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Placebo-Controlled Clinical Study
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Background: Atopic dermatitis (AD) is related to a deficiency
of delta-6-desaturase, an enzyme responsible for converting
linoleic acid to gamma-linolenic acid (GLA). Evening prim-
rose oil (EPO) as a source of GLA has been of interest in the
management of AD. Objective: The aim of this randomized,
double-blinded, placebo-controlled clinical study is to eval-
uate the efficacy and safety of EPO in Korean patients with
AD. Methods: Fifty mild AD patients with an Eczema Area
Severity Index (EASI) score of 10 or less were enrolled and
randomly divided into two groups. The first group received
an oval unmarked capsule containing 450 mg of EPO (40 mg
of GLA) per capsule, while placebo capsules identical in ap-
pearance and containing 450 mg of soybean oil were given
to the other group. Treatment continued for a period of four
months. EASI scores, transepidermal water loss (TEWL), and
skin hydration were evaluated in all the AD patients at the
baseline, and in months 1, 2, 3, and 4 of the study. Results:
At the end of month 4, the patients of the EPO group showed
a significant improvement in the EASI score (p=0.040),
whereas the patients of the placebo group did not. There was
a significant difference in the EASI score between the EPO and
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placebo groups (p=0.010). Although not statistically sig-
nificant, the TEWL and skin hydration also slightly improved in
the EPO patients group. Conclusion: We suggest that EPO is a
safe and effective medicine for Korean patients with mild AD.
(Ann Dermatol 30(4) 409 ~416, 20138)
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INTRODUCTION

Atopic dermatitis (AD) is a chronic, recurrent, and in-
flammatory skin disease characterized by dry skin, itch,
and erythema as well as increase in the transepidermal
water loss (TEWL)'%. AD is multifactorial and has compli-
cated immunological abnormal responses, including dam-
age to the epidermal barrier, genetic factors, and environ-
mental causes. Seemingly, many parts of the pathophysio-
logical mechanism interact with each other to cause and
exacerbate AD’.

Some researchers have suggested that AD may be related
to the abnormal metabolism of essential fatty acid, espe-
cially the abnormality in the production of gamma-lino-
lenic acid (GLA)*®. In some AD patient groups, the func-
tional deficiency of delta-6 desaturase was discussed as a
factor of AD*”®. Delta-6 desaturase converts linoleic acid
(LA) to GLA, which is then metabolized into dihomo-
gamma-linolenic acid (DGLA)®. The functional deficiency
of delta-6 desaturase has been found to cause an increase
in the LA level and a decrease in GLA, DGLA, arachidonic
acid, and prostaglandin E1 (PGE1) in patients with AD*®.
The deficiency of PGE1 can lead to immune dysreguala-
tion and the dominance of inflammatory PGE2 and PGF2,
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thereby causing AD’.

Evening primrose oil (EPO) is a natural source of LA and
GLA. The intake of GLA contained in EPO is presumed to
cause an anti-inflammatory response as the blood concen-
trations of GLA and DGLA increase”. Studies conducted
by supplementing GLA to humans and rodents showed a
selective increase of anti-inflammatory PGE1, but not in-
flammatory PGE2°. Many studies have also shown a bene-
ficial effect of EPO in AD'®, but some studies have shown
different results''. Although EPO is one of the adjuvant
therapeutic agents listed in the Treatment Guideline of
Korean Atopic Dermatitis'> published by the Korean
Atopic Dermatitis Association, the effect of EPO on
Korean patients with AD has not been sufficiently
investigated. In addition, no report has ever been pub-
lished about a well-designed, randomized, double-blinded,
placebo-controlled study. Therefore, a randomized, dou-
ble-blinded, placebo-controlled study was conducted to
evaluate the efficacy and safety of EPO on Korean patients
with AD. EPO or a placebo was administered to mild AD
patients for 4 months, and the changes in the values in-
cluding Eczema Area Severity Index (EASI), TEWL, and
skin hydration, were measured.

