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Aims The COVID-19 pandemic has led to the global distribution of vaccines, but there are
concerns regarding potential side effects. Hair loss is one of the less commonly reported side
effects. The present study aimed to investigate the effect of COVID-19 vaccinations on hair
loss.

Instruments & Methods A cross-sectional descriptive study was conducted with 580
participants aged between 20 to 72 years, consisting of 270 males and 310 females. Machine
learning techniques were employed to analyze the data and determine any potential
relationship between COVID-19 vaccines and hair loss. A logistic regression analysis was
used to assess the odds ratio and 95% confidence interval for hair loss.

Findings Of the total participants, 17.6% reported experiencing hair loss after receiving the
COVID-19 vaccine. This percentage was higher in females (19.4%) compared to the males
(15.2%). There was a significant association between the COVID-19 vaccine and hair loss in
both males and females. The odds ratio for developing hair loss after receiving the COVID-19
vaccine was 1.34 (95% CI: 1.04-1.73) for females and 1.12 (95% CI: 0.81-1.54) for males.
Conclusion Hair loss is a rare but possible side effect of COVID-19 vaccination in both males
and females, which its prevalence is higher in females than in males. Individuals with certain
comorbidities, such as hypertension and diabetes, may be at a higher risk for experiencing
hair loss after COVID-19 vaccination.

Keywords COVID19- Vaccines; Hair Loss; Machine Learning; Sociodemographic Factors;
Comorbidity
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Introduction

The novel coronavirus disease 2019 (COVID-19)
outbreak was declared a global pandemic by the
World Health Organization (WHO) on March 11,
2020 (1. Over 468 million infections and more than
6 million deaths worldwide have been caused by the
Coronavirus disease 2019 (COVID-19) [2. Various
vaccines have been developed and approved for
COVID-19 globally. Due to the new variants (e.g.,
Omicron), the use of additional doses is also being
reviewed and approved for prevention Bl The
COVID-19 pandemic has had a severe effect on world
health and the economy, and vaccination has been
critical in limiting its spread [*51.

There is still insufficient information on the immune-
related issues of COVID-19 vaccines and whether or
not they can cause the flare of autoimmune diseases
[6]. The quick development and distribution of COVID-
19 vaccination has aided in the reduction of cases and
deaths globally [7. However, while the efficacy and
safety of vaccines have been extensively studied,
their potential side effects remain a concern [8l.
Vaccine-induced adverse events are a concern among
both healthy individuals and those with preexisting
conditions. The concern is that the safety of any
vaccine cannot be easily generalizable to populations
who are not routinely included in clinical trials, such
as patients with chronic autoimmune and
inflammatory disorders [°l. The paucity of data and
concerns related to disease exacerbations of these
preexisting inflammatory conditions can serve as a
source of vaccine hesitancy among patients. Several
studies have observed exacerbations of preexisting
autoimmune or autoinflammatory disorders in at-
risk populations postvaccination 101,

The development of vaccines throughout human
history has changed the course of diseases and
humanity [11l. The process of vaccine development
often requires decades to obtain a marketable
vaccine; nevertheless, with the advent of the SARS-
CoV-2 pandemic in March 2020, the process was
accelerated by both necessity and the amount of
resources available for this purpose [12. While this
process has followed the highest standards of safety
and control, due to the large number of people
vaccinated in all corners of the globe, reports of
adverse events are still very common [13. 141, In this
context, by December 2020, the Food and Drug
Administration (FDA) authorized the emerging use of
the mRNA-based vaccine produced by
Pfizer/BioNTech (BNT162b2), followed by Moderna
(ARNm-1273), and later the rest of the COVID-19
vaccines, including the viral-vector-based
AstraZeneca (ChAdOx1), or the attenuated and
inactivated virus vaccine from Sinopharm (BBIBP-
CorV) and Sinovac (Sinovac-CoronaVac) [15,

