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ABSTRACT

Introduction: This study assessed the levels of
compliance to topical minoxidil (TM) among
male and female patients with androgenetic
alopecia (AGA) and analyzed the factors associ-
ated with minoxidil discontinuation.

Method: A retrospective study was conducted
among 400 consecutive patients with AGA who
presented to a dermatology clinic and who were
prescribed minoxidil 2% or 5% in the past
5 years. Demographic factors, other previous
treatments, and minoxidil parameters including
the dose (2% or 5%), total duration of use,
treatment results, and side effects were
collected.

Result: The mean age of the patients was
32.41 years [standard deviation (SD) 8.18], and
66.5% were female. The majority of patients
(82.5%) did not receive any previous treatment
for AGA. Of the total patients, 345 (86.3%) have
discontinued minoxidil. Discontinuation rate
showed no association with sex (p = 0.271), age
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category (p =0.069), or previous treatment
(p = 0.530). Furthermore, the likelihood of
minoxidil discontinuation decreased with the
increase in treatment duration (p < 0.001) and
was significantly lower among patients who
reported improvement (69.3%) or stabilization
of hair shedding (64.1%) compared with those
who reported baby hair (88.9%) or no efficacy
(95.3%) (p < 0.001). Furthermore, having expe-
rienced an adverse effect of minoxidil was
associated with 93.6% discontinuation rate
compared with 75.8% in the case of no side
effects (p < 0.001). Adjusted analysis showed
that minoxidil discontinuation was indepen-
dently association with longer duration of use
[> 1 year; odds ratio (OR) 0.22; p < 0.001], per-
ceived improvement (OR 0.17; p <0.001) or
stabilization (OR 0.14; p < 0.001), and the
occurrence of side effects (OR 3.06; p = 0.002).
Conclusions: The clinical use of TM in AGA is
limited by a substantially low compliance even
in absence of adverse effects. We emphasize the
importance of educating patients regarding the
treatment’s side effects and the need to use
minoxidil for a minimum of 12 months to
assess treatment efficacy.

Keywords: Androgenetic alopecia;
Compliance; Minoxidil; Pattern hair loss; Side
effects
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Key Summary Points

We assessed the determinants of
compliance to topical minoxidil (TM)
among patients with androgenetic
alopecia.

The observed discontinuation rate of TM
was 86.3%. The occurrence of side effects
was reported in 46.5% of the patients and
was associated with a higher TM
discontinuation rate.

Adjusted analysis showed that the
likelihood of TM discontinuation
independently decreased with a longer
duration of use of more than 1 year and
with perceived improvement or
stabilization. We also observed a positive
relationship between the duration of TM
use and patient-reported efficacy.

On the basis of our results, patients should
be encouraged to use TM for a minimum
of 1 year to assess its efficacy and be
educated about possible side effects and
how to deal with them.

INTRODUCTION

Androgenetic alopecia (AGA) is by far the most
common cause of hair loss. It affects approxi-
mately 50% of men by the age of 50 and
20-53% of women by the age of 50, and its
prevalence increases with advancing age [1, 2].
Topical minoxidil (TM) is the only treatment
approved by the Food and Drug Administration
(FDA) for female patients with patterned hair
loss, while for males, TM and oral finasteride are
the only FDA-approved treatments for AGA.
Nevertheless, the efficacy of minoxidil is lim-
ited. Studies suggest that only one-third of
patients (32%) experience a positive cosmetic
effect and terminal hair regrowth after 1 year of
use [3-6]. Additionally, the use of TM in AGA
requires a daily long-term commitment, most

likely for the duration of an individual’s life,
which constitutes a major limitation for com-
pliance [5]. Unfortunately, months after stop-
ping minoxidil, all the newly grown hairs will
fall out [3].