MATERIALS AND METHODS
Subjects and study design

This study was conducted for four months as a random-
ized, double-blinded, placebo-controlled clinical study.
Among the outpatients who visited the Department of
Dermatology at the Hallym University Medical Center for
two years from August 2014 to July 2016, male and fe-
male patients who were diagnosed with mild AD accord-
ing to the Diagnostic Criteria of Hanifin and Rajka’ and
showed an EASI'* score equal to or lower than 10 were
enrolled in the present study. Those who had another skin
disease in addition to AD, showed an infectious finding,
and had a systemic disease or an uncontrolled chronic dis-
ease were excluded. The present study was approved by
the Institutional Review Board (IRB no. 2014-09-129) at
the Hallym University Medical Center, and written con-
sents were received from the patients or their guardians.
There was no important changes of methods after trial
commencement.

Study drug and patient allocation

The patients were allocated to two groups using a compu-
terized randomization scheme that were not disclosed to
the observers. (1) The first group received unmarked oval
735 mg capsules containing 450 mg of EPO (40 mg of
GLA) per capsule (Dalim, Seoul, Korea). (2) The placebo
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control group received placebo capsules that were identi-
cal in appearance, but contained 450 mg of soybean oil
per capsule. For the randomization of the study drug group
and the placebo group, randomization codes were given
to the study products so that the clinical investigators and
the subjects were unaware of the products in the dou-
ble-blind study. The dose was four capsules per day for
the patients between the ages of 2 and 12, and eight cap-
sules per day for the others. The maximum allowable dose
was provided to all the patients to avoid the effect of vari-
ous doses on the response. During the study period, the
patients were prohibited from taking phototherapy, a top-
ocal immunosuppressant, a systemic immunosuppressant,
a topical steroid, a systemic corticosteroid, or any other
drugs. A washout period of one week was given before
the treatment with regard to a topical steroid, a topical im-
munosuppressant, and a systemic antihistamine, and four
weeks with regard to a systemic immunosuppressant, a
systemic corticosteroid, and phototherapy. The patients of
both the experimental group and the control group were
recommended to use a moisturizer. We had patients use
Atobarrier® lotion (Amorepacific Corp., Seoul, Korea) as
the moisturizer. This lotion contains ceramide, cholester-
ol, and free fatty acids. We educated the patients to apply
the amount of two fingers tip unit to one palm-sized lesion
twice a day.

Clinical assessment and evaluation

The drug administration and adverse effect evaluations
were performed for all the patients. The EASI score, TEWL,
skin hydration, and visual analogue scale (VAS) for pruri-
tus were also evaluated in months 0, 1, 2, 3, and 4. Blood
sampling for measuring blood immunoglobulin E (IgE) was
performed in months 0 and 4. The severity of AD was eval-
uated by two dermatologists by using the EASI score'*, and
the mean values were calculated. The TEWL (g/h/m?) was
measured by using VapoMeter® (Delfin Inc., Kuopio,
Finland) and the skin hydration (arbitrary unit) was meas-
ured by using MoistureMeterSC Compact® (Delfin Inc.).
The measurement devices were put on the skin at the le-
sions on both forearms and cheeks and kept vertical to the
skin surface based on the recommendations of the manu-
facturers. The measurement was also performed three
times, within two minutes in each time, to record the mean
values. All measurements were conducted in a room that
was not climate controlled. The room temperature and hu-
midity were relatively stable (20°C~ 24°C and 40% ~ 60%
relative humidity). Subjects were prohibited from washing
for at least an hour before measurement and took a break
for over 30 minutes in the same room. For the subjective
itchy feeling felt by the patients, the intensity of the itch



feeling was evaluated in the VAS from 0 to 10 points. The
primary outcome measure was the EASI score. Secondary
outcome measure were TEWL, skin hydration, VAS score,
and adverse effects.

