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This study was undertaken to evaluate the clinical effi-
cacy, safety, and histological changes induced by dietary 
omega-3 fatty acid and γ-linoleic acid in acne vulgaris. 
A 10-week, randomised, controlled parallel dietary in-
tervention study was performed in 45 participants with 
mild to moderate acne, which were allocated to either 
an omega-3 fatty acid group (2,000 mg of eicosapenta-
enoic acid and docosahexaenoic acid), a γ-linoleic acid 
group (borage oil containing 400 mg γ-linoleic acid), or 
a control group. After 10 weeks of omega-3 fatty acid 
or γ-linoleic acid supplementation, inflammatory and 
non-inflammatory acne lesions decreased significantly. 
Patient subjective assessment of improvement showed 
a similar result. Heamatoxylin & eosin staining of acne 
lesions demonstrated reductions in inflammation and 
immunohistochemical staining intensity for interleu-
kin-8. No severe adverse effect was reported. This study 
shows for the first time that omega-3 fatty acid and 
γ-linoleic acid could be used as adjuvant treatments for 
acne patients. Key words: acne; γ-linoleic acid; omega-3 
fatty acid. 
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Acne vulgaris is one of the most common skin di-
seases, but the pathogenic mechanism involved is not 
fully understood. Recently, the effect of diet intake on 
acne vulgaris has been widely discussed. For example, 
hyperglycaemic food-induced hyperinsulinaemia is 
proposed to lead endocrine responses that aggravate 
acne (1, 2), and a high glycemic load diet has been 
shown to affect acne in epidemiologic studies (1, 3, 4) 
and in randomised, controlled trials (5–7). Dairy foods 
could also aggravate acne vulgaris (8–11), and may 
influence comedogenesis because they contain andro-
gens, 5α-reduced steroids (e.g. dihydrotestosterone), 
and other non-steroidal growth factors that affect the 
pilosebaceous unit.

Many studies have investigated the influence of 
omega-3 fatty acid and γ-linolenic acid (GLA) on 
various diseases (12–31). Omega-3 fatty acid has anti-
inflammatory and anti-cancer properties (20–22), but 
few well-controlled studies have been conducted on 
the influence of these fatty acids on acne. Typically, 
Western food contains a higher ratio of omega-6 to 
omega-3 fatty acids than non-Westernised food (1, 2). 
Omega-3 fatty acids inhibit the synthesis of the many 
pro-inflammatory molecules (12–23, 25, 32–34). GLA 
is one of the essential omega-6 fatty acids, but its die-
tary supplementation in patients with atopic dermatitis 
has produced inconsistent results. Nevertheless, it has 
anti-inflammatory effects on human skin epidermis, and 
it might play a physical structural role in skin barrier 
integrity (17, 24–28, 34–36). Therefore, we considered 
that the anti-inflammatory effects of omega-3 fatty acid 
and GLA might ameliorate acne vulgaris.

The aim of this study was to evaluate the clinical 
efficacy and safety of omega-3 fatty acids and of GLA 
for the treatment of mild to moderate facial acne. To our 
knowledge, this is the first randomised, double-blind, 
controlled study to be conducted on this topic. 

MATERIAL AND METHODS

Study design and subjects
This study was designed as a 10-week, randomised, prospec-
tive, double-blind, controlled trial, and was conducted in 
accordance with the Declaration of Helsinki and approved by 
the Institutional Review Board of Seoul National University 
Hospital (Institutional Review Board approval No. H-1007-
081-323). Informed consent was obtained from all study sub-
jects. Subjects were not allowed to use any systemic, topical, 
or phototherapy-based acne treatment during the course of this 
study. The exclusion criteria applied were: pregnancy, lacta-
tion, seafood allergy, consumption of dietary supplements, 
systemic immunomodulatory or prior acne therapy, such as 
systemic antibiotic therapy (for any indication), the use of a 
topical acne preparation, or an intra-lesional steroid injection 
within one month or isotretinoin therapy within 6 months of 
study commencement.

Forty-five acne patients with mild to moderate acne were 
included in this study. The study subjects were allocated to 
matched groups of 3 and then randomised to treatment groups, 
the omega-3 group, the GLA group, or the control group. A 
random blocked allocation sequence was created by computer-
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generated randomisation and allocation to specific groups was 
performed by a research nurse. 

