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German summary

Die Effekt Modifizierung der mediterranen Didt (MeDi) auf die Hautalterung ilterer
Frauen die der Luftverschmutzung ausgesetzt sind

Autoren: V.Stender, C.Wigmann, H.Altug, J.Krutmann, T.Schikowski

Einleitung: Seit Jahrzehnten ist bekannt, dass UV-Strahlung und Rauchen extrinsische
Hautalterung verursachen konnen. Aber auch Luftverschmutzung hat einen Einfluss auf die
Hautalterung, insbesondere auf die Bildung von Falten und Pigmentflecken. Dies konnte zuerst
in der SALIA Studie (Study on the influence of air pollution on lung function, inflammation and
aging) gezeigt werden. Erndhrung ist ein weiterer Faktor, der zur Hautgesundheit beitrdgt. Der
Aufnahme von Antioxidantien in Form von Obst und Gemiise sowie der Kalorien Restriktion
wird nachgesagt, der Alterung entgegenzuwirken. Belege dafiir sind allerdings kaum vorhanden.

Methoden: In der vorliegenden Arbeit wurde der Zusammenhang zwischen Hautalterung und
mediterraner Erndhrung bei 807 kaukasischen Frauen der SALIA Kohorte angeschaut. Dafiir
wurden Ergebnisse eines Fragebogens und eines erstellten MEDI Score basierend auf dem
Score von Panagiotakos benutzt. Die Hautalterung wurde durch den SCINEXA™ Score
beurteilt. Die Luftverschmutzung (NO,, PMjy, PM; 5, PM; s5couses O3) wurde anhand von Land-
Nutzungs-Modellen bestimmt und anhand der Wohnadresse den einzelnen Probanden
zugewiesen. Fiir die Statistik nutzten wir multiple logistische Regressionsmodelle, bezogen eine
Interaktionsvariable (MEDI Score und Luftverschmutzungsparameter) ein und adjustierten fiir
Kovariablen (Stadt oder Land, Sozialstatus, Alter, BMI, ,,Packyears®, Raucherstatus, Heizen mit
fossilen Brennstoffen, Hauttyp, Lichtschutzfaktor, UV-Strahlung, Hormonersatztherapie,
Sonnenbanknutzung).

Ergebnisse: Hohere Belastungen mit NO, korrelierten signifikant mit der Bildung von
Pigmentflecken (Z-Scores). Hohere PM;, und PM, s Werte waren signifikant assoziiert mit der
Bildung von Falten auf der Oberlippe, ebenso mit der gleichmiBigen Pigmentierung auf der
Unterarminnenseite. In den Modellen ohne Adjustierung fiir die UV Variablen korrelierten NO,
und Ruf signifikant mit der Bildung von Nasolabialfalten. Der MEDI Score zeigte einzig einen
schiitzenden Effekt fiir zigarettenpapierartige Filtelung auf dem Handriicken. Fiir viele andere
Hautalterungsparameter zeigte der MEDI einen schidigenden Effekt. Der Antioxidantien Score
zeigte nur fiir Pigmentflecken auf der Stirn einen schiitzenden Effekt. Die Interaktionsvariablen
MEDI und PM,p, genauso wie MEDI und PM,;s zeigten eine schiitzende Tendenz auf die
Faltenbildung (z-score).

Diskussion: Es gibt keine Zweifel daran, dass Luftverschmutzung negativ auf die Hautalterung
wirkt. Antioxidantien und gute Erndhrung sind weit verbreitete Verjiingungsmethoden. Die
Studien dazu widersprechen sich allerdings, zeigen nur kleine Effekte und klinische Daten die
die sichtbaren Effekte belegen fehlen bislang. Durch diese Studie versuchten wir Klarheit zu
schaffen, allerdings bleiben Zweifel daran ob Erndhrung iiberhaupt einen Einfluss auf die
Hautalterung hat.



English summary

The effect modification by the Mediterranean diet (MeDi) on skin aging in elderly women
exposed to air pollution

Authors: V.Stender, C.Wigmann, H.Altug, J.Krutmann, T.Schikowski

Introduction: For decades extrinsic skin aging is known as the result of UV radiation and
smoking, but also air pollution has an impact on skin aging, presenting itself in wrinkle
formation and pigment spots. This has been shown in the SALIA study (Study on the influence
of air pollution on lung function, inflammation and aging) for the first time. Nutrition is a
further factor contributing to skin health. Antioxidant uptake through fruits and vegetables as
well as calorie restriction is rumored to delay aging effects. However, the evidence is very
scarce.

Methods: We assessed the association of skin aging with an adherence to the Mediterranean
diet (MEDI) in 807 Caucasian women from the SALIA cohort study using results of a
questionnaire and transforming them to a MEDI score based on the score of Panagiotakos. Skin
aging was evaluated by the SCINEXA score. Air pollution (NO,, PM;o, PM> 5, PM> 5 coarses O3)
was evaluated by land use regression models and assigned to the home address of the study
subjects. We applied multiple logistic regression models, included an interaction variable
(MEDI score and air pollutant) and adjusted for covariates (urban or rural, social status, age,
BMLI, packyears, smoking status, heating with fossil fuels, skin type, sun protection factor, UV
radiation, hormone replacement therapy, sunbed use).

Results: Higher NO, exposure was significantly associated with the formation of pigment spots
in general (z-scores). Higher PM;, and PM,s values were significantly associated with the
formation of wrinkles on the upper lip as well as the even pigmentation on the forearm inside.
In models without adjustment for UV covariates NO, and PM; supsorbance COrrelated significantly
with the formation of nasolabialfolds. The MEDI score showed a protective effect on cigarette
paper like skin on the back of the hands. For many other skin aging parameters the MEDI score
presented a harmful correlation. The antioxidant score showed a protective effect on pigment
spots on the forehead only. The interaction terms MEDI and PM,, as well as MEDI and PM, 5
showed a protective tendency on the wrinkle formation (z-score).

Discussion: There is no doubt that air pollution has a negative impact on skin aging.
Antioxidants and healthy nutrition is broadly promoted as a rejuvenation method, but the studies
contradict each other, or just show small effects and clinical data showing a visible effect are
missing. In this study we tried to get clarity, but there is still remaining doubts if nutrition has an
impact on skin aging at all.
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1 Introduction

There are two forms of skin aging: extrinsic and intrinsic skin aging. Intrinsic skin aging is
genetically determined and appears on all body parts at the same speed, whereas extrinsic skin
aging is determined by the environment. Basically extrinsic aged skin presents itself in deep
wrinkles, a leather like skin appearance with emphasis on the face and the hands. Intrinsic skin
aging shows fine wrinkles, laxation of the skin and distributes over the whole body. The sun is
the longest known factor influencing skin age, but also smoking, air pollution, nutrition, lack of

sleep, stress, hormones, are known factors.

The topic of air pollution and its negative impacts on health emerged in the 1950s (1). Air
pollution is known to impact the respiratory and cardiovascular system as well as the skin. The
link between air pollution and skin aging was first discovered in 2010 with the SALIA study, an
epidemiological study with elderly women which found that traffic related particulate matter
(PM) promotes skin aging (2). Later further studies in Germany and in China indicated the
relationship between air pollution and skin aging (3, 4). Even if the air pollution values have
decreased in the past 50 years in the western world, it is a growing issue in developing countries

and still remains a global challenge.

Nutrition is historically one of the earliest known factors influencing skin health. Following the
rules of the Mediterranean diet (MEDI) pyramid is a popular lifestyle nowadays and consuming
lots of fruits and vegetables is seen as a rejuvenation method in the general population. A few
studies tried to prove the impact of certain diets or nutrients on skin age, but clear results are
scarce. Nutrition may be relevant for the skin aging process, but the concrete extent that can be

attributed to nutrition remains unclear.

In this thesis the influence of air pollution and nutrition on skin aging was analyzed. Air
pollution is expected to act harmful on skin aging, for nutrition evidence is scarce. We expect
the Mediterranean diet to delay skin aging and therefore influence the correlation between air

pollution and skin aging.
1.1 The skin

1.1.1 Skin structure and function
The skin is our biggest organ and consists of three layers from outside to inside: the epidermis,

the dermis and the subcutis. Figure 1 presents a scheme drawing of the structure of human skin.



Figure 1: Scheme drawing of the human skin

The epidermis is the upper part which directly interacts with the environment and consists of 4,
respectively 5 layers at the palms and bottom of the feet. Its main function is the barrier function
between inner organs and environment. The majority, 90% of the cells are keratinocytes
building a keratinized stratified squamous epithelium. The basic layer is the stratum basale,
which directly interacts with the basal membrane. Here stem cells differentiate and
keratinocytes start to wander through the upper layers - the stratum spinosum, stratum
granulosum - until they finally reach the stratum corneum. Meanwhile they experience a process
of proliferation until they become corneocytes in the end. At the palms and bottom of feet exists
one additional layer, the stratum lucidum. Besides keratinocytes, the epidermis consists of
Langerhans cells, Merckel cells and Melanocytes. Langerhans cells are dendritic cells that form
part of the immune system, Merckel cells are tactually sensory organs and Melanocytes produce

the skin pigment melanin and by that serve as a protection from sun.

The border between epidermis and the dermis is the dermoepidermal junction, a strong
connection which fixes the epidermis on the dermis. The dermis itself consists of two layers: the
papillary layer and reticular layer. It is meant to stabilize the epidermis and make the skin
smooth and flexible. Therefore, it mainly consists of connective tissue but also contains some

cells, the fibroblasts. Collagen fibers account for the biggest part of the dermis but also elastic



fibers, proteoglycaans and glycosaminoglycans belong to the so called extracellular matrix.
Most of the cells are fibroblasts producing the extracellular matrix, but also sensory- and
immune cells can be found. Besides, blood vessels, nerve endings, hair roots and sweat glands

are located here.

The subcutis is the deepest layer and consists of connective tissue, sensory bodies and a varying
amount of adipose tissue, depending on the body mass index. Epifascial blood vessels and
nerves lie here. It is the layer of movability within the skin and the adipose tissue serves as

energy reservoir and thermal insulation (6, 7).

The skin is our biggest organ with great responsibility. First, it represents the border between
inner organs and environment. Especially the horny layer protects of mechanical injury and its
acidic PH of 5.5 serves as a chemical barrier against bacteria. Furthermore, the skin is important
as temperature and humidity regulator with its blood vessels, nerves and sweat glands. It has the
capability to protect from sun, by regulating the pigmentation via melanin. Immune cells like
Langerhans cells represent the skin’s function for the immune system. Small sensory bodies and
nerve endings make our skin a sensory organ and finally skin has an important social impact: It
covers all our body and provides a first impression about one’s biological well-being, age, stress

level and finally beauty.

1.1.2 Skin aging

Our skin is the border between environment and inner organs and has two different ways of
aging. On the one hand it ages chronologically which is genetically determined and cannot be
influenced easily (intrinsic). On the other hand, the skin as a barrier function has to bear a lot of
environmental stressors that promotes skin aging (extrinsic). The most important environmental
factor is the solar radiation, therefore extrinsic skin aging is often called photoaging. Table 1

shows a comparison of typical extrinsic and intrinsic skin aging features.

1.1.2.1 Intrinsic skin aging

Intrinsic skin aging is a chronological process that progresses slowly and steadily with
increasing age. The changes are seen over the whole organ, but the best spots to differentiate
extrinsic from intrinsic skin aging are body parts that are never exposed to the sun, like the
underwear area or for people using the sunbed, just the tailbone. Extrinsic skin aging may
otherwise hide the effects and often the visible outcome is difficult to differentiate. Intrinsic
aged skin appears thin, atrophic, fine wrinkled and slightly silver-grey, with an even
pigmentation (see Table 1). In the course of life it gets thinner in all three layers. This is due to a
lack of growth factors stimulating the cells, which results in worse wound healing and
reparation capacity in general. The subcutic adipose tissue as well as muscles decrease as well,

which is why the skin seems to be lax and lifted skin folds need a longer time to come back into



the original skin level. Intrinsic aged skin is more susceptible to minimal traumata. It looks dry,
the healing of minimal wounds is slow and intracutaneous bleedings leave behind the visible
himosiderin, presenting itself as the clinical image of purpura senilis. Intrinsic aged skin also
presents more benign tumors like verrucae seborrhoicae, decreasing numbers of sweat- and talc
glands, as well as hair follicles which can result in pruritus and thin hair. The skin type

according to Fitzpatrick does not have a strong influence here (8).

1.1.2.2 Extrinsic skin aging
The strongest influencer of extrinsic skin aging is the sun. Different skin types are differently
able to cope with solar radiation because of the role of melanin. This is why two forms of

extrinsic skin aging are differentiated: the atrophic- and milians zitrine form.

The atrophic form: This variation of skin aging is to be found mostly in lighter skin types. It is
characterized by teleangiectasia in sun exposed areas, as for example on the cheeks, and finer
wrinkles as in the milians zitrine form. But still the wrinkles are more severe than in intrinsic

aged skin.

The milians zitrine form: This form occurs in all skin types and is the typical form of extrinsic
skin aging. The main symbol is a hyperproliferation of the skin, as a protection of the chronical
UV exposure. This results in a thickened skin with a leather like and yellowish appearance,
coarse wrinkles, dryness and lack of elasticity (see Table 1). The cells as well as the dermal
proteins hyperproliferate, the melanocytes vary in size and morphology which results in an
uneven pigmentation. The neck, face, decolleté, forearm outsides, hands are areas where
extrinsic skin aging is most severe. It usually starts with the formation of coarse wrinkles on the
forehead, next to the outer corner of the eyes as crow’s feet, along the nasolabialfold and
preauricular. The solar elastosis on the cheeks shows best visibility of extrinsic skin aging: The
continuous inflammation of the dermal layer is responsible for its thickening with invasion of
many immune cells, as well as the degradation and debris of collagen and elastic fibers.
Responsible are matrixmetalloproteinases (MMPs) which are activated by solar radiation among

others and degrade the dermal proteins resulting in accumulation and inflammation (8-10).

Table 1: Morphological characteristics of intrinsic and extrinsic aged skin (8)

Intrinsic (chronological) Extrinsic (environmentally induced)
Fine wrinkles Coarse wrinkles
Lax appearance Solar elastosis

Even pigmentation Uneven pigmentation
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Thinning of skin layers Thickening of skin layers

Few cell dysplasia Much cell dysplasia

Few changes in size and organization of | Degeneration of elastic fibers and change of

collagen and elastic fibers collagen fibers organization

Blood vessels: Purpura senilis Blood vessels: Teleangiectasia, ecchymosis,
inflammation

Reduction of hair follicles Reduction of hair follicles

Reduction of sweat- and talc glands Reduction of sweat- and talc glands

Normal amount of melanin Increased amount of melanin, lentigines

Benign neoplasia Benign neoplasia, malign neoplasia

1.1.3 Molecular mechanisms of skin aging
The mechanisms of skin aging are similar in extrinsic and intrinsic skin aging and mostly end in

the same pathways. Figure 2 briefly shows the different existing pathways.

Already in 1965 Hayflick found that cell division is limited (11). After 52 times of division the
capacity is reached and the cell undergoes an organized cell death, called apoptosis. The reason
is the continuous shortening of telomeres in every division process. Telomeres are repetitive
sequences at the end of chromosomes that do not contain genetic information but serve as a
protection for the DNA. In every replication cycle the leading strand is replicated continuously
from 3” end to 5" end. This is the only possible working direction for the DNA polymerase. The
lagging strand needs to be replicated from 5 to 3” end, therefore small nucleoids called primers
are used as a start point for the DNA polymerase which can only replicate discontinuously at the
lagging strand. At the 3" end a few bases get lost in each replication process, because the primer
is not able to dock and the telomere shortens. When the tandem repetitions of the telomeres are
gone, the cell goes into apoptosis. Stem cells and tumor cells are able to undergo this process
with an enzyme called telomerase, which is able to renew the ends of chromosomes unlimitedly.
The 3” end can also be damaged by exogenous noxae like solar radiation, therefore the

telomeres play and important role in intrinsic as well as extrinsic skin aging.

Another central mechanism of skin aging is reactive oxygen species (ROS). All living beings
need oxygen to maintain their energy circle, but oxidative stress in form of reactive oxygen
species can damage cells and chronical oxidative stress can promote the aging process. In 1956
Harman found the "free radical theory of aging" that says mistakes can happen in the
metabolism while transforming oxygen into energy, leading to free radicals. It says, when
decreasing the rate of ROS formation in a species, it increases its lifespan. Since it is known that

oxidative stress increases with higher age, (12) this could be counteracted by reducing the




11

caloric intake, eating less that easily oxidizes in the organism and decreases the temperature
(13). Later also other studies showed that caloric restriction, resulting in lower energy
metabolism, extends the lifespan in animals and humans (14). It is obvious that the oxidative
stress is one factor promoting the aging process, but the body developed systems to cope with
oxidative stress: radical catchers like Gluthathion, Catalase, cytochrom p450 and fenton
reaction. This works as long as the system is balanced. With many free radicals at the same time
and a continuous burden, the system gets satisfied and the imbalance leads to oxidative stress. In
the course of the time the DNA gets damaged, proteins get oxidized and lose their function,
which is irreversible. This is the common skin aging process that is genetically determined, but
can also be induced by environmental noxae like solar radiation. UV light induces free radicals
and promotes skin aging on that pathway, but it also directly damages the DNA. It often results
in two DNA bases connecting with each other and forming dimers. Mostly the bases thymine
and pyrimidine form the dimer. The DNA cannot be read anymore, which leads to apoptosis or

mutation of the cell.

The compartment in the cell with the highest rate of metabolism is the mitochondria. It is the
power plant of a cell, where the oxidative phosphorylation takes place. Basically the process
uses oxygen to create energy. The respiratory chain is a complex of five proteins, located at the
inner membrane of the mitochondria. Oxygen is used to establish a protone gradient over the
complexes and the originating energy is used in the final step to transfer adensosindiphosphate
(ADP) and phosphate to adenosintriphosphate (ATP), which is higher in energy. Every mistake
in the production process leads to the creation of ROS and by that to oxidative stress. The
mitochondrial DNA is a circular molecule that is mainly responsible for producing the protein
complexes of the respiratory chain and is located directly next to it. More oxidative stress leads
to more mutations in the mitochondrial DNA. This is the common procedure in the process of
aging, but can also be directly induced by environmental noxae as sunlight. It results in a
vicious circle: 1. Oxidative stress, 2. Mistakes in the mitochondrial DNA, 3. Mistakes in the
protein complexes of the respiratory chain, which cannot work properly anymore, 4. Even more
mistakes in the oxidative phosphorylation, which results in more oxidative stress (see Figure 2).
Besides the "free radical theory of aging" another theory, the "mitochondrial theory of aging"

was formed (15).

The mentioned processes lead to the induction of Matrix metalloproteinases (MMP), which are
enzymes degrading the dermal proteins. They are important factors in the extrinsic skin aging
and are activated via a direct and indirect way. Sunlight and other environmental noxae directly
induce MMP. On the indirect pathway, noxae induce a signal cascade over the transcription

factors AP-1 and NFkB ending in the activation of MMP as well (Figure 2



Figure 2: Molecular mechanisms of skin aging
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1.1.4 Factors influencing skin aging

1.1.4.1 Skin colour

The skin colour of an individual is caused by the pigment melanin. It is stored in the
melanocytes, lying in the basal cell of the epidermis. The melanocytes produce melanin in cell
organs called melanosomes and release it to the basal keratinocytes, which by that receive their
pigmentation. The skin colour is an important influencing factor of skin aging. The darker the
pigmentation the better the solar radiation gets absorbed and the better the skin is protected.
Besides the dark eumelanin, there is the related pigment pheomelanin, which appears in blond-
or red-haired individuals and does not protect as effectively. According to Fitzpatrick there are

six different skin types from light skin (one) to dark skin (six).

Table 2: Skintypes according to Fitzpatrick (16)

Phototype Skin description Example

1 Pale white skin, very sensitive, Red hair with freckles
always burns, never tans

2 White skin, sensitive, burns Blond haired, blue/green eyed
easily, tans minimally Caucasians, northern Asians

3 Light brown skin, sometimes Darker Caucasians, some Asians
burns, slowly tans

4 Moderate brown skin, burns Mediterranean and Middle
minimally, always tans Eastern Caucasians, Southern

Asians

5 Dark, brown skin, resistant, Some Hispanics and Africans
rarely burns, tans well

6 Dark brown to black skin, very Darker Africans, Indigenous
resistant, never burns Australians

1.1.4.2 Hormones

In the process of aging, hormone levels decline naturally. Estrogene is a sexual hormone that
declines especially in women after the menopause and is an important factor influencing skin
aging. Epidemiological studies showed that women, who received hormone replacement
therapy have a perceived younger skin age (17) and others found also effects on the molecular
level (18, 19). The molecular explanation is that estrogen receptors appear both in dermal
fibroblasts and epidermal keratinocytes which was found in 1990 (20). Another study proved
that a certain protein, p29, which is just found in estrogen sensitive cells, exists also within the
skin (21). The natural decline of hormone levels is an intrinsic skin aging factor, the hormone

replacement therapy on the other hand can be seen as an extrinsic influence.




1.1.4.3 Solar radiation (UV, infrared, visible light)

Solar radiation is the most important influencing factor of extrinsic skin aging. This was already
found in 1969 by Albert Kligman (22). Solar radiation is composed of a spectrum of different
wavelengths: UV radiation (290-400nm, 5%), visible light (400-700nm, 50%) and infrared light
(700-4000nm, 45%) (Figure 3). The shorter the wavelength the stronger the radiation, but the
longer the wavelength the deeper the radiation penetrates the skin. UV radiation makes 5% of
the total spectrum and divides into UVA, UVB and UVC radiation. The shortest wavelength is
UVC with 200-290nm, which is absorbed by the ozone layer and is not an issue for human skin.
The UVB with its wavelength from 290-320nm is mostly absorbed by the ozone layer, but
partly let through. It penetrates our skin superficially and induces changes just in the epidermis.
UVA with 320-400nm wavelength is not absorbed at all by the ozone layer and completely hits
our skin. It penetrates deeply, reaches the lowest layer of the epidermis and the dermis. Visible
light and infrared light make up the biggest part of solar radiation and have long been
considered to just minimally impact the skin. However studies could prove that both spectrums
are able to induce MMP and ROS and by this induce matrix degeneration and skin aging (23,
24). Next to natural radiation, artificial radiation on sunbeds is an increasing problem. In the
western world it is perceived as a prominent method to improve one’s appearance in the short
run, but the long-term consequence is an aged, wrinkled appearance. For molecular mechanisms

of solar radiation on skin see chapter “mechanisms of skin aging”.
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Figure 3: Scheme drawing of the penetration of solar radiation into the skin

1.1.4.4 Tobacco smoking

Studies could show that skin aging proceeds much faster in smokers than in nonsmokers,
especially seen in wrinkles in the face and around the mouth (26-28). Also melanocytes are
affected, since skin colour and pigmentation were observed to change (29, 30). This difference
is visible in young smokers as well as in elderly. Cigarettes contain a variety of harmful
chemical substances, mainly nicotine and carbon monoxide. The immediate effect on the body
is a reduced microcirculation (31) but longtime consequences are similar to those induced by

solar radiation, namely the induction of MMP (32).

