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Acne vulgaris
Hywel C Williams, Robert P Dellavalle, Sarah Garner

Acne is a chronic infl ammatory disease of the pilosebaceous unit resulting from androgen-induced increased sebum 
production, altered keratinisation, infl ammation, and bacterial colonisation of hair follicles on the face, neck, chest, 
and back by Propionibacterium acnes. Although early colonisation with P acnes and family history might have important 
roles in the disease, exactly what triggers acne and how treatment aff ects the course of the disease remain unclear. 
Other factors such as diet have been implicated, but not proven. Facial scarring due to acne aff ects up to 20% of 
teenagers. Acne can persist into adulthood, with detrimental eff ects on self-esteem. There is no ideal treatment for 
acne, although a suitable regimen for reducing lesions can be found for most patients. Good quality evidence on 
comparative eff ectiveness of common topical and systemic acne therapies is scarce. Topical therapies including 
benzoyl peroxide, retinoids, and antibiotics when used in combination usually improve control of mild to moderate 
acne. Treatment with combined oral contraceptives can help women with acne. Patients with more severe infl ammatory 
acne usually need oral antibiotics combined with topical benzoyl peroxide to decrease antibiotic-resistant organisms. 
Oral isotretinoin is the most eff ective therapy and is used early in severe disease, although its use is limited by 
teratogenicity and other side-eff ects. Availability, adverse eff ects, and cost, limit the use of photodynamic therapy. New 
research is needed into the therapeutic comparative eff ectiveness and safety of the many products available, and to 
better understand the natural history, subtypes, and triggers of acne.

Introduction
Acne is a disease of the pilosebaceous unit—hair follicles 
in the skin that are associated with an oil gland (fi gure 1).2 
The clinical features of acne include seborrhoea (excess 
grease), non-infl ammatory lesions (open and closed 
comedones), infl ammatory lesions (papules and pustules), 
and various degrees of scarring. The distribution of acne 
corresponds to the highest density of pilosebaceous units 
(face, neck, upper chest, shoulders, and back). Nodules 
and cysts comprise severe nodulocystic acne. This Seminar 
summarises information relating to the clinical aspects of 
common acne (acne vulgaris). Acne classifi cation, 
scarring, acne rosacea, chloracne, acne associated with 
polycystic ovary syndrome, infantile acne, acne inversa, 
and drug-induced acne have been reviewed elsewhere.3–10

Prevalence and natural history
Some degree of acne aff ects almost all people aged 15 to 
17 years,11–13 and is moderate to severe in about 15–20%.8,12,14 
Prevalence estimates are diffi  cult to compare because 
defi nitions of acne and acne severity have diff ered so 
much between studies, and because estimates are 
confounded by the availability and use of acne 
treatments.15 Surveys of self-reported acne have proven 
unreliable.16 Although perceived as a teenage disease, 
acne often persists into adulthood.17,18 One population 
study in Germany found that 64% of those aged 20 to 
29 years and 43% of those aged 30 to 39 years had visible 
acne.19 Another study of more than 2000 adults showed 
that 3% of men and 5% of women still had defi nite mild 
acne at the age of 40 to 49 years.20

Acne typically starts in early puberty with increased 
facial grease production, and mid-facial comedones8 
followed by infl ammatory lesions. Early-onset acne 
(before the age of 12 years) is usually more comedonal 
than infl ammatory, possibly because such individuals 
have not yet begun to produce enough sebum to support 

large numbers of Proprionibacterium acnes.21 One 
prospective study of 133 children aged 5·5 to 12 years, 
followed up for an average of 2·5 years, found 
asynchronous facial sebum production initially, with 
increasing numbers of glands switching on sebum 
production over time.22 Subsequent expansion of the 
propionibacterial skin fl ora (in the nares and then facial 
skin) occurred earlier in children who developed acne 
than in children of the same age and pubertal status who 
did not, suggesting that postponement of sebum 
production or expansion of propionibacterial skin fl ora 
until after puberty could prevent acne or minimise 
disease severity. Predictors of acne severity include early 
onset of comedonal acne,8 and increasing number of 
family members with acne history.14 Factors that can 
cause acne to fl are include the menstrual cycle, picking, 
and emotional stress.23,24 Beliefs about external factors 
aff ecting acne vary according to ethnic group.25 Acne 
vulgaris is a chronic disease that often persists for many 
years.26 There is little research about what factors might 
predict whether acne will last into adulthood.27 We could 
not fi nd any good quality cohort studies summarising 
the natural history of acne. Sequential prevalence surveys 
of diff erent populations showing a gradual decrease in 

Search strategy and selection criteria

Our main sources of evidence included all systematic reviews 
on acne published since 1999 which have been mapped by 
NHS Evidence—skin disorders annual evidence updates,1 
supplemented by specifi c searches on Medline for articles 
published between January, 2003, and Jan 16, 2011, using the 
search terms “acne”, “comedones”, “vulgaris”, and 
“aetiology”, “causes”, “natural history”, “pathophysiology”, 
“treatment”, “management”, and “guidelines”. We also 
scrutinised citation lists from retrieved articles. 
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acne prevalence after the age of 20 years weakly underpin 
our current understanding of the natural history of acne. 
Mild infl ammatory acne declines or disappears in a large 
proportion of those with acne in their teens. Cytokines 
that induce comedogenic changes at the follicular 
infundibulum might also inhibit lipid secretion from the 
sebaceous gland, resulting in remission of individual 
lesions.28 However, seborrhoea persists throughout adult 
life, long after infl ammatory lesions have resolved.29 
Adult acne related to circulating androgens goes by 
several names, including post-adolescent or late-onset 
acne, and occurs most commonly in women beyond the 
age of 25 years.30

Cause
Risk factors and genes associated with acne prognosis 
and treatment are unclear.31,32 Twin studies have pointed 
to the importance of genetic factors for more severe 
scarring acne.33 A positive family history of acne doubled 
the risk of signifi cant acne in a study of 1002 Iranian 
16-year-olds,14 and the heritability of acne was 78% in fi rst-
degree relatives of those with acne in a large study of 
Chinese undergraduates.34 Acne appears earlier in girls, 
but more boys are aff ected during the mid-teenage years.35 
Acne can occur at a younger age and be more comedonal 
in black children than in white children, probably from 
earlier onset of puberty.36 A study of 1394 Ghanaian 
schoolchildren found that acne was less common in rural 
locations, but the reasons for this are unclear.37

Although earlier observational studies suggested an 
inverse association between smoking and acne,38 sub-
sequent studies have shown that severe acne increases 
with smoking.19,39 Increased insulin resistance and high 
serum dehydroepiandrosterone might explain the 
presence of acne in polycystic ovary syndrome.40,41 
Occlusion of the skin surface with greasy products 
(pomade acne),42 clothing, and sweating can worsen acne. 
Drugs such as anti-epileptics typically produce a 

monomorphic acne, and acneiform eruptions have been 
associated with anti-cancer drugs such as gefi tinib.10 The 
use of anabolic steroids for increasing muscle bulk might 
be underestimated, and can give rise to severe forms of 
acne.43 Tropical acne can occur in military personnel 
assigned to hot, humid conditions.44 Dioxin exposure can 
result in severe comedonal acne (chloracne), but it is not 
associated with common acne.

Diet, sunlight, and skin hygiene have all been 
implicated in acne,45 but little evidence supports or 
refutes such beliefs.46 One systematic review suggested 
that dairy products (especially milk) increase acne risk, 
but all the included observational studies had signifi -
cant shortcomings.47

Previous studies of giving young people large quantities 
of chocolate to try and provoke acne were too small and 
too short to claim no eff ect.48 The apparent absence of 
acne in native non-Westernised people in Papua New 
Guinea and Paraguay49 has led to the proposal that high 
glycaemic loads in Western diet could have a role in acne, 
perhaps through hyperinsulinaemia leading to increased 
androgens, increased insulin-like growth-factor 1, and 
altered retinoid signalling.50,51 A randomised controlled 
trial showing that a low glycaemic load diet might 
improve acne provides preliminary support for this 
theory.52 Although acne has been associated with 
increasing body mass,53 no evidence suggests that putting 
people on restrictive diets reduces acne.

Disease mechanisms
Four processes have a pivotal role in the formation of 
acne lesions: infl ammatory mediators released into the 
skin; alteration of the keratinisation process leading to 
comedones; increased and altered sebum production 
under androgen control (or increased androgen receptor 
sensitivity); and follicular colonisation by P acnes.27 The 
exact sequence of events and how they and other factors 
interact remains unclear.

