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Abstract Dandruff is a common scalp condition
causing both a discomfort and an undesired social
image. Various studies dating from early 1900s have
investigated the condition, but understanding of
underlying mechanisms and etiology of the condition
is still in its infancy. Formation of dandruff is a
common but complex event which has been associated
with numerous causal factors. Physiological condi-
tions such as pH, water content, or sebum secretion are
some of the host-related factors. An imbalance
between these factors can disturb the physiological
equilibrium of the scalp that can lead to dandruff
formation. However, severity of the condition is
strongly related to the lipophilic yeast of the skin
microbiota, Malassezia spp. On the other hand, there
are recent publications highlighting the role of other
scalp microbiota members on dandruff formation.
This review investigates the processes leading to the
formation of dandruff to provide an etiological
description of the condition, with a focus on
Malassezia spp.
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Introduction

Dandruff is a scalp condition that presents with the
scaling of the skin (Fig. 1). This is usually accompa-
nied with redness on the scalp which can extend to the
neck with further symptoms including loosely
attached oily flakes on the skin because of pruritus
[1]. These flakes can be described as separated cells of
keratinised layer with shorter renewal period [2]. The
visible symptoms of dandruff are associated with a bad
social image, which causes loss of confidence in
individuals suffering from the condition [3].

Study of dandruff generally appears together with
seborrheic dermatitis (SD) in studies where their
relationship is discussed. Dandruff is mainly studied
as a condition related to SD in studies where the main
focus is the latter. The link between the two is strong,
where both diseases cause scaling on the scalp and are
thought to be associated with the Malassezia yeast for
more than a century [4]. Indeed, they have been
suggested to be the same disorder, differing only in
severity [5]. In this context, dandruff is thought to be a
milder, non-inflammatory form of SD [3, 6]. Unlike
SD, dandruff is limited to the scalp.
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Fig. 1 Clinical appearance of dandruff: close-up of a healthy
scalp (dandruff free); b dandruff scalp showing characteristic
flaking. (Reprinted with permission from Turner et al. [7])

Dandruff development has been linked to three
main reasons which are Malassezia colonization,
abnormal sebum production (with other stratum
corneum dysfunctioning related abnormalities), and
individual susceptibility [7, 8]. However, recent
studies reported that the altered population of bacterial
species (especially between Propionibacterium spp.
and Staphylococcus spp.—which become dominant in
dandruff cases) of scalp flora is another strong factor
contributing to dandruff [9, 10]. Mutual dependence of
colonization and sebum production defines the roots of
timing and structure of dandruff or SD (D/SD)
development. Malassezia is a lipophilic yeast that
uses sebum lipids as a nutrient source. During puberty,
sebaceous glands (SG) reach to maturity which results
in increased sebum production [11]. Lipid levels of the
scalp also show seasonal fluctuations [12] As such, the
condition of the lesions formed on the skin gets worse
during winter compared to summer, where sunlight
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appears to improve the clinical appearance of the
condition [1].

Another factor that affects dandruff is individual
susceptibility, depending on the nature of the stratum
corneum of the scalp. On a scalp with dandruff,
stratum corneum barrier lipids are observed to be
reduced causing the healthy nature of the scalp to be
altered. This leads to an increased transepidermal
water loss, followed by an increased tendency for
hyperproliferation, altered corneocyte maturation, and
subclinical inflammation [7]. As formation of dandruff
has been related with maximum levels of sebaceous
activity earlier, further descriptive studies are needed
to understand the influence of impaired sebaceous
activity on dandruff.

Each part of the skin provides a different environ-
ment for microbial growth. Scalp is also one of these
environments, and has distinct conditions such as thick
terminal hair, large numbers of sweat glands and
sebaceous glands, and humidity which provide a
suitable environment for microbial growth. Stratum
corneum, which is the outer layer of epidermis, favour
this environment by constantly supplying amino acids,
by secreting minerals from sweat glands and by
secreting sebum from SG [13]. As a result, a nutrient-
rich environment is provided to microorganisms.
Malassezia yeast, one of these organisms, uses sebum
and particularly saturated fatty acids as sources of
nutrients. This leaves an increased amount of unsat-
urated free acids behind which is an irritant for the host
[8]. Apart from the Malassezia effect, the barrier
function could be altered by external factors such as
temperature, humidity, or surfactants. These factors
could result in dryness and irritation of the stratum
corneum.

