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General introduction

IntroduCtIon

Seborrheic dermatitis is a chronic relapsing inflammatory skin disease characterized by 

erythema with greasy scaling and occurring in areas rich in sebaceous glands (i.e. the scalp, 

eyebrows, nasolabial folds and the chest). in most cases, seborrheic dermatitis presents as a 

mild skin disease in which diagnosis and treatment is straightforward. however, severe and 

recalcitrant forms do occur and seborrheic dermatitis can negatively influence quality of life, 

with 4.2 million people who sought medical attention in one year in america.1,2 the etiology 

of seborrheic dermatitis is not fully understood. Malassezia yeasts are often pointed out as 

the cause of the disease, but the bacterial microbiome, genetic susceptibility, environmental 

factors, barrier function and the immune system may all influence disease risk.

epIdemIology

Studies using medical records have shown that the prevalence of seborrheic dermatitis is 

roughly 4%, and that males are more likely to be affected than females.3-5 the first peak 

of seborrheic dermatitis occurs during infancy. however, infantile seborrheic dermatitis is a 

term that is used for a wide variety of eczematous and psoriasiform eruptions seen in infants 

and the discussion remains if infantile seborrheic dermatitis is an entity on its own. there 

is no convincing evidence that infantile seborrheic dermatitis is linked to adult seborrheic 

dermatitis.6,7 if infantile seborrheic dermatitis is not considered, the first presentation of seb-

orrheic dermatitis may start during puberty. after puberty, the incidence increases with age, 

with a peak between 30-50 years.3,5,8 in several prospective studies, in which participants 

were screened for skin disorders, considerably higher prevalence estimates were found, with 

estimates around 12%,8,9 suggesting that medical care is not always sought for seborrheic 

dermatitis.

ClInICal speCtrum and dIagnosIs

Seborrheic dermatitis is a chronic relapsing heterogeneous disease and ranges from very mild 

to very severe forms. to date, there are no clear diagnostic criteria for seborrheic dermatitis. 

characteristic lesions are erythematous, squamous, greasy and itchy and have a symmetric 

distribution in areas rich of sebaceous glands. Scalp, eyebrows and nasolabial folds are most 

often affected, but seborrheic dermatitis can also be found in ear canals, intertriginous 

areas and on the chest.10 Dandruff can be seen as a very mild form of seborrheic dermatitis 

confined to the scalp, which is covered with fine white scales, but without erythema. at the 

other end of the clinical spectrum is erytrodermic seborrheic dermatitis, which is very rare.
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table 1 gives an overview of a possible differential diagnosis including differentiating 

characteristics. the differential diagnosis of seborrheic dermatitis includes rosacea, atopic 

dermatitis, allergic contact dermatitis or lupus erythematosus if the face is affected.11 When 

intertriginous areas are affected, psoriasis, erythrasma or hailey-hailey might be considered 

and tinea capitis or psoriasis might be part of the differential diagnosis if only the scalp is 

affected.12,13

the differentiation between seborrheic dermatitis and psoriasis can be especially difficult. 

it has even been argued that seborrheic dermatitis is variant of psoriasis, “sebopsoriasis”. 

however, the distinction between the two is relevant. misdiagnosis could lead to unnecessary 

long-term use of corticosteroids and the accompanying side effects, where (concomitant) 

treatment with anti-fungals might have been sufficient in seborrheic dermatitis.14 the dif-

ferential diagnosis between seborrheic dermatitis and psoriasis is usually based on the clinical 

presentation and body distribution. Psoriatic plaques are more sharply demarcated and are 

most often present on the extensor surfaces of the knees and elbows and on the scalp. in 

table 1. Differential diagnosis of seborrheic dermatitis.

Diagnosis typical sites Morphology other characteristics

Psoriasis extensor surfaces of the 
knees and elbows and on 
the scalp

Sharply demarcated erythematous 
plaques with thick scales

candle wax sign, 
auspitz sign, nail 
abnormalities, arthritis

tinea capitis Scalp erythematous patches with squamae, 
central healing and active border. may 
be accompanied by a kerion, diffuse 
pustules and alopecia

Koh preparation +, 
possible fluorescence 
by Wood’s light

atopic dermatitis Starts with cheeks, scalp 
and extensor sites in infant, 
but shifts to flexural sites 
with age

Diffuse lichenificated 
erythematosquamous plaques, 
secondary crusts and impetigo

history of hay-fever or 
asthma, xerosis cutis, 
extreme itch

contact 
dermatitis

Distribution of allergen or 
irritant, when airborne, 
periocular area is most 
affected

chronic lesions may resemble atopic 
dermatitis. acute lesions may be 
accompanied by blistering and/or 
oedema

rosacea Nose, cheek, forehead and 
eyes

erythematous papules and pustules and/
or erythema and telangiectasia

Facial flushing, 
rhinophyma

cutaneous lupus 
erythematosus

Photodistribution indurated erythematous squamous 
plaques with adnexa destruction and 
potential scarring

malar erythema and 
butterfly rash in acute 
lupus erythematosus

erythrasma intertriginous regions erythematous moist plaques with 
squamae

Koh preparation +

hailey-hailey intertriginous regions, scalp 
might be affected

erythematous, eroded, moist plaques Fetid odour

Pemphigus 
foliaceus

often starts at the trunk 
but may also occur on scalp 
and face

Very fragile superficial vesicles. Patients 
usually present with crusted erosions

Nikolsky sign
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addition, psoriasis is more likely if there is a positive candle wax sign or auspitz sign and there 

might be a Woronoff ring around a healing psoriasis plaque. Furthermore, up to 79% of the 

psoriasis patients have nail abnormalities.10,15

Skin cultures or biopsies are rarely necessary for the diagnosis and might be performed 

if there is no response to topical treatment. acute seborrheic dermatitis shows features 

of spongiotic dermatitis. Longer lasting seborrheic dermatitis can look quite similar to the 

histology of psoriasis and might show focal parakeratosis, hyperkeratosis and psoriasiform 

epidermal hyperplasia. however, other characteristics of psoriasis like munro micro abscesses, 

exocytosis of neutrophils and confluent parakeratosis are absent.10,16

ClInICal management

Due to the chronic nature of seborrheic dermatitis, long-term treatment is often necessary. 

a cochrane meta-analysis showed that the total clearance after four weeks is comparable 

for topical antifungals, corticosteroids and calcineurin inhibitors.17 in mild seborrheic derma-

titis, topical antifungals, such as ketoconazole crème, should be the first line of therapy as 

these were found as affective, but with less adverse effects in long-term use. When topical 

antifungals are not effective enough in reducing the symptoms, calcineurin inhibitors or 

topical corticosteroids should be considered. For short-term treatment, adverse effects were 

more commonly reported for calcineurin inhibitors and predominately included mild burning 

and irritation in the induction phase. Long-term data is not available for calcineurin inhibi-

tors. extended use of topical steroids has been associated with skin atrophy and acneiform 

dermatitis.18 For scalp seborrheic dermatitis, shampoos containing coal tar or salicylic acid 

may be of additional use.19,20

treatment with systemic anti-fungals, corticosteroids or retinoids and therapy with ultraviolet 

light may be considered in therapy resistant cases. also, a recent case series showed a pos-

sible beneficial effect of apremilast. however, evidence for these treatments is limited.21-24 

based on the considerations above; we suggest a treatment ladder for seborrheic dermatitis 

in table 2.

pathophysIology

Malassezia yeasts are often suggested to be the cause of seborrheic dermatitis. this yeast 

is more abundant on the skin of individuals affected with seborrheic dermatitis, and the 

most common treatment for seborrheic dermatitis, ketoconazole, is aimed at eliminating 
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this yeast. Malassezia yeasts are lipophilic, breaking down triglycerides into free fatty acids. 

Deangelis et al. conducted a study in which they applied free fatty acids (represented by 

the oleic acid) to the skin and they found that this could induce seborrheic dermatitis, but 

only in people who suffered from seborrheic dermatitis before.25 however, there are several 

uncertainties to the role of Malassezia in seborrheic dermatitis. this yeast can be considered 

as a commensal, which is present on the skin of both healthy and affected individuals. 

corticosteroids with low potency and calcineurin inhibitors can be very effective in treating 

seborrheic dermatitis, although these ointments do not have anti-fungal properties. also, 

it is questioned if ketoconazole decreases the abundance of Malassezia yeasts in vivo.26 in 

other skin diseases associated with Malassezia yeasts, the hyphae of the yeast have been 

shown to be pathogenic by penetrating the epidermis, where in seborrheic dermatitis this 

is not the case. it seems that the yeast is associated with the disease, but probably only in 

patients with an intrinsic susceptibility and in specific circumstances. Some features have 

been investigated, others are largely unknown (Figure 1).

in contrast to the recognized role of the Malassezia in seborrheic dermatitis, the role of other 

microbiome organisms is less known. For other inflammatory skin diseases, such as atopic 

dermatitis, there are several associations with bacterial dysbiosis.27 For seborrheic dermatitis, 

bacterial dysbiosis was found on the scalp and face in small case series, but these have not 

been replicated in well-powered studies.28,29

table 2. treatment ladder for seborrheic dermatitis

Step 1* Ketoconazole shampoo and/
or crème

in case of total clearance, consider to continue ketoconazole once a week 
to prevent relapse.25

Step 2 (add) topical corticosteroid or 
calcineurin inhibitor

Face: calcineurin inhibitor (pimecrolimus or tacrolimus crème) or low 
to mild potent corticosteroids. Scalp: corticosteroid shampoo (e.g. 
clobetasol shampoo) or a corticosteroid lotion (e.g. triamcinolone lotion, 
desoximetason lotion), coal tar shampoos might be of additional use.

Step 3 Systemic anti-fungal e.g. itraconazole, 1 week 100 mg twice a day, followed by 200 mg/day 
for first 2 days of the following 3 months.26 terbinafine, fluconazole, 
ketoconazole or pramiconazole might also be considered.

Step 4 UVb-therapy22 high relapse rate, might be considered during severe inflammation.

Step 5 consider low-dose oral 
isotretinoin, systemic 
corticosteroids or apremilast.

based on small studies or case reports. 21,23,27

*Start with step two in more severe cases.
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the rotterdam study

Data collected in the rotterdam study was used to answer a large proportion of the research 

questions in this thesis. the rotterdam Study is an ongoing prospective population based co-

hort study of chronic diseases in a mainly white-skinned elderly population in the ommoord 

district in rotterdam, the Netherlands.30 the study started in 1990 and now comprises over 

15,000 individuals aged 45 years or older, and from 2010 forward participants underwent 

a full body skin examination (FbSe). the FbSe was conducted by a dermatology-trained 

physician with a focus on common skin diseases. Seborrheic dermatitis is one of those skin 

diseases. examinations take place every 3 to 6 years. When conducting the studies in this 

thesis, data were available for one FbSe for most participants.

Microbiome
(Malassezia yeast)

Bacterial microbiome?

Seborrheic 
dermatitis

Figure 1. Possible factors that infl uence seborrheic dermatitis.
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aIms of thIs thesIs

as mentioned above, there are still many uncertainties regarding the etiology of seborrheic 

dermatitis. although seborrheic dermatitis can be treated well in most cases, it can affect 

quality of life, and there are diagnostic and therapeutic difficulties. in this thesis, we aim to 

give more insight in this common skin disease by investigating the occurrence and determi-

nants of seborrheic dermatitis.

the global burden of disease project showed that the non-fatal skin disease burden is very 

high. however, as many skin disorders are often not identified, or neglected, prevalence 

rates are not well documented. in chapter 2, we aimed to estimate the point prevalence of 

and age- and sex-adjusted standardized prevalence rates of seborrheic dermatitis and other 

common inflammatory and (pre)malignant skin diseases in the rotterdam Study.

many host and environmental determinants have been implicated in the pathogenesis of 

seborrheic dermatitis. however, most of these studies were small and/or conducted in a 

selected population. in chapter 3.1, we aimed to validate which of these lifestyle and 

physiological determinants are associated with seborrheic dermatitis. the suggestion that 

nutrition may influence inflammatory skin diseases is investigated in chapter 3.2.

in chapter 4, we explore the possible role of genetic susceptibility for seborrheic dermatitis 

with two approaches. First, we investigated whether variants previously associated with 

atopic dermatitis or psoriasis are also associated with an increased risk of seborrheic der-

matitis (hypothesis driven). Second, we conducted the first genome-wide association study 

(GWaS) to identify novel genetic variants associated with seborrheic dermatitis (hypothesis 

free).

Since seborrheic dermatitis was first described at the end of the 18th century, it is often 

assumed that Malassezia yeast cause and maintain the disease. however, as the yeasts are 

also part of the healthy skin microbiome, causal relation between de two has been at debate 

in the past years. recently, it has been suggested that bacterial dysbiosis might influence the 

disease as well, which has been confirmed in small patient groups. in chapter 5, we profiled 

the bacterial microbiome of the nasolabial fold of participants of the rotterdam Study to 

characterize the bacterial microbiome of healthy and diseased skin.
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Dermatological screening: the rotterdam Study

to the editor,

the prevalence of several skin diseases increases with age, partly due to age-related 

physiopathological alterations.1 the global burden of disease project (GbD)2 presented a 

comprehensive overview of the burden due to skin diseases across different age groups. 

however, the point prevalence’s of many common skin diseases, especially in older people 

and noninstitutionalized settings, are still unknown.3 in this study, we estimated the point 

prevalence and age- and sex-adjusted standardized prevalence rates of common inflamma-

tory and (pre)malignant skin diseases in a cross-sectional study in a middle-aged to elderly 

population (appendix S1; see Supporting information).

in 2010, full body skin examinations (FbSes) were introduced in the rotterdam Study,4 a 

prospective population-based cohort study of people aged ≥ 45 years. Since the start of study, 

in 1989, all citizens of ommoord (a district of rotterdam) were invited to participate, with an 

overall response of 72% during three invitation cycles. the study design and follow-up are 

detailed in hofman et al.4 at FbSe, all participants were aged ≥ 50 years. the FbSes were car-

ried out by dermatology-trained physicians who checked for common skin diseases, includ-

ing (pre-)malignancies, eczema, psoriasis, seborrheic dermatitis and clinical signs of venous 

insufficiency (appendix S2; see Supporting information). age- and sex-adjusted standardized 

prevalence rates (Pr) were calculated per 100 000 persons aged ≥ 50 years and standardized 

to the revised european Standard Population (appendix S3; see Supporting information).

in total, 5365 participants (median age 67.2 years; interquartile range 61.6–74.8) were 

examined. the age- and sex-adjusted prevalence of skin diseases are presented in table 1. 

Xerosis cutis was present in 66% of participants. Pre-malignant and malignant skin diseases 

were very common, comprising 48% of all identified skin diseases (Figure 1). actinic keratosis 

(aK) was found in 1399 (26.1%) participants; 234 (4.4%) showed one or more cutaneous 

malignancies. basal cell carcinomas (bccs) were most common, but melanomas, squamous 

cell carcinomas (Scc) and mycosis fungoides were also diagnosed (table 1). Seborrheic 

dermatitis was the most common non-malignant disorder, with a standardized prevalence 

rate of 17 685 per 100 000 men and 9588 per 100 000 women.