Figure 1: Normal sebaceous follicle (A) and comedo (B), and infl ammatory acne lesion with rupture of follicular wall and secondary infl ammation (C)
Reproduced, with permission, from reference 2.

A B C
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Immune-mediated infl ammatory processes might 
involve CD4+ lymphocytes and macrophages that 
stimulate the pilosebaceous vasculature precede follicular 
hyperkeratinisation.54 Defective terminal keratinocyte 
diff erentiation leads to comedo formation under the 
infl uence of androgens and qualitative changes in the 
sebum lipids that induce interleukin 1 (IL1) secretion.55 
Sebaceous glands are an important part of the innate 
immune system, producing a variety of antimicrobial 
peptides, neuropeptides, and antibacterial lipids such as 
sapienic acid. Each sebaceous gland functions like an 
independent endocrine organ infl uenced by corticotropin-
releasing hormone, which might mediate the link 
between stress and acne exacerbations.56 Vitamin D also 
regulates sebum production, and insulin-like growth-
factor 1 might increase sebum through sterol-response-
element-binding proteins.57 Oxidised lipids such as 
squalene can stimulate keratinocyte proliferation and 
other infl ammatory responses mediated by the 
proinfl ammatory leukotriene B4.58 Matrix metallo-
proteinases in sebum have an important role in 
infl ammation, cell proliferation, degradation of the 
dermal matrix, and treatment responsiveness.59

Sebaceous follicles containing a microcomedone 
provide an anaerobic and lipid-rich environment in 
which P acnes fl ourishes.60 Lipogenesis is directly 
augmented by P acnes.61 Colonisation of facial follicles 
with P acnes follows the asynchronous initiation of 
sebum production,22 which might explain why treatment 
with isotretinoin treatment too early can need to be 
followed up with subsequent courses, as new previously 
P acnes-naive follicles become colonised and infl amed. 
Unique P acnes strains with diff erent bacterial resistance 
profi les colonise diff erent pilosebaceous units and 
induce infl ammation by the activation of toll-like 
receptors in keratinocytes and macrophages.62 In-vitro 
work suggests that P acnes could behave like a biofi lm 
within follicles, leading to decreased response to 
antimicrobial agents.63 P acnes resistance to commonly 
used oral antibiotics for acne aff ects treatment response, 
suggesting that direct antimicrobial eff ects might be 
important in addition to the anti-infl ammatory actions 
of antibiotics.64

How does acne aff ect people?
Acne results in physical symptoms such as soreness, 
itching, and pain, but its main eff ects are on quality of life. 
Psychological morbidity is not a trivial problem,65 and it is 
compounded by multiple factors: acne aff ects highly 
visible skin—a vital organ of social display; popular culture 
and societal pressures dictate blemishless skin; acne can 
be dismissed by health-care professionals as a trivial self-
limiting condition; and acne peaks in teenage years, a 
time crucial for building confi dence and self-esteem.

Case-control and cross-sectional studies assessing the 
eff ect of acne on psychological health found a range of 
abnormalities including depression, suicidal ideation, 

anxiety, psychosomatic symptoms, shame, embarrass-
ment, and social inhibition,66 which improve with eff ective 
treatment.67 Anger inversely correlates with quality of life 
in acne and satisfaction with acne treatment.68 Patients 
might not volunteer depressive symptoms and need 
prompting during consultation. UK teenagers with acne 
twice as often scored in the borderline or abnormal range 
on an age-appropriate validated questionnaire of emotional 
wellbeing than did those who did not have acne, and had 
higher levels of behavioural diffi  culties.69 The presence of 
acne was associated with unemployment in a case-control 
study of young men and women.70 One community study 
of 14–17-year-old Australian students reported no 
association between acne and subsequent psychological 
or psychiatric morbidity, a surprising fi nding perhaps 
explained by eff ective treatments or personality traits.71

Acne severity and degree of psychological impairment 
do not necessarily correspond—mild disease in one 
person can cause high degrees of psychological disability, 
whereas another with more severe disease can seem less 
bothered by their acne.12 Most studies assessing 
psychological morbidity in acne have been cross-sectional, 
and therefore unable to establish causal direction. Few 
studies report the direct and indirect costs of acne.72,73

How can acne be managed?
Skin hygiene
There is no good evidence that acne is caused or cured by 
washing.46 Antibacterial skin cleansers might benefi t 
mild acne, and acidic cleansing bars are probably better 
than standard alkaline soaps. However, excessive washing 
and scrubbing removes oil from the skin surface, drying 
it and stimulating more oil production. Antibacterial skin 
cleansers provide no additional benefi t to patients already 
using other, potentially irritating topical treatments.46

Counselling and support
Spending time dispelling myths and explaining that 
most treatments will not cure is worthwhile and might 
improve adherence.74 Because acne treatments work by 
preventing new lesions rather than treating existing ones, 
an initial response might not appear for some weeks. 
Most eff ective treatments can require months to work.75 
Health-care providers should assess loss of self-esteem, 
lack of confi dence, and symptoms of depression including 
suicidal thoughts. Acne’s emotional eff ect might not be 
immediately evident or volunteered, but even mild acne 
can cause signifi cant distress. Patients should also be 
told that online acne information, including from some 
support groups, varies in quality and can refl ect sponsor 
bias, and clinicians have a role in guiding them to 
trustworthy resources.

Treatment guidelines
The many over-the-counter and prescription treatments 
for acne allow for a large number of potential combin-
ation treatments. A comprehensive systematic review 
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in 1999 identifi ed 274 trials of 140 treatments in 
250 combin ations.76 Most were placebo-controlled studies 
of me-too products, and the authors found no basis from 
controlled trials to judge the effi  cacy of any treatment in 
relation to others, nor in the sequence of therapy. The 
table shows how diff erent treatment medications target 
diff erent aspects of acne pathology. The large number of 
products and product combinations, and the scarcity of 
comparative studies, has led to disparate guidelines with 
few recommendations being evidence-based. Recent 
acne guidelines include those from the Global Alliance 
to Improve Outcomes in Acne,77 the American Academy 
of Dermatology/American Academy of Dermatology 
Association,78 and the European expert group on oral 
antibiotics in acne.79 Because of the paucity of evidence, 
these guidelines rely on the opinions of experts, many of 
whom declare signifi cant potential confl icts of interest. 
Practical advice on how to manage acne based on a 
systematic search of evidence by an independent team is 
available in an online UK Clinical Knowledge Summary.75 
All of these guidelines illustrate similar approaches on 
which initial therapies should be based—ie, acne severity 
and whether the acne is predominantly non-infl ammatory 
or infl ammatory. We propose an algorithm for treating 
acne in fi gure 2 on the basis of our interpretation of the 
clinical evidence. This interpretation diff ers slightly 
from the Global Alliance recommendations by 
suggesting slightly more initial use of topical benzoyl 
peroxide than topical retinoids on the grounds of cost 
and on a longer track record of effi  cacy and safety. 
Assessment of treatment response in such a polymorphic 
condition can be diffi  cult and should include an 
assessment of reduction of infl ammatory and non-
infl ammatory lesions in relation to baseline photographs, 
plus an assessment of psychological wellbeing.

Topical treatments
Topical agents when used alone or in combination 
eff ectively treat mild acne consisting of open and closed 
comedones with a few infl ammatory lesions.77 The many 
treatment options off er diff erent modes of action. Although 

all are more eff ective than placebo, establishing the most 
appropriate strategy for initial and maintenance treatment 
requires further research.77,80 Topical treatments only work 
where applied. Because topical therapies reduce new lesion 
development they require application to the whole aff ected 
areas, rather than individual spots. Most cause initial skin 
irritation, and some people stop using them because of 
this. The irritation can be minimised by starting with lower 
strength preparations and gradually increasing frequency 
or dose. Where irritation persists, a change in formulation 
from alcoholic solutions to washes or gels to more 
moisturising creams or lotions might help.

