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ABSTRACT

Androgenetic alopecia is the most common
form of hair loss, affecting 85% of men and 40%
of women. Androgenetic alopecia is a disease
caused by multiple factors, such as genetics,
hormones, and systemic diseases; however, the
exact cause remains undetermined. Recent
studies have found that it is associated with a
high incidence of endocrine diseases and other
comorbidities. It may not only be a skin disease
but also an early signal of underlying systemic
diseases. Effective management requires timely
diagnosis and treatment initiation. However, in
current clinical practice, androgenetic alopecia
is still not fully understood or treated. Recog-
nizing the true physical, social, and emotional
burden of androgenic alopecia, as well as its
associated comorbidities, is the first step in

improving the prognosis of affected patients.
This review aimed to gather the known patho-
logical factors and provide a reference for clin-
ical physicians to understand androgenetic
alopecia and its comorbidities in depth, thereby
enabling early recognition of the underlying
systemic diseases and providing timely
treatment.

Keywords: Androgenetic alopecia;
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Key Summary Points

Androgenetic alopecia is a multifactorial
disease that seriously affects people’s
work, love, and interpersonal
relationships. At present, its specific
pathogenesis is still elusive, and the
existing treatment cannot give
satisfactory results to patients.

We reviewed recent studies on the
systemic diseases associated with
androgenetic alopecia.

It is hoped that our research will lead to a
better understanding that this disease is
not a simple skin disease, as well as early
diagnosis and treatment of other diseases
to improve patient outcomes.
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INTRODUCTION

In modern society, hair is an important part of
one’s self-image. Therefore, hair loss brings
many troubles to people, such as impaired
image, impacted self-confidence, failure of a
marriage, and love, and may impact people’s
health. Studies have shown that hair loss can
cause various psychological difficulties, such as
anxiety, depression, and trauma, and further
impair quality of life (QoL) [1–3]. Androgenetic
alopecia (AGA), commonly known as male or
female pattern baldness, is the most common
progressive hair loss disorder [4]. Although
studies have reported that androgens and their
receptors, gene expression patterns, inflamma-
tion mediators, signaling pathways, and disor-
ders might be related to the occurrence of AGA,
the etiology and pathogenesis of AGA still
require further investigation [5–7], which might
provide novel targets for prevention and ther-
apy. Dihydrotestosterone (DHT), a metabolite
of testosterone, is regularly considered one of
the key mediators of AGA. It acts on androgen
receptors in hair follicles, thereby shortening
the anagen (growth) phase and prolonging the
telogen (resting) phase of hair growth, resulting
in an increase in immature hair and a decrease
in new hair [4, 8–10]. The current treatment
plan for AGA mainly includes oral finasteride,
topical external use of minoxidil, low-intensity
laser, hair transplantation, etc. Finasteride is a
5a-reductase inhibitor that has a significant
effect on the treatment of AGA; however, it can
also exhibit unacceptable side effects in a small
subset of patients. Occasionally, side effects
persist even after treatment cessation in the
form of the post-finasteride syndrome [11].
Minoxidil effectively inhibits the hair loss pro-
cess; however, once the drug is discontinued,
hair from minoxidil-mediated hair growth
begins to fall out. Therefore, patients must use it
indefinitely and persistently to maintain effi-
cacy [12]. Additionally, minoxidil can cause
undesirable adverse effects. Currently, low-in-
tensity laser therapy has shown promising
results in the treatment of AGA; however, the
effectiveness of its treatment remains contro-
versial [5].

The presence of a chronic disorder that co-
occurs, simultaneously or in tandem, with a
primary disease is comorbidity [13]. Comor-
bidities can aggravate patients’ physical and
mental sufferings. For physicians, comorbidities
pose new challenges for diagnosis and treat-
ment. Some researchers have pointed out that
AGA is associated with systemic diseases such as
metabolic syndrome, endocrine diseases, and
mental disorders [1, 14–17]. Previous studies
have discussed the relationship between alope-
cia areata and systemic diseases [18–20]
(Table 1). However, to the best of our knowl-
edge, few studies have discussed the relation-
ship between AGA and other systemic diseases.
Timely diagnosis and treatment of these
potential systemic diseases are extremely
important for the management and improve-
ment of AGA. The more accurate our under-
standing of AGA and its comorbidities, the
better the clinical diagnosis and treatment can
be. Here, we review the current insights into the
pathology and relationships between AGA and
systemic diseases and seek novel and potential
avenues for its diagnosis and treatment to help
patients with AGA. This article is based on
previously conducted studies and does not
contain any new studies with human partici-
pants or animals performed by any of the
authors.

ENDOCRINE DISEASE

The growth, circulation, and density of hair are
mainly regulated by circulating hormones.
Thus, endocrine system diseases are often
accompanied by hair loss [21]. Hyperandro-
genemia (HA) refers to a condition in which the
ovaries and adrenal cortex secrete excessive
testosterone. One of the common androgenic
skin changes is androgenic alopecia [22]. The
earliest suspected relationship between HA and
AGA can be traced back to the Renaissance
period and the 18th century [23]. A study
reviewed other skin manifestations in women
with high androgen levels and found that AGA
is a common clinical manifestation but cannot
be used as a useful clinical marker [24]. In a
report of a 63-year-old woman with hirsutism
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and alopecia, her experimental data emphasized
an increase in androgen levels [25]. For post-
menopausal women with hirsutism and AGA,
to achieve a better therapeutic effect, we must
find the cause of elevated androgen levels, such
as the source of a tumor [26, 27]. Nevertheless,

most studies have shown that AGA is not yet a
sign of HA [24, 27–29]. Many studies have dis-
cussed female androgen excess, but recently, a
cross-sectional study of male HA has been con-
ducted. A study of 100 men with elevated
androgen levels found that patients with

Table 1 Comorbidities in androgenic alopecia and symptoms

Symptom
no.