Statistical analysis

All the data were expressed as “mean +standard deviation.”
Student’s t-test was performed to compare the demograph-
ical and clinical characteristics between the two groups. The
changes in the EASI score, TEWL, skin hydration, VAS for
pruritus, and IgE was tested by performing Student’s t-test
and by using repeated-measures ANOVA. A p-value less
than 0.05 was determined to be significant after the stat-
istical test. All the statistical analyses were performed by us-
ing IBM SPSS Statistics 24.0 (IBM Co., Armonk, NY, USA).

RESULTS

Characteristics of patients

A total of 69 mild AD patients were enrolled and random-
ized into either the control group (14 males and 17 fe-
males) or the EPO group (20 males and 18 females). Six
patients in the control group and 13 patients in the EPO
group dropped out due to follow up loss. No patient drop-
ped out because the disease worsened. Finally, a total of
50 mild AD patients from the ages of 2 to 24 (26 males
and 24 females) completed the present clinical study.
Twenty-five patients (13 males and 12 females) were ran-
domly allocated to the EPO group, and 25 patients (11
males and 14 females) to the control group. The mean age
of the patients was 9.2+7.4 years, and the mean EASI
score at the beginning of the study was 4.60+ 1.22. Table
1 shows the demographical characteristics and the initial

Table 1. Patient demographics
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measurement values of the EPO group and the control
group. No significant difference was found in the mean
age, EASI score, TEWL, skin hydration, and IgE measure-
ment value of the patients between the EPO group and the
control group (Table 1).

Evaluation of clinical improvement

1) EASI score

After supplementing GLA, the clinical improvement was
compared between the EPO group and the control group.
The mean EASI score was significantly different between
the experimental group and the control group in month 4
(p=0.010). At months 1, 2, 3, there was no statistical dif-
ference in EASI scores between the two groups (p=0.348,
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Fig. 1. Changes in Eczema Area Severity Index (EASI) score from
baseline after intake of evening primrose oil (EPO) or placebo.
The EPO group showed significant improvements in EASI score
after 4 months (p=0.040). There was a significant difference
between the EPO and placebo group after 4 months (*p=0.010).

Group
Variable p-value
EPO Placebo
Patients 25 25
Sex (male/female) 13/12 11/14
Age (yr) 9.7+8.4 (2.4~24) 8.6+6.4 (2~23) 0.509
Initial EASI score 4.69+1.63 (0.8~10.0) 4.50+0.86 (0.7~6.8) 0.835
Initial TEWL (g/h/m?
Forearm 23.53+13.81 (6.4~36.2) 20.94+5.71 (15.3~31.0) 0.510
Cheek 13.30+10.42 (4.7~26.4) 10.74+3.51 (3.5~17.9) 0.226
Initial skin hydration (a.u.)
Forearm 54.62+18.97 (25.8~82.8) 55.00+17.59 (30.7~84.3) 0.955
Cheek 37.26+14.19 (8.2~64.4) 39.33+16.59 (5.8~58.6) 0.716
IgE (IU/ml) 294.65+58.21 305.80+40.86 0.530

Values are presented as number only or mean +standard deviation (range). EPO: evening primrose oil, EASI: Eczema Area Severity
Index, TEWL: transepidermal water loss, a.u.: arbitrary unit, IgE: immunoglobulin E.
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0.252, 0.195). The changes in the EASI score were greater
in the experimental group than in the control group. In
month 4, the mean EASI score was lower than the initial
value by 1.09 times in the control group, and by 1.67
times in the EPO group. The mean EASI score in the ex-
perimental group administered with EPO gradually de-
creased from 4.69+1.63, 3.73+1.44, 3.23+1.10, 3.13 +
0.95, and 2.80+0.87 in months 0, 1, 2, 3, and 4,
respectively. The difference in the EASI score between the
beginning of the study and month 4 was significant in the
experimental group (p=0.040) (Fig. 1). The EASI score in
the control group was 4.50+0.86, 4.57+0.97, 4.15+
1.08, 3.97+0.80, and 4.14+0.92 in months 0, 1, 2, 3,
and 4, respectively. No significant difference was found in
any of the time points in comparison with the value at the
beginning of the study (Fig. 1). The difference in EASI
Score was statistically significant (p=0.002) at month 4
between two groups under the age of 12 years when it
was divided based on age. On the other hand, at age over
12 years, the difference in EASI score was not statistically
significant at month 4 between the two groups (p=0.481).
The difference between the baseline and month 4 was
statistically significant (p=0.001) in the EPO group for
ages 12 and under. However, the placebo group had no
statistical significance, regardless of age.

