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ABSTRACT

Background: Low-dose oral minoxidil (LDOM) is used to treat hair loss, but the literature on its safety profile is relatively sparse.
Aims: Using the FDA Adverse Event Reporting System (FAERS) database, we determined signals for adverse events (AEs) with
LDOM use.

Methods: Four sets of case/noncase study disproportionality analyses were conducted to determine reporting odds ratio (ROR)
for 10 AEs including pericardial effusion (PE). The oral minoxidil dose ranges were: (i) <1.25mg (i.e., 0-1.25mg), (ii) <2.5mg
(i.e., 0-2.5mg), (iii) <5mg (i.e., 0-5mg), and (iv) <10mg (i.e., 0-10 mg).

Results: For <1.25mg, we detected a signal for PE (ROR=16.41, 95% CI: 2.29, 117.37, p<0.05). For <2.5mg, the analyses de-
tected a signal for PE (ROR =13.30, 95% CI: 5.96, 29.68, p < 0.05); the ROR in the absence of cardiac impairment was 5.34 (95% CI:
1.33, 21.37, p<0.05); in the presence of cardiac impairment, the ROR was 49.42 (95% CI: 18.27, 133.66, p <0.05). A signal for PE
was also detected at <5 and <10mg. For PE, there was a significant (p <0.05) association with a patient outcome of “life threat-
ening” only at the <10mg dose range.

Conclusions: Our study, the first FAERS-based signal detection study for LDOM, found significant associations between LDOM
use and several AEs. In the absence of causal evidence, these correlations warrant more attention regarding safe use of LDOM.
Until more safety data are available, we recommend using LDOM at the lowest effective dose (<5 mg/day).

1 | Introduction hypertension [3], while hair regrowth has been associated

with lower doses. Some have indicated that LDOM is a dose of
Oral minoxidil was inceptively used to treat hypertension; more <10mg daily [1]; others have suggested a dose of <5mg; how-
recently it has been prescribed off-label for male pattern hair ever, there is no uniformly accepted definition of LDOM. The
loss (MPHL) and female pattern hair loss (FPHL) [1, 2]. Doses literature suggests that FPHL patients are prescribed relatively
above 10mg per day have been used to treat severe refractory lower doses of minoxidil (range: 0.25-2.5mg/day) compared
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with MPHL patients (range: 1.25-5.0 mg/day), possibly because
females are more prone to LDOM-associated hypertrichosis and
systemic side effects than males [2, 4]. Additionally, females gen-
erally have lower body weight than males.

Topical minoxidil was licensed by the FDA for MPHL in 1988
and for FPHL in 1991, well before the popularity of off-label use
[5]. While topical minoxidil (2% and 5%) has been FDA-approved
for over 30years, the peer-reviewed literature for LDOM and
hair loss is under a decade old. Beach coined the descriptor “5 C's
of oral therapy” to summarize five advantages of the oral route
versus topical application: (1) “cosmesis,” (2) “convenience,” (3)
“co-therapy,” (4) “cost-savings,” and (5) “compliance” [6].

With the use of LDOM for alopecia increasing, more data has
begun to accumulate regarding adverse events (AEs). In Vanoé-
Galvan et al.'s retrospective, cohort study (857 males, 1612 fe-
males) on the safety of LDOM (0.03-15mg) seven AEs were
observed: dizziness (light headedness), fluid retention, head-
ache, hypertrichosis, insomnia, periorbital edema, and tachy-
cardia [2]; other AEs such as hypotension, pericardial effusion,
and peripheral edema have also been documented previously.

Since its inception in 1969, The US Food and Drug
Administration Adverse Event Reporting System (FAERS)—
which is a database that houses global information pertaining
to voluntarily reported AEs—had become a sine qua non data
source for pharmacovigilance studies. Analyses of FAERS data
has not only contributed to the safety literature of many drugs,
but is also a desideratum in the postmarketing withdrawal of
numerous medicines [7, 8]. The expansion of a therapy's safety
profile hinges on observational studies: by design, randomized
controlled trials (RCTs) are typically not statistically powered
enough for the identification of rare AEs.

To date, the work by Ortega-Quijano et al. is the only study that
investigated the safety of LDOM using the FAERS database [9].
However, their work was solely descriptive (i.e., no dispropor-
tionality analysis of any sort). We determined whether FAERS
data could detect signals for AEs that case reports had associ-
ated with LDOM.

