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ABSTRACT

Introduction: Oral minoxidil is an antihyper-
tensive vasodilator known to stimulate hair
growth. The use of low-dose oral minoxidil for
the treatment of male androgenetic alopecia
(AGA) is receiving increasing attention. The aim
of this study was to evaluate the efficacy and
safety of oral minoxidil for the treatment of
male AGA.
Methods: This was an open-label, prospective,
single-arm study. Thirty men aged 24–59 years
with AGA types III vertex to V were treated with
oral minoxidil 5 mg once daily for 24 weeks.
Efficacy was evaluated by hair counts, hair
diameter measurements, photographic assess-
ment, and self-administered questionnaire. The

safety of the treatment was closely monitored
by means of physical examinations and labora-
tory investigations.
Results: There was a significant increase in
total hair counts from baseline at weeks 12
(mean change ? 26, range 182.5–208.5 hairs/
cm2) and 24 (mean change ? 35.1, range
182.5–217.6 hairs/cm2) (both p = 0.007). Pho-
tographic assessment of the vertex area by an
expert panel revealed 100% improvement
(score[? 1), with 43% of patients showing
excellent improvement (score ? 3, 71–100%
increase). The frontal area also showed a sig-
nificant response but less than that of the vertex
area. Common side effects were hypertrichosis
(93% of patients) and pedal edema (10%). No
serious cardiovascular adverse events and
abnormal laboratory findings were observed.
Conclusion: Oral minoxidil 5 mg once daily
effectively increased hair growth in our male
patients with AGA and had a good safety profile
in healthy subjects. However, oral minoxidil
should be used carefully with men who have
severe hypertension and increased risk for car-
diovascular events.
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DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
the digital features for this article go to https://
doi.org/10.6084/m9.figshare.12937661.

Key Summary Points

The use of oral minoxidil as a treatment
for androgenetic alopecia (AGA) is limited
mainly because of the side effects of severe
and uncontrolled hypertension reported
at standard doses of 10–40 mg.

The aim of this open-label, prospective,
single-arm study was to evaluate the
effectiveness and the safety of oral
minoxidil at the low dose of 5 mg once
daily in men with AGA types III vertex to
V.

Oral minoxidil significantly increased hair
growth, with a mean change in total hair
counts ? 19.23% from baseline at week
24; global photographic assessment
revealed 100% improvement
(increase[? 1 score), with 43% of
patients showing excellent improvement.

Our results show that low-dose oral
minoxidil can be considered a safe
treatment for male AGA in healthy
subjects, with only minor side effects of
hypertrichosis (93%) and pedal edema
(10%). There was no significant change in
blood pressure (BP) and pulse rate (PR) at
24 weeks after treatment, with mean
systolic BP decreasing by - 3.8 mmHg,
mean diastolic BP decreasing by
- 1.1 mmHg, and PR increasing by ? 0.6/
min.

INTRODUCTION

Topical minoxidil 2–5%, oral finasteride, and
low-level laser therapy are current the standard

first-line treatments for androgenetic alopecia
(AGA). Minoxidil in an oral formulation has
been previously used in general medicine for
the treatment of severe and uncontrolled
hypertension at a dose of 10–40 mg [1]. Unin-
tentionally, the early trials of oral minoxidil as
an antihypertensive drug documented side
effects such as hypertrichosis and hirsutism
with chronic use and reported the drug’s
potential for stimulating hair growth [2, 3].
These findings led to the subsequent develop-
ment of a topical minoxidil formulation for the
treatment of AGA. However, the use of oral
minoxidil for AGA is limited mainly because of
the side effects at standard doses. Nevertheless,
increasing attention is focusing on the use of
low doses of oral minoxidil (0.25–5 mg once
daily) for alopecia [4, 5]. The objectives of this
study were to evaluate the effectiveness and
safety of oral minoxidil at a dose of 5 mg once
daily for the treatment of male AGA.

METHODS

Patient Population

Thirty men with mild to moderate AGA (III
vertex, IV, V modified Norwood–Hamilton
classification) were recruited to the study. All
inclusion and exclusion criteria are shown in
Electronic Supplementary Material (ESM)
Table S1.

