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Abstract
Our understanding of the pathogenesis of acne vulgaris is still evolving. It is known that multiple factors impact acne patho-
physiology, including genetic, hormonal, inflammatory, and environmental influences. Because of its implications in many 
of these factors, diet has been a part of the acne discussion for decades. Several studies have evaluated the significance of the 
glycemic index of various foods and glycemic load in patients with acne, demonstrating individuals with acne who consume 
diets with a low glycemic load have reduced acne lesions compared with individuals on high glycemic load diets. Dairy has 
also been a focus of study regarding dietary influences on acne; whey proteins responsible for the insulinotropic effects of 
milk may contribute more to acne development than the actual fat or dairy content. Other studies have examined the effects 
of omega-3 fatty acid and γ-linoleic acid consumption in individuals with acne, showing individuals with acne benefit from 
diets consisting of fish and healthy oils, thereby increasing omega-3 and omega-6 fatty acid intake. Recent research into the 
effects of probiotic administration in individuals with acne present promising results; further study of the effects of probiot-
ics on acne is needed to support the findings of these early studies. In this review, we discuss the current evidence regarding 
the diets of US patients with acne and how they may impact acne and acne treatment.

Key Points 

Despite limitations in studies investigating diet and acne, 
there is evidence that glycemic index, dairy content, 
dietary fats, and probiotics may play a role in acne and 
its treatment.

For all therapies prescribed, healthcare providers should 
provide patients with information on how their choice of 
diet could enhance their therapeutic outcomes and pos-
sibly reduce the risk of relapse upon treatment cessation.

1 Introduction

Acne vulgaris is one of the most common dermatologic con-
ditions globally [1, 2]. Unlike our knowledge regarding the 
heritable nature of acne and the role of hormones in acne 
pathogenesis, there is uncertainty regarding the role of envi-
ronmental factors, including diet, in acne [3–5].

The development of acne in some populations after the 
adoption of a Western diet suggests that the latter plays a 
role in acne. Certain populations did not historically have 
acne: the Canadian Inuit, South African Zulus, Japanese 
Okinawans, Aché of Paraguay, and Kitavan islanders of 
Papua New Guinea. The appearance of acne in these groups 
has been attributed to their acceptance of Western diets, 
including processed foods, dairy, and refined sugars [6]. 
Acne is also absent in adolescents with Laron syndrome, 
an hereditary dwarfism disorder resulting from insensi-
tivity to growth hormone [7]. However, some do develop 
acne if treatment with insulin-like growth factor (IGF-1) is 
undertaken. Acne resolves when IGF-1 dosing is reduced 
or discontinued.

Here, we examine how diet may influence acne patho-
genesis, persistence, and treatment. To perform the litera-
ture search for this review, PubMed and MEDLINE were 
queried with combinations including but not limited to the 
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following search terms: isotretinoin, diet and acne, glycemic 
index (GI) and acne, dairy and acne, and acne pathophysiol-
ogy. A review of search results was performed for dates from 
1977 to 2020, and relevant articles were selected. Because of 
the limited number of studies available, clinical studies and 
review articles were included if they contained information 
relevant to the review topic.

2  Pathophysiology of Acne

Acne pathogenesis is attributed to four key factors: excess 
sebum production, hyperproliferation of Cutibacterium 
acnes (C. acnes, formerly called Propionibacterium acnes) 
bacteria, hyperkeratinization of the pilosebaceous follicles, 
and inflammatory mechanisms [8, 9]. Excess sebum pro-
duction occurs because of increased activity of androgen 
hormones and IGF-1 [5, 10]. Insulin-like growth factor-1 
has been shown to decrease nuclear levels of the metabolic 
forkhead box class O transcription factor 1 (FoxO1), which 
leads to activation of the mammalian target of rapamycin 
complex 1 (mTORC1; Fig. 1) [11]. Mammalian target of 
rapamycin complex 1 is implicated in cell proliferation 
and metabolism. In acne, mTORC1 mediates sebaceous 
gland hyperproliferation, lipid synthesis, and hyperpla-
sia of keratinocytes [11]. Leucine, a common amino acid 
in meat and dairy proteins, also activates mTORC1 [11]. 
Insulin-like growth factor-1 also increases androgen levels 
that, in turn, increase endogenous levels of IGF-1, form-
ing a positive feedback loop that increases sebum produc-
tion [10]. Hyperinsulinemia increases circulating levels of 
IGF-1 and insulin-growth factor-binding protein-3, directly 
impacting keratinocyte hyperplasia and apoptosis [10]. The 

expression of sterol response element-binding protein-1 is 
also increased by IGF-1, stimulating sebum production in 
sebocytes [12]. Growth hormones and inflammatory media-
tors are also associated with acne development [12, 13].