1.1.4.5 Air pollution

The awareness for air pollution as a risk factor influencing skin aging emerged in the last years.
Particles such as PM;, and PM,5 were shown to be able to penetrate the skin through hair
follicles in clinical studies (8). There they act similar to other environmental noxae in triggering
oxidative stress. Ozone as part of smog in high traffic areas during summer is known to
decrease the content of antioxidants in the epidermis especially vitamin E. Besides, it induces

MMP in deeper skin layers as well as an inflammation reaction (8).
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1.1.4.6 Nutrition

Nutrition influences the skin, which is vividly shown by skin changes in the state of
malnutrition (8). Supplementation in case of a lack of minerals, vitamins and essential fatty
acids can again improve the skin condition. Until now it is unclear how nutritional substances
operate on the skin, how they impact skin aging and especially if there is a positive effect in

physiologic daily doses. Chapter 1.3 will focus on the impact of nutrition on skin aging in detail.

1.1.4.7 Stress, temperature, lack of sleep

Stress, temperature and lack of sleep are factors assumed to play a role in skin aging. Chronical
stress can lead over different pathways to immune dysfunction, which is known to result in
oxidative stress, a known influencer of skin aging (33). For lack of sleep an experimental study
found that subjects look less healthy and less attractive (34). High temperatures are proven to
impact the skin. In a study participants were exposed to solar radiation, but the radiation was
filtered and just the heat could penetrate, it was seen, that also the heat alone induced MMP, and
by that influenced the pathway of skin aging (35). Consequently, it is visible that miscellaneous

impact the skin, but clear mechanisms are unknown until now.

1.2 Air pollution

The topic of air pollution and its negative impacts on health emerged in the 1950s (1). Air
pollution is the release of substances in the air that can evidently harm humans and the
environment. Among others these are smoke, soot, exhaust gases and odorants. Developing
countries contribute to the biggest part to the worldwide air pollution nowadays (36). In the
industrial countries, air pollution was at its highest in the 1950s but measures were taken to
counteract this development. Our modern living standard asks for a lot of energy for production
processes regarding groceries, clothing, furniture and more broadly for industries producing for
public infrastructure. Also daily activities in the household like cooking consume a considerable
amount of energy. Another factor is the increasing traffic, on the one hand emerging because
products need to reach the customer, but on the other hand, because having a car has become a

matter of course. Nowadays the traffic has the highest impact on air pollution in cities (37).

Air pollutants can be divided into primary and secondary pollutants. Primary pollutants derive
from the direct emission of an air pollution source, whereas secondary pollutants derive from
photochemical reactions between the primary pollutants. The main primary pollutants are
particulate matter (PM,y, PM, 5 PM ;) and gases (CO,, CO, SO,, NO,). Examples for secondary
pollutants are ozone (O;), peroxyacyl nitrates and nitric acid, which are the components of the

typical “smog”.
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Air pollutants of interest for this study include NO,, PM o, PM;s, PMj 5c0use @and ozone (Os).
Nitrogen dioxide (NO,) is one of the nitrogen oxides, which are produced by combustion
processes. The main source for outdoor NO, is the traffic. NO is emitted by motor vehicles and
reacts with oxygen in the atmosphere producing NO,. Indoor NO, is produced mainly by
unvented heating and cooking (38, 39). To particulate matter belong all solid or liquid particles
suspended in the air. PM,o, PM; 5 and PM; supsomance (Measurement of blackness of PM2.5 filters,
which is a proxy for elemental carbon (40)) belong to the coarse particles. They are produced by
physical processes by the breakup of larger solid particles. These processes include
resuspension of soil- and road dust, agricultural processes, mining operations and vehicular
abrasion, as tyre- and brake wear. Mostly the particulates consist of sulfate and organic matter
(38, 39). Ozone (Os) is a secondary pollutant that protects us from solar radiation in high layers
of the atmosphere, but can act harmful when being on ground level. Under the action of solar
radiation NO, decomposes into NO and O. In a second step O reacts with O, to O; - ozone.
Ozone levels are lower in urban areas since combustion processes produce NO, which again
reacts with O; to NO, and O,. By that ozone is captured. Hydrocarbons in the atmosphere are
responsible for increasing ozone values on sunny afternoons. They are oxidized by OH in the
atmosphere to peroxide radicals, which again react with NO to NO,. NO cannot react with

ozone anymore and its concentration increases (38, 39).

A lot of effort was done to minimize air pollution values until today, especially in the
industrialized countries. The World Health Organization (WHO) introduced guidelines to offer
help in reducing the health impacts of air pollution all over the world. Table 3 shows limits for
all air pollutants of interest for this work. NO, values over 200pg/m’ as a 1-hour-mean are toxic
and therefore should be avoided completely. Ozone levels over 100ug/m’ as a 8-hour-mean
should be avoided, since a higher concentration was found to cause increased daily mortality

(36).

Table 3: Limits for air pollution values set by the WHO

NO, Annual mean: 40ug/m’
1-hour-mean: 200ug/m’
PMy, Annual mean: 20ug/m’
Daily mean: 50ug/m’
PM, 5 Annual mean: 10pg/m’
Daily mean: 25ug/m’
Ozone 8 hour mean: 100ug/m’

1.2.1 Effects of air pollution on skin aging
The pulmonary and cardiovascular system suffer most from air pollution exposure (41-43).

Recently it has been shown that also the skin is affected by air pollution. In this context the
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SALIA study (42) was the first study that found air pollution significantly correlated with
extrinsic skin aging signs, especially with pigment spots in the face and less with wrinkle
formation (2). This was found for soot in particular. Soot is the leftover particles in incomplete
combustion of hydrocarbons. In Europe it comes mainly from traffic and chimneys in private
households. Another study about indoor air pollution in China found that cooking with fossil
fuels is associated with more severe wrinkles in the face and on the back of the hands in
Chinese women (3). In addition, a study in a German and a Chinese cohort showed that NO,
was significantly correlated with lentigines on the cheeks. The strongest association was found
for women over 50 years. No correlation was found for lentigines on the back of the hands and
forearms (4). Another study assessed the ozone exceedance and its impact on skin aging.
Positive associations between ozone exceedance and coarse wrinkles in the face were found for
one study cohort on the forehead and under the eyes, for the other study cohort in the crow’s

feet area and on the upper lip (44).

In summary, there is good epidemiological evidence that small particles (PM, and PM, ), soot

(PM3 5 absorbance)>, NO» and ozone exceedance intensify skin aging.

1.3 Effects of nutrition on skin aging and the Mediterranean diet

Hundred years back in time food had a simple function: filling our stomach and keeping us
satiated. Our whole body needs nutrition in order to grow, maintain its functions and refill our
energy reservoirs. The idea that nutrition has more effects emerged later, when people did not
suffer hunger anymore. At that point in time we could choose what to eat, depending on our
preferences. The topic of additional functions of nutrients came up as well as the question about
what is healthy and what is not. The Mediterranean nutrition pyramid demonstrates

recommendations about lifestyle and healthy nutrition(45).

Nutrition was proven to have several health benefits. Healthy food is known to serve as
prevention method against cardiovascular diseases, overweight, intestinal cancer, memory
decline and many more (46-50). Interestingly, in the general population food is rumored to
impact the skin and antioxidant-rich nutrition to be able to prevent skin aging. However, there
are only few studies, which tried to prove the benefit of certain diets or forms of nutrition on
skin aging. The results are vague, some show tendencies in favor of the theory, some against,

but clear results are scarce.

One study examined whether nutrient intakes were correlated with skin wrinkling on sun
exposed site and found less appearance of actinic keratosis with higher intake of vegetables,
olive oil, legumes and fish. Consumption of meat, butter, dairy and sugar seemed to be harmful

(51). Another study examined nutrient impact on the skin aging appearance in a cohort of
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middle-aged American women. Higher intakes of vitamin C were found to have a protective
effect on wrinkles and senile dryness. High linoleic acid intake was associated with less senile
dryness and skin atrophy. Higher fat and carbohydrate intakes were associated with more
wrinkles and senile dryness (52). A study on the impact of fat, vegetables and antioxidant
micronutrients on skin aging in Japanese women found an effect as well. High intake of fat was
associated with more skin elasticity and wrinkle formation. The consumption of green and
yellow vegetables was protective against the formation of wrinkles (53). A very recent Dutch
study found that higher adherence to the Dutch guidelines of a healthy diet was associated
significantly with less wrinkle formation in women, but not in men. The study separated the
dietary patterns into four groups, and the red meat and snacks dominant group-, showed more
facial wrinkles, whereas the fruit dominant group showed less wrinkles (54). Studies with

controversial results were scarce.

Since the Mediterranean diet is one of the most famous diets in the world we expect a positive
impact of this way of nutrition on skin aging. As explained before, the main principles of skin
aging are the shortening of telomeres and the formation of reactive oxygen species (ROS).
Studies found a positive correlation between the Mediterranean diet and the telomere length (55,
56). Other studies attribute a large anti-oxidative capacity to the Mediterranean diet (57-59).
Thus, the Mediterranean diet should be beneficial on skin aging. To our knowledge there has

never been a study on this topic before.

The Mediterranean diet was proven to have numerous health benefits. It is good against obesity
and metabolic syndrome, cardiovascular diseases, diabetes, cognitive decline, cancer and many
others (46-50, 60). This diet is a form of nutrition containing plant food as the basis, olive oil as
main source of fat, with a moderate consumption of meat, fish, and dairy products (45). The
famous diet pyramid puts physical activity, sleep and sociocultural activities at the very bottom,
as basis for a healthy nutrition together with drinking water and pure tea (Figure 4). The first
nutrition level contains plant food such as cereals, pasta, bread, rice, as well as vegetables in a
large variety of colour and way of preparation (cooked/raw) and olive oil. These nutrients
should be consumed with every main meal. The second level contains nuts, olives, seeds, herbs,
spices, onion, garlic as a mean to increase the flavor in order to reduce salt. The third level
contains low fat dairy. Nutrients from levels 2 and 3 should be consumed daily. Level 4
contains white meat, fish, eggs and legumes, which should be consumed weekly. Level 5
contains red meat, processed meat, as well as potatoes, because of their high glycemic index.
These products should be consumed weekly. In the very top of the pyramid, stand sweets. The
higher the level, the less often the nutrients should be consumed and the less healthy they are

declared.
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1.4 Aim of this study
The objective of this study was to investigate the protective role of the Mediterranean diet on
skin aging in elderly women exposed to long-term traffic related air pollution. Two hypotheses

and three research questions were formulated.

1.4.1 Hypothesis 1
Since the link between nutrition - and the Mediterranean diet in particular - and skin aging is not
well established in the literature, this association is investigated first. We expect that the MEDI

is going to have a protective effect on skin aging.

1.4.2 Hypothesis 2

Former research on this study population showed negative impacts of air pollution on skin
aging, for pigment spots in the face and nasolabialfolds (2). We first want to reproduce the
findings and second, we want to analyze if the MEDI has any modifying effect on air pollution
induced skin aging. Based on the previous studies we expect the MEDI to attenuate the harmful

effect of air pollution on skin aging.

1.4.3 Research questions
1. Is a higher adherence to the mMEDI associated with less pronounced extrinsic skin
aging?
2. Does air pollution have a harmful impact on skin aging?
3. Does MEDI modify the association between air pollution (NO,, PM;;,, PM,5,

PM, sapsorbances O3) and extrinsic skin aging?

Figure 5: Visualization of research questions

Mediterranean diet
Modified MEDI score (mMEDI)

Air pollution Skin aging

NO;, PMy, PM,s, PM; <. orancer Os Via SCINEXA skin aging score
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2 Material and methods

2.1 Study population

This work is a retrospective cohort analysis and is based on data of the SALIA study
(Study on the influence of air pollution on lung function, inflammation and aging). The
study was part of the Clean Air Plan introduced by the government of North-Rhine-
Westphalia and was meant to compare the effects of air pollution in urban and rural
areas on human health (42). The baseline investigations started between 1985 and 1994
and had several follow ups in 2006, 2008/2009, 2012/2013 and 2018/2019. Overall, 7
areas were chosen: 5 urban areas with high air pollution due to dense traffic and
industry (Dortmund (since 1985), Duisburg (since 1990), Essen (since 1990),
Gelsenkirchen (since 1985), and Herne (since 1986)) and 2 rural areas (Diilmen and

Borken both since 1985) with few traffic and industry as reference areas (42).

All women at the age of 54 or 55 at time of recruitment were asked to participate. Men
were excluded due to the bias of work in coal and steel industries. At the baseline
investigations the women received a questionnaire about lung function and basic data
like education, smoking habits, heating with fossil fuels etc. (42). Altogether 4874
women were included (see Figure 2). In 2006 there was a short questionnaire follow up
with 2116 participants. Excluded were those who either did not respond, whose
addresses were not available or who died. In 2008/2009 834 participants were left,
others died, did not respond, did not give consent or their addresses were not available
(41). A food questionnaire was introduced and further clinical examinations were
conducted, including amongst others an extensive skin assessment (61). The skin aging
assessment was performed by trained personnel via photo-reference scales (62). In 28
women a dermatological assessment was missing and therefore these women were

excluded from further analyses. Finally, our analyses were conducted with 806 subjects.

The SALIA study has been approved by the Medicals Ethics Committee of the Ruhr
Universitdt in Bochum, Germany in 2006 (registration No: 2732) and the Heinrich-
Heine-Universitidt in Diisseldorf, Germany in 2010 (registration No: 3507). All

participants have given written consent to participate in the study.
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Figure 6: Flow chart of the SALIA population

1985-1995 baseline
investigation
(n=4874)

595 participants died
252 addresses not
available

1911 did not respond

Questionnaire follow up

(n=2116)
153 participants died
75 addresses not
available
L 577 did not respond
2008/2009: clinical follow 477 did not oive concent
up (SCINEXA) and food
questionnaire
(n=834)

28: skin aging scores

missing

Study population used for
analysis
(n=806)

2.2 Exposure to air pollution
Air pollution was evaluated in the context of the ESCAPE project (European Study of Cohorts
for Air Pollution Effects) (40) for NO,, PM,3, PM, s and PM> s.somance 10 2008/2009. Ozone

values were measured by the German Environmental Agency (UBA) in 2005.

In the ESCAPE project concentrations of pollutants were measured at 40 sites in the study area
for NO, and 20 sites for particulate matter (PM). Measurements took place in three periods of
each two weeks: one in the cold season, one in the warm season and one in the intermediate
season. Validated land use regression models (63) were used to assign the concentrations to

each individual 's home address.

For this thesis the concentrations at the time of the baseline investigations in 1985-1994 were
used. Since skin aging was assessed in 2008/2009 — at the same point as the air pollution
measurements - and air pollution may have a long-term effect on skin aging, a certain time span

was needed. Therefore, the exposure values were backextrapolated to the years of our baseline
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investigation. Annual means from background reference stations of the governmental
monitoring system were used to receive annual mean concentrations for pollutants with
available historic data. Within-city spatial variations decreased proportionally over time, so
concentrations could be adjusted for the long-term trends using a pre-defined back-extrapolation
algorithm, which is an established ESCAPE procedure (64, 65). The procedure is explained in
detail in the ESCAPE manuals (www.escapeproject.eu). The ozone values were extracted from
data gathered by the German environmental agency in 2005. They were derived by dispersion
modeling with the chemical REM-CALGRID model (66), integration of monitoring data and
optimal interpolation with a resolution of 2 x 2 km’. Exposure to high ozone values was
assessed as the number of days when the daily mean concentration exceeded 120ug/m* and are
called exceedance days. According to the European union, 25 days of exceedance are allowed

per year (36).

From the beginning of the SALIA study in 1985, a steep decline in air pollution could be
observed, especially for particulate matter. The main reason for this was more awareness in the
population and improvement of industrial combustion methods, but not because of improvement

in traffic, whose impacts on air pollution remained stable (67).
2.3 Nutrition

2.3.1 Mediterranean diet score

At the time of the follow up examination in 2008/2009 the women filled out an extensive
questionnaire about their eating habits of at least the last 12 months. The questionnaire involved
32 food items including beverages and alcohol. For each food item a frequency of consumption
could be chosen: daily, several times a week, once a week, several times per month, once a

month or never.

A modified Mediterranean dietary score was developed in order to evaluate the eating habits of
the participants. This score was based on the validated Mediterranean diet score of Panagiotakos
et al. (47). From now on the diet score by Panagiotakos is called MEDI and our modified score

is called mMEDI.

The MEDI contained 9 food groups (Table 4): Non-refined cereals (whole grain bread, pasta,
brown rice, etc.), fruit, vegetables, legumes, potatoes, fish, meat or meat products, poultry, dairy
products (cheese, milk, yoghurt), additionally olive oil and alcohol (47). The suggested
consumption frequencies are based on the Mediterranean diet pyramid (45). In order to score the
frequency of consumption 0-5 points were given. The first 7 items are at the bottom half of the
diet pyramid and should be consumed often. Therefore, 0 points were awarded if never

consumed until 5 points if consumed daily. The last four food items have a position in the top
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half of the diet pyramid and should be consumed rarely. On that account, 5 points were awarded
if consumed never and O points if very often. For alcohol intake and olive oil use in cooking the
scoring was slightly different (see Table 2). A maximum adherence to the MEDI received the

maximum score of 55.

For this work we modified the Mediterranean diet score, due to different regional and cultural
characteristics of the SALIA population. All in all, both scores consisted of 11 food items. Most
of the food items were similar. The SALIA questionnaire did not contain questions about whole
grain products other than bread. Therefore, whole grain bread received an own category in the
mMEDI as well as rice and pasta (see Table 3). The SALIA questionnaire differentiated
between raw vegetables and cooked vegetables. Since both belong to the fundament of the
Mediterranean diet both were included. The three items missing in the SALIA questionnaire
were legumes, olive oil and alcoholic beverages. In Germany it is more common to drink beer
instead of wine, but beer is not part of a typical Mediterranean diet, considering that fact
alcoholic beverages were excluded. Legumes and olive oil were not part of the questionnaire
and for that had to be excluded. All other items were included: Whole grain bread, Pasta, Rice
(each as an own category) Potatoes, Fruits, Vegetables (cooked), Salad or raw vegetables, Fish,
Red meat, Poultry, Dairy products. There were 6 answer categories in the SALIA questionnaire
ranging from daily consumed to never consumed. For comparison of the MEDI and the mMEDI
see Table 2 and Table 3. For point division to calculate the mMEDI score we summarized the
answer categories to end up with 4 categories instead of 6. Never, once a month, and several
times per month were put into one category. The others stayed the same. The new points
reached from 0 to 3. Same as in the MEDI the beneficial items Whole grain bread, Pasta, Rice,
Potatoes, Fruits, Vegetables (cooked), Salad or raw vegetables and Fish received 3 points when
consumed daily, whereas the harmful items: Red meat, Poultry and Dairy products received 3
points if consumed once a month or less often. Finally, a maximum adherence to the mMEDI

was awarded with 33 points in total.
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Table 4: Mediterranean diet score of Panagiotakos (MEDI) (47)

How often do you consume Frequency of consumption (servings/week)
Never 1-6 7-12 13-18 19-31 >32
Non refined cereals 0 1 2 3 4 5
Never 1-4 5-8 9-12 13-18 >18
Potatoes 0 1 2 3 4 5
Never 1-4 5-8 9-15 16-21 >22
Fruits 0 1 2 3 4 5
Never 1-6 7-12 13-20 21-32 >33
Vegetables 0 1 2 3 4 5
Never <1 1-2 3-4 5-6 >6
Legumes 0 1 2 3 4 5
Never <1 1-2 3-4 5-6 >6
Fish 0 1 2 3 4 5
Never Rare <1 1-3 3-5 Daily
Olive oil in cooking 0 1 2 3 4 5
<=1 2-3 4-5 6-7 8-10 >10
Red meat 5 4 3 2 1 0
<=3 4-5 5-6 7-8 9-10 >10
Poultry 5 4 3 2 1 0
<=10 11-15 16-20 21-28 29-30 >30
Dairy products 5 4 3 2 1 0
<300 300 400 500 600 >700 oder 0
Alcoholic beverages (ml/day) 5 4 3 2 1 0

11 food items = 0-55 points (0 = no adherence to MEDI; 55 = maximum adherence to MEDI)

Table 5: Modified MEDI score (mMEDI)

Points in the mMEDI

Once a month or less often Once a week Several Daily

times per

week
Whole grain bread 0 1 2 3
Pasta 0 1 2 3
Rice 0 1 2 3
Potatoes 0 1 2 3
Fruits 0 1 2 3
Vegetables (cooked) 0 1 2 3
Salad orraw vegetables 0 1 2 3
Fish 0 1 2 3
Red meat 3 2 1 0
Poultry 3 2 1 0
Dairy products 3 2 1 0

11 food items = 0-33 points (0 = no adherence to mMEDI; 33 = maximum adherence to mMEDI)

2.3.2 Antioxidant score
There is also evidence regarding oral antioxidants as a rejuvenation method (see 1.3) which is
why we further added an antioxidant score. On basis of the mMEDI score we used the food

items rich in antioxidants: Fruits, Vegetables (cooked) and Salad or raw vegetables and
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established a new score out of the three items. The point division stayed the same, since all three
items are beneficial. Each item received 1 point (consumed every day) to 6 points (consumed
never) and the questionnaire had a range from 3 to 18 points. The antioxidant score was low if
the nutrition is rich in antioxidants and high if it is poor in antioxidants, in contrary to the

mMEDIL

Table 6: Antioxidant score

Frequency of consumption

several several
Never times times
Once amonth per month once aweek perweek everyday
Fruits 6 5 4 3 2 1
Vegetables (raw) 6 5 4 3 2 1
Vegetables (cooked) 6 5 4 3 2 1