Study Design

This was an open-label, prospective, single-arm
outpatient study conducted at King Chula-
longkorn Memorial Hospital, Bangkok, Thai-
land. The study involved a screening phase (up
to 4 weeks), a treatment phase (24 weeks), and a
2-week follow-up phase. Patients were asked to
take minoxidil 5 mg (T.O. Pharma Co. Ltd,
Bangkok, Thailand) once daily every morning
for 24 weeks, with the exception that the first
dose of oral minoxidil was given to patients at
nighttime to prevent orthostatic hypotension.
The primary study outcome was efficacy of the
treatment, evaluated by target area hair counts
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on the vertex at 12 and 24 weeks. Secondary
outcomes were hair thickness, photographic
assessment, self-assessment questionnaires, and
safety assessments. Patients were asked to return
for evaluations at 4, 12, 24, and 26 weeks after
treatment initiation. Compliance was evaluated
by counting the remaining tablets at each visit.
The efficacy and safety assessment schedule is
presented in ESM Table S2.

The study protocol and informed consent
form were reviewed and approved by the Insti-
tutional Review Board of Faculty of Medicine,
Chulalongkorn University (IRB number
496/55). This study was performed in accor-
dance with the Helsinki Declaration of 1964
and its later amendments. Informed consent for
publication was obtained for each participant.

Efficacy Assessment

Hair Count and Hair Thickness
A 1-cm2 target area of the thinning area at the
midscalp or anterior edge of vertex area was
marked with a tattoo to facilitate precise deter-
mination of hair density and thickness.
Macrophotographs of the reference area were
taken using a dermoscopic device with a 1-cm2

grid (3Gen DermLite II Pro HR; 3Gen LCC, San
Juan Capistrano, CA, USA) connected to a cell
phone (iPhone 6; Apple Inc., Cupertino, CA,
USA). The hairs in this area were manually
counted by the same experienced technician,
who was blinded to treatment, and reported as
total hair and non-vellus hair counts. Hair
thickness of five representative hairs in the ref-
erence area was measured using Adobe photo-
shop analysis (Adobe Inc., Mountain View, CA,
USA) and then averaged.

Global Photographic Assessments
Standardized global photographs were taken
using a digital camera (model EOS 650D DSLR;
Canon Inc., Tokyo, Japan). A stereotactic posi-
tioning device with continuous light was used
to fix the head position and control the light-
ing. A panel of three blinded dermatologists
independently assessed any improvement in
hair growth at the vertex and frontal views

using a standardized 7-point rating scale (- 3 to
? 3).

Patient Self-Assessment Questionnaires
Each patient was requested to perform self-
assessment of hair growth and treatment satis-
faction using the Hair Growth Index (HGI) and
Hair Growth Satisfaction Scale (HGSS).

Safety Assessments
Safety assessment was performed using the
combined results of history taking, physical
examinations, laboratory test evaluations, and
imaging at every visit. A history of nausea,
vomiting, orthostatic hypotension, chest pain,
dyspnea, orthopnea, hypertrichosis, and sexual
function were recorded and evaluated. The
physical examination included vital signs,
blood pressure (2 positions: sitting and stand-
ing), height, weight, waist circumference,
abdominal circumference, pitting edema, and
assessment of hypertrichosis or presence of
vellus hairs on the face and forearm using the
modified Ferriman–Gallwey scoring system for
evaluating and quantifying hirsutism. Labora-
tory evaluation included complete blood count
(CBC), blood urea (BUN), creatinine (Cr), elec-
trolytes, liver function tests, chest X-ray, and
electrocardiography (EKG).

Statistical Analysis

All analyses were performed with the SPSS ver-
sion 18 statistical software package (IBM Corp.,
Armonk, NY, USA) based on the modified
intent-to-treat population. P values of \ 0.05
were considered to be statistically significant.
For hair counts, a general linear analysis model
adjusted for treatment, cluster, and baseline
value was used. A general linear analysis model
that included effects of treatment and cluster
was used to compare median panel assessment,
and total HGI scores. A Fisher exact test was
used to compare all adverse events (AEs) and
severe AEs (SAEs).
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RESULTS

A total of 30 men aged 24–59 years were enrol-
led and completed the study. Patient mean age
was 38 years with the mean age at which
patients began losing hair was 24.8 years and

the mean duration of hair loss was 12.9 years.
The most common modified Norwood-Hamil-
ton classification was type IV followed by type V
and type IIIv. Patient demographic data is
summarized in Table 1.