Dietary intervention and clinical outcome assessments
The omega-3 group took 2 capsules containing eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA) daily; 
each omega-3 fatty acid capsule contained 500 mg of EPA and 
500 mg of DHA. The GLA group also took 2 capsules daily; 
each capsule contained 1,000 mg of borage oil containing 200 
mg of GLA. All capsules used had the same colour (yellowish 
transparent), size, shape (oval), and smell (no smell). Four pa-
tient follow-ups were scheduled during the 10-week treatment 
period (weeks 0, 2, 5, and 10). Control group members were 
not given or took any type of treatment. Qualified nutritionists 
(MSP, MYJ) instructed participants to maintain a regular diet, 
caloric intake, and dietary nutritional composition. All 45 study 
subjects were provided with a food diary and instructions on 
how to complete the diary. Subjects were required to note the 
type of food and amount of food eaten daily. A qualified nutri-
tionist analysed the food diary at all follow-up visits. 

Standardised digital photographs were taken before treatment 
and at all follow-up visits using identical camera settings (D70, 
Nikon, Tokyo) and lighting conditions. Two independent der-
matologists (DHS, JYJ) checked facial skin, performed inflam-
matory and non-inflammatory acne counts, and evaluated acne 
severity using the Cunliffe grading system (37). All subjects 
were asked to self-evaluate acne severity using a visual ana-
logue scale (VAS) ranging from 0 (disease-free status) to 10 
(acne status at initial visit). Thus, when acne was aggravated as 
compared with initial visits, VAS scores exceeded 10.

Histopathology and immunohistology
For histological analysis, 2-mm punch biopsy was performed 
on facial acne lesions before treatment and at final visits. Seven 
patients were selected from each group and one of the active 
acne lesions from the cheek was used for punch biopsy in each 
patient. Specimen sections were stained with haematoxylin-
eosin (H&E) and immunohistological analyses were done 
using antibodies for interleukin-8 (IL-8) (Affinity Bioreagents, 
Golden, CO, USA), and transforming growth factor beta 1 
(TGF-β1) (Santa Cruz Biotechnology, Santa Cruz, CA, USA). 
The severity of inflammation on the H&E staining was ranked 
by using a 5-point scale, from 0 (no inflammation) to 4 (very 
severe inflammation). Staining intensities for IL-8 and TGF-β1 
were ranked using a 5-point scale from 0 (unstained) to 4 (very 
intensively stained). The skin biopsy and histopathological 
evaluations were performed by 2 independent dermatologists. 
Treatment groups and tissue examinations before and after 
treatment were also blinded.

Statistical analysis
The Mann-Whitney test was used to evaluate the significances 
of intergroup differences. Repeated statistical analyses using 
analysis of variance (ANOVA) were performed to evaluate the 
significances of longitudinal changes. SPSS software (version 
12.0, SPSS Inc, Chicago, IL, USA) was used throughout, and 
p-values of < 0.05 were considered statistically significant.

RESULTS

Initially 62 subjects were screened, but 17 subjects 
failed to meet the inclusion criteria. In total 45 sub-
jects (36 men, 9 women) were enrolled, and everyone 

completed the study. Mean subject age was 23.7 years 
(range, 18–33 years). Forty-five subjects were ran-
domly assigned to the 3 groups (Fig. S11). Total dietary 
energy intake, glycaemic load, glycaemic index, and 
nutritional composition were similar in the 3 groups at 
any time during the study.

Acne counts (Fig. 1 A and B)

At final visits (after 10 weeks of intervention), the mean 
inflammatory acne lesion count was significantly redu-
ced in the omega-3 group from 10.1 ± 3.2 to 5.8 ± 3.4 
(p < 0.05). A similar change was observed in the GLA 
group (9.8 ± 5.2 before vs. 8.0 ± 4.6 after 5 weeks vs. 
6.6 ± 3.7 after 10 weeks, p < 0.05). However, no signifi-
cant change was observed in the control group (9.9 ± 4.3 
before to 10.2 ± 6.2 after 10 weeks). 

