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Abstract

Background: Biotin (vitamin B7) is widely marketed and used as an over-the-counter sup-

plement for hair, skin, and nails, despite uncertainty about its clinical benefit for alopecia

and hair growth. While overt biotin deficiency can be associated with hair changes, clini-

cally meaningful deficiency is uncommon in individuals consuming a balanced diet, and

published findings on biotin status in hair loss populations are inconsistent. Methods: This

is a systematic review following PRISMA. A search was conducted in PubMed/MEDLINE

(PROSPERO: CRD420251274919) for human studies evaluating biotin (alone or in combi-

nation) and including hair outcomes. The synthesis was qualitative due to clinical and

methodological heterogeneity. Results: Ten studies were included. Across controlled and

quasi-experimental interventions, biotin monotherapy did not show consistent benefit

on objective hair growth outcomes; when improvements were reported, they typically

occurred in combined regimens and were difficult to attribute specifically to biotin. Studies

showed mixed findings on “low” biotin levels in hair loss populations, whereas controlled

studies in telogen effluvium found no significant differences in serum biotin versus controls.

No serious adverse events attributable to biotin were identified; however, high-dose biotin

may interfere with immunoassays, potentially leading to clinically relevant false laboratory

results. Conclusions: Current evidence does not support routine biotin supplementation

for alopecia in the absence of documented deficiency, although it may be considered in

scenarios with risk or confirmation of deficiency/malabsorption.

Keywords: biotin; alopecia; hair growth; oral supplements

1. Introduction

Alopecia and diffuse hair shedding are frequent reasons for dermatology consultation

and can markedly affect quality of life. Parallel to medical treatments, the use of over-

the-counter “hair, skin and nails” supplements has increased, including biotin-containing

products. In U.S. population data, daily biotin supplement use has risen since the late

1990s [1], and similar patterns are observed for broader hair/skin/nail supplements in

more recent surveys [2].

Biotin (vitamin B7) is an essential cofactor for carboxylases involved in fatty acid

synthesis and energy metabolism. Overt biotin deficiency can manifest with dermatitis,

neurologic symptoms, and hair changes, but clinically meaningful deficiency is considered

uncommon in individuals consuming a balanced diet [3]. Despite this, biotin has gained

disproportionate popularity as a “hair growth vitamin,” largely driven by marketing and

social media narratives rather than high-quality clinical evidence. Comparative analyses
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have emphasized the mismatch between perceived efficacy and the limited supporting

data [4], and expert commentaries highlight that biotin use is often promoted in individuals

without documented deficiency [5].

Dermatology reviews evaluating supplements for hair disorders consistently describe

a fragmented evidence base, frequent reliance on subjective endpoints, and substantial

heterogeneity [6,7]. Importantly, a focused review of biotin for hair loss concluded that

evidence supporting biotin is mainly confined to deficiency states and rare syndromes,

with insufficient support for indiscriminate use [8]. This aligns with broader systematic

evaluations of nutritional supplements for hair loss, which underline methodological

limitations and difficulty attributing benefit to single ingredients when multi-component

formulations are used [9].

In clinical practice, biotin is sometimes tested or empirically prescribed in patients

reporting alopecia. However, studies assessing serum/urine biotin levels in hair loss

populations have yielded conflicting results. For example, a large cross-sectional series in

women presenting with hair loss complaints reported a notable proportion of low biotin

levels but lacked a matched control group and therefore cannot establish causality [10].

In contrast, controlled studies in telogen effluvium generally did not identify significant

differences in biotin status compared with controls [11,12].

Given the persistent clinical use and public interest, the objective of this systematic

review was to synthesize the human evidence on biotin (alone or in combination) in

alopecia-related hair loss, focusing on efficacy signals, safety considerations, and key

methodological limitations that constrain inference.

2. Materials and Methods

This review was prepared in accordance with the PRISMA Guidelines for Systematic

Reviews [13], and a protocol was registered in advance in PROSPERO (CRD420251274919).

The search was conducted in PubMed/MEDLINE (Figure 1). No language or date restric-

tions were applied. The Boolean search strategy was: biotin; biotin AND (alopecia OR

“hair loss” OR “hair growth”). The date of the last search was 31 December 2025. Studies

in humans evaluating biotin (supplementation or determination of serum/urine levels)

in populations with alopecia/hair loss or in volunteers with hair-related outcomes were

included, provided that they reported at least one clinical or instrumental hair outcome.