Comorbidities Symptoms References

1 Hyperandrogenemia An increase in androgen levels, hirsutism, alopecia [21–25]

2 Polycystic ovary

syndrome, obesity,

and so on

Alopecia, acne, infertility [27–31, 34, 35]

3 Insulin resistance Acanthosis nigricans, polycystic ovary syndrome, type 2 diabetes [36–38]

4 Hypothyroidism High thyroid-stimulating hormone, alopecia [42–44]

5 Prostate cancer Hyperandrogenemia, alopecia [45, 46]

6 Testicular germ cell

tumors

Androgenic alopecia, especially frontal baldness [45]

7 Androgen-secreting

tumors

Hirsutism, alopecia, hirsutism [48, 50]

8 Thyroid cancer Androgenic alopecia [49]

9 Metabolic syndrome Abdominal obesity, hypertension, high-density lipoprotein, and

androgenic alopecia

[52–57]

10 Atherosclerosis Androgenic alopecia [61–63]

11 Hypertension Hyperaldosteronism, alopecia [65–67]

12 Psychological disorders Depression, anxiety, obsessive–compulsive disorder, and loss of

confidence

[69–72]

13 Urinary calculi Total alopecia, pattern alopecia [76]

14 Benign prostatic

hyperplasia

A larger prostate [74, 75, 77]

15 Nutritional deficiencies The levels of hair and serum zinc and copper in patients with AA

and AGA were significantly lower. the lack of amino acids

[76, 81–84]

16 Seborrheic dermatitis Androgenic alopecia [85]

17 Acne vulgaris Androgenic alopecia [104, 105]

18 Myotonic dystrophy

type 1

Alopecia, myotonia, myasthenia [106, 107]

19 Autoimmune diseases Early onset androgenic alopecia [108, 109]
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elevated DHT levels had a higher frequency of
hair loss [30]. These studies continue to prove
that patients with HA are more prone to AGA.
However, the existing evidence generally shows
that the androgen level in the blood circulation
of patients with AGA is maintained at a normal
level. The association between HA and AGA
may not be attributable to increased levels of
androgens in the blood. Apart from androgens,
what else exists between them?

HA does not appear alone and is often one of
the manifestations of other diseases. It mainly
originates from ovarian and adrenal diseases
and other rare causes, such as local androgen
abnormalities in target organs, drugs using
exogenous androgens, and hyperprolactinemia.
We speculated that AGA and HA may be com-
mon manifestations of ovarian and adrenal
diseases. HA occurs most often in patients with
polycystic ovary syndrome (PCOS). In a
prospective study of patients with PCOS, the
prevalence of AGA was 30% [31]. However, this
study involved 20 patients with PCOS. In an
Anahita Jalilian meta-analysis of Iranian
women with PCOS and its comorbidities, the
prevalence of AGA was estimated to be 9% [32].
In the Molly Quinn study, 56 PCOS patients
had AGA (22.0%) [29]. The difference in preva-
lence might be attributed to different popula-
tion groups, as well as different screening
methods used to diagnose PCOS. Feng et al. also
agreed that AGA was a common dermatological
manifestation in women with PCOS and those
without. There were no significant differences
in the age of patients with PCOS between the
AGA and non-AGA groups (P = 0.453) [28].
Based on the autosomal genetic transmission of
PCOS and symptoms of PCOS in men of fami-
lies where women are often affected by PCOS,
researchers have proposed the existence of a
male equivalent of PCOS [33, 34]. A cross-sec-
tional study in Taiwan, China, showed that
overweight women with PCOS are at a signifi-
cantly higher risk of female pattern hair loss
(FPHL). This study also showed that there may
be ethnic differences in the susceptibility of
patients with PCOS to the development of FPHL
[35]. However, Molly Quinn’s study concluded
that there was no significant difference in the
incidence of AGA between White participants

and non-White participants (21.8 vs. 21.1%;
P = 0.91) [29]. In contrast, Timothy and Sch-
midt had different results. Their cross-sectional
study aimed to determine the skin and body
characteristics of patients with PCOS to help
diagnose PCOS. They found that women who
met the PCOS criteria had an increased preva-
lence of AGA than those who did not, but this
difference was not statistically significant
(22.4% [53 of 237] vs. 11.4% [5 of 44], P = 0.10)
[36]. In general, patients with PCOS are more
likely to develop AGA. However, there is still
insufficient evidence to explain this. We believe
that, to some extent, this is related to heredity,
weight, and gender. To the best of our knowl-
edge, no study has found an association
between adrenal gland disease and AGA.

AGA, acanthosis nigricans, and PCOS are
recognized as early clinical manifestations of
insulin resistance, and these manifestations
represent the risk of further developing type 2
diabetes [37]. A study directly elucidated that
diabetes was significantly associated with FPHL
frontal alopecia (P = 0.023) [38]. Insulin resis-
tance might induce a hormonal imbalance in
circulating androgens, which may explain the
relationship between diabetes and AGA [39]. A
prospective study in Taiwan concluded that
moderate-to-severe AGA was an independent
predictor of diabetes [40]. However, another
study did not show any significant association
between type 2 diabetes and AGA [41]. It is well
known that the main bridge between AGA and
diabetes is insulin resistance. Insulin resistance
plays an important role in diabetes onset.

Baseline and stimulated thyroid-stimulating
hormone levels were significantly increased in
patients with AGA following thyrotropin-re-
leasing hormone (TRH) stimulation [42].
According to the results of a study of 65 men
with AGA (average age, 24 years) and 46 women
with AGA, AGA in women was associated with
hypothyroidism [43]. A retrospective study by
Tee Wei Siah found that 12% (aged 24–73 years)
of 210 patients with FPHL had a long-term
history of hypothyroidism [44]. Babaei et al.
suggested that if hair loss occurs early, there
may be concomitant diseases such as hypothy-
roidism [45]. Patients with AGA may be
accompanied by hypothyroidism.
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Unfortunately, there is insufficient evidence
and low quality; however, this possibility must
be considered.