Mean non-inflammatory acne lesion counts were 
also reduced by omega-3 and GLA supplementation 
(23.5 ± 9.2 to 18.9 ± 8.3, p < 0.05, and 22.8 ± 8.4 to 
19.2 ± 7.2, p < 0.05, respectively) at final visits, whereas 
mean lesion count in the control group was unchanged 
(from 21.8 ± 9.7 to 22.0 ± 8.6).

Significant differences were evident between the 
treatment groups and the control group after 10 weeks 
(p < 0.05). However, no significant difference was found 
between the 2 treatment groups in terms of mean inflam-
matory or non-inflammatory acne lesion count.

Clinical photographs showing typical improvements 
after omega-3 fatty acid and GLA supplementation are 
shown in Fig. S21.

Acne severity (Fig. 1C)

Mean baseline acne grades in the omega-3 and GLA 
groups were 2.4 and 2.3, respectively. After 5 weeks of 
treatment, grades were decreased to 1.9 and 2.0, respec-
tively, and at final visits, they reduced to 1.7 (p < 0.05) 
and 1.8 (p < 0.05), respectively. No significant change 
in acne severity was observed in the control group at 
any time. At final visits, significant differences were 
observed between the treatment groups and the control 
group (p < 0.05).

Patient subjective assessments (Fig. 2)

Acne status at initial visits were set arbitrarily at 10 on 
a VAS scale. After 5 weeks of treatment, VAS scores 
started to decrease in the 2 treatment groups (to 7.6 in 
the omega-3 group (p < 0.05) and to 8.0 in the GLA 
group (p < 0.05)), and at final visits, VAS scores were 
further reduced to 6.5 (p < 0.05) and 6.8 (p < 0.05), 
respectively. No significant difference was found bet-
ween these 2 groups by subjective assessment at any 

1http://www.medicaljournals.se/acta/content/?doi=10.2340/00015555-1802
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follow-up visit, but the VAS scores of both treatment 
groups differed significantly from the control group 
already at 5 weeks of supplementation.

Histopathology and immunohistology (Fig. S31)

H&E staining of acne lesions demonstrated reductions 
in inflammation in the omega-3 group during the 10-
week treatment period (2.1 pre-treatment to 1.6 post-
treatment, p < 0.05) and in the GLA group (2.0 to 1.6, 
p < 0.05). Immunohistochemical staining intensities 
for IL-8 were significantly decreased in the treatment 
groups (1.9 to 1.5 in the omega-3 group, p < 0.05, and 
1.8 to 1.4 in the GLA group, p < 0.05), and intensities 
for TGF-β1 were slightly but not significantly increased 
(1.1 to 1.2 in the omega-3 group, and 1.0 to 1.2 in the 
GLA group). However, no significant difference was 
found between the 2 treatment groups. No significant 
change in the intensities of H&E staining or immunohi-
stochemical staining was observed in the control group.

Side effects and safety

Two patients in the omega-3 group (13.3%) and one 
in the GLA group (6.7%) reported mild gastrointesti-
nal discomfort, and one patient in the omega-3 group 
(6.7%) reported temporary diarrhoea. However, these 
complications resolved spontaneously within a few days 
without treatment. No severe adverse effects were noted.

DISCUSSION

Omega-3 fatty acid has been used to treat various di-
seases, for example atopic dermatitis, psoriasis, blephari-
tis, meibomian gland dysfunction, autoimmune disease, 
cardiovascular disease, and prostate and colon cancer 
(12–25, 33, 34). However, only few studies have been 
undertaken to examine the effect of omega-3 fatty acid 
supplementation on acne. One epidemiological study 
found that adolescents who consumed large amounts of 
fish and seafood, which are both rich in omega-3 fatty 
acids, appeared to be less prone to manifest acneiform 
lesions, and concluded that omega-3 fatty acids might 
have beneficial effects on acne (38). In another acne case 
study of an omega-3-based dietary supplement (contain-
ing 1,000 mg EPA from fish oil, epigallocatechin-3-gal-
late, zinc gluconate, selenium, and chromium), it was 
suggested that supplementation possibly ameliorated 
inflammatory papules and improved global aspects of 
well-being (12). However, this study was an observatio-
nal trial without a control group conducted on a small 
number of patients. In the present study, the omega-3 
supplementation group (n = 15) received 2,000 mg of 
EPA and DHA daily for 10 weeks in capsules, which con-
tained no other components. A Korean pharmacy com-
pany (Chong Kun Dang, Seoul) prepared the omega-3 
fatty acid capsules from fish oil and the GLA capsules 
from borage oil, in such a way that the capsules were 
indistinguishable. However, this study has limitations in 
that the control group did not receive any capsules and 
hence there was no placebo group. All participants were 
instructed to record food intake daily starting one week 