Benzoyl peroxide
Benzoyl peroxide is a safe and eff ective81 over-the-counter 
preparation that has several mechanisms of action, and 
should be applied to all the aff ected area.82 Single-agent 
benzoyl peroxide works as well as oral antibiotics or a 
topical antibiotic combination that included benzoyl 
peroxide for people with mild-to-moderate facial acne.64 It 
has greater activity than topical (iso)tretinoin against 
infl ammatory lesions;83,84 the results of two further 
underpowered trials were equivocal.85,86 Further studies 
are needed, especially as combination therapy might be 
better.86 Benzoyl peroxide causes initial local irritation. 
Patients need to be counselled to expect irritation but 
discontinue treatment if it becomes severe. Irritation will 
decrease in most cases, especially if patients start applying 
it every other day and then increase the frequency. Low 
strength (2·5% or 5%) benzoyl peroxide is recommended, 
since it is less irritating and there is no clear evidence that 
stronger preparations are more eff ective.87

Topical retinoids
Treatment with tretinoin, adapalene, and isotretinoin 
require medical prescriptions. Tazarotene is not licensed 
in the UK for acne. All retinoids are contraindicated in 
pregnancy, and women of childbearing age must use 
eff ective contraception. Topical retinoids act on abnormal 
keratinisation and are also anti-infl ammatory, so they 
work for both comedonal and infl ammatory acne. Many 
placebo-controlled or non-inferiority studies citing better 
tolerability exist, but few trials guide practice. More trials 
comparing retinoids against each other and against other 
therapies are needed. Randomised controlled trials 
(RCTs) have shown that higher-strength preparations 
might have greater activity than lower-strength ones, but 
at the expense of more irritation. All topical retinoids 
induce local reactions, and should be discontinued if 
severe. They do not seem to cause temporary worsening 
of acne lesions,88 but can increase the sensitivity of skin 
to ultraviolet light.

Topical antibiotics
How topical antibiotics improve acne has not been 
clearly defi ned, but they seem to act directly on P acnes 
and reduce infl ammation. Topical antibiotics have less 

Sebum excretion Keratinisation Follicular 
Proprionibacterium 
acnes

Infl ammation

Benzoyl peroxide – (+) +++ (+)

Retinoids – ++ (+) +

Clindamycin – (+) ++ –

Antiandrogens ++ + – –

Azelaic acid – ++ ++ +

Tetracyclines – – ++ +

Erythromycin – – ++ –

Isotretinoin +++ ++ (++) ++

+++=very strong eff ect. ++=strong eff ect. +=moderate eff ect. (+)=indirect/weak eff ect. –=no eff ect.

Table: Targets of acne treatments
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activity than other agents against non-infl amed lesions. 
For more severe acne, topical antibiotics are usually 
combined with other products such as topical retinoids 

or benzoyl peroxide. Patients with back acne might 
respond better to oral antibiotic therapy because of the 
diffi  culties of applying treatments to large areas that are 

Figure 2: Suggested algorithm for treatment of mild, moderate, and severe acne based on our appraisal of current clinical evidence and uncertainties
Figures reproduced with permission from DermNet NZ. BP=benzoyl peroxide. *Topical combination could be benzoyl peroxide plus topical antibiotic, or topical 
benzoyl peroxide plus topical retinoid. 

Mainly red spots

Take baseline photographs if possible to help assess subsequent treatment

Mainly blackheads Mixture of lesions

Build up over weeks until tolerance to irritation develops. If not enough benefit when assessed at 6–8 weeks:

Continue with topical therapy as long as benefit continues. If not, progress to oral treatments as for moderate acne

Assess at 6 weeks. If no improvement then proceed to oral antibiotics plus 
topical BP or retinoid (but not topical antibiotic)

Assess at 6 weeks. If no improvement, try a different oral antibiotic plus 
a topical

If results are not good or are not sustained with the above treatments—
eg, two 8-week courses of different oral antibiotics without significant benefit:

Start 2·5% BP Start topical retinoids Start topical combination*

Proceed to oral isotretinoin early before scarring occurs (avoid wasting time
with several prolonged courses of oral antibiotics if ineffective)

Counsel for adverse effects and ensure adequate contraception for women of 
child-bearing potential 

Add in topical retinoid 
or topical antibiotic 
or azelaic acid

Add in topical antibiotic
or topical BP if tolerable
or azelaic acid

Women or older teenagers for whom
contraception needed or is acceptable

Women or older teenagers who do
not need or want contraception, 
and men

Start combined oral contraceptive Try topical combination product

If there is a beneficial response, carry 
on for 4–6 months. Then stop and 
use a 2·5% BP cream washout for 
2 weeks to eradicate resistant 
Propionbacterium acnes. Then try 
further topicals as for mild acne as a 
maintenance treatment, or if acne 
relapses return to oral antibiotics.

If initial benefit is lost within the
2–6-month period, stop oral
antibiotics  and try another oral
antibiotic after a BP washout.

Try different combination
product
or azelaic acid

Mild acne

Moderate acne 
(or back acne or mild acne that fails to respond to topical therapy)

Severe acne 
(or moderate acne not responding to oral therapy)
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diffi  cult to reach. Topical antibiotics include clindamycin, 
erythromycin, and tetracycline. Topical antibiotics are 
also available in combination with benzoyl peroxide and 
zinc acetate. Alcohol-based preparations are more 
drying, and therefore more suitable for oilier skins. The 
effi  cacy of erythromycin might be declining because of 
bacterial resistance.89

Other topical therapies
Salicylic acid is an exfoliant and is a component of many 
over-the-counter preparations. No studies support routine 
use of salicylic acid in preference to other topical therapies. 
The American Guidelines state that data from peer-
reviewed literature regarding the effi  cacy of sulphur, 
resorcinol, sodium sulfacetamide, aluminium chloride, 
and zinc are limited.78 Similarly there is no reliable 
evidence to support the use of nicotinamide or combination 
triethyl citrate and ethyl linoleate.90 Despite recent interest 
in topical dapsone91 and taurine bromamine,92 neither is 
licensed in the UK, and current comparative evidence 
does not support a change in practice. A new vehicle, 
emollient foam, containing sodium sulfacetaminde 10% 
and sulphur 5% is now available for acne treatment in the 
USA.93 Azelaic acid has both antimicrobial and anti-
comedonal properties but can cause hypopigmentation, 
and darker-skinned patients should therefore be monitored 
for signs. Anecdotal reports have suggested that azelaic 
acid might reduce post-infl ammatory hyperpigmentation, 
which is possibly attributable to its activity on abnormal 
melanocytes. The American Guidelines note that its 
clinical use, compared to other agents, has limited effi  cacy 
according to experts.78

Combination topicals
There is accumulating information that combinations of 
topical treatments with diff erent mechanisms of action 
work better than single agents.94 Few combinations have 
been tested properly against the relevant monotherapy. 
The trials tend to be methodologically fl awed by factors 
such as suboptimal dose or frequency of monotherapy.82 
Compliance can be increased with once-daily combination 
products because of their convenience and faster speed 
of onset,95,96 although individual generic preparations 
used concomitantly might be more cost-eff ective.64 
Benzoyl peroxide inactivates tretinoin, and the two agents 
should not therefore be applied simultaneously; if used 
in combination one should be applied in the morning 
and one at night.

Oral treatments
Oral antibiotics
Oral antibiotics are usually reserved for more severe 
acne, acne predominantly on the trunk, acne unresponsive 
to topical therapy, and in patients at greater risk of 
scarring. Although antibiotics have shown eff ectiveness 
in terms of reducing the number of infl ammatory lesions, 
none clear acne completely. Most patients seek acne 

clearance rather than reduction in lesion counts. There is 
no conclusive evidence that one antibiotic is more 
eff ective than another (including fi rst and second 
generation tetracyclines) or that oral antibiotics are more 
eff ective than topical preparations for mild-to-moderate 
facial acne.64 There is no evidence that higher doses are 
more eff ective than lower doses or that controlled-release 
preparations are necessary.64,76,82,97 

The choice of antibiotic should therefore be based on 
the patient’s preference, the side-eff ect profi le, and cost. 
The tetracyclines (tetracycline, oxytetracycline, doxy-
cycline, or lymecycline) are the preferred options; 
minocycline has signifi cant adverse eff ects.98 Co-
trimoxazole should be avoided because the sulfa-
methoxazole component has signifi cant side-eff ects. 
Quinolones are not recommended in adolescents due to 
arthropathy risks and because oral ciprofl oxacin shows 
rapid selectivity that promotes resistance.99 Amino-
glycosides and chloramphenicol have very limited 
eff ects79 and oral clindamycin, although eff ective, has 
the potential for signifi cant adverse eff ects such as 
pseudomembranous colitis. There is increasing 
resistance to the macrolides (erythromycin and 
azithromycin) and trimethoprim that is causing 
worldwide concern.

