tests were
conducted to test the robustness of associations of the
dietary n3 PUFA intake with psoriasis in different sub-
groups. Tests of interaction between covariates and daily
dietary ETA intake in all models were not significant (All
p for interaction >0.05), concluding that the association
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Table | Characteristics of Participants by Psoriasis

Variable Psoriasis (n=414) No Psoriasis (n=15,319) P value
Age (years) 41.72 £ 11.44 3820 + 12.21 <0.001
BMI (kg/m?) 30.06 + 7.43 2890 + 7.12 0.001
PIR 2.64 + 1.70 251 £ 1.62 0.102
ETA (g/d) 0.14 £ 0.10 0.16 £ 0.11 0.033
EPA (g/d) 0.04 £ 0.11 0.04 £ 0.09 0.131
DHA (g/d) 0.08 £ 0.16 0.07 £ 0.15 0.319
Gender 0.708
Male 190 (45.89%) 7173 (46.82%)
Female 224 (54.11%) 8146 (53.18%)
Veteran status 0.001
Yes 42 (10.14%) 960 (6.27%)
No 372 (89.86%) 14,359 (93.73%)
Marital status <0.001
Married 253 (61.11%) 8980 (58.62%)
Widowed/ Divorced/ Separated 75 (18.12%) 2116 (13.81%)
Never married 79 (19.08%) 3462 (22.60%)
Drinking alcohol 0.082
Yes 301 (72.71%) 10,341 (67.50%)
No 86 (20.77%) 3751 (24.49%)
Smoking <0.001
Yes 110 (26.57%) 3553 (23.19%)
No 107 (25.85%) 2607 (17.02%)

Abbreviations: g/d, gram per day; BMI, body mass index; PIR, ratio of family income to poverty; ETA, eicosatetraenoic acid (20:4 n-3); EPA, eicosapentaenoic acid (20:5

n-3); DHA, docosahexaenoic acid (22:6 n-3).

Table 2 Univariate and Multivariate Logistic Regression Model of Daily Dietary N3 Polyunsaturated Fatty Acids Intakes and Psoriasis

Exposure Model | OR (95% CI) P-value Model 2 OR (95% CI) P-value Model 3 OR (95% CI) P-value
ETA 0.36 (0.14, 0.92) 0.033 0.35 (0.13, 0.94) 0.037 0.30 (0.12, 0.88) 0.019
EPA 1.97 (0.82, 4.76) 0.132 1.79 (0.72, 4.43) 0.208 1.92 (0.78, 4.74) 0.158
DHA 1.33 (0.76, 2.32) 0.318 1.22 (0.69, 2.17) 0.500 1.28 (0.72, 2.27) 0.408

Notes: Model I: no covariates were adjusted. Model 2: gender, age, veteran, marital status, PIR were adjusted. Model 3: gender, age, veteran, marital status, PIR, BMI,

drinking alcohol, smoking were adjusted.

Abbreviations: ETA, eicosatetraenoic acid (20:4 n-3); EPA, eicosapentaenoic acid (20:5 n-3); DHA, docosahexaenoic acid (22:6 n-3).

between ETA and psoriasis was stable in different sub-
groups (Table 4). Additionally, we intuitively observed
that the risk of psoriasis decreased linearly with the
increase in daily dietary ETA intake within all subgroups
(Figure 3B-).

Discussion
This study showed an association between daily dietary
ETA intake and the lower risk of psoriasis, and the asso-

ciation was stable in different subgroups. However, there
was no significant correlation between daily dietary EPA/
DHA intakes and the risk of psoriasis in our study.
Arachidonic acid (AA, 20:4 n-6) metabolites have been
considered to be related to psoriasis pathogenesis.'®!'>'¢
Leukotriene B4 (LTB4) and 12-hydroxy eicosatetraenoic
acid (12-HETE), the products of arachidonic acid (AA)
catalyzed by lipoxygenase, are vital pro-inflammatory che-

motactic mediators and higher in psoriatic plaques than in
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Figure 3 Smooth curve fittings show the relationship between daily dietary eicosatetraenoic acid (ETA, 20:4 n-3) intake and the risk of psoriasis overall (A) and within all
subgroups (B-I). The red line presents the OR value of the association of ETA and psoriasis, and the blue lines present the 95% confidence interval (A). Smooth curve
fittings from (B—I) show the association in different subgroups stratified by each covariate, and each line presents the OR value of the association without a 95% confidence
interval. All smooth curve fittings show that the risk of psoriasis decreased linearly with the increase in daily dietary ETA intake overall and within all subgroups. The
association was adjusted for gender, age, veteran, marital status, PIR, BMI, drinking alcohol, smoking except the stratified covariate.