The multimodal pathophysiology of acne affords numer-
ous opportunities for pharmacologic intervention. The cur-
rent treatment landscape for acne includes topicals (includ-
ing antibiotics, benzoyl peroxide, dapsone, retinoids, or 
azelaic acid), orals (including antibiotics, hormonal agents, 
or isotretinoin), and physical interventions (including peels 
and laser and light therapies). Acne therapies act via a vari-
ety of mechanisms against a combination of the four key fac-
tors of acne pathogenesis [5, 9, 14–17]. Oral isotretinoin is 
the only therapy that directly or indirectly targets all known 
pathogenic aspects of acne [17]. Although the American 
Academy of Dermatology and clinical practice guidelines 
across the world recommend a variety of therapies for the 
treatment of each category of acne severity, isotretinoin has 
been the gold standard for the treatment of severe acne since 
its introduction in the early 1980s [9, 18].

3  Demographics of Patients with Acne

Acne prevalence is estimated to be 9.4% worldwide [2]. 
Prevalence is highest in adolescents and young adults and 
decreases with age beyond 30 years [19, 20]. After teen-
age years, acne remains more common in women than men, 
occurring in approximately one-half of women in their 20s, 
one-third in their 30s, and one-quarter in their 40s [21].

In the USA, acne is the most common condition present-
ing to dermatologists [22, 23]. Despite greater numbers 
of teenage boys than girls with acne, almost two-thirds of 

Fig. 1  Dietary impact on mam-
malian target of rapamycin 
complex 1 (mTORC1) signal-
ing. Dashed lines represent 
associations under discussion 
in this review. FoxO1 forkhead 
box class O transcription factor 
1, GI glycemic index, GL gly-
cemic load, IGF-1 insulin-like 
growth factor-1
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dermatology visits due to acne are attended by female indi-
viduals [24]. Approximately two-thirds of visits are made 
by patients < 25 years of age, with the mean age of those 
seeking treatment being 24 years [25]. Children as young as 
6 years of age may be prescribed acne treatment [23, 26]. 
Acne medications are most often prescribed for those aged 
12–14 years [24].

4  Diets of Patients with Acne

As patients with acne represent a broad cross-section of the 
US population and encompass people from all races and 
sexes, the diets consumed by individuals with acne represent 
a diverse array of food choices and nutritional regimens. 
Despite reducing consumption of sugar and fat over time and 
77% of Americans reporting attempts to limit or avoid sug-
ars in their diet, the majority of the US population still did 
not meet the American Heart Association’s 2020 Strategic 
Impact Goals dietary recommendations [27–29]. Multiple 
studies have shown that Americans are consuming too much 
added sugars, fat, carbohydrate, and sodium and too few 
whole grains [27, 30–32].

In a dietary survey of Americans in 2018, 36% reported 
following at least one specific eating pattern in the preced-
ing year [29]. In total, 16% were following a form of low-
carbohydrate-related diet, including the Paleo diet, a high-
protein diet, and a ketogenic diet. A further 10% undertook 
intermittent fasting; 6% followed a gluten-free diet; 5%, a 
Mediterranean diet; 5%, the Whole 30 diet (an elimination 
diet in which participants remove certain food groups, such 
as sugar, grains, dairy, and alcohol, then reintroduce them 
over time to determine possible food sensitivities); and 4%, 
vegetarian or vegan diets. Many participants reported skip-
ping at least one meal a day sometimes (27%), often (20%), 
or always (11%) and/or replacing at least one meal a day 
with snacks sometimes (30%), often (10%), or always (5%).