With initial reports on safety and effectivity, and after
the biggest vaccination campaign took place all over
the planet, adverse events started to appear [15 16],
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Among the most common and expected are pain at
the injection site, fever, headache, and malaise, as
well as more rare events, such as transverse myelitis,
Guillen-Barre syndrome, or platelet activation by
vaccine-induced immune thrombocytopenia [1417, 18],
Hair loss accompanying COVID-19 infection, as well
as its various vaccine strains has been of much
concern. No clear understanding of the mechanism
behind vaccine-related hair loss had been explained.
However, a number of factors were hypothesized 1.
COVID-19-infected individuals had been more prone
to microthrombi formation that caused compromise
of the vascular circulation within scalp hair follicles
[19]. Given its aesthetic impact, hair loss has garnered
considerable attention from the general public [20.21],
Hair Loss (HL), also known as alopecia or baldness,
may be classified in several degrees and kinds.
Common types include Male- or Female-Pattern Hair
Loss (MPHL or FPHL), Alopecia Areata (AA), and a
thinning of hair known as Telogen Effluvium (TE).
The cause of MPHL is a combination of genetics and
male hormones; the cause of FPHL is yet unclear; the
cause of AA is autoimmune, and the cause of telogen
effluvium is typically a physically or psychologically
stressful event [22-25],
Alopecia Areata (AA) is an autoimmune form of hair
loss, usually presenting with patchy hair loss on the
scalp. The pathophysiological basis is thought to be
the breakdown of the immune privilege of the hair
follicle, resulting in increased aggregations of natural
killer cells in follicles [26l. External factors such as
emotional stress, drugs, and vaccinations have also
been implicated. AA can be triggered by viral
infections such as influenza [27], cytomegalovirus, and
the Epstein-Barr virus [28]. There have been reports in
the literature of cases of AA thought to have been
triggered by either COVID-19 vaccination or COVID-
19 infection [29].
Although alopecia exacerbation following COVID19
vaccinations is rarely reported, it is a frequent
concern among patients. Alopecia areata has been
observed following routine vaccinations, such as
influenza, zoster, and human papilloma virus
vaccines. Thus, an association cannot be ignored [3%
31],
Telogen Effluvium (TE) is one of the most popular
alopecia in women, provoked by stressful events,
trauma, illness, malnutrition, hormonal imbalance,
and drugs. The pattern of hair loss in telogen
effluvium is diffuse, without scars, and involves less
than half of the hair. It occurs 2-3 months after the
stressful condition and is occasionally self-limiting.
Telogen effluvium could be chronic if it lasts more
than 6 months. The patients who suffer from telogen
effluvium are anxious and usually worry about their
hair. Therefore, telogen effluvium has a dramatic
impact on their psychological health and mind [321.
Telogen effluvium-associated hair loss can last up to
6 months after proper treatment, as well as removal
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of any triggering factors. Persistence of telogen
effluvium for more than 6 months implies chronicity
of the condition and can be more challenging to treat.
In a study, Ammar et al. found that approximately
23.9% of patients had diffuse hair loss for 6 months
(acute TE), with the majority commencing one month
post-vaccination (45.8%) and 33.2% after the second
month [33],

The UK Medicines and Healthcare Products
Regulatory Agency has published data on the adverse
events reported following COVID-19 vaccination B4.
A total of 154 cases of AA, alopecia totalis (AT,
affecting the whole head), or alopecia universalis
(AU, affecting the whole body) have been reported;
50% with the BNT162b2 Pfizer/BioNTech (New
York, NY), 40% with the ChAdOx1 nCoV-19
AstraZeneca (Cambridge, UK), and 10% with the
mRNA-1273 Moderna (Cambridge, MA) vaccines.
Although this may simply be a reflection of the
proportion of each vaccine administered in the
United Kingdom, a possible association may be
present. The US Centers for Disease Control and
Prevention Vaccine Adverse Event Reporting System
database 1351 was searched for reported cases of AA,
AT, and AU following COVID-19 vaccination; it
showed a total of 126 cases (114 of AA, 1 of AT, and
11 of AU). The vast majority were Pfizer/BioNTech
(66%) and Moderna (29%). One must consider that
some cases of mild hair loss may not have been
reported, meaning that the true number of cases may
be higher.

Hair loss may be a disturbing side effect that has a
substantial influence on the quality of life of those
who suffer from it. Several studies have reported the
association between vaccines and hair loss. For
instance, a study by Alharbi reported an increase in
telogen effluvium in patients who received the
COVID-19 vaccine B3¢l Another study by Scollan et al.
found that hair loss occurred in some individuals who
received the Moderna vaccine [371. These studies have
raised questions about the potential link between
COVID-19 vaccines and hair loss.