Table 1 Patient demographic data and characteristics

Patient characteristics Valuesa

Age (years)

Mean 38 ± 10

Minimum–maximum 24–59

Age 20–40.9 years 19 (63.3%)

Age 41–60 years 11 (36.7%)

Age hair loss first noticed (years) 24.8 ± 8.7

Duration of hair loss (years) 12.9 ± 11

Family members experiencing AGA 28 (93.3%)

Previous treatment

Finasteride 2 (20.03%)

Topical 5% minoxidil 5 (16.7%)

Topical herbal extracts 10 (33.3%)

Current smokers 4 (13.3%)

Former smokers 4 (13.3%)

Alcohol consumers 20 (66.7%)

Underlying diseases

Diabetes 3 (10%)

Dyslipidemia 7 (23.3%)

Hypertension 3 (10%)

Metabolic syndrome 4 (13.3%)

Baseline Norwood–
Hamilton classification

Total patient
cohort (n = 30)

Patient cohort
aged < 41 years (n = 19)

Patient cohort
aged ‡ 41 years (n = 11)

III vertex 8 (26.7%) 8 (42.1%) 0 (0%)

IV 12 (40.0%) 4 (21.1%) 8 (72.7%)

V 10 (33.3%) 7 (36.8%) 3(27.3%)

Values in table are presented as the mean ± standard deviation (SD) or as a number with the percentage in parenthesis
AGA Androgenetic alopecia
a Total number of patients (n) = 30
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Table 2 Total, non-vellus hair count, and hair diameter

Hair count (hairs/
cm2)

Total patient cohort
(n = 30)

Patient cohort
aged < 41 years (n = 19)

Patient cohort aged
‡ 41 years (n = 11)

P valueb

Total hair count

Baseline 182.5 ± 43.3 180.4 ± 40.6 186.3 ± 49.5 0.726

12 weeks 208.5 ± 42.8 208.2 ± 39.3 209.1 ± 50.3 0.958

24 weeks 217.6 ± 44.9 221 ± 42.7 211.6 ± 49.9 0.578

P value 0.007a

Difference from baseline

12 weeks 26.0 ± 19.5 27.8 ± 20.3 22.8 ± 18.3 0.505

24 weeks 35.1 ± 18.9 40.7 ± 17.5 25.4 ± 17.7 0.029

Percentage increase = 100 9 (([end count - baseline count)]baseline count)

12 weeks 14.25% 15.41% 12.24%

24 weeks 19.23% 22.56% 13.63%

Non-vellus hair count

Baseline 152.3 ± 33.0 152.9 ± 32.7 150.7 ± 35.1 0.863

12 weeks 178.1 ± 38.0 180.9 ± 37.0 173.3 ± 41.1 0.603

24 weeks 188.1 ± 37.0 192.9 ± 37.6 179.7 ± 36.2 0.357

P value 0.001a

Difference from baseline

12 weeks 26.0 ± 18.4 28.0 ± 20.2 22.5 ± 15.1 0.444

24 weeks 35.9 ± 15.6 39.9 ± 15.3 29.0 ± 14.2 0.063

Percentage increase = 100 9 (([end count - baseline count]/baseline count)

12 weeks 17.07% 18.31% 14.93%

24 weeks 23.57% 26.10% 19.24%

Hair diameter [mean (SD)]

Baseline 58.5 ± 11.8 62.9 ± 9.6 50.9 ± 12.0 0.006

12 weeks 64.7 ± 15.2 70.2 ± 14.2 55.1 ± 12.1 0.006

24 weeks 67.4 ± 4.5 71.5 ± 14.3 60.2 ± 12.3 0.037

P value (12th week-

baseline)

0.002a

P value (24th week-

baseline)

0.001a

Difference from baseline
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Efficacy Assessment

Target Area Hair Count (Total and Non-Vellus
Hair Counts)
The total hair counts continuously increased
during the 12 and 24 weeks following treatment
initiation. Compared to baseline, the mean
change in total hair counts was significantly
higher at 12 weeks (total ± standard deviation
[SD] ? 26 ± 19.5 hairs/cm2; P = 0.023) and 24
weeks (? 35.1 ± 18.9 hairs/cm2; P = 0.003) of
treatment. Non-vellus hair counts were also
significantly higher increase at 12 and 24 weeks
compared to baseline (? 26 ± 18.4 hairs/cm2

[P = 0.006] and ? 35.9 ± 15.6 hairs/cm2

[P\0.001], respectively) (Table 2).

