
International Journal of Women's Dermatology 3 (2017) 71–76

Contents lists available at ScienceDirect

International Journal of Women's Dermatology
Original Research

☆
The age-old problem of acne
N.F. Mahmood a,b, A.R. Shipman a,⁎
a Department of Dermatology, Warwick Hospital, Lakin Road, Warwick, United Kingdom
b Department of Dermatology and Photobiology, Ninewells Hospital, Dundee, Scotland

a b s t r a c ta r t i c l e i n f o
☆ Disclosures: This research received no specific grant f
public, commercial, or not-for-profit sectors.
⁎ Corresponding author.

E-mail address: alexa.shipman@doctors.net.uk (A.R. S

http://dx.doi.org/10.1016/j.ijwd.2016.11.002
2352-6475/© 2017 The Authors. Published by Elsevier
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Article history:
Received 19 August 2016
Received in revised form 2 November 2016
Accepted 2 November 2016

Keywords:
Acne
Treatment
History
Retinoid
Pregnancy
Acne vulgaris is one of the top three most commonly encountered dermatological problems worldwide in
both primary and secondary care. Acne diagnosis and treatment date back to ancient Greek and Egyptian
times. This article explores acne through the ages and discusses past theories on etiology and treatment
with particular focus on the discovery of retinoids and their impact on women’s health.
© 2017 The Authors. Published by Elsevier Inc. on behalf of Women's Dermatologic Society. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Acne vulgaris is a disorder of the pilosebaceous unit that is charac-
terized by comedones, papules, cysts, nodules, and scarring. It is one of
the top three most commonly encountered dermatological problems
in both primary and secondary care (Rea et al., 1976).While the condi-
tion is not life threatening, it can cause significant psychological
morbidity and lead to lifelong scarring and some cases of facial
disfigurement if left untreated. Acne vulgaris typically starts around
the age of 12 to 14 years but tends to manifest earlier in female
patients. Patients’ peak age for severity is 16 to 17 years in female
and 17 to 19 years in male patients.

There is much debate over the gender distribution of acne
vulgaris. Simpson (1991) states that 95% of boys and 83% of girls
are affected during their adolescent and young adult life. Hunter
et al. (2002) concluded that acne has no gender predilection and
affects both sexes equally.

This article examines acne through the ages and discusses the
myths and theories that surround its etiology as well as develop-
ments in acne treatments with a focus on isotretinoin and its impact
on women’s health (Fig. 1).
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Acne through the ages

Greek physicians Aristotle and Hippocrates used the Greek words
ionthoi and varus to describe acne as a condition that is strongly asso-
ciatedwith puberty (Grant, 1951). In fact, the singular form of ionthoi
translates to the onset of beard growth. In the Ebers Papyrus (Fig. 2),
ancient Egyptians used the term aku-t, which means boils, blains,
sore, pustules, or any inflamed swelling (Grant, 1951). Given its pho-
netic resemblance to the termwe use today, this likely represents the
root word of acne. The term acne vulgaris (vulgaris means common)
was first used by Fuchs in 1840 and has persisted to the present day
(Grant, 1951).

Skin disease was historically seen as a manifestation of internal
problems and thought to represent the need to balance the four hu-
mors defined in ancient Greek medicine. Humors existed as liquids
within the body and were identified as blood, phlegm, black bile, and
yellow bile. Pores in the skin were regarded as orifices through which
humors could pass. In the 16th Century, Sir Thomas Elyot (Fig. 3) in
his “Castell of Health” described a condition due to an abundance of
melancholy blood. Elyotmayhave seen acne as part of awider endocri-
nological syndrome because he describes obesity of the upper body
that is associated with boils, increased urine, and black pouches
(Grant, 1951). In 1638, Riolanus associated acne with menstruation-
related disorders (Grant, 1951). Ten years later, Johnston linked acne
with a pattern of heterosexual behavior. His words, translated by
Culpepper, state “vari are little hard tumours on the skin of the face
curdled up of a hard thick juice. They are known easily. They are of
the bigness of hemp seed, and they infect young people that are
matologic Society. This is an open access article under the CC BY-NC-ND license
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Fig. 1. Woman with acne on her face Source: Burgess TH. Eruptions of the face, head,
and hands:with the latest improvements in the treatment of diseases of the skin [Inter-
net]. 1849 [cited 2015 October 6]. Available from: https://commons.wikimedia.org/
wiki/File:Illustration_of_a_woman_with_acne_on_her_face_Wellcome_L0037455.jpg

