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Abstract
Smoking is not only a preventable cause of significant sys-
temic disease but also affects the follicular growth cycle and
fiber pigmentation. Ambient tobacco smoke exposure re-
sults in nicotine accumulation in hair follicles and the hair
shaft. This review summarizes the evidence on the associa-
tion between smoking and hair health, as denoted by alope-
cia and premature hair graying (PHG). In July 2020, a review
of the literature using PubMed/MEDLINE and CINAHL data-
bases identified 32 studies investigating the relationship be-
tween smoking, PHG, and alopecia (androgenetic alopecia
and frontal fibrosing alopecia). The prevalence of hair loss
and PHG is more prevalent in smokers than nonsmokers.
Smoking is associated with negative effects on hair health as
evidenced in PHG and alopecia. Smoking status should be
assessed in patients who are presenting to their dermatolo-
gist for evaluation of alopecia and PHG.

© 2021 S. Karger AG, Basel

Introduction

Alopecia (hair loss) is a common chief complaint of
patients’ presenting to their dermatologist’s and primary
care providers [1]. The etiology of the most common type
of alopecia, androgenetic alopecia (AGA), is multifacto-
rial. Systemic androgens have been shown to play a role
in the pathogenesis of AGA by causing hair miniaturiza-
tion and transforming terminal to vellus hairs [2, 3]. The
role of environmental factors, such as smoking, has been
implicated to negatively affect hair growth.

Smoking is a risk factor for many preventable mor-
bidities, including cerebrovascular, pulmonary disease,
malignancy, and oral mucocutaneous disease. More re-
cently, the role of smoking in skin aging and hair loss has
been a great topic of interest and research [4, 5]. Animal
studies in mice have indicated that environmental fac-
tors, including tobacco smoke exposure, can lead to alo-
pecia and premature hair graying (PHG). Chemical com-
ponents found in tobacco smoke, such as nicotine, are
capable of accumulating in hair, and have become reliable
biomarkers for detecting smoke exposure [6]. Smoking
has also been shown to cause a relative hypo-estrogen
state in women via hydroxylation of estradiol and inhibi-
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tion of aromatase, thus potentially affecting androgen-
dependent hair patterns [2].

Additional studies have also suggested a relationship
between smoking and PHG [3, 4]. Interestingly, in im-
munological staining studies of melanocytes in gray hair,
melanosomes are found within vacuoles or autophagoly-
sosomes, rendering them defective. In addition, hair
bulbs exposed to oxidative stress tend to be increasingly
vacuolated. This causes increased reactive oxygen species
and oxidative stress around the follicle, leading to damage
to melanocytes and decreased melanin production [5].
Currently, no universal criteria have been established to
clinically diagnose PHG, yet many have classified subjects
by number of gray hairs (0, <10, 10-100, >100) and de-
fined PHG as graying before the age of 30-year old [6, 7].
While hair graying is a normal physiological process as-
sociated with aging, PHG can decrease self-esteem and
interfere with social and sexual communication, as noted
by Akin et al. [6] where subjects with PHG were noted to
have higher perceived stress scale scores.

The objective of this review was to investigate and re-
port the evidence supporting the association between
smoking and alopecia and premature graying. Evidence
of this association can be used to clinically promote smok-
ing cessation and emphasize the consequences of smok-
ing on hair.

Materials and Methods

A primary literature review was conducted in July 2020 utiliz-
ing PubMed/MEDLINE and CINAHL databases with the follow-
ing search terms: (Smoking OR tobacco OR nicotine) AND (Pre-
mature Graying OR Graying hair OR Hair color OR Hair Follicle
OR Hair Loss OR Alopecia OR Hair OR Follicle OR Gray Hair).
Exclusion criteria included studies that were written in languages
other than English and studies not conducted on humans. Studies
included for review were stratified using the Oxford Center for
Evidence-Based Medicine 2011 Levels of Evidence.

Results

The systematic review identified 32 articles that met
inclusion criteria including, 7 cross-sectional studies, 21
case-control, and 4 cohort studies (n = 23,685 patients)
(Table 1). No randomized control trials were found. Ten
studies investigated the association of smoking and alo-
pecia, 8 articles studied the relationship between smoking
and PHG, and 2 studies reported the effects of smoking
on both. The majority of studies included patients with
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diagnosed AGA (n = 11,826) and frontal fibrosing alope-
cia (FFA) (n = 710) in association with smoking and nic-
otine use.