3 food items = 3-18 points (3 = maximum antioxidant uptake, 18 = no antioxidant uptake)

2.4 Assessment of Skin aging

Skin aging was assessed by trained staff members of the IUF using validated photo-reference
scales (62). The participants were asked not to use make up and cream on the day of the
examination and to clean their face with sensitive cleaning wipes 15 min before the
examination. The participant sat on a chair in a relaxed position, the eyes were closed, the face
was relaxed and evenly illuminated. Pictures were taken for reproducibility. First, the extrinsic
skin aging was evaluated containing pigment spots/solar lentigines (on forehead, cheeks, upside
of the forearm and back of the hands), coarse wrinkles (on forehead, between the eyebrows, in
crow’s feet area, under the eyes, on upper lip, on nasolabialfolds), solar elastosis and
teleangiectasia. Second, intrinsic skin aging was evaluated containing: even pigmentation on the
forearm insides, lax eyes, lax face (lower part) and cigarette paper like skin on the back of the

hands (61).
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Table 7: Parameters of the skin aging score (68)

Criteria Location Score

Extrinsic skin aging
Number: 0(0), 1-10(1), 11-50(2), >50(3)

Forehead According to Tschachler: 0-5 (+1)
Number: 0(0), 1-10(1), 11-50(2), >50(3)
Cheeks According to Tschachler: 0-5 (+1)
Forearm Topsides Number: 0(0), 1-10(1), 11-50(2), >50(3)
Pigment spots/Lentigines solaris Back of the hands Number: 0(0), 1-10(1), 11-50(2), >50(3)
Forehead According to Tschachler: 0-5 (+1)
Between eyebrows According to Tschachler: 0-5 (+1)
Crow’s feet region According to Tschachler: 0-5 (+1)
Under the eyes According to Tschachler: 0-5 (+1)
Upper lip According to Tschachler: 0-4 (+1)
Coarse Wrinkles Nasolabialfolds According to Tschachler: 0-5 (+1)
Non (0), mild (1), moderate (2), severe
Solar elastosis Cheeks (3)
Teleangiectasia Cheeks According to Tschachler: 0-5 (+1)
Intrinsic skin aging
Even pigmentation Forearm insides Yes/No
Eyelids According to Tschachler: 0-5 (+1)
Lax appearance Lower part of the face According to Tschachler: 0-5 (+1)
Cigarette paper like skin Back of the hands Yes/No

2.41 Extrinsic skin aging

Pigment spots/solar lentigines were evaluated quantitatively on a scale from 0-3. No pigment
spots were scored with 0, one to ten pigment spots with 1, eleven to fifty with 2 and over fifty
pigment spots were evaluated with 3 (61). Besides, pigment spots on the forehead and cheeks
were evaluated with the photo-reference scales by Tschachler (62) considering their size as
follows: 0: no pigment spots or very few (<3mm), 1: one to several small pigment spots
(=3mm), 2: one to several bigger pigment spots (4-8mm), 3: one very big pigment spot (>9mm,
light pigmentation), 4: one very big pigment spot (>9mm, dark pigmentation), 5: several very

big pigment spots (>9mm).

Coarse wrinkles were evaluated by validated photo-reference scales. The investigator had 5
validated photos (or 4 for wrinkles on upper lip) of women with different grades of skin
wrinkling in the considered facial regions and should compare the study participant to the
person on the photo and assign a value. A number of 0 meant no/very few skin aging and 5
meant severe skin aging (62). If the examiner evaluated the study participant’s skin between two
photo-reference categories (for example 2 and 3) it was scored in between (2.5). If the skin

aging was more severe than 5, it received one additional point.
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Solar elastosis (the thickening of the skin) on the cheeks was evaluated with non visible solar
elastosis (0), mild- (1), moderate- (2) and severe solar elastosis (3) in comparison to a reference

photo with a severe form of solar elastosis.

Teleangiectasia (reddening of the face because of visible small blood vessels), was evaluated by

the mentioned photo-reference scales with 0 (mild) to 5 (severe).

2.4.2 |Intrinsic skin aging
The even pigmentation was considered on the inside of the forearm, because this side is rarely
reached by the sun as the most important skin aging factor. It was evaluated with yes (even

pigmentation) or no (uneven pigmentation).

The cigarette paper like skin on the back of the hands was assessed with yes or no, using a

reference photo showing hands with thin, cigarette paper like skin.

The lax appearance was considered for the eyelids and the lower part of the face and was

evaluated via the mentioned photo-reference scales (0-5).

Since the extrinsic and intrinsic skin aging outcome were not normally distributed, we
established binary variables coding either for minor- or severe skin aging to be able to apply
logistic regression. We calculated the means and all observations that were equal to the mean or
higher were declared as severe skin aging and all observations below the mean were labeled few
skin aging. The variables which already were binary (solar elastosis, even pigmentation,

cigarette paper like skin) just stayed like this.

2.5 Covariates

In order to increase accuracy, we included all covariates that can also influence the skin aging
and which were available in our dataset. We adjusted for age, body mass index, social status,
home address, skin sensitivity, UV history, smoking history (including passive smoking and
packyears), hormone replacement therapy and the heating system. Table 7 gives an overview of

all parameters and their scales of measurement.

Age is the most important factor for intrinsic skin aging and was included as a continuous
variable. A high body mass index (BMI) makes wrinkles in particular appear less severe
because the subcutic adipose tissue serves as an additional layer plumping up the skin.
Therefore, the BMI was included as a continuous variable as well. The social status is a
categorical variable and was measured by years of school education in three categories: school
education under ten years, school education of ten years and education longer than ten years.
The residential address was important, considering whether the area was rural or urbanized,

because of different air pollution exposures. The skin sensitivity is another categorical variable
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and refers to the skin type according to Fitzpatrick (16). Here the women were asked if they
burn easily, become rather red and don’t tan easily, tan easily and become rather brown and are
only brown when exposed to the sun. The UV history considers three variables - first, it was
considered if sun protection factor was used when being exposed to the sun and second, if ever
used a sunbed, which are both binary variables. The third variable was the continuous value for
the UV index at the home address. For the smoking history there were three variables included:
First, if the person was either current smoker, ex-smoker or never smoker, as a categorical
variable, second, the number of packyears, as a continuous variable and third, if the person was
ever exposed to passive smoking either at home or at work, which was a binary variable. If ever
received a hormone replacement therapy or not was another binary variable we adjusted for.
Hormone replacement is known to delay skin aging. Finally, it was considered if a household
had ever heated with fossil fuels, since this is source of indoor air pollution exposure. All these

covariates were chosen on the basis of former studies (8, 10, 33, 69, 70).

2.6 Statistical analysis

All data analyses have been conducted using the statistical software R version 3.4.4.

2.6.1 Descriptive statistics

In order to describe the study population the arithmetic mean, the standard deviation and the
range (min-max) have been calculated for numeric covariates. For categorical covariates total
numbers and percentages have been calculated. For the air pollutants mean, standard deviation,
range (min-max), as well as interquartile range (IQR) were calculated. The latter ones were
referred to in this study, since it is common to report effect estimates in relation to a change of
one IQR. The description of air pollutants was given separately for urban and rural areas. For
the food items total numbers of answers per category as well as percentages were calculated. A
modified MEDI Score (mMEDI) has been determined for each participant according to the
score building rules explained before (see chapter 2.3.1). We calculated with the original
continuous mMEDI in order to increase accuracy and did not establish a group with high

adherence and one with low adherence.

2.6.2 Missing values

First, we excluded the participants without skin assessment from the calculations. Afterwards,
there were still some values missing, presented in table 8. In the skin aging assessment there
were 0-13 missing values observed for each outcome variable. These outcome values should not
be replaced, so the calculations were done with varying numbers of participants, leaving out
those without a value for the respective variable. In food items we had 1-11 missing values for
each item and substituted them by the respective mean. The two missing values in education,

were replaced by the most frequent category, which was 10 years of education. The two missing
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values in packyears, were substituted by the mean packyears of all smokers. For hormone
replacement therapy we replaced the 3 missing values by “never”, since there were more
women who never received a therapy. One missing ozone value was replaced by the mean

ozone of the whole population.

Table 8: Missing values and their replacement

Variable Missing values Distribution Replacement
Skin Aging 0-13 /
Nutrition 1-11 mean

>10 years=266
=10years=397 10vyears

Education 2 <10years=143  (middle category)
160 smokers

Packyears 2 646 nonsmokers mean of all smokers
Ever: 323

HRT 3 Never: 483 never

Ozone 1 mean

2.6.3 Association between air pollution and skin aging and the modifying effect
of the mMEDI score

Multiple logistic regression analyses have been performed to assess the impact of air pollution

and the modifying effect of nutrition on skin aging. Since the outcomes in skin aging were not

normally distributed we decided for logistic- instead of linear regression, which was used by

former studies (2).

For each of the 18 skin aging outcomes we calculated 5 models, one for each air pollutant (NO,,
PMyy, PM,s, PMys apsorbances O3), €ach model including only one air pollutant. The result is
significant if the p-value is <0.05. Results with a p-value >=0.05 were not taken into account for
this thesis. The calculations were performed in a stepwise approach. We calculated models with
all covariates, which might have an (possibly confounding) impact on skin aging and on which
we had information through the SALIA questionnaire (see 2.5). Mediterranean nutrition was
expected to have a positive modifying impact on skin aging (see chapter 1.3). Unfortunately, we
found inverse effects and tried to find reasons for this development. Therefore, we calculated
with different models: One model for the whole population with all covariates included and a
second with an interaction variable between air pollutant and mMEDI. Here we standardized the
mMEDI and the respective air pollutant before building an interaction term (value(mMEDI)—
mean(mMEDI)):SD(mMEDI) and (value(air pollutant)-mean(air pollutant)):SD(air pollutant).
We calculated a third model where the cohort was separated into urban and rural home address,

fourth for smokers and non-smokers and a fifth model without UV covariates (UV index and
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sun protection factor). Since UV radiation has the highest impact on skin aging (33, 70-72) and
may hide the effects of nutrition and air pollution, we excluded these covariates. Finally in a
sixth model we established z-scores for pigment spots and coarse wrinkles, comprising all
pigment spot variables in one summary variable and all coarse wrinkle variables in another one
(see table 7). We did not use the binary variable here for the outcome skin aging, but the

continuous values, which is why we applied linear regression models.
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3 Results

3.1 Description and distribution of data

3.1.1 Study population

The study population consisted of 806 women with a mean age of 73.5 years at the time of the
follow-up in 2008/2009 (see Table 9). The mean body mass index (BMI) was 27.3. Most of the
women had an education of 10 years (49.26%). About half of the participants were living in the
urban Ruhr area (54.34%) and the other half in rural areas (45.66%). Most of the women had
never smoked (79.90%) and the current percentage of smokers was just 2.73%. Those who ever
smoked had on average 20 packyears. Nevertheless, many women were exposed to passive
smoking (60.3%) either at home or at work. Considering UV exposure the mean UV index was
3.7 with a small span (3.43-3.95). Most of the women did never use a sunbed (82.01%) and
used sun protection factor (SPF) when exposed to the sun outdoors. Most of the women had a
medium skin type according to Fitzpatrick (16) with category 2 or 3 (about 60%). Most of the

women never received a hormone replacement therapy (HRT; 59.93%).
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Table 9: Characteristics of the SALIA study population

806 subjects Distribution Mean SD Min - Max

Socialstatus >10years: 266 (33.0%)
=10years: 397 (49.3%)
<10years: 143 (17.7%)

Urban/Rural Urban: 438 (54.3%)
Rural: 368 (45.7%)
HRT Ever: 323 (40.1%)
Never: 483 (59.9%)
SPF Yes: 491 (60.9%)
No: 315 (39.1%)
Smoking Non-smoker: 644 (79.9%)

Ex-smoker: 140 (17.4%)
Smoker: 22 (2.7%)

Sunbed use Ever: 145 (18.0%)
Never: 661 (82.0%)
Passive smoking Ever: 486 (60.3%)

Never: 320(39.7%)
Heating with fossil fuels Ever: 212 (26.3%)
Never: 594 (73.7%)
Skin type 1=red: 148(18.4%) 2.4 11 1-4
2=rather red: 307 (28.1%)
3=rather brown: 269 (33.4%)
4=brown: 82 (10.2%)

Packyears 160 persons different from 0 19.6 21.3 0-122.5
(of smokers) (of smokers)

Age 73.5 4.3 55.7-79.8

BMI 27.3 9.6 16.9-45.7

UV index 3.7 0.2 3.4-4.0

3.1.2 Air pollution exposure
The mean exposure to air pollution was higher in the urban- than in the rural areas, consistently
for all pollutants but ozone (see Table 10). The greatest difference was seen for NO, with a
mean value of 45.52 pg/m’ in urban areas and 28.42 ug/m’ in rural areas. Considering its range
NO, was occasionally twice as high in urban areas than in rural areas (84.14 vs. 41.50). Also,
the mean concentrations of PM;q and PM, s were much higher in the urban Ruhr area (53.2
pug/m® and 35.3 pg/m’) in contrast to the rural areas (43.31 pg/m’ and 28.78 pg/m’).
PM>, s.psobance; had similar concentrations in urban (2.27 x 10'5/m3) and rural areas (2.04 10-
5/m*). Ozone was the only pollutant which had a higher impact in rural areas. Urban areas had

on average 20 ozone exceedance days per year, whereas rural areas had 22 exceedance days.
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Table 10: Exposure to air pollutants in the urban and rural areas of the SALIA population at
baseline investigation (1985-1994) respectively in 2005 for ozone.

Mean (IQR) SD Min-Max

Urban area

NO, (ug/m?) 45.5(14.4) 19.4 27.4-84.1
PMy, (pg/m”) 53.2(5.1) 65 454-65.1
PM, 5 (ug/m>) 35.3(3.2) 3.6 30.4-413
PM, sapsorbance (10°/m) 2.3(0.8) 1.5 2.2-64

O, (exceedance days/year) ~ 20.0(53) 6.8  6.7-26.7

Rural area

NO, (ug/m°) 28.4(6.5) 7.2 20.3-41.5
PMy, (ng/m’) 43.3(13.9) 85 32.2-54.9
PM, 5 (ng/m’) 28.8(9.1) 5.4 22.0-359
PM, sapsorbance (10°/m) 2.0(0.7) 07 13-34

0O, (exceedance days/year) ~ 22.5(5.0) 3.0 17.3-24.7

3.1.3 MEDI Score

Table 11 presents the dietary habits of the SALIA population according to their answers in the
food questionnaire. Potatoes were the basis of their nutrition and most of the women consumed
them every day (51.6%), much more often than rice (only 2.2% consumed it every day) and
pasta (only 2.7% consumed it every day). Also whole grain bread was consumed daily (72.5%).
In most of the cases the meal was accompanied by vegetables. Cooked vegetables were mostly
consumed several times per week (51.1%) as well as raw vegetables or salad (43.4%). Red meat
was mostly consumed several times per week (40.8%) while poultry and fish were part of the
meal once a week (poultry 34.6%, fish 48.4%). Interestingly, dairy products such as butter,
milk, cheese and yoghurt were consumed everyday by 82.9% of the SALIA population. Finally,

nearly all women ate fruits every day (86.4%).
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Table 11: Reported frequency of consumption per food item

Never Once amonth several onceaweek several everyday
times times
per month per week

Whole grain bread 30(3.7%)  28(3.5%) 14 (1.7%) 20(2.5%) 130(16.1%) 584 (72.5%)
Pasta 17(2.1%) 99(12.3%) 129(16.0%) 323(40.1%) 216(26.8%) 22(2.7%)
Rice 44 (5.5%) 166(20.6%) 179(22.2%) 269(33.4%) 130(16.1%) 18(2.2%)
Potatoes 2(0.2%) 9(1.1%) 23(2.9%) 29(3.6%) 327(40.6%) 416 (51.6%)
Fruits 11(1.4%)  3(0.4%) 9(1.1%)  14(1.7%)  73(9.1%) 696 (86.4%)
Vegetables (cooked) 4(0.5%) 4(0.5%) 21(2.6%) 44 (5.5%) 412 (51.1%) 321(39.8%)
Salad or raw vegetables 10(1.2%) 23(2.9%) 38 (4.7%) 68 (8.4%) 350 (43.4%) 317(39.3%)
Fish 43(5.3%)  78(9.7%) 98(12.2%) 390(48.4%) 184(22.8%) 13(1.6%)
Red meat 16 (2.0%) 34 (4.2%) 44 (5.5%) 120(14.9%) 329(40.8%) 263 (32.6%)
Poultry 42(5.2%) 86(10.7%) 125(15.5%) 279(34.6%) 242(30.0%) 32 (4.9%)
Dairy products 16 (2.0%) 9(1.1%) 10 (1.2%) 17(2.1%) 86(10.7%) 668 (82.9%)

For each woman the mMEDI score was built as explained in chapter 2.3.1. It had a mean of
18.11 and a range of 8-27 points (see Figure 3). Interestingly, no woman had a maximum
adherence to the mMEDI with the maximum score of 33 points. For better visualization we
divided the population into three groups: low adherence to the mMEDI (11 points or below),
medium adherence (12 — 22 points) and high adherence (more than 22 points). A number of 12
women had a low adherence, 45 a high adherence and 749 had a middle adherence, which

shows that nutrition is quite similar in the SALIA population.
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Figure 7: Barplot of distribution of mMEDI in the SALIA population
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3.1.4 Skin aging

Tables 12 to 14 present the distribution for pigment spots (PS), coarse wrinkles (CW) and other
skin variables. The original scores were evaluated in a numeric way and via photo-reference
scales as explained in section 2.4 and were transformed into new binary scores. Skin aging that
scored equal to the mean score in the population or higher was declared as severe skin aging and
skin aging below the mean as few skin aging. Most of the time the two groups were similar in
size. For pigment spots on the forearms the group with severe skin aging (71.09%) was much
bigger than the group with few (28.54%) (Table 10). All other distributions were at least 30% to
70%.

By calculating the mean from the original score and defining the mean or a value above as
severe skin aging and everything below the mean as non-severe skin aging, we received the
following distributions. For pigment spots on the forehead (numeric) just 31.0% had severe skin
aging, whereas in the approach with photo-reference scale 43.1% of the women had severe skin
aging (Table 12). Especially for pigment spots on the cheeks (photo-reference scale) many

women showed severe skin aging (61.0%) as well as for pigment spots on the arms (71.1%).
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Table 12: Distribution for pigment spots variables

Skin parameter Originate score (%) New score (severe skin aging)
PS Forehead (numeric) 0: 188 (23.3%) yes: 250 (31.0%)

: 367 (45.5%) no: 555 (68.9%)

: 196 (24.3%)

1 54 (6.7%)
PS Forehead (photo-reference scale) 0:204 (25.3%) yes: 347 (43.1%)

: 251 (31.1%) no: 455 (56.5%)

: 174 (21.6%)
£ 122 (15.1%)

: 37 (4.6%)
: 14 (1.7%)

PS Cheeks (numeric) : 83 (10.3%) yes: 288 (35.7%)
: 434 (53.9%) no: 517 (64.1%)
£ 234(29.1%)
1 54 (6.7%)

PS Cheeks (photo-reference scale) : 84 (10.4%) yes: 492 (61.0%)
1 224 (27.8%) no: 308 (38.2%)

: 207 (25.7%)
: 206 (25.6%)
: 53 (6.6%)
126 (3.2%)
:41(5.1%) yes: 573 (71.1%)
: 189 (23.5%) no: 230(28.5%)
: 327 (40.6%)
: 246 (30.5%)
:110(13.7%) yes: 363 (45.0%)
: 327 (40.6%) no: 437 (54.2%)
: 281 (34.7%)
3:82(10.2%)
PS: Pigment spots, numeric covariates (0: OPS, 1: 1-10PS, 2: 11-50PS, 3: 50+ PS), covariates evaluated
via photo-reference scale (0: no pigment spots or very few (<3mm), 1: one to several small pigment spots
(=3mm), 2: one to several bigger pigment spots (4-8mm), 3: one very big pigment spot (>9mm, light

pigmentation), 4: one very big pigment spot (>9mm, dark pigmentation), 5: several very big pigment
spots (>9mm)

PS Arms (numeric)

PS Hands (numeric)

N PO WNREOURLA,WNEOWNEREROUDEWNEROWNLPR
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Table 13: Distribution for coarse wrinkle variables

Skin parameter Originate score (%) New score (severe skin aging)

CW Forehead 1:36 (4.47%) yes: 401 (49.75%)
1.5:24(2.98%)  no:405 (50.25%)
2:126(15.63%)

2.5:63 (7.82%)
3:156(19.35%)
3.5:82(10.17%)
4:123(15.26%)
4.5:59 (7.32%)
5:137 (17.00%)

CW Eyebrows 0.5:1(0.12%) yes: 425 (52.73%)
1:26 (3.23%) no:381 (47.24%)

.5:15 (1.86%)

176 (9.43%)

.5:53(6.58%)

1210 (26.05%)

.5:133(16.50%)

:128 (15.88%)

.5:48(5.96%)

:116 (14.39%)

28(3.47%) yes: 505 (62.66%)

.5:38(4.71%) no:301 (37.34%)

1153 (18.98%)

.5:82(10.17%)

1246 (30.52%)

.5:120 (14.89%)

:93 (11.54%)

.5:19 (2.36%)

:27(3.35%)

2 (0.25%) yes:380 (47.15%)

.5:9(1.12%) no: 426 (52.85%)

162 (7.69%)

.5:64 (7.94%)

:195 (24.19%)

.5:94 (11.66%)

:195 (24.19%)

.5:93 (11.54%)

192 (11.41%)

18(2.23%) yes:393 (48.76%)

5:11(1.36%)  no:413(51.24%)

:103 (12.78%)

.5:47 (5.83%)

:234(29.03%)

.5:116 (14.39%)

:182 (22.58%)

:95 (11.79%)

5:1(0.12%) yes: 423 (52.48%)

:2(0.25%) no:381 (47.27%)

.5:1(0.12%)

213 (1.61%)

.5:19 (2.36%)

:187 (23.20%)

.5:158 (19.60%)

1249 (30.89%)

.5:122 (15.14%)
5:52(6.45%)

CW: Coarse wrinkles, score values according to comparison with photo-references as explained in

chapter 2.4.1.