Fig. 2. Excerpt from the Ebers Papyrus wherein one passagementions a prescription dat-
ing from the first dynasty (circa 3400 BC). The papyruswas discovered at Thebes in 1862.
Source: Wellcome collection [Internet]. 2015 [cited 2015 October 6]. Available from:
https://commons.wikimedia.org/wiki/File:A_page_from_the_Ebers_Papyrus,_written_
circa_1500_B.C._Wellcome_M0008455.jpg?uselang=en-gb

Fig. 3.Portrait of Sir ThomasElyot (1532-1533)byHansHolbein theYounger Source:Royal
Collection atWindsor Castle [Internet]. 2015 [cited2015October 6]. Available from:https://
commons.wikimedia.org/wiki/File:Holbein_Sir_Thomas_Elyot.jpg?uselang=en-gb
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inclined to venery and fruitful, but chast withal and continent” (Grant,
1951; Fig. 4).

It was not until the invention of microscopes that skin glandswere
identified and allowed for advancements in dermatology. Italian re-
searcher Marcello Malphigi discussed pores as the opening of glands
in the skin in his book Opera Postuma (Zouboulis et al., 2014).
Hermann Boerhaave, a Dutch Professor of Medicine and Botanics,
also supported this view (Zouboulis et al., 2014). The term sebaceous
gland was coined by Giovanni Battista Morgagni (Fig. 5) who de-
scribed them in his book De Sedibus et cause morborum per anatomen
indagatis (Zouboulis et al., 2014).

German physician Karl Gustav Theodor Simon was a hobbyist
microscopist based in Berlin who, in 1842, saw a living, moving
creature when examining tissue that was affected with acne. He
remarked that “postulation became certainty when I pressed the
object under observation very gently between two glass plates and
saw very clearly that it moved” (Plewig and Kligman, 2012). This
was the first described observation of the Demodex mite. As the
Chief of Dermatology at the Charite Hospital in Berlin, Dr. Simon
published his observations in 1848 in his work Die Hautkrankheiten
durch Anatomische Untersuchungen Erlautert (Skin conditions ex-
plained through anatomical investigation; Plewig andKligman, 2012).

English dermatologist Samuel Plumbe publishedApractical treatise
on the diseases of the skin in 1837 (Fig. 6). He described blockage of the
sebaceous glands as follows: “it has been constantly observed, that
persons of sanguine temperament and florid complexion have been
most subject to follicular inflammation; and among these, that
young men between the ages of 20 and 25 have been the greatest
sufferers from it. Females, at the same age, are also subjects in
whom its visitations are not infrequentlymanifested, but, in the latter,
it rarely proceeds with such rapidity to suppuration, or produces such
unpleasant appearances as to extent” (Plumbe, 1937).
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Fig. 4. Hemp seeds (left rule divisions in mm) Source: Photo by Erik Fenderson [Inter-
net]. 2015 [cited 2015 October 6]. Available from: https://commons.wikimedia.org/
wiki/File:Hempseed.jpg?uselang=en-gb
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In the 19th Century, Robert Willan (Fig. 7) and Thomas Bateman,
who are regarded by some as the fathers of modern dermatology,
divided acne into four types based on the associated lesions: simplex,
punctate, indurate, and rosacea (McCaw, 1944). The first three types
were identified as local lesions that require local remedies; however,
rosacea was deemed a cutaneous manifestation of underlying
stomach or liver problems.