Vegetarian and vegan diets are increasingly popular [33]. 
One-third of all Americans have stopped or reduced their 
meat consumption. The number of vegans in the USA has 
grown from nearly 4 million in 2014 to 19.6 million in 2017. 
Plant-based milks account for 40% of all milk sales in the 
USA.

In the US National Health and Examination Survey 
between 2011 and 2014, breakfast consumption was highest 
in young children and older adults, with only three-quarters 
of adolescents and young people consuming breakfast. In 
individuals who consumed breakfast, this meal supplied 
<  20% of daily protein and total fat consumption and 
20–22% of added sugar consumption [34]. Consequently, 
breakfast consumed by many adolescents and young adults 
likely contains high sugar content and provides little nutri-
tional value.

5  Diets and Acne

As patients with acne represent a broad spectrum of the 
US population and as the latter has a variety of eating pat-
terns with approximately one-third of the population fol-
lowing regimented diets, it is important to evaluate dietary 
aspects that may affect acne and its treatment. Current 
popular diets can be explored further by establishing their 
basic principles: Mediterranean diets including the Pioppi 
diet encourage low-carbohydrate, high-oil and high-vege-
table, and moderate fish consumption; the ketogenic diet 
is defined by high-fat and low-carbohydrate consumption; 
and the Paleo diet typically includes high meat and very 
low dairy and sugar consumption [35–38]. Here, we exam-
ine the current understanding of the roles select diets have 
on acne (Table 1).

5.1  Glycemic Index/Glycemic Load

The GI of a food refers to the rise in the blood glucose 
level, relative to pure glucose, 2  h after consumption 
of that food [39]. Glycemic load (GL) is a measure of a 
food’s ability to raise blood glucose levels, which accounts 
for carbohydrate in the food.

Current diets that have reduced GI or GL will have 
a low carbohydrate content and also typically call for a 
reduced intake of processed meats, bacon, added sugar, 
and refined grains [40]. Glycemic index and GL have 
been shown to affect pathways that are implicated in acne 
pathogenesis. For example, a low-GL diet reduces the 
free androgen index and increases insulin-growth factor-
binding protein-3, whereas a low-GI and low-GL diet also 
decreases IGF-1 levels [39, 41]. In one study, a low-GL 
diet increased circulating levels of IGF-1-binding proteins 
in 12 male patients with acne (aged 15–20 years), which 
may suggest a reduction in the biologic activity of IGF-1 
[40]. In another study involving 31 male patients with 
acne (aged 15–25 years) comparing a low-GL diet with a 
control diet for 12 weeks, there was an increased ratio of 
saturated-to-monounsaturated fatty acids of skin surface 
triglycerides and a reduction in acne lesions [42].

Ketogenic diets, which rely on a near-total reduction in 
carbohydrate and increased consumption of fat and pro-
tein, cause the body to source energy from ketones rather 
than glucose. This process is called ketosis. Ketogenic 
diets have been shown to reduce markers of inflammation 
and levels of IGF-1 [38, 43, 44].

Glycemic index and GL levels have been shown in 
multiple studies to be significantly higher in patients with 
acne than in control participants [45–47]. In particular, 
chocolate has been a focus of study regarding its effect on 
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acne. In a blinded study of male individuals aged 18–35 
years with acne, subjects were administered capsules with 
either unsweetened 100% cocoa, hydrolyzed gelatin, or a 
combination of the two. The study found a statistically 
significant increase in acne lesions after cocoa consump-
tion, and a small-strength positive Pearson’s correlation 
coefficient existed between the quantity of cocoa ingested 
and the number of new acne lesions [48]. While the results 
of this study support an association between an increase 
in acne and cocoa consumption, limitations include uti-
lization of only one brand of chocolate and exclusion of 
women. Daily consumption of chocolate and confectionar-
ies were independently and highly associated with acne in 
other studies [49–51]. For example, in the recent prospec-
tive cohort NutriNet-Santé study involving 24,452 par-
ticipants, the consumption of milk chocolate and sugary 
beverages was highly associated with current acne (odds 
ratio of 1.28 and 2.19, respectively) [51]. However, it is 
unclear whether the association of chocolate and confec-
tionary consumption with acne could be due to the high GI 
of these foods or, potentially, the presence of acne increas-
ing the intake of chocolate and sweets. Resultantly, further 
investigation of the effects of cocoa and chocolate on acne 
would be of value.