Finally, minoxidil use is associated with
several side effects, of which itching of the
scalp, increased dandruff, and erythema are
commonly reported. The most common causes
underlying these symptoms include irritant
contact dermatitis, allergic contact dermatitis,
or an exacerbation of seborrheic dermatitis [7].
The development of hypertrichosis on the face
and hands is another common side effect
observed with TM. Studies have reported
undesired hair growth in up to 51% of female
participants [8, 9]. Moreover, headache was
reported in 7% of individuals using minoxidil
[10]. These observations indicate that minoxidil
users are exposed to a high risk of nonadher-
ence and treatment interruption for multiple
reasons that need to be explored to improve the
care offered to these patients.

This study aimed to assess the levels of
compliance to TM among male and female
patients with AGA, and to analyze the occur-
rence of side effects and other factors associated
with minoxidil discontinuation.

METHODS

Design and Setting

This was a retrospective study conducted at the
author’s private dermatology clinic located in
Jeddah, Saudi Arabia, between February and
September 2022. The study protocol and tools
were reviewed and ethically approved by the
institutional review board of Jeddah University
(Registration number: HAP-O2-J-094).

Population

The study included consecutive patients with
AGA, who presented to the clinic for a hair
consultation during the study period, and who
were prescribed and used minoxidil 2% or 5%
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for less than 5 years and more than 3 months
before the visit.

Sampling

A convenience, non-random sampling was used
to include all patients who provided consent. A
minimum sample size of 377 was targeted to
detect an unknown percentage of minoxidil
discontinuation (p = 50%) with 80% statistical
power and 5% margin of error.

Data Collection

An Excel sheet was designed to collect the fol-
lowing data: (1) demographic data; (2) other
treatments used for AGA; (3) minoxidil dose
(2% or 5%); (4) total duration of use; (5) treat-
ment results including improvement with hair
regrowth, stabilization of hair shedding and/or
development of baby hair, or no efficacy and/or
worsening; (6) side effects; and (7) current
minoxidil use (continued versus discontinued).
If minoxidil was discontinued, the question-
naire also included the reasons for
discontinuation.

Ethical Clearance

All participants signed an informed consent
stating that their data will be used for research
purposes and that the results will be published
in a peer-reviewed specialized journal.

Statistical Methods

Data were coded and analyzed using the Statis-
tical Package for Social Sciences version 21.0 for
Windows (SPSS Inc., Chicago, IL, USA).
Descriptive statistics were used to present the
study data as frequencies and percentages for
categorical variables and means [standard devi-
ation (SD)] for continuous variables. Chi-
squared test was used to analyze factors associ-
ated with minoxidil discontinuation. An unad-
justed and adjusted logistic regression model
was used to analyze independent factors of
minoxidil discontinuation; results were

presented as odds ratio (OR) with 95% confi-
dence interval (95% CI). In the adjusted model,
a dummy variable was created for long duration
of use (> 12 months) as it was the only category
showing significance in the unadjusted model.
A p-value < 0.05 was considered to reject the
null hypothesis.

RESULTS

A total of 400 consecutive patients with AGA
were included, with a mean age of 32.41 years
(SD 8.18) and 66.5% female. The majority of

Table 1 Participants’ characteristics (N = 400)

Parameter Level Mean SD
Age (Years) 32.41 8.18
Parameter Level Frequency Percentage
Sex Male 134 33.5
Female 266 66.5
Other Platelet-rich 34 85
treatments plasma
for Hair 16 40
androgenetic transplant
alopecia®
Autologous 15 3.8
cellular
micrografs
Finastaride 10 2.5
tablets
Mesotherapy 5 1.3
Spinorolactone 2 0.5
Adipose- 1 0.3

derived stem

cells

Other 4 1.0
Number of 0 165 82.5
other 1 29 145
treatments
2 6 3.0

°A patient may have used more than one treatment

I\ Adis



1160

Dermatol Ther (Heidelb) (2023) 13:1157-1169

patients (82.5%) did not receive any other
treatment for AGA, while the remaining
patients received one (14.5%) or two (3.0%).
The most frequently used previous treatments
included platelet-rich plasma (PRP) (8.5%), hair
transplantation (4.0%), and autologous cellular
micrografts (ACM) (3.8%) (Table 1).