Skin disorders are often not identified, or neglected. in this cohort, we found a high preva-

lence of (pre)malignant disorders. about a quarter of participants were diagnosed with aK, a 

potential precursor of Scc. the point prevalence of Sccs is lower than expected compared 

with melanomas. this could be because melanomas more often develop on less visible body 

sites and are often subclinical, contrasting with Scc. therefore, melanomas are more likely to 

be detected during screening. about one in 25 participants was diagnosed with at least one 

cutaneous malignancy. this high prevalence suggests that primary care practitioners should 

be more alert to detect suspicious skin lesions in the middle-aged and elderly population.
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table 1. characteristics of screened rotterdam Study participants (n = 5,365) with standardized preva-
lence rates per 100,000.

Participants
n = 5,365

crude 
prevalence
% (ci)

Standardized prevalence 
rate per 100,000 males 
(ci)

Standardized prevalence 
rate per 100,000 
females (ci)

Sex

  male 2,346 43.7 (42.4-45.1)

  Female 3,019 56.3 (54.9-57.6)

age at visit (years) median 
(iQr)

67.2 (61.6-74.8) 67.2 (61.6-74.6) 3 67.2 (61.6-75.2) 3

actinic keratosis

  1-3 747 13.9 (13.0-14.9) 13,333 (9,149-19,562) 11,342 (8,281-15,860)

  4-9 351 6.5 (5.9 -7.2) 8,170 (5,352-13,154) 3,704 (2,163-6,758)

  ≥10 301 5.6 (5.0-6.3) 7,978 (5,354-12,763) 2,386 (1,275-5,036)

Skin cancer type

  confirmed bcc1 153 2.8 (2.4-3.3) 3,562 (1,645-7,640) 2,153 (818-4,587)

  Potential bcc2 62 1.2 (0.9-1.5) 942 (219-3,928) 1,222 (367-3,613)

  Scc 10 0.2 (0.1-0.4) 206 (36-2,700) 139 (21-1,879)

  melanoma 8 0.1 (0.0- 0.3) 153 (16-2,620) 81 (2-1,788)

  mycosis fungoides 1 0.02 (0.0-0.1) 38 (1-2,417) -

Psoriasis 175 3.3 (2.8-3.8) 3,407 (1,593-7,383) 2,905 (1,439-5,865)

eczema 411 7.7 (7.0-8.4) 8,787 (5,472-14,190) 7,746 (4,900-12,014)

Seborrheic dermatitis 713 13.3 (12.4-14.2) 17,685 (12,719-24,696) 9,588 (6,458-14,142)

rosacea 93 1.7 (1.4-2.1) 2,019 (718-5,518) 1,743 (670-4,333)

rhinophyma 89 1.7 (1.3-2.1) 2,728 (1,285-6,379) 611 (79-2,718)

Xerosis cutis 3,541 66.0 (64.7-67.3) 60,772 (51,027-72,492) 66,681 (57,794-76,918)

Venous insufficiency

  c0 No visible or palpable 
signs of venous disease

1,802 33.6 (32.3-34.9)

  c1 telangiectasia’s or 
reticular veins

2,085 38.9 (37.6-40.2) 29,405 (22,639-38,158) 45,810 (38,678-54,326)

  c2 Varicose veins ≥ 3 mm 1,147 21.4 (20.3-22.5) 18,546 (13,655-25,497) 20,755 (16,073-26,830)

  c3 oedema 250 4.7 (4.1-5.3) 5,273 (2,751-9,906) 5,875 (3,492-9,695)

  c4 changes in skin and 
subcutaneous tissue

60 1.1 (0.9-1.5) 1,114 (285-4,192) 962 (242-3,238)

  c5 healed venous ulcer 5 0.1 (0.0-0.2) 230 (6-2,780) 119 (3-1,859)

   c6 active venous ulcer 4 0.1 (0.0-0.2) 180 (5-2,686) 20 (1-1,673)

ci, confidence interval; iQr, interquartile range; Scc, squamous cell carcinoma. 1 Seventeen partici-
pants had ≥ 2 basal cell carcinomas (bccs). 2 Participants with one or more suspected bccs referred to 
a general practitioner or another hospital (not erasmus mc) and of whom we had no further medical 
information or pathological confirmation. 3 age at visit (years), median (iQr).
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the U.S. Preventive Services task Force recently concluded that there is insufficient evidence 

for skin cancer screening in asymptomatic adults.5 however, screening via self-examination, 

case finding by physicians or screening of high-risk subgroups were considered. the Ger-

man skin screening programme showed that screening of all adults had a limited impact on 

melanoma-related mortality. however, the lower number needed to treat in elderly patients, 

and the higher skin cancer prevalence in men, suggest that elderly men are potentially a 

target group for skin screening.5 also, skin cancer awareness campaigns should not be 

restricted to melanomas but should include keratinocytic cancers given their prevalence and 

associated disease burden.6

although most prevalent diseases identified in this study (e.g. seborrheic dermatitis, psoriasis, 

venous disease and eczema) have low mortality rates, they can severely affect quality of life.7 

Simple measures such as education on general skin care (e.g. using mild cleansers instead 

of water and soap in xerosis cutis) might be a fast and easy way to manage some of these 

conditions.8 also, treatment of varicose veins in patients with oedema (c3) or skin changes 

(c4) might reduce symptoms and prevent the development of venous leg ulcers.9

most skin diseases may only cause a relatively small burden on the individual patient level, 

but due to the high prevalence, the societal burden is substantial. as stated in a recent report 

from the World health organization on ageing and health initiative,10 changes in health care 

will be needed to adapt to the continuing increase in life expectancy and the subsequent 

higher proportion of the elderly population living with comorbidity, including skin diseases. 

the high prevalence of skin malignancies found in this population-based screening indicates 

that the total burden of skin diseases is beyond the recent estimates presented by the GbD 

Figure 1. total identified skin diseases.
*Varices: Large varicose veins with venous edema and/or skin changes.
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project. therefore, the diagnosis, prevention and treatment of skin disease should get suf-

ficient priority in general health care education and policies.

supportIng InformatIon

Appendix 1: Selection

the selection of common skin conditions was based on experience in clinical dermatology in 

Dutch middle-aged and elderly people (author t.N).

Appendix 2: case definitions

trained physicians conducted a full body skin examination and documented common skin 

diseases, which are described below.11 all examinations occurred at the rotterdam Study 

research facility in ommoord, rotterdam, the Netherlands.

Actinic keratosis: Defined as rough (keratotic) lesions with adherent scaling and erythema, 

not fitting another diagnosis.12 the number of lesions were counted and classified in three 

groups, namely; 1–3, 4–9 and ≥ 10 lesions.

Skin cancer type: Lesions resembling a cutaneous malignancy were preferably referred to the 

erasmus medical center for histological confirmation and follow-up and classified as basal 

cell carcinoma (bcc), squamous cell carcinoma, melanoma and mycosis fungoides. Lesions 

clinically suspect for bccs that were referred to a general practitioner or another hospital 

(not erasmus medical centre) were labelled as potential bccs.

Psoriasis: characterized by red, scaly, indurated and sharply demarcated plaques, with candle 

wax sign.

Eczema: Defined as dry and/or pruritic erythematous lesions, which may include scaling, 

excoriation, fissuring, hyperkeratosis and lichenification.

Seborrheic dermatitis: Defined as greasy scaling with erythema and a characteristic distribu-

tion in areas rich in sebaceous glands.

Rosacea: Defined as permanent erythema and telangiectasia of the face, with papules and/

or pustules.

Rhinophyma: Defined as fibrous thickening of the nose with prominent pores.
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Xerosis cutis: Defined as dry skin of the extensor sides of the extremities or generalized dry 

skin if more extensive.

Varicose veins: classified in six groups based on the clinical parameter of the ceaP-classifi-

cation.13 c0: No visible or palpable signs of venous disease; c1: telangiectasias or reticular 

veins; c2: Varicose veins ≥ 3 mm; c3: Venous oedema; c4: changes in skin and subcutane-

ous tissue; c5: healed venous ulcer; c6: active venous ulcer.

Appendix 3: Statistical analysis

Direct standardization, with 5-year age-strata based on the revised european Standard Popu-

lation,14 was used to calculate the age- and sex-adjusted standardized prevalence rates.15 only 

strata above the age of 50 years were considered and calculations were done separately for 

men and women. Firstly, (crude) prevalence estimates per 100 000 persons were calculated 

for each age stratum. then, these strata were multiplied by the number of persons of the 

corresponding stratum of the standard population. Finally, in order to get the standardized 

rates, we added the outcomes of the strata and divided by the total number of persons in 

the standard population (> 50 years of age). the confidence intervals of the standardized 

prevalence rates were calculated with the methods described by tiwari et al.16 confidence 

intervals of the crude prevalence estimates were calculated with the Wilson procedure.17
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abstraCt

Background Seborrheic dermatitis is a chronic relapsing inflammatory skin disease with 

unclear pathophysiological mechanisms.

objective to establish which lifestyle and physiological determinants are associated with 

seborrheic dermatitis.

Methods Seborrheic dermatitis was diagnosed by a trained physician during a full body 

skin examination within the rotterdam Study, a prospective population-based cohort study 

in middle aged and elderly participants. the current design is a comparative cross-sectional 

study embedded in the rotterdam Study. Potential factors were identified from the literature 

and analyzed in a multivariable logistic regression, including: age, sex, obesity, skin colour, 

stress, depression, education level, hypertension, climate, xerosis cutis, alcohol and tobacco 

use.

results of the 5,498 participants, 788 participants were diagnosed with seborrheic derma-

titis (14.3%). We found associations between seborrheic dermatitis and male sex (adjusted 

or 2.09; 95% ci: 1.77-2.47), darker skin (adjusted or 0.39; 95% ci: 0.22-0.69), season 

(summer vs winter: adjusted or 0.63; 95% ci: 0.48-0.82) and generalized xerosis cutis 

(adjusted or 1.41; 95% ci 1.12-1.80).

conclusion Seborrheic dermatitis is one of the most common inflammatory dermatoses in 

middle and elderly aged individuals, especially during winter. men, and people with a light 

and dry skin were most likely to have seborrheic dermatitis.
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IntroduCtIon

Seborrheic dermatitis is a common relapsing inflammatory skin disease, characterized by 

poorly demarcated erythematous patches with greasy scaling.1 the diagnosis is mainly 

clinical and the disease spectrum is heterogeneous, ranging from a mild form of scaling 

limited to the scalp (dandruff),2 to a severe form of erythema and scaling on scalp, face and 

chest. cross-sectional and retrospective studies using medical records showed a prevalence 

between 2% and 8%,3 but the prevalence in prospective studies was found to be as high as 

23% in selected populations.4,5 Despite the high frequency of seborrheic dermatitis in the 

population and the impaired quality of life associated with seborrheic dermatitis,6 studies 

investigating the etiology of seborrheic dermatitis are scarce.

both host and environmental determinants have been implicated in the pathogenesis of 

seborrheic dermatitis. it has been postulated that overgrowth of commensal Malassezia spe-

cies, in a predisposed host (e.g. those with a decreased barrier function), are causal in the 

development of seborrheic dermatitis.7 Several other determinants of seborrheic dermatitis 

have been studied as well, including elderly age,3,8,9 male sex,3,8-11 obesity,4,12 skin color,4 

stress,13-15 depression,13,16 winter climate,17,18 alcohol consumption,12,19 tobacco exposure, 

hypertension,12 hiV 20 and Parkinson’s disease.21,22 however, several of these studies were 

small (less than 100 participants), or conducted in a selected population (e.g. dermatology 

outpatients). Knowledge about determinants could provide new insights in the pathophysiol-

ogy of seborrheic dermatitis, which might lead to preventative strategies and/or new treat-

ment regimes.

the aim of this study is to investigate the reported determinants of seborrheic dermatitis in 

a middle aged and elderly population based study in the Netherlands (rotterdam Study), in 

which people were diagnosed with seborrheic dermatitis by a physician during skin examina-

tion.

methods

Study population

the current design is a comparative cross-sectional study embedded in the rotterdam Study, 

an ongoing prospective population based cohort study of chronic diseases in a middle aged 

and elderly population in the ommoord district of rotterdam, the Netherlands.23 the study 

started in 1990 and now comprises 14,926 subjects aged 45 years or older and since 2010, 

5,498 participants had a skin examination.
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case definition

a full body skin examination (FbSe) was conducted by dermatology-trained physicians. the 

diagnosis of seborrheic dermatitis was based on greasy scaling, erythema and a characteristic 

distribution in areas rich in sebaceous glands. all three criteria had to be present for the diagnosis.

Factors associated

a literature search for potential determinants of seborrheic dermatitis was carried out using 

Pubmed, embase, Web-of-science and Google Scholar and was limited to observational 

studies on humans, published in english and updated until January 2016. the following de-

terminants of seborrheic dermatitis were identified: elderly age, male sex, obesity, white skin 

colour, stress, depression, hypertension, hiV infection, Parkinson’s disease, winter climate, 

high educational level, alcohol abuse and smoking. Xerosis cutis was chosen as a proxy for 

barrier dysfunction.

age, sex, weight, height, blood pressure, presence of xerosis cutis (extensor side extremities 

or generalized) and skin colour 24 were registered at the FbSe. body mass index (bmi) <25 

was defined as normal weight, 25-30 as overweight and >30 as obesity.25 Diastolic blood 

pressure of >90 mmhg or systolic blood pressure of >140 mmhg was defined as hyper-

tension.26 the date of FbSe was used to determine the season. other determinants were 

assessed at a home interview, including: education level (low: primary education, medium: 

lower-intermediate vocational education, high: general secondary education and higher), 

alcohol (glasses/week), tobacco consumption (never and former vs current), depression and 

anxiety. the home interviews were conducted before the FbSe. the time between the home 

interview and the FbSe was less than 6 months for >95% of the participants. to assess 

depression, the centre for epidemiologic Studies Depression Scale was used and a score of 

≥ 22 was the cut-off point for depression.27 anxiety disorders were used as a proxy of stress 

and were assessed by a slightly adapted version of the munich composite international Di-

agnostic interview.28 Participants without any anxiety disorder were compared to participants 

with one or more anxiety disorders.

Statistical analysis

Patient characteristics were compared between those with or without the disease using a chi-

square test for categorical variables and a t-test for continuous variables. Univariable logistic 

regression analysis was used to calculate the crude odds ratio (or) with 95% confidence 

interval (ci) to assess the strength of the association between the disease and the factors 

selected: age, sex, bmi, skin colour, season, smoking, alcohol, education level, hyperten-

sion, depression, stress and xerosis cutis. Subsequently, these variables were all included in 

a multivariable logistic regression to adjust for possible confounders. the fully conditional 

specification imputation method with 20 imputations was used to replace missing values 
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on the determinants mentioned above.29 the outcome measurement (seborrheic dermatitis) 

was not imputed. a sensitivity analysis was carried out using only complete cases to verify the 

imputation method in the multivariable model. Statistical analyses were performed in ibm 

SPSS Statistics for Windows version 21.0 (armonk, NY).