Two randomized controlled trials have shown that low-
GL diets reduce acne lesion counts, body weight, and body 
fat compared with a carbohydrate-dense control diet in peo-
ple with acne [39, 52]. Another study involved patients with 

mild-to-moderate acne randomized to either a low-GL diet 
or a high-GL diet for 10 weeks [53]. Those on a low-GL 
diet demonstrated significant reductions in noninflammatory 
and inflammatory lesion counts, smaller sebaceous glands, 
decreased inflammation, and reduced acne severity grading. 
In contrast, in university students aged 19–34 years, a study 
showed no association among serum glucose, insulin, leptin 
levels, and self-reported GI and dietary GL in patients with 
acne compared with those without acne (n = 49), suggest-
ing factors other than dietary GI and serum insulin levels 
may contribute to acne in some adult patients with post-
adolescent acne [54].

Cordain et al. [6] suggested that the absence of acne in 
the Kitavan Islanders of Papua New Guinea and the Aché 
hunter-gatherers of Paraguay was due to their low-GL diets, 
devoid of Western refined foods. Genetic factors were dis-
counted as the reason for the historical lack of acne, as other 
South American Indians and Pacific Islanders with similar 
ethnic backgrounds, but more Westernized lifestyles, had 
considerably higher acne prevalence than the Aché and Kita-
van Islanders. However, the lower acne prevalence could 
also be due to a higher content of omega-3 fatty acids or 
lower levels of milk and dairy products in the diets of these 
populations compared with Western diets. Accordingly, 
while investigation of low-GI and low-GL diets has gener-
ally produced strong evidence in support of improvements 
in acne with these diets, further research may be of value 
to explain the disparity between the results of past studies.

Table 1  Select diets and their association with acne

GI glycemic index, GL glycemic load, IGF-1 insulin-like growth factor-1, IGFBP-3 insulin-like growth factor-binding protein 3, mTORC mam-
malian target of rapamycin complex 1

Diet Role in acne pathophysiology Acne findings References

Low 
GL ± 
low 
GI

Reduces free androgens, increases 
IGFBP-3, and decreases IGF-1 
levels

Evidence supportive of reduction 
in lesion quantity and severity of 
lesions

Smith et al.  [39], Smith et al. [40], Burris et al. [41], 
Smith et al.  [42], Çerman et al.  [45], Burris et al.  
[46], Burris et al.  [47], Smith et al.  [51], Kwon et al.  
[52]

Dairy Milk increases insulin and IGF-1 
levels

Evidence supportive of association of 
milk and whey proteins in increasing 
acne lesions

Rich-Edwards et al.  [54], Adebamowo et al. [58], Ade-
bamowo et al.  [60], Adebamowo et al.  [61],

Okoro et al.  [62], Grossi et al. [63], Karadag et al.  [64], 
Duquia et al.  [65]

Fat and 
fatty 
acids

Omega-3 fatty acids decrease IGF-1 
and inhibit pro-inflammatory 
leukotriene  B4

Supportive of omega-3 fatty acids and 
γ-linoleic acid use in reduction of 
acne lesions

Logan  [70], Li et al.  [71], Simopoulos et al.  [72], 
Zouboulis et al.  [74], Jung et al.  [75]

Vege-
tarian 
and 
vegan

Activation of mTORC1 decreased, 
leading to decreased signaling 
of pro-inflammatory nuclear 
factor-κB

No significant evidence supportive of 
vegan/vegetarian diets in reducing 
acne

Melnick  [11], Young et al.  [76], Stewart and Bazergy  
[77]

Probiot-
ics

Possible production of bacteriocin-
like inhibitory substances, may 
improve glucose metabolism and 
insulin levels, may increase levels 
of anti-inflammatory fatty acids

Mostly theoretical findings in support 
of acne reduction; early studies show 
promising results in acne improve-
ments with probiotic supplementa-
tion

Bowe et al.  [79], Kim et al.  [80], Puch et al.  [82], 
Salem et al.  [83], Fabbrocini et al. [84]
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5.2  Dairy