Hair Diameter
Hair diameter significantly increased from
baseline by 10.6% (from 58.5 ± 11.8 to 64.7 ±

15.2 lm) at 12 weeks (P = 0.002) and by 15.21%
(from 58.5 ± 11.8 to 67.4 ± 14.5 lm) at
24 weeks (P\0.001) (Table 2).

Photographic Assessment
Expert panel global photographic assessment of
vertex area, as shown in Table 3, revealed a
100% improvement (score[? 1). Remarkably,
43% of patients had achieved an excellent
improvement (score ? 3, 71–100% increase) by
the end of study. An additional 12 weeks of

treatment resulted in greater efficacy outcomes;
the median (range) score increased from 2 (0–3)
to 3 (1–3) (P\0.001) and the ratio of excellent
improvement increased from 6.7 to 43.3% at
weeks 12 and 24, respectively (P\0.001). On
the frontal area, the median (range) score
increased from 1 (0–3) to 2 (1–3) at weeks 12
and 24, respectively (P\0.001). Representative
photographs are shown in Fig. 1.

Subgroup Analysis by Age

Subjects in the older group ([41–60 years)
achieved a higher score than their younger
counterparts (20–40 years) on the modified
Norwood–Hamilton classification. Comparison
of these two age groups revealed that at 24
weeks of treatment younger men achieved a
significant increase in number of total hairs
(? 40.7 hairs/cm2 increase) compared to older
men (? 25.4 hairs/cm2 increase) (P = 0.029)
(Table 2). In addition, younger men had a larger
hair diameter than to older men at baseline
(P = 0.006), 12 weeks (P = 0.006), and 24 weeks
(P = 0.037). However, there was no significant
difference in diameter change after treatment
between groups.

Table 2 continued

Hair count (hairs/
cm2)

Total patient cohort
(n = 30)

Patient cohort
aged < 41 years (n = 19)

Patient cohort aged
‡ 41 years (n = 11)

P valueb

12 weeks 6.2 ± 9.8 7.3 ± 11.4 4.1 ± 6.4 0.402

24 weeks 8.9 ± 8.6 8.6 ± 10.4 9.3 ± 4.7 0.852

Percentage increase = 100 9 ([end count - baseline count]/baseline count)

12 weeks 10.60% 11.61% 8.06%

24 weeks 15.21% 13.67% 18.27%

Values in table are presented as the mean ± SD unless indicated othewrise
a Repeated measures analysis, least significant difference (LSD)
b Independent t test
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Patient Self-Assessment Questionnaires

The clinical improvement could be observed by
most patients. The mean (± SD) total HGI score
of three aspects (- 9 to ? 9) was 3.9 ± 2.8 at
12 weeks and 5.0 ± 2.1 at 24 weeks (P = 0.018).
All patients were also satisfied with the results in
terms of mean total HGSS score of 5 aspects
(- 15 to ? 15), with a score of 5.3 ± 4.9 at
12 weeks and 8.0 ± 4.1 at 24 weeks (P = 0.006)
(see ESM Tables S3 and S4 for details).

Safety Assessment

The side effects of oral minoxidil are shown in
ESM Table S5. After the first dose of oral
minoxidil, the mean blood pressure (BP)
decreased from 134.2/78 to 131.7/78.5 mmHg
and the mean pulse rate (PR) decreased from
75.6 to 71.8/min after 60 min (P[0.05), with-
out any reflex tachycardia from the vasodilatory
effect. Orthostatic hypotension was observed in
two patients (6.7%) at 30 min and in one
patient (3.3%) at 60 min after taking the first
dose of medication without any symptoms. The
BP of these three patients had returned to nor-
mal at the follow-up BP measurement taken at
30 and 60 min after the dosing. At 24 weeks into
treatment, the mean BP showed a non-signifi-
cant change from 134.2/78 to 130.3/
76.9 mmHg, and the mean PR had increased
from 75.6 to 76.2/min (P = 0.792).