Subgroup analysis

Subgroup analysis was done to test whether previously reported sex differences in seborrheic 

dermatitis were due to hormonal differences. hormone levels were available for a previous 

rS visit. on average, the hormones were measured 7.5 years before the FbSe. We tested 

the association between seborrheic dermatitis and total testosterone in men, using a logistic 

regression adjusting for age, skin colour, xerosis cutis and season. We used the same model 

in women, but replaced total testosterone by the Free androgen index (Fai). also, we deter-

mined the p-value of the interaction terms between sex and the other determinants in the 

full model.

results

a total of 5,498 participants from the rotterdam Study underwent a FbSe (table 1). the 

median age of participants at date of FbSe was 67.9 (iQr: 61.9-76.4) and the proportion of 

woman was 57%. of the 5,498 participants, 788 participants were diagnosed with sebor-

rheic dermatitis (point prevalence of 14.3%). the percentage of missing data per variable 

was low (<5%), except for alcohol use (17.3%; table 1).

in the univariable logistic regression we found significant associations between an increased 

prevalence of seborrheic dermatitis and age, male sex, a high education level, generalized xero-

sis cutis and alcohol consumption, while darker skin colour and summer season were associated 

with a decreased prevalence (table 2). in the multivariable model, male sex (adjusted or 2.09; 

95% ci: 1.77-2.47), a darker skin colour (white-olive and brown skin vs white skin: adjusted 

or 0.39; 95% ci: 0.22-0.69), season (summer vs winter: adjusted or 0.63; 95% ci: 0.48-

0.82) and generalized xerosis cutis (adjusted or 1.41; 95% ci: 1.11-1.80) remained significant 

predictors for seborrheic dermatitis (table 2). all significant variables remained significant in the 

model without imputed data and the effect sizes were comparable (data not shown).

in the logistic regression analyses between seborrheic dermatitis and total testosterone in 

men (adjusted or 1.00, 95% ci: 0.98-1.02) and seborrheic dermatitis and the Fai in woman 

(adjusted or 1.01, 95% ci: 0.92-1.10) no significant associations were found. also, none of 

the interaction terms between sex and the other determinants were found significant (data 

not shown).
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table 1. characteristics of participants by having or not having seborrheic dermatitis

coding SD (%) no SD (%) P-value1

Participants 788 (14.3) 4710 (85.7)

Sex male 466 (59.1) 1922 (40.8) <0.001

Age (years) median (iQr) 70.1 (63.1-77.4) 67.7 (61.7-76.3) 0.027

BMi < 25 215 (27.3) 1418 (30.1) 0.241

25-30 383 (48.6) 2165 (46.0)

> 30 189 (24.0) 1115 (23.7)

missing 1 (0.1) 12 (0.3)

Skin colour Very white - White 694 (88.1) 3858 (81.9) <0.001

White - olive 81 (10.3) 650 (13.8)

Light brown - black 13 (1.6) 202 (4.3)

education Low 74 (9.4) 477 (10.1) 0.038

average 454 (57.6) 2884 (61.2)

high 250 (31.7) 1286 (27.3)

missing 10 (1.3) 63 (1.3)

Depression (ceSD ≥ 22) 31 (3.9) 199(4.2) 0.687

missing 7 (0.9) 52 (1.1)

Anxiety disorder(‘s) Yes 43 (5.5) 234 (5.0) 0.623

missing 27 (3.4) 227 (4.8)

Xerosis cutis No 271 (34.4) 1815 (38.5) 0.017

extensor-side extremities 390 (49.5) 2293 (48.7)

Generalized 121 (15.4) 557 (11.8)

other 6 (0.8) 43 (0.9)

missing 0 (0.0) 2 (0.04)

Hypertension Yes 418 (53.6) 2413 (51.7) 0.329

missing 8 (1.0) 43(0.9)

Season Winter 224 (28.4) 1091 (23.2) 0.001

Spring 172 (21.8) 1056 (22.4)

Summer 92 (11.7) 756 (16.1)

autumn 300 (38.1) 1807 (38.4)

Smoking current 115 (14.6) 682 (14.5) 0.937

missing 1 (0.1) 8 (0.2)

Alcohol (Glass/week) median (iQr) 5.8 (0.8-14.6) 4.4 (0.6-11.8) 0.004

missing 119 (15.1) 831 (17.6)

1chi-square test for categorical and t-test for continuous variables. bmi: body mass index. SD: Seborrheic 
dermatitis. ceSD: centre for epidemiologic Studies Depression Scale. iQr: interquartile range.
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table 3 presents an overview of the determinants for seborrheic dermatitis from previous 

published papers in comparison with the data of the current study. We replicated previous 

associations between seborrheic dermatitis and sex, skin colour and season, while we did 

not replicate several other associations such as obesity, depression, hypertension, alcohol 

consumption and tobacco use.

table 2. associations between seborrheic dermatitis and reported determinants.

Variable coding crude odds ratio Adjusted odds ratio

Sex male 2.10 (1.8-2.45) ** 2.09 (1.77-2.47) **

Age at FBSe (years) continuous 1.01 (1.00-1.02) * 1.01 (0.99-1.02)

BMi < 25 reference reference

25-30 1.17 (0.97-1.40) 1.05 (0.87-1.27)

> 30 1.12 (0.91-1.38) 1.12 (0.90-1.39)

Skin colour Very white - White reference reference

White - olive 0.69 (0.54-0.88) * 0.70 (0.53-0.86) *

Light brown - black 0.36 (0.20-0.63) ** 0.39 (0.22-0.69) *

education Low 0.98 (0.76-1.28) 0.99 (0.75-1.29)

average reference reference

high 1.23 (1.04-1.45) * 1.14 (0.85-1.53)

Depression (ceSD ≥ 22) 1.03 (0.64-1.65) 1.06 (0.70-1.59)

Anxiety disorder(‘s) Yes 1.24 (0.83-1.84) 1.33 (0.93-1.89)

Xerosis cutis No reference reference

extensor-side extremities 1.14 (0.97-1.34) 1.14 (0.96-1.35)

Generalized 1.46 (1.17-1.81) * 1.41 (1.11-1.80) *

other 0.94 (0.60-1.46) 0.79 (0.33-1.89)

Hypertension Yes 0.97 (0.82-1.16) 0.99 (0.85-1.16)

Season Winter reference reference

Spring 0.79 (0.64-0.98) * 0.84 (0.67-1.05)

Summer 0.59 (0.46-0.77) ** 0.63 (0.48-0.82) **

autumn 0.81 (0.67-0.98) * 0.81 (0.67-0.98) *

Smoker Yes (current) 1.01 (0.81-1.25) 0.98 (0.78-1.22)

Alcohol (Glass/week) continuous 1.01 (1.01-1.02) ** 1.01 (0.99-1.01)

FbSe: full body skin examination. bmi: bmi: body mass index. confidence intervals are presented in 
brackets. * P-value <0.05, ** P-value < 0.001. ceSD: centre for epidemiologic Studies Depression Scale
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table 3. a summary of reported and tested risk factors for seborrheic dermatitis.

Previous studies rotterdam Study

Determinants Summary Measurements Summary (table 2)

Male sex 3,8-11 higher prevalence of SD for 
males in adult population.

ratio:
male : female ≈ 1.4:1

SD has a strong 
associating with male sex.

Age 3,8,9 Peak between 30-50, which 
mostly persist in elderly age.

Prevalence graphs No association. relatively 
high prevalence in this 
elderly cohort.

obesity 4,12 increased triceps skin fold in 
male adolescent with SD.
higher percentage of obesity 
in adult population with SD.

adjusted Pr = 1.56, 
95% ci; 1.12-2.18
16.3% vs 15.3%, p = 
0.014

No association.

Skin colour 4 higher prevalence of SD 
in white skinned male 
adolescent

adjusted Pr (white 
skin) = 1.42, 95% ci: 
1.06-1.92

Decreased risk in white-
olive and brown skin vs 
white skin.

education 4,12 No significant effect in social 
economic status in two 
studies. higher prevalence of 
SD in high social economic 
state in one study.

-

25.4% vs 19.1%, p = 
0.001

No association

Hypertension 12 one study found an 
association between 
hypertension and SD

adjusted or=1.23, 95% 
ci: 1.12-1.35

No association

Depression 13,16 increased prevalence of SD 
in depressive patients, not 
adjusted.

36% vs 9%, p < 0.01 No association

Stress 13-15 Self-reported triggering 
factor.
more stressful life events in 
SD patients.
higher perceived stress scale.

-
5.47 (± 3.92) vs 3.27 (± 
2.96), p<0.05
adjusted or = 1.065 
(1.021 to 1.110), p = 
0.003

No association

Season 17,18 Self-reported seasonal 
influences: higher disease 
severity in winter and lowest 
in summer.

Visits for the diagnosis SD to 
the outpatient clinic.

52 % reported seasonal 
influences: more skin 
problems in winter 
(50%), less in summer 
(77%).
Spring 42%, Summer 
7%, Fall 25%, Winter 
25%

Lowest risk for SD in 
summer.

Smoking 4,12 one study showed no effect 
of smoking
another study showed a 
slightly lower incidence of 
smokers in the SD group, not 
adjusted.

adjusted Pr (smoking)= 
1.06, 95% ci: 
0.75–1.50, p = 0.7
16.2% vs 19.6%,
P = 0.001

No association.

Alcohol 12,19 No study with control group 
shows an association.

alcohol abuse 0.3% 
(SD) vs 0.5% (control), 
p = 0.13

No association.

SD: seborrheic dermatitis. Pr: prevalence rate. ci: confidence interval
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dIsCussIon

in this middle aged and elderly population, the point prevalence of seborrheic dermatitis was 

14.3%, which is higher than the 2% to 8% in previous studies.1,3,30 this difference may be 

due to the fact that most of these studies were based on patient records, and therefore most 

likely included patients with moderate to severe seborrheic dermatitis. in contrast, the rot-

terdam Study is a population-based study in which all grades of seborrheic dermatitis were 

considered. Furthermore, the rotterdam Study focusses on elderly and seborrheic dermatitis 

prevalence increases with age.5,31 indeed, several physio-pathological alterations occur in the 

skin of elderly (i.e., a decreased amount of lipids in the in stratum corneum and thinning 

of epidermis and dermis) resulting to a higher vulnerability to external stimuli in this age 

group.31,32 in contrast to other studies, age was not significant in the multivariable analysis, 

most likely due to the advanced age of the entire study population.

of the reported determinants of seborrheic dermatitis, sex, skin colour and season were also 

seen in the rotterdam Study, while obesity, depression, hypertension, alcohol consumption 

and tobacco use were not (table 3). We found that men were twice as likely to develop 

seborrheic dermatitis compared to women. hormonal differences between men and women 

may explain this association, since seborrheic dermatitis has an incidence peak during pu-

berty, where the levels of androgens in men are high.1,30 however, logistic regression analyses 

on seborrheic dermatitis and total testosterone in men and seborrheic dermatitis and the 

Fai in woman suggested no direct association between previously measured hormone levels 

and presence of seborrheic dermatitis among the participants of the rotterdam Study.33 

however, as the hormone measurements were taken several years before the FbSe, replica-

tion of our findings with more recent data is recommended. Sex differences could also be 

explained in part by cutaneous differences in ph and/or use of skin products, which might 

influence microbial colonization and barrier integrity.34,35 Unfortunately, these variables were 

not available in the rotterdam Study and therefore were not investigated. other studies 

will be needed to assess the behavioural or biological differences underlying the statistical 

associations between gender and seborrheic dermatitis.

in line with previous studies, the prevalence of seborrheic dermatitis was lowest during 

summer, which could be explained by increased ultraviolet light (UV) exposure. UV induced 

cutaneous immunosuppressive effects might reduce the inflammatory response to environ-

mental stimuli and UV has a direct effect on the microbiome, including on Malassezia yeast 

of the skin.36,37 the decreased risk of seborrheic dermatitis in people with coloured skin is 

again consistent with a previous finding.4 although this may be due to a diagnostic bias of 

seborrheic dermatitis in dark-skinned individuals, because erythema is less striking, it might 

also be due to superior barrier function in more pigmented skin.38
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Several studies underline the importance of skin barrier function in the pathogenesis of 

seborrheic dermatitis.2,7,32 in this study, xerosis cutis was taken as a proxy for skin barrier 

dysfunction and an association between generalized xerosis cutis and seborrheic dermatitis 

was observed. although we could not rule out overdiagnosis of seborrheic dermatitis due to 

excessive squamae that may accompany xerosis cutis of the scalp and face, the association 

implies that participants with seborrheic dermatitis more often have a skin barrier dysfunc-

tion and that this is not limited to the areas affected by seborrheic dermatitis. therefore, 

interventions aiming to improve skin barrier function may become a target in the treatment 

of patients with seborrheic dermatitis.

in contrast to previous studies,12,19 we did not find associations for other determinants, 

including smoking, alcohol and education (table 3). None of these previous studies adjusted 

for the important seborrheic dermatitis predictors such as sex, age, or skin colour, leading to 

residual confounding and spurious associations, especially since differences in smoking and 

alcohol consumption between men and women are well known.39 in addition, the definition 

of determinants between studies differed and might explain the lack of replication of other 

determinants such as obesity, stress and depression. a large study with 9255 seborrheic der-

matitis cases and 9246 controls suggested that seborrheic dermatitis and hypertension were 

associated (adjusted or 1.23, 95% ci: 1.12-1.35), but we did not replicate this finding.12

We did not investigate the association between seborrheic dermatitis and Parkinson’s disease 

and hiV, because the data were incomplete and/or not available. another limitation lies in the 

cross-sectional design of the analysis that does not allow to make causal inferences between 

seborrheic dermatitis and determinants. Furthermore, this study covers a middle aged and 

elderly population, which limits the generalizability to younger patients. the strength of our 

study is the population based setting, the large sample size, the physician based diagnosis 

and the availability of different epidemiological determinants that allowed us to control for 

potential confounders.

in conclusion, one out of seven people had seborrheic dermatitis and men and those with 

generalized xerosis cutis were even more likely to have seborrheic dermatitis. Participants 

with a darker complexion and those assessed during the summer period were less likely to 

have seborrheic dermatitis. the association between generalized xerosis cutis and seborrheic 

dermatitis suggests that patients might have an underlying barrier dysfunction.
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abstraCt

current treatments for seborrheic dermatitis only provide a temporary relief. therefore, 

identifying modifiable lifestyle factors may help to reduce disease burden. the objective of 

this study was to determine whether specific dietary patterns or total antioxidant capacity 

are associated with seborrheic dermatitis. Participants of the rotterdam Study with a skin 

examination and a food-frequency questionnaire were included. total antioxidant capacity 

was assessed by the ferric reducing antioxidant potential of each food item. Dietary patterns 

were identified with principal component analysis (Pca). multivariable logistic regression 

analyses were used to assess the association between total antioxidant capacity, dietary 

pattern-derived Pca factors and seborrheic dermatitis adjusted for confounders. in total, 

4,379 participants were included, of whom 636 (14.5%) had seborrheic dermatitis. the Pca 

identified a “Vegetable”, “Western”, “Fat-rich” and “Fruit” dietary pattern. the “Fruit” 

pattern was associated with a 25% lower (Q1vsQ4: adjusted or 0.76; 95%ci: 0.58-0.97, 

p-trend 0.03) risk and the “Western” pattern with a 47% increased risk (Q1vsQ4: adjusted 

or 1.47; 95%ci: 0.98-2.20, p-trend 0.03), but only for females. other factors were not 

associated with seborrheic dermatitis. in conclusion, a high fruit intake was associated with 

less seborrheic dermatitis, whereas high adherence to a “Western” dietary pattern in females 

was associated with more seborrheic dermatitis.
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IntroduCtIon

Seborrheic dermatitis is a common chronic relapsing skin disease.1 While there is no known 

cause for seborrheic dermatitis, evidence does suggest that certain risk factors may predis-

pose people to seborrheic dermatitis. these factors include male sex, genetic predisposition, 

light skin color, winter season and high abundance of Malassezia yeasts on the skin.2,3 Since 

treatment options for seborrheic dermatitis such as topical or oral antifungals and topical 

corticosteroids provide at most temporary relief, it is essential to identify modifiable lifestyle 

factors that may reduce the burden of this condition.