The yeast Malassezia are eukaryotic organisms
forming a part of the microbial flora of the skin [14].
There are many lipophilic Malassezia species under
the Malassezia genus as part of the human and animal
skin microbiota. The common feature of these species
is their lipid dependence, including Malassezia pachy-
dermatis which was known as an exception until latest
genome sequencing studies [15]. There are many
studies that agree on the relation between Malassezia,
sebum lipids, and dandruff [16-18]. The correlation
between numbers of Malassezia and severity of
dandruff provides an evidence of such causal link
[1]. It has been shown that the amount of Malassezia
on the scalp of a person with dandruff is higher
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compared to a person who does not have dandruff [19].
Not all studies in the literature agree on such link as
described above. An increase in the numbers of
Malassezia yeast on the host is suggested to be not
enough for dandruff formation. Further evidence
against a causal link suggests that dandruff is formed
as a result of an abnormal host immune response.
Interestingly, hosts with dandruff appear not to have a
higher total anti-body level, compared to the hosts
with healthy scalps [5].

Apart from the microbiological, immunological,
environmental, and hormonal factors, there are neu-
rological abnormality, lifestyle, and diet factors that
affect dandruff formation which is then associated
with depression, stress, microtrauma, inappropriate
skin care, poor nutrition, and alcoholism [20]. As the
influence of Malassezia on dandruff production is
rather poorly understood, this review aims to sum-
marise our current understanding of the role of the skin
microbiota, with a focus on Malassezia, and other
causal factors on dandruff formation.

Link Between Malassezia and Dandruff

Dandruff is the one of the most common dermal
disorders. The linkage between dandruff and Malas-
sezia comes out mostly from epidemiological studies
basically showing an increased incidence of Malasse-
zia. This correlation makes the basis of Malassezia and
dandruff relationship. Dandruff occurs in up to half of
the healthy and up to 75-90% of immunocompro-
mised people [1, 5]. Data on the epidemiology of
dandruff in published literature are limited to the
information coming from community-based surveys.
The main body of clinical data comes from severe
cases of the condition such as Atopic dermatitis (AD),
SD, which is our main source of information on the
epidemiology of dandruff in the general population.
On the other hand; Malassezia is a yeast responsible
for a range of skin infections such as Seborrhea,
pityriasis versicolor, AD, and folliculitis. It has also
been linked to other diseases of the skin such as
psoriasis, adult and infantile SD, AD, Confluent and
Reticulate Papillomatosis, Intertrigo, and Erythema
Annulare Centrifugum [21]. Malassezia spp. are
considered as etiopathological agents that are respon-
sible from dandruff cases in such reports [22-24].
Dandruff is most common in the African-American
ethnic group (81-95%) followed by the Caucasians

(66-82%) and Chinese (30-42%) [25]. Among the
people who have SD infection, Malassezia yeast is the
most common fungal genus found on the skin [26, 27].
In terms of most prevalent species within the genus;
there are conflicting studies either suggesting the most
prevalent species to be Malassezia globosa or
Malassezia restricta among Dandruff or SD sufferers
[17, 28-32]. However, new developments in molec-
ular methods revealed that M. restricta is more
abundant on skin suffering from Dandruff
[9, 10, 33, 34]. Malassezia could also be observed in
AD patients. A study conducted on 241 AD patients in
Lithuania showed that the second most prevalent agent
was Malassezia spp. (6.6%) after Candida spp.
(27.4%) which were followed by Rhodotorula spp.
(2.9%) [35].