Smoking and Alopecia

The majority of epidemiologic studies recognize a pos-
itive association between smoking and alopecia, particu-
larly in patients with AGA [3, 8-13, 53]. One survey-
based study of 740 Asian men with a diagnosis of AGA
reported that current smokers of twenty cigarettes or
more per day, with a history of smoking, or those with a
greater smoking intensity (defined as smoking duration
x amount per day) were at a higher risk of moderate or
severe AGA (Norwood type IV) [8]. This study is in con-
cordance with a study from the UK, which also found a
link between quantity of smoking and AGA in patients
(n =268 M, 338 F) from a general surgery clinic [3, 7]. A
case-control study with 991 Korean AGA patients (n =
613 M, 378 F) showed that current smokers experienced
more severe cases of AGA when compared to noncurrent
smokers. The subjects with a current smoking history had
higher rate of U-type pattern alopecia according to the
basic and specific classification system (p = 0.004) [9].
Twin studies on male (1 =92) and female (1 = 98) patients
with AGA conclude that increased pack-years of smoking
was associated with more dramatic frontal hairline thin-
ning [10, 11]. The twin female smokers had increased
temporal hair loss (p = 0.096; n = 10), while male smokers
had more vertex hair loss than nonsmokers (p = 0.047,
n = 20) [10, 11]. A cross-sectional study conducted by
Fortes et al. [12] focused specifically on severe cases of
AGA and noted a 3 times greater risk of developing mod-
erate/severe alopecia in those with a higher frequency of
smoking (210 cigarettes daily) (n=351). A hospital-based
cross-sectional study including 50 men with diagnosed
early onset AGA (Norwood grade III or above developing
before 36 years) and 50 case-controls reported a higher
prevalence of smoking in subjects with AGA (52%) com-
pared to controls (22%) (p = 0.002) [13]. One propensity-
matched retrospective study of 5,508 subjects from the
Partners Healthcare Research Patient Data Repository re-
vealed a higher frequency of current or past smokers
(56.5%) with alopecia areata compared to subjects with
alopecia areata who have never smoked (42.6%) [14]. Ad-
ditionally, univariate analysis of 75 subjects with clini-
cally diagnosed FFA, in a retrospective cross-sectional
study, revealed a strong association between smoking and
mild hairline recession (p = 0.128) [15]. A cross-sectional
study including 1,000 male patients attending a dermatol-
ogy clinic reported a greater prevalence of AGA among
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smokers, those who smoke >10 cigarettes per day and for
more than a year, compared to nonsmokers (p < 0.001)
[16]. Of the 500 smokers, 85% showed evidence of AGA,
of which 47% had grade IIT AGA and 24% had grade IV
AGA (p < 0.01) [16]. To a lesser extent, just 40% of 500
nonsmokers presented with AGA, with 20% of this group
having grade II AGA and 10% having either grade III or
IV AGA (p <0.01) [16].