Narrative reviews, editorials without original data, and studies exclusively in vitro or

in animals were excluded. Potentially relevant records were screened at full text, and

data were extracted into standardized tables (design, population, intervention/exposure,

comparator, duration, outcomes, and results).

Risk of bias was assessed using structured tools tailored to study design: randomized

trials were appraised with the Cochrane RoB 2 framework; nonrandomized compara-

tive intervention studies were appraised with ROBINS-I; and observational studies were

appraised with Joanna Briggs Institute (JBI) critical appraisal checklists for analytical

cross-sectional and case–control studies. Two reviewers (P.M-B. and A.S-M.) indepen-

dently performed the assessments; disagreements were resolved by consensus and, when

needed, adjudication by A.dB-G. Given heterogeneity in populations, interventions, and

outcomes, a qualitative synthesis with descriptive tables and figures was performed with-

out meta-analysis.
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Figure 1. Flowchart.

3. Results

A systematic search of PubMed/MEDLINE identified 10 studies that met the inclusion

criteria (Table 1). Regarding geographic origin, research groups represented multiple re-

gions. Two studies were conducted in Turkey [12,14], two in Egypt [11,15], and one each in

Switzerland [10], Poland [16], Brazil [17], Iran [18], Spain [19], and India (with U.S. collabo-

ration) [20]. Overall, this distribution suggests that the clinical literature on biotin and hair

loss has been generated by diverse groups across Europe, the Middle East/North Africa,

and parts of South America and Asia, but remains sparse and methodologically heteroge-

neous. Most studies were published in dermatology/cosmetic dermatology/trichology

journals [10–12,14,15,17–19], and two in general-medicine outlets [16,20].

Structured risk-of-bias assessments indicated overall moderate-to-high risk of bias

across most included studies, driven mainly by small sample sizes, lack of blinding or

suitable comparators in some trials, and confounding in nonrandomized designs (Table 2).

In brief, evidence from biotin monotherapy remains limited and largely negative, whereas

studies reporting improvements frequently involved co-interventions, limiting attribution

to biotin alone.
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Table 1. Summary of included studies.

Study Population/Condition Design
Biotin Exposure

(Dose/Route)
Outcomes Main Findings

Trüeb RM [10] Women presenting with
hair loss complaints
(n ≈ 541)

Cross-sectional Serum biotin
measurement

Serum biotin
distribution; risk
factors

~38% had biotin <
100 ng/L; lack of controls
limits causal inference

Rahman SHA
et al. [11]

Telogen effluvium vs.
controls

Case–control Serum biotin Serum biotin No significant serum
biotin difference vs.
controls; authors
discourage routine
supplementation without
deficiency evidence

Durusu Turkoglu
IN et al. [12]

Telogen effluvium (n =
90) vs. controls (n = 90)

Case–control Serum and urine
biotin

Serum/urine
biotin; broad
biochemical
panel

Serum and urine biotin
did not differ
significantly between
groups; other
micronutrients showed
differences (e.g., zinc)

Aksac SE et al. [14] Acne patients on
isotretinoin (n = 60)

Comparative
prospective study

Oral biotin
10 mg/day added
to isotretinoin

Dermoscopy
anagen/telogen
ratios; skin
parameters

With biotin: anagen ratio
increased and telogen
decreased; context is
isotretinoin exposure, not
primary alopecia

El-Esawy FM
et al. [15]

Male androgenetic
alopecia (n = 60) vs.
controls (n = 60)

Case–control Serum biotin and
zinc

Serum biotin;
severity
correlation

Biotin described as
“suboptimal” in AGA
and not correlated with
severity; authors
speculate possible value
for hair quality

Pawlowski A,
Kostanecki W. [16]

Diffuse alopecia
(historical)

Controlled clinical
trial
(placebo-controlled)

Oral biotin (dose
not consistently
reported in
accessible abstract)

Hair roots;
sebum; growth
proxies

No clear benefit vs.
placebo reported; limited
modern reporting
standards

Valentim FO
et al. [17]