When this yeast was marked as the possible active
cause of dandruff, it was also marked as the possible
agent to control this condition. More research started
to take place and more products taking antifungal
treatment into focus started to appear in the market to
overcome this problem [36]. The treatment protocols
mainly rely on antifungal drugs such as azoles and
pyrithione zinc, but novel molecules targeting differ-
ent fungal targets are being tested [37]. Coal tar,
lithium gluconate/succinate, and phototherapy are
other widely used alternative treatment options. In
more severe cases, anti-inflammatory agents like
steroids can be added to prescription. Besides, resis-
tance to azoles and other antifungals is growing, and
efficacy of antifungal treatment options for dandruff is
decreasing [38]. Therefore, the efficacy achieved by
antifungal therapies (or decrease in the efficacy
because of resistance) appears to be an indicator of
the important role of Malassezia in Dandruff
production.

What is the Role of Malassezia in Dandruff
Production?

The link between Malassezia colonization and dan-
druff formation comes from the lipid metabolism of
Malassezia and the metabolites concerned. Among all
Malassezia species, M. globosa and M. restricta are
the ones with stronger association with dandruff [23].

Studies have shown that excessive proliferation of
the Malassezia population due to various causes
correlates with increased fat gland activity [28]. Of
note, human sebum, which is the main lipid source for
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the microorganism, mainly consists of free fatty acids,
triacylglycerides, wax esters, diacylglycerides,
monoacylglycerides, and 16-18 carbon length fatty
acids (predominantly stearic, oleic, linoleic, palmitic,
sapienic, and palmitoleic acid) [16].

Except for M. pachydermatis, all Malassezia
species require an exogenous source of lipids. Lipids
are the required substrates for Malassezia to contribute
to the inflammation, hyperproliferation, and scaling
reactions seen in patients with dandruff by the activity
of lipases [39]. Furthermore, the cell wall of the yeast
Malassezia boasts a rich and complex lipid content,
which forms the basis for lipid dependence of the
organism. This lipid-rich cell wall also acts as a shield
to protect cell from phagocytosis.

Lipases are potential virulence factors for some
pathogenic bacteria as well as fungi [40]. Lipases,
secreted by Malassezia, perform the hydrolysis of
sebum and ester bonds of triacylglycerols, and thus
release free fatty acids which lead to inflammation. As
sebum is consumed by Malassezia cells, the skin

produces more sebum. As sebum is consumed, free
fatty acid concentration increases, leading to elevated
release of irritants like oleic acid. It is known that oleic
acid by itself can be responsible for the flaking of the
scalp [41-43]. To sum up, after proliferation, lipase
activity increases and this results in the release of free
fatty acids such as oleic acid, which is an irritant.
These mechanisms highlight the potential of lipases/
phospholipases as therapeutic targets for D/SD.

In the last decade, many studies have taken place to
characterize lipases and to understand their structure—
function relationship (Table 1). Many of these studies
focused on two dandruff-related species (M. restricta
and M. globosa) and the whole-genome sequencing
with proteomic approaches enabled a deeper under-
standing of the role of lipases in dandruff formation. It
has been revealed recently that there are different
numbers of lipase-encoding genes for each species of
Malassezia [44]. M. restricta have 12 lipase-encoding
genes, while M. globosa have 14 lipase- encoding
genes. Furthermore, among M. globosa lipases, 13 are

Table 1 Selected key studies from the literature highlighting the role of Malassezia on dandruff production

Source Sampling/population Disease Year Key findings

Clavaud France; N = 49 Dandruff 2013 Major fungal species found on the scalp is M. restricta
et al. and dandruff is linked to the balance between bacteria
[10] and fungi of the host scalp surface.

