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Synopsis

Hair shedding and hair thinning have been reported
to be affected by dandruffand seborrhoeic dermatitis.
The present study was conducted in 150 men present-
ing with telogen effluvium related to androgenic alo-
pecia associated with dandruff. They were randomly
allocated to three groups receiving each one of the
three shampoos in the market containing either 1%
ketoconazole (KTZ), 1% piroctone olamine (PTO) or
1% zinc pyrithione (ZPT). Shampoos had to be used
2-3 times a week for 6 months. Hair shedding during
shampoo was evaluated semiquantitatively. Hair
density on the vertex was evaluated on photographs
using a Dermaphot. Trichograms were used for deter-
mining the anagen hair percentage and the mean pro-
ximal hair shaft diameter using computerized image
analysis. The sebum excretion rate (SER, pgem 2 h™Y)
was also measured using a Sebumeter™.

The three treatments cleared pruritus and dan-
druff rapidly. At end point, hair density was
unchanged, although hair shedding was decreased
(KTZ: —17.3%, PTO: —16.5%, ZPT: —10.1%) and the
anagen hair percentage was increased (KTZ: 4.9%,
PTO: 79%, ZPT: 6.8%). The effect on the mean hair
shaft diameter was contrasted between the three
groups of volunteers (KTZ: 54%, PTO: 7.7%, ZPT:
—2.2%). In conclusion, telogen effluvium was con-
trolled by KTZ, PTO and ZPTshampoos at1 % concen-
tration. In addition, KTZ and PTO increased the
mean hair shaft thickness while discretely decreas-
ing the sebum output at the skin surface.
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Tant la perte que la raréfaction des cheveux ont été
rapportés étre affectées par Iétat pelliculaire et la der-
mite séborrhéique. Cette étude a été conduite chez
150 hommes souffrant d'un effluvium télogéne en
relation avec une alopécie androgénique associée a
un état pelliculaire. Ils furent inclus de maniere alléa-
toire dans trois groupes recevant un parmi trois
shampooings contenant 1% de kétoconazole (KTZ),
1% de piroctone olamine (PTO) ou 1% de pyrithione
de zinc (ZPT). Les shampooings étaient destinés a
étre utilisés 2 a 3 fois par semaine pendant 6 mois.
La quantité de cheveux perdus au cours du shampoo-
ing a été évaluée semiquantitativement. La densité
pilaire sur le vertex a été mesurée sur des photogra-
phies prises a laide dun Dermaphot™. Des tricho-
grammes ont servi a létablissement du pourcentage
de cheveux en phase anageéne et pour mesurer le dia-
metre de la partie proximale des cheveux en utilisant
lanalyse informatisée d'images. Le débit dexcrétion
sébacée (DES, pg cm 2 h™Y) fut également mesuré a
laide d'un Sebumeter®.

Les trois traitements ont rapidement fait disparai-
tre le prurit et les pellicules. A Tissue de la phase
dobservation, la densité pilaire était inchangée bien
que la perte de cheveux soit diminuée (KTZ: —17.3 %,
PTO: —16.5%, ZPT: —10.1%) et que le pourcentage
des cheveux en phase anagéne soit accru (KTZ:
4.9%, PTO: 79%, ZPT: 6.8%). Leffet sur le diametre
moyen des cheveux était différent selon les groupes
de volontaires (KET: 54%, PTO: 7.7%, ZPT: —2.2%).
En conclusion, leffluvium télogéne a été amoindri
par les shampooings renfermant 1% de KTZ, PTO ou
ZPT. De plus, le KTZ et le PTO ont accru le calibre
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maoyen des cheveux alors qu'ils diminuaient discre-
tement le débit sébacé a la surface de la peau.

Introduction

Since the hair cycle and its turning points have been
largely identified [1-4], molecular mechanisms con-
trolling hair chronobiology are progressively dis-
closed [5, 6]. The complex interactions between hair
growth hair, shedding, sebaceous gland functions,
angiogenesis [7, 8], microinflammation and its coun-
terpart immuno-suppression [9-15], and neuroen-
docrine and hormonal influences [16—18] are far from
being clarified. The environmental impact including
solarirradiation [19] and commensal microorganisms
[11, 13] cannot be neglected either. All these factors
may affect the natural evolution of hair shedding and
modulate the progression of alopecia [20].

There is an overwhelming body of evidence that
dandruff and seborrhoeic dermatitis are two related
clinical manifestations of one common dermatologi-
cal disorder [21-30]. Dandruff is primarily a scaling
condition without any clinical evidence for inflam-
mation, although subclinical microinflammation is
present [25]. Seborrhoeic dermatitis is the clinically
recognized inflammatory counter-part of the same
disorder. Erythema is always present, and the inflam-
matory lymphoid infiltrate is more pronounced [24].
Cosmetic or over-the-counter remedies are used for
dandruff, and patients may easily turn to prescription-
type medicine for the inflammatory presentation.