The use of antibiotics for acne has been questioned 
owing to resistance concerns, especially since they are 
used for long periods at low doses.100 Concomitant 
benzoyl peroxide can reduce problems with bacterial 
resistance,101 whereas concomitant treatment with 
diff erent oral and topical antibiotics should be avoided. 
Data from a large well-reported RCT indicated that 
6–8 weeks is an appropriate time to assess response.64 If 
an individual does not respond to antibiotics or stops 
responding, there is no evidence that increasing the 
frequency or dose is helpful. Such strategies increase 
selective pressure without increasing effi  cacy.82 
Antibiotics should be stopped if no further improvement 
is evident. Antibiotics should not be routinely used for 
maintenance because alternatives exist with similar 
effi  cacy and preventative action.79,82 Benzoyl peroxide 
protects against resistance by eliminating resistant 
bacteria: the Global Alliance to Improve Outcomes in 
acne (2003) recommends that if antibiotics must be 
used for longer than 2 months, benzoyl peroxide should 
be used for a minimum of 5–7 days between antibiotic 
courses to reduce resistant organisms from the skin.77

Oral contraceptives
Combined oral contraceptives (COCs) contain an 
oestrogen (ethinylestradiol) and a progestogen. COCs are 
frequently prescribed for women with acne because 
oestrogen suppresses sebaceous gland activity and 
decreases the formation of ovarian and adrenal 
andro gens. Progestogen-only contraceptives often 
worsen acne and should be avoided in women who 
have no contraindications to oestrogen-containing 
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prepar ations.102 Progestogens bind to both progesterone 
and androgen receptors and their androgenic eff ects are 
dependent on the type and dose of progestogen. 
Third-generation progestogens such as desogestrel, 
norgestimate, and gestodene bind more selectively to the 
progesterone receptor than do the second-generation 
progestogens (eg, levonorgestrel and norethisterone), but 
at the cost of an increased risk of thromboembolism.

The Global Alliance Guidelines state that hormonal 
therapy is an excellent choice for women who need oral 
contraception and that it should be used as a component 
for combination therapy in women with or without 
endocrine abnormalities.77 Hormonal therapy should be 
used early in women with moderate-to-severe acne, or in 
those with seborrhoea, acne, hirsutism, and alopecia 
symptoms. A Cochrane review found few important 
diff erences between diff erent combined oral contraceptive 
types in their eff ectiveness for treating acne, and how 
they compare with alternative acne treatments is not 
clear.102 Although preparations containing cyproterone 
acetate have been traditionally used for acne treatment, 
there is little evidence to show its superiority over other 
progestins. The same applies to the antiandrogen actions 
of spironolactone.103

Oral isotretinoin
When given for around 20 weeks, oral isotretinoin is the 
most eff ective medication resulting in clinical cure in 
around 85% of cases.76,94,104 Relapse rates are around 21% 
and are dose-dependent, the best responses being seen 
with daily doses of 1 mg/kg per day or a total of 150 mg/kg 
over the treatment duration. Isotretinoin is usually 
reserved for severe nodulocystic scarring acne or acne 
resistant to other therapies (fi gure 3). Research is needed 
to investigate whether isotretinoin could be benefi cial if 
used sooner for moderate cases. Isotretinoin causes 
cheilitis, dry skin, nose bleeds, secondary infection, 
temporary worsening of lesions, photo sensitivity, and 
increased serum lipids, but these are rarely severe 
enough to cause treatment withdrawal.105 Other less 
common side-eff ects might include an increased risk of 
ulcerative colitis.106 Due to teratogenicity, isotretinoin 
should be given with adequate contraception for women 
of childbearing age. Strict regulation in the USA has 
decreased legal isotretinoin prescriptions and increased 
illegal buying over the internet.107 A possible link between 
isotretinoin and depression is discussed later.

Complementary and alternative medications 
(CAMs)
The use of CAMs for acne is widespread. A systematic 
review of CAM treatments for acne in 2006 identifi ed 
15 RCTs covering diverse approaches such as Aloe vera, 
pyridoxine, fruit-derived acids, kampo (Japanese herbal 
medicine), and ayurvedic herbal treatments.108 Although 
mechanisms of potential benefi t for some of the CAM 
therapies were biologically plausible, the included 

studies were generally of poor quality and inconclusive. 
Another systematic review found some benefi t for 
acupuncture with moxibustion, but the quality of 
included studies was limited.109 A systematic review of 
four RCTs of tea-tree oil in 2000 did not fi nd conclusive 
evidence of benefi t,110 although a recent well-reported 
study of 60 people in Iran with mild-to-moderate acne 
showed a modest reduction in lesion count and few 
local adverse eff ects when compared with placebo, 
suggesting that larger trials might be worthwhile.111 
CAM cannot be recommended for acne treatment 
because it is not supported by good evidence—CAMs 
might work, but the key studies have not been done, or 
when done, they have been inconclusive or reported 
poorly. CAM therapy for acne is a research gap that 
needs to be addressed given the high degree public 
interest and spending on CAM approaches.

Special clinical problems
The depth and extent of acne scarring varies and can be 
improved by multiple procedures including subcision, 
punch excision, laser resurfacing, dermabrasion, and 
chemical peels.27,112 Increasingly acne scarring is being 
treated with fractionated laser treatments—a technique 
that produces thousands of microthermal areas of 
dermal ablation separated by areas of untreated skin, 
with fewer side-eff ects and a quicker healing period than 
ablative lasers.113

Whereas open comedones can often be extracted with 
minimal skin trauma, cysts and closed comedones 
provide more challenging targets for acne surgery. Closed 
comedones can be nicked with a bevelled needle before 
expression with a comedone extractor, and large closed 
comedones can be treated with electrocautery or laser.114,115 
Injection of intralesional steroid (0·1 mL of 5 mg/mL 

Figure 3: Before (A) and after (B) view of a woman with severe acne treated with a course of isotretinoin
Reproduced with permission from Amy Derick; full patient consent was received.
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triamcinolone acetonide) into cysts often rapidly improves 
their appearance without extrusion.116

Body dysmorphic disorder (dysmorphophobia) is 
defi ned as signifi cant psychosomatic distress caused by 
imagined or minor defects in one’s appearance. Roughly 
14% of patients with acne have suffi  cient distress related 
to their facial appearance to be diagnosed with dys-
morphophobia.117 It is notoriously diffi  cult to treat, but 
aggressive treatment of residual acne and cognitive 
behavioural therapy can help.118,119

Severe acne with fever remains an important entity to 
recognise and treat early to prevent extreme scarring and 
patient suff ering.120,121

With the exception of avoidance of tetracyclines, 
isotretinoin, and hormonal treatments, management of 
prepubertal acne is similar to adult acne management 
and is reviewed elsewhere.8,122

Trying to persuade teenagers to persist for many 
months or years with potentially irritating topical 
treatments that only prevent a proportion of new lesions 
occurring is a challenge. Many teenagers are more 
preoccupied by dealing with large spots as they appear, 
prompting a range of home remedies, such as toothpaste, 
publicised on social internet sites such as YouTube. The 
use of social internet sites as a means of targeting 
treatments for acne is potentially interesting.123 It is 
possible that digital photography will be increasingly 
used by physicians to manage concordance of acne 
patients from home.124

Areas of controversy and uncertainty
Retinoid safety
Topical retinoids, a fi rst-line acne therapy in the USA, 
have been associated with increased deaths in older 
male veteran patients in a randomised controlled trial 
of actinic keratosis.125 Although this fi nding has been 
ascribed to chance, informing all topical retinoid users 
of these results might be warranted until further data 
are obtained.126 A branded form of oral isotretinoin 
(Accutane) was introduced in the USA in 1982 and has 
been used by more than 13 million patients, but has 
now lost more than 95% of the market share and is 
being discontinued by its manufacturer Roche 
Pharmaceuticals.127 The business decision is based on 
the high cost of defending the drug maker from 
personal injury lawsuits—initially suits alleged that 
Accutane was associated with depression and suicide. 
More recently at least 500 suits have been fi led alleging 
that Accutane causes infl ammatory bowel disease.127 
These disputed associations remain ripe areas for 
future research.128

A systematic review of isotretinoin use and depression 
and suicidal behaviour published in 2005 did not fi nd 
any evidence to support the notion that depression 
worsened after treatment, and some studies showed that 
depression scores improved on treatment, although all 
nine included studies had limitations.129 It is still possible 

that a rare idiosyncratic psychological reaction to 
isotretinoin does occur,130 especially since there are 
plausible biological mechanisms by which retinoids 
might induce psychopathology.128 The picture is a complex 
one as depression and suicidal ideation occur with severe 
acne in the absence of isotretinoin treatment.131

A retrospective cohort study in Sweden found that 
attempted suicide was increased in those taking 
isotretinoin, although an increased risk was also present 
before treatment. An increased risk of attempted suicide 
was present 6 months after isotretinoin, which suggests 
that patients should be monitored for suicidal behaviour 
after treatment has ended.132 The generic form of 
isotretinoin continues to be available.