In 1903, the etiology of acne remained uncertain. Eduard Von
Jacobi (1903) wrote in Atlas der Hautkrankheiten that “many morbid
processes conspire to favour the existence of the disease,” “a peculiar
seborrhoeic condition is frequently present, which gives rise to
the formation of comedones.”He continued that “specific significance
Fig. 5. Engraving of GiambattistaMorgagni (1682-1771) byG. Simoncelli Source: Burgess
R. Portraits of doctors and scientists in theWellcome Institute. [Internet]. 1973 [cited 2015
October 6]. Available from: https://commons.wikimedia.org/wiki/File:Giovanni_Battista_
Morgagni_(1682_-_1771),_Italian_anatomist_Wellcome_V0004121.jpg?uselang=en-gb

Fig. 6. Excerpt from A practical treatise on the diseases of the skin (electronic re-
source)- arranged with a view to their constitutional causes and local characters
(1838) demonstrating the skin “papillae” of the heel Source: Samuel Plumbe, engraver
E.W. Mumford [Internet]. 1838 [cited 2015 October 6]. Available from: https://
commons.wikimedia.org/wiki/File:A_practical_treatise_on_the_diseases_of_the_skin_
(electronic_resource)-_arranged_with_a_view_to_their_constitutional_causes_and_
local_characters_(1838)_(14783479905).jpg?uselang=en-gb
attributed to various bacteria found in the pus of acne pustules
is contestable.”

Over the centuries, our understanding of themultifactorial patho-
physiology of acne vulgaris has improved. There is a genetic compo-
nent with acne vulgaris that is thought to be familial in half of the
cases. Studies of monozygotic twins, for example, show a high
concordance of the sebum excretion rate in acne; however, dizygotic
twins do not show the same concordance. In the past, acne vulgaris
was regarded as an infectious disease but today, it is recognized as
an inflammatory process in which Propionibacterium acnes and
innate immunity trigger a cascade of events at the level of the
pilosebaceous unit that break down triglycerides to release free
fatty acids, produce substances that are chemotactic for inflammatory
cells, and induce the ductal epithelium to secrete pro-inflammatory
cytokines (interleukin [IL]-1, IL-6, IL-8, IL-10, IL-12 and tumor necro-
sis factor alpha [TNFα]). The inflammatory reaction continues by
means of a type IV immune reaction to one or more antigens in the
follicle. It was previously thought that abnormal keratinization
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Fig. 7. Robert Willan, English physician and possible founder of dermatology Source:
Wikepedia [Internet]. 2016 [cited 2016 August 16]. Available from: https://en.
wikipedia.org/wiki/Robert_Willan

Box 1
Keratolytic Therapy

• Vleminckx solution (16 parts lime, 24 parts sublimed sul-
fur, and 100 parts water)

• Lotio alba nascent gas (50 parts zinc sulfate and 50 parts
potassium sulfate)

• Injections of salt solution
• Kummerfield’s lotion (1 part camphor, 2 parts acacia, 4
parts glycerin, 10 parts precipitated sulfur, and 100 parts
of rose water)

• ergot ointment (0.8 part phenol, 8 parts ergot, 8 parts
chalk, 8 parts zinc oxide, 24 parts cold cream, and 100
parts lanolin).
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occurred first but current understanding is that inflammation, name-
ly the expression of IL-α from the open comedones, precedes abnor-
mal hyperkeratinization (Das and Reynolds, 2014).

A keratin plug forms at the follicular infundibulum from follicular
epithelial hyperproliferation and retention of keratinocytes. A complex
interplay that involves increased sensitivity to androgens and
increased androgen levels, sebum lipid composition, P. acnes over-
growth, and local pro-inflammatory cytokines drive epithelial
hyperproliferation. The biofilm that is produced by P. acnes per-
petuates comedone formation and the hyperkeratinization process
by propagating the infundibular plug (Das and Reynolds, 2014).

Acne treatments through time

While Greeks preferred vegetable-based treatments for acne,
Egyptians typically opted for animal-based products (Zouboulis et al.,
2014). The one common treatment they used was honey; however,
given its popularity with both civilizations to treat a wide range of ail-
ments, this may be a mere coincidence. Throughout the Middle Ages,
the four humors that underpinned medical treatment and research
was stifled by religious control. Treatment development stagnated and
was based on balancing humors, diets, herbal remedies, and prayers.