Paulino USA; N = 2 (total skin sample 54: six Psoriasis 2007 M. restricta is the most abundant species in the
et al. healthy body locations and two psoriatic majority of samples, and high amounts of M. globosa
[14] lesions) also detected

Deangelis USA, N = 40 (20 non-dandruff subjects ~ Dandruff 2005 Dandruff is mediated by Malassezia metabolites,
et al. and 20 dandruff sufferers) specifically irritating free fatty acids released from
[18] sebaceous triglycerides

Sommer Canada; N = 1 (M. restricta) Dandruff 2015 Malassezia lipases are responsible for the hydrolysis of
et al. triacylglycerols, the main component of human
[23] sebum

Honnavar  India, N = 20 Malassezia isolates (five Dandruff 2016 After B-endorphin exposure, the isolates have
et al. each of the two species from patients and SD significantly higher phospholipase activity compared
[69] and healthy controls) to the healthy control isolates

Bigliardi-  Switzerland; N = Skin culture samples Psoriasis 2000 p-opiate receptor system and its ligand B-endorphin are
Qi et al. from three different epidermal regions involved in the pathogenesis of psoriasis, especially
[70] in terms of differentiation

Xu et al. China; N = 179 Dandruff 2016 Severity of dandruff was closely associated with the
[9] interactions between the host and microorganisms

including Malassezia

Park et al. Korea; N = 56 Dandruff 2017 M. restricta lipases have an effect in the progression of
[17] dandruff

Rosenthal  Canada; N = 246 Dandruff 1994 Antifungal shampoos have a significant effect on
et al. [6] dandruff
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predicted to be secreted and 7 of the lipase orthologues
of M. restricta are identified to have a signal peptide
involved in secretion [17, 45]. Malassezia sympodialis
and M. furfur genome sequences contain lipase genes
too despite having a weaker relation with D/SD.

Comparing lipase activities of different Malassezia
species revealed M. globosa as the species with the
highest lipase activity [46]. Ability of M. globosa to
fully degrade unsaturated fatty acids is ambiguous
[43]. Furthermore, the role of level of secretion in
dandruff development is still not clear as M. restricta
is known to be more abundant, but M. globosa have
higher lipase activity. Some of the lipases may be
expressed more than others and the level of expression
of different enzyme groups can be different. For
example, Park et al. studied the expression levels of
the 12 lipase genes in M. restricta with a clinical
perspective and reported that one of the enzymes
(MRES_03670-LIP5) was predominant [17]. Simi-
larly, MgLip2 and MgLip3 were found to be highly
secreted enzymes in contrast to other M. globosa
lipases [23].

In terms of function and substrate specificity, each
lipase can have its unique features. For instance, a
successfully isolated and expressed lipase, MgLip1, of
M. globosa shows specific activity against mono- and
diacylglycerols, whereas no activity against triacyl-
glycerols was detected [45]. Another lipase of M.
globosa; MgLip2, was identified and purified in a
study, but no substrate specificity for mono-, di-, and
triacylglycerols was detected [46, 47]. Despite a
significant effort to characterize lipases, there is still
need for studies, for mapping the crystal structure of
lipases which can be a gateway for a complete
understanding of enzyme function and for treatment
of dandruff and related skin diseases.

Unlike lipases, phospholipases are not essential
enzymes for Malassezia for successful growth or in
pathogenicity of the yeast. A few lipases can hydrolyse
both lipids and phospholipids. However, phospho-
lipids are mainly hydrolysed by phospholipases with
the highest activity reported in M. pachydermatis,
followed by M. sympodialis (reported to be in very low
activity/barely detectable in contrast to M. pachyder-
matis), M. restricta, and M. globosa, respectively [48].
For M. globosa, it was reported that six of the nine
phospholipases are predicted to be secreted [41]. Thus,
the literature suggests that the role of Malassezia
phospholipases in dandruff is not as clear as lipases.

Malassezia is associated with the peroxidation of
squalene which is a major sebum component on the
scalp. A recent study reported that squalene was
significantly more peroxidized in dandruff-affected
scalps [49]. Peroxidation of squalene can increase the
hyperproliferation and immunological response of
keratinocytes on scalp.