Lasers, light sources, and photodynamic therapy
Two systematic reviews of 16 and 25 trials, respectively,133,134 
assessed various forms of light sources including 
photodynamic therapy, infrared lasers, broad-spectrum 
light sources, pulsed dye lasers, intense pulsed light, and 
potassium titanyl phosphate laser. Both reviews concluded 
that optical treatments can improve infl ammatory acne in 
the short-term, with the most consistent outcomes for 
photodynamic therapy. Pain, redness, swelling, and 
increased pigmentation were common adverse eff ects. 
Although several forms of light therapies can improve 
acne initially,135 longer-term outcomes and comparisons 
with conventional acne therapies are needed.

Antibiotic resistance and other experimental therapies
Concerns regarding the rise of antibiotic resistance have 
increased the urgency for developing eff ective non-
antibiotic therapies. Although two trials of subanti-
microbial dosing (ie, the prescription of low doses that 
are anti-infl ammatory but not antimicrobial) have shown 
effi  cacy for lower doses,136,137 the studies are too small to 
make reliable estimates of bacterial resistance that could 
be promoted by the lower doses used. Relatively 
inexpensive hand-held home lasers and heating devices 
have been developed. Randomised controlled equivalency 
trials of these new devices using patient-centred metrics 
are urgently needed. In the more distant future, 
vaccination with killed P acnes and sialidase-based 
vaccines holds some promise.138

Natural history
Longitudinal studies that document the natural history 
of acne are needed, especially with a view to identifying 
risk factors for persistent disease. It is unknown whether 
early treatment (eg, at prepubertal years) can alter the 
natural history of P acnes colonisation and subsequent 
infl ammatory acne.

So many treatments of unknown comparative effi  cacy
Treatment decisions for patients with acne and doctors 
are compounded by the profusion of available treat-
ments, most of which have been introduced through 
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placebo-controlled trials. Despite occasional exceptions,64 
the absence of trials with active comparators is a 
signifi cant handicap to shared clinical decision making. 
Clinical trials of the cost-eff ectiveness of diff erent 
strategies for initial treatment and maintenance therapy 
of acne are needed. Almost half of recently published 
acne trials contain serious fl aws that could be overcome 
by better reporting.139 The lack of agreement on suitable 
outcome measures also hampers secondary research.140 
Treatment uncertainties for acne are summarised in the 
UK Database of Uncertainties about the Eff ects of 
Treatments.141 Comparative-eff ectiveness research on 
acne therapy has been targeted as a top 100 priority in the 
USA by the Institute of Medicine. The panel summarises 
key developments in understanding acne.

Contributors
All authors contributed to searching published works and took part in 

writing the fi rst and subsequent drafts.

Confl icts of interest
We declare that we have no confl icts of interest.

References
1 Grindlay D, Williams HC. Systematic reviews on acne vulgaris 

since 1999—mapping by topic. http://www.library.nhs.uk/skin/
ViewResource.aspx?resID=280039&tabID=289&catID=8275 
(accessed Sept 13, 2010).

2 Degitz K, Placzek M, Borelli C, Plewig G. Pathophysiology of acne. 
J Dtsch Dermatol Ges 2007; 5: 316–23.

3 Shalita AR. Acne: clinical presentations. Clin Dermatol 2004; 
22: 385–86.

4 Jacob CI, Dover JS, Kaminer MS. Acne scarring: a classifi cation 
system and review of treatment options. J Am Acad Dermatol 2001; 
45: 109–17.

5 van Zuuren EJ, Gupta AK, Gover MD, Graber M, Hollis S. Systematic 
review of rosacea treatments. J Am Acad Dermatol 2007; 56: 107–15.

6 Rosas Vazquez E, Campos Macias P, Ochoa Tirado JG, 
Garcia Solana C, Casanova A, Palomino Moncada JF. Chloracne 
in the 1990s. Int J Dermatol 1996; 35: 643–45.

7 Rosenfi eld RL. What every physician should know about polycystic 
ovary syndrome. Dermatol Ther 2008; 21: 354–61.

8 Lucky AW. A review of infantile and pediatric acne. Dermatology 
1998; 196: 95–97.

9 Meixner D, Schneider S, Krause M, Sterry W. Acne inversa. 
J Dtsch Dermatol Ges 2008; 6: 189–96.

Panel: Important developments in understanding acne 
and its treatment

• Acne is a chronic disease that can persist into adulthood 
• Acne causes signifi cant psychological morbidity 
• Immune-mediated infl ammatory changes precede 

follicular hyperkeratinisation and Propionibacterium acnes 
colonisation

• The possible association between acne and diet remains 
uncertain

• Comparative eff ectiveness research could help reduce the 
plethora of current theraputic options for initiation and 
maintenance treatment

• Prolonged use of oral antibiotics might contribute to 
bacterial resistance in the community

• Oral isotretinoin results in signifi cant clearing of acne, but 
it is limited by teratogenicity and other side-eff ects

10 Valeyrie-Allanore L, Sassolas B, Roujeau JC. Drug-induced skin, 
nail and hair disorders. Drug Saf 2007; 30: 1011–30.

11 Rademaker M, Garioch JJ, Simpson NB. Acne in schoolchildren: 
no longer a concern for dermatologists. Br Med J 1989; 
298: 1217–19.

12 Law MP, Chuh AA, Lee A, Molinari N. Acne prevalence and 
beyond: acne disability and its predictive factors among Chinese 
late adolescents in Hong Kong. Clin Exp Dermatol 2010; 35: 16–21.

13 Yahya H. Acne vulgaris in Nigerian adolescents—prevalence, severity, 
beliefs, perceptions, and practices. Int J Dermatol 2009; 48: 498–505.

14 Ghodsi SZ, Orawa H, Zouboulis CC. Prevalence, severity, 
and severity risk factors of acne in high school pupils: 
a community-based study. J Invest Dermatol 2009; 129: 2136–41.

15 Stathakis V, Kilkenny M, Marks R. Descriptive epidemiology 
of acne vulgaris in the community. Australas J Dermatol 1997; 
38: 115–23.

16 Menon C, Gipson K, Bowe WP, Hoff stad OJ, Margolis DJ. Validity 
of subject self-report for acne. Dermatology 2008; 217: 164–68.

17 Collier CN, Harper JC, Cafardi JA, et al. The prevalence of acne 
in adults 20 years and older. J Am Acad Dermatol 2008; 58: 56–59.

18 Poli F, Dreno B, Verschoore M. An epidemiological study of acne 
in female adults: results of a survey conducted in France. 
J Eur Acad Dermatol Venereol 2001; 15: 541–45.

19 Schafer T, Niehnaus A, Vieluf D, Berger J, Ring J. Epidemiology of 
acne in the general population: the risk of smoking. Br J Dermatol 
2001; 145: 100–104.

20 Cunliff e WJ, Gould DJ. Prevalence of facial acne vulgaris in late 
adolescence and in adults. BMJ 1979; 1: 1109–10.

21 Friedlander SF, Eichenfi eld LF, Fowler JF Jr, Fried RG, Levy ML, 
Webster GF. Acne epidemiology and pathophysiology. 
Semin Cutan Med Surg 2010; 29: 2–4.

22 Mourelatos K, Eady EA, Cunliff e WJ, Clark SM, Cove JH. Temporal 
changes in sebum excretion and propionibacterial colonization in 
preadolescent children with and without acne. Br J Dermatol 2007; 
156: 22–31.

23 Stoll S, Shalita AR, Webster GF, Kaplan R, Danesh S, Penstein A. 
The eff ect of the menstrual cycle on acne. J Am Acad Dermatol 2001; 
45: 957–60.

24 Yosipovitch G, Tang M, Dawn AG, et al. Study of psychological 
stress, sebum production and acne vulgaris in adolescents. 
Acta Derm Venereol 2007; 87: 135–39.