Although it is generally agreed that the lipophilic
yeasts of the genus Malassezia are a key contributor
in the pathogenesis of dandruff and seborrhoeic der-
matitis, these skin conditions are not regarded as an
infection [31-35]. It is the mere over-colonization of
the scalp and other areas of the body rich in sebac-
eous glands by this yeast that causes an inconspicu-
ous-to-moderate inflammatory reaction, resulting
in variable degrees in erythema and disturbed des-
quamation.

Usually, signs and symptoms of dandruff focus in
the first place on scaling and itching. However, it is
clear that several other clinical features are present
in conjunction with this disorder. These include
seborrhoea, telogen effluvium, a reducing proportion
in anagen hair and thin hair shaft diameter [30]. It is
not clear if the relationship between these latter phe-
nomena and seborrhoeic dermatitis is causal or cir-
cumstantial.

In view of the frequent association between sebor-
rhoea, telogen effluvium, thin hair, androgenic
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alopecia and the clinical manifestations of dandruff
and seborrhoeic dermatitis on the scalp, it was
decided to evaluate the effects of ketoconazole
(KTZ), piroctone olamine (PTO) and zinc pyrithione
(ZPT) on these parameters.

Materials and methods

The trial protocol was approved by the Ethics Com-
mittee of the University of Liege and was performed
in accordance with the declaration of Helsinki and
its subsequent revisions. Subjects gave their written
consent to participate in the study after having been
informed about its nature, risks and benefits. The
study ran from autumn to spring the year after. A
total of 150 men aged from 18 to 65 years presenting
with mild-to-moderate dandruff, telogen effluvium
related to androgenic alopecia (Hamilton grade III)
of the vertex were enrolled. They were randomly as-
signed to shampoo 2-3 times per week for 6 months
with 1% KTZ shampoo, 1% PTO shampoo or 1% ZPT
shampoo. Each group was composed of 50 panelists.
Baseline data as well as those gathered after 4 and 6
months of treatment, were collected for all subjects.
These included the determination of the sebum
excretion rate (SER), the percentage of anagen hair,
the mean proximal hair shaft diameter (um), the hair
density (Ncm ), and the hair shedding during
shampoo. No side-effect was recorded but 19 subjects
were lost to follow-up between the 4th and 6th
month of treatment (six in the KTZ group, six in the
PTO group and seven in the ZPT group).

SER was measured (ug cm 2 h™") at the hairline,
one hour after the skin had been wiped with 70%
ethanol. A computerized Sebumeter SM 810 (C + K
Electronic, Cologne, Germany) was used as pre-
viously described [36, 37].

Hair density (n cm ™ 2) was assessed on photo-
graphs of the central part of the vertex using a Der-
maphot®™ Heine. By using a 3-point midline and
facial coordinate system, precise relocation of the
same site was achieved for the assessments gathered
after the baseline assessment. Samples of more than
100 individual hair were obtained from the same ver-
tex area. Trichograms yielded the proportion of hair
in the anagen phase. Computerized image analysis
(MOP Videoplan Kontron, Eiching, Germany) was
used on the same hair samples to measure the mean
diameter of the proximal part of the hair shafts.

Hair shedding was assessed using semiquanti-
tative counts of the hair collected during the last
shampoo, the day before the subject’s visit to the
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laboratory for evaluation. Hair were collected in a g
transparent envelope which was coded and blinded “g’, N Ao o
for further assessment. These envelopes were com- 2 geq—w
pared to a series of reference envelopes kept at the © l
laboratory. Each of these reference envelopes con- o © <
tained multiples of five hair. Without knowledge of % wRo g~
the subject’s treatment, the number of shed hair in _: x g j; ;j j
the subject’s envelope was matched to the reference & TRY8Q
standard. 2
The carry-on forward method was applied to the 'E I
intent-to-treat assessments. Absolute values were % f : ﬁ i ﬁ
considered. Means and SD were calculated for each 2 E @32
parameter at each evaluation time. Before and after N @ S0 ®e
treatment, values were compared using the paired -
two-tailed Student’s t-test. Intergroup differences &
were searched using variance analysis. Due to large "g” ©con~NS o
interindividual differences at inclusion, percentage § ‘? mmed
variations from baseline were also calculated to
describe the relative changes in time. Correlations - 0 o o
between parameters were searched using regression s ~Reeg
model analysis. The best correlation, i.e. linear, loga- -g § E ; g g
rithmic, exponential or power was determined by e w o~ o ©
the highest value of the coefficient of correlation r. A E
P-value lower than 0.05 was considered significant. Z NN N
g .| 59535
Results 8.3 3 g § E % %
At entry in the study, the three groups of volunteers -
were characterized by similar values of the biometro- 9}:'
logical parameters (Table I). Pruritus and dandruff g QY ®
cleared in about 2—6 weeks as reported by the volun- S T !
teers. None of the three treatments modified the
mean hair density significantly (Table I). However, ©
hair shedding during shampooing was significantly % N den
(P < 0.05) reduced after treatment with each of the .g‘ il i j, 3,* &
three shampoos (Table I). The changesin anagen hair & RN
percentages between baseline values and those °
obtained after treatment showed a beneficial effect § oL 0 -
(Table I). A total of 15 (30%) KTZ-treated subjects, 5 T2
20 (40%) PTO-treated subjects, and 16 (32%) ZPT- s |5 § E 5 5 g
treated subjects experienced an increase in the ana- X a S~ P o
gen hair percentages by more than 10% at the last 2
evaluation. These differences were statistically sig- -% =
nificant (P < 0.05) within each group versus base- % (\f
line, but the intergroup differences did not reach E £
statistical significance. The scattergrams for this g 2
parameter in each test group point clearly above ign o 8
the bisectors and support the reproducibility of this £ g g 5 %
observation in the whole population (Fig. 1a,b,c). E 2853 E E
Changes in hair shaft diameter during treatment f % % qﬁ- % g 3
showed a significant (P < 0.05) increase in the KTZ- = g i’ > N §
and PTO-treated groups (Table I). By contrast, the & c TEEES
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diameter was slightly decreased in the ZPT-treated