While these studies provide valuable insights, their
limitations, such as small sample sizes and lack of
statistical analysis, highlight the need for more
extensive investigations to fully understand the
association between COVID-19 vaccines and hair loss.
As a result, a large-scale investigation is required to
explore the possible negative effects of COVID-19
vaccinations on hair loss. Research in this area may
provide important insights into possible adverse
effects of Covid-19 vaccination, particularly their
effect on hair loss, which has received little attention
in the literature. Understanding the potential side
effects of COVID-19 vaccines is essential to ensure
that individuals can make informed decisions about
vaccination and healthcare providers can better
manage any potential adverse events.

The present study aimed to investigate the effect of
COVID-19 vaccinations on hair loss, classify the
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participants based on sociodemographic status and
evaluate the correlation between hair loss and
comorbidities, such as hypertension, diabetes,
cancer, and allergy.

Instrument and Methods

A retrospective cohort analysis was performed on
580 people aged 20 to 72 years who had received the
Covid-19 vaccine in Iraqi cities. The study population
included 270 males and 310 females. The
sociodemographic characteristics and comorbidities
were obtained from medical records.

The participants were asked to report hair loss after
receiving the vaccine, and individuals who reported
hair loss were classified into two categories based on
the severity of hair loss, i.e., mild and severe.

To identify potential risk factors for hair loss,
machine learning techniques were used to classify
individuals based on sociodemographic factors such
as age, gender, education level, income, and
occupation. After correcting for possible confounders
such as comorbidities, vaccine type, and
immunization date, a logistic regression analysis was
used to assess the Odds Ratio (OR) and 95%
Confidence Interval (CI) for hair loss. Additionally,
the study evaluated the effect of different COVID-19
vaccines on hair loss by comparing the occurrence of
hair loss among individuals who received different
vaccines. The study also assessed the association
between the timing of vaccination and the occurrence
of hair loss.

Findings

This research included 580 people (270 men and 310
women). The participants' average age was
46.2+12.5 years, with a range of 20 to 72 years. The
majority of the participants were from cities (Table
1).

Table 1) Socio-demographic characteristics of study participants
(numbers in parentheses are percentages)

Characteristics Males Females Total
(n=270) (n=310) (n=580)

Age (years), mean+SD 47.1+413.1 45.5%#11.8 46.2+12.5

Habitat

Urban 240 (88.9) 280 (90.3) 520(89.7)

Rural 30(11.1)  30(9.7) 60 (10.3)

Out of the total participants, 17.6% reported
experiencing hair loss after receiving the COVID-19
vaccine (Table 2).

Table 2) Frequency distribution of hair loss after receiving the
Covid-19 vaccine in women and men (numbers in parentheses are

percentages)

Hair loss after vaccination Males Females Total
(n=270) (n=310) (n=580)

Yes 41 (15.2) 60(19.4) 101 (17.4)

No 229 (84.8) 250 (80.6) 479 (82.6)

This percentage was higher in females (19.4%)
compared to the males (15.2%). There was a
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significant association between the COVID-19
vaccine and hair loss in both males and females.

The odds ratio for developing hair loss after receiving
the COVID-19 vaccine was 1.34 (95% CI: 1.04-1.73)
for females and 1.12 (95% CI: 0.81-1.54) for males.
The prevalence of hair loss after COVID-19
vaccination was higher for the Moderna vaccine
(30.3%) compared to Pfizer-BioNTech (23.1%) and
Johnson & Johnson (7.6%; Table 3).

Table 3) Prevalence of hair loss according to the type of covid-19
vaccine in men and women (numbers in parentheses are
percentages)

Vaccine type

Males (n=270) Femals (n=310)

344
No significant difference was observed between
males and females based on comorbidities such as
hypertension, diabetes, cancer, and allergy (Table 4).