Several studies suggested that nutrition may influence inflammatory skin diseases such as 

acne vulgaris and to a lesser extent psoriasis.4,5 however, there are no studies investigating 

the effect of diet on seborrheic dermatitis. Numerous components in our diet may affect skin 

health in vitro. For instance antioxidants, which are commonly found in fruits and vegetables, 

may be beneficial for inflammatory skin diseases.6,7 other dietary components that might 

affect skin diseases include vitamin a (i.e. involved in keratinization, immunomodulation 

and the regulation of sebaceous gland activity), omega-3 fatty acids (i.e. anti-inflammatory 

properties) and psoralen in citrus fruits (i.e., photo-carcinogenic properties).4,8,9 the effect of 

a single dietary component on a disease is often too small to detect in individuals and the 

single components are part of an overall dietary pattern. therefore, assessing dietary patterns 

and the overall antioxidant capacity may be more suitable to identify potential nutritional risk 

factors for seborrheic dermatitis.10

in a recent cross-sectional study in the rotterdam Study, we demonstrated that seborrheic 

dermatitis occurrence was associated with male gender, light skin color, dry skin and winter 

season.2 in this cross-sectional study of a middle aged and elderly population, we aim to 

determine whether the total dietary antioxidant intake or a specific a posteriori defined 

dietary pattern is associated with seborrheic dermatitis.

results

Study population

in total, 5,498 participants underwent a FbSe of which 4,379 (rS-1: 801, rS-ii: 1441, rS-iii: 

2137) had complete nutrition data. of the 4,379 eligible participants, 636 had seborrheic 

dermatitis lesions during the FbSe (point prevalence 14.5%). the median age of all partici-

pants was 68.9 (iQr: 62.6-77.4) and the proportion of women was 57.6%. the distribution 

of the demographic characteristics and possible confounding factors between people with 

and without seborrheic dermatitis at time of FbSe are presented in table 1.



chapter 3.2

46

total antioxidant capacity

the median FraP-score at an intake of 2000 kcal was 24.3 (iQr: 17.3-30.5). the crude 

and multivariable logistic regression between the FraP-score of the diet and seborrheic 

dermatitis is shown in table 2. We did not find an association between antioxidant intake 

and seborrheic dermatitis (FraP-score, quartile 1 vs quartile 4: adjusted or 0.94; 95% ci: 

0.73-1.19, p for trend 0.88).

table 1. characteristics of participants by having or not having seborrheic dermatitis

  SD no SD P-value

Participants 636 (14.5%) 3743 (85.5%)

Sex male 378 (59.4%) 1477 (39.5%) <0.01

age (years) median (iQr) 69.9 (63.9-77.5) 68.8 (62.4-77.4) 0.14

bmi < 25 179 (28.1%) 1176 (31.4%) 0.23

25-30 310 (48.7%) 1714 (45.8%)

> 30 147 (23.1%) 845 (22.6%)

missing 0 (0.0%) 8 (0.2%)

Skin color Very white - White 567 (89.2%) 3103 (82.9%) <0.01

White - olive 61 (9.6%) 524 (14.0%)

Light brown - black 8 (1.3%) 116 (3.3%)

education Low 54 (8.5%) 357 (9.5%) 0.45

average 378 (59.4%) 2267 (60.6%)

high 195 (30.7%) 1068 (28.5%)

missing 9 (1.4%) 51 (1.4%)

Xerosis cutis No 214 (33.6%) 1421 (38.0%) 0.07

extensor-side extremities 325 (51.1%) 1850 (49.4%)

Generalized 93 (14.6%) 440 (11.8%)

other 4 (0.6%) 31 (0.8%)

missing 0 (0.0%) 1 (0.03%)

Physical activity (methours/
week)

median (irQ) 40.1 (15.0-75.8) 43.0 (17.5-81.6) 0.04

missing 24 (3.8%) 191 (5.1%)

Season Winter 187 (29.4%) 861 (23.0%) <0.01

Spring 137 (21.5%) 800 (21.4%)

Summer 77 (12.1%) 605 (16.2%)

autumn 235 (36.9%) 1477 (39.5%)

Smoking current 546 (85.8%) 3262 (87.1%) 0.37

alcohol (Glass/week) median (iQr) 8.3 (1.4-21.0) 6.8 (0.9 - 17.3) 0.04

energy intake (kcal/day) median (iQr) 2118.1 (1721.3-2626.2) 2077.2 (1670.9-2542.3) 0.07

Weekly use of supplements Yes 296 (46.5%) 1686 (45.0%) 0.48

bmi: body mass index. met: metabolic equivalent of task. SD: Seborrheic dermatitis, iQr: interquartile 
range, the χ2-test was used for categorical variables and the t-test for continuous variables.
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Dietary patterns

the Pca yielded four independent components of interest, explaining 26.2% of the total 

variation of the diet patterns. the first component was characterized as a “Vegetables” 

dietary pattern, the second as a “Western” pattern, characterized by meat, potato and 

alcohol consumption, the third as a “Fruit” pattern and the fourth as a “Fat” pattern, which 

correlated most with consuming olive oil and with other healthy and unhealthy fats (table 3).

table 4 shows the effect of adherence to the diet patterns on the risk of having seborrheic 

dermatitis. in the crude model, there seems to be a negative effect of the Western pattern, 

a positive effect of the Fruit pattern (borderline significant) and no effect of Vegetable or 

Fat pattern consumption. in the adjusted model, adherence to the Western pattern seems 

to be associated with a higher risk for seborrheic dermatitis, but only significant for the 

highest quartile (quartile 1 vs quartile 4: adjusted or 1.34; 95% ci: 1.03-1.75, p value for 

trend 0.07). adherence to the Fruit pattern was associated with a lower risk for seborrheic 

dermatitis (quartile 1 vs quartile 4: adjusted or 0.75; 95% ci: 0.58-0.97, p value for trend 

0.03) and adherence to the other patterns did not influence seborrheic dermatitis risk.

in the additional analysis, we tested for interaction between the dietary outcomes and all 

other variables. a significant interaction was found between the Western dietary pattern 

and sex (p value 0.013). therefore, we decided to stratify this dietary pattern. For males, 

there was no significant association between the Western pattern and seborrheic dermatitis. 

however, for females, a higher adherence to this pattern was associated with an increased 

risk of seborrheic dermatitis (table 5).

table 2. multivariable logistic regression between the total antioxidant capacity of the diet and the risk 
of having seborrheic dermatitis.

FrAP
crude 
or1

95% ci 
Lower Upper P-value

Adjusted 
or2

95% ci 
Lower Upper P-value

Q1 (ref)

Q2 0.81 0.63 1.03 0.09 0.80 0.63 1.03 0.08

Q3 1.08 0.86 1.37 0.51 1.04 0.82 1.32 0.75

Q4 0.96 0.75 1.22 0.74 0.93 0.73 1.19 0.57

P for trend 0.68 0.91

1: crude or: odds ratio adjusted for age and sex
2: adjusted or: odds ration adjusted for age, sex, total energy intake, skin color, smoking, alcohol, bmi, 
season, physical activity education and supplement use.
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table 3. Principal component analysis of 34 food groups.

Vegetables Western Fruit Fat

Greenleaf vegetables .846 .039 .040 .047

Vegetables other .825 .110 .013 .030

Yellow leaf vegetables .760 -.086 .152 .000

meat unprocessed .048 .727 .006 .021

meat processed -.045 .670 -.042 .070

Potatoes .164 .478 .012 .096

alcoholic drinks (not wine) -.062 .366 -.067 .040

citrus fruits .050 -.013 .903 .002

Fruits (non-citrus) .134 -.021 .883 -.011

olive oil .111 -.099 .075 .758

Unhealthy fats -.061 .086 -.079 .692

healthy fats -.013 .144 -.009 .596

Soups and sauces .135 .273 .028 .330

Sweets -.065 .056 .123 .112

Savory snacks .018 .152 -.117 .027

refined grains .143 .113 -.163 .105

Nuts and seeds .110 -.061 .063 .013

Fatty fish .145 -.005 .039 .010

Lean fish .113 -.008 .007 .029

Shellfish -.012 .142 .029 -.010

Whole grains .075 .032 -.084 .222

Yoghurt .110 -.044 .175 -.192

mineral water .088 -.006 .060 -.006

Poultry .197 .185 .025 -.029

black tea .021 .123 .079 -.017

coffee .087 .148 -.007 -.045

Soy .127 -.113 .033 -.004

Pulses .028 .178 -.037 -.054

herb tea .140 -.161 .110 .042

Wine .073 -.022 -.027 -.026

cheese .051 .160 .070 .023

Soft drinks -.030 .130 -.031 -.081

milk .063 -.080 .088 .010

eggs -.066 .295 -.018 .076

extraction method: Principal component analysis. rotation method: Varimax with Kaiser Normalization. 
Factor loadings with a low predictive value (-0.2≤x≤0.2) are presented in gray. Factors loadings with a 
high predictive value (>0.35) are presented in bold.
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table 5. multivariable logistic regression between the “Western” dietary pattern and seborrheic derma-
titis, stratified for sex.

Male Female

or
95% c.i
Lower Upper P-value or

95% c.i
Lower Upper P-value

Q1 (ref)

Q2 1.19 0,99 1.44 0.35 1.26 0.88 1.81 0.21

Q3 0.87 0,60 1.27 0.47 1.50 1.04 2.18 0.03

Q4 1.18 0,83 1.67 0.37 1.47 0.98 2.20 0.06

P for trend 0.67 0.03

this stratified multivariable logistic regression was conduction because of the significant interaction 
between the “Western” dietary pattern and sex (p-value 0.013).or: odds ratio adjusted for odds ration 
adjusted for age, sex, skin color, smoking, bmi, season, total energy intake, physical activity, education 
and supplement use. boldface: p-values < 0.05

table 4. multivariable logistic regression between adherence to the dietary patterns and the risk of hav-
ing seborrheic dermatitis.

Pattern
crude 
or1

95% c.i 
Lower Upper P-value

Adjusted 
or2

95% c.i 
Lower Upper P-value

Vegetables

Q1 (ref)

Q2 1.04 0.82 1.33 0.75 1.028 .81 1.31 0.82

Q3 1.13 0.89 1.44 0.31 1.134 .89 1.45 0.31

Q4 1.12 0.87 1.43 0.37 1.122 .87 1.45 0.38

P for trend 0.28 0.28

Western

Q1 (ref)

Q2 1.29 1.00 1.66 0.05 1.27 1.11 1.44 0.07

Q3 1.19 0.92 1.54 0.18 1.16 0.89 1.50 0.27

Q4 1.35 1.05 1.73 0.02 1.34 1.03 1.75 0.03

P for trend 0.05 0.07

Fruit

Q1 (ref)

Q2 0.87 0.69 1.09 0.22 0.83 0.74 0.93 0.12

Q3 0.80 0.63 1.02 0.07 0.77 0.60 0.99 0.04

Q4 0.80 0.63 1.03 0.08 0.75 0.58 0.97 0.03

P for trend 0.06 0.03

Fat

Q1 (ref)

Q2 1.26 0.99 1.61 0.06 1.28 1.00 1.63 0.05

Q3 0.96 0.75 1.24 0.76 0.98 0.77 1.24 0.85

Q4 1.20 0.94 1.53 0.14 1.22 .945 1.58 0.14

P for trend 0.47 0.47

1: crude or: odds ratio adjusted for age and sex
2: adjusted or: odds ration adjusted for age, sex, skin color, smoking, bmi, season, total energy intake, 
physical activity, education and supplement use.
boldface: p-values < 0.05
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dIsCussIon

in the study, we found that participants with a dietary pattern characterized by high fruit 

intake had lower odds of having seborrheic dermatitis after adjustment for confounders. 