CANCER

Recently, some scholars have proposed that
AGA is also related to cancer, but the results of
these studies are controversial [46–51]. A meta-
analysis assessed the relationship between can-
cer incidence or cancer-specific mortality and
AGA categories using retention odds ratios (OR)
or hazard ratios (HR) with 95% confidence
intervals (CI). A significant increase in risk was
observed in relation to high-grade prostate
cancer (PC) (OR 1.42; 95% CI 1.02–1.99), and
vertex with/without frontal baldness was asso-
ciated with PC risk. Nevertheless, using AGA as
a phenotypic marker for PC risk was poorly
supported [46]. Rokni et al. also showed that
there is a significant relationship between PC
and AGA. However, the association between
these two diseases may be due to androgens
[47]. Prostate-specific antigen (PSA) is a bio-
marker for PC. It has been approved by the US
Food and Drug Administration as an aid for the
early detection of PC [52]. However, in an AGA
case–control study, there was no significant
difference in the mean serum PSA levels
between patients and controls [48]. Based on
existing research, whether PC and AGA are
related remains controversial. The pooled
results of this meta-analysis also showed that
AGA, especially frontal baldness, was associated
with the incidence of testicular germ cell
tumors (OR 0.69; 95% CI 0.58–0.83). However,
the specific degree of baldness does not affect
the incidence or specific mortality of cancer
[46]. In addition, AGA is associated with
androgen-secreting tumors. Wesolowska et al.
reported a 64-year-old postmenopausal woman
with an ovarian tumor who developed
advanced AGA and progressive hirsutism within
3 years [49]. Ferrinho Catia et al. reported a
similar case [51]. These reports indicate that
increased androgen levels may lead to the
appearance of AGA in androgen-secreting
tumors. In addition, Taiwanese women with
hair loss have a higher risk of thyroid cancer

[50]. However, this study did not completely
rule out other pathogenic factors that could
lead to thyroid cancer. These positive results
should be interpreted carefully because of the
limitations of these studies.

METABOLIC DISEASE

Metabolic syndrome (MetS) refers to the
pathological state in which the body’s proteins,
fats, carbohydrates, and other substances are
metabolically disordered. It is a complex meta-
bolic syndrome and a risk factor for diabetic
cardiovascular and cerebrovascular diseases.
Over the past two decades, the relationship
between AGA and MetS has been proven [53]. In
a case and control study involving 100 AGA
cases (20–50 years), MetS were observed in 53%
of cases and 17% of controls (P = 0.001) [54].
Gopinath and Upadya conducted a hospital-
based, analytical, cross-sectional study of 85
men with early onset AGA. The results showed
that the MetS was observed in 19 (22.4%)
patients with AGA and eight (9.4%) control
groups (P = 0.021). Compared to the patients in
the control group, those with AGA had signifi-
cantly higher reductions in abdominal obesity,
hypertension, and high-density lipoprotein.
However, the subgroup of the study only had a
small sample size and lacked evidence of a
temporal relationship between MetS and AGA
[55]. Another study showed that there were 37
(64.9%) and 29 (53.7%) patients with AGA in
the case and control groups, respectively, and
the difference was statistically significant
(P\0.0001) [56]. Only approximately 10% of
the patients had MetS, although the difference
was not statistically significant (P = 0.092).
Compared with control group patients, those
with AGA had significantly higher reductions in
abdominal obesity, hypertension, and high-
density lipoprotein levels [57]. A study by Ola
Ahmed Bakry stated that MetS is more common
in patients with AGA with severity of 12/40
(30%) than in 2/60 (3.3%) patients with mild-
to-moderate severity. However, compared to
patients with extremely severe AGA, those with
mild to moderately severe AGA had a lesser
tendency to develop metabolic conditions [58].
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Most studies have unanimously concluded that
there is some evidence linking AGA to MetS.
However, there are insufficient studies on the
correlation between AGA severity and MetS.

CARDIOVASCULAR DISEASES

Cardiovascular diseases are a major cause of
morbidity and mortality worldwide [59]. Several
studies have reported an association between
AGA and cardiovascular risk [60]. Amamoto
Misato et al. screened a total of nine studies
(eight on AGA, one alopecia areata: 44,806
participants) in the Medline and Embase data-
bases for a meta-analysis and found that com-
pared to men without baldness, those with AGA
had an increased risk of heart disease, and
younger men (\ 55 years or B 60 years) showed
a stronger correlation [61]. Salvador Arias-San-
tiago confirmed the association between early
onset AGA and a higher cardiovascular risk in
men and women groups. They found that the
prevalence of carotid atherosclerosis
(atherosclerotic plaque) in patients with AGA
was higher than that in the control group.
Moreover, the prevalence of family history of
cardiovascular disease in the men and women
AGA groups was significantly higher than that
in the control group [62]. Wang Ya-Xin’s
research further found that AGA status (OR
2.247; 95% CI 1.396–3.617, P = 0.001), severe
AGA (OR 2.360; 95% CI 1.506–3.699,
P\ 0.001), and early onset AGA (OR 3.54%;
95% CI 2.069–5.832, P\0.001) were indepen-
dently correlated with the severity of coronary
atherosclerosis [63]. A meta-analysis revealed
that the serum total cholesterol, triglycerides,
and low-density lipoprotein cholesterol levels
in the AGA group were significantly higher than
those in the control group, and the standard-
ized mean differences were 0.377 (95% CI
0.182–0.572, P\ 0.001), 0.426 (95% CI
0.164–0.688, P = 0.001), and 0.450 (95% CI
0.171–0.728, P = 0.002), respectively [64],
which further confirmed the results of previous
studies. In a prospective case–control study in
India, there were 468 confirmed cases of coro-
nary artery disease (CAD) and 912 age-matched
healthy men. The results showed that the