Dairy remains a prominent dietary component for most 
Western societies. Milk consumption has been reported to 
increase IGF-1 levels [55]. Eighty percent of cow’s milk pro-
tein is casein, and the remaining 20% is whey proteins [56]. 
Whey proteins are predominantly responsible for the insu-
linotropic effects of milk, whereas casein stimulates IGF-1 
to a greater extent than whey [56]. Hyperinsulinemia, such 
as that caused by the insulinotropic effects of milk whey 
proteins, also increases IGF-1 levels, which could provide 
a potential explanation for why those taking whey supple-
ments, as has become common practice in fitness centers 
and weights-based athletic pursuits, present with an onset 
or aggravation of acne [57, 58].

The relationship between dairy and acne was first estab-
lished by a questionnaire-based cohort study in 47,355 
female patients with acne [59]. Adebamowo et  al. [59] 
found a positive association with acne for total milk intake 
and skimmed milk intake. However, these data relied on 
self-reporting of diet from at least a decade prior, and dairy 
products were featured in only 2 of the 22 questions in the 
questionnaire [60].

A 3-year prospective study by the same group involv-
ing 6094 girls aged 9–15 years found a positive associa-
tion between acne prevalence and consumption of full-fat, 
skimmed, and low-fat milk but no association with non-milk 
dairy foods, chocolate, and pizza [61]. A similar study in 
4273 boys aged 9–15 years found only a weak association 
between acne and skimmed milk and no association with 
milks of a higher fat content [62]. Yet, these two studies 
were also questionnaire based and contained no blinded 
objective measurements. Other studies have shown a posi-
tive association between dairy consumption in some form, 
including ice cream, and acne without testing for a causal 
link [63–67].

In the NutriNet-Santé study, the consumption of milk was 
found to be independently associated with acne with partici-
pants with current acne consuming significantly more milk 
vs participants without acne (adjusted odds ratio of 1.12 and 
p = 0.04) [51]. However, it should be noted that 75% of this 
study’s participants were female, thereby, these results may 
not be equally representative for male individuals.

Some have postulated that the impact of dairy on acne 
may be due to the GI of the milk rather than the fat or dairy 
content [68]. However, when taking into account the GI of 
various dairy products, a more likely cause for the associa-
tion of dairy with acne is the insulin index, defined as the 
elevation of insulin levels in the blood during the 2-h period 
after food is ingested [69]. Milk has a very high insulin 
index, irrespective of fat content [69, 70]. By comparison, 
cheese has a low insulin index, whereas ice cream has a 
high insulin index due to added sugar; therefore, this theory, 

based on hyperinsulinemia, would account for the associa-
tion between ice cream and acne and the lack of association 
between cheese and acne.

5.3  Dietary Fats and Fatty Acids

The stereotypical Western diet contains a higher ratio of 
omega-6 to omega-3 fatty acids compared with the hunter-
gatherer diet and similar diets rich in fish, wild game, and 
wild plants [71]. Certain diets, such as the Mediterranean 
diet, encourage consumption of fish and olive oil to increase 
essential fatty acid intake [37].

Omega-3 fatty acids have been shown to decrease IGF-
1, which, as previously discussed, is implicated in sebum 
production and follicular occlusion [71, 72]. Omega-3 fatty 
acids also inhibit synthesis of inflammatory leukotriene  B4, 
which in turn reduces inflammatory acne lesions [73–75]. 
Some studies have shown an association between lower con-
sumption of fish and increased severity of acne [46, 65]. 
Increased trans-fat and saturated fat consumption was asso-
ciated with increased acne severity [46].

To test the potential effects of fatty acids on acne out-
comes, a randomized controlled trial compared the effects 
of dietary supplementation with an omega-3 fatty acid or 
a γ-linoleic acid with no supplementation over a 10-week 
period in 45 patients with mild-to-moderate acne [76]. 
Adding an omega-3 fatty acid supplement or a γ-linoleic 
acid supplement significantly reduced inflammatory and 
noninflammatory lesion counts. This suggests that patients 
with acne may benefit from increased omega-3 fatty acid or 
γ-linoleic acid consumption, for example through increased 
fish consumption.