Other Malassezia metabolites with potential roles
in dandruff formation are aryl hydrocarbon receptor
(AhR/dioxin receptor) ligands. AhRs are receptors
proteins expressed by human cells which regulate
cellular responses to certain chemicals through regu-
lation of gene expression. Some of the Malassezia-
related AhR ligands are malassezin, indirubin,
indolo[3,2-b] carbazole, pityriacetrin, tryptanthrin,
and 6-formyl-indol [50, 51]. It was shown that patients
with Malassezia-related conditions display a 10—1000-
fold increase in AhR activation capacity compared to
healthy control groups [51]. The production of AhR
ligands by Malassezia strains isolated from SD
patients correlates with the pathogenic potential of
this fungus in dandruff etiology [52]. Furthermore,
there are studies, hypothesizing that Malassezia-
related AhR ligands are associated with UV damage,
apoptosis, cell cycle, and even carcinogenesis through
various mechanisms [50]. Taking into consideration
the complexity of these mechanisms, future studies are
required to provide insights into AhR ligands and their
effects on dandruff formation, particularly in dan-
druff-related species.

Gene families that have been recently discovered
following the sequencing of Malassezia genome
appear to be potential important factors that can
contribute to dandruff etiology. Among those gene
families are aspartyl protease, glucose methanol
choline oxidoreductase (GMCO), and acid sphin-
gomyelinase in addition to allergens [41]. Importantly,
arecent study documented that aspartyl protease of M.
globosa has an anti-biofilm activity on Staphylococcus
aureus biofilms [53]. This finding is concurrent with
the study of Clavaud et al., which discusses the
interactions between host and different bacteria. It can,
therefore, be hypothesized that Malassezia may have
an effect on the balance between beneficial and
harmful bacteria. Obviously, these newly discovered
gene families might have key roles in Malassezia-
related skin conditions which warrant further
investigation.
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Following the introduction of whole-genome
sequencing methods, our understanding of Malassezia
and pathogenic mechanisms which lead to dandruff
formation has significantly improved. Importantly, we
now know that all species of Malassezia genus have
lost the genes involving in lipid metabolism. Complete
genome sequencing of Malassezia isolates revealed
that Malassezia genomes have a unique adaptation
capacity to environmental conditions like skin‘s
carbohydrate lacking environment [44]. Genomic
studies showed that pathogenicity of Malassezia is
mainly related to unique metabolic limitations and
capabilities [41]. Main metabolic limitation of the
yeast Malassezia is their lipid dependence, but the
genome has the capability to synthesize genes like
lipases and phospholipases to overcome this limitation
[17]. For instance, a recent molecular study demon-
strated the assimilation incapability of M. globosa
strains for palmitic acid [54]. Because of their lipid
dependence, Malassezia cells prefer to reside in lipid-
rich environments like scalp, and as soon as they start
to proliferate, they cause damage due to the activity of
their metabolites [43]. This advances to dandruff by
disruption of microbial equilibrium, generating
immune response and causing inflammation, conse-
quently leading to flaking of the scalp.

Factors Other than Malassezia in Dandruff
Formation

The barrier function of the stratum corneum comes
from patterned lipid lamellas localized on extracellu-
lar spaces between corneocytes [55]. It acts as the first
line of immunological defense against environmental
or microbiological antigens and allergens [4]. In
physiological equilibrium, the approximate lipid com-
position of the epidermis is 50% ceramide, 25%
cholesterol, and 10-20% free fatty acids [56]. AD, a
dandruff-like skin disorder, is known to cause a
decline in all three major lipids, especially ceramides,
which is found in lesioned and non-lesioned skin [57].
A healthy stratum corneum structure acts as a barrier
to provide protection against extreme water loss,
disease-producing microorganisms including Malas-
sezia, and carries out external neutralisation of toxic
materials [7]. Any damage or abnormal physiological
change from such a reason (explained through section)
on the epidermal barrier may contribute to increase the
number of Malassezia cells on scalp, and this may

@ Springer

prepare the basis for the start of dandruff production
process.

Maintaining a balanced scalp physiology is the key
for prevention from dandruff. SGs are the sebum
factories of the scalp, maintaining optimum levels of
sebum inside the hair follicles for lubrication. Phys-
iological equilibrium of the scalp is dependent on the
activity level of SGs through an altered sebum-to-
water ratio in the epidermal barrier [9]. Level of
activity of SG is also age-dependent which explains
the link between aging and incidence of dandruff [42].
On the other hand, an imbalanced SG activity and
increased sebum secretion may pave the way for over-
population of Malassezia cells as this will make the
scalp surface a nutrient-rich media for lipophilic
yeasts.