Furthermore, we found that a “Western” dietary pattern was associated with higher odds of 

having seborrheic dermatitis, but only for females. We did not find an association between 

the presence of seborrheic dermatitis and dietary patterns characterized by vegetables or fat; 

nor did we find an association between seborrheic dermatitis and total dietary antioxidant 

capacity.

the consumption of fruits might reduce the likelihood of having seborrheic dermatitis via 

consumption of a wide variety of vitamins and other compounds (e.g. flavonoids, antioxidant) 

that have been demonstrated to reduce inflammation in several diseases.11,12 also, fruits con-

tain several nutrients that can serve as methyl donors, which can prevent the expression of 

inflammatory genes.13 another possible hypothesis by which fruits affect skin health involves 

psoralen. Psoralen is highly present in citrus fruits and increases the sensitivity of the skin 

to UV radiation.14 this increased sensitivity to UV could have a positive effect on seborrheic 

dermatitis since it is less frequently present in summer months.2,15

Western diets and diets high in meat and processed food consumption have often been 

associated with markers of inflammation.16,17 omega-6 fatty acids is one of the markers that 

can significantly change due to a diet and have been suggested to induce chronic inflam-

mation. however, intervention studies with omega-6 supplementation did not substantiate 

this.18 the stratified analysis of our data showed that females with a high adherence to the 

“Western” pattern seem to have higher odds of having seborrheic dermatitis. however, 

higher adherence to the “Western” pattern was not associated with seborrheic dermatitis in 

males. Previous dietary intervention studies showed that there are differences in response to 

diet between males and females. For example, a healthy diet improved insulin homeostasis in 

males, but not in females. Sex differences in body fat distribution might be one explanation 

for this.19 also, it is known that immune response in females differs from males and that 

females are more susceptible to autoimmune and inflammatory diseases.20 this study under-

lines the importance of possible interactions between sex and nutrition, in which adding sex 

as a confounder in the final model is not sufficient.

because seborrheic dermatitis is a chronic inflammatory disease, and reactive oxygen species 

may promote chronic inflammation or aggravate inflammatory skin diseases,21 we expected 

individuals with a high total antioxidant intake to have a lower prevalence of skin disease. 

two previous studies on the total antioxidant level in serum and the antioxidant levels of 

scalp scrapes suggested that oxidative stress might be higher in seborrheic dermatitis pa-
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tients.22,23 in contrast to these studies and the hypothesis, participants with a higher overall 

dietary antioxidant capacity did not have a decreased odds of having seborrheic dermatitis. 

this observation suggests that the effect of oral antioxidants in the treatment of seborrheic 

dermatitis might be limited. however, it has been questioned if methods assessing the overall 

antioxidant capacity should be used to make claims concerning the antioxidant defense 

system.24 in addition, we did not find a consistent association between dietary antioxidant 

capacity and inflammatory markers in the rotterdam Study.25 therefore, other biomark-

ers of antioxidant capacity or oxidative stress may provide additional insights in the role of 

antioxidants in seborrheic dermatitis.

in this study we investigated the role of diet in seborrheic dermatitis. the strengths of our 

study are the large sample size, the population-based setting, the physician-based diagnosis 

and the availability of different epidemiological factors that allowed us to control for potential 

confounders. there are several limitations to the study. the cross-sectional design does not 

allow to make causal inferences and since this study covers a middle aged and elderly popu-

lation, the generalizability to younger patients might be limited. Unfortunately, the disease 

severity and distribution of seborrheic dermatitis was not specifically documented during the 

full body skin examination. therefore, we cannot elaborate further on the relation between 

location or severity of the disease and the associations with the diet components. also, 

because we did not investigate individual dietary components, this study cannot be used to 

select possible supplements that might reduce seborrheic dermatitis risk. Furthermore, the 

use of an FFQ to assess dietary intake is prone to measurement error. to account for system-

atic measurement errors and to limit the influence of outliers, we adjusted our analyses for 

total energy intake and categorized the dietary data into quartiles. although self-reported 

dietary intake is subject to measurements error when it concerns absolute intake, it has been 

shown that the FFQ is able to adequately rank the intake of individuals according to their 

food group.26 to account for potential confounding by food supplementation, we adjusted 

the analyses for any dietary supplement use. For rS-i and rS-ii, the FFQ was conducted 

in the same period as the FbSe. For rS-iii, the FFQ data was registered five years earlier 

than the FbSe. however, we previously showed that dietary patterns are relatively stable in 

this population (in the same quartile of intake), in particular for components as vegetables 

(73%), fruits (93%), dietary fiber (91%), saturated fat (92%) and alcohol (79%).27 there 

might always be residual confounding of variables that were not documented in this cohort. 

Self-reported stress, for example, could be such a variable that might have influenced both 

dietary choices and disease risk.28 however, we previously showed that measurements of 

anxiety and depression (proxies of stress) were not associated with seborrheic dermatitis 

in this cohort.29 also, including these variables in the multivariable logistic regression of 

this study did not influence the associations between the dietary patterns and seborrheic 

dermatitis (data not shown).
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in conclusion, a high intake of fruit was associated with lower odds of seborrheic dermatitis 

and a high adherence to the “Western” dietary pattern seems to be associated with a higher 

risk of seborrheic dermatitis in females. these findings were not driven by the overall dietary 

antioxidant capacity. While the results of this study cannot be used to provide exact recom-

mendations, it seems legitimate to advise seborrheic dermatitis patients to follow national 

diet guidelines regarding fruit, which recommends at least 200g/day of fruit in the Nether-

lands.30 Furthermore, although a high adherence to the western dietary pattern was only 

associated with an increased disease risk for females, it might be beneficial for both sexes to 

reduce meat consumption considering recent literature linking meat intake with an increased 

risk of mortality.31 Dietary pattern studies seem appropriate as initial dietary association study 

and might be meaningful in other skin diseases as well. replication of our findings in an 

independent cohort, or conducting an interventional study, would be necessary to substanti-

ate these claims. a prospective study measuring relapse rate in seborrheic dermatitis patients 

with a high or low fruit intake would be of high value.

methods

Study design

the rotterdam Study (rS) is an ongoing prospective population based cohort study of chronic 

diseases in a middle aged and elderly population in the ommoord district of rotterdam, the 

Netherlands.32 the rotterdam Study has been approved by the medical ethics committee of 

the erasmus mc (registration number mec 02.1015) and by the Dutch ministry of health, 

Welfare and Sport (Population Screening act Wbo, license number 1071272-159521-

PG). the rotterdam Study has been entered into the Netherlands National trial register 

(Ntr; www.trialregister.nl) and into the Who international clinical trials registry Platform 

(ictrP; www.who.int/ictrp/network/primary/en/) under shared catalogue number Ntr6831. 

all participants provided written informed consent to participate in the study and to have 

their information obtained from treating physicians. the study started in 1990 and to date 

comprises three cohorts (rS-1, rS-ii, and rS-iii) with a total of 14,926 subjects aged 45 

years or older. Dermatological examinations were introduced in 2010, and since then, 5,498 

participants had a skin examination. the current study is a cross-sectional study containing 

all participants with a skin examination and available nutrition data.

case definition

Seborrheic dermatitis was diagnosed by dermatology-trained physicians during a scheduled 

full body skin examination (FbSe). the diagnoses were based on a greasy scaling, erythema 

and a characteristic distribution in areas rich in sebaceous glands. Participants without sebor-

rheic dermatitis were considered as controls.
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nutritional data

Dietary intake was assessed by means of a food-frequency questionnaire (FFQ), which in-

cluded 389 questions regarding the consumption of food over the last month. the Dutch 

Food composition table of 2006 and 201133 was then used to transform the data into daily 

macronutrient intake and total energy intake (kcal/day). this FFQ was based on a validated 

FFQ for Dutch adults.26,34 this FFQ was validated against 3 day food records, 4-5 months 

apart and showed an energy- and sex-adjusted correlation for macronutrients between 0.47 

(fat) to 0.79 (polysaccharides).

total antioxidant capacity

the total antioxidant capacity was calculated as described earlier.35 in short, an antioxidant 

Food table6 was used to assess the antioxidant capacity of each dietary item. this antioxidant 

Food table contains the antioxidant capacity of food items assessed on the basis of an exist-

ing table that evaluated the ferric reducing ability of plasma (FraP) for more than 3000 food 

items.6 For every participant, the consumption frequency of each dietary item was multiplied 

by the FraP-value in this table. the total antioxidant capacity was then adjusted for the total 

energy intake using the residual method and categorized into quartiles.36

Dietary patterns

in order to define dietary patterns, we used the posteriori dietary pattern analysis described 

in hu et al (1999). 37 the list of 389 food items from the FFQ was categorized into 34 main 

food groups. the groups were categorized based on of the Nevo table, while accounting for 

effects of specific subgroups (e.g. vegetables were split up because of the high vitamin a 

content in green leafy vegetables, fruits were split up because of the high vitamin c content 

in citrus fruits). these food groups were then analyzed with a Pca to identify dietary patterns 

that explained the maximum variation of food intake. to minimize correlation between the 

dietary patterns, a Varimax rotation was used. in determining the number of dietary patterns 

(factors) that should remain; we interpreted the Scree test for factors with an eigenvalue of 

≥1.0. the factors were then used to rank the participants in low to high adherence for each 

of the dietary patterns. these ranks were used to create quartiles, which explain how well a 

participant fits in a specific pattern.

covariates

age, sex, skin colour,38 length, weight and season were documented during the visit to 

the research center. During the home interview participants were asked about their educa-

tion level (low: primary education, medium: lower-intermediate vocational education, high: 

general secondary education and higher) and tobacco use (never and former vs current). 

Physical activity was assessed using the LaSa Physical activity Questionnaire (LaPaQ) and 
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expressed in methours/week.39 Participants were categorized as supplement users if they 

used supplements at least once a week.

Statistical analyses

missing data on the covariates were imputed using the fully conditional specification imputa-

tion method with 20 imputations.40 multivariable logistic regression was used to calculate 

the strength of the association between total antioxidant capacity and seborrheic dermatitis 

and the Pca-extracted dietary patterns and seborrheic dermatitis, both adjusting for age, 

sex, skin color, smoking, total energy intake, bmi, season, physical activity, education and 

supplement use. in addition, we tested for interaction between the dietary outcomes and all 

other variables.

the threshold for significance was set at a p-value of 0.05. all analyses were conducted in 

ibm SPSS Statistics for Windows version 21.0 (armonk, NY).
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to the editor,

Seborrheic dermatitis is a chronic inflammatory skin disease with a complex etiology. the 

genetic predisposition for seborrheic dermatitis has not been studied, resulting in the ab-

sence of candidate genes involved in the pathogenesis of this condition. however, seborrheic 

dermatitis shares several clinical features with other chronic inflammatory skin diseases, in 

particular with psoriasis (PSo) (sometimes coined ‘sebopsoriasis’) and atopic dermatitis (aD), 

which are much better characterized genetically.1,2

in this cross-sectional study, we used a candidate gene approach (cGa) to investigate 

whether genetic variants previously associated with aD and PSo are also associated with an 

increased risk of seborrheic dermatitis. in addition, we conducted a genome-wide association 

study (GWaS) to identify novel genetic variants associated with seborrheic dermatitis.

a detailed description of the methods can be found in the Supplementary methods. in brief, 

we included participants of the rotterdam Study (rS), an ongoing prospective cohort study 

of chronic diseases that consists a major cohort (rS-i) and two extensions (rS-ii and rS-iii). 

the rotterdam Study has been approved by the medical ethics committee of the erasmus 

mc and by the ministry of health, Welfare and Sport of the Netherlands. all participants 

provided written informed consent to participate in the study and to obtain information 

from their treating physicians.3 Seborrheic dermatitis was diagnosed during a full body skin 

examination by a physician. DNa extraction from whole blood, genotyping, imputation 

and quality control were carried out following standard protocols. after quality control, 

9,008,729 markers were included.

the cGas were performed in two steps. First, a SNP-based cGa of previously associated PSo 

and aD SNPs was performed using a logistic regression with an additive model, which was 

adjusted for age, sex, and four principal components of genetic variance (Pcs). the latter co-

variates were used to account for possible population stratification and hidden relatedness. 

Second, a gene-based cGa was done to screen for additional variants within the regions of 

interest using the approach of Purcell et al. (2007) (details presented in Supplementary meth-

ods). to discover new loci for seborrheic dermatitis, we conducted a GWaS for each cohort 

using the same model as for the SNP-based approach. the GWaSs of the three separate 

cohorts were implemented in the ProbabeL package4 and the meta-analysis was carried-out 

using metal (Supplementary methods).5

in total, 4,050 participants were available for analysis, of which 609 (15%) had seborrheic 

dermatitis (Supplementary table 1). the SNP-based and gene-based cGa did not yield any 

significant locus for seborrheic dermatitis after correcting for multiple testing (Supplementary 

table 2-5), although some of the findings suggested an overlap between seborrheic dermati-
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tis and PSo and aD. For example, the LCE3 gene cluster, known to play a role in PSo and aD, 

showed suggestive associations with seborrheic dermatitis in both the data of the SNP-based 

cGa and the gene-based cGa (p-values, 0.0157 and 0.00869, respectively). MICB showed 

suggestive evidence in the gene-based cGa (p-value=0.0063) and IL12B showed suggestive 

evidence in the SNP-based cGa (p-value=0.02011) (table 1).

in the GWaS, two genome-wide significant SNPs (p-value ≤ 5 x10-8) were identified. the 

first SNP was rs58331610, which mapped to an intronic region of the MAST4 gene at 

chromosome 5 (p-value: 1.75 x 10-8). the second SNP was rs16944244, which was part of 

a linkage disequilibrium (LD) block of 18 SNPs (r2=0.6) and mapped to an intergenic region 

at chromosome 17p12, between the genes PIRT and SHISA6 (p-value: 2.10 x 10-8) (table 2, 

Supplementary Figure 3). in addition, we found that 68 SNPs in seven different loci were 

associated with seborrheic dermatitis with suggestive genome-wide associations (p-value< 

5x 10-6) (Supplementary table 6).

MAST4 belongs to a group of protein kinases that play a critical role in intracellular signal 

transmission cascades.6 the precise function of MAST4 is unknown, but the gene is expressed 

in hair follicle keratinocytes.7 Further bioinformatics analysis showed two transcription factor 

binding site overlaying the chromosomal position of r58331610 (Supplementary result). 

another interesting locus was PIRT. this gene is 285 mega base pairs downstream of the 

second genome wide significant SNP (rs16944244) and it is known to be a modulator of 

TRPV1 and TRPM8. TRPV1 plays a role in itch and TRPM8 has recently been linked as a 

regulator of epidermal homeostasis.8-10

table 1. top SNPs and loci detected in the candidate SNP-based and gene-based association analysis 
(p<0.05).