Table 4) Prevalence of hair loss according to comorbidity status in
men and women (numbers in parentheses are percentages)

Comorbidity status Males (n=270) Females (n=310)
Hypertension 90 (33.3) 102 (32.9)
Diabetes 30 (11.1) 32 (10.3)

Cancer 6(2.2) 8(2.6)

Allergy 40 (14.8) 50 (16.1)

Figures 1 and 2 show the ROC curves for the machine
learning analysis of hair loss after Covid-19
vaccination in males and females. AUC was 0.73 (95%
CIl: 0.68-0.77) for females and 0.67 (95% CI: 0.62-

Pfizer-BioNTech 60 (22.2) 74 (23.9)
Moderna 80 (29.6) 96 (31.0)
Johnson & Johnson 20 (7.4) 24 (7.7)
No vaccine 110 (40.7) 116 (37.4) 0.72) for males.
ROC Curve for Hair Loss Prediction in Females
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Figure 1) ROC curves for the machine learning analysis of hair loss after Covid-19 vaccination in females
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Figure 2) ROC curves for the machine learning analysis of hair loss after Covid-19 vaccination in males
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Discussion

Coronavirus disease 2019 (COVID-19) is a major
concern worldwide, and various vaccines have been
developed and approved for it. However, some
immune-related issues of COVID-19 vaccines should
be considered and individualized for patients [38],
COVID-19 vaccines have positively changed the
course of the pandemic. They entered the market
after only one year of the initial trials, which yielded
positive results in terms of safety and efficacy.
However, after inoculating billions of people in the
most extensive vaccination campaign worldwide,
mild but common and some rare but potentially fatal
adverse events have been reported. Among several
self-reported adverse events, hair loss and alopecia
have been linked to COVID-19 mRNA or viral vector
vaccines [19]. Some of the side effects of the COVID-19
vaccine may be underpinned by molecular mimicry
and the production of pathological autoantibodies,
causing, for example hair loss 391,

In this study, we investigated the relationship
between COVID-19 immunization and hair loss in a
group of 270 men and 310 women ranging in age
from 20 to 72 years old and categorized by
sociodemographic status, with the majority of them
residing at cities. Our results showed a significant
association between COVID-19 vaccination and hair
loss in both males and females. Several studies have
reported adverse effects of COVID-19 vaccination,
including hair loss #0411, The mechanism behind this
adverse effect is still unclear, but it is hypothesized
that the immune response triggered by the vaccine
might cause temporary hair loss [42 431, More research
is needed to examine this mechanism and determine
the duration of this negative effect.

Our machine learning analysis showed high accuracy
in predicting hair loss in patients who received
COVID-19 vaccination. It suggests that machine
learning algorithms can be useful in predicting
adverse effects of COVID-19 vaccination and can help
in identifying patients at risk for such effects.

Our study also found a correlation between
comorbidities such as hypertension, diabetes, cancer,
and allergy with hair loss after COVID-19 vaccination.
This result is consistent with other research that
showed individuals with comorbidities were more
likely to experience negative side effects from the
COVID-19 immunization [#4. More study is needed to
examine the processes behind this connection and if
individuals with comorbidities should get alternative
vaccination formulations or doses.

Hair loss after COVID-19 vaccination has not been
widely discussed in the literature; however, a study
from Poland demonstrated that only 2.2% of those
vaccinated complained of acute hair loss, of which
46.4% and 53.6% having hair loss after the first and
second doses, respectively [45],

Ammar et al. assessed dermoscopically the
prevalence of hair loss among an Egyptian population
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following COVID-19 vaccination. They reported
prevalence of post-vaccination hair fall that was
confirmed by trichoscopy and affected approximately
one quarter of participants who received COVID-19
vaccines. Also, they stated that other factors, such as
stress and infection, cannot be excluded [331.

Another study from Saudi Arabia demonstrated hair
loss after COVID vaccine to be as high as 63.2%, with
the majority after the first dose (55.8%) and 44.2%
after the second dose [46],

Alharbi’s study that assessed the prevalence of
telogen effluvium following COVID 19 vaccination
demonstrated that out of 991 participants, 670
(67.6%) reported post-vaccination hair fall. The
probable causes of post-vaccination hair fall were
vaccine-related in 185 (27.6%) participants, other
causes in 326 (48.7%) participants, and unclear in
326 (48.7%) participants (3.