The majority of patients took minoxidil for a
short period of time, such as < 1month
(20.8%), 2-3 months (24.8%), and 4-6 months
(21.0%), while very few patients took it
for > 1year (12%). The most frequently used
dosage form was 5% (91.0%). Regarding treat-
ment outcomes, 22.0% of the patients reported

Table 2 Minoxidil-related parameters (N = 400)

improvement and hair regrowth, 9.8% reported
stabilization of hair loss, and 4.5% reported
having baby hair, while 63.8% reported no
efficacy of the treatment or worsening. At least
one side effect was reported in 46.5% of the
patients, and two or more side effects were
reported in 12.8% of the patients (Table 2).

The five most frequently reported side effects
were scalp itching (13.8%), facial hair (12.3%),
increased hair loss (9.8%), seborrhea exacerba-
tion (9.5%), and headache (5.0%) (Fig. 1).

Of the total patients, 345 (86.3%) discon-
tinued minoxidil. Discontinuation rate showed
no association with sex (p = 0.271), age category

Parameter Level Frequency Percentage
Duration of use < 1 month 83 20.8
2-3 months 99 24.8
4—6 months 84 21.0
6-12 months 62 15.5
> 1 year 48 12.0
Not documented 24 6.0
Dose 2% 36 9.0
5% 364 91.0
Patient-reported outcomes Improved 88 22.0
Stabilized 39 9.8
Baby hair 18 45
No efficacy 255 63.8
Side effects No 214 53.5
Yes 186 46.5
Number of complications None 214 53.5
1 135 33.8
2 42 10.5
3+ 9 23
Discontinuation No 55 13.8
Yes 345 86.3
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Fig. 1 Side effects of minoxidil. Bars represent the percentage of patients who reported the given side effect

(p = 0.069), or previous treatment (p = 0.530).
Furthermore, the likelihood of minoxidil dis-
continuation decreased with increased treat-
ment duration (p < 0.001) and was significantly
lower among patients who reported improve-
ment (69.3%) or stabilization of hair shedding
(64.1%), compared with those who reported
baby hair (88.9%) or no efficacy (95.3%)
(p <0.001). Having experienced an adverse
effect of minoxidil was associated with 93.6%
discontinuation rate compared with 75.8% in
the case of no side effects (p < 0.001) (Table 3).

In the adjusted regression model, minoxidil
discontinuation was independently association
with longer duration of use (> 1 year; OR 0.22;
p <0.001), perceived improvement (OR 0.17;
p < 0.001) or stabilization (OR 0.14; p < 0.001),

and the occurrence of side effects (OR 3.06;
p = 0.002) (Table 4).

Of the 345 patients who discontinued
minoxidil, 150 provided the reason for discon-
tinuation as a response to the questionnaire.
The most frequently mentioned reason was lack
of compliance (20.0%), followed by unsatisfac-
tory results (11.3%). In addition, one patient
elicited cost of the treatment as a reason for
discontinuation (results not presented in
tables).

Further analysis of the association between
duration of minoxidil use and treatment out-
comes, including improvement, was carried out
in the total population and among the patients
who discontinued separately (Table 5). Results
showed that longer treatment duration was
associated with a gradual increase in the
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Table 3 Factors associated with minoxidil discontinuation

Factor Treatment p-Value
discontinuation
No Yes
(N =51) (N =345)
n % N %
Sex
Male 22 164 112 83.6
Female 33 124 233 876 0.271
Age
< 32 years 26 11.1 208 88.9
> 32 years 29 175 137 825 0.069
Other treatments for
androgenetic
alopecia
No 43 132 282 86.8
Yes 12 160 63 840 0.530
Minoxidil duration
< 1 month 6 72 77 928
2-3 months 3 30 9 970
4—6 months 11 131 73 869
6-12 months 9 145 53 855
> 1 year 22 458 26 542
Not documented 4 167 20 833 <0.001*
Self-reported
outcomes
Improvement 27 307 61 693
Stabilization 14 359 25 641
Baby hair 2 11.1 16 889
No improvement 12 47 243 953 < 0.001*
Complications
No 40 242 125 75.8
Yes 15 64 220 936 < 0.001*