Regarding cardiac monitoring, abnormal
EKG findings were found in six patients (20%),
two of whom had occasional premature ven-
tricular contraction and four had with new T
wave inversion in one lead (mostly V1) without
any symptoms. This T-wave inversion in V1 was
classified as a non-ischemic pattern. No serious
cardiovascular adverse effects of minoxidil were
found.

Pedal edema was present in three patients
(10%) at 1–2 months into treatment, which
spontaneously resolved after 2–3 months.
Focusing on patients with pedal edema, two
patients had obesity (body mass index[30 kg/
m2) without abnormal physical or laboratory
abnormalities and one patient with hyperten-
sion was being treated with calcium channel
blocker. The edema decreased after salt intake
was rigorously restricted. Hypertrichosis was the
most common side effect, present in 27 (90%)
and 28 (93.3%) patients at 12 and 24 weeks,
respectively. The most common locations were
limbs (forearm) and face (forehead, temples and
over the malar prominences). However, this
condition was well-tolerated by most patients.

Table 3 Expert panel global photographic assessment on
vertex and frontal area at weeks 12 and 24 of treatment
compared to baseline

7-Point rating
scalea

12 weeks, n (%) 24 weeks, n (%)

Vertex area

- 3 0 (0) 0 (0)

- 2 0 (0) 0 (0)

- 1 0 (0) 0 (0)

0 1 (3.3) 0 (0)

? 1 7 (23.3) 2 (6.7)

? 2 20 (66.7) 15 (50)

? 3 2 (6.7) 13 (43.3)

Frontal area

- 3 0 (0) 0 (0)

- 2 0 (0) 0 (0)

- 1 0 (0) 0 (0)

0 51 (16.7) 0 (0)

? 1 11 (36.7) 8 (26.7)

? 2 12 (40) 19 (63.3)

? 3 2 (6.7) 3 (10)

a A standardized 7-point rating scale (- 3 to ? 3) was
used, in which - 3 indicates greatly decreased; - 2,
moderately decreased; - 1, minimally decreased; 0, no
change; ? 1, minimally increased; ? 2, moderately
increased; ? 3, greatly increased
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Laboratory and Imaging

After 24 weeks of treatment, CBC, BUN, Cr, and
electrolytes were within normal limits in all
patients. There were slight increases in aspartate
aminotransferase (40–60 U/L) in one patient
(3.3%) and alanine aminotransferase (40–60 U/
L) in nine patients (30%). Chest X-rays were
normal in all patients at baseline and one
patient (3.3%) showed a borderline heart size at
24 weeks.

DISCUSSION

Minoxidil is known to be an effective treatment
for decreasing the rate of hair loss and pro-
moting hair regrowth by increasing both hair
diameter and density, but its mechanism of
action is not yet fully understood [6, 7].
Minoxidil can also promote premature anagen
entry to resting hair follicles and prolong the
anagen phase [8, 9]. Thus, shortening of the
telogen phase and acceleration of the telo-
gen–exogen phase lead to synchronization of
the hair cycle and increased hair shedding after
the initiation of minoxidil therapy [10].

Low-dose oral minoxidil has been used in
many Asian countries for [ 30 years to treat

male AGA, albeit there have been very few case
reports. In 2018, a pilot study demonstrated the
effectiveness of oral minoxidil 0.25–1.25 mg
once daily and spironolactone 25 mg for the
treatment of Sinclair stage 2–5 female pattern
hair loss. One hundred women completed the
study, with a mean reduction in hair shedding
score (range 1–6) of 2.3 at 6 months and 2.6 at
12 months. [11] In addition, a recent retro-
spective review showed that low-dose minoxidil
(2.5–5 mg once daily), given either as
monotherapy or as an additional therapy for
6–12 months, was both effective and safe in 41
male patients with AGA [12, 13]. Therianou
et al. also reported the effectiveness of using
oral minoxidil in patients allergic to topical
minoxidil [14].

