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Tobacco smoke is toxic to cells and could be a factor Smoking is associated with skin diseases such as pus-
tulosis palmoplantaris, hidradenitis suppurativa, psori-contributing to accelerated skin ageing. The aim of this

study was to provide new information on the possible asis and infectious eczematoid dermatitis (9–12), and
smokers have an increased risk of contracting squamouseVects of smoking on the physical qualities of skin and

the morphology of elastic � bres. The study population cell carcinoma of the skin (13). Because of the eVects
of tobacco on microcirculation and tissue oxygenation,consisted of 98 men, including 47 current smokers and 51

never-smokers. Skin thickness and elasticity were meas- smoking aVects wound healing. Adverse eVects of smok-
ing on the surgical outcome of numerous proceduresured from cheek, temple, abdomen, dorsal forearm and

non-sun-exposed upper inner arm. VerhoeV-stained punch have been reported, including facelifts, breast recon-
structions and transfers of cutaneous � aps (14).biopsies from the non-sun-exposed upper inner arm were

assessed with a computerized image analyser in a blinded However, the mechanisms by which tobacco smoke
aVects the skin are poorly known. Alterations in thefashion to assess the amount and width of elastic � bres.

The thickness of cheek skin was increased in the smokers, function of the immune system of smokers could play a
role in the association between smoking and certain skinbut skin thickness in other measured sites did not diVer

between the groups. The amount and width of elastic diseases (15, 16). Tobacco smoke extract alters the
function of human skin � broblasts and aVects the extra-� bres in the sun-protected skin of the smokers and non-

smokers did not diVer signi� cantly, nor did skin elasticity cellular matrix turnover in vitro (17, 18). Recently,
signi� cantly higher levels of matrix metalloproteinase-1in this or any other region under evaluation, suggesting

that smoking alone aVects neither the amount and width mRNA were observed in the buttock skin of smokers
compared to non-smokers, using quantitative real-timeof dermal elastic � bres nor the elasticity of skin in male

smokers. Key words: ageing; elasticity; elastic � bres; skin reverse transcription PCR (19). Smoking is not known
to aVect skin thickness (20), but elastic � bre abnormalit-thickness; tobacco.
ies have been observed in both the sun-protected and

(Accepted January 2, 2002.) sun-exposed skin of smokers (21, 22). Surprisingly few
data are available on the possible eVects of smoking onActa Derm Venereol 2002; 82: 36–40.
the structure and function of the skin.
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Ultraviolet radiation is known to accelerate skin ageing, in terms of the proportional areas and width of dermal
and photo-ageing of skin presents with distinct clinical elastic � bres in a well-de� ned cohort of smokers and
and histological features (1, 2). Tobacco smoke could non-smokers living in Northern Finland.
also be considered capable of aVecting skin ageing as
an extrinsic factor, but surprisingly little is known about

MATERIAL AND METHODSthe possible eVects of smoking on the physical and
morphological qualities of skin. When investigating the Patients
appearance and wrinkling of skin, Daniell (3) observed

The study population consisted of 98 male volunteers, 47 of
signi� cantly higher wrinkle scores in smokers than in whom were current smokers and 51 never-smokers. They were
non-smokers. These � ndings have later been supported recruited through advertisements of the study in a local

newspaper and in weekly reports of some working oYces. Allin larger and more carefully standardized studies in
participants were of Finnish origin from Northern Finlandwhich cigarette smoking has been estimated to contrib-
and all gave written informed consent. The study protocolute a 2.3 to 4.7-fold risk of increased facial wrinkling,
was approved by the ethics committee of the Medical Faculty,

independently of sun exposure (4, 5). There are also University of Oulu. The age range was from 34 to 71 years,
contradictory � ndings questioning the signi� cance of the mean age of the smokers being 50 (SD 8.5, range 34–71),

and that of the non-smokers 53 years (SD 8.3, range 39–69).smoking as a causative agent for facial wrinkling (6–8).
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Only males were included in the study to avoid confounding Nikon objective connected to an MCID/M4 3.0 Rev 1.1
(Imaging Research Inc) image analyser, after which meansfactors that might arise in a female population, such as usage

of hormonal replacement therapy. All smokers were current were calculated and compared.
smokers and had been smoking for at least 15 years. Non-
smokers were de� ned as men who had never been habitual