No. of complications
0 40 242 125 75.8
1 11 66 155 934

Table 3 continued

Factor Treatment p-Value
discontinuation
No Yes
(N =51) (N = 345)
n % N %
24 4 58 65 942 <0.001*

*Statistically significant result (p < 0.05)

percentage of patient-reported improvement
(p < 0.001) in both populations.

DISCUSSION

Summary of the Findings

The purpose of this research is to evaluate the
level of treatment compliance in patients trea-
ted with TM for AGA. This subsequently enables
us to identify the factors associated with dis-
continuation of minoxidil. The observed dis-
continuation rate of TM (including both 2%
and 5% forms) was 86.3%. Only 15.5% and
12.0% of the total patients achieved a long-tern
treatment duration of 6-12 months
and > 12 months, respectively. The occurrence
of side effects was reported in 46.5% of the
patients and was associated with a higher
minoxidil discontinuation rate (93.6%); how-
ever, the discontinuation rate remained very
high (75.8%) even in the absence of complica-
tions. The most common complications were
irritation (13.8%), facial hair (12.3%), increased
hair loss (9.8%), and seborrhea exacerbation
(9.5%). The discontinuation rate increased with
the increase in the number of adverse events.
Otherwise, there was no difference across sex or
age groups. Adjusted analysis showed that the
likelihood of minoxidil discontinuation inde-
pendently decreased by 78% (OR 0.22) with a
longer duration of use (> 1year), and by 83%
and 86%, respectively, in the case of perceived
improvement or stabilization. Furthermore, the
likelihood of discontinuation increased by
threefold in the case of side effects (OR 3.06),
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Table 4 Independent factors associated with minoxidil discontinuation
Predictor/level Unadjusted Adjusted
OR 95% CI p-Value OR 95% CI p-Value
Minoxidil duration
< 1 month Ref < 0.001* - - -
2-3 months 2.48 0.60 10.29 0.207 - - -
4—6 months 0.52 0.18 1.47 0.216 - - -
6-12 months 0.46 0.15 1.37 0.162 - - -
> 1 year§ 0.09 0.03 0.25 < 0.001* 0.22 0.10 0.46 < 0.001*
Not documented 0.39 0.10 1.51 0.174 - - -
Self-reported outcomes
Improvement 0.11 0.05 0.23 < 0.001* 0.17 0.08 0.37 < 0.001*
Stabilization 0.09 0.04 0.21 < 0.001* 0.14 0.06 0.37 < 0.001*
Baby hair 0.40 0.08 1.92 0.249 0.48 0.09 2.49 0.383
No improvement Ref < 0.001* Ref
Complications
No Ref Ref
Yes 4.64 2.46 8.73 < 0.001* 3.06 1.53 6.10 0.002*
No. of complications
0 Ref - - -
1 451 2.22 9.15 < 0.001* - - -
2+ 5.20 1.78 15.17 0.003* - - -

OD odds ratio, CI confidence interval

Ref: category used as reference in calculation of OR
*Statistically significant result (p < 0.05)

$Used as dummy variable in adjusted model

and we observed a positive relationship between
the duration of minoxidil use and patient-re-
ported efficacy.

Irritant and Allergic Contact Dermatitis

The use of TM is frequently associated with
scalp irritation or allergic contact dermatitis,
which induces debilitating symptoms, such as
pruritus and erythema, ultimately leading to
treatment cessation [9]. In most cases, contact
dermatitis is caused by irritation or sometimes

contact allergy from propylene glycol, a non-
active ingredient in commercial formulations,
rather than the active principle [7]. Less com-
monly, there is a true allergic contact dermatitis
from minoxidil itself. Patch testing may be
useful to determine the source of sensitization.