group. The intergroup

differences between each of

the two former groups and the latter group were statis-
tically significant (P < 0.05). The intragroup change
at 6 months from baseline in the KTZ and PTO groups
yielded a significant difference (P < 0.05). Fourteen
(28%) subjects in the KTZ group and 17 (34%) in the
PTO group had a mean hair diameter increase of

more than 10% compared to baseline, versus only

A inclusion (%)

Figure 1 Scatterplot of the anagen
hair percentages at entry and at com-
pletion of the study. (a) KTZ, (b) PTO,
and (c) ZPT.

six (12%) PTO users showed a negative value for the
hair diameter variation, versus 37 (74%) ZPT-treated

subjects. For the KTZ and PTO groups, the vast major-
ity of the individual values were located above the
bisector of the scattergram (Fig. 2a,b). By contrast,
the individual data about the ZPT group exhibited
an overall trend to be below the bisector (Fig. 2c¢).

The scattergrams for baseline SER versus the post-

treatment values are presented in Fig. 3 (a,b,c). Atrend
in SER decrease was seen in the KTZ and PTO groups,

four of (8%) ZPT users. Only 11 (22%) KTZ users and
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Figure 2 Scatterplot of the mean
hair shaft diameter (D, um) at entry
and at completion of the study. (a)
KTZ, (b) PTO, and

(c) ZPT.
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whereas the ZPT group showed a statistically signifi-
cant increase (P < 0.05) over that same period. These
intergroup differences were highly significant be-
tween each of the KTZ and PTO groups, and the ZPT
group (P < 0.001). The scattergrams showed the large
majority of individual data pointed below the bisector
for KTZ and PTO, and above the bisector for ZPT.
Correlations between SER, anagen hair pro-
portions and hair shaft diameter were searched for
independence from the nature of shampoo, since
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60 |
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0 t + t +
0 20 40 60 80 100
D (um)

Figure 4 Relationship between the sebum excretion rate
(SER, pg cm 2 h ™) and hair shaft diameter (D, pm).
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it addressed changes in biological parameters in
relation to each other. When pooling all the data, a
negative linear relationship (= —0.66, P < 0.01)
was found showing that with increasing SER, the
hair shaft diameter appeared to be thinner (Fig. 4). A
trend in a positive correlation (- = 0.55) was yielded
between the anagen hair proportion and the hair
shaft diameter (Fig.5). No correlation was found
(r = —0.11) between the sebum excretion rate and
the anagen hair proportion (Fig. 6).

A (%)
120

100 +

60 1+

40 {

0 } } t t
0 20 40 60 80 100
D (um)

Figure 5 Relationship between the hair shaft diameter (D,
pm) and the proportion of hair in anagen phase (A, %).
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Figure 6 Relationship between the sebum excretion rate
(SER, pg cm 2 h™Y and the proportion of hair in anagen
phase (A, %).

Discussion

The link between dandruff and seborrhoeic dermati-
tis as two clinical manifestations of the same disease
was reported more than a century ago. Despite some
attempts to disprove this observation, data yielded
during the last 15 years have confirmed the initial
concept [21-36]. Nevertheless, it is surprising that
only few researchers have tried to make conclusive
links between this very common scalp problem and
other scalp disorders that are regularly seen in the
population.