Despite the high prevalence of extensive alopecia
(31.2%) among 324 Finnish women (average age 63
years), a cross-sectional cohort survey reported the prev-
alence of smoking was the same between those with ex-
tensive (Ludwig’s scale II or greater) and minimal/nor-
mal alopecia in this group (p = 0.92) [17]. On the con-
trary, a large population-based case-control study on
Australian men aged 40-69 years reported that subjects
with lengthier smoking histories, irrespectively of being
current or previous smokers, were less likely to develop
AGA compared to nonsmokers (n = 1,390 M) [18]. This
study suggests the previously proposed association be-
tween smoking and alopecia could instead be explained
by an increased risk of smoking because of having AGA.
Additionally, a cross-sectional case-control study includ-
ing 954 subjects (419 M, 535 F) reported no significant
difference in smoking habits between patients with AGA
or controls, in both genders (p > 0.05) [19]. However, in-
terpretation of the results from both studies was impacted
by alack of detail provided in the smoking history and age
of AGA diagnosis [18, 19]. Questionnaire results from a
hospital-based, controlled study reported no statistical
difference in the frequency of subjects with or without
AGA who were current smokers of <10 cigarettes per day
(n=214 M) (p = 0.13) [20]. The study results are limited
by the younger age of subjects with AGA (28.5 years)
compared to controls (38.9 years), which may limit the
generalizability of the results [20]. In a case-controlled
study including 256 subjects with AGA and 256 age-
matched controls, no significant difference in cigarette
smoking status was reported between subjects with or
without AGA (p = 0.550). Additionally, the frequency of
hookah (water pipe) smoking was similar between AGA
(14%) and healthy control (14.8%) subjects (p = 0.801)
[21]. Limitations of this study include a lack of detail pro-
vided in the smoking history and subjects with minimal
cigarette or hookah smoking exposure, including any
subject who had smoked in the past 30 days [21]. A case-
controlled prospective study including 354 men from
ages 35-65 years failed to identify a statistically significant
correlation between cigarette smoking and AGA in sub-
jects with either a Hamilton-Norwood scale scores I-II1
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or IV-VII [22]. However, this inconsistency with study’s
who report a significant correlation between smoking
and AGA can be explained by differences in sampling
methods, including balancing the ratios of smokers and
nonsmokers in both AGA and control groups [22]. Simi-
larly, a case-control study including 77 early onset AGA
subjects and 77 healthy controls failed to report a signifi-
cant increase in smoking history (>5 cigarettes per day)
in men (p = 0.48) or women (p = 0.09) [23]. These results
are limited by a small sample size [23]. A cross-sectional
retrospective study found that tobacco exposure had a
protective role in the development of clinically diagnosed
FFA in 1 Asian and 71 Caucasian female subjects. Com-
pared to nonsmokers with severe FFA (frontal regression
>3 cm), this study reported a lower incidence of severe
FFA in subjects with a smoking history of >20 pack-years,
even after smoking cessation (p = 0.04). Notably, the
study was limited by a small sample size and did not in-
clude an equivalent control group [24]. Additionally, 3
retrospective reviews, mainly including women (12 M,
551 F), failed to reveal a significant frequency of smoking
in subjects with FFA [25-27]. MacDonald et al. [25] re-
ported a high prevalence of nonsmokers (71%) in a re-
view of 60 cases of FFA, further suggesting the possible
protective role smoking may play in developing FFA (p =
0.01). Additionally, Vano-Galvan et al. [26] reported a
greater prevalence of nonsmokers (87%) with FFA, in a
review of 355 subjects from 12 Spanish centers. Similar
results were published in a review of 148 women with
FFA, which reported 92 (63%) subjects having never
smoked and no active smokers [27]. However, limitations
seen in all 3 studies include their retrospective design and
incomplete or short length of follow-up [25-27].

Smoking and Premature Hair Graying

A positive correlation between smoking and PHG, de-
fined as presence of gray hair <30 years, was described in
7 studies [3, 7, 28-32]. In an observational study, Mosley
and Gibbs [3] reported a higher incidence of hair graying
in smokers over 30-year old than in nonsmokers regard-
less of age-group or gender (n = 606). Subjects, in an ob-
servational study, who were exposed to smoking tobacco,
chewing tobacco, or a combination of the 2, had a high-
er incidence of premature graying compared to controls
(n = 120) [28]. Furthermore, a questionnaire in Korean
patients ages 12-91 years reported a 14.9% increased risk
of developing premature gray hair for every year a subject
smokes (n =522 M, 480 F, p < 0.001), and an overall 1.99
times higher risk of graying prematurely compared to
nonsmokers [29]. Premature graying in subjects with a
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reported history of smoking was also observed in a cross-
sectional study conducted by Zayed et al. [30] (n = 207,
p = 0.031), and a case-control study of chronic smokers
compared to subjects with no smoking history (n = 236,
p=0.031) [31]. In 2 similar studies by Sharma and Dogra
[7] and Shin et al. [32], a significant number of patients
with PHG also confirmed a history of smoking, with a
correlation reported with a minimum smoking history of
5 pack-years (n = 240).

On the contrary, 2 large cross-sectional studies evalu-
ating the socio-clinical risk factors associated with PHG
found no association seen between smoking history and
PHG [6, 33]. Both studies included subjects younger than
21-year old with a limited smoking history including rate
and duration of smoking [6, 33]. Acer et al. [33] classified
subjects as either current smokers or nonsmokers, while
Belli et al. [6] required a smoking history of more than 1
pack-year to be considered a smoker. Questionnaire re-
sults from a third study reported no correlation between
smoking history and PHG due to a similar incidence of
smoking, between ages 20- and 35-year old (n = 50) [34].
Similarly, a more recent case-controlled survey study
found a negative association between smoking history
(defined as never, former, and current smokers) and PHG
(0,1-10, 11-100, and >100 self-reported gray hairs begin-
ning age <30) (n =467) [35]. This discrepancy with previ-
ous studies that report a significant association between
smoking and PHG can be explained by the use of chron-
ological smoking history (never, former, and current)
rather than quantity of smoking [35]. Also, participants’
responses and results of survey studies may be subject to
recall bias [34, 35]. Unlike the hair loss controversy, there
are no studies that support a protective role for smoking
or nicotine and hair graying.