SnP chr A1 A2 Disease Locus Freq
Direction 
of SnP

SnP
P-value*

Gene
p-value*

rs61813875 1 c g aD LCE3E 0.9771 - - - 0.008693 0.0192

rs145809981 6 t c aD MICB 0.1232 - + + 0.9425 0.006299

rs4809219 20 a c aD RTEL1 0.7396 + - + 0.9414 0.0162

rs7512552 1 t c aD C1orf51/MRPS21 0.4995 + + + 0.04366 0.024

rs112111458 2 a g aD intergenic 0.8739 - - - 0.2496 0.0225

rs4112788 1 a g PSo LCE3E-LCE3D del 0.3582 + + + 0.571 0.0157

rs32130942 5 t c PSo IL12B 0.1802 - - - 0.02011 0.1397

rs2805192 19 a g PSo TYK2 0.5079 + + + 0.03388 0.3912

chr: chromosome, a1: reference allele, a2: other allele, Disease: SNP associated with atopic dermatitis 
(aD) or psoriasis (PSo), Freq: frequency of reference allele, Direction: effect direction of the reported 
SNP for each cohort (rS-i, rS-ii and rS-iii), bold if the direction was similar as previously reported *: No 
significant results when applying bonferroni-correction. the full tables can be found in the supplement 
information.
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this study has several limitations. Seborrheic dermatitis is a clinical diagnosis without clear 

diagnostic criteria and it may wax and wane resulting in an underestimation of the seborrheic 

dermatitis prevalence. in our study, participants with seborrheic dermatitis were more likely 

to have PSo (Supplementary table 1), suggesting that these diseases occur simultaneously. 

however, with a clinical presentation exclusively on the scalp for seborrheic dermatitis, it could 

also be due to misdiagnosis. another limitation is that our study population was smaller than 

the previous GWaS in which SNPs associated with PSo and aD were discovered.1,2 therefore, 

we cannot exclude that the lack of associations we observed in our cGa analysis was due 

to a lack of power, since most of the PSo and aD SNPs had modest effects. Given the 

high proportion of PSo patients in our study it could be argued that these patients are also 

contributing to the suggestive associations in our cGa. however, we conducted a sensitivity 

analysis where PSo cases were excluded, and the associations in both the SNP-based and 

gene-based cGa were still significant, which showed that the associations were not only 

driven by the PSo patients (Supplementary result). Despite the modest sample size, we 

table 2. top SNPs identified in the genome-wide association study (p < 5 x 10-7)

SnP Genes of interest chr Location A1 A2 Freq P-value

rs58331610 MAST4 5 66020457 a g 0.8615 1.75 x 10-8

rs16944244 PIRT/SHISA6 + 17 11026693 c g 0.9796 2.10 x 10-8

rs78160483 PIRT/SHISA6 + 17 11026297 t g 0.9818 8.38 x 10-8

rs16944241 PIRT/SHISA6 + 17 11026414 a g 0.9818 8.38 x 10-8

rs6546997 TACR1/ GAPDHP57+ 2 75658780 t c 0.1894 9.53 x 10-8

rs8075550 PIRT/SHISA6 + 17 11027059 a g 0.9594 1.04 x 10-7

rs11870758 PIRT/SHISA6 + 17 11015902 a t 0.9722 1.21 x 10-7

rs12188593 MAST4 5 66030069 t c 0.1359 1.27 x 10-7

rs182131544 PIRT/SHISA6 + 17 11023964 a g 0.9788 1.32 x 10-7

rs111448323 PIRT/SHISA6 + 17 11022815 a g 0.9786 1.50 x 10-7

rs4791451 PIRT/SHISA6 + 17 11027570 c g 0.9808 1.54 x 10-7

rs77699632 PIRT/SHISA6 + 17 11020937 a t 0.0214 1.73 x 10-7

rs111341744 PIRT/SHISA6 + 17 11021220 a g 0.9784 1.79 x 10-7

rs75205996 PIRT/SHISA6 + 17 11021311 t c 0.9784 1.79 x 10-7

rs58692658 PIRT/SHISA6 + 17 11019423 t c 0.022 2.32 x 10-7

rs77592872 PIRT/SHISA6 + 17 11018841 a t 0.9781 2.34 x 10-7

rs138424360 PIRT/SHISA6 + 17 11018089 a g 0.0219 2.37 x 10-7

rs80298958 PIRT/SHISA6 + 17 11016351 c g 0.9784 3.39 x 10-7

rs76730906 PIRT/SHISA6 + 17 11019589 t g 0.9754 3.85 x 10-7

abbreviations: a1, reference allele; a2, other allele; chr, chromosome; Freq, frequency of reference al-
lele; SNP, single-nucleotide polymorphism. boldface indicates genome-wide significance (< 5 x 10-8), +: 
intergenic, a1: reference allele, a2: other allele, Freq: frequency of reference allele. the p-values were 
calculated by meta-analysis of the output per SNP for each rS cohort using p-values derived from a likeli-
hood ratio test as summary statistics. the full table can be found in the Supplementary results.
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found genome-wide hits within or close to genes that can be linked to skin inflammation or 

immunity. to our knowledge, no other cohort of clinically assessed seborrheic dermatitis is 

available. a future study on the genetics of seborrheic dermatitis should be focused on rep-

licating the findings in a larger independent sample, subsequently fine-mapping approaches 

will be required to identify the causal variant in the region of LD and might also identify new 

markers initially not identified.11

in conclusion, we did not find robust evidence for a shared genetic background between 

seborrheic dermatitis and aD or PSo. however, two genome-wide significant associations for 

seborrheic dermatitis were identified in a pilot GWaS, indicating that genetic susceptibility 

probably plays a role in seborrheic dermatitis. this study provides a basis for further genetic 

research on seborrheic dermatitis and could lead to a next step in the understanding of the 

seborrheic dermatitis pathogenesis.
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supplementary InformatIon

supplementary methods

Study population.

the rotterdam Study (rS) is an ongoing prospective cohort study of chronic diseases, includ-

ing skin diseases, in the elderly. a detailed description of the study can be found elsewhere.3 

in brief, the rS consists of a major cohort (rS-i) and two extensions (rS-ii and rS-iii). rS-i 

started in 1990 and initially included 7,983 participants living in the ommoord district in 

rotterdam, the Netherlands. rS-ii started in 2000 and includes 3,011 participants. rS-iii is 

a further extension of the cohort, started in 2006, and includes 3,932 participants. in total, 

the rS consists of 14,926 subjects aged 45 years or over. however, dermatology was not 

introduced until 2010 and included 5,376 subjects at time of analysis. the cohort consists 

predominantly (90%) of participants of North-european ancestry, of which genotype data 

was collected.

case definition

a total of 4,454 participants (rS-i: 823, rS-ii: 1212, rS-iii: 2419) from the rS with available 

genotype data underwent a full body skin examination by trained physicians. the clinical 

diagnosis of seborrheic dermatitis was based on the presence of greasy scaling, erythema 

and a characteristic distribution of the scalp, face and/or chest. Participants who did not have 

any sign of active disease and without a history of ketoconazole use (>3 prescriptions using 

pharmacy linkage data) were included as controls.

Genotyping and imputation

the illumina infinium ii humanhap550 beadchips were used to genotype the rS-i and rS-ii 

cohorts, while illumina human610-Quad beadchips were used to genotype the rS-iii cohort. 

the imputation was done using the mach-minimac v1.0.18 software and imputed to the 

1,000 genomes data set, resulting in 29,079,142 genotyped and/or imputed markers.12

Quality control on the SNPs included removing SNPs with hardy-Weinberg equilibrium de-

viations (p-value < 5 x10-6), genotype call rate < 97%, gender mismatch and a high mean 

autosomal heterozygosity. First-degree relatives were removed and SNPs were filtered out if 

they had a minor allele frequency of less than 1% or an imputation quality (rsq) of less than 

0.3.
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Selection of candidate loci

Pubmed was searched for well-powered GWaS in caucasian populations that showed an 

association between SNPs and PSo or aD. We selected SNPs with a significance level of 5.0 

<10-8. the reported (lead) SNP was used for the SNP-based association analysis 1,13-19 and was 

used to select a locus region for a gene-based cGa.

For lead SNPs located within a gene, a 30kb region (plus 15kb downstream and 15kb 

upstream of the gene) was added to include regulatory elements close to the gene. if the 

lead SNP was intergenic and located more than 15kb away of a gene, we also added 15kb 

downstream and 15kb upstream from the base-pair position of the lead SNP. the Ncbi 

Variation Viewer (http://www.ncbi.nlm.nih.gov/variation/view/) with build crch37 was used 

to retrieve the gene genomic coordinates. these coordinates were used to retrieve SNPs in 

the corresponding regions of the rS cohorts.

candidate gene approach

the cGas were performed in two steps. First, a SNP-based cGa of previously associated 

PSo and aD SNPs and second, a gene-based cGa to screen for additional variants within 

the regions of interest.

the SNP-based cGa of seborrheic dermatitis cases and controls was performed using the 

imputed dosage data of each rS cohort using a logistic regression with an additive model.4 

the output per SNP for each rS cohort was meta-analyzed using p-values derived from a 

likelihood ratio test as summary statistics.5

best-guessed genotypes were used for the gene-based cGa. the genotypes of the three rS 

cohorts were estimated from the imputed dosage data using the Gcta software with default 

parameters.20

Gene-based logistic regression was conducted using the set-based test implemented in PLiNK 

v1.90 (parameters: p-value = 0.05, maximum number of SNPs = 15, r2 = 0.5, permutations 

= 10000).21 both SNP- and gene based associations were adjusted for age, sex, and four 

principal components (Pcs). the adjustment for Pcs is part of the statistical analysis in GWaS 

analysis to control for possible population stratification and hidden relatedness.22 all SNP 

data were used to calculated the main axes of genomic variation (here Pcs- eigenvectors) 

using the multi-dimensional scaling (mDS) method as implemented in the program Plink.21 

the first four axes of genetic variation calculated for all individuals are expected to account 

for most of the genetic variation in populations of similar ethnic background, such as the 

participants from the rotterdam Study.3
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Sensitivity analysis

the significant associations found in the SNP-based and gene-based cGa of the psoriasis 

genes might be driven by the proportion of psoriasis patients. therefore, we conducted a 

sensitivity analysis in which we excluded all psoriasis patients and repeated the SNP- and 

gene based cGas for associations with a p-value of < 0.05.

Genome-wide association study

to investigate the proportion of variance accounted for by genetic factors, we first calculated 

heritability of seborrheic dermatitis with the best guess genotype data using the approach 

of Yang et al., 2010.23 Furthermore, a GWaS of seborrheic dermatitis cases and controls was 

performed using the imputed dosage data of each rS cohort using a logistic regression with 

an additive model. the model was adjusted for age, sex, and four Pcs. the GWaS analyses 

were implemented in the ProbabeL package.4 the inflation factor λ was estimated between 

1.00 and 1.02 for all three cohorts and was not further considered.

Next, the GWaS summary statistics per rS cohort were meta-analyzed. During the quality 

control of the GWaS results, a difference in p-values was noted between the Wald-test and 

the likelihood ratio test, which is likely due to the relatively small sample size. as a result, 

the beta coefficients of the logistic regression might be not reliable. When this happens, it is 

advised to use the p-value of the likelihood ratio test to test for statistical associations. there-

fore, we decided to use the p-values derived from a likelihood ratio test for the meta-analysis 

of the GWaS per rS cohort.24 the meta-analysis was performed assuming a fixed-effects 

model where the p-values of the associations for each allele were converted in a signed 

Z-score. the Z-scores across the cohorts were combined and weighted to the square root of 

the sample size for each cohort.5 the threshold for the p-value of genome wide significance 

was set at a p-value ≤ 5 x10-8 and p-value ≤ 5 x10-6 was set to be suggestive evidence.

Bioinformatics Analysis

two regulatory databases were queried to identify possible regulatory elements that overlap 

the chromosomal location of all SNPs passing genome wide significance. crossover with 

the open regulatory annotation database (oreganno, 22) was observed using the UcSc 

Genome browser.25 maPPer 2 was queried directly; using the maPPer search engine,26 

with subsequent hits visualized using the UcSc Genome browser. the genomic locations 

around the SNPs associated with seborrheic dermatitis were further explored using the UcSc 

genome browser to identify any additional features of interest in their vicinity.
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supplementary results

Study population

after excluding first-degree relatives and controls who had history of ketoconazole use, we 

included 736 participants of rS-i, 1,095 participants of rS-ii and 2,219 participants of rS-iii 

for the cGa and GWaS of seborrheic dermatitis. of these, 609 (15%) were diagnosed 

during a full body skin examination as having seborrheic dermatitis. males were more likely 

to have seborrheic dermatitis than females (60.4% of cases vs 41.8% of controls were males; 

p-value < 0.001) and seborrheic dermatitis patients were older compared to those without 

seborrheic dermatitis (68.94 vs 67.97, p-value: 0.018). Seborrheic dermatitis cases were 

more likely to have the diagnosis of PSo than controls (4.8% vs 3.0%; p=0.035; Supple-

mentary table S1). the heritability of seborrheic dermatitis estimated with our data was 14% 

(confidence interval: 0-30%, p=0.045).

cGA – Sensitivity analysis

all suggestive associations of PSo SNPs and loci that were found in the cGa (table 1) re-

mained significant in the sensitivity analysis (p-value <0.05). the LCE3E-LCE3D del loci and 

the SNPs rs3213094 (IL12B) and rs280519 (TYK2) had p-values of 0.0174, 0.03197, and 

0.04949, respectively.

Genome wide association study – Additional bioinformatics Analysis

the maPPer search engine identified a transcription factor binding site that overlays the 

chromosomal position of r58331610, which may bind ccaat/enhancer binding protein (c/

ebP). inspection of the open regulatory annotation Database (oreganno)27 using the UcSc 

Genome browser25 revealed that there is a literature-curated transcription factor binding 

site that also sits across the genomic location of rs58331610. this transcription factor is 

Smarca4 (oreg iD 1274278), also known as brG1. Further analysis of the genomic region 

surrounding rs58331610 places the SNP within both an interspersed DNa repeating element 

and a h3k27ac histone h3 enhancer mark, and close to a DNase hypersensitivity region 

(Supplementary Figure S2).

the prediction of a c/ebP binding site overlaying the r58331610 suggests that this variant 

could modulate inflammatory response signals since c/ebP-β binding sites are particularly 

found in regulatory sequences of genes that are associated with the inflammatory response. 

the c/ebPβ-transcription factor regulates iL-17 responsive genes28 and is expressed pref-

erentially in differentiated keratinocytes.29 the presence of a binding site for Smarca4, a 

“chromatin remodeler” which promotes expression of genes involved in epidermal barrier 

repair,30 as well as controlling hair follicle tissue remodeling,31 suggests a potential role for 

maSt4 in the maintenance of epidermal integrity.
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No transcription factor binding sites were found to overlay the chromosomal location of 

rs16944244 using the maPPer and oreganno databases.26,27 a review of the surrounding 

genomic region using the UcSc Genome browser shows that rs16944244 is in the middle 

of two DNase hypersensitivity clusters and within a Long interspaced Nuclear element (LiNe). 

this SNP is also within two reported mrNa sequences, JD106968 and KF274610. in addition, 

there is evidence of transcriptional activity in this region as rs16944244 sits in between two 

DNase hypersensitivity regions and within a long interspersed nuclear element.

the two reported human mrNa sequences present at this location, suggesting there may 

be an unannotated gene close to the associated SNP which will require further investiga-

tion. exploring the role of these loci in seborrheic dermatitis in future studies might bring 

important insights in the pathogenesis of seborrheic dermatitis.



chapter 4

70

Supplementary table S1. basic characteristics

characteristics case (%) control (%) P-value

n 609 (15.0) 3441(85.0)

male 368 (60.4) 1437 (41.8) < 0.001

age

45-55 52 (8.5) 280 (8.1)

>55-65 181 (29.7) 1221 (35.5)

>65-75 220 (36.1) 1157 (33.6)

>75-85 125 (20.5) 639 (18.6)

>85 31 (5.1) 144 (4.2)

mean (SD)1 68.9 (9.3)1 67.97 (9.6)1 0.018

Psoriasis 29 (4.8) 104 (3.0) 0.035

this table includes the participants that remained after quality control.
1: Standard deviation (SD)
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Supplementary table S2. cGa of psoriasis SNPs