CW Crow’s feet area

CW Under the eye

CW on upper lip

CW Nasolabialfold
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For coarse wrinkle variables (Table 13) the distribution of severe skin aging and non-severe
skin aging was very balanced. Taking coarse wrinkles on the eyebrows as an example, 52.73%
of the women had severe skin aging and in 47.24% skin aging was non-severe. For coarse
wrinkles in the crow’s feet area the skin aged part of the study population was a little bigger
(62.66%).

Table 14: Distribution of other skin variables

Skin parameter Originate score (%) Current score (severe skin aging)

Solar Elastosis yes: 321 (39.83%)
no: 481 (59.68%)
Teleangiectasia 0: 133 (16.50%) yes: 303 (37.59%)
1: 190 (23.57%) no: 500 (62.03%)
2:177(21.96%)

3: 135 (16.75%)
4: 90 (11.17%)
5: 78 (9.68%)

Even yes: 590 (73.20%)

Pigmentation no: 207 (25.68%)

(Forearm

inside)

Lax Eye 0:3(0.37%) yes: 515 (63.90%)
1: 4(0.50%) no: 288 (35.73%)

1.5:1(0.12%)

2: 36 (4.47%)

2.5:15(1.86%)

3: 134 (16.63%)

3.5:95(11.79%)

4: 275 (34.12%)

4.5: 128 (15.88%)

5: 112 (13.90%)
Lax Face 1:2(0.25%) yes: 375 (46.53%)
(lowerpart)  1.5:2(0.25%) no: 428 (53.10%)

2:34(4.22%)

2.5: 55 (6.82%)

3: 208 (25.81%)

3.5: 127 (15.76%)

4: 188 (23.33%)

4.5: 103 (12.78%)

5: 84 (10.42%)
Cigarette Paper yes: 522 (64.76%)
like folds (Back no: 271 (33.62%)
of the hands)

Categories of originate score according to comparison with photo-references as explained in chapter 2.4.1
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Table 12 presents all other skin aging variables. Solar elastosis, even pigmentation and cigarette
paper like skin on the back of the hands were originally binary with just two manifestations and
did not need to be transformed. Most of the women did not have solar elastosis on cheeks
(59.68%), which is a severe extrinsic skin aging sign, but most had cigarette paper like skin on
the back of the hands (64.76%), which is an intrinsic skin aging sign, occurring with age. Even
pigmentation on the forearm inside, which is an intrinsic sign as well, was seen in 73.20% of the
women. Considering the other variables, most women had very few teleangieactasia (23.57%),
whereas for laxness of facial parts, the distribution of women with high and low skin aging was

balanced.

3.2 Association between skin aging and air pollution as well as the

modifying effect of nutrition
The following tables summarize the results of the different skin aging outcomes. The first
column names the outcomes and the covariates of interest, mMedi and air pollutant. Columns
two till six show the results (odds ratio and p-value) for the different models, including each
another air pollutant (NO,, PMo. PM; 5, PM 5coases O3). The term “air pollutant” can be replaced
by the respective air pollutant used in the model. The numbers written in bold print, mark
results, which are statistical significant (p-value of 0.05). The figures present the odds ratios
with 95% confidence intervals for our predictors (mMEDI, air pollutants). Again, five models
stand next to each other, in order to compare the influences of the five air pollutants. Only
figures indicating a statistical significant result are shown all other figures are presented in the

appendix.

3.2.1 Models adjusted for UV covariates
Table 15 displays the results for calculations adjusted for the UV covariates: UV-index and sun
protection factor. When referring to single skin aging variables, the outcomes will be written in

cursive fonts in the wording given by the corresponding table from now on.

Considering the mMEDI, most of the results revealed that with a higher adherence to the
mMEDI the probability for severe skin aging increased. Taking pigment spots as an example it
can be claimed that with one additional point in the mMEDI the probability for Pigment spots
on cheeks (numeric) increased about 8% (OR of 1.08). The effect was significant for all five air
pollutant models with a p-value of 0.004. Similar tendencies could be seen for the outcome

Pigment spots on forehead (numeric) and Wrinkles on upper lip in all five models.
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The outcome Cigarette paper like skin on the back of the hands was the only one presenting an
inverse relationship. With each additional point in the mMEDI the probability of having severe
Cigarette paper like skin on the back of the hands decreased about 7% (OR:0.93).

Considering the impact of air pollution on skin aging it could be observed that for some of the
outcomes the probability for skin aging increased with higher air pollution. Ozone had a
harmful effect on the outcome Wrinkles under the eyes. The OR of 1.24 says that with one
additional ozone exceedance day per year, the probability for Wrinkles under the eyes increased
about 24%. PM;, and PM, s acted harmful on the formation of Wrinkles on upper lip. One
additional IQR of PM, s raised the probability of severe Wrinkles on upper lip about 23.5%.

For many outcomes air pollution seemed to have a protective effect. This could be seen for
Telangiectasia on cheeks, Even pigmentation on forearm insides, Lax appearance (lower part of
the face) and Cigarette paper like skin on the back of the hands. All air pollutants with the
exception of NO, seemed to have a protective effect on Teleangiectasia on cheeks. Taking PM,
as an example, the probability for Teleangiectasia on cheeks augmented about 22.7% with one
additional IQR for PM,. The air pollutants PM, and PM, 5 significantly raised the chance for
Even pigmentation on forearm insides (OR: 1.23 for PM,y, 1.22 for PM,s). One additional IQR
of PM,, enhanced the probability for severe skin aging in lax face around 15%, similar to PM,s.
In the models for PMo-, PM, s and PM, s.psommance those air pollutants had a protective effect on
Cigarette paper like skin on the back of the hands. These effects were statistical significant with

a p-value below 0.005% for PM,, and PM, 5 and a p-value of 0.02 for PM s5coarse-
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CUEERES NO, PM;o PM;.5 PM3.5aps O3
OR p-value OR p-value OR p-value OR p-value OR p-value
Pigment spots
Cheeks (numeric) mMEDI 1,081 0,004 1,081 0,004 1,082 0,004 1,081 0,004 1,082 0,004
Air pollutant 1,122 0,307 1,005 0,953 0,988 0,892 1,006 0,946 1,191 0,102
Cheeks (photoreference scale) m.MEDI 1,051 0,058 1,052 0,055 1,052 0,057 1,052 0,055 1,052 0,055
Air pollutant 1,168 0,182 0,998 0,980 1,036 0,698 1,071 0,479 0,907 0,362
Forehead (numeric) mMEDI 1,063 0,028 1,063 0,027 1,064 0,025 1,063 0,027 1,064 0,026
Air pollutant 1,127 0,307 0,956 0,587 0,913 0,335 1,031 0,754 1,147 0,217
Forehead (photoreference scale) m.MEDI 1,041 0,119 1,042 0,110 1,043 0,107 1,042 0,113 1,042 0,112
Air pollutant 1,109 0,350 0,959 0,590 0,941 0,499 0,996 0,970 1,139 0,204
Forearm topsides mMEDI 1,013 0,642 1,014 0,632 1,013 0,647 1,014 0,618 1,015 0,607
Air pollutant 1,186 0,170 1,073 0,400 1,096 0,344 1,082 0,444 1,136 0,241
Back of the hands mMEDI 1,013 0,608 1,013 0,610 1,013 0,603 1,013 0,616 1,013 0,612
Air pollutant 0,933 0,532 0,973 0,723 0,960 0,646 0,957 0,636 1,081 0,450
Wrinkles
Forehead mMEDI 1,021 0,408 1,023 0,380 1,024 0,361 1,021 0,408 1,021 0,407
Air pollutant 1,014 0,902 0,865 0,058 0,843 0,053 0,970 0,740 1,026 0,802
Between eyebrows mMEDI 1,034 0,198 1,033 0,201 1,033 0,204 1,034 0,197 1,034 0,195
Air pollutant 1,004 0,975 1,032 0,685 1,038 0,671 1,005 0,959 1,075 0,477
Crow’s feet region mMEDI 1,023 0,380 1,023 0,384 1,023 0,394 1,024 0,371 1,024 0,368
Air pollutant 1,110 0,361 1,083 0,307 1,095 0,311 1,000 0,998 1,056 0,600
Under the eyes mMEDI 1,039 0,137 1,039 0,133 1,039 0,130 1,038 0,140 1,039 0,138
Air pollutant 0,953 0,662 0,932 0,357 0,930 0,410 0,974 0,775 1,238 0,037
Upper lip mMEDI 1,066 0,014 1,065 0,016 1,063 0,018 1,066 0,013 1,066 0,014
Air pollutant 1,061 0,592 1,191 0,024 1,235 0,018 1,136 0,169 1,054 0,608
Nasolabialfolds mMEDI 0,999 0,969 0,999 0,978 1,000 0,985 1,000 0,993 1,000 0,989
Air pollutant 1,144 0,227 1,035 0,651 1,005 0,956 1,136 0,175 1,047 0,649
Others
Solar elastosis on cheeks mMEDI 1,017 0,513 1,017 0,507 1,017 0,519 1,018 0,489 1,018 0,487
Air pollutant 1,225 0,072 1,100 0,221 1,115 0,232 1,144 0,159 1,138 0,215
Teleangiectasia on cheeks mMEDI 0,974 0,330 0,976 0,361 0,977 0,380 0,974 0,321 0,974 0,320
Air pollutant 0,960 0,732 0,773 0,002 0,788 0,012 0,795 0,025 0,809 0,046
Even pigmentation on forearm insides m.MEDI 1,009 0,759 1,007 0,799 1,007 0,818 1,009 0,758 1,009 0,765
Air pollutant 0,959 0,748 1,232 0,019 1,223 0,049 1,181 0,141 0,943 0,626
Lax appearance (eyelids) m.MEDI 1,046 0,095 1,047 0,088 1,046 0,092 1,047 0,090 1,047 0,090
Air pollutant 1,144 0,255 0,965 0,659 1,014 0,885 1,026 0,790 0,954 0,662
Lax appearance (Lower part of the face) mIMEDI 0,980 0,427 0,981 0,446 0,982 0,467 0,979 0,410 0,979 0,412
Air pollutant 0,845 0,129 0,854 0,042 0,832 0,042 0,890 0,211 1,077 0,465
Cigarette paper like skin on the back of the hands m.MEDI 0,932 0,017 0,932 0,018 0,934 0,020 0,931 0,016 0,932 0,017
Air pollutant 0,876 0,297 0,678 0,000 0,682 0,000 0,790 0,023 0,930 0,526

Adjusted for: social status, urban/rural, hormone replacement therapy, sun protection factor, smoking status, sunbed use, passive smoking, heating with fossil fuels, packyears,
age, BMI, skin type, UV index; NO,: Nitrogen dioxide, PM;/PM, s5: Particulate matter suspended in the air with a diameter of 10um/ 2.5um, PM; scours: Proxy for elemental

carbon, O;: Ozone, OR: Odds ratio, numbers written in blue mark significant results to a p-value of 0.05
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3.2.2 Models without UV covariates

Since the results in the full adjusted model were unexpected we calculated new models where
the UV covariates UV index and sun protection factor were left out. Since sun exposure has the
strongest impact on skin aging, it may hide the harmful effects of air pollution. In the following

we will just refer to the results differing from the full model.

The effects of the mMEDI on the different outcomes remained similar: mMEDI acted harmful
on pigment spots on cheeks- and pigment spots on the forehead variables as well as on the
coarse wrinkles on the upper lip. Cigarette paper like skin was the only outcome, for which the

Mediterranean Diet displays as effective.

In contrast to the full model, NO, seemed to have a significant harmful effect on Pigment spots
on cheeks (numeric): with each IQR more of NO2, the probability for a high number of Pigment
spots on cheeks augmented about 23% (OR: 1.23, p-value: 0.05). This result is in accordance

with earlier analyses (5).

The protective effects of PM;, and PM,s on Wrinkles on forehead were highly significant (p
value: 0.005). For the outcome Wrinkles on upper lip, there was just one significant result for
PM, 5. For Wrinkles on nasolabialfolds we saw a harmful effect of NO, and PM. 5 apsomance 10 this
model. This reproduced results from earlier analyses (5). For Teleangiectasia on cheeks, as well
as Lax appearance (lower part of the face) effects vanished. NO, acted significantly protective
on Cigarette paper like skin on the back of the hands, so that all air pollutants seemed to have a

positive effect here.

In summary, air pollution promoted skin aging for the outcomes Pigment spots on cheeks,
Wrinkles on upper lip, Wrinkles on nasolabialfolds and prevented skin aging for the outcomes

Wrinkles on forehead and Cigarette paper like skin on the back of the hands.



Table 16: Models without UV covariates

Outcomes NO, PM;o PM_ s PM: 5abs [oF}
OR p-value OR p-value OR p-value OR p-value OR p-value
Pigment spots
Cheeks (numeric) m.MEDI 1,083 0,003 1,083 0,003 1,083 0,003 1,084 0,003 1,085 0,003
Air pollutant 1,232 0,049 1,105 0,162 1,097 0,272 1,137 0,117 1,141 0,211
Cheeks (photoreference scale) m.MEDI 1,052 0,056 1,052 0,052 1,052 0,055 1,052 0,053 1,053 0,051
Air pollutant 1,179 0,130 1,024 0,735 1,058 0,496 1,086 0,319 0,902 0,328
Forehead (numeric) m_MEDI 1,063 0,027 1,064 0,025 1,065 0,023 1,064 0,025 1,065 0,024
Air pollutant 1,156 0,187 0,996 0,961 0,959 0,630 1,069 0,430 1,126 0,282
Forehead (photoreference scale) m.MEDI 1,041 0,119 1,043 0,107 1,043 0,104 1,042 0,111 1,043 0,109
Air pollutant 1,092 0,400 0,965 0,614 0,948 0,520 0,994 0,941 1,141 0,194
Forearm topsides mMEDI 1,013 0,658 1,013 0,643 1,013 0,656 1,013 0,634 1,014 0,616
Air pollutant 1,144 0,249 1,045 0,567 1,066 0,479 1,042 0,644 1,139 0,224
Back of the hands mMEDI 1,016 0,539 1,015 0,554 1,015 0,552 1,015 0,545 1,016 0,537
Air pollutant 0,990 0,921 1,034 0,628 1,023 0,775 1,030 0,708 1,080 0,447
Wrinkles
Forehead mMEDI 1,019 0,461 1,021 0,405 1,022 0,383 1,019 0,457 1,018 0,472
Air pollutant 0,927 0,461 0,823 0,005 0,797 0,005 0,884 0,124 1,053 0,602
Between eyebrows mMEDI 1,032 0,215 1,032 0,216 1,032 0,216 1,032 0,216 1,032 0,216
Air pollutant 0,958 0,676 0,982 0,787 0,985 0,857 0,951 0,527 1,085 0,417
Crow’s feet region mMEDI 1,021 0,433 1,021 0,427 1,021 0,427 1,021 0,421 1,021 0,431
Air pollutant 0,974 0,805 0,967 0,633 0,971 0,722 0,879 0,109 1,105 0,328
Under the eyes mMEDI 1,037 0,152 1,038 0,142 1,038 0,138 1,037 0,156 1,037 0,157
Air pollutant 0,891 0,264 0,888 0,083 0,880 0,114 0,903 0,203 1,264 0,021
Upper lip mMEDI 1,065 0,014 1,064 0,016 1,063 0,018 1,065 0,014 1,066 0,013
Air pollutant 1,030 0,779 1,136 0,066 1,175 0,048 1,075 0,365 1,072 0,487
. mMEDI 1,000 0,986 1,000 0,985 1,000 0,986 1,001 0,964 1,002 0,933
Nasolabialfolds R
Air pollutant 1,249 0,034 1,120 0,098 1,102 0,229 1,235 0,010 1,004 0,970
Others
Solar elastosis on cheeks mMEDI 1,016 0,551 1,016 0,535 1,016 0,540 1,016 0,530 1,017 0,524
Air pollutant 1,116 0,297 1,022 0,756 1,031 0,709 1,023 0,777 1,168 0,133
Teleangiectasia on cheeks mMEDI 0,972 0,287 0,975 0,345 0,976 0,360 0,973 0,298 0,971 0,261
Air pollutant 0,881 0,249 0,753 0,000 0,756 0,001 0,762 0,002 0,834 0,081
Even pigmentation on forearm insides m.MEDI 1,010 0,736 1,007 0,801 1,007 0,818 1,009 0,752 1,010 0,735
Air pollutant 1,027 0,821 1,242 0,007 1,246 0,019 1,213 0,050 0,922 0,495
Lax appearance (eyelids) m.MEDI 1,045 0,101 1,047 0,090 1,046 0,095 1,046 0,095 1,046 0,094
Air pollutant 1,123 0,290 0,969 0,653 1,007 0,929 1,017 0,838 0,949 0,626
Lax appearance (Lower part of the face) mMEDI 0,980 0,439 0,981 0,460 0,982 0,477 0,980 0,426 0,980 0,419
Air pollutant 0,872 0,189 0,890 0,093 0,867 0,083 0,928 0,356 1,071 0,497
Cigarette paper like skin on the back of the hands m.MEDI 0,932 0,015 0,933 0,020 0,935 0,023 0,931 0,015 0,931 0,014
Air pollutant 0,769 0,024 0,648 0,000 0,635 0,000 0,717 0,000 0,952 0,665
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Adjusted for: social status, urban/rural, hormone replacement therapy, smoking status, sunbed use, passive smoking, heating with fossil fuels, packyears, age, BMI, skin type;

NO;: Nitrogen dioxide, PM;o/PM, s5: Particulate matter suspended in the air with a diameter of 10um/ 2.5um, PM s.o.se: Proxy for elemental carbon, O;: Ozone, OR: Odds

ratio, numbers written in blue mark significant results to a p-value of 0.05
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3.2.3 Models with an interaction variable (mMedi & Air pollutant)

The analyses including an interaction variable were performed without adjustment for UV
covariates. When including an interaction term between mMEDI and the respective air pollutant
the tendencies and significances for the covariates of interest stayed similar. Table 17 shows the
results for the outcomes pigment spots and wrinkles and Table 18 the results for all other

outcomes.

The mMEDI revealed a harmful effect in the models for Pigment spots on cheeks (numeric),
Pigment spots on forehead (numeric) and Wrinkles on upper lip. A protective impact could be

seen for Cigarette paper like skin on the back of the hands.

Air pollutants acted protective in the models for Wrinkles on forehead, Teleangiectasia on
cheeks and Cigarette paper like skin on the back of the hands. A harmful ramification of air
pollutants could be observed for the Pigment spots on cheeks (numeric), Wrinkles on

nasolabialfolds, Wrinkles on upper lip and Even pigmentation on forearm insides.

The interaction term did not show any significant effects.
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Table 17: Models with an interaction variable (Pigment spots and wrinkles)

Outcomes NO, PM., PM; 5 PM; 5265 03
OR p-value OR p-value OR p-value OR p-value OR p-value
Pigment spots
mMEDI 1,258 0,003 1,266 0,002 1,264 0,003 1,259 0,003 1,266 0,002
Cheeks (numeric) Air pollutant 1,183 0,050 1,148 0,157 1,111 0,261 1,134 0,118 1,100 0,233
Interactionvariable: mMEDI & Air pollutant 0,975 0,748 0,882 0,137 0,893 0,179 0,970 0,712 1,025 0,736
mMEDI 1,154 0,057 1,158 0,052 1,156 0,055 1,154 0,057 1,168 0,041
Cheeks (photoreference scale) Air pollutant 1,142 0,133 1,029 0,762 1,063 0,508 1,080 0,343 0,922 0,302
Interactionvariable: mMEDI & Air pollutant 0,998 0,984 0,938 0,419 0,967 0,672 0,936 0,425 1,091 0,239
mMEDI 1,195 0,025 1,195 0,024 1,196 0,023 1,193 0,025 1,196 0,025
Forehead (numeric) Air pollutant 1,123 0,193 0,995 0,962 0,955 0,631 1,068 0,433 1,094 0,282
Interactionvariable: mMEDI & Air pollutant 0,945 0,492 0,962 0,640 0,993 0,932 0,954 0,580 0,993 0,927
mMEDI 1,123 0,119 1,123 0,118 1,124 0,116 1,125 0,111 1,124 0,118
Forehead (photoreference scale) Air pollutant 1,073 0,400 0,954 0,624 0,944 0,532 0,995 0,950 1,105 0,190
Interactionvariable: mMEDI & Air pollutant 1,001 0,988 1,075 0,370 1,098 0,245 1,031 0,706 0,988 0,858
mMEDI 1,036 0,659 1,036 0,657 1,035 0,669 1,038 0,642 1,042 0,609
Forearm topsides Air pollutant 1,118 0,238 1,063 0,557 1,075 0,471 1,039 0,662 1,102 0,228
Interactionvariable: mMEDI & Air pollutant 1,034 0,701 1,028 0,748 1,032 0,715 0,936 0,462 1,008 0,920
mMEDI 1,045 0,546 1,043 0,562 1,043 0,565 1,045 0,548 1,042 0,577
Back of the hands Air pollutant 0,995 0,949 1,047 0,620 1,027 0,762 1,028 0,721 1,062 0,427
Interactionvariable: mMEDI & Air pollutant 1,052 0,509 1,026 0,741 1,044 0,581 0,972 0,724 0,967 0,632
Wrinkles
mMEDI 1,055 0,460 1,063 0,398 1,066 0,381 1,055 0,460 1,055 0,462
Forehead Air pollutant 0,940 0,459 0,765 0,005 0,778 0,005 0,886 0,122 1,039 0,611
Interactionvariable: mMEDI & Air pollutant 0,993 0,926 0,962 0,616 0,988 0,872 0,986 0,856 1,013 0,857
mMEDI 1,099 0,201 1,101 0,193 1,099 0,200 1,095 0,217 1,088 0,254
Between eyebrows Air pollutant 0,960 0,625 0,973 0,768 0,983 0,845 0,946 0,485 1,067 0,394
Interactionvariable: mMEDI & Air pollutant 0,899 0,173 0,895 0,162 0,929 0,349 0,876 0,104 0,954 0,500
mMEDI 1,061 0,431 1,063 0,418 1,063 0,416 1,061 0,433 1,069 0,372
Crow’s feet region Air pollutant 0,973 0,748 0,951 0,596 0,964 0,688 0,876 0,095 1,073 0,359
Interactionvariable: mMEDI & Air pollutant 0,908 0,219 0,898 0,168 0,907 0,209 0,888 0,146 1,066 0,373
mMEDI 1,109 0,152 1,113 0,140 1,116 0,131 1,107 0,159 1,101 0,187
Under the eyes Air pollutant 0,910 0,260 0,850 0,081 0,867 0,109 0,903 0,196 1,197 0,018
Interactionvariable: mMEDI & Air pollutant 0,984 0,830 0,973 0,726 0,926 0,322 0,955 0,568 0,951 0,475
mMEDI 1,200 0,013 1,204 0,012 1,198 0,015 1,199 0,014 1,184 0,023
Upper lip Air pollutant 1,020 0,809 1,189 0,068 1,195 0,049 1,070 0,391 1,062 0,427
Interactionvariable: mMEDI & Air pollutant 0,944 0,457 0,878 0,113 0,910 0,245 0,894 0,170 0,905 0,161
mMEDI 1,001 0,987 1,003 0,970 1,003 0,972 1,002 0,973 0,999 0,988
Nasolabialfolds Air pollutant 1,202 0,031 1,166 0,103 1,112 0,236 1,228 0,011 1,007 0,924
Interactionvariable: mMMEDI & Air pollutant 1,051 0,526 0,949 0,502 0,952 0,524 0,974 0,751 0,945 0,412