2 | Methods

The conduct of our work was guided by the “STrengthening the
Reporting of OBservational studies in Epidemiology” (STROBE)
recommendations [10] as well as guidelines of the “Reporting of A
Disproportionality analysis for drUg Safety signal detection using
spontaneously reported adverse events in Pharmacovigilance”
(READUS-PV) [11].

2.1 | Data Sources

The FAERS database is constituted of seven anonymized data-
sets that each have a common variable for the identification
of case reports. Furthermore, the FAERS database is updated
quarterly, hence an observation period of 1year constitutes data
from 4 quarters. Our entire analyses involved five of the seven

datasets, namely, the “DEMO,” “DRUG,” “OUTC,” “REAC” and
“INDI” files [12]. Demographic information (e.g., age and sex)
are contained within the DEMO dataset; drug-related details
(e.g., drug name, active ingredient, and dose) are within the
‘DRUG’ file. The DRUG files corresponding to our observation
period (i.e., 2016-2023, inclusive) were structured in such a way
that analyzing drug information was straightforward, com-
pared with the structure in former quarters. For instance, “dose
amount” and “active ingredient” are stand-alone variables in
the DRUG file that were not present in the former quarters. The
‘REAC’ file has information on adverse events—where each is
described according to the preferred term (pt) nomenclature of
the Medical Dictionary for Regulatory Activities (MedDRA, ver-
sion 27.0) [13]. The “OUTC” file details patient outcomes (e.g.,
death, and hospitalization) and the ‘INDI’ file corresponds to
information regarding indications for drug use [12].

We used five of the seven datasets because of none of our analy-
ses required the other two; moreover, errors due to double count-
ing are avoided when there is no merging of unnecessary files.

2.2 | Analyses Plan

All analyses were conducted using the R software (version
4.3.2); we used the dplyr [14] and sqldf [15] R packages for data
mining. Alpha (cutoff for significance level) was 5%. Across all
analyses, the observation period was for 8years, i.e., 2016-2023
(inclusive).

We examined 10 specific adverse events that case reports [16]
had associated with LDOM, namely, dizziness, fluid retention,
headache, hypertrichosis, hypotension, insomnia, pericardial
effusion, periorbital edema, peripheral edema, and tachycar-
dia. Given that the MedDRA classification system (version 27.0)
distinguishes peripheral edema (pt MedDRA Code =10030124)
from fluid retention (pt MedDRA Code =10016807), we treated
the two as distinct entities for analyses purposes; moreover,
the International Classification of Disease (ICD) system of the
World Health Organization (WHO) also distinguishes between
the two.

For the treatment of PHL, many physicians would consider an
oral minoxidil dose of <5mg/day. We conducted four sets of
analyses according to the following dose ranges: (i) <1.25mg
minoxidil (i.e., 0-1.25mg), (ii) <2.5mg minoxidil (i.e., 0-2.5mg),
(iii) <5mg minoxidil (i.e., 0-5mg), and (iv) <10mg minoxidil
(i.e., 0-10mg). For each dose range, we performed the following
three analyses: (i) conducted disproportionality analyses to esti-
mate reporting odds ratios (and corresponding 95% confidence
interval [CI]) for LDOM and each of the 10 AEs (i.e., Analyses
1), (ii) “stratified” disproportionality analyses for pericardial ef-
fusion and LDOM according to presence (i.e., indication) and
absence (i.e., no indication) of renal and cardiac impairment
(Analyses 2), and (iii) disproportionality analyses for LDOM
and patient outcomes (i.e., congenital anomaly, death, disabil-
ity, hospitalization, occurrence of life-threatening condition(s),
and requisition of medical intervention to prevent irreversible
damage) across reports of AEs for which a signal was detected
(Analyses 3).
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Regarding Analyses 2, we used the “Breslow-Day test” to deter-
mine whether point estimates across the different strata were
significantly (p <0.05) different; the stratification analyses were
performed because renal and cardiac impairment are often ob-
served with pericardial effusion in clinical practice; moreover,
the stratification analyses were feasible as the FAERS database
provides indication data through the “INDI” files. For Analyses
2, our interpretations for renal and cardiac impairment are in
the context of “indication” and not “diagnosis.” For the purpose
of analyses, renal and cardiac impairment were, intuitively,
“composite” conditions; for example, indication for renal im-
pairment—as per preferred terms of MedDRA—included “renal
tubular dysfunction,” “complications of transplanted kidney,”
and so forth.