SnP Genes of interest chr Location A1 A2 Freq Direction P value

rs3213094 IL12B 5 158750769 t c 0.1802 --- 0.02011

rs280519 TYK2 19 10472933 a g 0.5079 +++ 0.03388

rs20541 IL13 5 131995964 a g 0.1938 --- 0.07811

rs10789285 intergenic 1 69788482 t g 0.779 --- 0.1163

rs12580100 IKZF4/RPS26 12 56439209 a g 0.8757 ++- 0.1455

rs240993 REV3L 6 111673714 t c 0.2733 --+ 0.2069

rs33980500 TRAF3IP2 6 111913262 t c 0.0717 --+ 0.2414

rs7993214 COG6 13 40350912 t c 0.3484 -++ 0.2543

rs458017 REV3L 6 111696091 t c 0.9313 +++ 0.3084

rs2066808 STAT2 12 56737973 a g 0.9286 +++ 0.337

rs4795067 NOS2 17 26106675 a g 0.6474 -++ 0.4674

rs27524 CAST/ERAP1 5 96101944 a g 0.3621 +-+ 0.4876

rs842636 REL 2 61091950 a g 0.4476 ++- 0.4906

rs2546890 IL21B 5 158759900 a g 0.5483 ++- 0.4924

rs2675662 CAMK2G 10 75599127 a g 0,5471 -++ 0.4958

rs114934997 intergenic 5 40370724 a c 0,0812 ++- 0.5033

rs4649203 IFNLR1 1 24519920 a g 0.7242 --+ 0.5038

rs702873 REL 2 61081542 t c 0.4419 ++- 0.5116

rs12586317 KIAA0391/MRP63P8/DRPXP3 14 35682172 t c 0.7544 --+ 0.5272

rs4112788 LCE3E-LCE3D 1 152551276 a g 0.3582 +++ 0.571

rs17728338 TNIP1/ANXA6 5 150478318 a g 0.0478 --+ 0.6066

rs17716942 KCNH7 2 163260691 t c 0.8597 ++- 0.6177

rs4685408 PLCL2 3 16996035 a g 0.536 +-+ 0.6323

rs11209026 IL23R 1 67705958 a g 0.068 -++ 0.6691

rs7637230 NFKBIZ 3 101663555 a g 0.806 -++ 0.6759

rs2235617 RNF114 20 48554977 c G 0.5656 -+- 0.746

rs1076160 TSC1 9 135776034 t c 0.501 --+ 0.75

rs6809854 intergenic 3 18784423 a g 0.8043 ++- 0.7513

rs1008953 SDC4/SYS1 20 43980726 t c 0.2275 --+ 0.7681

rs495337 SPATA2 20 48522330 a g 0.4362 +-+ 0.7851

rs8016947 intergenic 14 35832666 t g 0.4398 ++- 0.8202

rs12720356 TYK2 19 10469975 a c 0.9341 --+ 0.8281

rs2201841 IL23R 1 67694202 a g 0.7139 -+- 0.8444

rs1975974 intergenic 17 21707060 a g 0.7831 ++- 0.8926

rs10782001 FBXL19 16 30942625 a g 0.6498 -++ 0.9359

rs610604 TNFAIP3 6 138199417 t g 0.6776 -+- 0.9792

rs10484554 intergenic 6 31274555 - - - -

rs12191877 USP8P1/WASF5P 6 31252925 - - - -

rs2395029 HLA-X 6 31431780 - - - -

rs3134792 HLA-B 6 31312326 - - - -

*: No significant results when applying bonferroni-correction, –: Not available in dataset. chr: chromo-
some. a1: reference allele. a2: other allele. Freq: frequency of reference allele. Direction: effect direction 
for each cohort (rS-i, rS-ii and rS-iii).
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Supplementary table S3. cGa of atopic dermatitis SNPs

SnP Genes of interest chr Location A1 A2 Freq Direction P value

rs61813875 LCE3E 1 152536650 c g 0.9771 --- 0.008693

rs7512552 C1orf51/MRPS21 1 150265704 t c 0.4995 +++ 0.04366

rs2212434 C11orf30/LRRC32 11 76281593 t c 0.4367 +++ 0.06397

rs7127307 intergenic 11 128187383 t c 0.5223 +++ 0.1308

rs10791824 OVOL1 11 65559266 a g 0.4403 +++ 0.1553

rs6419573 IL18R1/IL18RAP 2 103027103 t c 0.2376 ++- 0.1554

rs2944542 ZNF365 10 64369999 c g 0.3862 -++ 0.1935

rs2038255 PPP2R3C 14 35559126 t c 0.1724 --- 0.1999

rs10214237 IL7R 5 35883734 t c 0.7152 +++ 0.2237

rs112111458 CD207/VAX2 2 71100105 a g 0.8739 --- 0.2496

rs4312054 NLRP10 11 7977161 t g 0.5985 -+- 0.2618

rs2592555 PRR5L 11 36371757 t c 0.7092 +++ 0.2657

rs6473227 intergenic 8 81285892 a c 0.64 ++- 0.2669

rs4713555 HLA-DRB1 6 32575524 t g 0.271 -+- 0.3444

rs7625909 SFMBT1 3 53091164 t c 0.3189 +++ 0.407

rs2041733 CLEC16A 16 11229589 t c 0.4489 -+- 0.4407

rs6602364 IL2RA 10 6038853 c g 0.5816 ++- 0.4671

rs4643526 PUS10 2 61184651 a g 0.1731 --- 0.4745

rs10199605 LINC00299 2 8495097 a g 0.326 ++- 0.646

rs2918307 ACTL9 19 8789722 a g 0.8488 -+- 0.6531

rs2228145 IL6R 1 154426970 a c 0.6084 +-+ 0.7749

rs1249910 CCDC80 3 112391174 a g 0.3219 +-+ 0.8034

rs6827756 KIAA1109 4 123184411 t c 0.383 +-- 0.8744

rs12188917 RAD50/IL13 5 131991085 t c 0.8045 --+ 0.9412

rs4809219 RTEL1 20 62303115 a c 0.7396 +-+ 0.9414

rs145809981 MICB 6 31466217 t c 0.1232 -++ 0.9425

rs12951971 STAT3 17 40528131 t g 0.8998 ++- 0.9752

*: No significant results when applying bonferroni-correction. chr: chromosome. a1: reference allele. 
a2: other allele. Freq: frequency of reference allele. Direction: effect direction for each cohort (rS-i, rS-ii 
and rS-iii).
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Supplementary table S4. cGa of atopic dermatitis loci.

reported
SnP

Loci chr Start end SnPs/set Significant
SnPs

independent
significant
SnPs

P value

rs145809981 MICB 6 31447054 31493901 408 18 2 0.006299

rs4809219 RTEL1 20 62274163 62345051 252 7 3 0.0162

rs61813875 LCE3E 1 152523175 152554229 97 2 2 0.0192

rs112111458 intergenic 2 71085105 71115105 108 42 4 0.0225

rs7512552 C1orf51/
MRPS21

1 150250704 150280704 91 6 2 0.024

rs2228145 IL6R 1 154362669 154456926 221 7 3 0.1421

rs2212434 intergenic 11 76266593 76296593 126 8 2 0.1589

rs6419573 IL18R1/
IL18RAP

2 103012103 103042103 115 23 3 0.1788

rs10791824 OVOL1 11 65539505 65579690 128 26 8 0.2066

rs10199605 intergenic 2 8480097 8510097 95 3 2 0.2522

rs2944542 ZNF365 10 64118916 64446771 1117 71 15 0.2877

rs2918307 intergenic 19 8774722 8804722 113 1 1 0.2966

rs12951971 STAT3 17 40450342 40555586 233 1 1 0.3895

rs6602364 IL2RA 10 6037657 6119333 388 13 9 0.4047

rs2592555 PRR5L 11 36302725 36501754 848 59 12 0.5098

rs2041733 CLEC16A 16 11023345 11291046 816 29 11 0.6155

rs7127307 intergenic 11 128172383 128202383 89 8 3 0.6421

rs10214237 IL7R 5 35841977 35894705 205 1 1 0.7087

rs4643526 PUS10 2 61152548 61260365 199 2 1 0.9024

rs6827756 KIAA1109 4 123058488 123298914 510 2 1 0.9407

rs4713555 intergenic 6 32560524 32590524 65 0 0 1

rs12188917 RAD50/IL13 5 131976085 132006085 48 0 0 1

rs1249910 intergenic 3 112376174 112406174 65 0 0 1

rs2038255 PPP2R3C 14 35539678 35606868 266 0 0 1

rs6473227 intergenic 8 81270892 81300892 115 0 0 1

rs7625909 SFMBT1 3 52918221 53095089 436 0 0 1

rs4312054 NLRP10 11 7966156 8000059 104 0 0 1

Loci: intergenic if the SNP was more than 15 mb away from a gene. chr: chromosome. Significant SNPs: 
total number of SNPs with p-value < 0.05. independent significant SNPs: total number of significant 
SNPs (p-value < 0.05) also passing LD-criterion (r2 < 0.5). P value: No significant results when applying 
bonferroni-correction.
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Supplementary table S5. cGa of psoriasis loci.

reported
SnP

Loci chr2 Start end SnPs
/set

Significant
SnPs3

independent
significant
SnPs4

P value5

rs4112788 LCE3E-LCE3D 1 152536276 152566276 37 2 2 0.0157

rs12580100 IKZF4,RPS26 12 56424209 56454209 40 11 2 0.078

rs3134792 HLA-B 6 31306649 31339989 24 6 1 0.1383

rs2546890/
rs3213094

IL12B 5 158726790 158772481 101 25 5 0.1397

rs4649203 IFNLR1 1 24465646 24528765 249 43 11 0.1438

rs4685408 PLCL2 3 16959582 17147098 478 7 3 0.216

rs10789285 Intergenic1 1 69773482 69803482 74 4 2 0.2268

rs1076160 TSC1 9 135751735 135835094 184 1 1 0.2438

rs12586317 KIAA0391/
MRP63P8/
DRPXP3

14 35667172 35697172 100 4 1 0.2857

rs33980500 TRAF3IP2 6 111861581 111942477 248 9 1 0.3504

rs7993214 COG6 13 40214763 40380802 528 91 6 0.3849

rs280519/
rs12720356

TYK2 19 10446204 10506248 195 24 7 0.3912

rs1008953 SDC4/SYS1 20 43965726 43995726 80 4 1 0.3997

rs2675662 CAMK2G 10 75557259 75649349 128 1 1 0.4269

rs240993 REV3L 6 111605234 111819421 518 25 1 0.4543

rs458017 REV3L 6 111605234 111819421 518 25 1 0.4543

rs8016947 Intergenic1 14 35817666 35847666 183 7 3 0.4675

rs2235617 RNF114 20 48537914 48585422 174 6 1 0.5235

rs610604 TNFAIP3 6 138173325 138219451 81 3 1 0.5559

rs4795067 NOS2 17 26068791 26142555 241 25 5 0.576

rs11209026/
rs2201841

IL23R 1 67589590 67740662 450 51 7 0.5893

rs114934997 Intergenic1 40355724 40385724 105 1 1 0.6297

rs27524 CAST/ERAP1 5 96086944 96116944 137 1 1 0.673

rs17728338 TNIP1/ANXA6 5 150463318 150493318 139 3 2 0.7066

rs7637230 NFKBIZ 3 101644703 101731770 303 12 4 0.734

rs17716942 KCNH7 2 163212917 163710257 948 1 1 0.9801

rs495337 SPATA2 12 56720381 56769058 49 0 0 1

rs20541 IL13 5 131978865 132011801 56 0 0 1

rs6809854 Intergenic1 3 18769423 18799423 119 0 0 1

rs842636 Intergenic1 2 61076950 61106950 71 0 0 1

rs702873 Intergenic1 2 61066542 61096542 79 0 0 1

rs10782001 FBXL19 16 30919392 30975104 55 0 0 1

rs1975974 Intergenic1 17 21692060 21722060 31 0 0 1

rs2066808 STAT2 12 56720381 56769058 49 0 0 1

rs12191877 USP8P1/WASF5P 6 31237925 31267925 0 0 0 -
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Supplementary table S5. cGa of psoriasis loci. (continued)

reported
SnP

Loci chr2 Start end SnPs/set Significant
SnPs3

independent
significant
SnPs4

P value5

rs10484554 Intergenic1 6 31259555 31289555 0 0 0 -

rs2395029 HLA-X 6 31414623 31445267 0 0 0 -

intergenic if the SNP was more than 15 mb away from a gene. 2: chromosome. 3: total number of SNPs 
with p-value < 0.05. 4: total number of significant SNPs (p-value < 0.05) also passing LD-criterion (r2 < 
0.5). 5: just downstream of REL. 5: No significant results when applying bonferroni-correction.



chapter 4

76

Supplementary table S6. SNPs of interest (p < 5 x 10-6)

Genes of interest1 SnP chr2 Location A1 A2 Freq P value

MAST4 rs58331610 5 66020457 a g 0.8615 1.75 x 10-8*

Pirt/SHISA6 + rs16944244 17 11026693 c g 0.9796 2.10 x 10-8*

Pirt/SHISA6 + rs78160483 17 11026297 t g 0.9818 8.38 x 10-8

Pirt/SHISA6 + rs16944241 17 11026414 a g 0.9818 8.38 x 10-8

TACR1/EVA1A + rs6546997 2 75658780 t c 0.1894 9.53 x 10-8

Pirt/SHISA6 + rs8075550 17 11027059 a g 0.9594 1.04 x 10-7

Pirt/SHISA6 + rs11870758 17 11015902 a t 0.9722 1.21 x 10-7

MAST4 rs12188593 5 66030069 t c 0.1359 1.27 x 10-7

Pirt/SHISA6 + rs182131544 17 11023964 a g 0.9788 1.32 x 10-7

Pirt/SHISA6 + rs111448323 17 11022815 a g 0.9786 1.50 x 10-7

Pirt/SHISA6 + rs4791451 17 11027570 c g 0.9808 1.54 x 10-7

Pirt/SHISA6 + rs77699632 17 11020937 a t 0.0214 1.73 x 10-7

Pirt/SHISA6 + rs111341744 17 11021220 a g 0.9784 1.79 x 10-7

Pirt/SHISA6 + rs75205996 17 11021311 t c 0.9784 1.79 x 10-7

Pirt/SHISA6 + rs58692658 17 11019423 t c 0.022 2.32 x 10-7

Pirt/SHISA6 + rs77592872 17 11018841 a t 0.9781 2.34 x 10-7

Pirt/SHISA6 + rs138424360 17 11018089 a g 0.0219 2.37 x 10-7

Pirt/SHISA6 + rs80298958 17 11016351 c g 0.9784 3.39 x 10-7

Pirt/SHISA6 + rs76730906 17 11019589 t g 0.9754 3.85 x 10-7

GRM3 rs6978155 7 86477894 a t 0.0543 5.24 x 10-7

GRM3 rs6957842 7 86477870 a t 0.9457 5.28 x 10-7

GRM3 7:86475369:i 7 86475369 d i 0.9459 5.63 x 10-7

GRM3 rs6960053 7 86473063 a g 0.0541 5.68 x 10-7

GRM3 rs6974507 7 86472032 t g 0.9459 5.75 x 10-7

GRM3 rs7801589 7 86470943 t c 0.9459 5.76 x 10-7

GRM3 rs6465087 7 86470488 t c 0.9459 5.78 x 10-7

GRM3 rs6954573 7 86472161 a t 0.9455 5.86 x 10-7

KIAA1324L rs73382367 7 86525065 a g 0.9436 6.51 x 10-7

KIAA1324L rs6465089 7 86564795 t c 0.0563 7.17 x 10-7

GRM3 7:86478749:i 7 86478749 d i 0.9453 7.44 x 10-7

GRM3 rs6947778 7 86476124 c g 0.0545 8.11 x 10-7

GRM3 rs6967992 7 86476311 t c 0.9455 8.11 x 10-7

GRM3 rs6955565 7 86472484 a g 0.0545 8.12 x 10-7

GRM3 rs6955452 7 86472584 c g 0.9455 8.15 x 10-7

GRM3 rs6955917 7 86472763 a g 0.0545 8.15 x 10-7

KIAA1324L rs6958716 7 86594383 t c 0.943 1.18 x 10-7

KIAA1324L rs6977048 7 86594543 t g 0.057 1.18 x 10-6

KIAA1324L rs7801050 7 86634828 a g 0.0553 1.21 x 10-6

MAST4 5:66029161:D 5 66029161 d i 0.1198 1.25 x 10-6

GJB + rs4308942 1 35100636 a g 0.0559 1.37 x 10-6
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Supplementary table S6. SNPs of interest (p < 5 x 10-6) (continued)