Adjusted for: social status, urban/rural, hormone replacement therapy, smoking status, sunbed use, passive smoking, heating with fossil fuels, packyears, age, BMI, skin type;
NO2: Nitrogen dioxide, PM10/PM2.5: Particulate matter suspended in the air with a diameter of 10pum/ 2.5um, PM2.5coarse: Proxy for elemental carbon, O3: Ozone, OR:
Odds ratio, numbers written in blue mark significant results to a p-value of 0.05



Table 18: Models with an interaction variable (Others)
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NO, PM;o PM;.5 PM;.5abs 0;
Outcomes OR p-value OR p-value OR p-value OR p-value OR p-value
Others
mMEDI 1,044 0,563 1,046 0,545 1,046 0,545 1,048 0,528 1,046 0,543
Solar elastosis on cheeks Air pollutant 1,095 0,287 1,031 0,751 1,035 0,707 1,023 0,774 1,124 0,130
Interactionvariable: mMEDI & Air pollutant 1,051 0,533 1,022 0,789 1,010 0,906 1,031 0,717 0,985 0,831
mMEDI 0,921 0,274 0,929 0,335 0,932 0,353 0,922 0,288 0,928 0,326
Teleangiectasia on cheeks Air pollutant 0,893 0,209 0,675 0,000 0,728 0,001 0,765 0,002 0,870 0,075
Interactionvariable: mMEDI & Air pollutant 0,912 0,261 0,915 0,268 0,886 0,129 0,972 0,748 1,076 0,310
mMEDI 1,028 0,737 1,022 0,793 1,019 0,819 1,031 0,713 1,028 0,738
Even pigmentation on forearm insides Air pollutant 1,027 0,786 1,346 0,007 1,275 0,019 1,215 0,045 0,941 0,497
Interactionvariable: mMEDI & Air pollutant 1,056 0,538 1,020 0,822 0,998 0,977 1,057 0,566 0,998 0,976
mMEDI 1,133 0,105 1,139 0,090 1,137 0,095 1,135 0,100 1,136 0,098
Lax appearance (eyelids) Air pollutant 1,095 0,311 0,955 0,633 1,005 0,959 1,014 0,868 0,962 0,629
Interactionvariable: mMEDI & Air pollutant 0,953 0,556 0,950 0,516 0,933 0,379 0,939 0,444 0,991 0,903
mMEDI 0,945 0,435 0,950 0,488 0,952 0,499 0,943 0,423 0,933 0,347
Lax appearance (Lower part of the face) Air pollutant 0,896 0,196 0,849 0,085 0,852 0,077 0,927 0,340 1,058 0,452
Interactionvariable: mMEDI & Air pollutant 1,021 0,789 0,920 0,295 0,938 0,416 0,956 0,577 0,929 0,293
mMEDI 0,818 0,015 0,818 0,018 0,825 0,022 0,814 0,014 0,815 0,014
Cigarette paper like skin on the back of the hands |Air pollutant 0,809 0,024 0,550 0,000 0,604 0,000 0,719 0,000 0,969 0,711
Interactionvariable: mMEDI & Air pollutant 0,998 0,977 0,935 0,409 0,957 0,589 0,915 0,311 0,966 0,667

Adjusted for: social status, urban/rural, hormone replacement therapy, smoking status, sunbed use, passive smoking, heating with fossil fuels, packyears, age, BMI, skin type;
NO2: Nitrogen dioxide, PM10/PM2.5: Particulate matter suspended in the air with a diameter of 10um/ 2.5um, PM2.5coarse: Proxy for elemental carbon, O3: Ozone, OR:

Odds ratio, numbers written in blue mark significant results to a p-value of 0.05
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3.2.4 Models with z-scores

Table 19 and figures 8-11 show the results for the outcomes pigment spots and wrinkles.

It was statistical significant that the mMEDI enhanced the severance of facial pigment spots in
all five models. The analyses of the pigment spots variable offered a statistical significant
association between the mMedi and the severances of facial pigment spots (Figure 8). The
higher the mMedi, the more likely was the formation of pigment spots in all models. Regarding
the air pollutants, NO, alone had a harmful impact in a sense that it also promoted the formation
of facial pigment spots (OR: 1.12, p-value: 0.02). When including an interaction term in the
analysis, the tendencies and significances of mMEDIs” and air pollutants” effects on the z-score
for facial pigment spots remained the same (Figure 9). Again, the interaction term did not show

a significant effect.

In contrast to pigment spots, there existed no significant effect in the z-scores for coarse

wrinkles (Figure 10).



Table 19: Z-scores
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Outcomes NO, PM;o PM;5 PM2 5205 0;
OR p-value OR p-value OR p-value OR p-value OR p-value

Pigment spots

Pigment spots mIMEDI 1,035 0,005 1,036 0,005 1,036 0,005 1,036 0,004 1,036 0,004
Air pollutant 1,120 0,023 1,032 0,336 1,033 0,407 1,053 0,182 1,025 0,617
mMEDI 1,104 0,005 1,106 0,004 1,105 0,005 1,105 0,004 1,109 0,004

Pigment spots with interaction variable |Air pollutant 1,096 0,024 1,043 0,348 1,036 0,414 1,051 0,191 1,017 0,643
Interactionvariable: mMMEDI & Air pollutant 1,000 0,992 0,973 0,468 0,986 0,699 0,981 0,617 1,017 0,610

Wrinkles

Wrinkles mMEDI 1,017 0,171 1,018 0,159 1,018 0,155 1,017 0,168 1,017 0,165
Air pollutant 0,998 0,974 0,968 0,331 0,964 0,344 0,980 0,610 1,089 0,080
mMEDI 1,050 0,167 1,053 0,142 1,053 0,141 1,049 0,176 1,048 0,189

Wrinkles with interaction variable Air pollutant 0,997 0,932 0,954 0,303 0,958 0,320 0,978 0,550 1,067 0,075
Interactionvariable: mMEDI & Air pollutant 0,968 0,391 0,934 0,069 0,941 0,103 0,932 0,067 0,984 0,623

Adjusted for: social status, urban/rural, hormone replacement therapy, smoking status, sunbed use, passive smoking, heating with fossil fuels, packyears, age, BMI, skin type;
NO2: Nitrogen dioxide, PM10/PM2.5: Particulate matter suspended in the air with a diameter of 10um/ 2.5um, PM2.5coarse: Proxy for elemental carbon, O3: Ozone, OR:
Odds ratio, numbers written in blue mark significant results to a p-value of 0.05




Figure 8: Z-score of facial pigment spots

Regression coefficient with 95% CI

45

e
S o
E | g T
Q
o
c s
237 T l ji 3 T T T Y i T
Fg. ‘ J.
0

o |

b

MeDi Pollutant MeDi Pollutant MeDi Pollutant MeDi Paliutant MeDi Pollutant
NO, PMyo PM; 5 PM; 5 abs Ozon

Figure 9: Z-score of facial pigment spots with interaction term

Regression coefficients with 95% CI
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Figure 10: Z-score of coarse wrinkles
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Figure 11: Z-score coarse wrinkles, interaction term

Regression coefficients with 95% CI
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3.2.5 Sensitivity analyses

We also conducted some sensitivity analyses. (For detailed information see chapter 2.6.3). We
stratified the population into a rural group and an urban group, a smoking and non-smoking
group, changed the cut offs for severe skin aging and established an antioxidant score instead of

the mMEDI. With these subgroups all analyses were repeated.
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3.2.5.1 Urban and rural subgroups

It seems as if most of the significant effects were driven by the rural subgroup.

The marring effect of the mMEDI was only visible in the rural subgroup for the outcomes
Pigment spots on cheeks and Wrinkles on upper lip (see table 20). The urban subgroup did not
show these effects. The urban subgroup in contrast was the only group that exhibited the

protective effect of mMEDI on Cigarette paper like skin on the back of the hands.

The separation into subgroups revealed that protective effects of air pollutants were driven
mostly by the rural subgroup. This could be seen in the rural models for Teleangiectasia on
cheeks, Lax appearance (eyelids), Lax appearance (lower part of the face) and Cigarette paper
like skin on the back of the hands. In comparison to table 21, the urban subgroup did not show

any tendencies regarding the air pollutants effects.



Table 20: Rural
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Outcomes NO, PM;o PMz.5 PM2 5abs Os
OR p-value OR p-value OR p-value OR p-value OR p-value
Pigment spots
Cheeks (numeric) mMEDI 1,107 0,026 1,114 0,019 1,115 0,018 1,111 0,021 1,107 0,025
Air pollutant 1,321 0,333 0,751 0,455 0,694 0,353 0,943 0,835 1,468 0,132
Cheeks (photoreference scale) mMEDI 1,045 0,296 1,043 0,317 1,043 0,316 1,043 0,319 1,042 0,330
Air pollutant 0,732 0,250 0,801 0,534 0,810 0,563 0,761 0,300 0,944 0,806
Forehead (numeric) mMEDI 1,063 0,182 1,071 0,137 1,072 0,130 1,067 0,155 1,067 0,155
Air pollutant 1,586 0,122 0,671 0,318 0,588 0,194 1,040 0,893 1,028 0,913
Forehead (photoreference scale) mMEDI 1,019 0,660 1,020 0,644 1,019 0,649 1,021 0,626 1,019 0,652
Air pollutant 1,305 0,329 1,333 0,422 1,346 0,416 1,237 0,419 1,310 0,256
Forearm topsides mMEDI 0,980 0,657 0,977 0,609 0,977 0,614 0,978 0,627 0,975 0,579
Air pollutant 0,854 0,594 1,155 0,713 1,097 0,816 0,985 0,958 1,325 0,258
Back of the hands mMEDI 0,983 0,685 0,982 0,656 0,982 0,659 0,983 0,671 0,983 0,672
Air pollutant 1,007 0,981 1,224 0,575 1,186 0,642 1,148 0,607 1,104 0,670
Wrinkles
Forehead mMEDI 1,060 0,159 1,061 0,157 1,061 0,154 1,058 0,172 1,058 0,173
Air pollutant 0,790 0,378 0,706 0,323 0,684 0,292 0,888 0,648 0,920 0,716
Between eyebrows mMEDI 1,081 0,071 1,078 0,080 1,078 0,082 1,080 0,074 1,079 0,077
Air pollutant 0,918 0,756 1,208 0,602 1,252 0,542 1,021 0,938 1,144 0,567
Crow’s feet region mMEDI 1,039 0,373 1,038 0,381 1,038 0,386 1,041 0,353 1,040 0,355
Air pollutant 1,509 0,154 1,888 0,087 1,904 0,089 1,765 0,046 1,536 0,071
Under the eyes mMEDI 1,038 0,367 1,039 0,359 1,040 0,346 1,037 0,378 1,034 0,421
Air pollutant 0,865 0,591 0,760 0,438 0,690 0,306 0,887 0,648 1,378 0,163
Upper lip mMEDI 1,101 0,028 1,098 0,034 1,097 0,035 1,103 0,025 1,103 0,025
Air pollutant 1,390 0,240 2,074 0,047 2,053 0,054 1,328 0,296 1,251 0,349
Nasolabialfolds mMEDI 1,018 0,670 1,015 0,725 1,014 0,731 1,015 0,709 1,015 0,710
Air pollutant 0,909 0,720 1,284 0,474 1,304 0,457 1,254 0,380 1,154 0,530
Others
Solar elastosis on cheeks mMEDI 1,038 0,383 1,037 0,394 1,037 0,398 1,040 0,357 1,039 0,377
Air pollutant 1,566 0,104 2,221 0,029 2,166 0,038 1,763 0,034 1,637 0,044
Teleangiectasia on cheeks mMEDI 1,015 0,730 1,020 0,650 1,020 0,639 1,014 0,738 1,012 0,772
Air pollutant 0,596 0,068 0,314 0,002 0,318 0,003 0,446 0,004 0,621 0,045
Even pigmentation on forearm insides mMEDI 1,013 0,790 1,016 0,728 1,015 0,755 1,020 0,668 1,023 0,627
Air pollutant 2,308 0,009 2,681 0,019 2,970 0,012 1,746 0,075 1,140 0,617
Lax appearance (eyelids) mMEDI 1,045 0,307 1,047 0,284 1,049 0,273 1,043 0,332 1,041 0,349
Air pollutant 0,604 0,074 0,460 0,037 0,427 0,025 0,633 0,097 0,821 0,414
Lax appearance (Lower part of the face) mMEDI 0,975 0,546 0,977 0,574 0,978 0,591 0,973 0,511 0,970 0,467
Air pollutant 0,609 0,071 0,448 0,026 0,423 0,020 0,586 0,045 0,975 0,914
Cigarette paper like skin on the back of the hands mMEDI 0,959 0,349 0,958 0,341 0,958 0,346 0,954 0,292 0,952 0,266
Air pollutant 0,457 0,009 0,246 0,001 0,255 0,001 0,484 0,015 1,098 0,708

Adjusted for: social status, urban/rural, hormone replacement therapy, smoking status, sunbed use, passive smoking, heating with fossil fuels, packyears, age, BMI, skin type;
NO2: Nitrogen dioxide, PM10/PM2.5: Particulate matter suspended in the air with a diameter of 10um/ 2.5um, PM2.5coarse: Proxy for elemental carbon, O3: Ozone, OR:

Odds ratio, numbers written in blue mark significant results to a p-value of 0.05




Table 21: Urban

NO, PM.o PM;.5 PM3.5aps Os
Outcomes
Y OR p-value OR p-value OR p-value OR p-value OR p-value
Pigment spots
Cheeks (numeric) mMEDI 1,062 0,081 1,061 0,089 1,060 0,091 1,060 0,093 1,062 0,083
Air pollutant 1,128 0,422 1,003 0,983 0,958 0,772 0,974 0,800 1,153 0,344
Cheeks (photoreference scale) mMEDI 1,052 0,149 1,050 0,166 1,052 0,155 1,052 0,152 1,051 0,160
P Air pollutant 1,082 0,615 0,950 0,709 1,045 0,776 1,035 0,750 0,952 0,749
Forehead (numeric) mMEDI 1,057 0,121 1,058 0,118 1,056 0,127 1,057 0,122 1,058 0,120
Air pollutant 1,117 0,476 1,122 0,397 1,087 0,588 1,058 0,600 1,299 0,103
Forehead (photoreference scale) mMEDI 1,061 0,085 1,060 0,092 1,060 0,089 1,061 0,089 1,062 0,081
p Air pollutant 1,037 0,811 0,952 0,712 0,954 0,748 0,994 0,955 1,280 0,106
Forearm topsides mMEDI 1,043 0,250 1,040 0,285 1,040 0,286 1,041 0,277 1,040 0,284
P Air pollutant 1,359 0,074 1,040 0,783 1,104 0,534 1,074 0,540 1,152 0,370
Back of the hands mMEDI 1,033 0,334 1,034 0,326 1,034 0,325 1,033 0,332 1,034 0,323
Air pollutant 0,984 0,916 1,024 0,855 1,053 0,723 0,997 0,974 1,124 0,430
Wrinkles
Forehead mMEDI 1,005 0,879 1,002 0,956 1,003 0,939 1,005 0,891 1,003 0,933
Air pollutant 1,217 0,186 0,948 0,682 0,990 0,946 1,099 0,360 1,053 0,723
Between eyebrows mMEDI 1,008 0,813 1,007 0,834 1,008 0,817 1,007 0,824 1,009 0,779
¥ Air pollutant 0,915 0,548 0,864 0,252 0,777 0,081 0,924 0,433 1,071 0,636
Crow’s feet region mMEDI 0,999 0,977 0,999 0,972 0,999 0,980 0,996 0,919 0,998 0,962
9 Air pollutant 1,029 0,851 1,011 0,934 1,069 0,656 0,912 0,367 0,959 0,781
Under the eves mMEDI 1,040 0,243 1,039 0,263 1,039 0,254 1,040 0,246 1,039 0,257
4 Air pollutant 1,130 0,412 0,991 0,943 1,112 0,467 1,066 0,533 1,080 0,604
Unper li mMEDI 1,046 0,182 1,048 0,165 1,048 0,164 1,048 0,163 1,048 0,167
pperfip Air pollutant 0,881 0,396 1,013 0,920 1,051 0,733 1,020 0,848 0,981 0,894
Nasolabialfolds mMEDI 0,991 0,780 0,991 0,789 0,989 0,745 0,992 0,813 0,989 0,732
Air pollutant 1,203 0,226 1,202 0,169 1,183 0,260 1,198 0,092 1,124 0,427
Others
Solar elastosis on cheeks mMEDI 1,001 0,985 1,000 0,992 1,000 0,996 1,001 0,982 0,999 0,982
Air pollutant 1,178 0,283 1,120 0,391 1,290 0,088 1,117 0,300 1,117 0,466
Teleangiectasia on cheeks mMEDI 0,942 0,095 0,937 0,072 0,941 0,088 0,938 0,074 0,941 0,088
Air pollutant 1,020 0,898 0,790 0,102 0,904 0,522 0,842 0,133 0,855 0,313
Even pigmentation on forearm insides mMEDI 1,001 0,982 1,004 0,922 1,002 0,954 1,005 0,899 1,002 0,964
Pig Air pollutant 0,838 0,294 1,081 0,613 0,922 0,631 1,112 0,388 0,849 0,364
Lax appearance (eyelids) mMEDI 1,049 0,181 1,047 0,201 1,048 0,190 1,047 0,198 1,047 0,194
PP 4 Air pollutant 1,127 0,451 0,951 0,707 1,074 0,641 0,979 0,844 0,982 0,908
Lax appearance (Lower part of the face) mMEDI 0,990 0,759 0,990 0,771 0,991 0,775 0,990 0,774 0,990 0,774
PP P Air pollutant 0,957 0,764 0,997 0,980 1,023 0,873 1,003 0,976 1,019 0,899
Cigarette paper like skin on the back of the hands mMEDI 0,907 0,017 0,903 0,014 0,907 0,017 0,906 0,015 0,907 0,017
g pap Air pollutant 1,019 0,914 0,805 0,154 0,983 0,920 0,917 0,457 0,940 0,719
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Adjusted for: social status, urban/rural, hormone replacement therapy, smoking status, sunbed use, passive smoking, heating with fossil fuels, packyears, age, BMI, skin type;
NO2: Nitrogen dioxide, PM10/PM2.5: Particulate matter suspended in the air with a diameter of 10um/ 2.5um, PM2.5coarse: Proxy for elemental carbon, O3: Ozone, OR:
Odds ratio, numbers written in blue mark significant results to a p-value of 0.05
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3.2.5.2 Smoker and non-smoker subgroups
In general, more significant effects could be seen in the subgroup non-smokers (women, who
had never smoked, table 22). For the smokers (women, who had ever smoked in their life or

were current smokers, table 21) the results did not show any significant effects.

The marring tendency of the mMEDI could be seen in both subgroups and changed slightly
depending on the outcome. The non-smokers were the group, being responsible for the

protective effect of mMEDI in all earlier calculations.

In smokers, the only protective effect of air pollutants could be seen for Wrinkles between
eyebrows, harmful tendencies were not to be seen at all. In non-smokers air pollutants had a
protective effect for Teleangiectasia on cheeks and Cigarette paper like skin on the back of the

hands and a harmful effect for Wrinkles on upper lip.