Botanical and herbal treatments were still used in 1936 as seen in
Cosmetic Dermatology, a good guide on historical treatments
(Goodman, 1936). Goodman first stated the importance of a good
history that includes information about diet, cathartics, periods,
urine, blood sugar, ingestion of bromide or iodine drugs, blood puri-
fiers, headache medicine, nerve tonics, and sleep potions. Topical
treatments were classified into keratolytic, antiseptic, astringent,
emollient, and keratoplastic therapies. Some examples of keratolytic
therapies that were championed by Goodman are outlined in Box 1.

Goodman also discussed peels and recommended an initial appli-
cation for 1 to 3 hours and, if the patient had no adverse reaction, to
extended the peel for a full treatment lasting 12 hours. The peels he
described contained (a) 40 parts resoricin, 10 parts zinc oxide, 6
parts kaolin, 100 parts benzoinate lard, and (b) 32 parts resoricin,
20 parts potash soap, 20 parts sulfur lotum, and 100 parts spirits of
lavender. Antiseptic therapy as recommended by Goodman were
iodine, picric acid, sodium carbonate, camphor, alcohol, and boric or
oleic acids. Of note, he wrote “do large pores ever disappear? The an-
swer is ‘yes’. Many matrons who grieved in their youth over the
structural defects of the skin leading to enlarged pores are the envy
of their daughters who are now passing through the same cycle”
(Goodman, 1936). Goodman recommended the following astrin-
gents to shrink pores: alcohol, tannins (in almond, cinnamon, rose,
lavender, or lemon oils), alum, bismuth, acetic/boric/citric/lactic
acid, balsam of Peru, active beta-naphthol, resoricin, sulfur, lecithin,
and metal salts (Goodman, 1936).

Canadian dermatologistWilliam E. Pace was the first to recognize
the usefulness of benzoyl peroxide to treat acnewhen he identified it
as the active ingredient of Squibb’s antiseptic Quinolor compound
ointment (Pace, 1965).

Throughout history, much focus has been placed on dietary
avoidance as a treatment of acne. MacKee and his team advised in
1922 that “avoiding candy, pastry, soda water, ice cream, chocolate,
rich foods, fried foods, cocoa and gravy as a bare minimum plus or
minus tea, coffee, alcohol and spices” (Smith and Mann, 2011). In
addition, Goodman (1936) advised to avoid starchy foods, bread rolls,
noodles, spaghetti, potatoes, oily nuts, chop suey, chow mein, and
waffles. Goodman praised the following foods as suitable to cure
acne: cooked and raw fruit, farina, rice, wheat, oatmeal, green vegeta-
bles, boiled or broiled meat and poultry, clear soup, vegetable soup,
and an abundance of water. Conversely, Fulton et al. (1969) showed
that excessive intake of chocolate had no bearing on the composition
or output of sebum production. MacKee also stressed the importance
of a daily bowel movement in the prevention of acne by stating that
“if there is indigestion or intestinal troubles the alimentary canal
must be attacked” (Smith andMann, 2011). Avoidance of excess sexual
activity was also cited as a potential therapy in treating acne and
“masturbation and sexual excess must be avoided” (Smith and Mann,
2011). Furthermore, the “menstrual functions and genito-urinary
tract should receive attention” when treating for acne (Smith and
Mann, 2011).

From 1895, whenWilhelm Roentgen discovered the use of X-rays
in medicine, the spectra were used to treat a variety of conditions
including acne (Cleveland and Pirie, 1938). In 1902, American
researcher W.A. Pusay first published on the use of X-rays as a
novel therapeutic agent in the treatment of acne (Pusay, 1902). In
the 1930s, researchers calibrated X-ray equipment to allow it to be
widely used in the 1940s. MacKee and Cipollaro (1946) described
X-rays as the most useful and important single agent in the arma-
mentarium of dermatology. MacKee and his research team believed
that if relapses occurred post–X-ray treatment, an internal factor
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was to blame citing “masturbation, intestinal auto-intoxication, faulty
diet” as potential precipitants (Smith andMann, 2011). However, pub-
lic perception toward the use of X-rays in medicine changed in the
1960s as the effects of the bombing of Hiroshima, Japan created wide
mistrust of radiation. Karagas et al. (1996) researched non-melanoma
skin cancers that occurred in patients who were treated with ionizing
radiation for a variety of conditions. Of the 259 patients who received
treatment for acne vulgaris, 62 patients (24%) developed basal cell
carcinomas compared with 8 of 23 patients (35%) who received radio-
therapy for cancer treatment (Karagas et al., 1996).