25 Cheng CE, Irwin B, Mauriello D, Liang L, Pappert A, Kimball AB. 
Self-reported acne severity, treatment, and belief patterns across 
multiple racial and ethnic groups in adolescent students. 
Pediatr Dermatol 2010; 27: 446–52.

26 Gollnick HP, Finlay AY, Shear N. Global alliance to improve 
outcomes in acne. Can we defi ne acne as a chronic disease? If so, 
how and when? Am J Clin Dermatol 2008; 9: 279–84.

27 Thiboutot D, Gollnick H, Bettoli V, et al. Global Alliance to Improve 
Outcomes in Acne. New insights into the management of acne: 
an update from the Global Alliance to Improve Outcomes in Acne 
group. J Am Acad Dermatol 2009; 60: S1–50.

28 Downie MM, Sanders DA, Kealey T. Modelling the remission of 
individual acne lesions in vitro. Br J Dermatol 2002; 147: 869–78.

29 Cunliff e WJ, Shuster S. Pathogenesis of acne. Lancet 1969; ii: 685–87.

30 Seirafi  H, Farnaghi F, Vasheghani-Farahani A, et al. Assessment 
of androgens in women with adult-onset acne. Int J Dermatol 2007; 
46: 1188–91.

31 Ballanger F, Baudry P, N’Guyen JM, Khammari A, Dréno B. 
Heredity: a prognostic factor for acne. Dermatology 2006; 212: 145–49.

32 Wang F, Kwak HS, Elbuluk N, et al. Retinoic acid 4-hydroxylase 
inducibility and clinical response to isotretinoin in patients with 
acne. J Am Acad Dermatol 2009; 61: 252–58.

33 Bataille V, Snieder H, MacGregor AJ, Sasieni P, Spector TD. The 
infl uence of genetics and environmental factors in the pathogenesis 
of acne: a twin study of acne in women. J Invest Dermatol 2002; 
119: 317–22.

34 Wei B, Pang Y, Zhu H, et al. The epidemiology of adolescent acne 
in North East China. J Eur Acad Dermatol Venereol 2010; 24: 953–57.

35 Lucky AW, Biro FM, Huster GA, Leach AD, Morrison JA, 
Ratterman J. Acne vulgaris in premenarchal girls. An early sign 
of puberty associated with rising levels of dehydroepiandrosterone. 
Arch Dermatol 1994; 130: 308–14.



Seminar

370 www.thelancet.com   Vol 379   January 28, 2012

36 Do JE, Cho SM, In SI, Lim KY, Lee S, Lee ES. Psychosocial aspects 
of acne vulgaris: a community-based study with Korean adolescents. 
Ann Dermatol 2009; 21: 125–29.

37 Hogewoning AA, Koelemij I, Amoah AS, et al. Prevalence and risk 
factors of infl ammatory acne vulgaris in rural and urban Ghanaian 
schoolchildren. Br J Dermatol 2009; 161: 475–77.

38 Mills CM, Peters TJ, Finlay AY. Does smoking infl uence acne? 
Clin Exp Dermatol 1993; 18: 100–01.

39 Klaz I, Kochba I, Shohat T, Zarka S, Brenner S. Severe acne vulgaris 
and tobacco smoking in young men. J Invest Dermatol 2006; 
126: 1749–52.

40 Ehrmann DA. Polycystic ovary syndrome. N Engl J Med 2005; 
352: 1223–36.

41 Chen MJ, Chen CD, Yang JH, et al. High serum 
dehydroepiandrosterone sulfate is associated with phenotypic acne 
and a reduced risk of abdominal obesity in women with polycystic 
ovary syndrome. Hum Reprod 2011; 26: 227–34.

42 Plewig G, Fulton JE, Kligman AM. Pomade acne. Arch Dermatol 
1970; 101: 580–84.

43 Melnik B, Jansen T, Grabbe S. Abuse of anabolic-androgenic 
steroids and bodybuilding acne: an underestimated health problem. 
J Dtsch Dermatol Ges 2007; 5: 110–17.

44 Tucker SB. Occupational tropical acne. Cutis 1983; 31: 79–81.

45 Green J, Sinclair RD. Perceptions of acne vulgaris in fi nal year 
medical student written examination answers. Aust J Dermatol 2001; 
42: 98–101.

46 Magin P, Pond D, Smith W, Watson A. A systematic review 
of the evidence for ‘myths and misconceptions’ in acne 
management: diet, face-washing and sunlight. Fam Pract 2004; 
22: 62–70.

47 Spencer EH, Ferdowsian HR, Barnard ND. Diet and acne: a review 
of the evidence. Int J Dermatol 2009; 48: 339–47.

48 Grant JD, Anderson PC. Chocolate and acne: a dissenting view. 
Missouri Med 1965; 62: 459–60.

49 Cordain L, Lindeberg S, Hurtado M, Hill K, Eaton SB, 
BrandMiller J. Acne vulgaris: a disease of Western civilization 
[comment]. Arch Dermatol 2002; 138: 1584–90.

50 Thiboutot DM, Strauss JS. Diet and acne revisited. Arch Dermatol 
2002; 138: 1591–92.

51 Abulnaja KO. Changes in the hormone and lipid profi le of obese 
adolescent Saudi females with acne vulgaris. Braz J Med Biol Res 
2009; 42: 501–05.

52 Smith RN, Mann NJ, Braue A, Makelainen H, Varigos GA. 
A low-glycemic-load diet improves symptoms in acne vulgaris 
patients: a randomized controlled trial. Am J Clin Nutr 2007; 
86: 107–15.

53 Tsai MC, Chen W, Cheng YW, Wang CY, Chen GY, Hsu TJ. Higher 
body mass index is a signifi cant risk factor for acne formation in 
schoolchildren. Eur J Dermatol 2006; 16: 251–53.

54 Jeremy AH, Holland DB, Roberts SG, Thomson KF, Cunliff e WJ. 
Infl ammatory events are involved in acne lesion initiation, 
J Invest Dermatol 2003; 121: 20–27.

55 Kurokawa I, Danby FW, Ju Q, et al. New developments in our 
understanding of acne pathogenesis and treatment. Exp Dermatol 
2009; 18: 821–32.

56 Zouboulis CC, Bohm M. Neuroendocrine regulation of sebocytes— 
a pathogenetic link between stress and acne. Exp Dermatol 2004; 
13: 31–35.

57 Zouboulis CC, Baron JM, Bohm M, et al. Frontiers in sebaceous 
gland biology and pathology. Exp Dermatol 2008; 17: 542–51.

58 Alestas T, Ganceviciene R, Fimmel S, Muller-Decker K, 
Zouboulis CC. Enzymes involved in the biosynthesis of 
leukotriene B4 and prostaglandin E2 are active in sebaceous glands. 
J Mol Med 2006; 84: 75–87.

59 Papakonstantinou E, Aletras AJ, Glass E, et al. Matrix 
metalloproteinases of epithelial origin in facial sebum of patients 
with acne and their regulation by isotretinoin. J Invest Dermatol 
2005; 125: 673–84.

60 Brown SK, Shalita AR. Acne vulgaris. Lancet 1998; 351: 1871–76.

61 Iinuma K, Sato T, Akimoto N, et al. Involvement of 
propionibacterium acnes in the augmentation of lipogenesis in 
hamster sebaceous glands in vivo and in vitro. J Invest Dermatol 
2009; 129: 2113–19.

62 Wang KC, Zane LT. Recent advances in acne vulgaris research: 
insights and clinical implications. Adv Dermatol 2008; 
24: 197–209.

63 Coenye T, Honraet K, Rossel B, Nelis HJ. Biofi lms in skin 
infections: Propionibacterium acnes and acne vulgaris. 
Infect Disord Drug Targets 2008; 8: 156–59.

64 Ozolins M, Eady EA, Avery AJ, et al. Comparison of fi ve 
antimicrobial regimens for treatment of mild to moderate 
infl ammatory facial acne vulgaris in the community: randomised 
controlled trial. Lancet 2004; 364: 2188–95.

65 Ayer J, Burrows N. Acne: more than skin deep. Postgrad Med J 2006 
Aug; 82: 500–06.

66 Kubota Y, Shirahige Y, Nakai K, Katsuura J, Moriue T, Yoneda K. 
Community-based epidemiological study of psychosocial eff ects 
of acne in Japanese adolescents. J Dermatol 2010; 37: 617–22.