The results of our study showed that oral
minoxidil improved hair growth in men with
AGA according to all of the assessments applied.
Compared to baseline, total hair count at the
vertex increased by 14.25% at 12 weeks of
treatment (from 182.5 to 208.5 hairs/cm2) and
by 19.23% at 24 weeks of treatment (from 182.5
to 217.6 hairs/cm2). Non-vellus hair counts
were even more improved: compared to base-
line there was an increase of ? 17.07% (from
152.3 to 178.1 hairs/cm2) at week 12 and an
increase of ? 23.5% (from 152.3 to 188.1 hairs/

Fig. 1 Representative global photographs on vertex and
frontal area of two patients (a–f patient no. 1, g–l patient
no. 2) at baseline (a, b and g, h) and weeks 12 (c, d and i,

j) and 24 (e, f and k, l) after initiating treatment with oral
minoxidil 5 mg once daily
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cm2) at week 24. As expected, the younger
patients (\41 years) showed better response to
treatment than the older ones (C 41 years).
Compared to baseline, at 24 weeks, total hair
counts were significantly different in these two
groups in favor of the younger patients, with an
increase of ? 40.7 hairs/cm2 in the younger
patients versus ? 25.4 hairs/cm2 in the older
ones. This difference is likely due to the shorter
duration of hair loss, the lower classification of
AGA severity and the larger hair diameter in the
younger group at baseline, although the base-
line hair counts were not significantly different
in the two groups. In addition, the aging pro-
cess also contributes to the treatment outcomes:
hair density and diameter decrease with
advancing age, due not only to androgen-me-
diated processes but also to the systemic senes-
cence process, such as oxidative stress and stem
cell apoptosis, found in those aged [ 50 years
[15]. The authors of a previous study reported
that finasteride is also unlikely to stimulate
significant hair regrowth in older men, and
older men who take finasteride 5 mg for pros-
tate gland hypertrophy show no significant hair
growth [16].

Hair growth in patients on oral minoxidil
was clearly observed in the global photographic
assessment, with a 100% improvement
(score[? 1 or ? 1–40% improvement) on the
vertex area at 24 weeks. An improvement scale
score of ? 2 (moderate increase, ? 41–70%
improvement) and 3 (large increase,
[? 70–100% improvement) were reported in
93.3% of patients in the vertex and 73.3% of
patients in the frontal area. The frontal area also
showed a significant response, but less than that
of the vertex, which is consistent with many
previous reports [17, 18]. In previous studies,
the vertex type of AGA showed a more rapid
and obvious improvement with oral 1 mg
finasteride compared with the other areas
[18, 19].

Although we did make a direct comparison
of oral minoxidil 5 mg once daily to other
standard medications for AGA, our results sug-
gest that oral minoxidil at this dose is superior
to a 2–5% minoxidil solution, 5% minoxidil
foam, finasteride 1 mg, and dutasteride 0.5 mg
daily in all measurements (Table 4). Our global

photographic assessment illustrates distinctive
results in the oral minoxidil group, with all
patients showing positive response. A compar-
ison of total hair counts in patients treated with
oral minoxidil in our study with those in other
studies (see Table4) showed a 19.2% increase
among the patients in our study, followed by
those treated with 5% minoxidil foam (13.4%
increase), dutasteride (11.67%), and oral finas-
teride (7.2–9%).

In terms of safety, the results of physical
examinations, laboratory evaluations, and
imaging were assessed in our study. The com-
mon side effects of oral minoxidil were hyper-
trichosis (93%) and pedal edema (10%).
Hypertrichosis is a well-recognized adverse
effect of either oral or topical minoxidil, and the
extent of this AE has been suggested to be dose
dependent [20]. This condition is typically
reversible within 3–5 months and does not
always require discontinuation of therapy
[21, 22]. However, for patients with marked
hypertrichosis or psychosocial disturbances,
laser hair removal is an option to get rid of
unwanted hairs [23]. All patients in this study
were able to accept the hypertrichosis, which
usually resolves within 2–3 weeks after stopping
the medication [24]. We observed pedal edema
in patients with obesity and poorly controlled
hypertension. This condition is caused by
sodium and water retention, with blood flow
redistributed from the outer to the inner cortex
of the kidney [1, 25]. Therefore, a low salt diet
should be recommended to patients who are
taking oral minoxidil. However, the prevalence
of edema in patients on low-dose oral minoxidil
is far less than that in patients taking the stan-
dard dose (10–40 mg/day), which ranges from 7
to 100% of patients [1].

Regarding the hemodynamic effects, the first
case of orthostatic hypotension was found in
two patients, with a drop in systolic BP of ?