Fig. 1. Changes in inflammatory acne lesion counts with time (A), non-
inflammatory acne lesion counts with time (B) and acne severity with time 
(C). *p < 0.05 versus baseline; †p < 0.05, versus control.
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Fig. 2. Changes in patients’ subjective assessment (VAS) with time; *p < 0.05 
versus baseline; †p < 0.05 versus control.
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before study commencement to the end of the study. In 
addition, qualified nutritionists reviewed food diaries, 
calculated calories, nutritional contents, and instructed 
subjects to maintain a regular dietary pattern. 

Omega-3 fatty acids can ameliorate inflammation in 
different ways. First, omega-3 fatty acids compete with 
arachidonic acid (AA) for incorporation into cell mem-
brane phospholipids and serve as substrate for cyclooxy-
genase-2 (COX-2) and 5-lipoxygenase (5-LOX) (12–25, 
33, 34, 39–41). This leads to reduction in the production 
of prostaglandin E2 (PGE2) metabolites, thromboxane 
A2 (a potent platelet aggregator and vasoconstrictor), 
and leukotriene B4 (a potent inducer of inflammation, 
leucocyte chemotaxis, and adherence), and increase 
in the production of thromboxane A3 (a weak platelet 
aggregator and vasoconstrictor), prostacyclin PGI3 (an 
active vasodilator), leukotriene B5 (a weak inducer of 
inflammation and a weak chemotactic agent) (12–25, 
33, 34, 39). Secondly, omega-3 fatty acids are believed 
to affect several aspects of monocyte cell function, and 
they inhibit T-cell activation and proliferation in vivo 
and reduces circulating granulocyte levels (18). Thirdly, 
omega-3 fatty acid supplementation inhibits IL-1, IL-
6, IL-8, and TNF-α secretion, which are the principal 
mediators of acne inflammation (23, 39, 42). EPA has 
been shown to suppress the NF-κB activation induced by 
various stimuli, and to inhibit TNF-α-induced MMP-9 
expression by inhibiting the activation of p38 and Akt 
(32). Finally, omega-3 fatty acids may help to reduce 
inflammatory responses by altering the levels of TLR-
2 and TLR-4 (43). During the development of acne, 
P. acnes induces the activation of TLR-4 and TLR-2, 
which leads to the maintenance of inflammation by kera-
tinocytes (43–45). Thus, because inflammation is one of 
the most important pathogenic factors of acne vulgaris, 
omega-3 fatty acid could ameliorate acne vulgaris (46, 
47). In the present study, inflammatory cell levels, de-
termined histopathologically, were significantly reduced 
after 10 weeks of omega-3 fatty acid supplementation.

In addition to its anti-inflammatory effects, omega-3 
fatty acid has also been shown to decrease the serum 
level insulin-like growth factor-1 (IGF-1) and increase 
insulin-like growth factor binding proein-3 (IGFBP-3) 
(33, 48, 49). IGF-1 stimulates basal keratinocyte 
proliferation, sebum production, and the synthesis of 
androgens in ovaries and testes, and hence, increases 
the sebum production inducing effects on circulating 
androgens (1, 2, 4, 7). Furthermore, IGFBP-3 prevents 
IGF-1 from binding to its receptor, and is a pro-apoptotic 
factor in epithelial cells (1, 2, 4, 7). Therefore, omega-3 
fatty acid supplementation could also reduce the severi-
ties of non-inflammatory acne lesions, as was observed 
in the present study.