5.4  Vegetarian and Vegan

Vegetarian and vegan diets include reduced or no intake of 
all types of meat (including fish) and dairy. Leucine levels 
are higher in meat/dairy protein-based diets compared with 
vegetarian or vegan diets. As leucine activates mTORC1, 
those consuming meat/dairy protein-based diets have 
increased mTORC1 activation (Fig. 1) [11]. Mammalian tar-
get of rapamycin complex 1 is a signaling protein known to 
activate pro-inflammatory nuclear factor κB signaling, pos-
sibly aggravating the inflammation implicated in acne [77].

Despite reduced dairy and leucine intake, Stewart and 
Bazergy [78] found the prevalence of vegan diets to not be 
significantly different between 453 patients with acne and 
150 controls retrospectively screened from a family medi-
cal clinic. However, this study did not detail the contents of 
the vegan diets, which may have other factors, such as GL 
and GI, to explain the lack of difference. Because of lim-
ited studies on vegetarian and vegan diets in patients with 
acne, further research in this area is needed to expand our 
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understanding of the impact of these diets on patients with 
acne.

5.5  Probiotics

In recent years, the microbiome has become a field of inter-
est across the spectrum of human health and disease. In view 
of the role of C. acnes in acne, the balance of microbiota 
in the skin is of interest in acne pathogenesis and therapy. 
The gut microbiome is also of interest, as patients with acne 
have been shown to have circulating levels of endotoxins not 
found in controls [79].

There are theoretical effects of probiotics on acne, includ-
ing the bacteriocin-like inhibitory substance produced by 
Streptococcus salivarius resulting in C. acnes inhibition 
in vitro [80] and evidence that oral Bifidobacterium lactis 
can improve glucose metabolism and fasting plasma insu-
lin levels in non-insulin-dependent diabetes mellitus mouse 
models [81]. Bifidobacteria can be reduced by high-fat 
consumption [82]. Coadministration of a probiotic mix, 
including Lactobacillus casei, Lactobacillus bulgaricus, 
and Streptococcus thermophilus, with fatty acids, increases 
blood levels of anti-inflammatory fatty acids [83]. Although 
in vitro and animal studies are intriguing, they are specula-
tive, and further in vivo evaluations are needed.

The gut microbiota have also been implicated in acne 
pathophysiology. Metabolites produced by gut microbiota 
have been shown to interact with mTOR signaling pathways, 
which in turn affect intestinal microbiota composition and 
have implications in acne pathogenesis [84]. Furthermore, 
in both acne vulgaris and intestinal dysbiosis, increased 
expression of substance P and upregulation of substance 
P-containing nerves have been observed [84]. Substance P 
can trigger an increase in proinflammatory mediators such as 
interleukin-6 and tumor necrosis factor-α, which have both 
also been implicated in acne pathogenesis [84].

In a pilot, randomized, placebo-controlled, double-
blind study of 20 adult patients with acne comparing a 
liquid supplement containing Lactobacillus rhamnosus 
GG to placebo (a liquid lacking probiotics) over a 12-week 
period [85], those receiving Lactobacillus rhamnosus GG 
showed a marked improvement in acne (adjusted odds ratio 
of improved/markedly improved rating 28.4 vs placebo, 
95% confidence interval 2.2–411.1, p < 0.05). Skin biop-
sies showed reduced levels of IGF-1 and increased levels 
of FoxO1 gene expression in the probiotic group. Although 
small, this study indicates that probiotics may be a beneficial 
and well-tolerated dietary supplement for patients with acne. 
More investigation into the use of probiotics in individuals 
with acne is necessary to support these early findings.

6  Effects of Diets on Acne Treatment Efficacy

For an oral medication to be effective, it must be absorbed, 
enter into the circulation, and be delivered to and absorbed 
by the target tissue [86]. This is influenced by inherent drug 
characteristics as well as the presence of gastrointestinal 
contents and their specific composition. Drug absorption 
characteristics of importance include solubility in the gas-
trointestinal tract and permeability into the enterocytes. Gas-
trointestinal contents can modify absorption of medications, 
drug solubility, stomach-emptying time, and gastrointestinal 
pH levels as well as form indigestible complexes and com-
pete for enterocyte transportation [86]. All of these factors 
can influence adverse event profiles as well [87].