Seborrhea Exacerbation

Exacerbation of seborrheic dermatitis is another
concern that was reported with minoxidil [7].
This reaction may mimic irritant or allergic
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Table 5 Association of duration of minoxidil use with patient-reported improvement among all participants and dis-

continuers (N = 400)

Duration of use All participants (N = 400)

Discontinuers (N = 346)

n Improvement (%) n Improvement (%)
< 1 month 83 1.2 77 0.0
2-3 months 99 19.2 96 17.7
4—-6 months 84 29.8 73 24.7
6-12 months 62 25.8 53 20.8
> 12 months 48 43.8 26 42.6
Not documented 24 25.0 20 20.0
p-Value < 0.001* < 0.001*

*Statistically significant result (p < 0.05)

contact dermatitis; therefore, it is necessary to
differentiate the two entities to provide ade-
quate management and enable treatment con-
tinuation since seborrhea can be controlled
without interruption of minoxidil [7]. The
mechanism behind minoxidil-induced sebor-
rhea is not elucidated; however, minoxidil is
still believed to suppress the androgen receptor
activity, which would decrease androgen-in-
duced sebum production [11, 12]. Minoxidil
may possibly exhibit a paradoxical action on
sebocytes, stimulating their androgen-receptor-
related pathways instead of inhibiting them.

Hypertrichosis

Minoxidil is a potent arteriolar vasodilator that
opens potassium channels of smooth muscle
cells leading to local hyperpolarization. This
mechanism results in better perfusion to hair
follicles, which may explain the reversal of hair
loss [9]. Minoxidil also stimulates the vascular
endothelial growth factor (VEGF)-mediated
perifollicular angiogenesis in human dermal
papilla cells, leading to acceleration of hair
growth in a dose-dependent fashion as shown
by Lachgar et al. [13]. However, these effects are
not specific to scalp follicles, which may cause
hair growth in other non-desired areas, such as
the temples, forehead, cheeks, and other more
remote areas of the skin [9]. In a previously cited
study by Blume-Peytavi et al., the prevalence of

hypertrichosis in sideburns and temples was
26% and 25% in patients treated with 2%
minoxidil solution, versus 11% and 22% in
those treated with 5% minoxidil foam, respec-
tively [10]. Fortunately, drug-induced hypertri-
chosis is a reversible condition in most cases
and resolves spontaneously after treatment
cessation [14].

Increased Hair Loss

Another anti-alopecic mechanism of minoxidil
with the initiation of minoxidil treatment is the
shortening of the telogen phase, which induces
the shedding of the club telogen hairs and
subsequent shift to reenter anagen phase with
the regrowth of healthy and thick anagen hairs
(immediate telogen release) [9]. This results in
the development of increased hair loss/shed-
ding as an adverse event [9], as reported in our
study.

Lesser Likelihood of Discontinuation
with Prolonged Use

We observed a tendency for better adherence to
TM after long-term use (6 months and beyond).
This may be explained by early discontinuation
being motivated by side effects that occur dur-
ing the first weeks or months of treatment.
Beyond this period, the likelihood of adverse
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effects may decrease. More notably, we observed
that duration of use for > 1 year was indepen-
dently associated with 78% decrease of the dis-
continuation rate, which may constitute a
threshold for enhanced compliance. Another
possible explanation is that long-term adher-
ence may be motivated by perceived improve-
ment in the initial period of treatment. This is
in agreement with the observed gradual
increase in patient-reported improvement with
the duration of use, reaching up to 43.8%
after > 1 year of use, even among the patients
who discontinued TM. This emphasizes the
importance of achieving a long-term compli-
ance to minoxidil, in the absence of serious side
effects, to induce a virtuous cycle of improve-
ment—satisfaction—adherence. Beyond these
factors, several patient- and physician-related
factors may contribute to minoxidil adherence
[15].