normal skin.'”' Long-chain n3 PUFA, such as EPA and
DHA, are also substrates of lipoxygenase and precursors
of anti-inflammatory compounds such as resolvins, protec-
tins, and maresins, which can reduce the production of
LTB4.%° % This lends biological plausibility to the use of
long-chain n3 PUFA (EPA and DHA) alone or in combi-
nation with other drugs in the treatment of psoriasis. ETA

is an isomer of n6 PUFA Arachidonic acid. ETA can serve
as a dual inhibitor of cyclooxygenase (COX1 and COX2)
and lipoxygenase to block the production of LTB4.%*%*
ETA has also been shown to compete with arachidonic
acid in the arachnoidal-CoA synthetase step, thereby pre-
venting arachidonic acid uptake.’*?’ In addition, A 17-

8-HETE and A 17-8, 15-diHETE, the two metabolites of
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Table 3 Trend Test of Association of Daily Dietary ETA Intakes with Psoriasis

Model | OR (95% CI)
Quintiles of ETA

QI (0-0.07 g/d) Reference

Q2 (0.07-0.11 g/d) 0.89 (0.66, 1.20)

Q3 (0.11-0.16 g/d) 0.85 (0.63, 1.15)
Q4 (0.16-0.23 g/d) 0.82 (0.61, I.11)

Q5 (0.23-1.49 g/d) 0.71 (0.52, 0.97)

P for trend 0.032

Model 2 OR (95% CI) Model 3 OR (95% CI)
Reference Reference
0.90 (0.67, 1.21) 0.88 (0.65, 1.19)
0.86 (0.63, 1.15) 0.83 (0.61, 1.12)
0.82 (0.60, I.11) 0.79 (0.58, 1.07)
0.71 (0.51, 0.98) 0.68 (0.49, 0.94)
0.037 0016

Notes: Model I: no covariates were adjusted. Model 2: gender, age, veteran, marital status, PIR were adjusted. Model 3: gender, age, veteran, marital status, PIR, BMI,

drinking alcohol, smoking were adjusted.
Abbreviations: ETA, eicosatetraenoic acid (20:4 n-3).

ETA via the 5-lipoxygenase pathway, have been proved to
be natural LTB4 receptor antagonists with anti-
inflammatory activity.”® Moreover, ETA can stimulate
anti-inflammatory cytokines IL-10 secretion from macro-
phages in vitro.* Therefore, ETA might reduce the inflam-
mation of psoriasis or lower the risk of the disease.

We found a dose—effect relationship between daily dietary
ETA intake and the lower risk of psoriasis, and this association
was stable in different subgroups. To our acknowledgment,
this has not been found in previous studies. Therefore, ETA
supplements or foods rich in ETA may benefit people with
a family history of psoriasis and psoriasis patients. ETA is
a rare long-chain n-3 PUFA in nature, comprising only 1% of
fish oils. ETA is also found in New Zealand green-lipped
mussel (Perna canaliculus) and triglycerides of transgenic
seeds from Camelina.*® If foods rich in ETA were not avail-
able, ETA supplements may be a better choice. Besides, it is
reported that consuming plant-derived oils rich in stearidonic
acid (SDA, 18:4 n-3) leads to increased tissue concentrations
of ETA.?® Therefore, plant-derived oils rich in SDA may be
potential alternative sources if both ETA supplements and
foods rich in ETA were unavailable.

In this study, we did not find the relationship between
daily dietary EPA/DHA intakes and the risk of psoriasis,
which is consistent with some studies.” In previous stu-
dies, the doses of EPA and DHA consumed by patients far
exceeded that in their daily diet.'®*'* Moreover, it is
reported that there is no benefit of edible fish oil rich in
EPA and DHA.'* However, intravenous infusion of large
doses of n3 PUFA showed better effects than oral n3
PUFA or fish oil.** Intravenous n3 PUFA has higher
bioavailability and faster hydrolysis of esterified EPA and
DHA than oral administration.>**> Absorption of intrave-
nous 4.2g n3 PUFA is likely to be twice or triple the same
dose of the oral way.*® The doses of daily dietary EPA and

DHA for 95% percentile participants in this study were
0.18g and 0.30g per day, respectively, far below that in
previous studies. Therefore, the daily dietary EPA and
DHA dose in our study may be too low to affect the risk
of psoriasis, which might account for the absence of cor-
relation between EPA/DHA and psoriasis in our study.

Therefore, supplement with ETA other than EPA and
DHA may be more beneficial in the long-term dietary
management of patients with psoriasis or those with high
risks of developing psoriasis. However, we do not deny
the potential effects of EPA and DHA on psoriasis but
suggest that EPA and DHA may need higher doses or
intravenous injections to reduce the risk and inflamma-
tion of psoriasis.