prevalence of AGA (49.1 vs. 27.4%) was higher
in the CAD group than in the control group.
Multiple logistic regression analysis indicated
that AGA [5.619, 95% CI 4.025–7.845,
P\ 0.0001] was the strongest predictor of CAD
in young Asian men. This may indicate that
AGA can be effectively used for the early pre-
diction of CAD [65]. Several studies have
investigated the association between AGA and
hypertension. In addition, Serge Ahouansou
claimed that hypertension and AGA are
strongly related and that this association was
independent of age [66]. In a case–control
study, the aldosterone level and blood pressure
of patients with AGA were significantly higher
than those of the control group (P\0.05) [67].
Women with early onset AGA have high sys-
tolic blood pressure, diastolic blood pressure,
and aldosterone levels [68]. Unfortunately,
Danesh-Shakiba et al. did not find a significant
association between certain cardiovascular risk
factors (e.g., hypertension and smoking) and
AGA. Although patients with severe AGA have
significantly higher systolic and diastolic blood
pressures, their average age is also significantly
higher [69]. Elevated aldosterone levels are
considered the cause of AGA and high blood
pressure. Existing evidence indicates that AGA
is independently related to cardiovascular dis-
ease and may be an indicator for early predic-
tion of cardiovascular disease in the future.

MENTAL ILLNESSES

Hair loss and subsequent beauty problems can
adversely affect mental health. AGA is increas-
ingly associated with social isolation, which
leads to depression, anxiety, and loss of confi-
dence [70–73]. Therefore, mental health prob-
lems are more common in patients with AGA
than in healthy individuals. However, no sys-
tematic evaluation has been performed of the
association between AGA and mental illness.
Wang Xia et al. evaluated the psychological use
of the SCL-90-R scale for AGA in 355 Chinese
college students. There were significant differ-
ences in obsessive–compulsive disorder,
depression, and phobic anxiety between college
students with AGA and the control group [70].
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A meta-analysis of the association between AGA
and health-related quality of life (HRQOL) and
mental illness (41 studies involving 7995
patients) found that AGA was significantly
related to HRQOL and moderate emotional
impairment, but not depressive symptoms. This
meta-analysis also found that physician-rated
hair loss severity is unrelated to HRQOL in AGA
[71]. Tas Betul et al. evaluated self-awareness,
self-esteem, sexual experience, and anxiety in
353 patients with AGA aged 15–63 years (men:
283 cases, women: 70 cases). They found that
women had more serious psychological disor-
ders than men [72]. Tabolli Stefano et al. also
confirmed the high prevalence of depression/
anxiety in patients with AGA, and the preva-
lence in women with AGA was significantly
higher than that in men [73]. Except for
depression and anxiety, the prevalence of AGA
in patients with schizophrenia was significantly
higher than in those without schizophrenia
[74]. Because the hair loss assessment instru-
ment and classification of severity in each
evaluation tool varied among the included
studies, which may have caused inconsistencies
in the results of the above studies, the potential
mechanism is worth investigating.

URINARY SYSTEM DISEASES

AGA, benign prostatic hyperplasia (BPH), and
PC are androgen-dependent diseases. AGA and
BPH have good therapeutic responses to finas-
teride [75, 76]. Therefore, we aimed to investi-
gate the relationship between AGA and urinary
system disease more closely. Interestingly, in a
retrospective survey, the age, body mass index,
hypertension, diabetes, baldness patterns, and
serum T levels of 200 patients were collected
from urinary calculi. They found that compared
with patients without hair loss, the risk of
urolithiasis increased by 1.3-fold in patients
with vertex pattern alopecia, whereas the risk of
total alopecia increased by 2.1-fold [77].
WenChieh Chen et al. showed that a larger
prostate was associated with a higher prevalence
of AGA, but not with its severity [75]. Naglaa F
Agamia also conducted related studies (includ-
ing 300 patients diagnosed with AGA and 100

controls). They found that there was a signifi-
cant increase in patients with AGA meeting the
diagnostic criteria for BPH (36 vs. 6.8%) than
those of the control group. BPH is an important
pathogenic factor associated with AGA [78]. In
contrast to the above studies, the other two
studies did not find any correlation between
AGA and prostate volume [79, 80]. Therefore,
the correlation between BPH and AGA still
requires high-quality research.

NUTRITIONAL STATES

Evidently, nutritional deficiencies are a com-
mon cause of AGA. Ching-Huang Lai et al.
investigated the concentration of heavy metals
in patients with AGA, and the results showed
that the concentrations of blood lead, copper,
cadmium, and zinc were lower in individuals
with moderate-to-severe AGA, while urine levels
of lead, cadmium, and zinc in patients with
AGA were higher than those in the controls.
This study found for the first time that there was
a significant correlation between blood vana-
dium concentration and the prevention of
moderate-to-severe AGA [81]. Amirnia Mehdi
et al. assessed the zinc and copper content in
the hair of patients with AGA and alopecia
areata (AA) (27 patients with AGA and 27
patients with AA; the control group comprised
27 age- and sex-matched healthy control par-
ticipants). The results showed that the average
hair zinc levels of patients with AA, AGA, and
the control group were 98.33, 105.35, and
129.52 lg/dl, respectively, which correlated
with the previous study. The average levels of
copper in the hair of participants in the study
and control groups were 7.91, 7.25, and 10.34,
respectively. The levels of hair and serum zinc
and copper in patients with AA and AGA were
significantly lower than those in the control
group (P\0.05) [82]. Dinesh Gowda proposed
that hair loss is not only related to the lack of
trace elements but also the lack of amino acids.
His results showed that histidine deficiency was
observed in[ 90% of AGA, leucine deficiency
in 100% of participants with FPHL, alanine
deficiency in 91.67% of FPHL and 91.18% of
male pattern hair loss (MPHL), cysteine
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deficiency in 55.58% of participants with
MPHL, zinc deficiency in 11.76% of participants
with MPHL, copper deficiency in 29.41% of
MPHL participants, and low transferrin satura-
tion and ferritin levels in patients with FPHL
[83]. Kondrakhina and Irina used direct col-
orimetry or atomic absorption spectroscopy to
estimate the plasma element content (magne-
sium, calcium, zinc, copper, selenium, iron) and
vitamin status (B12, D, E, and folic acid) in
patients with AGA. The data revealed that
compared with healthy controls, patients with
AGA had a 21.4% reduction in zinc content
(P = 0.003), 42.1% reduction in copper
(P\0.001), 10% reduction in magnesium
(P = 0.005), and 30% reduction in selenium
(P = 0.002), vitamin B12 decreased by 15.5%
(P = 0.012), while vitamin D increased by 53.3%
(P\0.001). However, none of these micronu-
trients are related to the severity of hair loss. In
contrast to previous studies, another study did
not find any iron or ferritin deficiency in
patients with AGA [84]. The analysis of single-
nucleotide polymorphism profiles found that
compared with healthy controls, patients with
AGA had elevated levels of dihydrotestosterone,
17-OH-progesterone, insulin, magnesium, cop-
per, zinc, selenium, vitamins D and E, and folic