High Rate of Discontinuation Even
in the Absence of Side Effects

Our findings revealed that the use of TM had led
to clinical improvement in a modest proportion
(22.0%) of patients. This is associated with early
interruption of treatment occurring even in the
absence of adverse events in several patients,
probably because of low perceived clinical
improvement. A recent survey of 93 patients
with AGA found that 68% of previous TM users
had stopped because of lack of effectiveness
[16]. While safety outcomes were not men-
tioned as a real complaint, a substantial per-
centage of patients reported significant
concerns about cost (47%) and life-long use
(32%). In the present study, only one patient
was concerned with minoxidil cost and another
one was concerned with life-long use; both were
reported as reasons for discontinuation.

Other Observations

In the present study, the most frequently used
previous treatment was platelet-rich plasma
(8.5%), followed by hair transplantation (4.0%)
and ACM (3.8%). Furthermore, only 2.5% of the
patients reported having wused finasteride

previously. A meta-analysis of ten studies
(N =165 participants) examining PRP treat-
ment in patients with AGA showed a statisti-
cally significant overall standardized mean
difference in hair density of 0.58 compared with
baseline. Authors concluded that PRP is benefi-
cial in the treatment of AGA [17]. Hair trans-
plantation is an established effective treatment
for AGA in male patients, especially in advanced
stages, with graft survival being greater than
90% [18], but is limited by a weak occipital
donor area in many female patients with AGA
[19, 20]. ACM is an autologous cellular suspen-
sion obtained from three scalp tissue specimens
disaggregated by Rigeneracons medical device
(Human Brain Wave, Turin, Italy). The author,
in a retrospective cohort study of 140 patients
(80.7% of them female), concluded that ACM is
a promising treatment in early AGA with a
short-term favorable response observed in up to
approximately two-thirds of patients [21]. Ruiz
et al. studied the efficacy of ACM among 100
cases of AGA and showed significant increase in
hair density and thick hair percentage at
2 months [22].

Although finasteride has proven efficacy and
is FDA approved for treating male patients with
AGA, it was previously used by a limited num-
ber of patients in the present study. In clinical
trials, patients taking oral finasteride predomi-
nantly reported sexual dysfunction as a side
effect (erectile dysfunction, loss of libido, ejac-
ulation disorder, and gynecomastia) in 4.5% of
cases [23]. Post-finasteride syndrome (PFS),
which includes sexual dysfunction, is believed
to persist after cessation of finasteride therapy
[24]. The probable reason for the low percentage
of finasteride usage in this study is the fear of
potential sexual dysfunction and PFS, which
may also be influenced by the culture in which
the study was conducted.

Furthermore, the low male ratio observed in
the present study, approximately half the
number of female patients, reflects the actual
percentage of patients presenting to the
author’s clinic, as female patients are more
concerned about their hair loss than males,
especially in the local culture. Psychological
stress in women is usually more severe, as hair is
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Strategies to reduce minoxidil discontinuation

Androgenetic alopecia

is a chronic condition.
| Therefore, topical
' minoxidil should be
continued daily for life

, Topical minoxidil shoul
| be used for a minimum
& of 12 months to assess
V its efficacy.

The need to manage pre-existing seborrhea before starting minoxidil.

Fig. 2 Strategies to reduce minoxidil discontinuation

one of the most important components of
women'’s physical appearance [25-27].

Strategies to Reduce Discontinuation

Patient education is of paramount importance
for optimizing compliance to TM. Before pre-
scribing the drug, the expected level and time of
response must be thoroughly discussed with
patients to avoid any feelings of disappoint-
ment. Patients should be informed about the
necessity of long-term application of minoxidil
to achieve the desired cosmetic outcome and
psychosocial well-being, since the clinical
response can only be significantly noticed after
an average of 4-6 months of treatment [3, 9].
Furthermore, patients must be informed about
the possible side effects, as full disclosure of side
effects was shown to enhance primary adher-
ence [28]. Nonetheless, patients should be
reassured about the reversibility and normality
of minoxidil-related esthetic complications (i.e.,
increased hair shedding and hypertrichosis), as
these effects are linked to its mechanism of
action. Thus, increased hair loss and hypertri-
chosis usually disappear shortly once the treat-
ment progresses and ends, respectively.