A number of factors damaging the physiological
balance of skin have been studied. Mostly, behavioral
factors seem to constitute this imbalance. For instance,
poor personal hygiene is linked to facilitate dandruff
formation previously [58]. Likewise, being exposed to
sun rays is reported to trigger dandruff [59]. Young
age and male sex are found to be other risk factors for
dandruff [60]. Temperature-related changes on scalp
like bathing with over-heated water may also trigger
dandruff formation. Over-combing and over-sham-
pooing are the other non-specific, behavioral causes of
dandruff formation [2].

A characteristic of epidermal barrier which is
linked to dandruff formation is pH. The pH range of
the human skin is 4.5-6.0, with higher pH values in the
intertriginous regions. Increased skin alkalinity has
been associated with susceptibility to cutaneous
infections [61]. The logic of acidification of the skin
by antifungal products is based on the acid mantle
theory which suggests that cutaneous microorganisms
found in human skin with reduced pH form a
protective barrier against infection [62]. This can be
thought as an evidence for the effect of Malassezia in
dandruff formation and can also suggest the increase
of skin pH (because of such reason) as a risk factor for
dandruff formation.

Immune response of the host tissue is another host-
related factor that can determine the severity of
dandruff. Since Malassezia species are a part of skin’s
resident flora, the host immune system is regularly
exposed to fungi, and Malassezia-specific IgG and
IgM can be detected in healthy individuals [63]. One
study found that approximately 50% of adult atopic
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eczema patients were susceptible to Malassezia and
allergen-specific IgE and T cells showed positive
results in the reactivity and/or mantle atopy patch test
[64]. Malassezia can release antigens that penetrate
deeply and are captured by an antigen-presenting cell
(APC). APC can then present antigens to T-lympho-
cytes. The cytokines present in the medium determine
the T-cell subset that will be produced from ThO cells.
IL-12 stimulates the development of T-helper 1 (Thl)
cells; IL-4 and IL-13 support the production of
T-helper 2 (Th2) cells. Thl cells secrete IL-2 and
IFN-y that induce IgG responses. Malassezia-specific
IgG can act as a protective or activating complement
to provoke inflammation. Th2 cells secrete IL-4 and
IL-13 which induce allergen-specific IgE responses.
IgE anti-bodies bind to mast cells. Subsequent
triggering of degranulation by allergens can lead to
clinical features of type I hypersensitivity reactions
[4]. On the whole, host immunologic response to
Malassezia and other possible contributory microor-
ganisms involving in dandruff formation is related
with the severity of dandruff.

Immunological response to Malassezia metabolites
like lipases and consecutive formation of short-chain
fatty acids can be thought as another indirect host-
related factor. In-vitro studies revealed that short-
chain fatty acids have an anti-bacterial and anti-
mycotic activity. For example, azelaic acid, a known
anti-bacterial agent, has been showed to have anti-
mycotic activity at a well-defined pH range (4.8-5.5)
[65]. The balanced anti-bacterial and anti-mycotic
activity of these short-chain fatty acids may contribute
to microbiota equilibrium in a healthy scalp. Short-
chain fatty acids can also be present in colon (which
are produced by some commensal members of the
gastrointestinal tract as a side-product of fermentation
or taken by nutritional intake) as well and they
encourage the synthesis of colonic regulatory T cells.
Interestingly, Wheeler et al. suggest that Malassezia
fatty acid metabolism in the skin results in a similar
immunological response [66].