Statisticssmokers. The exclusion criteria consisted of diagnosed dia-
betes, psoriasis, rheumatoid arthritis and other diseases requir- Statistical analyses were performed with the SPSS 8.0 for
ing long-term corticosteroid treatment. Of the smokers, 42 Windows software. The statistical methods included Student’s
were cigarette smokers, three were pipe smokers and two t-test for independent samples when analysing parameters with
smoked cigars. All pipe and cigar smokers were previous Gaussian distributions and non-parametric Mann-Whitney
cigarette smokers and were therefore likely to have inhaled tests when dealing with skewed distributions. P < 0.05 was
tobacco smoke (23). The mean number of years smoked was considered statistically signi� cant. Correlations were analysed
33 (SD 8.4, range 15–56) and the mean number of cigarettes with the Pearson correlation coeYcient or Spearman’s rank
smoked per day was 19 (SD 6.6, range 5–40). Pack years of correlation coeYcient, depending on the distributions of
smoking averaged 30, and were calculated by multiplying the variables.
number of years smoked by the number of packs smoked per
day. To con� rm the smoking status of the participants, urinary
cotinine and other nicotine metabolites of all participants were RESULTS
analysed using a commercial double antibody nicotine meta-
bolite kit (Diagnostic Corporation, Los Angeles, CA, USA). Background characteristics of the study subjects

The mean age of the study subjects was 52 years, andAssessments of skin thickness and elasticity
77% of the subjects were between 40 and 59 yearsSkin thickness and elasticity were measured from � ve diVerent
of age, 5% were below 40 and 18% were over 60. Theskin regions: sun-protected upper inner arm, dorsal forearm,
mean urinary concentration of nicotine metabolites,temple, cheek and abdomen. Three measurements were made

at each site, after which means were calculated and compared. normalized by urinary creatinine concentration, was
Skin thickness was measured with a 20 MHz Dermascan-A® 465 ng/nmol creatinine (range 49–1100 ng/nmol ) in the
ultrasound device (Cortex Technology, Hadsund, Denmark) smokers and 9 ng/nmol creatinine (range 3–29 ng/nmol )and elasticity was measured with a Dermalab® suction device

in the non-smokers. The frequencies of alcohol con-(Cortex Technology, Hadsund, Denmark), which consists of
sumption reported by the participants did not diVera main unit, a built-in printer and a probe. The probe, which

provides a vacuum chamber, is attached to the skin surface signi� cantly between the smokers and non-smokers, but
with the help of adhesive tape. Elasticity is calculated on the smokers consumed more alcohol per occasion
the basis of the diVerential force needed to elevate the skin ( p <0.001). The diVerences in the amount of sun expo-surface 1.5 mm between two infrared detection levels inside

sure during the Finnish summer months (from the 1stthe probe chamber. The elasticity modulus is reported as
of June until the end of August) were not statisticallyMilliPascals, MPas. The probe was placed perpendicular to

the skin, in order to avoid the impact of gravitation on the signi� cant ( p > 0.1). The frequencies of holidays in
measurements. Three measurements were made in each skin southern countries and outdoor occupations were also
region, slightly changing the placement of the probe each time, similar in the groups of smokers and non-smokersand means of the three measurements were calculated. Five

( p > 0.1). In general, the frequencies of occasional top-suction cycles were used with all measurements to control the
ical steroid use were similar in smokers and non-smokersreliability of the method. During the measurements, the study

subjects were immobile in a supine position. ( p =0.24). None of the study subjects had used topical
steroids on the measurement sites.

Skin biopsies and assessments of elastic � bres
Skin biopsy specimens were 6 mm punch biopsies obtained
from the sun-protected upper inner arm of 81 study subjects Skin thickness
(42 smokers, 39 non-smokers) under local anaesthesia. The