Healthy men (n = 10) Randomized, open
crossover

Oral biotin 5
mg/day

Hair growth rate;
photographic
area coverage

Biotin alone showed no
measurable growth
benefit; minoxidil and
combo improved
outcomes; combo effect
consistent with minoxidil

Samadi A et al. [18] Diffuse pattern hair loss
(n = 50)

Randomized,
double-blind,
active-controlled
(brand comparison)

IM biotin 5 mg +
dexpanthenol 250
mg weekly × 6

Combing test;
trichoscan
density; photos

Hair fall count and total
density improved in both
arms; cannot isolate
biotin effect because
dexpanthenol was
co-administered and
there was no placebo arm

Camacho FM,
García-Hernández
MJ [19]

Childhood alopecia
areata

Clinical comparative
report

Zinc aspartate +
biotin + clobetasol

Regrowth Combination regimen
reported clinical
improvement, but effect
cannot be attributed to
biotin

Patel MN et al. [20] Adults seeking
hair/skin/nail health
(n = 105; n = 97
completed)

Randomized,
double-blind,
placebo-controlled

Botanical-derived
biotin 1.25 mg/day
± silica extract

Hair fall count;
growth measures;
trichogram;
patient-reported

Reported improvements
vs. placebo;
multi-component nature
and industry links limit
attribution to biotin alone
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Table 2. Risk of bias assessment of included studies.

Study Design Tool Overall Judgment Main Sources of Bias/Concerns

Trüeb RM [10] Cross-sectional JBI Moderate No control group; selection bias;
limited control of confounding

Rahman SHA et al. [11] Case–control JBI Moderate Case/control selection and exposure
assessment; limited adjustment

Durusu Turkoglu IN
et al. [12]

Case–control JBI Moderate Confounding (other micronutrients);
exposure-only design

Aksac SE et al. [14] Nonrandomized comparative ROBINS-I Serious Confounding; nonrandom allocation;
context-specific outcomes

El-Esawy FM et al. [15] Case–control JBI Moderate Residual confounding;
measurement/reporting limitations

Pawlowski A,
Kostanecki W [16]

Placebo-controlled trial RoB 2 High/unclear Insufficient reporting; short
follow-up; poorly standardized
outcomes

Valentim FO et al. [17] Randomized crossover (open-label) RoB 2 Some concerns Open-label; very small sample; short
exposure

Samadi A et al. [18] Randomized, double-blind
(brand-comparison)

RoB 2 Some concerns Active comparator; co-intervention
precludes isolating biotin

Camacho FM,
García-Hernández MJ [19]

Clinical comparative report ROBINS-I Critical Nonrandomized; multiple
co-interventions; confounding

Patel MN et al. [20] Randomized, double-blind,
placebo-controlled

RoB 2 Some concerns Multi-component intervention;
industry links; concealment unclear

4. Discussion

This systematic review indicates that the available human evidence is insufficient to

support routine biotin supplementation for alopecia-related hair loss in individuals without

proven deficiency. Importantly, the current evidence base does not demonstrate a clear lack

of biological activity either; rather, it leaves open the possibility of a modest supportive

role in selected contexts and as part of combination regimens. Given the limited evidence

base and methodological constraints, conclusions should be interpreted cautiously [4,5,21].

A key finding is the scarcity of trials testing biotin monotherapy with robust, objec-

tive hair endpoints. In the small randomized crossover trial in healthy men, oral biotin

(5 mg/day) did not improve hair growth rate, whereas minoxidil did; the combination mir-

rored the effect of minoxidil rather than demonstrating an independent additive effect [17].

The historical placebo-controlled report in diffuse alopecia did not provide convincing

evidence of benefit and reflects older reporting standards [16].

Most intervention studies reporting improvements involved co-interventions (e.g.,

dexpanthenol, minoxidil, corticosteroids, or multi-ingredient nutraceuticals), which limits

attribution to biotin alone [17–20]. Accordingly, these studies are presented primarily as

hypothesis-generating rather than confirmatory evidence.

These patterns closely match broader supplement literature in alopecia, where het-

erogeneity, subjective endpoints, and multi-ingredient interventions complicate causal

inference [9].

Observational studies add uncertainty rather than clarity. A large cross-sectional

cohort of women presenting with hair loss complaints reported low serum biotin levels in

a sizable subset, but the absence of a matched control group prevents causal inference [10].