Another compound that may have an effect on
dandruff production is B-endorphin. Morphine is a
substance found in Papaver somniferum and has been
known for many years for its analgesic effect. The
human body produces compounds that have similar
properties to this substance and are termed as
endogenous opioids. Beta-endorphin, encephalin,
and dynorphin are few of those endogenous opioids,

also known as the peptide hormone group. It was
shown previously that M. pachydermatis produce
more phospholipases in lesions of dogs in contrast to
non-lesioned regions and this was linked to increased
presence of B-endorphin that elevates the production
of phospholipases [67, 68]. Recent studies docu-
mented the enhancement of phospholipase activity of
M. globosa and M. restricta by B-endorphins present
in human skin [69]. Furthermore, B-endorphin con-
centration regulates -opiate receptor expression in
keratinocytes, which affects the pathogenesis of skin
conditions including dandruff [70].

Collective Description of Dandruff Etiology

The idea that microorganisms, in general, have a role
in dandruff formation is not a novel one. By the first
half of 1900s, the presence of coagulase negative cocci
and Propionibacterium acnes in dandruff patients had
already been investigated [71]. On the other hand, a
link between dandruff and Malassezia has been a hot
topic for decades. In their recent report; Xu et al.
suggest that dandruff is more related with bacteria than
it is with Malassezia as they detected an increase in
Staphylococcus cells after dandruff starts where no
significant increase in Malassezia cells was observed
[9]. This may have to do with the state of the condition
after the start of dandruff such as the severity of
dandruff or the inflammatory response. Investigation
of the relationship between microbiota and host
factors reveals significant interactions between micro-
biota, host demographics (age, region, and gender),
and host physiological conditions (sebum level, water
content, and transepidermal water loss) [9, 10]. Nev-
ertheless, besides studies featuring physiological/de-
mographical factors, numerous epidemiological
studies found strong evidences of links between
Malassezia and dandruff [7, 16, 18, 28]. Indeed, a
mechanism for dandruff production as a result of
Malassezia lipid metabolism has been resolved [42].
Main mechanism of Malassezia effect on dandruff
production seems to be the secretion of lipases. Lipid
molecules found in sebum makes the scalp a suit-
able environment for lipid-dependent Malassezia, and
lipases are the main enzymes used to hydrolyse sebum
lipids as nutrients. As soon as an abnormal change
occurs in the physiological state of scalp surface, (1)
with the existence of appropriate host-related condi-
tions, Malassezia overpopulates the scalp microbiota
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Fig. 2 Flowchart (without colour/shape coding) summarising the etiology of dandruff that research to date produced

and breaks down the sebum, (2) healthy bacterial
balance is altered and microbiota of the scalp becomes
invaded by opportunistic bacteria, and (3) disruption
of healthy nature of scalp yields the subclinical
symptoms of dandruff that can lead to be more severe.
Taken together, Malassezia and bacteria always seem
to be present on the scalp as part of the microbiota, but
a disruption of the structure and the physiological
equilibrium of the epidermal barrier provide an
optimal environment for Malassezia to dominate. This
increase in Malassezia cell numbers, and thus, their
metabolites harm the skin which sets the scene for
bacteria to worsen the case (Fig. 2). Future systematic
cohort studies tracking the changes in physiological
conditions and microbiota deviations from the healthy
scalp state to dandruff state would suggest new
consecutive models.

Conclusions
A significant effort has been put in understanding the
underlying cause and mechanisms of the condition to

discover treatments. Herein, we provided a hypothet-
ical etiologic description of dandruff formation with a

@ Springer

focus on the role of the yeast, Malassezia by collec-
tively discussing the findings that research to date has
produced. Substantial evidence accumulated so far
suggest that microbial communities on skin certainly
have an influence on dandruff formation besides other
physiological factors. Among all microorganisms, the
strongest link between dandruff formation and
microorganisms has been observed with Malassezia.
Many comparative studies clarified that Malassezia
numbers and the severity of dandruff correlate. In
addition, bacteria can participate in increased severity
of dandruff in addition to host-related physiological
factors and Malassezia.

Greater understanding of such underlying mecha-
nisms and their potential interactions may allow the
development of new therapeutic approaches of re-
establishing the healthy balance of scalp microbiota
and in turn regaining the healthy physiological state of
the scalp. Wide-scale, omic studies are required for a
better understanding of the association between
microbiota and dandruff formation.
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