2.3 | Disproportionality Analysis

For our disproportionality analyses, we chose the ROR for signal
detection as it is the metric of choice in numerous pharmacovig-
ilance studies [17]. Computation of a ROR and its corresponding
95% CI starts with obtaining counts of the following: (i) number
of reports where intervention of interest resulted in the occur-
rence of a specific AE, (ii) number of reports where intervention
of interest resulted in the occurrence of all other AEs, (iii) num-
ber of reports where other interventions resulted in the occur-
rence of a specific AE, and (iv) number of reports where other
interventions resulted in the occurrence of all other AEs. A sig-
nal is detected when the values of ROR and the lower bound
of its 95% CI are each above 1.00 [18]. For the current study, a
signal is actually “signal of disproportionate reporting” which
corresponds to a statistically positive correlation between the
AE and the drug if interest. Such signals in themselves do not
serve as causal evidence.

The ROR and its 95% CI were calculated as per the following
equations:

Contingency table for count data used in the computation of a
ROR and its 95% CI

Intervention of interest ~All other drugs

Outcome(s) of interest a b
All other outcome(s) c
1.1
. . a/c
Reporting odds ratio (ROR) = b/d 1.2)

Lower bound of 95%confidence interval for ROR

1.3
— pIN(ROR)-1.96 4 [lelelel 1.3)

Upper bound of 95%confidence interval for ROR

T, 1.1 1 1.4
— NRORIHLIG A/ T+ 4047 1.4

The literature guided the data mining process for our dispro-
portionality analyses—including the deduplication steps; we
produced flow charts that provided an overview of these steps.
In our results for Analyses 1 to 3, the ROR corresponding to
counts of reports for outcome of interest across drug of interest.

Equations (1.1-1.4) corresponds to a case/noncase dispropor-
tionality analysis where case (i.e., a/c) corresponds to num-
ber of reports retrieved for drug of interest and noncase (b/d)
corresponds to every other drug. For example, in the analyses
pertaining to <10mg minoxidil, case, referred to reports per-
taining to <10mg, while noncases corresponded to every drug
but minoxidil.

3 | Results
3.1 | Descriptive Summaries

For the <10 mg dose range details of patients’ age and sex, as
well as reporters’ profession—across each AE, —are sum-
marized in Appendix A of the supplement; across reports of
most of the AEs, majority of cases were male. Dizziness, fluid
retention, and insomnia were mostly reported by consum-
ers—while headache, hypotension, hypertrichosis, pericar-
dial effusion, peripheral edema, and tachycardia were chiefly
reported by health professionals (e.g., physicians and phar-
macists). Reports of periorbital edema by LDOM use were not
identified (Appendix A of the supplement). Across the adverse
events, reports of hypertrichosis had the youngest mean age
(Appendix A of the supplement). Tables S1-S4 in supplement
present frequencies for the occurrence of each AE vs. all other
AEs across LDOM use and nonLDOM use, for the four dose
ranges.

3.2 | Analytical Results

In Appendix B of the supplement, we provided presented flow
charts.

Our disproportionality analyses detected signals across the
various dose ranges; we detected the following: <1.25 (3 sig-
nals), <2.5 (3 signals), <5 (4 signals), and <10mg (6 signals).
For <1.25mg signal was detected for tachycardia and head-
ache; though a signal was detected for pericardial effusion,
it is important to note a convention that is sometimes fol-
lowed: ROR is sometimes not computed when the number of
cases (i.e., which would correspond to “A” in equation 1.1) is
less than 3; so the signal we found at <1.25mg for pericar-
dial effusion should be interpreted with caution. For <2.5mg
and <5mg, signals were detected for pericardial effusion,
peripheral edema, and tachycardia; signal detection for hy-
pertrichosis occurred with <10mg dose range. Our analyses
detected a signal for fluid retention with <5mg and <10mg
dose ranges (Table 1). Figure 1 summarizes the LDOM-
associated adverse events for which signals were detected;
however, caution should be taken when interpreting and/or
using Figure 1 in any decision making because of the “sam-
pling”: arguably, findings from spontaneously reported data
like FAERS are less generalizable than a those from a prospec-
tive cohort study. Because each analysis constituted data from
different sources, the sample size (i.e., number of observations)
for each analysis differed. For instance, the stratified analyses
(i.e., Analysis 3) used distinct reports across merged “DEMO,”
“DRUG,” “REAC,” and “INDI” files; whereas, the dispropor-
tionality analyses for LDOM use and AEs (i.e., Analysis 1)
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‘ indicates that the adverse event was not reported in the FAERS database for that particular LDOM dose.

@ indicates that the adverse event was reported in the FAERS database, but a signal was not detected for that LDOM particular dose.