In telogen effluvium, case–control studies did not identify significant differences in serum

(and urine) biotin versus controls [11,12]. In androgenetic alopecia, one case–control study

reported lower biotin levels versus controls without correlation with severity, which does

not exclude a secondary, supportive role but limits etiologic conclusions [15].

Taken together, the observational literature suggests that while low biotin may be

detected in some individuals seeking care for hair loss, the clinical meaning is uncertain
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and may reflect confounding (dietary patterns, comorbidities, or assay variability) rather

than a causal deficiency state.

To improve objectivity, we emphasize that the reviewed studies do not prove that

biotin is ineffective for all hair-related outcomes; instead, they show that evidence is cur-

rently insufficient to recommend routine use, particularly as monotherapy in multifactorial

disorders. Future trials should evaluate biotin as an adjunct (cofactor) to evidence-based

treatments and should include hair-quality outcomes (e.g., shaft thickness, caliber distribu-

tion, and structural metrics) in addition to regrowth endpoints.

In line with these concerns, our structured risk-of-bias assessment showed that many

studies had at least moderate risk of bias, driven by design limitations (short follow-up,

small samples, confounding, and co-interventions). This reinforces the need for adequately

powered, preregistered randomized trials with standardized objective outcomes.

Biotin is generally well tolerated, but high-dose supplementation may interfere with

biotin–streptavidin-based immunoassays, leading to clinically meaningful false laboratory

results; regulatory agencies have issued safety communications on this topic [22,23].

The main limitations of this review are that the search focused on PubMed/MEDLINE

and reference tracking, with possible omission of the non-indexed literature or other

databases; there is substantial heterogeneity in study designs, populations, and outcomes;

meta-analysis was not feasible; and several included studies carry moderate-to-high risk

of bias despite structured appraisal. Accordingly, estimates of effect and generalizability

remain limited.

Clinically, biotin should not be recommended routinely for alopecia in the absence of

deficiency. Instead, management should prioritize correct diagnosis (e.g., telogen effluvium

vs. androgenetic alopecia vs. alopecia areata), identification of reversible triggers, and

evidence-based therapies. For research, the field would benefit most from adequately

powered randomized trials of biotin monotherapy, with baseline assessment of biotin

status, standardized objective hair outcomes (phototrichogram density/caliber or shedding

counts), and preregistered protocols [24,25].

The available evidence does not support routine biotin supplementation for alopecia

in the absence of documented deficiency. However, the current literature base is limited and

does not exclude a modest supportive role in selected contexts or as part of combination

regimens. Biotin may be considered in scenarios of proven risk/deficiency or malabsorption

as part of a comprehensive assessment. Well-designed randomized trials should evaluate

biotin both as monotherapy in appropriate phenotypes and as an adjunct to evidence-based

treatments, using standardized objective outcomes and baseline biotin status.

Serum biotin measurement has important limitations that affect the interpretation of

observational findings: assays are not fully standardized, there are no universally accepted

cut-offs for deficiency in routine clinical practice, and serum concentrations largely reflect

recent intake and may correlate poorly with tissue availability and marginal deficiency.

The NIH Office of Dietary Supplements notes that serum biotin and its catabolites are not

reliable indicators of marginal biotin deficiency; functional biomarkers such as urinary

3-hydroxyisovaleric acid (3-HIA) responses can be more sensitive in experimental depletion

studies [26,27].

Additional low-quality evidence further illustrates the uncertainty: a small single-

arm study of a topical encapsulated biotin formulation (n = 22) reported reductions in

shedding and improvements in hair thickness, but the study disclosed relevant conflicts of

interest [28]. Similarly, in a post-sleeve gastrectomy cohort, biotin supplementation was

associated with self-reported improvement in a subset of patients, regardless of documented

deficiency; however, the design and multifactorial context limit causal inference [29]. These

https://doi.org/10.3390/dermato6020017
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findings support framing conclusions as absence of persuasive evidence for routine use

rather than definitive evidence of no effect.

5. Conclusions

The available evidence does not support routine biotin supplementation for alopecia

in the absence of deficiency. It may be considered in scenarios of proven risk/deficiency,

as part of a comprehensive assessment. Well-designed randomized trials with stan-

dardized outcomes and assessment of baseline nutritional status are needed to identify

responder subgroups.
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