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Abstract: Post-COVID-19 telogen effluvium has been largely reported as a sequela in the post-acute phase of COVID-19, causing
major emotional distress among the affected patients. The affected individuals are further exposed to a vast amount of misinformation
from the internet and social media and it is important for physicians to be familiar with the phenomenon and provide appropriate
counselling to their patients regarding this condition. This article aims to review the evidence-based complementary strategies that can
help enhance hair regrowth after post-COVID-19 hair loss, from psychological support and patient education to the importance of
optimal nutrition and potential indications and benefits of oral nutritional supplementation, as well as the role of both topical and
injectable hair growth stimulators.
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Introduction
Since the ensue of this worldwide pandemic there has been a vast amount of scientific articles aiming to describe the
individuals’ lasting health consequences after the acute phase of COVID-19, with hair loss being one of the most
common effects. The phenomenon is considered as telogen effluvium (TE), a diffuse hair loss due to dysregulation of the
hair growth cycles.'

TE is by far the most common form of hair loss observed during the ongoing pandemic.” However, alopecia areata
(AA), another nonscarring hair loss, has also been reported after SARS-CoV-2 infection in small sample size studies.’®
The disorder is believed to be immune-mediated, occurring as a response to the inflammatory process that affects anagen
hair follicles. Contrary to TE, the hair loss is usually patchy, nondiffuse. The causal link between COVID-19 and AA
onset is not clarified and the disease will not be discussed in this review since TE and AA are distinct entities, with
different management options.

Clinical trials have also addressed the possible connection between alopecia androgenetica (AGA), another form of
chronic hair loss, and the severity of COVID-19.* In this respect, we want to clarify that AGA is the only hair loss
disorder that has been investigated as a determinative factor for COVID-19 severity, and not as a COVID-19 sequela.’ It
was stipulated that androgen receptor activity stimulate TMPRSS transcription, an important part of the viral entry of
COVID-19 via cleavage of ACE2 and priming of spike protein. ACE2 and androgen receptors can be found on
chromosome X giving us insight into why males are predominantly affected. On the same note, androgen sensitivity
may point to the reason why children may not be as severely affected as their elders when met with COVID-19.° We did
not find any research that further investigated the severity of post-COVID-19 hair loss in patients previously diagnosed
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with AGA. Our paper focuses on acute hair loss as a consequence of COVID-19, not on the relationship between
previous chronic hair loss disorders and COVID-19 severity, hence this review will not include further discussions on
this topic.

Approximately 25% of COVID-19 patients suffer from acute classic telogen effluvium in the first two to three months
after the infection, with women being at greater risk than men.” Yet, an early onset telogen effluvium after COVID-19
has been observed within less than 2 months after COVID-19 infection, especially in patients affected by more severe
forms of COVID-19.% This early-onset telogen phase may be related to the direct effect of high levels of pro-
inflammatory cytokines on hair follicle cells, since severe cases of SARS-CoV-2 are typically characterized by higher
levels of pro-inflammatory cytokines and reduced host antiviral responses.' Furthermore, pro-inflammatory states caused
by COVID-19 could cause the formation of microthrombi in the hair follicles, which could lead to occluding hair
follicles” blood supply.”

Further histopathological and/or immunohistochemical studies are warranted to elucidate the precise etiopathogenesis
of this phenomenon,'® but, at this moment, it is believed the condition can be triggered by both the systemic viral
infection itself as well as the stressors related to the COVID-19 pandemic.

Although spontaneous improvement is expected for most patients with post-COVID-19 TE, patients regularly seek
effective ways to enhance the process of hair regeneration. A massive increase in searches using the keywords “hair loss”
has been noticed in Google Trends since the ensue of the COVID-19 pandemic.'' Due to the proliferation of
misinformation and unverified information about post-COVID-19 hair loss, these highly vulnerable patients may be
easily misled into trusting non-evidence-based practices that promise to treat this condition.

This article proposes a holistic approach that reviews only the evidence-based complementary strategies (both general
measures as well as local treatments) that can help reduce post-COVID-19 hair loss and promote hair re-growth: (i)
General measures: patient education and stress-coping mechanism, dietary interventions and oral hair growth supple-
ments; (ii) local treatments: from topical therapy with minoxidil to minimally invasive scalp injections (mesotherapy and
platelet-rich plasma therapy) (Figure 1). The clinical decision of initiating any of these treatment modalities should be
made on an individual case-by-case basis, after careful evaluation of all psychosocial and physiological factors, and
integration of patient preferences.
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Figure | Schematic representation of the complementary strategies that can help reduce post-COVID-19 hair loss and promote hair re-growth.
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Patient Psychological Support and Education

New onset diffuse hair loss can markedly affect a person’s psychosocial well-being,'* even more in patients previously
infected with SARS-CoV-2 (Figure 2). And emotional distress is well known to be an inciting trigger for the induction of
hair shedding,'? thus, these patients often find themselves trapped in a vicious cycle.