Table 22: Smoker

N02 PM10 PM2.5 PM2.5abs 03
Outcomes
OR p-value OR p-value OR p-value OR p-value OR p-value
Pigment spots
Chosks (numeric) mMEDI 1,156 0,033 1,162 0,026 1,163 0,025 1,161 0,026 1,158 0,031
Air pollutant 1,190 0,489 0,889 0,522 0,872 0,546 0,888 0,597 1,015 0,947
Chesks (photoreference scale) mMEDI 1,130 0,071 1,136 0,058 1,131 0,068 1,134 0,062 1,151 0,043
P Air pollutant 1,258 0,373 0,985 0,936 1,131 0,587 1,063 0,786 0,815 0,381
Forehead (numeric) mMEDI 1,208 0,013 1,211 0,012 1,215 0,010 1,210 0,012 1,210 0,013
Air pollutant 1,029 0,917 0,867 0,476 0,807 0,378 0,899 0,679 0,973 0,911
Forehead (photoreference scale) mMEDI 0,952 0,429 0,957 0,480 0,960 0,519 0,953 0,441 0,945 0,372
P Air pollutant 0,961 0,873 0,798 0,200 0,757 0,196 0,892 0,606 1,114 0,622
Forearm tonsides mMEDI 1,120 0,107 1,121 0,106 1,117 0,118 1,127 0,088 1,108 0,146
P Air pollutant 1,234 0,436 1,309 0,181 1,342 0,227 1,002 0,994 1,357 0,178
Back of the hands mMEDI 1,096 0,149 1,087 0,186 1,089 0,177 1,086 0,188 1,075 0,258
Air pollutant 0,654 0,115 0,939 0,718 0,883 0,566 0,946 0,799 1,230 0,353
Wrinkles
Forahoad mMEDI 1,030 0,631 1,036 0,567 1,038 0,549 1,030 0,628 1,022 0,726
Air pollutant 0,950 0,835 0,784 0,173 0,774 0,244 0,934 0,749 1,126 0,579
Botween evebrows mMEDI 0,886 0,072 0,897 0,101 0,895 0,095 0,893 0,089 0,899 0,111
4 Air pollutant 1,671 0,049 1,088 0,636 1,155 0,506 1,307 0,247 1,003 0,988
Crow's foet redion mMEDI 0,957 0,531 0,959 0,553 0,961 0,571 0,957 0,532 0,959 0,556
9 Air pollutant 1,229 0,448 0,933 0,716 0,880 0,583 1,088 0,721 0,953 0,842
Under the eves mMEDI 0,967 0,588 0,974 0,664 0,976 0,687 0,970 0,614 0,966 0,572
4 Air pollutant 1,109 0,665 0,863 0,382 0,835 0,384 1,019 0,928 1,092 0,673
Uoper I mMEDI 1,069 0,290 1,065 0,322 1,063 0,334 1,066 0,312 1,071 0,287
pperiip Air pollutant 1,045 0,859 1,239 0,231 1,221 0,362 1,189 0,444 1,004 0,986
Nasolabialfolds mMEDI 1,003 0,964 1,010 0,875 1,013 0,841 1,006 0,930 1,024 0,717
Air pollutant 1,227 0,426 0,942 0,749 0,871 0,558 1,111 0,657 0,738 0,195
Others
Solar olastosis on cheeke mMEDI 0,946 0,388 0,951 0,428 0,950 0,418 0,949 0,408 0,940 0,337
Air pollutant 1,302 0,298 1,003 0,621 1,125 0,598 1,233 0,346 1,207 0,251
Teloandiectasia on chesks mMEDI 0,958 0,538 0,965 0,603 0,961 0,564 0,967 0,629 0,959 0,550
g Air pollutant 1,172 0,560 0,921 0,665 1,031 0,898 0,831 0,440 1,078 0,751
Even oiamentation on forearm insides mMEDI 0,967 0,619 0,965 0,605 0,960 0,545 0,970 0,655 0,994 0,934
pig Air pollutant 1,367 0,278 1,401 0,076 1,556 0,054 1,275 0,334 0,705 0,171
Lax appearance (eyelids) mMEDI 1,024 0,704 1,039 0,552 1,041 0,537 1,028 0,662 1,026 0,690
PP 4 Air pollutant 1,477 0,510 0,741 0,103 0,735 0,171 1,013 0,951 1,059 0,797
Lax sppearance (Lower part of the face) mMEDI 0,996 0,945 0,998 0,974 1,002 0,980 0,992 0,900 0,996 0,955
PP P Air pollutant 0,896 0,664 0,805 0,221 0,743 0,173 1,073 0,749 0,929 0,736
Ciaarette paber like skin on the back of the hands |TMED! 0,925 0,274 0,925 0,293 0,929 0,315 0,926 0,280 0,929 0,305
g pap Air pollutant 0,726 0,246 0,539 0,004 0,557 0,020 0,666 0,081 0,791 0,331
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Table 23: Non-smoker

Outcomes NO, PM:o PM2s Os
OR p-value OR p-value OR p-value OR p-value OR p-value
Pigment spots
Cheeks (numeric) mMEDI 1,072 0,020 1,072 0,021 1,072 0,021 1,072 0,020 1,075 0,016
Air pollutant 1,104 0,431 1,031 0,743 1,004 0,969 1,024 0,823 1,254 0,082
Cheeks (photoreference scale) mMEDI 1,042 0,159 1,042 0,159 1,042 0,160 1,043 0,153 1,041 0,169
Air pollutant 1,182 0,196 1,000 1,000 1,019 0,854 1,099 0,392 0,910 0,463
Forehead (numeric) mMEDI 1,049 0,119 1,048 0,121 1,049 0,119 1,049 0,118 1,051 0,103
Air pollutant 1,163 0,244 0,968 0,740 0,925 0,450 1,060 0,601 1,217 0,144
Forehead (photoreference scale) mMEDI 1,068 0,026 1,068 0,026 1,068 0,026 1,068 0,026 1,069 0,023
Air pollutant 1,165 0,219 0,999 0,992 0,984 0,874 1,025 0,819 1,145 0,278
Forearm topsides mMEDI 1,001 0,968 1,001 0,966 1,001 0,972 1,002 0,953 1,002 0,953
Air pollutant 1,195 0,203 1,025 0,804 1,046 0,672 1,117 0,355 1,040 0,766
Back of the hands mMEDI 1,006 0,824 1,006 0,824 1,006 0,821 1,006 0,833 1,007 0,819
Air pollutant 1,027 0,831 0,981 0,838 0,974 0,786 0,958 0,686 1,018 0,885
Wrinkles
Forehead mMEDI 1,025 0,385 1,025 0,380 1,026 0,370 1,025 0,389 1,025 0,377
Air pollutant 1,044 0,727 0,886 0,184 0,867 0,140 0,972 0,792 1,041 0,745
Between eyebrows mMEDI 1,058 0,053 1,058 0,052 1,057 0,053 1,057 0,054 1,059 0,048
Air pollutant 0,898 0,387 1,028 0,761 1,028 0,781 0,952 0,643 1,103 0,431
Crow’s feet region mMEDI 1,036 0,221 1,036 0,224 1,036 0,231 1,036 0,226 1,038 0,205
Air pollutant 1,080 0,544 1,115 0,240 1,142 0,178 0,962 0,713 1,124 0,349
Under the eyes mMEDI 1,045 0,122 1,045 0,120 1,045 0,119 1,045 0,125 1,048 0,100
Air pollutant 0,910 0,447 0,940 0,495 0,945 0,560 0,944 0,594 1,288 0,044
Upper lip mMEDI 1,067 0,025 1,066 0,025 1,066 0,027 1,068 0,023 1,067 0,023
Air pollutant 1,072 0,574 1,187 0,062 1,231 0,033 1,132 0,236 1,061 0,630
Nasolabialfolds mMEDI 1,000 0,990 1,000 0,995 1,000 0,997 1,001 0,966 1,002 0,938
Air pollutant 1,127 0,334 1,064 0,494 1,034 0,732 1,150 0,191 1,164 0,215
Others
Solar elastosis on cheeks mMEDI 1,037 0,216 1,037 0,220 1,036 0,224 1,037 0,211 1,038 0,200
Air pollutant 1,187 0,179 1,122 0,220 1,128 0,228 1,099 0,392 1,140 0,306
Teleangiectasia on cheeks mMEDI 0,963 0,210 0,964 0,218 0,965 0,230 0,962 0,193 0,959 0,164
Air pollutant 0,941 0,649 0,725 0,001 0,744 0,004 0,796 0,058 0,715 0,009
Even pigmentation on forsam insides mMEDI 1,026 0,424 1,026 0,422 1,026 0,427 1,028 0,403 1,027 0,406
Air pollutant 0,881 0,376 1,210 0,079 1,156 0,203 1,178 0,206 1,067 0,654
Lax appearance (eyelids) mMEDI 1,048 0,123 1,047 0,124 1,047 0,129 1,048 0,122 1,047 0,133
Air pollutant 1,150 0,299 1,024 0,809 1,084 0,433 1,036 0,754 0,899 0,422
Lax appearance (Lower part of the face) mMEDI 0,971 0,308 0,972 0,320 0,972 0,329 0,970 0,291 0,973 0,331
Air pollutant 0,804 0,081 0,851 0,083 0,849 0,097 0,813 0,056 1,105 0,418
Cigarette paper like skin on the back of the hands mMEDI 0,927 0,020 0,924 0,018 0,926 0,021 0,925 0,018 0,926 0,020
Air pollutant 0,914 0,529 0,682 0,000 0,698 0,002 0,803 0,065 0,921 0,556
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3.2.5.3 Antioxidant score

Moreover, we used an antioxidant score containing just fruits, raw vegetables and cooked
vegetables. Here we found more protective effects of nutrition in the different models in
comparison to the mMEDI. However, there were still many results that showed a harmful

tendency.

Table 24 shows the effect of the antioxidant score on the different outcomes. A protective effect
of antioxidants was seen for the outcome Pigment spots on forehead (numeric) in all air
pollutant models, which was highly significant. This is the only model where nutrition revealed

a significant protective effect on skin aging.



Table 24: Antioxidant score

Outcomes NO, PMso PM2.5 Os
OR p-value OR p-value OR p-value OR p-value OR p-value
Pigment spots
Cheeks (numeric) Aptioxidant score 0,970 0,491 0,970 0,493 0,971 0,498 0,971 0,511 0,977 0,591
Air pollutant 1,244 0,039 1,116 0,122 1,115 0,195 1,143 0,103 1,133 0,236
Cheeks (photoreference scale) Ar\tioxidant score 0,996 0,934 0,999 0,981 0,997 0,951 0,998 0,961 0,999 0,990
Air pollutant 1,187 0,115 1,029 0,680 1,067 0,434 1,090 0,302 0,901 0,320
Forehead (numeric) Antioxidant score 0,869 0,005 0,873 0,006 0,874 0,006 0,871 0,005 0,874 0,007
Air pollutant 1,187 0,121 1,019 0,802 0,989 0,895 1,087 0,326 1,112 0,337
Forehead (photoreference scale) Ahtioxidant score 0,983 0,683 0,986 0,735 0,986 0,745 0,984 0,715 0,986 0,745
Air pollutant 1,100 0,359 0,972 0,685 0,958 0,604 0,998 0,981 1,139 0,202
Forearm topsides Antioxidant score 1,014 0,768 1,015 0,755 1,014 0,768 1,016 0,741 1,018 0,701
Air pollutant 1,145 0,248 1,044 0,569 1,066 0,479 1,042 0,648 1,140 0,223
Antioxidant score 0,956 0,292 0,954 0,273 0,954 0,277 0,955 0,281 0,957 0,300
Back of the hands )
Air pollutant 0,998 0,982 1,041 0,555 1,034 0,683 1,036 0,660 1,076 0,467
Wrinkles
Forehead Antioxidant score 0,995 0,901 1,002 0,965 1,003 0,948 0,996 0,933 0,994 0,884
Air pollutant 0,930 0,480 0,825 0,005 0,800 0,006 0,885 0,128 1,052 0,609
Between eyebrows Antioxidant score 1,008 0,852 1,008 0,855 1,008 0,860 1,009 0,843 1,008 0,852
Air pollutant 0,960 0,695 0,984 0,813 0,989 0,895 0,951 0,533 1,084 0,423
Crow’s feet region Antioxidant score 1,017 0,705 1,018 0,688 1,018 0,693 1,020 0,654 1,017 0,697
Air pollutant 0,975 0,808 0,967 0,634 0,972 0,730 0,879 0,107 1,105 0,328
Under the eyes Antioxidant score 0,952 0,245 0,954 0,271 0,954 0,271 0,952 0,248 0,952 0,250
Air pollutant 0,901 0,313 0,897 0,111 0,893 0,159 0,909 0,235 1,258 0,023
Upper lip Antioxidant score 0,963 0,377 0,958 0,311 0,956 0,295 0,962 0,361 0,965 0,399
Air pollutant 1,042 0,692 1,148 0,046 1,195 0,029 1,082 0,324 1,067 0,516
. Antioxidant score 1,011 0,794 1,011 0,797 1,012 0,779 1,010 0,813 1,016 0,707
Nasolabialfolds B
Air pollutant 1,247 0,035 1,119 0,102 1,100 0,238 1,234 0,011 1,005 0,964
Others
Solar elastosis on cheeks Antioxidant score 1,035 0,426 1,036 0,406 1,036 0,411 1,037 0,402 1,039 0,367
Air pollutant 1,113 0,307 1,020 0,780 1,029 0,732 1,021 0,797 1,171 0,126
Teleangiectasia on cheeks Antioxidant score 1,025 0,573 1,037 0,414 1,036 0,428 1,031 0,493 1,020 0,652
Air pollutant 0,875 0,225 0,748 0,000 0,748 0,001 0,758 0,002 0,837 0,086
Even pigmentation on forearm insides Ahtioxidant score 1,063 0,222 1,053 0,300 1,054 0,297 1,058 0,258 1,063 0,225
Air pollutant 1,021 0,865 1,235 0,009 1,237 0,024 1,206 0,057 0,925 0,512
Lax appearance (eyelids) Aptioxidant score 0,940 0,163 0,944 0,192 0,942 0,177 0,942 0,179 0,942 0,180
Air pollutant 1,140 0,235 0,981 0,786 1,026 0,761 1,026 0,755 0,945 0,595
Lax appearance (Lower part of the face) Aptioxidant score 1,052 0,234 1,055 0,213 1,056 0,205 1,051 0,244 1,050 0,256
Air pollutant 0,864 0,162 0,882 0,072 0,857 0,061 0,923 0,320 1,075 0,472
Cigarette paper like skin on the back of the hands Antioxidant score 1,018 0,706 1,038 0,451 1,037 0,460 1,022 0,651 1,010 0,837
Air pollutant 0,766 0,022 0,643 0,000 0,627 0,000 0,716 0,000 0,955 0,686
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Figure 12: Antioxidant score, pigment spots on the forehead (numeric)
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3.2.5.4 New Cut-Offs

We changed the cut-offs for the binary skin variables. For pigment spots variables the
separation into few skin aging and severe skin aging was set at the middle category (see chapter
2). We evaluated 0-10 pigment spots as few skin aging and all numbers higher than 10 as severe
skin aging. The effect of the mMEDI score did not change in these models, but the harmful
effect of air pollution enhanced with clearer tendencies than before and highly significant results

(p-value of 0.002 and an OR of 1.96 for Pigment spots on cheeks (numeric)).

Table 24 presents the new results for the pigment spot variables. The effects in the single
models became stronger with the new cut-offs. For Pigment spots on cheeks (numeric),
significant harmful results occurred for all air pollutants except O;, whereas before, only NO,
showed a significant result. For Pigment spots on forehead (numeric) the results were not
significant. For the outcomes Pigment spots on cheeks (numeric) and Pigment spots on forehead
(photo-reference scale) the results presented clearer tendencies as well. With the old cut offs, no

significant effects could be detected (see chapter 3.2.1).



Table 25: New cut-offs
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Outcomes NO, PM.o PM;.5 PM;.52bs 0;
OR p-value OR p-value OR p-value OR p-value OR p-value
Pigment spots
Cheeks (numeric) mMEDI 1,081 0,059 1,085 0,047 1,084 0,052 1,085 0,046 1,087 0,042
Air pollutant 1,960 0,002 1,295 0,029 1,379 0,020 1,565 0,009 0,922 0,629
Cheeks (photoreference scale) mMEDI 1,069 0,106 1,072 0,088 1,071 0,095 1,072 0,087 1,075 0,077
Air pollutant 1,925 0,002 1,289 0,031 1,370 0,021 1,571 0,008 0,960 0,805
Forehead (numeric) mMEDI 1,093 0,003 1,094 0,003 1,093 0,003 1,094 0,003 1,094 0,003
Air pollutant 1,160 0,234 1,037 0,655 1,043 0,656 1,047 0,626 1,142 0,249
Forehead (photoreference scale) mMEDI 1,078 0,011 1,080 0,009 1,079 0,009 1,080 0,009 1,080 0,009
Air pollutant 1,227 0,098 1,048 0,548 1,046 0,628 1,095 0,332 1,072 0,543
Forearm topsides mMEDI 1,135 0,029 1,140 0,024 1,138 0,027 1,139 0,025 1,148 0,018
Air pollutant 1,569 0,106 1,150 0,385 1,235 0,265 1,316 0,217 0,755 0,253
Back of the hands mMEDI 1,007 0,860 1,010 0,796 1,011 0,774 1,008 0,827 1,008 0,831
Air pollutant 1,157 0,352 0,891 0,246 0,856 0,192 0,973 0,815 1,001 0,996
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3.2.6 Research question 1

We did not find the expected association between the mMEDI and skin aging. We presumed the
mMEDI to positively influence skin aging but found rather the contrary for most skin aging
signs (see above). Only for the outcome Cigarette paper like skin on the back of the hands a
protective effect of mMEDI in all 5 models could be seen (see Table 30, Figure 21). All other
skin aging outcomes showed either a harmful effect of mMEDI or an effect fluctuating slightly

around an odds ratio of 1.

Since the first hypothesis could not be verified we made a sensitivity analysis for mMEDI and
established the antioxidant score containing just fruits and vegetables (see chapter 2.3.2). We
noticed a significant protective effect of the antioxidant score on Pigment spots on the forehead
(numeric) (see Table 94, Figure 85). But for the other outcomes the antioxidant score revealed
different tendencies. In some models it showed a protective tendency (Wrinkles under eyes and
Wrinkles on upper lip, Pigment spots on back of the hands, Pigment spots on cheeks (photo-
reference scale), Pigment spots on forehead (photo-reference scale) and lax appearance
(eyelids). In other models it showed a harmful tendency (Pigment spots on forearms, Wrinkles
on eyebrows, Wrinkles in crow’s feet area, Wrinkles on nasolabialfolds, lax appearance (lower
part of the face), Even pigmentation on forearm insides, Solar elastosis on cheeks,

Teleangiectasia and Cigarette paper like skin on the back of the hands).

Neither the mMEDI score nor the antioxidant score showed a clear protective effect of nutrition

on skin aging. Rather an adverse effect of the mMEDI on skin aging could be detected.

3.2.7 Research question 2

We were able to reproduce the findings that traffic related air pollution has a negative impact on
skin aging, especially for particles. PM,s and PM, exposed a significant harmful effect on
Wrinkles on upper lip (Table 23, Figure 14) as well as on the Even pigmentation on forearm
insides (Table 27, Figure 18). All findings were for the full model, adjusted for all covariates.
Since the earlier studies (2) did not include UV covariates, we repeated our calculations without
the covariates UV index and sun protection factor. NO, and PM, s spsorbance Were significantly
harmful for the outcome Wrinkles on nasolabialfolds (Table 34, Figure 25) as found by previous
analyses as well. Nevertheless, contradictory results were pointed out, showing a protective
effect of air pollution on skin aging in Teleangiectasia, lax appearance (lower part of the face)

and Cigarette paper like skin on the back of the hands.

Our hypothesis, that air pollution has negative impacts on skin aging could be confirmed partly.
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3.2.8 Research question 3
In order to see the modifying effect of mMEDI on air pollution induced skin aging, we included
an interaction variable between the considered air pollutant and mMEDI (see chapter 2.6.3). We

detected that all significant effects (of air pollutants as well as mMEDI) vanished.

All z-score models pointed at a positive correlation between mMEDI and skin aging (the higher
the mMEDI the more skin aging), but interestingly the interaction term showed a protective
effect on coarse wrinkles, when both mMEDI and air pollution values were high, which was

borderline-significant for the models PM o and PM, 5 psorbance (Table 59, Figure 50).
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4 Discussion

This study aimed at investigating the protective role of the Mediterranean diet on skin aging in
elderly women exposed to long-term air pollution. For the first research question it was
hypothesized that the mMEDI would have a protective effect on skin aging. The second
research question should show the harmful impact of air pollution on skin aging and the third
research question should assess an attenuating impact of mMEDI on air pollution induced skin
aging. The results of this study show that air pollution and especially particles have a negative
impact on some skin aging outcomes, but seem to have a protective effect on others. The
mMEDI did not show a protective effect in all but one analysis. It rather had adverse effects.
Using an interaction term, the mMEDI was not able to attenuate the effects of air pollution on

skin aging in a significant way. There are attenuating tendencies, but no significances.

4.1 Adherence to the Mediterranean diet and skin aging

Since the Mediterranean diet is one of the most popular diets in the world we expected a
positive impact for this way of nutrition on skin aging. The main principles of skin aging are the
shortening of telomeres and the formation of reactive oxygen species (ROS). Studies found a
positive correlation between the Mediterranean diet and the telomere length (55, 56). Other
studies attribute a large anti-oxidative capacity to the Mediterranean diet (57-59). Thus, the
Mediterranean diet could be expected to act beneficial on skin aging. Unfortunately, this study
could not prove this hypothesis. We did not see a protective link between the adherence to the
Mediterranean diet and skin aging. To our knowledge this was the first study on the

Mediterranean diet on skin aging.

Considering healthy ways of nutrition in general, only few studies examined the impact of
healthy diets on skin aging until now. One study examined whether nutrient intakes were
correlated with skin wrinkling on sun exposed site and found less appearance of actinic
keratosis with higher intake of vegetables, olive oil, legumes and fish. Consumption of meat,
butter, dairy and sugar seemed to be harmful (51). In our study we did not emphasize single
healthy nutrients more than others. Our mMEDI score according to Panagiotakos differentiated
only between healthy nutrients and unhealthy ones. Taking rice as an example it received the
same number of points in the score as raw vegetables. But rice as well as potatoes and wheat
contain much more carbohydrates than raw vegetables and another study could show that high
consumption of carbohydrates has adverse impacts on skin age (52). Additionally, fresh fruits
and vegetables contain a higher amount of vitamins. Especially Vitamin C was proven to have a
protective effect on wrinkles and senile dryness (52) and by that acts protective on skin aging.

Also cereal products contain vitamins and minerals, but those do not play a huge role in skin
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aging. Another point is that fresh fruit and vegetables need to be consumed immediately, they
cannot be stored as rice and potatoes to be eaten months later. Besides, fresh nutrients contain
the most vitamins and minerals and this amount declines already after a few days of storing.
Unfortunately, olive oil and legumes were not taken into account for this study, since they were
only part of our questionnaire in later follow ups. Especially the moderate intake of olive oil
seems to have a huge impact on skin aging proved by many studies (50, 57, 73-76) and also the
Mediterranean nutrition pyramid puts emphasis on olive oil as a main source of fat. The lack of
olive oil might have negatively impacted our results, but on the other hand, one teaspoon of
olive oil per meal per person is the healthy amount according to the Mediterranean diet
pyramid. One teaspoon is very few and very difficult to dose in daily life. When consumed in
higher amounts, which is probably the case in daily life, then the positive effects vanish, since
high intake of fat was proven to act controversial on skin aging (52-54). Furthermore, pure
virgin olive oil is very expensive and many of the olive oils in cheap discounters are mixed oils
with only a small amount of olive oil and large amounts of other vegetable oils like sunflower or
raps. Those on the other hand were not proven to be beneficial for skin health. It would have
been difficult for this study to include olive oil, because the quality of different oils differs and
the mMEDI score was based only on self-report. According to Panagiotakos, sugar and sweets
were not part of the MEDI, therefore they were not evaluated in this study. Other studies on
different diets on skin aging took sugar into account and found a negative impact on skin aging
(Zitat). Also dairy products need to be differentiated more clearly, since it is a difference in
carbohydrates, fat and sugar, based on which products are consumed. Greek yoghurts with 10%
fat or fruit yoghurts containing a lot of sugar, are probably more controversial than simple basic

yoghurts with 1.5% fat.