2) TEWL

The changes in TEWL were compared on month 4 be-
tween the experimental group and the control group to
the TEWL value at the beginning of the study (Fig. 2).
Although no significant difference was found between the
experimental group and the control group, the TEWL val-
ues at the forearms (experimental group vs. control group,
—3.05+8.26 vs. —1.60+7.10; p=0.714) and the cheeks
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(experimental group vs. control group, —1.63+4.81 vs.
—0.44+2.17; p=0.714) decreased more in the experimental
group than in the control group in month 4.

3) Skin hydration

With reference to the skin hydration value at the begin-
ning of the study, the changes in the skin hydration in
month 4 were compared between the experimental group
and the control group (Fig. 3). Similarly to TEWL, no sig-
nificant changes were found in the skin hydration value
between the experimental group and the control group.
However, the improvement in the skin hydration at the
forearms (experimental group vs. control group, 6.57 +
11.94 vs. 3.03+9.06; p=0.470) was more in the experi-
mental group than in the control group in month 4. But,
there was no significant difference at the cheeks (experi-
mental group vs. control group, 2.76+6.13 vs. 2.30+
6.57; p=0.920).

4) Subjective pruritus by patients (VAS)

The subjective itch feeling felt by patients, measured in
VAS, was 4.3+1.1, 4.1+1.4, 42+1.5, 4.1+1.4, and
3.8+ 1.1 in months 0, 1, 2, 3, and 4, respectively, in the
experimental group. This indicates that the score de-
creased by about 0.5 points in four months (p=0.343), but
the subjective itch feeling felt by patients in the control
group was 4.5+1.5, 4.7+1.6, 44+1.3, 42+1.2, and
4.3+1.5 in months 0, 1, 2, 3, and 4, respectively, indicat-
ing that the score decreased by about 0.2 points in four
months (p=0.859) (Fig. 4A). No significant difference was
found between the experimental group and the control
group in the subjective itch feeling measured in month 4
(experimental group vs. control group, 3.8+ 1.1 vs. 4.3+
1.5; p=0.714).
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Fig. 2. Changes in transepidermal water loss (TEWL) at the forearm (A) and cheek (B) from baseline after intake of evening primrose

oil (EPO) or placebo.
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Fig. 3. Changes in skin hydration of the forearm (A) and cheek (B) from baseline after intake of evening primrose oil (EPO) or placebo.

a.u.: arbitrary unit.
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Fig. 4. Changes in pruritus (A) and IgE (B) from baseline after intake of evening primrose oil (EPO) or placebo. VAS: visual analogue

scale, IgE: immunoglobulin E.

5) Blood IgE

The blood IgE concentration decreased from 298.85+
58.21 (IU/ml) at the beginning of the study to 264.65 +
40.86 (IU/ml) in month 4 in the experimental group
(p=0.920), and from 291.09+59.78 (IU/ml) at the begin-
ning of the study to 279.02 +54.76 (IU/ml) in month 4 in
the control group (p=0.899) (Fig. 4B). No significant dif-
ference was found between the experimental group and
the control group in the IgE concentration measured in
month 4 (experimental group vs. control group, 291.09 +
59.78 vs. 279.02 +54.76; p=0.944).

6) Adverse effect

An adverse effect was found in neither the experimental
group nor the control group during the study period. The
laboratory tests showed no abnormal findings.