acid [85]. Another study also found that
testosterone deficiency was more frequent in
patients with urinary stone disease and severe
AGA (P = 0.041, OR 2.38) [77]. These studies
showed that nutritional deficiency or suffi-
ciency are associated with AGA, which may
provide a novel avenue for the treatment of
AGA with drugs. In addition to medication,
monitoring micronutrient levels before treat-
ment may also be a necessary step.

GENETIC POLYMORPHISM

Genetic polymorphism, cigarette smoking,
drinking, eating habits, sleep, infection with
SARS-CoV-2 (COVID-19), infection, Cancer and
metabolic diseases are high risk factors for AGA
(Table2). Genetic polymorphism has become a
research hotspot in AGA. Currently, researchers
have identified androgen receptor (AR), 7p21,
20P11, and 2Q35 susceptibility genes on the X
chromosome and other susceptibility genes that
contribute to the development of male andro-
genetic alopecia (MAGA). The concomitant
familial cases of FPHL and MAGA suggest that
FPHL and MAGA share a common genetic
background [86], but these study samples were
mostly European populations. Myung Hwa Kim
et al. further justified genetic susceptibility
genes of AGA high-risk individuals in Asian
populations [87].

HUMAN BEHAVIORS

The role of cigarette smoking in hair loss has
become a topic of great interest to scientists.
Studies have found that smoking affects female
pattern baldness by causing women to have
relatively low estrogen levels through aromatase
inhibition and hydroxylation of estradiol. Most
studies have found a positive association
between cigarette smoking and hair loss, espe-
cially in AGA. However, a case–control study
found that smokers were less likely to develop
AGA than non-smokers. This provides an alter-
native explanation for the link between previ-
ous smoking and hair loss: an increased risk of
smoking due to AGA [57, 88–90]. A cross-

Table 2 Genetic polymorphism and human behaviors of
androgenic alopecia

Risk factors Population References

Genetic polymorphism Familial

cases

[86, 87]

Cigarette smoking Female cases [91]

Quality of life Female cases [3, 92]

Sleep disturbances Male and

female

cases

[93, 94]

Alcohol intake Male and

female

cases

[95]

Meat consumption and

insufficient fruits and

vegetables

Male cases [96]
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sectional study evaluating the effect of cigarette
smoking on early onset AGA found that the
prevalence of AGA was statistically higher in
smokers than in non-smokers, but there was no
significant association between hair loss severity
and smoking intensity [91].

Quality of life also has an important impact
on hair loss. A cross-sectional study identified
that stressful environments related to urban
living standards and anxiety about hair loss are
key triggers for AGA progression [3]. A study by
Atallah et al. reported that the prevalence of
female pattern baldness in urban areas was sig-
nificantly lower than in rural areas, and there
was no significant correlation with parental
education and family income [92]. Liamsombut
Somprasong et al. found an increased risk of
sleep disturbances in AGA patients [93].
Another study also found a significant associa-
tion between sleep disturbances (going to bed
late or having poor sleep quality) and increased
AGA severity [94].

People’s dietary habits also affect AGA. Yan-
hua Yi et al. found that alcohol intake increased
the severity of female pattern baldness [95].
Agaoglu et al. believe that red meat consump-
tion and insufficient intake of fruits and veg-
etables are risk factors for early onset AGA in
young men [96].

COVID-19

Androgen signaling plays a central role in AGA
etiology and has been shown to be associated
with severe COVID-19 symptoms in men. There
is a biological link between these traits [98]. In
Dunja Veskovic’s observational study, AGA
severity was associated with poor prognosis of
COVID-19 [99]. Wambier et al. noted that
COVID-19-positive patients have a higher
prevalence of AGA compared with the general
population of the same age [100]. Meta-analysis
by Betty Nguyen suggested that AGA may be a
risk factor for severe COVID-19 [101]. Among
hospitalized patients with COVID-19, males
have a significantly higher incidence and
severity of AGA than females, and have a worse
prognosis. The study also found a significant
association between the severity of AGA and

adverse outcomes in men compared with
women [102]. In contrast, Moein Baghani et al.
found that the severity of COVID-19 in hospi-
talized patients was not associated with the
severity of AGA [97].

OTHER ILLNESSES

In addition to the role of androgens in AGA
development, scalp inflammation can exacer-
bate AGA development. Bhoyrul Bevin con-
firmed that AGA was accompanied by
seborrheic dermatitis (SD) using microscopic
examination of hair [103]. Sevil Alan examined
the clinical and laboratory signs of 141 women
with acne vulgaris and 73 healthy women and
found that the incidence of AGA and HA in the
acne group was significantly higher than that in
the control group [104]. Another case–control
study also found that the prevalence of AGA
was significantly higher in the acne group than
in the control group. This study did not find an
association between serum androgen levels and
acne [105]. These studies suggest that acne and
AGA may be independently related, and it was
not previously thought that hyperandrogenism
plays a role in it. However, current research on
this topic is still limited. Myotonic dystrophy
type 1 (DM1) is an autosomal dominant genetic
disease that causes multiple system involve-
ment [106]. Early AGA (P = 0.01) was more
common in patients with DM1 than in controls
and was higher in men (P\0.0001) [107].
Colombia surveyed 330 students and found that
84% of them with autoimmune diseases had
alopecia [108]. Another study of 67 young men
with autoimmune thyroiditis found that 37% of
them had early onset AGA [109]. These studies
have indicated that AGA is a complication of
most diseases.