We assumed that the MEDI score of Panagiotakos might not be beneficial when considering the
impact of the Mediterranean diet on skin aging. On that account, we repeated the calculations
taking into account just the fresh single nutrients of raw vegetables/salad, cooked vegetables
and fruits and established an antioxidant score. This score was able to show that eating more
fruits and vegetables results in less pigment spots on the forehead. All other outcomes remained
similar. Antioxidants were long rumored to be protective for skin aging, since they attenuate the
formation of ROS, which is a central mechanism in intrinsic as well as extrinsic skin aging. But
while there are several studies that prove antioxidants” ability to protect from sunburn when
consumed or topically applied (8, 77-80), clinical data that show a visible effect is missing (81).
Some studies even suggest that oral supplementation of antioxidants may act harmful on health.
One study found a higher probability for lung cancer and death due to cardiovascular diseases

(82) and another showed higher incidence of melanoma with high doses of antioxidants (83).
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Therefore, a good balance has to be found, which is probably best done by diet and not by

supplementation.

On the one hand this indicates that our assumption that there need to be a gradation of beneficial
nutrients in a diet score is correct. Rice and salad do not act equally positive on skin aging,
otherwise we would not have seen this protective effect of antioxidants on wrinkles on the
forehead. This is why the modified MEDI score according to Panagiotakos might partly explain
the results, but other influencing factors need to be considered as well. Unfortunately, all other
results remained controversial, which are findings that go along with the literature. Here it says
as explained above, that antioxidants protect against sunburn and since the sun is the factor most
responsible for extrinsic skin aging, antioxidants might only act as an indirect factor preventing

skin aging.

Considering the applied nutrient scores, we conclude that the effects of the antioxidant score on
skin aging are bigger than the influence of the mMEDI score on skin aging, but might just have
an indirect effect and might not be as large as expected. Nevertheless, other components than

the applied scores that might influence the result of this study need to be taken into account.

In other studies the healthy diet was evaluated by a large number of components. The SALIA
study was set mainly to investigate the effect of air pollution on lung function. Therefore, the
questionnaire was not as extensive as others with respect to diet. Especially olive oil and
legumes were missing, as well as sweets and sugar. Another point is that the amount of food
intake was not taken into account. Taking the food category salad/raw vegetables as an
example, it could make a difference if the participants eat a big salad as a main meal, or eat
salad in just small amounts as a side dish. Most of the women reported to eat salad or raw
vegetables every day, but since the cohort consists of elderly German women it is likely that the
way of nutrition is typically German with a division of three components: First meat or fish,
second carbohydrates as potatoes, rice or pasta, and third vegetables or salad as side dish. Also
the amount of meals per day and snacks in between might be an important information, since
another study proved the hours between nutritional intake as relevant for skin age (54).
Furthermore, the information on diet was based only on self-report. Self-report is always
subjective and cannot be verified. Probands could have misunderstood the question, lied out of
shame for bad nutritional habits or have dementia, which was not taken into account when

judging the answers or they simply forgot what they ate.

The subjectivity might be one of the biggest problems in this study, as well as the applied
Mediterranean score according to Panagiotakos. Another reason for the unexpected results
might be that antioxidants, which were expected to be beneficial for skin aging, do simply not

have the expected direct effect on skin aging. The rumors on antioxidants” effects on skin aging
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may lie in their role as a mediator. In high doses they might delay sunburn and by that prevent
skin aging as a longterm effect, but it seems as if there is no direct and short-term effect of

antioxidants on skin aging.

4.2 Effects of air pollution on skin aging

Recently it has been shown that air pollution has negative impacts on the skin. In this context
the SALIA study (42) was the first study that found air pollution significantly correlated with
extrinsic skin aging signs, especially with pigment spots in the face and less with wrinkle
formation (2). These results could be reproduced by this study. When applying z-scores it
became evident that NO, increased the probability for a higher number of facial pigment spots
as well as a bigger size. The wrinkle formation did not correlate significantly with air pollution.
Another study in a German and a Chinese cohort focused on the impact of air pollution on
single body sites and showed that NO, was significantly correlated with lentigines on the
cheeks. The strongest association was found for women over 50 years. No correlation was
found for lentigines on the back of the hands and forearms (4). Also this study considered 18
different skin aging outcomes in different body regions. The probability for a higher number of
lentigines, which are the same as pigment spots, increased with higher NO2 levels. But in this
study NO, and PM, s, also increased the probability for coarse wrinkles in nasolabialfolds, and
PM, ;5 increased the probability for coarse wrinkles on the upper lip. PM, and PM, 5 finally
increased the probability for an even pigmentation on the forearm inside, which was not found
by other studies before. Another study assessed the ozone exceedance and its impact on skin
aging. Positive associations between ozone exceedance and coarse wrinkles in the face were
found, for one study cohort on the forehead and under the eyes, for the other study cohort in the
crow’s feet area and on the upper lip (44). This study could partly reproduce these findings. A
higher number of ozone exceedance days increases the probability for coarse wrinkles under the

eyes. Other significant effects of O; on skin aging were not visible.

Most of the study results on the topic of the impact of air pollution on skin aging could be
reproduced by this study. However, we found adverse effects giving the impression that air
pollution acts beneficial on skin aging in some cases: All air pollutants other than NO, seem to
be protective for teleangiectasia on the cheeks, PM |, and PM, 5 seem to be protective for the lax
appearance and all other than O; seem to be protective for cigarette paper like skin on the back
of the hands. These results were unexpected, since studies usually focus on the positive results.
We did not find a single study presenting adverse effects. There could be several explanations
that we considered in our calculations and will discuss in the following: The solar radiation, the
distinct places of residence (urban/rural) and the smoking status of the participants. Starting

with the solar radiation, one reason for these results could be that UV exposure, as the most
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important factor in extrinsic skin aging, hides the effects of air pollution. UV radiation is known
to act harmful on the skin since 1969, which was shown by Albert Kligman (22) and afterwards
by several other studies (2, 3, 84). This association is strong, much stronger than the association
between air pollution and skin aging. And it is very difficult to differentiate between what
actually made the skin changes, since the study participants where all exposed to the sun during
their whole life. The sun is an influencing factor that cannot be switched off in a human study.
In order to get an impression of how other factors alone, here air pollution, impact the skin
aging, another prospective study needs to be done. Two study groups need to be built, one study
group is kept inside since birth for a long period of time. Solar radiation needs to be prevented
completely. This group needs to be exposed to natural air pollution under laboratoric conditions.
The control group needs to live a normal live, outside exposed to all possible factors that
influence skin aging. Since this is completely unethical, such a study will never be possible in

humans, but it may be possible in animal studies.

We repeated the calculations without the solar covariates (SPF and solar index) but the adverse
effects stayed similar. Therefore, we considered the distinct places of residence (urban/rural) in
the SALIA cohort a reason for the adverse effects of air pollution on skin aging. Thus, we
separated the cohort into an urban and a rural group, repeated the calculations and found that all
effects — the harmful and the protective — of and air pollutants on skin aging, only appeared in
the rural group, but not in the urban one. An explanation could be that air pollution levels are
very low in the rural areas (see chapter 3.1.2) while people in rural areas might have more
outdoor activities than those in the cities and by that are exposed to the sun more frequently.
Gardening, cycling and enjoying the nature are typical rural activities, while spending time
indoors in restaurants, cafes, or shopping malls are typical when living close to the city center.
Of course there are always exceptions, but in general it can be expected that people that love
nature and calmness, settle rather in rural areas and people, who are more attracted to
entertainment, prefer city centers and by that spend their time more outdoors or more indoors.
This strengthens the thesis that solar radiation hides the effects of air pollution. On the other
hand, people living next to a big street in the city center, have a high air pollution burden 24
hours per day. It could be assumed that these high air pollution values impact the skin aging.
Unfortunately, this study could not find any significant impacts in the urban group, so that it is

questionable if the effect of air pollution on skin aging is as big as expected.

Smoking is another well-known factor influencing skin aging (26-28) and it is possible that
there might be an interaction with air pollution. Therefore, we repeated the calculations with a
smoking group, containing all women, who ever smoked in their life and a non-smoking group
with never smokers. Smoking is the second best known factor impacting skin aging. This is why

the smoking status might as well be a factor hiding the effects of air pollution or being
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responsible for the unexpected protective tendencies of air pollution on skin aging in some
analyses. We did not find a huge difference in the outcomes when separating into a smoking and
non-smoking group. In this study it seems as if the smoking status is not influencing the impact

of air pollution on skin aging.

4.3 The attenuating impact of mMEDI on skin aging in women

exposed to air pollution
There have never been studies on the attenuating effect of neither the Mediterranean diet, nor
other healthy diets, on air pollution induced skin aging before. Unfortunately, we did not find
any attenuating effects of mMEDI on air pollution induced skin aging in elderly German

women.

4.4 Future implications for industry, individual consumers and

research
Our results are not as expected. The Mediterranean diet could not show protective effects on
skin aging in this study, but showed rather adverse effects. Only a diet rich in antioxidants,
attained from fruits and vegetables showed an attenuating probability for pigment spots on the
forehead. This shows that eating vegetables and fruits every day is the essence of every healthy
diet. The choice of the so called “unhealthy nutrients” like consuming meat or dairy products
every day, seems to be secondary in terms of skin aging. Nevertheless, the Mediterranean diet
has several well investigated protective effects on cardiovascular health and overweight.
Therefore, the food industry should start to advertise for a healthy diet, and not only for
processed food which are the most profitable for them. It should not necessarily be advertised in
terms of skin aging, but in terms of general health. Cardiovascular diseases and overweight are
responsible for a wide range of secondary diseases, which can be easily prevented by each

individual’s choice of diet.

Further research needs to be done to get a clearer impression on the topic of healthy diets on
skin aging. Therefore, it is not necessary to stick to the Mediterranean diet, but to go through
many nutritional studies and choose the diet components and factors, which were proven to be
beneficial or controversial on health. These are for example nutrients like olive oil and legumes
as beneficial items and the consumption of fat and sugar as controversial items. Then, a
gradation of item-benefits is needed. Obviously raw vegetables prevent skin aging more than
pasta does, therefore a score is needed, which distinguishes not only between good and bad, but
establishes more categories. In this study the consumption of dairy products was evaluated as a
bad nutrient. But a gradation could distinguish between low fat products and normal fat or high

fat products, since it is difficult to believe that low fat products have a negative impact on skin
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aging. Additionally, the meals per day and snack habits in between need to be considered,
which were proven to have an impact on skin aging as well (54). Finally, also the caloric intake
and the amount of nutrients, measured for example in grams per day needs to be minded. As
explained before this is important in order to recognize if for example salad is eaten as a side
dish or main dish every day. Another point is important in this context, namely the subjectivity
of the diet questionnaire. The women in the SALIA study could have bias the results out of
shame for bad eating habits or simply forgot what they ate. There was no possibility to control
their statements. Therefore, objective methods considering diet are needed, which are more

effortful but will provide clearer and more comparable results.

Also the effect of air pollution on skin aging needs to be examined more clearly. As explained
before, there are two factors impacting the skin age even more than air pollution: Solar radiation
and cigarette smoking. The results of this study give the impression that at least the high impact
of the sun is hiding the effects of air pollution on skin aging. Even when applying sensitivity
analyses, this study could not completely explain the adverse effects of air pollution. Since the
sun is an irremovable factor, studies excluding the solar radiation completely wont be possible
in humans. In animal studies another prospective study could be done. Two study groups of
mice need to be built, one study group is kept inside since birth without ever being exposed to
solar radiation and cigarette smoking. This group needs to be exposed to natural air pollution as
it appears outside, but under laboratoric conditions. The control group needs to be kept outside
in a stable, exposed to the sun and all other environmental factors that influence skin aging. If
the inside-group of mice presents extrinsic skin aging signs after a certain period of time, it can
be said that these are definitely the effect of air pollution. But also this study idea has
limitations, since mice skin is similar to human skin, but not comparable in all points. Another
problem is the fur, which may prevent the solar radiation and also other environmental

influencers to penetrate the skin in the same amount as in humans.

Nevertheless, this study allowed us to get a critical mindset about facts that seem to be
unquestionable true. Only complex and especially numerous studies are able to verify a thesis
and since the advantages of healthy nutrition on skin aging are not well documented, but are a

common assumption, this study showed that this connection is not obvious.

4.5 Conclusion

In 2010 the SALIA study could first prove negative effects of air pollution on skin aging. This
study could partly agree with these findings. Therefore, the limits for air pollution values set by
the World Health Organization should decrease even further in the future, not only to benefit the

skin, but also improve our cardiovascular and health.
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It has long been rumored that nutrition might impact skin aging. Since study results from
epidemiological studies are scarce, we tried to prove this theory. Unfortunately, our study could
not prove the beneficial effects of the Mediterranean diet on skin aging. Building an antioxidant
score, we could show that a diet rich in antioxidants is able to attenuate the formation of
Pigment spots on the forehead. In our study we found that air pollution has a negative impact on
skin aging. Applying z-scores, NO, increases the probability for the number and the size of
facial pigment spots. PM;, and PM, s act harmful on the formation of coarse wrinkles on the
upper lip as well as on the even pigmentation on the forearm insides. PM;, and PM sapsorbance aCt
harmful on the formation of nasolabialfolds and O; increases the probability for coarse wrinkles
under the eyes. Taking into consideration the effect of mMEDI on air pollution induced skin
aging, we did not find an attenuating effect. Finally, the Mediterranean diet might have positive
impacts on other diseases such as cardiovascular diseases, diabetes or cancer, but effects on skin
aging were not visible in our study population. Further research on this topic is needed, with a
more extensive questionnaire, gradation of items, concrete amounts of intake and perhaps with

an objective, verifiable evaluation method for the assessment of dietary habit.



66

References

References

1. Chen B, Kan H. Air pollution and population health: a global challenge. Environ Health
Prev Med. 2008;13(2):94-101.

2. Vierkotter A, Schikowski T, Ranft U, Sugiri D, Matsui M, Kramer U, et al. Airborne
particle exposure and extrinsic skin aging. J Invest Dermatol. 2010;130(12):2719-26.

3. Li M, Vierkotter A, Schikowski T, Huls A, Ding A, Matsui MS, et al. Epidemiological

evidence that indoor air pollution from cooking with solid fuels accelerates skin aging in
Chinese women. J Dermatol Sci. 2015;79(2):148-54.

4. Huls A, Vierkotter A, Gao W, Kramer U, Yang Y, Ding A, et al. Traffic-Related Air
Pollution Contributes to Development of Facial Lentigines: Further Epidemiological Evidence
from Caucasians and Asians. J Invest Dermatol. 2016;136(5):1053-6.

5. Scheme  drawing of the human skin [Internet].  Available from:
https://www.sawaal.com/general-science-questions-and-answers/how-many-layers-of-skin-
does-a-human-have 16550.

6. Liillmann-Rauch R. Taschenlehrbuch

Histologie: Georg Thieme Verlag KG; 2006.

7. Fritsch P, Schwarz T. Dermatologie Venerologie, Grundlagen, Klinik, Atlas: Springer.
8. Krutmann J, Diepgen T. Hautalterung: Grundlagen, Pravention, Therapie. Berlin:
Springer; 2003.

9. Farage MA, Miller KW, Elsner P, Maibach HI. Intrinsic and extrinsic factors in skin
ageing: a review. Int J Cosmet Sci. 2008;30(2):87-95.

10. Puizina-Ivic N. Skin aging. Acta dermatovenerologica Alpina, Pannonica, et Adriatica.

2008;17(2):47-54.

11. Hayflick L. The limited in vitro lifetime of human diploid cell strains. Exp Cell Res.
1965;37:614-36.

12. Sohal RS, Brunk UT. Mitochondrial production of pro-oxidants and cellular senescence.
Mutat Res. 1992;275(3-6):295-304.

13. Harman D. Free radical theory of aging. Mutat Res. 1992;275(3-6):257-66.

14. Sohal RS, Weindruch R. Oxidative stress, caloric restriction, and aging. Science.
1996;273(5271):59-63.
15. Jang YC, Van Remmen H. The mitochondrial theory of aging: insight from transgenic

and knockout mouse models. Exp Gerontol. 2009;44(4):256-60.

16. Fitzpatrick TB. The validity and practicality of sun-reactive skin types I through VL
Arch Dermatol. 1988;124(6):869-71.

17. Dunn LB, Damesyn M, Moore AA, Reuben DB, Greendale GA. Does estrogen prevent
skin aging? Results from the First National Health and Nutrition Examination Survey
(NHANES I). Arch Dermatol. 1997;133(3):339-42.

18. Brincat M, Moniz CF, Kabalan S, Versi E, ODowd T, Magos AL, et al. Decline in skin
collagen content and metacarpal index after the menopause and its prevention with sex hormone
replacement. Br J Obstet Gynaecol. 1987;94(2):126-9.

19. Sauerbronn AV, Fonseca AM, Bagnoli VR, Saldiva PH, Pinotti JA. The effects of
systemic hormonal replacement therapy on the skin of postmenopausal women. Int J Gynaecol
Obstet. 2000;68(1):35-41.

20. MacLean AB, Nicol LA, Hodgins MB. Immunohistochemical localization of estrogen
receptors in the vulva and vagina. J Reprod Med. 1990;35(11):1015-6.

21. Jemec GB, Wojnarowska F. The distribution of p29 protein in normal human skin. Br J
Dermatol. 1987;117(2):217-24.

22. Kligman AM. Early destructive effect of sunlight on human skin. JAMA.
1969;210(13):2377-80.

23. Schroeder P, Lademann J, Darvin ME, Stege H, Marks C, Bruhnke S, et al. Infrared
radiation-induced matrix metalloproteinase in human skin: implications for protection. J Invest
Dermatol. 2008;128(10):2491-7.


https://www.sawaal.com/general-science-questions-and-answers/how-many-layers-of-skin-does-a-human-have_16550
https://www.sawaal.com/general-science-questions-and-answers/how-many-layers-of-skin-does-a-human-have_16550

67
References

24. Liebel F, Kaur S, Ruvolo E, Kollias N, Southall MD. Irradiation of skin with visible
light induces reactive oxygen species and matrix-degrading enzymes. J Invest Dermatol.
2012;132(7):1901-7.

25. Penetration of solar radiation into the skin [Internet]. Available from:
https://www.researchgate.net/figure/UV -penetration-into-the-layers-of-the-skin-The-figure-was-
created-using-Servier-Medical fig2 324009336.

26. Koh JS, Kang H, Choi SW, Kim HO. Cigarette smoking associated with premature
facial wrinkling: image analysis of facial skin replicas. Int J Dermatol. 2002;41(1):21-7.

217. Doshi DN, Hanneman KK, Cooper KD. Smoking and skin aging in identical twins.
Arch Dermatol. 2007;143(12):1543-6.

28. Aizen E, Gilhar A. Smoking effect on skin wrinkling in the aged population. Int J
Dermatol. 2001;40(7):431-3.

29. Hedin CA. Smokers' melanosis. Occurrence and localization in the attached gingiva.
Arch Dermatol. 1977;113(11):1533-8.

30. Tamai Y, Tsuji M, Wada K, Nakamura K, Hayashi M, Takeda N, et al. Association of
cigarette smoking with skin colour in Japanese women. Tob Control. 2014;23(3):253-6.

31. Monfrecola G, Riccio G, Savarese C, Posteraro G, Procaccini EM. The acute effect of
smoking on cutaneous microcirculation blood flow in habitual smokers and nonsmokers.
Dermatology. 1998;197(2):115-8.

32. Lahmann C, Bergemann J, Harrison G, Young AR. Matrix metalloproteinase-1 and skin
ageing in smokers. Lancet. 2001;357(9260):935-6.

33. Krutmann J, Bouloc A, Sore G, Bernard BA, Passeron T. The skin aging exposome. J
Dermatol Sci. 2017;85(3):152-61.

34, Axelsson J, Sundelin T, Ingre M, Van Someren EJ, Olsson A, Lekander M. Beauty
sleep: experimental study on the perceived health and attractiveness of sleep deprived people.
BMI. 2010;341:c6614.

35. Cho S, Lee MJ, Kim MS, Lee S, Kim YK, Lee DH, et al. Infrared plus visible light and
heat from natural sunlight participate in the expression of MMPs and type I procollagen as well
as infiltration of inflammatory cell in human skin in vivo. J Dermatol Sci. 2008;50(2):123-33.
36. <WHO guidelines.pdf>.

37. Zhang K, Batterman S. Air pollution and health risks due to vehicle traffic. Sci Total
Environ. 2013;450-451:307-16.

38. GreenFacts

Facts on health and environment 2005 [updated 15.08.2005. Available from:
https://www.greenfacts.org/en Access date: 12.07.2019.

39. Humans IWGotEoCRt. Outdoor air pollution. Lyon (FR)2016.

40. Eeftens M, Tsai M-Y, Ampe C, Anwander B, Beelen R, Bellander T, et al. Spatial
variation of PM2.5, PM 10, PM2.5 absorbance and PMcoarse concentrations between and within
20 European study areas and the relationship with NO2 — Results of the ESCAPE project.
Atmos Environ. 2012;62:303-17.

41. Vossoughi M, Schikowski T, Vierkotter A, Sugiri D, Hoffmann B, Teichert T, et al. Air
pollution and subclinical airway inflammation in the SALIA cohort study. Immun Ageing.
2014;11(1):5.

42. Schikowski T, Sugiri D, Ranft U, Gehring U, Heinrich J, Wichmann HE, et al. Long-
term air pollution exposure and living close to busy roads are associated with COPD in women.
Respir Res. 2005;6:152.