The US Center for Drug Evaluation and Research has 
categorized drugs into four classes based on solubility and 
permeability [88]. Oral acne medications such as minocy-
cline and doxycycline are considered as Class I as both have 
high solubility and high permeability [89]. Spironolactone 
and isotretinoin, in contrast, are Class II with poor solu-
bility in stomach contents but high permeability [89, 90]. 
Accordingly, it is recommended that both spironolactone 
and isotretinoin be taken with food to increase absorption; in 
particular, isotretinoin should be administered with a high-
fat meal [90, 91].

6.1  Glycemic Index/Glycemic Load

A significant correlation between response to isotretinoin 
and GL was demonstrated in a study of 32 female patients 
with acne receiving isotretinoin (0.5 mg/kg) in whom a low-
GL diet was a predictive marker of isotretinoin response 
[92]. In contrast, a randomized controlled trial compared 
the efficacy of topical benzoyl peroxide 2.5% gel treatment 
co-administered with either a low-GL diet or a control diet 
in 84 patients with acne [93]. Both groups showed a signifi-
cant reduction in acne lesion counts after 12 weeks, with no 
significant difference.

6.2  Dairy

Absorption and bioavailability of tetracycline class antibiot-
ics have been extensively studied, as the minimum inhibi-
tory concentration must be maintained during the course of 
treatment in order for this class of bacteriostatic antibiotics 
to be effective [94]. For example, the presence of any food in 
the stomach can reduce absorption of doxycycline by nearly 
20% [94, 95]. Moreover, for tetracycline, in which absorp-
tion is inferior to doxycycline, the bioavailability is reduced 
when taken with food rather than after a fast, and this reduc-
tion is greater if the food contains dairy [94]. Calcium in 
dairy can chelate doxycycline, reducing its absorption [95]. 
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Minocycline absorption is less affected by stomach contents 
compared with doxycycline and tetracycline [95]. In a study 
evaluating comparative absorption of minocycline and tet-
racycline taken with milk and food, both drugs showed a 
significant reduction in absorption compared with admin-
istration with water; the effect was significantly greater for 
tetracycline than minocycline [96]. However, in a compara-
tive study evaluating the absorption of an extended-release 
formulation of minocycline under fed (high-dairy, high-fat) 
and fasted states, the extended-release formulation of mino-
cycline was shown to be unaffected by stomach contents, as 
measured by mean area under the curve, maximum plasma 
concentration, and time to maximum concentration [97]. 
Conversely, in a three-way crossover study comparing the 
delayed-release formulation of doxycycline with the stand-
ard formulation, the overall rate of absorption was increased 
in both formulations in a fasted state compared with an 
unfasted state, but there was no significant difference in the 
overall bioavailability between the two formulations [98].

Although there is little further evidence of a relationship 
between dairy intake and acne treatment efficacy, there are 
some data regarding supplements containing whey protein, 
the major protein found in milk. In a case series, five male 
patients aged 14–18 years with acne who experienced acne 
onset after starting whey protein supplements were treated 
with standard acne therapies [58]. All five patients had a 
poor response to oral antibiotics, topical retinoids, and ben-
zoyl peroxide. When four of these patients subsequently 
discontinued whey protein supplementation, their acne 
rapidly and completely cleared. One who reinstated whey 
protein supplementation experienced an acne flare within 
1 week. Whey protein concentrate has a high proportion of 
leucine (14 g/100 g of protein), which is a known activator 
of mTORC1 [11].

6.3  Dietary Minerals, Vitamins, and Antacids

Minerals such as calcium, magnesium, zinc, iron, and alu-
minum can chelate all of the tetracyclines, resulting in poor 
absorption and loss of efficacy [95]. Minocycline absorption 
is primarily reduced by dietary iron [95]. It is recommended 
that supplements and antacids be avoided 4–6 h before and 
2 h after administration of the tetracyclines [99].