67 Hahm BJ, Min SU, Yoon MY, et al. Changes of psychiatric 
parameters and their relationships by oral isotretinoin in acne 
patients. J Dermatol 2009; 36: 255–61.

68 Rapp DA, Brenes GA, Feldman SR, et al. Anger and acne: 
implications for quality of life, patient satisfaction and clinical care. 
Br J Dermatol 2004; 151: 183–89.

69 Smithard A, Glazebrook C, Williams HC. Acne prevalence, 
knowledge about acne and psychological morbidity in 
mid-adolescence: a community-based study. Br J Dermatol 2001; 
145: 274–79.

70 Cunliff e WJ. Acne and unemployment. Br J Dermatol 1986; 
115: 386–87.

71 Magin P, Pond C, Smith W, Goode S. Acne’s relationship with 
psychiatric and psychological morbidity: results of a school-based 
cohort study of adolescents. J Eur Acad Dermatol Venereol 2009; 
24: 58–62.

72 Inglese MJ, Fleischer AB Jr, Feldman SR, Balkrishnan R. The 
pharmacoeconomics of acne treatment: where are we heading? 
J Dermatolog Treat 2008; 19: 27–37.

73 Lehmann HP, Andrews JS, Robinson KA, Holloway VL, Goodman SN. 
Management of acne. Evid Rep Technol Assess 2001; 17: 1–3.

74 Thiboutot D, Dréno B, Layton A. Acne counseling to improve 
adherence. Cutis 2008; 81: 81–86.

75 National Institute of health and Clinical Excellence. Clinical 
knowledge summary: acne vulgaris. http://www.cks.nhs.uk/acne_
vulgaris (accessed Sept 15, 2010).

76 Lehmann HP, Andrews JS, Robinson KA, Holloway VL, 
Goodman SN. Management of acne. US Agency for Healthcare 
Research and Quality (AHRQ) Evidence Report/Technology 
Assessment Number 17; Sept 2001.

77 Gollnick H, Cunliff e W, Berson D, et al. Management of acne: 
a report from a Global Alliance to Improve Outcomes in Acne. 
J Am Acad Dermatol 2003; 49: S1–37.

78 Strauss JS, Krowchuck DP, Leyden JJ, et al. Guidelines of care for 
acne vulgaris management. J Am Acad Dermatol 2007; 56: 651–63.

79 Dréno B, Bettoli V, Ochsendorf F, et al. European 
recommendations on the use of oral antibiotics for acne. 
Eur J Dermatol 2004; 14: 391–99.

80 Thielitz A, Sidou F, Gollnick H. Control of microcomedone 
formation throughout a maintenance treatment with adapalene gel, 
0.1%. J Eur Acad Dermatol Venereol. 2007; 21: 747–53.

81 Food and Drug Administration, HHS. Classifi cation of benzoyl 
peroxide as safe and eff ective and revision of labelling to drug facts 
format; topical acne drug products for over-the-counter human use; 
fi nal rule. Fed Regist 2010; 75: 9767–77.

82 Garner S. Acne vulgaris. In: Williams H, ed. Evidence-based 
dermatology. London: BMJ Books, 2003, 87–114.

83 Lyons RE. Comparative eff ectiveness of benzoyl peroxide 
and tretinoin in acne vulgaris. Int J Dermatol 1978; 17: 246–51.

84 Hughes BR, Norris JF, Cunliff e WJ. A double-blind evaluation of 
topical isotretinoin 0·05%, benzoyl peroxide gel 5% and placebo in 
patients with acne. Clin Exp Dermatol 1992; 17: 165–68.

85 Bucknall JH, Murdoch PN. Comparison of tretinoin solution 
and benzoyl peroxide lotion in the treatment of acne vulgaris. 
Curr Med Res Opin 1977; 5: 266–68.

86 Handojo I. Retinoic acid cream (Airol cream) and benzoyl-peroxide 
in the treatment of acne vulgaris. 
Southeast Asian J Trop Med Public Health 1979; 10: 548–51.



Seminar

www.thelancet.com   Vol 379   January 28, 2012 371

87 Fakhouri T, Yentzer BA, Feldman SR. Advancement in benzoyl 
peroxide-based acne treatment: methods to increase both effi  cacy 
and tolerability. J Drugs Dermatol 2009; 8: 657–61.

88 Yentzer BA, McClain RW, Feldman SR. Do topical retinoids cause 
acne to “fl are”? J Drugs Dermatol 2009; 8: 799–801.

89 Simonart T, Dramaix M. Treatment of acne with topical antibiotics: 
lessons from clinical studies. Br J Dermatol 2005; 153: 395–403.

90 Charakida A, Charakida M, Chu AC. Double-blind, randomized, 
placebo-controlled study of a lotion containing triethyl citrate and 
ethyl linoleate in the treatment of acne vulgaris. Br J Dermatol 2007; 
157: 569–74.

91 Stotland M, Shalita AR, Kissling RF. Dapsone 5% gel: a review of its 
effi  cacy and safety in the treatment of acne vulgaris. 
Am J Clin Dermatol 2009; 10: 221–27.

92 Marcinkiewicz J, Wojas-Pelc A, Walczewska M, et al. Topical taurine 
bromamine, a new candidate in the treatment of moderate 
infl ammatory acne vulgaris: a pilot study. Eur J Dermatol 2008; 
18: 433–39.

93 Del Rosso JQ. The use of sodium sulfacetaminde 10%-sulfur 5% 
emollient foam in the treatment of acne vulgaris. 
J Clin Aesthetic Dermatol 2009; 2: 26–9.

94 Thiboutot D, Zaenglein A, Weiss J, Webster G, Calvarese B, Chen D. 
An aqueous gel fi xed combination of clindamycin phosphate 1·2% 
and benzoyl peroxide 2·5% for the once-daily treatment of moderate 
to severe acne vulgaris: assessment of effi  cacy and safety in 
2813 patients. J Am Acad Dermatol 2008; 59: 792–800.

95 Yentzer BA, Ade RA, Fountain JM, et al. Simplifying regimens 
promotes greater adherence and outcomes with topical acne 
medications: a randomized controlled trial. Cutis 2010; 86: 103–08.

96 Gollnick HP, Draelos Z, Glenn MJ, et al. Adapalene-benzoyl 
peroxide, a unique fi xed-dose combination topical gel for the 
treatment of acne vulgaris: a transatlantic, randomized, 
double-blind, controlled study in 1670 patients. Br J Dermatol 2009; 
161: 1180–89.

97 Simonart T, Dramaix M, De Maertelaer V. Effi  cacy of tetracyclines 
in the treatment of acne vulgaris: a review. Br J Dermatol 2008; 
158: 208–16.

98 Garner SE, Eady EA, Popescu C, Newton J, Li WA. Minocycline for 
acne vulgaris: effi  cacy and safety. Cochrane Database Syst Rev 2003; 
1: CD002086.

99 Hoiby N, Jarlov JO, Kemp M, et al. Excretion of ciprofl oxacin in 
sweat and multiresistant Staphylococcus epidermidis. Lancet 1997; 
349: 167–69.

100 Eady AE, Cove JH, Layton AM. Is antibiotic resistance in cutaneous 
propionibacteria clinically relevant?: Implications of resistance for 
acne patients and prescribers. Am J Clin Dermatol 2003; 4: 813–31.

101 Patel M, Bowe WP, Heughebaert C, Shalita AR. The development 
of antimicrobial resistance due to the antibiotic treatment of acne 
vulgaris: a review. J Drugs Dermatol 2010; 9: 655–64.

102 Arowojolu AO, Gallo MF, Lopez LM, Grimes DA, Garner SE. 
Combined oral contraceptive pills for treatment of acne. 
Cochrane Database Syst Rev 2009; 3: CD004425.

103 Brown J, Farquhar C, Lee O, Toomath R, Jepson RG. Spironolactone 
versus placebo or in combination with steroids for hirsutism and/or 
acne. Cochrane Database Syst Rev 2009; 15: CD000194.

104 Wessels F, Anderson AN, Kropman K. The cost-eff ectiveness of 
isotretinoin in the treatment of acne. Part 1. A meta-analysis of 
eff ectiveness literature. S Afr Med J 1999; 89: 780–84.

105 Rademaker M. Adverse eff ects of isotretinoin: a retrospective review 
of 1743 patients started on isotretinoin. Australas J Dermatol 2010; 
51: 248–53.