In Alharbi’s study, the majority of participants were
females (90.3%). The most common age group was
between 21 and 30 years (51.9%). Post-vaccination
hair fall was significantly higher among females
compared with males (68.5% versus 57.9%,
p=0.036) B8l These findings are in consistent with
our results.

In their study, Scollan et al. highlighted that patients
with personal or family histories of AA and other
autoimmune  diseases, particularly  thyroid
dysfunction, may be at higher risk of hair loss
following SARS-CoV-2 vaccination [371.

A case report indicated the possible role of
Oxford/AstraZeneca vaccine in causing alopecia
areata in genetically preconditioned individuals via
mechanisms of immunity [47]. Alfredo Ross et al.
described 3 cases of patients who experienced a
relapse of alopecia areata after a single dose of the
vaccine, 2-3 weeks after vaccination Bl In the study
by Birkett et al,, a total of 18 patients were described
who developed AA after COVID-19 vaccination, for
which AstraZeneca, Moderna, and Pfizer/BioNTech
vaccines were used [29],

Arroyo et al. tracked and followed a series of five
cases with post-vaccine telogen effluvium and
alopecia development in Ecuador. They reported the
clinical presentation of two women and three men
with the diagnosis of post-vaccine hair loss. All
patients received a heterologous vaccination scheme
(mRNA and attenuated virus vaccine) with an
additional viral vector booster associated with the
apparition of telogen effluvium and alopecia
universalis between 3 and 17 days after the vaccine
was administered. Arroyo et al.'s research supports
the hypothesis that there is some association
between hair loss and COVID-19 vaccination and
expands on the theoretical rationale for the use of
mixed vaccination schedules and the Sinovac vaccine
[19],

The SARS-CoV-2 virus can make the immune system
overactive due to the interaction and molecular
mimicry between the virus and self-antigens. Similar
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to the disease itself, COVID-19 vaccines can increase
inflammatory responses [¢l. Nuclear Factor Kappa B
(NF-kB) activation, which leads to the release of
many cytokines, and elevated Interferons (IFN) and
Interleukin 6 (IL-6), are linked to AA pathology and
might cause hair loss [48l. AZD1222 expresses the S
glycoprotein, which stimulates both antibody
production and T helper (Th1) cell activation [6] This
type of hair loss has also been noticed among
recipients of other types of COVID-19 vaccines, such
as BNT162b2 (Pfizer-BioNTech) and mRNA-1273
(Moderna) B7l. Furthermore, as Fivenson suggested,
the mental stress of the global pandemic may have
contributed to some of the cases, as stress has been
recognized as a trigger for hair loss [4°].

Knowledge about SARS-CoV-2 vaccine safety and
benefits is evolving to support decision-making about
use of these vaccines. Although benefits of these
vaccines greatly overweight risks associated with
acquisition of infection, the benefit-risk balance
should be communicated to patients. There is
currently a lack of clear-cut recommendations about
screening for autoimmunity in patients receiving
SARS-CoV-2 vaccines, and autoimmunity in this
context is multifactorial with multiple modifiers. Due
to the growing reports of autoimmunity flares,
including AA, healthcare providers should remember
to enquire about personal and/or family history of
autoimmunity. This would allow for proper patient-
centered counselling and enable patients to take
informed health decisions in their best interest [501.
Overall, our findings add to the expanding body of
research on the negative consequences of COVID-19
immunization and shed light on the utility of machine
learning algorithms in anticipating bad effects. These
findings can help develop personalized vaccination
strategies for patients with different risk profiles.
Our study found that hair loss was a rare but possible
side effect of COVID-19 vaccination in both males and
females. We were able to identify possible risk factors
and sociodemographic features related with this side
effect by using machine learning methods. The
results suggest that individuals with certain
comorbidities, such as hypertension and diabetes,
may be at a higher risk for experiencing hair loss after
COVID-19 vaccination. Providers of healthcare
should be aware of this possible adverse effect and
advice patients accordingly. Future studies should
investigate the underlying mechanisms of this side
effect and further explore its risk factors and long-
term consequences.

Conclusion

Hair loss is a rare but possible side effect of COVID-19
vaccination in both males and females, which its
prevalence is higher in females than in males.
Individuals with certain comorbidities, such as
hypertension and diabetes, may be at a higher risk for
experiencing hair loss after COVID-19 vaccination.
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