So, expressing empathy and support for the patient’s anxiety and psychological stress is an important component of
patient management. Since the ensue of this worldwide pandemic, in addition to the illness itself, many other COVID-19
related stressors can further enhance hair loss, such as social isolation, work-related changes, or financial stress, among
others. A holistic approach, with integration of stress-coping strategies into the management of these patients, could be
particularly useful.'* Regular physical activity, yoga, meditation, adequate amounts of sleep are all powerful but often
overlooked stress management tools.'>

Regarding patient education, is essential to instruct the patients about the nature of the hair loss, namely that
infectious illnesses and fever can affect the hair growth lifecycle, by forcing more hair follicles than normal to
prematurely enter the shedding (telogen) phase. As a consequence, some patients may experience noticeable hair
shedding two to three months after COVID-19.'® Additionally, patients should be instructed that an earlier than classic
TE has been reported, and they may experience hair loss even in the first month after the infection.®

Most patients are anxious that they will gradually lose all the hair on the scalp, and is important to clarify that this is
not expected since the shedding is known to affect up to 30% of scalp hair."” It is also necessary to reassure the patient
that fortunately, the disorder is reversible. The hair loss is usually self-limiting and spontaneous improvement is expected
after 6 to 12 months from the onset of the condition to noticeable improvement.'®

Figure 2 Acute reduction in total hair density in a 37-year-old female who is recovering from moderate SARS-CoV-2 infection. The diffuse hair loss is most noticeable in the
frontotemporal region and first developed within two months after COVID-19. The patient also reported high levels of anxiety caused by the acute hair loss.
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Nutrition

Optimal nutrition is a crucial strategy that can mitigate the hair loss consequences associated with COVID-19, through
nutritional modulation of the immune system. It is also important to take into account that anosmia/ageusia are symptoms
frequently reported in COVID-19 and can lead to decreased appetite and nutritional deficiencies that can either induce or
aggravate hair fall."’

Thus, consumption of healthy foods should be a top priority to maintain adequate nutritional status and a well-
functioning immune system, reducing susceptibility to long-term sequels from COVID-19 in general.*® It is known that
improved nutrition containing micronutrients such as vitamins (A, B complex, C, D, and E) and minerals (iron, zinc)
have a potential role to augment the immune system.

Micronutrients that help maintain a well-functioning immune system can be particularly found in fresh foods (citrus
fruits and vegetables), whole grain foods (brown rice, oats), lean meat, fish, low-fat dairy, and healthy fats (nuts, seeds,
olive oil and fish oil).?' On the other hand, an unhealthy diet consisting of sugars, saturated fats (fatty acids), and refined
carbohydrates (pastries, white bread) leads to chronic inflammation and lowers the body’s ability to defend against the
effects of the virus.

Oral Hair Growth Supplements

Dietary supplements are a large and vibrant industry, with globally estimated sales that exceed $100 billion.”> While
some ingredients and formulations have shown evidence supporting their use in commercial supplements for hair
regrowth,”” many others have gained huge popularity mainly with the aid of extensively disseminated marketing
messages on social media and on the internet in general.

Patients suffering from post-COVID-19 hair loss can be easily deceived into believing the promises of stimulating
hair growth, even for products that have not been properly assessed in clinical trials. Given this context, is essential for
physicians to educate and counsel their patients about the ingredients and formulations that have demonstrated benefit in
high-quality randomized clinical trials, their correct use and indications.

Oral micronutrient supplementation is a viable approach to alleviate the severity of post-COVID-19 hair loss and
support hair regrowth and should be administered to individuals in whom deficiencies are detected. The utility of oral
micronutrient supplementation in improving the course of TE in the absence of detected deficiencies is unconfirmed and
larger studies are needed to confirm their impact on the course of this condition. In this section, we are referring only to
ingredients and formulations with published evidence supporting their validity and utility in this condition.

Multivitamins
Vitamin D

Research data has shown a correlation between TE and low serum vitamin D levels**2¢

and therefore when evaluating
patients with post-COVID-19 hair loss, testing for 25-hydroxyvitamin D levels (to assess for vitamin D deficiency) is
indicated. Vitamin D receptors are expressed in hair follicle cells and possess the ability to modulate keratinocyte
proliferation and hair growth cycling.?’