CONCLUSIONS

This review summarizes the pathological factors
of AGA, including endocrine disease, cancer,
mental disease, metabolic disease, cardiovascu-
lar diseases, urinary system diseases, nutritional
states, genetic polymorphism, social and daily
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behaviors and infection with COVID-19, indi-
cating that AGA may be a complication and
manifestation of underlying systemic diseases.
Clear causes of AGA may be important for
obtaining the correct treatment. For secondary
AGA, it is critical to treat the primary disease,
which is important to improve AGA. However,
the relationship between AGA and other dis-
eases remains unclear. Therefore, uncovering
the potential mechanisms would provide a new
therapeutic target for AGA. In summary, der-
matologists and patients need to increase the
potential risk of AGA-related comorbidities.
This may play an important role in the occur-
rence and development of AGA. Similarly, AGA
may also be one of the manifestations of
underlying systemic diseases.
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González-González JG. Early clinical expressions of
insulin resistance: the real enemy to look for. Dia-
betes Ther. 2018;9:435–8.

38. Gatherwright J, Liu MT, Gliniak C, Totonchi A,
Guyuron B. The contribution of endogenous and
exogenous factors to female alopecia: a study of
identical twins. Plast Reconstr Surg. 2012;130:
1219–26.

39. Adibi N, Robati RM. Skin and metabolic syndrome:
a review of the possible associations. J Res Med Sci.
2021;26:16.

40. Su L-H, Chen L-S, Lin S-C, Chen H-H. Association of
androgenetic alopecia with mortality from diabetes
mellitus and heart disease. JAMA Dermatol.
2013;149:601.

41. Jafari F, Nilforooshzade MA, Porajam S, Beni MH.
Comparison of androgenic alopecia distribution
among type 2 diabetes and healthy women in Isfa-
han city: a brief report. Tehran Univ Med J. 2014;72.

42. Schmidt JB, Lindmaier A, Spona J. Hyperpro-
lactinemia and hypophyseal hypothyroidism as
cofactors in hirsutism and androgen-induced
alopecia in women. Hautarzt. 1991;42:168–72.

43. Schmidt JB. Hormonal basis of male and female
androgenic alopecia: clinical relevance. Skin Phar-
macol. 1994;7:61–6.

44. Siah TW, Muir-Green L, Shapiro J. Female pattern
hair loss: a retrospective study in a tertiary referral
center. Int J Trichol. 2016;8:57–61.

45. Babaei K, Kavoussi H, Rezaei M, Kavoussi R. Char-
acteristics of telogen effluvium in COVID-19 in
western Iran (2020). An Bras Dermatol. 2021;96:
688–92.

46. Liang WJ, Song LY, Peng Z, Zou Y, Dai SM. Possible
association between androgenic alopecia and risk of
prostate cancer and testicular germ cell tumor: a
systematic review and meta-analysis. BMC Cancer.
2018;18:11.

47. Rokni GR, Gorji AMH, Sharifian M, Talarposhti
AHR, Barzgarnejad A. The relationship between
androgenic alopecia and prostate cancer. Int J Med
Res Health Sci. 2016;5:23–9.

48. Khaled HN, Allah AMA, Abdelhameed AA, Shehata
WA. Role of serum androgens and prostate-specific
antigen levels in men with androgenetic alopecia.
Egypt J Dermat Vener. 2020;40:106–11.

49. Wesolowska A, Tuszynska A, Szlendak-Sauer K,
Smolarczyk R, Grabowska-Derlatka L, Przytula E.
Ovarian Leydig cell tumour in a postmenopausal
woman with alopecia. Eur J Gynaecol Oncol.
2019;40:154–6.

50. Sun LM, Lin MC, Muo CH, Liang JA, Sung FC, Kao
CH. Women with alopecia exhibit a higher risk for
thyroid cancer: a nationwide cohort study. J Der-
matol Sci. 2014;74:18–22.

51. Ferrinho C, Silva E, Oliveira M, Duarte JS. Ovarian
Leydig cell tumor and postmenopausal hirsutism
with signs of virilisation. BMJ Case Rep. 2021;14:4.

52. Catalona WJ. Prostate cancer screening. Med Clin N
Am. 2018;102:199–214.

53. Memon FH, Rahimoon AG, Kumar P, Memon SH,
Siddiqui E, Devrajani T, et al. Androgenetic alopecia
as a marker of metabolic syndrome. J Pharm Res Int.
2021;33:146–53.

54. Dharam Kumar KC, Kishan Kumar YH, Neladim-
manahally V. Association of androgenetic alopecia
with metabolic syndrome: a case-control study on
100 patients in a tertiary care hospital in South
India. Indian J Endocrinol Metab. 2018;22:196–9.

55. Gopinath H, Upadya GM. Metabolic syndrome in
androgenic alopecia. Indian J Dermatol Venereol
Leprol. 2016;82:404–8.

2244 Dermatol Ther (Heidelb) (2022) 12:2233–2247



56. Behrangi E, Azizian Z, Ardestani FS, Najafi Z, Vakili
SH. Association of androgenic alopecia with meta-
bolic syndrome. Ann Med Health Sci Res. 2018;8:
91–3.

57. Vora RV, Kota R, Singhal RR, Anjaneyan G. Clinical
profile of androgenic alopecia and its association
with cardiovascular risk factors. Indian J Dermatol.
2019;64:19–22.

58. Bakry OA, Shoeib MA, El Shafiee MK, Hassan A.
Androgenetic alopecia, metabolic syndrome, and
insulin resistance: is there any association? A case-
control study. Indian Dermatol Online J. 2014;5:
276–81.