. corresponds to the adverse event for which a signal was detected.

FIGURE1 | FAERS-based analytical study identified signals for potential adverse events associated with LDOM (2016-2023).

used distinct reports across merged “DEMO,” “DRUG,” and
“REAC?” files.

For peripheral edema, we found significant (p<0.05) associ-
ations between oral minoxidil (<2.5mg, <5mg, and <10mg)
and requirement of medical intervention (to prevent permanent
impairment) across each of the three dose ranges (Table 2). For
pericardial effusion, an association between oral minoxidil and
life-threatening outcome(s) was found only for the <10 mg dose
range (Table 2).

We found that oral minoxidil dose ranges (<10, <5, and <2.5mg)
were significantly (p <0.05) associated with pericardial effusion
in both the presence and absence of indication for cardiac impair-
ment (Table 3); furthermore, the test for homogeneity across the
two strata (i.e., the Breslow-Day test) showed that the association
in the presence of indication for cardiac impairment was signifi-
cantly higher than the association in the absence of indication
for cardiac impairment (Table 3). Disproportionality analyses for
oral minoxidil and pericardial effusion in the presence of renal
impairment were not conducted due to lack of data; however, the
analyses for absence of indication for renal impairment were fea-
sible. In the absence of an indication for renal impairment, LDOM
is significantly (p <0.05) associated with the occurrence of peri-
cardial effusion across the different dose ranges (<10, <5, <2.5
and <1.25mg). Again, the signal detected for less than three cases
should be interpreted with caution for reasons explained earlier.

4 | Discussion

Our work is the first FAERS-based pharmacovigilance study
for AEs that previous case reports stated were associated with
LDOM. In addition to the <10mg dose range, we analyzed the
commonly prescribed dose ranges, <1.25, <2.5, and <5mg.

There are limitations which are inherent to pharmacovigi-
lance databases, including FAERS [8]. A drawback is possible

under-reporting of AEs; reasons include: (i) fear that report-
ing could have medicolegal repercussions, (ii) belief that some
AEs have already been documented by the time the drug is in
the market (i.e., passed Phase 3 trials), and (iii) uncertainty
of whether the AE is linked to the drug [19]. With LDOM, it
cannot be ruled out that the signals for pericardial effusion
are a result of (unmeasured) confounding; the FAERS data-
base is presently not structured to document medical informa-
tion such as coexisting conditions. Thus, our works—as well
as related ones—support the update of FAERS to incorporate
comorbidity information because it would help analyses and
inference making.

Despite the limitations of postmarketing surveillance data,
pharmacovigilance databases—as Nguyen et al. put it—are a
“cornerstone” for the evaluation of drug safety [8]. While find-
ings from such databases may not be solely used to make causal
inferences regarding a drug (i.e., a cause) and an AE (i.e., an
effect), postmarketing surveillance data can still be triangu-
lated [20] with results from other study designs to make solid
conclusions.

Though Ortega-Quijano et al.'s study was the first to involve
FAERS for LDOM and hair loss, it was solely descriptive and
exploratory. Our analytical findings complement those of
Ortega-Quijano et al.'s [9]; we also found a greater preponder-
ance of males across most of the AEs—this could be due to
LDOM being used more by men (hence more reporting from
men). Unlike Ortega-Quijano et al.'s (2021) results, our find-
ings serve as evidence for a statistically positive correlation
between oral minoxidil and associated AEs from a sponta-
neously reporting database. Furthermore, we examined a
greater variety of oral minoxidil as we did not restrict our
analyses by brand names.

A signal was detected for hypertrichosis only with the highest
dose range (<10mg) (Table 1). The signal for hypertrichosis is
dose-dependent and is consistent with previous reports [21, 22].
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| (Continued)

TABLE 2

Serious patient outcomes

Death,
ROR (95%

Congenital anomaly,

Disability,
ROR (95% CI)

Hospitalization,

Life-threatening,

ROR (95% CI)

cI)

ROR (95% CI)

ROR (95% CI)
2.903 (1.107, 7.61)

No. of cases

Required intervention?, ROR (95% CI)

AE

1.69

Pericardial effusion

(n

(0.813, 3.514)

=5

85592)

1.282

=1

112.124 (14.88, 844.88) No. of cases

Peripheral edema

(n

(0.516, 3.187)

327134)

0.954

0.402

Tachycardia

(0.405, 2.25)

(0.055, 2.979)

400984)

(n

Note: No. of cases: Number of cases correspond to number of reports retrieved for the respective AE and the respective dose range of minoxidil.