In patients with contact dermatitis, a patch
test should be performed to identify the aller-
gen. In the case of irritation or allergy from

Educating
Patients
that...

Not everyone
responds to topical
minoxidil.

Minoxidil may have

Y some side éeffects
mcludmg: scalp itching
14%), facial hair
(12%), increased hair
loss (10%), seborrhea

exacerbation (1 0%2 ,and

headache (5%).

Zari Shadi, 2023

propylene glycol, a propylene-glycol-free for-
mulation can be prescribed to reverse the sen-
sitization  process and enhance drug
acceptability and tolerability [9, 29, 30]. In such
cases, the foam form is preferred over the liquid
form, as it does not contain any propylene
glycol, usually required for the liquid formula-
tion to serve as a vehicle that dissolves
hydrophobic minoxidil in water [31]. Minoxi-
dil-induced seborrhea and itching can also be
treated by alternating between ketoconazole or
zinc pyrithione or selenium-sulfide-based
shampoos. Corticosteroid shampoos can also be
used once weekly in some patients [32]. The off-
label use of low-dose oral minoxidil can be also
used in selected patients after discussing its side
effects, which include hypertrichosis (15.1%),
lightheadedness (1.7%), fluid retention (1.3%),
tachycardia (0.9%), headache (0.4%), and peri-
orbital edema (0.3%) [33]. Therianou and col-
leagues recently reported nine patients who
demonstrated true patch test proven contact
allergy to TM but tolerated oral minoxidil
without any notable complications. The
patients used oral minoxidil at the low dose of
0.25 mg twice daily, and follow-up for these
patients ranged from 7-33 months. None of the
nine patients reported side effects and all were
satisfied with their treatment results [34].
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Additionally, selecting the most suit-
able candidates to long-term TM therapy can
prevent treatment discontinuation. Preexisting
seborrhea should be managed prior to intuition
of TM. Goren et al. demonstrated that minoxi-
dil efficacy in patients with AGA can be pre-
dicted by studying the level of enzymatic
activity of hair follicle sulfotransferase
(SULT1A1), the enzyme that converts minoxidil
to its active form minoxidil sulfate, with 95%
sensitivity and 73% specificity [35]. Consis-
tently, Roberts etal. supported the same
hypothesis and found a sensitivity of 93% and a
specificity of 83% [36]; however, the clinical
validity of this biomarker requires further
assessment [37]. The availability of such prog-
nostic tools would provide more accurate pre-
dictions of the treatment benefit-risk ratio,
which can be shared with patients to involve
them in therapeutic decision-making. The most
important strategies to prevent minoxidil dis-
continuation are summarized in Fig. 2.

Limitations

One essential limitation of this study is the
inability to address other barriers that may
compromise patients’ adherence to treatment,
such as personal factors, socioeconomic status,
comorbidities, level of education, stressful
events, previous experiences with medications,
difficulties of treatment application, etc. More-
over, the study failed to assess the levels of
patients’ knowledge about minoxidil and their
levels of expectations regarding its efficacy, as
well as their actual timing and method of
application.

CONCLUSIONS

The clinical use of TM in AGA is limited by a
substantially low compliance even in the
absence of adverse effects. A majority of the
discontinuation events occurred during the first
few months of treatment. The occurrence of
side effects further increased the likelihood of
minoxidil discontinuation. We emphasize the
importance of educating patients that TM
should be used for a minimum of 12 months to

assess its efficacy, and to educate them about
possible side effects to engage them in the
decision-making process. Furthermore, patients
should be closely monitored for adverse effects
related to minoxidil, and adequate interven-
tions should be implemented in a timely man-
ner to reverse or reduce the severity of these
adverse effects and improve patient compliance.
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