In the first half of the 20th Century, phototherapy was a popular
treatment for acne and quartz mercury vapor lamps in particular
were used (Armstrong, 1992). One example of an air-cooled lamp
was the Emesay-Hanovia quart mercury vapor lamp.

Isotretinoin and its impact on women’s health

In 1947, Otto Isler with pharmaceutical company Hoffman-La
Roche developed a commercial synthetic vitamin A. However, it
was not until 1959 that dermatologist Gunter Stüttgen worked with
retinols for the treatment of dyskeratosis disorders and discovered
that retinol was effective after metabolic activation. Dr. Stüttgen’s
work with Hoffman-La Roche on tretinoin showed that it worked in
the treatment of certain skin conditions (Stüttgen, 1962).

Albert Montgomery Kligman, Professor of Dermatology at the
University of Pennsylvania and a trained botanist, also investigated
acne and published the first paper on the use of topical retinoids
(Kligman et al., 1969). Treatment with isotretinoin was thought to
be more effective and safer than tretinoin and revolutionized the
treatment of acne vulgaris as 9 of 10 patients saw a significant im-
provement in their skin after only a single course (1-2 mg/kg/day)
for 16 to 24weeks (Zouboulis et al., 2014). It should be noted that in-
terest in acne treatmentwith tretinoin has resurged. Oral isotretinoin
is reserved for acne that is more refractory rather than conventional
therapies. Tretinoin reduces the size of the pilosebaceous unit and
dramatically suppresses sebum production, resulting in altered skin
surface lipid composition. This mechanism results in the frequently
reported side effects of mucocutaneous dryness, grittiness of the
eyes, and epistaxis. Side effects are dose dependent and occur in up
to 95% of patients. Diffuse hair loss and myalgia are less commonly
reported side effects and resolve on discontinuation of the drug.

In 1953, Sidney Q. Cohlan (1953) observed that high doses of
vitamin A had teratogenic effects on pregnant rats. G. L. Peck was
initially researching vitamin A for the treatment of Darier’s disease,
ichthyosis, and pityriasis rubra pilaris and discovered its therapeutic
effects on acne vulgaris. Peck et al. (1979) also counseled on contra-
ception, as isotretinoin is contraindicated during pregnancy even at
doses under 0.5 mg/kg for short treatment periods. Women of repro-
ductive age (i.e., 15 to 44 years) account for 90% of isotretinoin
prescriptions to female patients (Honein et al., 2001). Isotretinoin
fetal exposure results in congenital malformations and on rare occa-
sions in intrauterine death, even with conception up to 5 weeks
after taking the drug (Honein et al., 2001). Despite widespread
knowledge of the drug’s teratogenicity, more than 80 cases of
isotretinoin embryopathy were reported between 1982 and 1990
(Honein et al., 2001). Malformations that were observed include
microtia or anotia (i.e., small or absent ears), micrognathia, cleft
palate, auditory canal defects, thymic hypoplasia, retina or optic
nerve abnormalities, and functional impairment (Lynberg et al.,
1990). The U.K. National Tetratology Information Service estimates
that with fetal exposure to isotretinoin, 30% of infants with no gross
malformations have learning difficulties and up to 60% have impaired
neuropsychological function (Sladden and Harman, 2007).

Fetal exposure to isotretinoin continued even after the implemen-
tation of a pregnancy prevention program (i.e., signed agreement
between clinician and patient) that was introduced in 1988
(Sladden and Harman, 2007). Despite the pregnancy prevention pro-
gram, 1019 of 177,216 pregnancieswere identifiedwith fetal exposure
to isotretinoin in The Slone Survey, an independent follow-up survey of
women of childbearing age in the United States who were prescribed
isotretinoin between 1989 and June 2000 (Lee et al., 2009). Of these
pregnancies with fetal exposure to isotretinoin, records show that
117 resulted in live births, 681 in elective terminations, 177 in sponta-
neous abortions, and 29 in ectopic pregnancies. Records were
examined for 63 pregnancies that resulted in live births and 13%
showed documented major malformations and 30% some degree of
malformation. Ten percent of the live birthswere recorded as occurring
within 30 days after isotretinoin discontinuation (Lee et al., 2009).