59. Goradel NH, Hour FG, Negahdari B, Malekshahi ZV,
Hashemzehi M, Masoudifar A, et al. Stem cell ther-
apy: a new therapeutic option for cardiovascular
diseases. J Cell Biochem. 2018;119:95–104.

60. Mohammed S, Ola B, Shimaa S, Amira I. Troponin I
in alopecia areata and female pattern hair loss.
Menoufia Medical Journal. 2021;34:498.

61. Amamoto M, Yamada T, Hara K. Updated meta-
analysis of the relation between heart disease and
androgenic alopecia or alopecia areata. Australas
Med J. 2018;11:25–33.

62. Arias-Santiago S, Gutiérrez-Salmerón MT, Castel-
lote-Caballero L, Buendı́a-Eisman A, Naranjo-Sintes
R. Androgenetic alopecia and cardiovascular risk
factors in men and women: a comparative study.
J Am Acad Dermatol. 2010;63:420–9.

63. Wang YX, Chen XW, Wang SB, Gu LF, Li YF, Ma Y,
et al. Association between androgenic alopecia and
coronary artery disease: a cross-sectional study of
Han Chinese male population. Int J Gen Med.
2021;14:4809–18.

64. Kim MW, Shin IS, Yoon HS, et al. Lipid profile in
patients with androgenetic alopecia: a meta-analy-
sis. J Eur Acad Dermatol Venereol JEADV.
2017;31(6):942–51.

65. Sharma K, Humane D, Shah K, Patil S, Charaniya R,
Meniya J. Androgenic alopecia, premature graying,
and hair thinning as independent predictors of
coronary artery disease in young Asian males. Car-
diovasc Endocrinol. 2017;6:152–8.

66. Ahouansou S, Le Toumelin P, Crickx B, Descamps V.
Association of androgenetic alopecia and hyper-
tension. Eur J Dermatol. 2007;17:220–2.

67. El EF, Ei RS. Androgenetic alopecia as an early
marker for hypertension. Egypt J Dermatol Venerol.
2013;33:63.

68. Arias SS, Gutierrez SMT, Buendia EA, Giron PMS,
Naranjo SR. Hypertension and aldosterone levels in
women with early-onset androgenetic alopecia. Br J
Dermatol. 2010;162(4):786–9.

69. Danesh-Shakiba M, Poorolajal J, Alirezaei P.
Androgenetic alopecia: relationship to anthropo-
metric indices, blood pressure and life-style habits.
Clin Cosmet Investig Dermatol. 2020;13:137–43.

70. Wang X, Xiong CP, Zhang L, Yang B, Wei RF, Cui
LQ, et al. Psychological assessment in 355 Chinese
college students with androgenetic alopecia. Medi-
cine. 2018;97:4.

71. ChunHsien H, Yun F, ChingChi C. Health-related
quality of life, depression, and self-esteem in
patients with androgenetic alopecia: a systematic
review and meta-analysis. JAMA Dermatol.
2021;157(8):963–70.

72. Tas B, Kulacaoglu F, Belli H, Altuntas M. The ten-
dency towards the development of psychosexual
disorders in androgenetic alopecia according to the
different stages of hair loss: a cross-sectional study.
An Bras Dermatol. 2018;93:185–90.

73. Tabolli S, Sampogna F, di Pietro C, Mannooran-
parampil TJ, Ribuffo M, Abeni D. Health status,
coping strategies, and alexithymia in subjects with
androgenetic alopecia: a questionnaire study. Am J
Clin Dermatol. 2013;14:139–45.

74. Wu BY, Wu BJ, Lee SM, Sun HJ, Chang YT, Lin MW.
Prevalence and associated factors of comorbid skin
diseases in patients with schizophrenia: a clinical
survey and national health database study. Gen
Hosp Psychiatry. 2014;36:415–21.

75. Chen WC, Yang CC, Chen GY, Wu MC, Sheu HM,
Tzai TS. Patients with a large prostate show a higher
prevalence of androgenetic alopecia. Arch Dermatol
Res. 2004;296:245–9.

76. Kucerova R, Bienova M, Kral M, Bouchal J, Trtkova
KS, Burdova A, et al. Androgenetic alopecia and
polymorphism of the androgen receptor gene (SNP
rs6152) in patients with benign prostate hyperplasia
or prostate cancer. J Eur Acad Dermatol Venereol.
2015;29:91–6.

77. Polat EC, Ozcan L, Otunctemur A, Ozbek E. Relation
of urinary stone disease with androgenetic alopecia
and serum testosterone levels. Urolithiasis. 2016;44:
409–13.

78. Agamia NF, Abou Youssif T, El-Hadidy A, El-Abd A.
Benign prostatic hyperplasia, metabolic syndrome
and androgenic alopecia: is there a possible rela-
tionship? Arab J Urol. 2016;14:157–62.

Dermatol Ther (Heidelb) (2022) 12:2233–2247 2245



79. Aourag N, Langenhuijsen JF, d’Ancona F, Hee-
sakkers J. Can we predict prostate size by scoring
baldness? The relationship of androgenic alopecia
and lower urinary tract symptoms. Central Eur J
Urol. 2019;72:39–43.

80. Dastgheib L, Shirazi M, Moezzi I, Dehghan S, Sadati
MS. Is there a relationship between androgenic
alopecia and benign prostatic hyperplasia? Acta
Med Iran. 2015;53:30–2.

81. Lai CH, Chu NF, Chang CW, Wang SL, Yang HC,
Chu CM, et al. Androgenic alopecia is associated
with less dietary soy, higher blood vanadium and
rs1160312 1 polymorphism in Taiwanese commu-
nities. PLoS ONE. 2013;8:11.

82. Amirnia M, Sinafar S, Sinafar H, Nuri M, Sadeghi AT.
Assessment of zinc and copper contents in the hair
and serum and also superoxide dismutase, glu-
tathion peroxidase and malondi aldehyde in serum
in androgenetic alopecia and alopecia areata. Life
Sci J. 2013;10:204–9.