106 Crockett SD, Porter CQ, Martin CF, Sandler RS, Kappelman MD. 
Isotretinoin use and the risk of infl ammatory bowel disease: 
a case-control study. Am J Gastroenterol 2010; 105: 1986–93.

107 US Food and Drug Administration. Protecting yourself. http://
www.fda.gov/buyonline/accutane (accessed Feb 12, 2010).

108 Magin PJ, Adams J, Pond CD, Smith W. Topical and oral CAM in 
acne: a review of the empirical evidence and a consideration of its 
context. Complement Ther Med 2006; 14: 62–76.

109 Li B, Chai H, Du YH, Xiao L, Xiong J. Evaluation of therapeutic 
eff ect and safety for clinical randomized and controlled trials of 
treatment of acne with acupuncture and moxibustion. 
Zhongguo Zhen Jiu 2009; 29: 247–51 (in Chinese).

110 Ernst E, Huntley A. Tea tree oil: a systematic review of randomized 
clinical trials. Forsch Komplementarmed Klass Naturheilkd 2000; 
7: 17–20.

111 Enshaieh S, Jooya A, Siadat AH, Iraji F. The effi  cacy of 5% topical 
tea tree oil gel in mild to moderate acne vulgaris: a randomized, 
double-blind placebo-controlled study. 
Indian J Dermatol Venereol Leprol 2007; 73: 22–25.

112 Rivera AE. Acne scarring: a review and current treatment 
modalities. J Am Acad Dermatol 2008; 59: 659–76.

113 Tierney EP, Kouba DJ, Hanke CW. Review of fractional 
photothermolysis: treatment indications and effi  cacy. Dermatol Surg 
2009; 35: 1145–61.

114 Khunger N, IADVL Task Force. Standard guidelines of care for acne 
surgery. Indian J Dermatol Venereol Leprol 2008; 74: S28–36.

115 Bottomley WW, Yip J, Knaggs H, Cunliff e WJ. Treatment of 
closed comedones—comparisons of fulguration with topical 
tretinoin and electrocautery with fulguration. Dermatol 1993; 
186: 253–57.

116 Taub AF. Procedural treatments for acne vulgaris. Dermatol Surg 
2007; 33: 1005–26.

117 Bowe WP, Leyden JJ, Crerand CE, Sarwer DB, Margolis DJ. Body 
dysmorphic disorder symptoms among patients with acne vulgaris. 
J Am Acad Dermatol 2007; 57: 222–30.

118 Hull SM, Cunliff e WJ, Hughes BR. Treatment of the depressed 
and dysmorphophobic acne patient. Clin Exp Dermatol 1991; 
16: 210–11.

119 National Institute of Health and Clinical Excellence. 
Obsessive-compulsive disorder: core interventions in the treatment 
of obsessive-compulsive disorder and body dysmorphic disorder. 
NICE Clinical Guideline 31, November 2005.

120 Chua SL, Angus JE, Ravenscroft J, Perkins W. Synovitis, acne, 
pustulosis, hyperostosis, osteitis (SAPHO) syndrome and acne 
fulminans: are they part of the same disease spectrum? 
Clin Exp Dermatol 2009; 34: e241–43.

121 Galadari H, Bishop AG, Venna SS, Sultan E, Do D, Zeltser RJ. 
Synovitis, acne, pustulosis, hyperostosis, and osteitis syndrome 
treated with a combination of isotretinoin and pamidronate. 
Am Acad Dermatol 2009; 61: 123–25.

122 Antoniou C, Dessinioti C, Stratigos AJ, Katsambas AD. Clinical and 
therapeutic approach to childhood acne: an update. Pediatr Dermatol 
2009; 26: 373–80.

123 Vance K, Howe W, Dellavalle RP. Social internet sites as a source 
of public health information. Dermatol Clin 2009; 27: 133–36.

124 Bergman H, Tsai KY, Seo SJ, Kvedar JC, Watson AJ. Remote 
assessment of acne: the use of acne grading tools to evaluate digital 
skin images. Telemed J E Health 2009; 15: 426–30.

125 Weinstock MA, Bingham SF, Lew RA, et al. Topical tretinoin 
therapy and all-cause mortality. Arch Dermatol 2009; 145: 18–24.

126 Schilling LM, Dellavalle RP. Dealing with unanticipated mortality 
in a large randomized clinical trial of topical tretinoin. 
Arch Dermatol 2009; 145: 76.

127 Winnington P. Lessons from the untimely demise of a superstar. 
Pract Dermatol 2009; 6: 5.

128 Kontaxakis VP, Skourides D, Ferentinos P, Havaki-Kontaxaki BJ, 
Papadimitriou GN. Isotretinoin and psychopathology: a review. 
Ann Gen Psychiatry 2009; 8: 2.

129 Marqueling AL, Zane LT. Depression and suicidal behavior in acne 
patients treated with isotretinoin: a systematic review. 
Semin Cutan Med Surg 2005; 24: 92–102.

130 Magin P, Pond D, Smith W. Isotretinoin, depression and suicide: 
a review of the evidence. Br J Gen Pract 2005; 55: 134–38.

131 Halvorsen J, Stern R, Dalgard F, Thoresen M, Bjertness E, Lien L. 
Suicidal ideation, mental health problems, and social impairment 
are increased in adolescents with acne: a population-based study. 
J Invest Dermatol 2010; 131: 363–70.

132 Sundström A, Alfredsson L, Sjölin-Forsberg G, Gerdén B, 
Bergman U, Jokinen J. Association of suicide attempts with acne 
and treatment with isotretinoin: retrospective Swedish cohort study. 
BMJ 2010; 341: c5812.

133 Haedersdal M, Togsverd-Bo K, Wulf HC. Evidence-based review of 
lasers, light sources and photodynamic therapy in the treatment of 
acne vulgaris. J Eur Acad Dermatol Venereol 2008; 22: 267–78.



Seminar

372 www.thelancet.com   Vol 379   January 28, 2012

134 Hamilton FL, Car J, Lyons C, Car M, Layton A, Majeed A. Laser and 
other light therapies for the treatment of acne vulgaris: systematic 
review. Br J Dermatol 2009; 160: 1273–85.

135 Sakamoto FH, Lopes JD, Anderson RR. Photodynamic therapy for 
acne vulgaris: a critical review from basics to clinical practice: part I. 
Acne vulgaris: when and why consider photodynamic therapy? 
J Am Acad Dermatol 2010; 63: 183–93.

136 Skidmore R, Kovach R, Walker C, et al. Eff ects of subantimicrobial-
dose doxycycline in the treatment of moderate acne. Arch Dermatol 
2003; 139: 459–64.

137 Toossi P, Farshchian M, Malekzad F, Mohtasham N, 
Kimyai-Asadi A. Subantimicrobial-dose doxycycline in the 
treatment of moderate facial acne. J Drugs Dermatol 2008; 
7: 1149–52.

138 Kim J. Acne vaccines: therapeutic option for the treatment of acne 
vulgaris? J Invest Dermatol 2008; 128: 2353–54.

139 Ingram JR, Grindlay JC, Williams HC. Problems in the reporting 
of acne clinical trials: a spot check from the 2009 annual evidence 
update on acne vulgaris. Trials 2010; 11: 77.

140 Barratt H, Hamilton F, Car J, Lyons C, Layton A, Majeed A. 
Outcome measures in acne vulgaris: systematic review. 
Br J Dermatol 2009; 160: 132–36.

141 UK National Health Service. UK Database of Uncertainties about 
the Eff ects of Treatments. http://www.library.nhs.uk/DUETs/
SearchResults.aspx?searchText=acne (accessed Sept 13, 2010).


	Acne vulgaris
	Introduction
	Prevalence and natural history
	Cause
	Disease mechanisms
	How does acne affect people?
	How can acne be managed?
	Skin hygiene
	Counselling and support
	Treatment guidelines

	Topical treatments
	Benzoyl peroxide
	Topical retinoids
	Topical antibiotics
	Other topical therapies
	Combination topicals

	Oral treatments
	Oral antibiotics
	Oral contraceptives
	Oral isotretinoin

	Complementary and alternative medications (CAMs)
	Special clinical problems
	Areas of controversy and uncertainty
	Retinoid safety
	Lasers, light sources, and photodynamic therapy
	Antibiotic resistance and other experimental therapies
	Natural history
	So many treatments of unknown comparative efficacy

	References