Oral and topical zinc has been a potential therapeutic of 
interest for acne for many years. Several studies found that 
treatment with oral zinc sulfate resulted in a slightly reduced 
number and severity of acne lesions compared with pla-
cebo, although these findings conflict with other studies that 
have found little clinical benefit of zinc in improving acne 
[100–102]. Consequently, zinc may provide a slight benefit 
in the reduction of acne lesions, though a consensus is needed 
between studies for zinc to be considered as an effective treat-
ment for acne.

6.4  Dietary Fats and Fatty Acids

Prescribing information for isotretinoin states that coadmin-
istration with a high-fat meal enhances bioavailability. In all 
phase III studies evaluating the efficacy of isotretinoin, the US 
Food and Drug Administration mandated that dosing occur 
with a high-fat (50-g fat) meal [90, 103]. There has been no 
direct comparison of bioavailability of isotretinoin with a high-
fat meal and a lower fat meal. When lidose-isotretinoin was 
administered to patients in the fasted state, efficacy and relapse 
rates were similar or lower relative to historic controls who 
took the drug with a 50-g fat meal [104]. The only efficacy 
data that exist for conventional isotretinoin are from patients 
following a 50-g fat meal, but the results of the pharmacoki-
netic study previously mentioned suggest that efficacy might 
suffer if isotretinoin is taken without fat. Further investigation 
of lidose-isotretinoin vs conventional isotretinoin would be 
of value in conditions of standard food intake (as opposed to 
a high-fat meal) and including additional supplements such 
as omega-3 fatty acids or olive oil. Recently in the USA, the 
Food and Drug Administration approved a novel formula-
tion of lidose-isotretinoin in which the particles of the drug 
are micronized, increasing the surface area and resulting in 
improved dissolution. It is bioequivalent when taken after a 
high-fat meal and almost twice as bioavailable under fasted 
conditions despite administration at a 20% lower dose (32 mg) 
compared with the prior lidose-isotretinoin 40-mg dose [105, 
106].

6.5  Impact of Dietary Restrictions on Drug 
Adherence

The importance of this information on diet is magnified by 
the knowledge that increased medication regimen complexity 
can affect consistent drug use [107]; complexity can include 
restriction on dietary choices and timing of meals. In addition, 
whereas antibiotics are more efficacious when taken without 
food, they are less likely to result in gastrointestinal distur-
bances when taken with food [95]. Barriers such as complex 
treatment regimens and adverse effects can lead to doses being 
delayed, taken in suboptimal conditions or without regard for 
food–drug interactions, or skipped altogether.

7  Conclusions

Despite limitations in studies investigating diet and acne, 
there is evidence that diet plays a role in acne and its treat-
ment. There is strong support for the reduction of acne 
with regular consumption of omega-3 fatty acids and low-
GI and low-GL diets. Similarly, several studies demon-
strate milk may worsen the number and severity of acne 
lesions. Specifically, acne flares in individuals consuming 
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milk may be related to whey proteins and casein via 
insulinotropic and IGF-1 pathways, which may explain 
why other dairy products such as butter or cheese have 
not demonstrated the same associations with acne. Low 
glycemic diets have generally shown favorable improve-
ments in acne outcomes, possibly because of their effects 
on insulin and IGF-1; however, because of inconsistent 
findings in studies of patients with acne on low glycemic 
diets, additional treatment may be necessary in combina-
tion with changes in diet to reduce acne. Administration 
of probiotics shows promise in reducing acne lesions; 
although, further research is needed in this area to sup-
port these early findings. More investigation is necessary 
on the effects of vegetarian/vegan and ketogenic diets on 
acne, as research in this area is lacking. Efficacy of acne 
treatments such as tetracycline class antibiotics appears 
to be significantly affected by diet; in particular, there is 
considerable evidence that maximum absorption occurs in 
a fasted state with no dairy. Despite prescribing informa-
tion for isotretinoin indicating that coadministration with a 
high-fat meal enhances bioavailability, studies have shown 
that lidose-isotretinoin does not require a high-fat meal for 
maximum bioavailability. Accordingly, new formulations 
of isotretinoin, such as lidose-isotretinoin, may not need 
coadministration with special diets. For all therapies pre-
scribed, healthcare providers should provide patients with 
information on how their choice of diet could enhance 
their therapeutic outcomes and possibly reduce the risk of 
relapse upon treatment cessation.
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