Abbreviations: AE, adverse event; CI, confidence interval; low-dose oral minoxidil; mg, milligram; n, number of observations/sample size that ROR calculation was based on; LDOM.

aRequired intervention to prevent permanent impairment/damage.The information presented in this table was produced from analyses of the United States Food and Drug Administration Adverse Event Reporting System (FAERS)
database. This table summarizes the association between serious patient outcomes (i.e., hospitalization, disability, etc.) and LDOM across the respective AE group for which signals were detected. The darker gray-colored cells with

bolded text correspond to significant association between LDOM and the serious patient outcome across reports of the respect AE. For example, across reports of pericardial effusion and LDOM < 10 mg (n = 82 696), use of LDOM

up to 10 mg is significantly (p < 0.05) associated with life-threatening outcomes.

Sanabria et al. found that hypertrichosis is significantly more
common at younger ages [23]; our study also supports this
finding.

We detected a signal for pericardial effusion across the four
dose ranges (<1.25mg, <2.5, <5, and <10mg)—and even in
the absence of an indication for renal and cardiac impairment.
Additionally, we ran a multivariable regression model where
the outcome variable corresponded to pericardial effusion
(i.e., report of pericardial effusion vs. no report of pericar-
dial effusion) and the explanatory variables were (1) age (in
years) and (2) drug (i.e., LDOM up to respective dose range
vs. all other drugs). For each dose range (i.e., <1.25, <2.5, and
<5mg), a signal was still detected for pericardial effusion even
after adjusting for age (data not shown). In other words: our
regression analyses showed that even after accounting for the
relationship between age and reporting of pericardial effu-
sion, LDOM (at any of the dose ranges) is associated with this
adverse event.

Small pericardial effusions may be asymptomatic. As the
pericardial effusion gets larger, it may become symptomatic
causing chest tightness, shortness of breath, pleuritic pain
(pericarditis), dizziness, tachycardia, chest pain, cardiac
tamponade, and peripheral edema. If a pericardial effusion
is clinically suspected an echocardiogram or CT/MRI should
be considered (chest x-ray or ECG may not be discriminatory
enough).

When there is an indication for cardiac impairment there is a
much higher chance for the development of pericardial effusion
than in the absence of an indication for cardiac impairment.
Subjects with cardiac disease may benefit from (i) evaluation by
a cardiologist before being prescribed oral minoxidil and (ii) be
monitored closely during therapy.

Results from analyses of postmarketing surveillance data can-
not be solely used to make causal inferences. From the FAERS
database, in the patients receiving oral minoxidil <10mg/day,
there was a report of a positive dechallenge (the AE abated
when the drug was stopped) in 8 of 19 reports. In the other 11
cases, there was no information provided on the status postde-
challenge. There were no reported cases of positive rechallenge
(recurrence of the AE when the drug was restarted). Data from
more studies could either verify a causal link or show that the
associations from observational data were actually confounded
findings [24]. Findings from our analyses warrant further eval-
uation of the safety of LDOM. Over time, collection of more
FAERS data can help in profiling LDOM users especially for
those that report pericardial effusion.

The data suggest that some signals are more likely to be seen
at higher oral minoxidil dose ranges (<10mg) (for example,
hypertrichosis); however, other signals (e.g., pericardial ef-
fusion) may be idiosyncratic and have been captured at even
lower dose ranges (Table 1). Our analysis suggests that other
risk factors for the development of pericardial effusion may
include the age of the subject and the presence of an indication
for cardiac and renal impairment [25]. The number of reports
in the literature of pericardial effusion with oral minoxidil at
a dose of <5mg is low. It may be prudent for an international
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registry to be created so that the adverse effects of oral minox-
idil can be documented to get a better sense of the frequency
and seriousness of cardiac adverse effects. With continued use
of oral minoxidil more safety data will accumulate; a reason-
able approach would be to restrict the daily dose to <5mg/
day when using off-label (e.g., as in when treating alopecia).
Findings from future studies would be needed to solidify our
recommendation of <5mg daily.

5 | Conclusions

This FAERS-based analytical study detected signals for six po-
tential LDOM-associated adverse events: pericardial effusion,
tachycardia, peripheral edema, hypertrichosis, fluid retention,
and headache. Further studies are needed to confirm that
LDOM actually causes these adverse events. Until then, it is rec-
ommended to use LDOM at the lowest effective dose, ideally not
exceeding 5mg/day.
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