2.5 mm/Hg. Based on this observation, we rec-
ommend that the first dose of oral minoxidil be
administrated before bedtime to avoid this side
effect [1, 26]. At low dosage, there was no sig-
nificant change in BP and PR at 24 weeks after
treatment, with a mean systolic BP decrease of
- 3.8 mmHg, mean diastolic BP decrease of
- 1.1 mmHg and a PR increase of ? 0.6/min.
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The most serious side effects of minoxidil
reported to date are cardiovascular complica-
tions, with ischemic heart disease, pericarditis,
pericardial effusion and tamponade, pulmonary
hypertension, and high output cardiac failure
reported [2]. Angina may worsen or appear for
the first time during minoxidil treatment,
probably due to the increased oxygen demands
associated with increased heart rate and cardiac
output [27, 28]. In one study, pericardial effu-
sion caused by minoxidil occurred in approxi-
mately 3–5% of patients, but the mechanism
remained unknown [28]. An association
between pericardial effusion and renal status is
assumed. In some studies, pericardial effusion
was often associated with renal disease, uremic
syndrome, a connective tissue disease, conges-
tive heart failure, or marked fluid retention

[2, 3, 29]. When pericardial effusion is sus-
pected, EKG should be performed. In earlier
studies, EKG changes, such as ST-segment
depression and T-wave flattening and inversion,
were reported in up to 90% of patients in the
first 2 weeks of minoxidil treatment for hyper-
tension [26, 30]; basic blood chemistry and
chest X-rays were largely within normal range.
In our study, no SAEs were found and low-dose
oral minoxidil was generally well-tolerated.
From the safety point of view, we recommend
not prescribing oral minoxidil to elderly
patients with an increased risk for myocardial
infarction, heart failure, chronic renal failure, or
severe hypertension; oral minoxidil should be
considered only in healthy subjects.

To our knowledge, this is the first prospective
clinical trial studying the therapeutic effects of

Table 4 Comparison of oral minoxidil with other standard medical treatments

Study Drugs Duration of
treatment

Number of
subjects in
study

Panel Total hair
count

Non-vellus
hair count

This

study

Minoxidil oral 5 mg/day 24 weeks 30 100.0% 19.2% 23.5%

Olsen

et al.a
5% Minoxidil solution, vs 2%

minoxidil vs placebo

48 weeks 393 57.9% vs

40.8% vs

23.2%

12.3% vs

8.8 vs

2.6%

Olsen

et al.b
5% Minoxidil foam, vs placebo 16 weeks 352 38.3% vs

5.2%

13.4% vs 3.4%

Roberts

et al.c
Finasteride 1 mg/day, vs

placebo

12 months 693 54% vs 3% 9.0% vs - 2.1

Neste

et al.d
Finasteride 1 mg/day, vs

placebo

48 weeks 212 7.2 vs - 10.1

(8.3%

better)

Harcha

et al.e
Dutasteride 0.5 mg/day vs

finasteride 1 mg/day vs

placebo

24 weeks 153 47% vs 36%

vs 7%

11.67% vs

7.4% vs

- 0.64%

a Olsen EA et al. J Am Acad Dermatol. 2002;47(3):377–85
b Olsen EA et al. J Am Acad Dermatol. 2007;57(5):767–74
c Roberts JL et al. J Am Acad Dermatol. 1999;41(4):555–63
d Neste D et al. Br J Dermatol. 2000;143(4):804–810
e Harcha WG et al. J Am Acad Dermatol. 2014;70(3):489–98
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oral minoxidil in male AGA using a standard-
ized hair count method, hair mass index, global
photographic assessment, and patient satisfac-
tion. The strength of our study is the compre-
hensive investigations on safety the profile of
oral minoxidil, which is the main concern of
most physicians. A limitation of the current
study is that it was neither randomized nor
controlled but rather an open-label clinical trial.
A study population of 30 patients can be con-
sidered to be a relatively small sample. In the
future, randomized, double-blind, placebo-
controlled studies with longer study period are
required to accurately identify the efficacy and
long-term safety of low-dose oral minoxidil for
the treatment of AGA.

CONCLUSION

Oral minoxidil at a dose of 5 mg once daily
significantly increased hair growth in men with
AGA after 12 and 24 weeks of treatment. This
medication is widely available as 5 mg tablets, is
inexpensive, and can be considered safe in
healthy subjects, with minor side effects of
hypertrichosis and pedal edema. However, the
use of oral minoxidil in people who have severe
hypertension and risk of cardiovascular events
should be carefully planned.
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