83. Gowda D, Premalatha V, Imtiyaz DB. Prevalence of
nutritional deficiencies in hair loss among Indian
participants: results of a cross-sectional study. Int J
Trichol. 2017;9:101–4.

84. Kondrakhina IN, Verbenko DA, Zatevalov AM,
Gatiatulina ER, Nikonorov AA, Deryabin DG, et al.
A cross-sectional study of plasma trace elements
and vitamins content in androgenetic alopecia in
men. Biol Trace Elem Res. 2021;199:3232–41.

85. Kondrakhina IN, Verbenko DA, Zatevalov AM,
Kubanov AA, Deryabin DG. The value of genetic
and non-genetic factors in the emergence and in
the development of androgenetic alopecia in men:
multifactor analysis. Ann Russian Acad Med Sci.
2019;74:167–75.

86. Liang B, Ding Y, Zhou Y, et al. Evaluation of sus-
ceptibility genes/loci associated with male andro-
genetic alopecia (MAGA) for female-pattern hair
loss in a Chinese Han population and a brief liter-
ature review. Med Sci Monitor Int Med J Exp Clin
Res. 2021;27: e933424.

87. Kim IY, Kim JH, Choi JE, et al. The first broad
replication study of SNPs and a pilot genome-wide
association study for androgenetic alopecia in Asian
populations. J Cosmet Dermatol. 2022. https://doi.
org/10.1111/jocd.15187.

88. Babadjounia A, Pouldar FD, Hedayati B, et al. The
effects of smoking on hair health: a systematic
review. Skin Appendage Disord. 2021;7(4):251–64.

89. Severi G, Sinclair R, Hopper JL, et al. Androgenetic
alopecia in men aged 40–69 years: prevalence and
risk factors. Br J Dermatol. 2003;149(6):1207–13.

90. Fortes C, Mastroeni S, Mannooranparampil TJ, et al.
The combination of overweight and smoking
increases the severity of androgenetic alopecia. Int J
Dermatol. 2017;56(8):862–7.

91. Salem AS, Ibrahim HS, Abdelaziz HH, et al. Impli-
cations of cigarette smoking on early-onset andro-
genetic alopecia: a cross-sectional Study. J Cosmet
Dermatol. 2021;20(4):1318–24.

92. Youssef SME, Atallah RB, Zaky MS, et al. Urban-rural
differences in the prevalence of female pattern hair
loss among secondary school girls: a cross-sectional
study. J Cosmet Dermatol. 2022;21(5):2229–35.

93. Liamsombut S, Pomsoong C, Kositkuljorn C, et al.
Sleep quality in men with androgenetic alopecia.
Sleep Breath. 2022. https://doi.org/10.1007/s11325-
022-02618-x.

94. Yi Y, Qiu J, Jia J, et al. Severity of androgenetic
alopecia associated with poor sleeping habits and
carnivorous eating and junk food consumption-A
web-based investigation of male pattern hair loss in
China. Dermatol Ther. 2020;33(2): e13273.

95. Agaoglu E, Kaya EH, Acer E, et al. Prevalence of
early-onset androgenetic alopecia and its relation-
ship with lifestyle and dietary habits. Italian J Der-
matol Venereol. 2021;156(6):675–80.

96. Yi Y, Li X, Jia J, et al. Effect of behavioral factors on
severity of female pattern hair loss: an ordinal
logistic regression analysis. Int J Med Sci.
2020;17(11):1584–8.

97. Henne SK, Hochfeld LM, Maj C, et al. Systematic
investigation of a potential epidemiological and
genetic association between male androgenetic
alopecia and COVID-19. Skin Health Dis. 2021;1(4):
e72.

98. Veskovic D, Ros T, Icin T, et al. Association of
androgenetic alopecia with a more severe form of
COVID-19 infection. Ir J Med Sci. 2022. https://doi.
org/10.1007/s11845-022-02981-4.

99. Wambier CG, Vano GS, Mccoy J, et al. Androgenetic
alopecia present in the majority of patients hospi-
talized with COVID-19: the ‘‘Gabrin sign.’’ J Am
Acad Dermatol. 2020;83(2):680–2.

100. Nguyen B, Tosti A. Alopecia in patients with
COVID-19: A systematic review and meta-analysis.
JAAD Int. 2022;7:67–77.

101. Ghafoor R, Ali SM, Patil A, et al. Association of
androgenetic alopecia and severity of coronavirus
disease 2019. J Cosmet Dermatol. 2022;21(3):874–9.

102. Baghani M, Pourani MR, Nekooghadam SM, et al.
Androgenetic alopecia and COVID-19: Is there a

2246 Dermatol Ther (Heidelb) (2022) 12:2233–2247

https://doi.org/10.1111/jocd.15187
https://doi.org/10.1111/jocd.15187
https://doi.org/10.1007/s11325-022-02618-x
https://doi.org/10.1007/s11325-022-02618-x
https://doi.org/10.1007/s11845-022-02981-4
https://doi.org/10.1007/s11845-022-02981-4


clinical connection? J Cosmet Dermatol.
2022;21(2):420–5.

103. Bevin B. A simple technique to distinguish fibrosing
alopecia in a pattern distribution from androgenetic
alopecia and concomitant seborrheic dermatitis.
J Am Acad Dermatol. 2021;86(1):163–5.

104. Alan S, Cenesizoglu E. Effects of hyperandrogenism
and high body mass index on acne severity in
women. Saudi Med J. 2014;35:886–9.

105. Khezrian L, Yazdanfar A, Azizian Z, Hassani P, Fey-
zian M. The relationship between acne and other
hyperandrogenism signs. J Skin Stem Cell. 2016.
https://doi.org/10.5812/jssc.64187.

106. Portaro S, Naro A, Guarneri C, Di Toro G, Manuli A,
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