Our research has some limitations. First of all, it is
a cross-sectional study, and no causality can be inferred
from these results. Second, dietary data were obtained
through two 24-hour dietary recall interviews, and this
dietary survey method is not that accurate because of
misrecording and omission,”” which may lead to inevitable
recall bias. Besides, intakes of n3 PUFA from dietary
supplements are not available in this study. Finally, the
self-reported diagnosis of psoriasis may be subject to the
same misclassification errors as other population-based
epidemiological studies of psoriasis.'*® All these limita-
tions may affect the reliability of the conclusion. However,
we have tried our best to increase the credibility and
reliability of the conclusions in the study. We applied
multiple adjustment models to analyze the relationship
between n3 PUFA intake and the risk of psoriasis, trend
tests to further detect the dose-effect, subgroup analyses,
and interaction tests to examine the stability of the asso-
ciation in different subgroups, smooth curve fitting dia-
gram to show the relationship between ETA and psoriasis
visually.
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Table 4 Interaction Test of Association of Daily Dietary ETA Intakes with Psoriasis

Subgroups

Model | OR (95% CI)

Model 2 OR (95% CI)

Model 3 OR (95% CI)

Stratified by gender
Male (n=7363) (0.19%0.13 g/d)

0.27 (0.08, 0.96)

0.27 (0.08, 0.96)

0.24 (0.07, 0.88)

Female (n=8370) (0.13+0.09 g/d) 0.51 (0.11, 2.39) 0.53 (0.11, 2.50) 0.42 (0.09, 2.01)

P interaction 0.529 0.501 0.600
Stratified by age

18-39 y, (n=8278) (0.160.11 g/d) 0.91 (0.24, 3.39) 0.91 (0.24, 3.48) 0.82 (0.21, 3.18)

40-60 y, (n=7455) (0.16£0.11 g/d) 0.16 (0.04, 0.61) 0.15 (0.04, 0.58) 0.12 (0.03, 0.49)

P interaction 0.070 0.061 0.052

Stratified by veteren
Yes (n=1002) (0.160.11 g/d)
No (n=14,731) (0.160.11 g/d)
P interaction

0.53 (0.04, 6.82)
0.30 (0.11, 0.83)
0.690

0.54 (0.04, 7.03)
0.33 (0.11, 0.94)
0722

0.56 (0.04, 7.25)
0.28 (0.09, 0.80)
0.625

Stratified by PIR
PIR <2.50 (n=9076) (0.16+0.12 g/d)

0.20 (0.05, 0.75)

0.20 (0.05, 0.76)

0.18 (0.05, 0.70)

PIR=25 (n=6657) (0.15x0.11 g/d) 0.71 (0.19, 2.73) 0.67 (0.17, 2.68) 0.55 (0.14, 2.25)

P interaction 0.184 0.207 0.251
Stratified by marital status

Married (n=9233) (0.15£0.11 g/d) 0.48 (0.14, 1.62) 0.46 (0.13, 1.59) 0.39 (0.11, 1.37)

Widowed/Divorced/Separated (n=2191) (0.15+0.12 g/d) 0.25 (0.03, 2.48) 0.21 (0.02, 2.16) 0.18 (0.02, 1.93)

Never married (n=3541) (0.16£0.12 g/d) 0.23 (0.03, 1.94) 0.21 (0.02, 1.82) 0.19 (0.02, 1.67)

P interaction 0.777 0.743 0.771
Stratified by BMI

BMI<28 kg/m? (n=8219) (0.1520.11 g/d) 0.44 (0.11, 1.78) 0.45 (0.11, 1.88) 0.44 (0.11, 1.85)

BMI=28 kghin=7514) (0.16£0.12 g/d) 0.27 (0.07, 0.97) 0.25 (0.07, 0.93) 0.24 (0.06, 0.91)

P interaction 0.609 0.544 0.538

Stratified by drinking alcohol
Yes (n=10,642) (0.16%0.12 g/d)
No (n=3837) (0.14+0.10 g/d)

P interaction

0.26 (0.09, 0.79)
0.88 (0.11, 7.18)
0325

0.27 (0.08, 0.84)
0.99 (0.12, 8.14)
0.290

0.24 (0.07, 0.75)
0.80 (0.09, 6.76)
0331

Stratified by smoking
Yes (n=3663) (0.16x0.12 g/d)
No (n=2714) (0.16+0.11 g/d)

P interaction

041 (0.07, 2.29)
0.08 (0.01, 0.62)
0225

0.41 (0.07, 2.40)
0.09 (0.01, 0.74)
0.185

0.37 (0.06, 2.19)
0.07 (0.01, 0.61)
0.169

Notes: Model I: no covariates were adjusted. Model 2: gender, age, veteran, marital status, PIR were adjusted except the covariate that was stratified in the analysis. Model
3: gender, age, veteran, marital status, PIR, BMI, drinking alcohol, smoking were adjusted except the covariate that was stratified in the analysis.

Abbreviations: g/d, gram per day; BMI, body mass index; PIR, ratio of family income to poverty; ETA, eicosatetraenoic acid (20:4 n-3).

Conclusion

This study showed a potential association between daily

controlled trials are needed to examine the efficacy of

dietary ETA intake and the lower risk of psoriasis in

American adults. However, there is no significant corre-
lation between daily dietary EPA and DHA intakes and
the risk of psoriasis. Based on these findings, we
assumed that a supplement of ETA might be beneficial
in patients with psoriasis and those with a high risk of

developing psoriasis. Further prospective randomized

ETA on psoriasis.
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