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localizing in mitochondria and generating reactive oxygen
species (Li et al., 2003). In particular, polycyclic aromatic
hydrocarbons (PAHs) are adsorbed on the surface of
suspended PM in air of urban areas (Menichini, 1992). PAHs
can activate xenobiotic metabolism, which converts PAHs
to quinones. Quinones are redox-cycling chemicals, which
produce reactive oxygen species, and are therefore thought to
be key compounds in PM toxicity (Penning et al., 1999).

In view of the recent evidence that human skin (1) is exposed
to increased levels of ambient PM, which can penetrate skin
either through hair follicles or transepidermally (Lademann
et al., 2004), and (ii) possesses the necessary armamentarium to
respond to PM-bound PAHs (Fritsche et al., 2007; Jux et al.,
2009), we hypothesized that long-term exposure to air pollution
might lead to extrinsic skin aging through oxidative stress
generated by the particles themselves or by associated PAHs.
We tested the first part of this hypothesis in an epidemiological
study using a cohort of Caucasian women aged 70–80 years
(SALIA study, study on the influence of air pollution on lung
function, inflammation, and aging).
RESULTS
Study subjects and study areasWe investigated skin aging signs in 400 women in the SALIA
study cohort in 2008/2009. In Table 1 a description of all relevant

data of these study subjects is given separately for the participants
investigated in the Ruhr area and in the rural area (Borken). And in
Table 2 general information of the study area cities as well as of
other European cities is given. Table 1 shows that the participants
were almost equally distributed between rural and urban areas.
The women from the Ruhr area were slightly older (arithmetic
mean (AM) ¼ 74.3 years) than the women from Borken (AM
¼ 74.0 years). We also asked about known influencing factors of
skin aging. In this regard, about 17% had o10 years of school
education, indicating a worse social status. The mean body mass
index (BMI) was 27.6 in both study regions. Hormone replacement
therapy (HRT) was taken by 44.1% of the women from the Ruhr
area and by 29.1% of the women from Borken. There were more
women who ever smoked in the Ruhr area (23.2%) than in the
rural area (13.2%). More than 50% of the women had skin type I
or II according to Fitzpatrick. Concerning sun exposure behavior,
women from the Ruhr area more often reported to have had
sunburns before the age of 21 years (52.1%) than women from
Borken (32.3%). Also women from the Ruhr area more often used
sunbeds (16.1%) than women from Borken (10.6%). Exposure to
PM was determined by four objective measurements as described
in detail in the Materials and Methods section. Briefly, we
determined the distance of participants’ residence to the next busy
road. Here, nearly 20% of the women lived 100m or less away
from a busy road. The mean level of traffic-related particle

Table 1. Description of SALIA study subject characteristics

Ruhr area
Rural area (Borken)

Sample size

N
211

189

Data from questionnaire
Age range

AM (Min, Max)
74.3 (70.9–79.2)

74.0 (68.6–78.8)

o10 Years of school education

%Yes (n)
16.1 (34)

18.0 (34)

BMI

AM (95% CI)
27.6 (27.0–28.3)

27.6 (26.9–28.2)

Ever used HRT

%Yes (n)
44.1 (93)

29.1 (55)

Ever smoked

%Yes (n)
23.2 (49)

13.2 (25)

Light skin type (Fitzpatrick skin type I or II)
%Yes (n)

55.5 (117)
54.0 (102)

At least one sunburn before the age of 21
%Yes (n)

52.1 (110)
32.3 (61)

At least one sunbed use

%Yes (n)
16.1 (34)

10.6 (20)

Data from GIS-based models (2000/2003)Distance p100m from a busy road
(410,000 cars per day)

%Yes (n)
21.8 (46)

15.3 (29)

Emission inventory 2000
Particles from traffic (kg a�1km�2)

AM (IQR)
899.9 (736.8)

225.7 (215.7)

Soot (10�5m�1)

AM (IQR)
2.2 (0.3)

1.7 (0.1)

Measurement at single stations from 2003–2007PM10 background concentration in ambient air (mgm�3)
AM (IQR)