In reaction to these numbers, the iPLEDGE program was intro-
duced in the United States in 2007, which required a negative preg-
nancy test before treatment with isotretinoin, every month during
treatment, at the end of treatment, and 1month after discontinuation
of treatment. Similar guidelines and protocols exist in many other
countries across the world. One culprit for the continued reporting
of isotretinoin pregnancies is the prescription-sharing phenomenon,
which has swept the United States over the last decade. Of the 700
patients surveyed by Goldsworthy et al. (2008), 22.9% admitted to
loaning medications to others and 6.4% to sharing isotretinoin with
people who had not been formally prescribed the treatment by a
dermatologist. This prescription-sharing behavior has put females
of childbearing age at risk of teratogen exposure without the recom-
mended treatment education and monitoring.

Teratogenic risk is not absolute; however, it is perceived to persist
on completion of the course as described in an example by Lee et al.
(2009) who reported a case of a 24-year old female patient who con-
ceived 5 weeks after treatment discontinuation. The patient had been
taking 10 mg isotretinoin for nearly 2 years to treat severe acne and
used an intrauterine contraceptive device while taking the drug.
Regular antenatal care that included ultrasound scans at 10 and
20 weeks showed no definite fetal malformations but the baby boy
was noted to have a right ear microtic deformitywith a visible opening
of the ear canal. The areaon the left side showeda skin tag-like remnant
of the lower part of the ear lobewith no visible opening. Both vestibules
were dilated and the ossicle with surrounding hemorrhage was fused.
Sladden andHarman (2007) describe the case of a patientwho became
pregnant while treated with isotretinoin even with appropriate
counseling, concomitant oral contraceptive pill therapy, and a negative
pregnancy test. She was 6 to 7 weeks pregnant and immediately
stopped taking isotretinoin. The patient was counseled on the risks of
fetal exposure to isotretinoin but opted to proceedwith the pregnancy.
Regular ultrasound scans were normal and she delivered a healthy
baby girl with no apparent birth defects. At 18 months, the child was
reported to be developing normally (Sladden and Harman, 2007).

Birth defects are the leading cause of mortality and morbidity in
children. The psychosocial impact on mothers who have a child
with birth defects is astounding and studies report that the worse a
child’s symptoms are, the more a parent’s psychosocial functioning
deteriorates over time (Lemacks et al., 2013). During their pregnancy,
expectantmothers become preoccupiedwithmedical visits and fears
of caring for a sick child haunt their pregnancy. They may forgo baby
showers or other celebrations because they feel undeserving or
fearful of postnatal outcomes (Lemacks et al., 2013). Mothers of
children with birth defects experience significant depression, marital
upset, fear, anxiety, isolation, and feelings of guilt, embarrassment,
and shame. If the birth defect requires medical procedures, hospital
stays, surgeries, and other interventions, the mother’s quality of life
ismuchmore likely to be adversely affected.Mothersmay experience
feelings of inadequacy in caring for their child and worry how they
will manage financially and logistically since many mothers are
forced to give up their careers to become full time care takers.
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The stages of grief that are experienced when receiving the news
of expecting a child with a birth defect is comparable with those of
losing a child. The mourning process is thought to stem from the re-
alization that the previous hopes and visions of life with their child
are now drastically changed. Grief counseling in these instances
may be beneficial for mothers.

Conclusions

Acne vulgaris is a serious disorder that can disfigure patients and
affect the psychosocial health of teenagers and young adults. Although
understanding of the disease has progressedwell since the time of the
Renaissance, research still continues. Isotretinoin has been a major
life-changing advance in the treatment of this disease but its terato-
genic effects means it must be prescribed with education and care.
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