Discussion

While genetic factors play an important role in alope-
cia and PHG, environmental factors, including smoking
and nicotine exposure, should be taken into consider-
ation. The current scientific evidence drawn foremost
from cross-sectional studies shows a positive correlation
between the length of smoking history and alopecia sever-
ity in patients with AGA [10, 11, 16]. Severe presentations
of AGA were observed in subjects who smoked a larger
quantity of cigarettes per day [8, 10-13]. Several studies
reported no association between smoking and alopecia
[17-27]. Among these, a cross-sectional retrospective
study reported a higher prevalence of scarring alopecia,

The Effects of Smoking on Hair Health

severe FFA, in subjects with no previous tobacco expo-
sure [24]. Several hormonal deregulations, including de-
creased prolactin, have been linked to chronic tobacco
exposure and may explain the higher prevalence of FFA
among nonsmokers.

A possible association between female androgenetic
alopecia (FAA) and acute telogen effluvium has been ob-
served in previous studies [36, 37]. Furthermore, a retro-
spective analysis has identified triggering causes, such as
iron deficiency and thyroid dysfunction, which hold a
greater risk of developing concurrent FAA and acute telo-
gen effluvium [38]. Also, a report has provided support
that some cases of telogen effluvium may rapidly progress
to FAA [39].

An earlier onset and higher prevalence of hair graying
were also observed in smoker groups compared to con-
trols [7, 28, 30, 31]. A positive smoking history was also
shown to increase the risk of hair graying each year a sub-
ject continued to smoke [29]. This correlation was not
found to be true for smokers under the age of 21-year old,
presumably because of shorter duration of smoking and
time frame of study [6, 33, 34].

While the mechanism responsible for hair loss in sub-
jects exposed to nicotine or tobacco smoke is unknown,
it is thought to be similar to the mechanism by which
smoking increases skin aging. Nicotine is known to cause
constriction of dermal hair papilla and local ischemia, ac-
cumulation of DNA damage, dysregulation of protease/
antiprotease systems involved in the hair growth cycle,
and upregulation of local pro-inflammatory cytokines
implicated in follicular inflammation and fibrosis [40,
41]. A hypothesis exists that exogenous nicotine from
smoking can cause overstimulation of the cellular nico-
tinic acetylcholine receptors leading to desensitization of
the receptor. This in turn contributes to hair follicle de-
struction by activation of programmed cell death path-
ways present in keratinocytes [42-44].

Studies in C57BL/6 mice, a strain prone to hair loss,
may hold the explanation for increased hair loss in sub-
jects who smoke. When the mice were exposed to whole-
body, environmental tobacco smoke (ETS) for 3 months,
they showed evidence of hair loss and PHG, with circular
alopecic patches and graying reported on their backs [45].
The patches grew larger with longer ETS exposure, and at
4 months, all ETS-exposed mice had developed irregular
and scattered regions of gray hair. Neither hair loss nor
PHG was observed in the control group. On histology,
alopecic areas showed fewer and shorter hair follicles and
diminished hair bulbs with decreased and irregular pig-
mentation, with markers of cellular apoptosis. These
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findings were thought to be secondary to metabolic
changes induced by inhaled smoke-associated genotox-
ins leading to a dystrophic anagen pattern [45, 46]

Long-term, high-dose nicotine treatment on A/J
mouse models commonly used to investigate the carcino-
genic effects of nitrosamines, a downstream metabolite
produced by the nitrosation of nicotine, are related to hair
loss [47-49]. Mice treated with subcutaneous injection of
nicotine daily, after 8-9 months of treatment, started to
lose hair in discrete patches. Another study in rats infused
with nicotine showed evidence of hair follicle fibrosis,
chronic inflammatory infiltrate, and extravasation of
erythrocytes [50].

The image of health is negatively impacted by hair loss
and graying [51, 52]. More recently, “smokeless tobacco”
products have been heavily marketed, but these too con-
tain high dosages of nicotine, and this new and growing
trend may also pose a substantial risk to hair health.

This review was limited by a lack of randomized con-
trol trials or case-series in the literature, reports of asso-
ciation rather than causation, lack of scalp biopsies to
confirm a link between smoke-induced oxidative stress
and AGA, and recall bias due to the use of questionnaires.
Also, the use of small sample sizes and hospital- or out-
patient-based rather than community-based studies
make it difficult to generalize the data to the general pop-
ulation. Results supporting no association between smok-
ing and hair loss could not be accurately interpreted due
to small sample size, incomplete smoking histories, and
inequivalent control groups [17, 18, 24]. Reports that
failed to demonstrate and association between smoking
and PHG were limited by young subjects under 21-year
old [6, 33, 34].
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