GLA is an omega-6 fatty acid obtained from borage 
oil, and has been used by dermatologists to treat atopic 
dermatitis and psoriasis (26–28). However, no report has 

been issued on the effect of GLA on acne. The present 
study suggests that GLA could improve acne vulgaris in 
2 ways. First, GLA modulates the inflammatory process. 
Briefly, it is converted into dihomo-γ-linolenic acid 
(DGLA), a substrate for cyclo-oxygenase and 15-li-
poxygenase (Fig. S41), which catalyses the production 
of prostaglandin E1 (PGE1) and 15-hydroxydihomo-
γ-linolenic acid (15-OH-DGLA), respectively (26, 35, 
36). PGE1 and 15-OH-DGLA have anti-inflammatory 
properties. PGE1 inhibits proinflammatory cytokines, 
such as TNF, IL-1β, and IL-6 (the principal mediators 
of acne inflammation), and 15-OH-DGLA inhibits 
5-lipoxygenase, and thus reduces the production of the 
AA–derived pro-inflammatory eicosanoids, such as 
leukotrienes B4 and C4. In fact, the anti-acne effects of 
the inhibition of leukotriene B4 formation have already 
been demonstrated not only by experimental results but 
also by systemic administration of the 5-lipoxygenase 
inhibitor zileuton for acne patients (50-53). DGLA 
can also be converted into AA by Δ5-desaturase, and 
AA finally produces the pro-inflammatory mediators 
PGE2 and leukotrienes (26, 35, 36). However, because 
Δ5-desaturase is not present in the epidermis, GLA 
supplementation will not increase AA or prostaglandin 
E2 levels in skin (26).Thus, GLA supplementation could 
increase only PGE1 and 15-OH-DGLA concentrations, 
and improve inflammatory acne lesions and underlying 
inflammation around uninvolved follicles.

Secondly, the GLA metabolite 15-OH-DGLA can im-
prove hyperproliferative skin conditions. 15-OH-DGLA 
has been reported to modulate nuclear protein kinase C 
(PKC)/mitogen-activated protein-kinase (MAPK) (36). 
Alterations in the keratinocyte of PKC/MAPK could af-
fect the regulation of downstream nuclear events, such 
as those involving activator protein-1 (AP-1). Thus, 
15-OH-DGLA could alleviate hyperproliferative skin 
disorders via the modulation of transcription factor 
AP-1 and apoptosis (36). In the present study, the anti-
proliferative effect of 15-OH-DGLA may have corrected 
follicular hyperkeratinisation that is a primary feature 
of acne vulgaris, and thus, improved non-inflammatory 
acne lesions.

In previous studies, omega-3 fatty acids were admi-
nistered at 1.0–5.4 g/day for 2 to 12 weeks (13, 15, 16, 
25, 29–31), and GLA was administered at 100–480 mg 
for 8–12 weeks (26–28). In the present study, subjects 
received either 2,000 mg of omega-3 fatty acid daily 
or 400 mg of GLA daily for 10 weeks, which are si-
milar doses to those used in previous studies. In order 
to increase compliance, we have chosen to administer 
the agents orally, and we increased capsule content to 
1,000 mg to minimise the number required per day. No 
difficulties were reported regarding taking the capsules. 
Furthermore, no serious side effects were encountered 
after administering 2,000 mg of omega-3 fatty acid and 
GLA for 10 weeks, and there were no study dropouts. 
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In the present study, histopathological changes in acne 
lesions corresponded well with clinical results. H&E 
staining of acne lesions showed significant reductions in 
inflammation in the omega-3 and GLA groups. However, 
sebaceous gland volumes were similar to baseline in both 
treatment groups. On the other hand, immunostaining 
intensities of IL-8, which is associated with epidermal 
hyperplasia, follicular hyperkeratosis, and acne inflam-
mation, were significantly reduced (40, 54–56). TGF-β 
mainly participates in early wound healing and neocol-
lagenesis, therefore a 10-week treatment period may have 
been too long to observe changes (57–59).

No significant differences were observed between 
the omega-3 and GLA groups in terms of acne impro-
vement, although the omega-3 group showed slightly 
better results. Furthermore, the action onset and acne 
severity pattern of the 2 treatment groups were similar. 

This controlled study provide first evidence that mo-
derate doses of omega-3 fatty acid (DHA, EPA) or GLA 
can improve acne lesions. Histopathological findings 
corresponded well with the clinical response. Further-
more, omega-3 fatty acid and GLA supplementation at 
the moderate doses used were found to be both tolerable 
and safe, and offer a suitable adjuvant treatment scheme 
for mild to moderate acne vulgaris. 
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