DISCUSSION

Evening promise, a plant from the Onagraceae family, is
called this because it only blooms at night, and the eve-
ning promise seed oil contains a large amount of LA as
well as GLA, which is an unsaturated essential fatty acid'.
Evening promise was used as a popular folk remedy after
being introduced to Europe in the 17th century’. Since the
high content of GLA in the EPO became known in the
1930s, EPO has been used as a raw material for medicine
and supplementary health food. GLA was firstly extracted
from evening promise seeds, and is also contained in bor-
age oil, black currant oil, and hampseed oil”®.

AD may be related to a mild genetic abnormality in the es-
sential fatty acid metabolism. Studies conducted in the
1930s to 1950s revealed that a lack of omega-6 essential
fatty acids can cause an inflammatory skin state in both
animals and humans. Studies conducted in the 2000s veri-
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fied that a lack of LA is not present in the blood of AD
patients. Instead, the LA concentration was high in the
blood, breast milk, and adipose tissue of the patients with
AD, but the concentration of the LA metabolites was sub-
stantially low. This finding suggests that the conversion of
LA to GLA decreased”.

GLA, a C18-three double bonds (18:3) omega-6 un-
saturated fatty acid, is synthesized from LA by the action
of delta-6-desaturase, the transforming enzyme'’. GLA is
rapidly converted in the body to DGLA, which is the pre-
cursor of Prostaglandin H1 (PGHT1) that produces anti-in-
flammatory substances, PGE1, and thromboxane A1
(TXA1)'®. PEG1 has anti-inflammatory, anti-coagulative,
and vasodilator functions, and TXA1 regulates the pro-in-
flammatory characteristics of thromboxane A2 (TAX2)’.
DGLA may also be converted by the action of delta-5-de-
saturase to arachidonic acid (20:4, n-6) as a precursor of
PGE2, TXA2, and leukotriene B4 (LTB4)'. In contrast to
other eicosanoids, DGLA is unable to directly produce
leukotriene, but may inhibit the production of pro-in-
flammatory leukotriene from arachidonic acid”. Previous
study has shown that in AD patients, a defect was found in
the production of delta-6-desaturase that catalyzes the
conversion of LA to GLA, DGLA, and arachidonic acid®'.
When GLA is supplemented to AD patients through EPO,
the GLA may bypass delata-6-desaturase, the rate-limiting
enzyme, and directly enter the LA metabolic pathway,
thereby gradually recovering the anti-inflammatory PEG1
that is lacking in the body.

On the basis of the hypothesis, the clinical improving ef-
fect of EPO on the treatment of mild AD was verified in
the present study. The EASI score of the experimental
group administered with EPO was gradually decreased
from month 1, showing a significantly difference decrease
in the EASI score in comparison with the control group.
Although not significantly different, TEWL showed a great-
er tendency to improvement in the experimental group
than in the control group. The skin hydration value also
improved in a similar pattern on the forearm, but not on
the cheek. No significant difference was found in the VAS
for pruritus and IgE in the EPO group and the control
group. None of the two groups showed an adverse effect
related to the drug.

Since it was found that deficiency of GLA may contribute
to the factors of AD, many studies regarding the effect of
GLA supplementation on AD patients have been con-
ducted, but the results have been inconsistent. Recently,
the Cochrane Review performed a systematic review of
borage oil and EPO and concluded that the intake of these
mixtures is not an effective therapy for AD'". However, a
detailed review of randomized studies verifying the effect
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of EPO makes it difficult to definitely judge the presence
of an effect'®. Bamford et al.”” conducted a double-blinded
cross-over study with 154 patients with AD and found that
EPO did not significantly improve erythema, scale, abra-
sion, lichenification, or their severity in comparison with
the placebo. Another study conducted by Berth-Jones and
Graham-Brown® with 123 subjects showed that the dis-
ease symptoms did not significantly improve in the EPO
groups in comparison with the placebo group. Both stud-
ies finally concluded that EPO containing GLA does not
have a significant effect in comparison with a placebo.