27.9 (3.4)
25.2 (0)

Abbreviations: AM (95% CI), arithmetic mean (95% confidence interval); BMI, body mass index; HRT, hormone replacement therapy; IQR, interquartile

range; Max, maximum; Min, minimum; %Yes (n), percentage and number of study subjects with respective characteristic.2720 Journal of Investigative Dermatology (2010), Volume 130
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For decades, extrinsic skin aging has been known to result from chronic exposure to solar radiation and, more
recently, to tobacco smoke. In this study, we have assessed the influence of air pollution on skin aging in 400
Caucasian women aged 70–80 years. Skin aging was clinically assessed by means of SCINEXA (score of intrinsic and
extrinsic skin aging), a validated skin aging score. Traffic-related exposure at the place of residence was
determined by traffic particle emissions and by estimation of soot in fine dust. Exposure to background particle
concentration was determined by measurements of ambient particles at fixed monitoring sites. The impact of air
pollution on skin aging was analyzed by linear and logistic regression and adjusted for potential confounding
variables. Air pollution exposure was significantly correlated to extrinsic skin aging signs, in particular to pigment
spots and less pronounced to wrinkles. An increase in soot (per 0.5� 10�5 per m) and particles from traffic (per
475 kg per year and square km) was associated with 20% more pigment spots on forehead and cheeks.
Background particle pollution, which was measured in low residential areas of the cities without busy traffic and
therefore is not directly attributable to traffic but rather to other sources of particles, was also positively correlated
to pigment spots on face. These results indicate that particle pollution might influence skin aging as well.
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INTRODUCTION
According to the United Nations Department of Economic and
Social Affairs Population Division, the proportion of the world’s
human inhabitants who can be classified as aged is increasing
dramatically (Department of Economic and Social Affairs (ESA),
2002). Aging is accompanied by progressive deterioration of
structure and function of all tissues, including visible signs of
both intrinsic and extrinsic skin aging. In this regard, skin aging
is of particular importance, because it has medical, psycho-
logical and social consequences. Among all organs skin is
the most visible, and skin aging directly impacts individual
self-esteem (Gupta and Gilchrest, 2005). This is illustrated best
by the fact that the current market for cosmetic and medical
products devoted to the prevention and treatment of skin aging
has 15 billion US$ worth of sales worldwide (Yarosh, 2008).

Aging results from the combined action of intrinsic and
extrinsic factors. From a preventive point of view, the latter are
of particular interest because they can be modified more easily.

In the case of skin, extrinsic skin aging can be clearly
distinguished from intrinsic skin aging at a clinical, histological,
and molecular level. Clinical symptoms of extrinsic skin aging
include coarse wrinkles, irregular pigment spots, and elastosis
(Yaar et al., 2003). For decades, it has been thought that extrinsic
skin aging results predominantly from exposure of skin to solar
radiation, and the terms extrinsic and photoaging have been
used synonymously. There is, however, growing evidence that
other environmental factors may contribute to skin aging as
well. In particular, exposure of skin to tobacco smoke was found
to be an independent pathogenic factor (Schröder et al., 2006).

Ambient particulate matter (PM) represents another envir-
onmental threat to which millions of humans worldwide are
exposed. Adverse effects of PM on human health are currently
a serious concern and have been shown to include a higher
risk for cancer, pulmonary, and cardiovascular diseases
(Beelen et al., 2008; Castano-Vinyals et al., 2008). The health
effects of ambient PM exposure on human skin in general, and
on skin aging in particular, have not yet been studied.

A major mechanism by which ambient PM exerts its
detrimental effects is through the generation of oxidative
stress (Donaldson et al., 2005), an important contributor to
extrinsic skin aging (Schröder et al., 2006). Particles in the
nanosize range, especially those from traffic sources, are
considered among the most harmful components of ambient
PM. These nanoparticles cause oxidative stress in part
because their physical properties, i.e. small size but large
surface per unit mass, make them highly reactive toward
biological surfaces and structures (Donaldson et al., 2005).
It has been postulated that these particles can serve as
carriers for organic chemicals and metals that are capable of
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