Meanwhile, in COVID-19 vitamin D is a supplement that gained a lot of popularity due to its ability to boost the
immune system.*®

Vitamin E

Vitamin E is a well-known powerful antioxidant. Tocopherols and tocotrienols are the vitamin E derivatives commonly
used in hair growth oral supplements. Beoy et al demonstrated their ability to increase hair growth, due to the ability to
inhibit lipid peroxidation and reduce hair follicle oxidative stress.*’

Biotin

Biotin, also known as vitamin B7, is one of the most popular nutrients in many over-the-counter hair growth supple-
ments, mainly due to its function in keratin production. However, despite its substantial advertising in this field, in
patients suffering from hair loss, it is still controversial if oral biotin supplements do offer benefits, irrespective of serum
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biotin levels. In 2017 Patel el al conducted a systematic review of the use of biotin for hair loss conditions®® and
concluded that only patients suffering from biotin deficiency do achieve clinical improvement after daily biotin
supplementation, whereas no benefit is seen in individuals with normal baseline biotin levels.

Minerals
Zinc
Zinc is a trace element that is a potent promoter of hair follicle recovery”' and dysregulations in zinc metabolism were
proved to play an essential role in many forms of hair loss, especially TE.** There is also evidence supporting the role of
zinc supplementation for significant increase in hair thickness in females suffering from hair loss.*”

Based on the available data, as well as on the popularity that zinc has gained in the COVID era as an immune booster, it
is recommended that zinc be supplied in patients with post-COVID-19 hair loss, if the baseline concentration of zinc is low.

Iron
Iron deficiency is the most frequently detected nutritional deficiency worldwide, affecting approximately 20-25% of the
general population.®**3*

It is well known that iron deficiency anaemia is linked to hair loss, and the affected patients can benefit from oral iron
supplementation.**** Whether iron supplementation is also beneficial for patients with TE in the absence of iron
deficiency anaemia is debatable, but data suggest benefit.*® In patients with post-COVID-19 hair loss, serum ferritin
levels should be evaluated to assessed iron storage and oral iron supplementation could enhance hair re-growth whenever
serum levels of ferritin are beneath the reference threshold.>® The reference intervals for serum ferritin may vary across

laboratories, but generally, the normal ranges are between 30 to 200 ng/mL for women and 30 to 300 ng/mL for men.*

Marine-Derived Nutraceutical
Several studies have shown that oral administration of bioactive substances derived from the marine environment can
have a significant impact on hair regrowth in various hair loss conditions.*'

1,** shark and mollusk powder** and

Complex formulations containing hydrolyzed marine collagen type I and type 11
other marine proteins can function as a highly efficient complementary treatment to decrease hair shedding and also
enhance hair regrowth. The exact mechanism of action of these compounds is still not elucidated but the available

evidence supports their use.

Topical Minoxidil

Minoxidil is an antihypertensive agent that uses its vasodilation properties to favour and increase blood circulation in the
hair follicle. It also has the ability to activate prostaglandin synthase-1, an enzyme that promotes hair growth.** It is
primarily indicated for the treatment of androgenetic alopecia, and some physicians also prescribe it for chronic TE,
whereas the efficacy of topical minoxidil on acute TE has not been properly evaluated in high-quality clinical studies.

It is well known that minoxidil has the ability to stimulate the transition of hair follicles from the shedding (telogen)
phase of the hair cycle to the growing (anagen) phase and further prolong this phase.*’ As previously stated, post-COVID
-19 hair loss is characterized by a gradual remission and that is the point when initiation of treatment with topical
minoxidil might be useful as a promoter for hair regrowth and maintenance.

In a limited amount of cases, patients may experience increased hair shedding during the first eight weeks of treatment with
topical minoxidil. This simply indicates that minoxidil stimulates the release of telogen hair - thus boosting the end of the
telogen phase, to subsequently stimulate anagen transition of hair follicles. It is important to inform the patients that this
paradoxical phenomenon may occur, it is only transitory, and therapy should not be discontinued.*®

Administration instructions include application of topical 5% or 2% minoxidil in a foam or solution, once or twice
daily, to the entire scalp.*> Continuous therapy for 4 months may be necessary for beneficial effects to become visible.

For patients preferring plant-derived hair growth stimulators, rosemary oil can constitute a feasible option. In
a randomized comparative study by Panahi et al, it was shown that twice daily application of rosemary oil can be as
effective as 2% minoxidil, by improving microcirculation surrounding the hair follicle.*’
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Mesotherapy

The term mesotherapy refers to “treatment of the mesoderm, the middle layer of skin”.* The technique consists of
multiple intradermal microinjections of low doses of active substances, such as multivitamins, minerals, plant extracts,
conventional medications and other bioactive substances directly into the dermal layer of the skin.