On the contrary, Bordoni et al.** investigated 24 patients
with AD and found that EPO significantly improved the
symptoms of AD in comparison with a placebo. Similarly,
Schalin-Karrila® conducted a study with 25 patients with
AD and reported that the severity and degree of in-
flammation improved in both the EPO group and the pla-
cebo group, but there was significantly more improvement
in the EPO group. EPO has also shown significant im-
provement in skin dryness, pruritus, and range of lesions.
Humphreys et al.”® conducted a study with 58 patients
with moderate to severe AD and showed that erythema
and surface damage significantly improved more in the
EPO than in the placebo group. Finally, a study conducted
with 25 AD patients showed that all the measurement in-
dicators, including range of lesions, severity, pruritus, and
skin dryness, improved significantly more in the EPO group
than in the placebo group’.

Two studies were conducted to verify the effect of GLA on
Korean AD patients. Yoon et al.”” conducted a study with
14 adult AD patients and reported that the range of skin
lesions and the degree of pruritus significantly decreased
in all the patients administered with EPO. In another study
conducted with 40 children with AD, where the patients
were divided into a 160 mg EPO supplementation group
and a 320 mg EPO supplementation group, the EASI score
improved and the blood LA level significantly increased in
both groups. This change was more distinctive in the
high-dose group, suggesting a dose-dependent effect”.
These previous studies conducted with Koreans showed a
beneficial effect of EPO in AD. The present study is mean-
ingful in the sense that the effect was verified through a
well-designed, randomized, double-blinded, placebo-con-
trolled study, in contrast to the previous studies.

In the present study, a measure of improvement in the
EASI score, TEWL, and skin hydration was also found in
the placebo group. However, this observation was neither
consistent nor gradual, but inconsistent. The irregular im-
provement found in the control group may have been be-
cause of the effect of a local moisturizer, an inherent pla-
cebo response, and the natural catamnesis of AD.



Despite the Cochrane Review'', the beneficial effect of
EPO on AD may not be completely denied. Many con-
founding factors, such as racial factors and combined use
of a corticosteroid, have been revealed in recent studies,
which may explain the inconsistent patient response to
EPO that has been reported until now'’. Therefore, the re-
sults could be made more appropriately consistent by de-
leting confounding factors such as age and race. In this
study, the effect was better shown when the subjects were
less than 12 years old. Recent studies have shown the
unique complexity of the fatty acid metabolism and im-
munological responses in AD that are more complicated
than previously reported. This may help to identify groups
that are unresponsive to EPO and establish subgroups that
may acquire continuous benefits from EPO. The almost
complete absence of adverse effects and the expectancy of
the unidentified and potential efficacies of EPO suggest
that EPO deserves more studies. There were no studies ad-
equate to compare the therapeutic effect of evening prim-
rose oil on Korean AD patients. In particular, has been no
well-designed randomized, placebo-controlled study in
Korea. Therefore, it is meaningful that this study was the
first attempt to do this in Korea. The significance of the
present study is that the improvement of the clinical symp-
toms was verified in Korean patients with mild AD who
were administered EPO through this randomized, dou-
ble-blinded, placebo-controlled clinical study. However,
there are some limitations in this study. AD usually shows
seasonal improvement and aggravation. Patients in our
work were being studied in different seasons. Moreover,
information about the season was not collected. Finally,
this study was conducted in a single country at single in-
stitution; therefore, the results cannot be generalized. Further
studies, including standardization of the EPO admin-
istration method, may contribute to the treatment of AD.
The present study was conducted as a randomized, dou-
ble-blinded, placebo-controlled clinical study with 50 pa-
tients with mild AD to investigate the therapeutic effect
and safety of EPO. The results of the present study showed
that there was a significantly improved EASI score in the
group supplemented with EPO than in the placebo group.
The TEWL and the skin hydration value also showed a
tendency of improvement after the administration of EPO.
No adverse effect was found in relation to EPO. These re-
sults may support the basis of using EPO as an adjuvant
therapeutic agent for Korean patients with mild AD.
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