43, Franck U, Odeh S, Wiedensohler A, Wehner B, Herbarth O. The effect of particle size
on cardiovascular disorders--the smaller the worse. Sci Total Environ. 2011;409(20):4217-21.
44. Fuks KB, Huls A, Sugiri D, Altug H, Vierkotter A, Abramson MJ, et al. Tropospheric
ozone and skin aging: Results from two German cohort studies. Environ Int. 2019;124:139-44.
45. Bach-Faig A, Berry EM, Lairon D, Reguant J, Trichopoulou A, Dernini S, et al.
Mediterranean diet pyramid today. Science and cultural updates. Public Health Nutr.
2011;14(12A):2274-84.



https://www.researchgate.net/figure/UV-penetration-into-the-layers-of-the-skin-The-figure-was-created-using-Servier-Medical_fig2_324009336
https://www.researchgate.net/figure/UV-penetration-into-the-layers-of-the-skin-The-figure-was-created-using-Servier-Medical_fig2_324009336
https://www.greenfacts.org/en

68
References

46. Martinez-Gonzalez MA, Garcia-Arellano A, Toledo E, Salas-Salvado J, Buil-Cosiales
P, Corella D, et al. A 14-item Mediterranean diet assessment tool and obesity indexes among
high-risk subjects: the PREDIMED trial. PLoS One. 2012;7(8):e43134.

47. Panagiotakos DB, Pitsavos C, Arvaniti F, Stefanadis C. Adherence to the Mediterranean
food pattern predicts the prevalence of hypertension, hypercholesterolemia, diabetes and
obesity, among healthy adults; the accuracy of the MedDietScore. Prev Med. 2007;44(4):335-
40.

48. Pelletier A, Barul C, Feart C, Helmer C, Bernard C, Periot O, et al. Mediterranean diet
and preserved brain structural connectivity in older subjects. Alzheimers Dement.
2015;11(9):1023-31.

49. Yang J, Farioli A, Korre M, Kales SN. Modified Mediterranean diet score and
cardiovascular risk in a North American working population. PLoS One. 2014;9(2):e87539.

50. Davis C, Bryan J, Hodgson J, Murphy K. Definition of the Mediterranean Diet; a
Literature Review. Nutrients. 2015;7(11):9139-53.

51. Purba MB, Kouris-Blazos A, Wattanapenpaiboon N, Lukito W, Rothenberg EM, Steen
BC, et al. Skin wrinkling: can food make a difference? J Am Coll Nutr. 2001;20(1):71-80.

52. Cosgrove MC, Franco OH, Granger SP, Murray PG, Mayes AE. Dietary nutrient
intakes and skin-aging appearance among middle-aged American women. Am J Clin Nutr.
2007;86(4):1225-31.

53. Nagata C, Nakamura K, Wada K, Oba S, Hayashi M, Takeda N, et al. Association of
dietary fat, vegetables and antioxidant micronutrients with skin ageing in Japanese women. Br J
Nutr. 2010;103(10):1493-8.

54. Mekic S, Jacobs LC, Hamer MA, Ikram MA, Schoufour JD, Gunn DA, et al. A healthy
diet in women is associated with less facial wrinkles in a large Dutch population-based cohort. J
Am Acad Dermatol. 2019;80(5):1358-63 e2.

55. Marti A, Echeverria R, Morell-Azanza L, Ojeda-Rodriguez A. Telomeres and diet
quality. Nutr Hosp. 2017;34(5):1226-45.

56. Crous-Bou M, Fung TT, Prescott J, Julin B, Du M, Sun Q, et al. Mediterranean diet and
telomere length in Nurses' Health Study: population based cohort study. BMJ. 2014;349:26674.
57. Visioli F, Galli C. The role of antioxidants in the Mediterranean diet. Lipids. 2001;36
Suppl:S49-52.

58. El-Sabban F. The antioxidant advantage of the Mediterranean diet in cardiovascular
disease. Nutrition and Dietary Supplements. 2014.

59. Saura-Calixto F, Goiii I. Antioxidant capacity of the Spanish Mediterranean diet. Food
Chem. 2006;94(3):442-7.

60. Tosti V, Bertozzi B, Fontana L. Health Benefits of the Mediterranean Diet: Metabolic
and Molecular Mechanisms. J Gerontol A Biol Sci Med Sci. 2018;73(3):318-26.

61. <2009_VIERKOTTER_SCINEXA_JDERMATOLSCI.PDF>.

62. Jdid R, Latreille J, Soppelsa F, Tschachler E, Morizot F. Validation of digital
photographic reference scales for evaluating facial aging signs. Skin Res Technol.
2018;24(2):196-202.

63. Beelen R, Hoek G, Vienneau D, Eeftens M, Dimakopoulou K, Pedeli X, et al.
Development of NO2 and NOx land use regression models for estimating air pollution exposure
in 36 study areas in Europe — The ESCAPE project. Atmos Environ. 2013;72:10-23.

64. Schikowski T, Vossoughi M, Vierkotter A, Schulte T, Teichert T, Sugiri D, et al.
Association of air pollution with cognitive functions and its modification by APOE gene
variants in elderly women. Environ Res. 2015;142:10-6.

65. Schikowski T, Adam M, Marcon A, Cai Y, Vierkotter A, Carsin AE, et al. Association
of ambient air pollution with the prevalence and incidence of COPD. Eur Respir J.
2014;44(3):614-26.

66. Stern R. Rem-Calgrid Modell Beschreibung2009.

67. Kramer U, Herder C, Sugiri D, Strassburger K, Schikowski T, Ranft U, et al. Traffic-
related air pollution and incident type 2 diabetes: results from the SALIA cohort study. Environ
Health Perspect. 2010;118(9):1273-9.

68. Krutmann J. Hautalterung.



69
References

69. Addor FAS. Beyond photoaging: additional factors involved in the process of skin
aging. Clin Cosmet Investig Dermatol. 2018;11:437-43.

70. Ekiz O, Yuce G, Ulasli SS, Ekiz F, Yuce S, Basar O. Factors influencing skin ageing in
a Mediterranean population from Turkey. Clin Exp Dermatol. 2012;37(5):492-6.

71. Khavkin J, Ellis DA. Aging skin: histology, physiology, and pathology. Facial Plast
Surg Clin North Am. 2011;19(2):229-34.

72. Kohl E, Steinbauer J, Landthaler M, Szeimies RM. Skin ageing. J Eur Acad Dermatol
Venereol. 2011;25(8):873-84.

73. Agatonovic-Kustrin S, Kustrin E, Morton DW. Essential oils and functional herbs for
healthy aging. Neural regeneration research. 2019;14(3):441-5.

74. Owen RW, Giacosa A, Hull WE, Haubner R, Wurtele G, Spiegelhalder B, et al. Olive-
oil consumption and health: the possible role of antioxidants. Lancet Oncol. 2000;1:107-12.

75. Parkinson L, Cicerale S. The Health Benefiting Mechanisms of Virgin Olive Oil
Phenolic Compounds. Molecules. 2016;21(12).

76. Tripoli E, Giammanco M, Tabacchi G, Di Majo D, Giammanco S, La Guardia M. The
phenolic compounds of olive oil: structure, biological activity and beneficial effects on human
health. Nutr Res Rev. 2005;18(1):98-112.

77. Schagen SK, Zampeli VA, Makrantonaki E, Zouboulis CC. Discovering the link
between nutrition and skin aging. Dermatoendocrinol. 2012;4(3):298-307.

78. Fernandez-Garcia E. Skin protection against UV light by dietary antioxidants. Food
Funct. 2014;5(9):1994-2003.

79. De Rios G, Chan JT, Black HS, Rudolph AH, Knox JM. Systemic protection by
antioxidants against UVL-induced erythema. J Invest Dermatol. 1978;70(3):123-5.

80. Fitzpatrick TB, Pathak MA, Parrish JA, Mathews-Roth M. Topical and systemic
approaches to photoprotection. Proc R Soc Med. 1971;64(8):861-2.

81. Hughes MC, Williams GM, Baker P, Green AC. Sunscreen and prevention of skin
aging: a randomized trial. Ann Intern Med. 2013;158(11):781-90.

82. Omenn GS, Goodman GE, Thornquist MD, Balmes J, Cullen MR, Glass A, et al.
Effects of a combination of beta carotene and vitamin A on lung cancer and cardiovascular
disease. N Engl J Med. 1996;334(18):1150-5.

83. Hercberg S, Ezzedine K, Guinot C, Preziosi P, Galan P, Bertrais S, et al. Antioxidant
supplementation increases the risk of skin cancers in women but not in men. J Nutr.
2007;137(9):2098-105.

84. Flament F, Bazin R, Qiu H, Ye C, Laquieze S, Rubert V, et al. Solar exposure(s) and
facial clinical signs of aging in Chinese women: impacts upon age perception. Clin Cosmet
Investig Dermatol. 2015;8:75-84.



Apendix

SOP Hautalterung, SALIA study 2012

| Lentigines

0: no lentigines

2: one or more larger lentigines (@ 4-8mm)

4: one very large lentigo,
dark {@ > 9 mm)

1: one ar mare small
lentigines (at least @=3)

3: one very large lentigo,
rather pale (@ = 9 mm}

5: large (@ 4-8mm) and
wery large (@ > 9mm)
lentigines
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Wrinkles on forehead
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rides sous les yeux
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|\/ |Ride de la patte d'oie
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Wrinkles on upper lips




Nasolabial-
falten
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Solar elastosis

Cigarette paper like skin
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Figures

Models adjusted for UV covariates
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Pigment spots on forearms
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Coarse wrinkles under the eyes
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Even pigmentation (forearm inside)

QOdds ratios with 95% Cl
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Figures without UV covariates
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Teleangiectasia on cheeks

QOdds ratios with 95% Cl
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Figures with interaction variable

Pigment spots on the cheeks (numeric)

Regression coefficients with 95% CI

Regression coefficient

|
1

T
1

:

I
LT
1

:

1

T

T
25—

T
Poliutant

NO,

Medi:Poliutant

T
MeDi

Poliutant  Medi:Poliutant

PMyq

T T T
MeDi Pollutant  Medi:Poliutant

PM, 5

T
MeDi

T
Poliutant

PM; s abs

T
Medi:Pollutant

T
MeDi

T T
Poliutant  Medi:Pollutant

0O



Pigment spots on the forehead (numeric)

Regression coefficient

08 08 1.0 11 12 13 14

Regression coefficient

10 11

09

08

Regression coefficients with 95% CI

H
LT

T

Il

;
L1

.
|

|
L

r

o

|
2

e

T
MeDi

Medi:Pollutant

T T
Medi:Pollutant

T T
Medi:Pollutant

MED\ Pollutant Medi:Pollutant Peliutant MeDi Pollutant MeDi Poliutant MeDi Poliutant Medi: Pollutant
NO, PM;o PM, 5 PM, s abs 0,
Pigment spots on the forehead (photo-reference scale)
Regression coefficients with 95% CI
M;D\ PDIIL‘H&M Medi: F’:‘)l\\ﬂam M;DI Peliutant Medi:Pollutant M;DI Pms:n,am Medi:P‘Dllumnt M;D\ Palll‘ﬂam MBﬂi:PInHU!lm lk;Dl PO\ILIREN Medi FKDIIUIBM
NO, PMy PM, 5 PM, ; abs o

Pigment spots on the cheeks (photo-reference scale)

Regression coefficient

08 09 10 141

1.3

12

Regression coefficients with 95% CI

T
1

L]

]
L]

T

i

:
.
!

——

T

il

!
+

T T
MeDi Poliutant ~ Medi:Poliutant

NO,

T
MeDi

Pigment spots on the forearm

Regression coefficient

08 08 1.0

Regression coefficient

0.9

12 13

11

1.0

Poliutant  Medi:Pollutant

PM,,

T T T
MeDi Pollutant  Medi:Pollutant

PM, 5

T
MeDi

Regression coefficients with 95% CI

T T
Poliutant  Medi:Pollutant

PM, s abs

T
MeDi

T
Pollutant
O,

T
Medi: Pollutant

:
LLI

|
L

|
| ]

|
.

T
1

T
T
L]

T T T
MeDi Poliutant  Medi:Poliutant

T
MeDi

Medi:Pollutant

T T T
MeDi Pollutant  Medi:Pollutant

T T
Poliutant  Medi:Pollutant

T
MeDi

T
Poliutant

T
Medi:Paliutant

Poliutant MeDi
NO, PMy PM, 4 PM, 5 abs o,
Pigment spots on the back of the hand
Regression coefficients with 95% CI
MeDi Fclllmanl Medi:Pollutant MeDi Pellutant Medi:Pollutant MEDI Pol!ulanl Medi:Pollutant MeDi Poliutant Medi:Pollutant MeDi Poliutant Medi:Pollutant
NO, PMy PM, 5 PM, ; abs o,




Coarse wrinkles on the forehead

Regression coefficients with 95% CI

87

1.2

-
T,
TiL
1

;

, | 1
LEL

|
1§ T 1
b

Regression coefficient

07 08 09 1.0 141

I -1
LT
il 1

:
i

T T
Poliutant

NO,

T T T
MeDi Pollutant  Medi:Pollutant

PM, 5

T T T
Medi:Pollutant MeDi Poliutant  Medi:Pollutant

PM,,

Coarse wrinkles on the eyebrows

T T
MeDi Poliutant

PM, s abs

T
Medi:Pollutant

Regression coefficients with 95% CI

MeDi

T T
Pollutant  Medi:Pollutant

0,

REl | T
S .|
LT LT

7
-
| | T

o

o]

:
T
L

T
Poliutant

NO,

T T
MeDi Pollutant

PM, 5

T T T T
MeDi Medi:Pallutant MeDi Poliutant  Medi:Poliutant

PM,q

Meali:Paliutant

Coarse wrinkles in the crow’s feet area

T T
MeDi Poliutant

PM; s abs

T
Medi:Pollutant

Regression coefficients with 95% CI

MeDi

T T
Poliutant  Medi:Pollutant

0O

TT TT TT
%gllILLI L]

|
LT
I

[
I 1

T T
Pollutant  Medi:Pollutant
PM, 5

T T T T T
Poliutant ~ Medi:Poliutant MeDi Medi:Pollutant MeDi

NO,

T
MeDi Poliutant

PM,,

Coarse wrinkles under the eyes

T T
Politant  Medi:Pollutant
PM, s abs

MeDi

Regression coefficients with 95% CI

T
MeDi

T T
Pollutant  Medi:Pollutant
O,

T T T T 7|
- R o [l oS o N O W
| L I 1 I 1 11 1

T T
Pollutant  Medi:Pollutant

PM, 5

T T T T T
Poliutant  Medi:Poliutant MeDi Medi:Pollutant MeDi

NO,

T
MeDi Poliutant

PMyq

Coarse wrinkles on upper lip

T T
Poliutant  Medi:Pollutant

PM; s abs

MeDi

Regression coefficients with 95% CI

T
MeDi

T T
Poliutant  Medi:Pollutant

Os

14

_{

[ ]l
L]

T 1

L]
:
] 1

|
|

Regression coefficient
10

0.8

1
LIT
1

Il
17T
1

T
Pollutant

PM, 5

T T T T T T
Poliutant  Medi:Pollutant MeDi Medi:Pollutant MeDi Medi:Poliutant

NO,

Pollutant
PM,,

T T
MeDi Poliutant  Medi:Pollutant

PM; s abs

T
MeDi

T T
Pollutant  Medi:Pollutant
0,



Coarse wrinkles on nasolabialfolds

Regression coefficients with 95% CI
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Rural subgroup, coarse wrinkles in crow’s feet area
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Urban subgroup, teleangiectasia

QOdds ratios with 95% Cl
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Rural subgroup, solar elastosis
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Urban population, cigarette paper like skin on the back of the hands

QOdds ratios with 95% Cl

@
o §
S~ T
2«
g - 0
g =
35 & i3 T [ £y i
| S e gl =12 i e s
: | J_ J—
: L
3
‘ . ‘ : ‘ . . "
MeDi Pollutant MeDi Pollutant MeDi Pollutant MeDi Pollutant MeDi Pollutant
NO, PMyg PM, 5 PM, ; abs Ozon

Figures Smoker/non-smoker

Ever-smoker, pigment spots on the forehead

Odds ratios with 95% Cl

=
©
2 =
ol 1 T T 1 ¥
.1 L } 1 A X ! i
: i 1 | 1
=
©
el T T T T T T T T
MeDi Poliutant MeDi Pollutant MeDi Pollutant MeDi Pollutant MaDi Pollutant
NO, PM,y PM, 5 PM, ; abs Qzon

Non-smoker, pigment spots on the forehead

QOdds ratios with 95% Cl

o

- |
]
B o~
8 i I
8.0 T T i T T | T

24 adec . . & - . - - J_ o

1 1

2

MeDi Pollutant MeDi Pollutant MeDi Pollutant MeDi Pellutant MeDi Pollutant
NO, PM,q PM, 5 PM, ; abs Ozon

Smokers, pigment spots on the cheeks (photo-reference scale)

QOdds ratios with 95% CI

| T
SiIiIIIlILII

T T T T T T T T
MeDi Pollutant MeDi Poliutant MeDi Poliutant MeDi Pollutant MeDi Pollutant

NO, PM;, PM, 5 PM, s abs Ozon



Non-smokers, pigment spots on the cheeks (photo-reference scale)
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Smokers, coarse wrinkles under the eyes

QOdds ratios with 95% Cl
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Non-smokers, teleangiectasia
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Food-Questionnaire

CORE MODUL J: FOOD FREQUENCY

J 1 | Wie haufig nehmen Sie die folgenden Nahrungsmittel zu sich?

Fast taglich  Mehrmals in Etw a einmal Mehrmals Einmal im Monat Nie

der Woche in der Woche im Monat oder seltener
Fleisch, Wurst (ohne Geflugel) g [P s P s e
Geflugel [ . s P s e

Fisch D1 Dz Ds D4 Ds De
Roher Fisch D1 Dz Da D4 Ds De
Kartoffeln D1 Dz Da D4 Ds De

Teigwaren (z. B. Nudeln) O . O s Os e
Reis F . s s s Cle
Sojabohnen g [P s s s e
Salat od. Gem{se (roh zubereitet) g [P s (P s e
Gemuse (gekocht) [ P s P Os e
Frisches Obst F . s s s Cle
Schokolade, Pralinen O, . s s s e
Kuchen, Geback, Kekse D1 Dz Ds D4 Ds De
Sonstige StBwaren (Bonbons, u.a.) [ . s P s e
Salzige Knabbereien wie z. B. Chips, Erdnusse 1 . s . Os e
Weilt brot, Mischbrot, Toastbrot D1 Dz Da D4 Ds Ds
Vollkornbrot, Schwarzbrot, Knackebrot D1 Dz Da D4 Ds De

Haferflocken, Musli, Cornflakes D1 Dz Ds D4 Ds De
Milch, Jogurt, Quark, Kase D1 Dz Ds D4 Ds De
Eier D1 Dz Da D4 Ds De
Margarine (als Brotaufstrich) g [P s P Os e
Margarine Sorte: g [P s

1 - Margarine “normal”
2 - Margariene “fettreduziert”
3 - Andere




Fast taglich  Mehrmals in Etw a einmal Mehrmals Einmal im Monat Nie

der Woche in der Woche im Monat oder seltener
Butter (als Brotaufstrich) g [P s [P s s
Diatlimonade, sonst. Didtgetranke D1 Dz D3 D4 D 5 De
Obstsafte, Gemusesafte g [P s [P s s
Sonstige Erfrischungsgetréanke (Limonade etc.) s [P s s s e
Mineralwasser D1 Dz Ds D4 Ds De
Alkoholische Getranke (Bier, Wein) F O s s s Cle
Starke alkoholische Getranke (Schnaps) D1 Dz D3 D4 D 5 De

J2 | Wie ele Tassen Kaffee und wie viele
Tassen schwarzen oder griinen Tee

trinken Sie gewdhnlich am Tag? Anzahl Tassen Kaffee/Tag: |_|_|

INT: Angaben fiir ‘normale’ Tassen Anzahl Tassen schwarzer Tee/Tag: |_|_|

umrechnen! N
Wenn Proband keinen Kaffee oder Tee Anzahl Tassen griiner Tee/Tag: |—|_|
trinkt, O eingeben.
Wenn nur 1 bis 2 Tassen pro Woche, dann
auch 0 eingeben.

J 2.1 | Wie viele Jahre emahren Sie sichin der |

angegebenen Weise? —l—l Jahre
J 3 | Wenn Sie so zuriickdenken (ab Ende )
Schulzeit), wie héufig haben Sie Lo e K1
alkoholhaltige Getrénke durchschnittlich .
getrunken? Dz Gelegentlich K1
Ds RegelmaRig / (fast) taglich J 3.1
Da Trinkverhalten geéndert J3.2

J 3.1 | Wie viel Bier, Wein/Sekt, Spirituosen
haben Sie dann pro Tag getrunken?

(Mehrfachnennung mdglich) Wein/Sekt (in 0,2 Glasern): |_|_|

Bier (in 0,3 Glasem): [

Spirituosen (in 2cl Glasern):

J 3.2 | In welchem Alter haben Sie Ihr

Trinkverhalten geéndert? im Alter von:
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J3.21 !;inwkegrhjtgelszg:db:g?&e Ihr D1 ich habe friiher regelmaRig / (fast) taglich
9 ’ getrunken, trinke jetzt aber nur noch
gelegentlich oder gar nicht mehr
Dz ich habe friiher gar nicht oder nur
gelegentlich getrunken, trinke jetzt aber
regelméRig / (fast) taglich
J 3.2.2 | Warum haben Sie Ihr Trinkverhalten ) .
gedindert? D1 geschmackliche Veranderung
Dz arztliches Anraten
Da personliche Einstellung
D4 eigenes gesundheitliches Bedenken
Ds Anderes:
J 3.2.3 | Als Sie regelmaRig / (fast) taglich

getrunken haben oder wenn Sie jetzt
regelméafRig / (fast) taglich trinken, wie viel
Bier/Wein/Sekt/Spirituosen trinken Sie
oder haben Sie pro Tag getrunken?

(Mehrfachnennungen maglich)

Bier (in 0,3I Glasern):
Wein/Sekt (in 0,2l Glasern):

Spirituosen (in 2cl Glasern):
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