The direct inoculation of substances into the dermis (intradermotherapy) is an effective way to improve the nutrition of hair
follicles located at this level, thus overcoming the epidermal barrier that is extensively lowering penetration of topically
administered drugs. Furthermore, the trauma induced by multiple injections stimulates the activation of the dermal papillae,
and local production of cytokines and growth factors at the affected sites, consequently supporting anagen hair regrowth.*”

Intradermal and intramuscular scalp injections of botulinum toxin (BTX) have also been investigated as adjunctive
therapeutic strategies for the treatment of various non-scarring hair loss disorders, but the effectiveness and safety were
not clearly demonstrated.”® BTX is an injectable neurotoxin originally prescribed for medical disorders characterized by
muscular hyperactivity,”' and it has been afterwards widely employed in cosmetic dermatology, for the treatment of
dynamic facial rhytides.>” Due to its unique versatility, BTX is also being used in many other dermatologic conditions, in
off label regimen.” In a recent pilot animal study, is has been used experimentally to investigate its effect on hair follicle
cell regeneration under continuous stress conditions. The authors concluded that BTX may be a positive indicator for hair
loss treatment but future studies are warranted.>*

The efficacy of mesotherapy on hair loss conditions still needs to be defined in high-quality, peer-reviewed clinical
trials. Available data shows it can be used as a valuable adjuvant treatment modality for non-scarring alopecia in general,
and the decision of initiating mesotherapy as a complementary therapy to promote hair regrowth after post-COVID-19
hair loss should be made on an individual case-by-case basis.

Platelet-Rich Plasma (PRP)

PRP is an innovative treatment in the field of regenerative medicine, with the highest level of evidence in hair re-growth,
mainly alopecia areata and androgenetic alopecia. In the latter, a recent study showed that PRP therapy and treatment
with autologous human follicle mesenchymal stem cells (HF-MSCs) have comparable results.”

PRP contains high concentrations of autologous growth factors and other signaling molecules derived from blood
platelets. These are injected into the target tissue, thus making it possible to deliver larger amounts of growth factors than
usual blood circulation can supply in the affected areas.’® At this level, PRP activates follicular stem cells and promotes
regeneration of hair follicles, prolongs the anagen phase of the hair cycle and improves the function of the hair follicle.

To obtain clinical benefits, is necessary that the PRP preparation and composition is properly analysed, by its
concentration of platelets, the filtration of white cells, and level of red blood cells contamination.”’

Only few peer reviewed studies investigated the efficacy of PRP application in the treatment of TE and the results are
controversial. A recent case series, which included 9 patients suffering from accelerated hair loss associated with
COVID-19, found PRP injections to provide a satisfactory solution after 4 sessions of treatment.®

Considering the treatment is minimally invasive, with low costs, lacks adverse effects and has gained massive
popularity for the treatment of hair loss, it could represent a useful complementary treatment to enhance hair regrowth in
post-COVID-19 hair loss. The decision should be made on an individual case-by-case basis.

Conclusion
Telogen effluvium after COVID-19 is one of the postinfectious manifestations which is expected to be reported among
recovering patients worldwide. The diffuse loss of “handfuls” of hair has a high-visual impact that is likely to attract
dissemination of this condition on the internet and lay media along with misinformation regarding therapeutic options
with “miraculous effectiveness” in treating post-COVID-19 hair loss. To enhance the process of hair regrowth, no single
intervention is sufficient. Instead, a holistic approach integrating the general and local measures discussed in this article is
the most appropriate strategy.

General measures include: patients’ education in understanding the disorder is reversible, integration of stress-coping
strategies, optimal nutrition containing micronutrients such as vitamins (A, B complex, C, D, and E) and minerals (iron, zinc),
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and oral hair growth supplements for individuals in whom micronutrient deficiencies are detected. Local treatments with
published evidence supporting their validity and utility in this condition include the topical vasodilator minoxidil, as well as
techniques based on minimally invasive scalp injections in which active substances and high concentrations of autologous
growth factors are directly delivered into the dermal layer of the scalp (mesotherapy and platelet-rich plasma therapy).

At this moment, scientific evidence does not point to an objective “best” option for patients suffering from post-
COVID-19 hair loss. Considerations in simply waiting for spontaneous resolution of the disorder or choosing the
appropriate complementary strategies that can help enhance hair regrowth after post-COVID-19 hair loss should be
made on an individual case-by-case basis, after careful evaluation of all physiological and psychosocial factors, and
integration of patient preferences.
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