Overall, the mean skin thickness of various body regionsbiopsy site was chosen in order to minimize the confounding
eVect of solar irradiation on histological � ndings. Facial was similar in the smokers and non-smokers (Table I ).
biopsies would have enabled the combined eVects of solar
irradiation and smoking on skin ageing to be assessed, but the
aim, which was established at the beginning of the study, was
to evaluate the eVects of smoking solely, and the biopsy site Table I. Mean skin thickness (mm) in smokers and non-smokers
was chosen accordingly. Histological evaluations were made
from VerhoeV-stained 3-mm thick sections in a blinded fashion Skin region Smokers (n = 47) Non-smokers (n = 51)
and included assessments of the mean proportional areas of
elastic � bres in the papillary and reticular dermis and of the Mean Range SD Mean Range SD
mean width of elastic � bres in the reticular dermis. For an
assessment of the proportional areas occupied by elastic � bres, Temple 1.7 (1.3–2.1) 0.2 1.6 (1.2–2.0) 0.2
four � elds of both papillary and reticular dermis were analysed. Cheek 1.9* (1.6–2.3) 0.2 1.7* (1.4–2.0) 0.2
The width of elastic � bres was assessed from three � elds of Upper inner arm 1.1 (0.8–1.5) 0.1 1.1 (0.8–1.4) 0.1
reticular dermis. All visible elastic � bres in each � eld were Dorsal forearm 1.4 (1.0–1.9) 0.2 1.4 (1.1–1.9) 0.2
included in the assessments of both the proportional areas and Abdomen 1.8 (1.4–2.2) 0.2 1.8 (1.3–2.7) 0.2
the widths of elastic � bres. All the assessments were made
with a Nikon TMD Optiphot light microscope and a 40 ´ Plan *Signi� cant diVerence, p < 0.001.
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The thickness of cheek skin was signi� cantly increased Elastic � bres
in the smokers both when the groups of smokers and The number of elastic � bres and their width were not
non-smokers were compared as such ( p <0.001) and aVected by smoking in skin samples obtained from the
when they were divided into sub-groups aged below sun-protected upper inner arm. The mean proportional
and over 50 years ( p < 0.005; Fig. 1). areas of elastic � bres in the papillary dermis were 6.6%

in the smokers and 6.5% in the non-smokers ( p =0.9).
The mean proportional areas of elastic � bres in the
reticular dermis were 8.7% in the smokers and 9.1% inElasticity
the non-smokers ( p =0.5; Fig. 2). The mean width of

Elasticity of the skin was similar between the smokers elastic � bres was 1.8 mm in both smokers and non-
and non-smokers (Table II ). The elasticity modulus smokers.
measured from the upper inner arm of the smokers was
slightly less than that of the non-smokers, indicating
looseness of skin in this region, but the diVerence Correlations of the parameters studied with age and with
between the groups was not statistically signi� cant the amount of urinary nicotine metabolites
( p = 0.07).

None of the parameters correlated signi� cantly with age
or with the amount of urinary nicotine metabolites. The
thickness of cheek skin had a weak positive correlation
with the amount of urinary nicotine metabolites (r =
0.3), in contrast to the thickness of upper inner arm
skin, which had no correlation with the amount of
urinary nicotine metabolites (r = ± 0.1).

DISCUSSION

In the present study, skin thickness in various body
regions was similar between the smokers and non-
smokers apart from the cheek, where the mean skin

Fig. 1. EVect of smoking on skin thickness in the cheek. The line
across each box represents the median value. The edges of the boxes
represent lower and upper quartiles and the whiskers extending from
the edges show lowest and highest values within a de� ned region.
Outliers are plotted outside the box plot.

Table II. Mean elasticity (MPa) of skin in smokers and non-
smokers

Skin region Smokers (n = 47) Non-smokers (n = 51)

Mean Range SD Mean Range SD

Temple 4.6 (0.5–13.8) 3.3 4.7 (0.9–12.5) 3.3
Cheek 7.7 (2.5–16.3) 3.6 7.8 (3.2–15.5) 3.1

Fig. 2. Proportional areas occupied by elastic � bres in reticular dermisUpper inner arm 9.8 (3.0–18.1) 3.4 11.2 (4.2–20.4) 4.0
of the upper inner arm. The line across each box represents the medianDorsal forearm 18.9 (13.0–22.6) 2.3 19.0 (13.6–22.2) 1.9
value. The edges of the boxes represent lower and upper quartiles andAbdomen 5.7 (1.6–15.3) 3.0 6.1 (1.7–15.2) 3.3
the whiskers extending from the edges show lowest and highest values
within a de� ned region. Outliers are plotted outside the box plot.MPa = MilliPascal.
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