Only sebaceous gland activity has routinely been
mentioned in relation to seborrhoeic dermatitis.
Some authors reported that sebaceous gland activity
hardly increased in cases of dandruff and even con-
tended that in cases of inflammatory seborrhoeic
dermatitis or in seborrhoea itself, it was the sebum
composition that was changed more than the
amount in lipids. The fact that the presence of the
lipophilic yeasts, Malassezia spp., has been asso-
ciated with dandruff and seborrhoeic dermatitis is at
least suggestive of an increased presence of sebum
or Malassezia spp.-specific nutrients on the scalp.
Sebum excretion can actually be increased in indivi-
duals with seborrhoeic dermatitis [30].

Links between increased hair shedding, altera-
tions in the anagen/telogen ratio and hair shaft dia-
meter on the one hand, and dandruff on the other
hand have not been thoroughly documented. Dan-
druff may occur with androgenic alopecia and it
may exaggerate hair loss. There are also some reports
on thinning of the hair shaft, reduced percentage in
anagen hair and development of telogen effluvium
in conjunction with inflammatory disorders of the
scalp [1,30]. However, it is clear from the limited num-
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ber of these references that the relationship between
these different clinical phenomena has not been
made routinely in the past.

The investigations done in the present trial, there-
fore, offer some new findings despite the fact that a
bland shampoo was not used as control. Indeed, a
bland shampoo was not considered in the present
study because, in our experience, it is almost impossi-
ble to run a 6-month study using a placebo without
having numerous protocol violations and drop-out.
The data suggest that 1% KTZ, 1% PTO and 1% ZPT
shampoos are capable of improving the anagen to
telogen ratio by increasing the percentage of anagen
hair on the scalp. The clinical correlate of this effect
is a reduction in hair shedding during shampooing.
It is worth noting that the reduction in hair shedding
is supportive evidence for the increase in the percen-
tage of anagen hair or for delayed teloptosis [4]. It
should be stressed that a seasonal effect [2, 19]
may be a confounding factor influencing hair
sheddingindependently of the activity of the antifun-
gal agents. However, other findings, which were
observed with 1% KTZ and 1% PTO, but not with 1%
ZPT, cannot be explained by chronobiology alone. It
deals with the trend in SER reduction on the scalp,
which correlated with an increase in hair shaft dia-
meter. One could argue that a 10% increase in hair
shaft diameter is of minor amplitude. However,
assuming hair is a cylinder, its volume and weight
are dependent on the square power of its diameter.
Hence, the average 10% increase in diameter corre-
sponds to a 20% increase in its volume (1.12 = 1.21).
Such a change likely implies a larger amount of hair
cells associated or not with increased synthesis of
keratins and other molecular compounds.

If anything, SER moderately went up in the ZPT
group, and that correlated with a slight decrease in
the hair shaft diameter. Although scalp seborrhoea
apparently correlated well with the reduction in hair
shaft diameter, this finding does not necessarily
represents a causative relationship. Indeed, both
parameters are largely under the influence of andro-
gens [16]. In addition, sebocytes contain high
amounts of 5a-reductase and synthesize and release
5a-dihydrotestosterone, which may influence the
hair growth and size [38]. This mechanism might be
operative and be in part responsible for the heteroge-
neity in the expression of follicule miniaturization
typical for androgenic alopecia [39]. It is not excluded
that hair care products that would beneficially affect
the amount of sebum produced on the scalp might
also produce thicker hair.
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The convergence between KTZ, PTO and ZPT for
improving anagen percentage and daily hair shed-
ding, and the divergence between products for scalp
seborrhoea and hair shaft diameter, suggest that
antidandruff shampoos may affect hair and scalp
through different mechanisms despite the fact that
they exert their effect on the Malassezia yeasts. The
modulation of innate antimicrobial defenses such as
defensins [40] by some of the topical products cannot
be ruled out. The opposite effect of shampoos on
sebum output at the skin surface argues for not being
a seasonality effect.

Conclusion

The present study comparing 1% KTZ, 1% PTO and
1% ZPT shampoos has demonstrated that these pro-
ducts have some other benefits in addition to their
reported antidandruff effect. The data show that
these shampoos have a beneficial effect on the ana-
gen/telogen ratio, by increasing the anagen hair per-
centage in subjects with dandruff. This results in a
reduced hair shedding. In addition, the data show
that 1% KTZ and 1% PTO, but not 1% ZPT, produce a
beneficial effect on scalp seborrhoea and hair shaft
diameter. The reason for such opposite effect is
unknown. Finally, the data show that scalp sebor-
rhoea is inversely correlated with hair thickness.
The virtue of such a finding is its simplicity. However,
the results cannot be taken at face value. There may
remain debate whether reducing sebum excess on
the scalp may lead to thicker hair, and whether
increasing scalp seborrhoea may be accompanied by
areduction in the hair shaft diameter.
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