Genes of interest1 SnP chr2 Location A1 A2 Freq P value

GJB + rs4390141 1 35100635 t c 0.9448 1.68 x 10-6

Pirt/SHISA6 17:11013544:i 17 11013544 d i 0.9715 1.83 x 10-6

GRM3 rs6463427 7 5403213 t c 0.3735 2.07 x 10-6

GJB + 1:35117047:D 1 35117047 d i 0.0657 2.45 x 10-6

KIAA1324L rs7781922 7 86506679 t c 0.054 2.58 x 10-6

KIAA1324L rs75714543 7 86506726 a t 0.946 2.58 x 10-6

GJB + 1:35117072:D 1 35117072 d i 0.0651 2.59 x 10-6

KIAA1324L rs1999947 7 86593170 t c 0.0698 2.77 x 10-6

Intergenic rs10502822 18 41494417 t g 0.9569 2.97 x 10-6

KIAA1324L rs1999946 7 86593299 t c 0.0701 3.13 x 10-6

TACR1/EVA1A+ rs7563188 2 75658832 t c 0.1497 3.49 x 10-6

KIAA1324L 7:86593557:D 7 86593557 d i 0.0738 3.50 x 10-6

SENP2 rs13081203 3 185322643 a g 0.3249 3.64 x 10-6

GRM3 rs10263372 7 86486846 c g 0.9174 3.67 x 10-6

KIAA1324L rs73384121 7 86606081 a g 0.0734 4.19 x 10-6

PRICKLE2 rs704417 3 64252424 t c 0.4945 4.28 x 10-6

KIAA1324L rs73384108 7 86587659 t c 0.0724 4.34 x 10-6

KIAA1324L rs73384111 7 86587766 t c 0.0724 4.35 x 10-6

KIAA1324L rs1029367 7 86544248 t c 0.0852 4.39 x 10-6

KIAA1324L rs73384112 7 86587902 t c 0.0725 4.40 x 10-6

Intergenic rs7250483 19 29490697 a g 0.0395 4.45 x 10-6

KIAA1324L rs61699848 7 86589789 a g 0.0726 4.72 x 10-6

Intergenic rs11597510 10 72729492 t c 0.7589 4.75 x 10-6

MAST4 rs6860389 5 66022151 a g 0.8707 4.77 x 10-6

KIAA1324L rs73384113 7 86588338 a g 0.0726 4.78 x 10-6

GRM3 rs28479466 7 86491021 a t 0.9159 4.82 x 10-6

GRM3 rs28755802 7 86491029 a g 0.0841 4.82 x 10-6

GRM3 rs7808623 7 86490154 t g 0.9157 4.84 x 10-6

GRM3 rs17161067 7 86490264 t c 0.9159 4.86 x 10-6

KIAA1324L rs1999945 7 86593390 c g 0.0727 4.92 x 10-6

2: chromosome, *: Genome-wide significant (< 5 x 10-8), +: intergenic, a1: reference allele, a2: other 
allele, Freq: frequency of reference allele. the p-values were calculated by meta-analysis of the output 
per SNP for each rS cohort using p-values derived from a likelihood ratio test as summary statistics.
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Supplementary Figure S1a. QQ-plot. Plot of the expected -log10 p-values (X-axis) and the observed 
-log10 p-values (Y-axis).

Supplementary Figure S1b. Manhattan plot of the GWAS associations. the observed -log10 p-val-
ues (Y-axis) of the association between the SNPs and susceptibility for seborrheic dermatitis are shown. 
all SNP are represented by dots and displayed per chromosome (X-axis).
red line: Genome-wide significant (pvalue = 5 x 10-8)
blue line: Genome-wide suggestive (pvalue = 5 x 10-6)
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Supplementary Figure S2. Screenshot of UcSc Genome browser showing regulatory annotation in a 
501bp region around SNP rs58331610 on chr 5 (hg19 assembly). Light blue vertical line shows location 
of the SNP, which can be seen to be within the oreganno element oreG1274278 and a c/ebPbeta 
binding site as predicted by maPPer. the SNP can also be seen to be within a LiNe regulatory element 
and a h3k27ac histone h3 enhancer mark.
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Supplementary Figure S3. (continued on next page)
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Supplementary Figure S3. regional plot of the most significant associations between SNPs and sebor-
rheic dermatitis. the plots represents the LD patterns of the most significant SNPs. the pairwise r2 is 
represented in colors. the log p-values of the associations are presented in the left Y-axis and the recom-
bination rates are presented in the right Y-axis. the physical position of the markers are presented are 
presented on the X-axis. the figures was generated using LocusZoom (Pruim et al., 2010)
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abstraCt

Background Seborrheic dermatitis is a chronic inflammatory skin disease with a multifacto-

rial etiology. Malassezia yeasts have been associated with the disease but the role of bacterial 

composition in seborrheic dermatitis has not been thoroughly investigated. 

objectives to profile the bacterial microbiome of seborrheic dermatitis patients and to com-

pare this with the microbiome of individuals with no inflammatory skin disease (controls). 

Methods this was a cross sectional study embedded in a population-based study. Skin swabs 

were taken from naso-labial fold from patients with seborrheic dermatitis (lesional skin: n=22; 

non-lesional skin seborrheic dermatitis: n=75) and controls (n=465). Sample collection began 

in 2016 at the research facility and is still ongoing. Shannon and chao1 α- diversity metrics 

were calculated per group. associations between the microbiome composition of cases and 

controls was calculated using multivariate statistics (permaNoVa) and univariate statistics. 

results We found an increased α-diversity between seborrheic dermatitis lesional cases 

versus controls (Shannon diversity: Kruskal-Wallis rank sum: chi-squared: 19.06; global 

p-value= 7.7x10-5). multivariate statistical analysis showed significant associations in micro-

biome composition when comparing lesional seborrheic dermatitis skin to controls (p-value= 

0.03;r2=0.1%). Seven out of 13 amplicon sequence variants (aSVs) that were significantly 

different between controls and lesional cases were members of the genus Staphylococcus, 

most of which showed increased composition in lesional cases, and were closely related to S. 

capitis S. caprae and S. epidermidis. 

conclusion microbiome composition differs in patients with seborrheic dermatitis and 

individuals without diseases. Differences were mainly found in the genus Staphylococcus.
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IntroduCtIon

Seborrheic dermatitis is a common chronic relapsing inflammatory skin disease occurring 

mainly on the sebum-rich areas of the face, scalp and chest. the disease spectrum is het-

erogeneous ranging from a mild form of scaling confined to the scalp to severe erythema 

and scaling of the scalp, face and trunk. the etiology of seborrheic dermatitis is complex. 

host factors such as skin barrier dysfunction, genetic susceptibility and immune status may 

all influence disease risk.1-3 also, several life style and environmental factors increase risk for 

seborrheic dermatitis. in recent epidemiological studies this has been shown for male gender, 

white skin colour, winter climate, generalized dry skin and specific diets.4,5

Since the condition was first described in 1887,6 it is often assumed that overgrowth of spe-

cies of the genus Malassezia cause and maintain seborrheic dermatitis. the Malassezia yeast 

are more abundant on affected skin, and treatments targeting this yeast (e.g. ketoconazole) 

can effectively treat seborrheic dermatitis.7 however, the genus Malassezia is also part of the 

healthy microbiome and similar species of Malassezia in seborrheic dermatitis patients and 

controls have been found. there might be a causal relationship between Malassezia and seb-

orrheic dermatitis, but it is not the only factor.8 a few more recent studies have shown that 

next to a higher abundances of Malassezia yeast, seborrheic dermatitis patient might also 

have bacterial dysbiosis on the scalp.9,10 one other study investigated the microbiome on the 

face of 24 patients with seborrheic dermatitis and found a higher density of Acinetobacter, 

Staphylococcus and Streptococcus in lesional skin when compared with non-lesion skin.11 as 

this study did not include healthy controls and these bacteria are also part of the normal skin 

microbiome, it is not clear whether they are indeed associated with seborrheic dermatitis. 

also, members of the Staphylococcus genus can act as pathogens and thus it would be of 

interest to investigate which specific species are relevant in seborrheic dermatitis. in addition, 

as for any observational studies, initial findings need to be replicated in an independent 

cohort.

as stated above, most studies have focused on the role of Malassezia or were based on 

small series of cases with no controls, which are necessary to control for ‘normal’ variation in 

the microbiome. here we profiled the bacterial microbiome of the nasolabial fold of partici-

pants with seborrheic dermatitis in a middle aged and elderly population based study in the 

Netherlands (the rotterdam Study) and compared this to the same skin areas of individuals 

without seborrheic dermatitis. by using exact amplicon sequence variants (aSVs) instead of 

operational taxonomic units (otUs), we were able to zoom in at species level and made our 

results easier to compare.12
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materIals and methods

Study participants and sample collection

this is a cross-sectional study conducted within the rotterdam Study. the rotterdam Study 

started in 1990 and is an ongoing prospective population based cohort study in a middle 

aged and elderly population in the ommoord district of rotterdam, the Netherlands. all 

residents aged 45 years and above were invited to participate. at this point, the rotterdam 

Study compromises over 15,000 subjects of predominantly North-european descent. Details 

of the study have been published before.13 in 2016, collection of skin swabs of the nasolabial 

fold were introduced and are still ongoing. Participants were not allowed to use any skincare 

products on the day of the examination. Participants that did use skincare products were 

excluded (n=108). Participants who used antibiotics in the past 6 months were also excluded 

(n=126). Data collection for this research included participants with swabs until april 2018.

Seborrheic dermatitis was diagnosed by dermatology-trained physician during a full body skin 

examination. the seborrheic dermatitis diagnosis was based on a greasy scaling, erythema 

and a characteristic distribution in areas rich in sebaceous glands. Since the microbial swabs 

were taken from the nasolabial folds in the rotterdam Study, participants with seborrheic 

dermatitis and involvement of the nasolabial fold were considered lesional cases. Participants 

with seborrheic dermatitis, but without involvement of the nasolabial fold were considered 

non-lesional cases. Participants in the rotterdam Study without seborrheic dermatitis or any 

other skin diseases were considered as controls. No sample size calculation was performed.

Swab collection, DnA extraction and 16S rrnA gene polymerase chain 
reaction amplification and sequencing

a cotton wool swab, pre-moistened with three drops of 0.9% Nacl fluid, was rubbed forth 

and back, in parallel position along the nasolabial fold (50 times, during 30 seconds). Samples 

were stored at -20 ºc for a maximum period of three hours and then at -140 ºc before 

processing. Negative swabs (air swabs) were taken for quality control of the sequencing.

DNa was extracted using the DNa extraction Kit on the arrow pipetting instrument (DiaSorin 

S.P.a., Saluggia, italy). Swabs were treated with DNa Pre-treatment buffer 2 and Proteinase K 

for 30 minutes at 56°c, followed by DNa isolation on the arrow instrument according to the 

manufacturer’s protocol in batches of 12 samples per run. DNa concentration was measured 

using the Quant-it PicoGreen dsDNa assay Kit (thermo Fisher Scientific, Waltham, ma) and 

DNa was stored at -20°c.

the V1 to V3 variable regions of the 16S rrNa gene were amplified using the 27F-519r 

primer pair and dual indexing as previously described.14,15 amplicons were normalized and 
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pooled in batches (total number of swabs per sequencing run: 300). the pools were purified 

using agencourt amPure XP (beckman coulter Life Science, indianapolis, iN) and the quan-

tity of the pool was assessed using the Quant-it PicoGreen dsDNa assay Kit. PhiX control v3 

library (illumina inc., San Diego, ca) was spiked into (~10%) the pool prior to sequencing on 

an illumina miSeq sequencer (miSeq reagent Kit v3, 2 x 300 bp). Samples were sequenced 

in three batches.

Bioinformatic analysis

raw reads from illumina miSeq were demultiplexed using a custom script to separate sample 

fastq files based on the dual index. Primers, barcodes and heterogeneity spacers were 

trimmed off using tagcleaner v0.16.16 trimmed fastq files were further processed using the 

DaDa2 pipeline.17 in contrast to standard clustering of reads that cluster sequence reads 

based on a similarity threshold (usually 97%), and assign them to taxa to generate opera-

tional taxonomic units (otUs), DaDa2 allows to analyse exact amplicon sequence variants 

(aSVs) as the unit of analysis without imposing dissimilarity thresholds.17 this is done by 

inferring the biological sequences before incorporating amplification and sequencing errors. 

Parameters used to run DaDa2 are detailed in the Supplementary information.

Data analysis

Demographic characteristics of participants included in the study were presented as propor-

tions and compared between cases and controls using chi-squared statistics. We excluded 

aSVs belonging to contaminant phyla as detailed in Salter et al.18 Further, we included aSVs 

that were present in at least 5% of the total dataset and had a minimum of 1000 reads 

based on the percentile count distribution. Frequency plots of most abundant phyla in the 

dataset were calculated using relative abundances. most abundant genera were plotted us-

ing different prevalence thresholds from (5 to 100%) using a heatmap plot.

to compare the profile of bacteria between seborrheic dermatitis patients against controls, 

we first calculated α-diversity per sample using chao1 and Shannon diversity. chao1 is an 

estimation of the richness of the sample (aka: how many aSV per group), while Shannon-

diversity gives an estimate of the relative distribution of sequences among the aSVs. We 

tested for differences in chao1 and Shannon diversity using Kruskal-Wallis tests and adjusted 

the p-values for pair-wise comparisons. We also calculated Shannon and chao1 after rarefy-

ing all samples to have exactly 10000 counts. these analyses were done to evaluate whether 

any significant difference between the groups was due to different library sizes (details are 

presented in the Supplementary material).

Next, for downstream analysis we transformed the dataset using centered log-ratio approach 

to account for unequal library sizes. this data transformation is recommended to analyse data 
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derived from Next Generation Sequencing since this data is assumed to be compositional 

(data conveys only relative information since the total abundance is unknown).19,20 because 

the logarithmic normalization does not handle zeros, these needed to be imputed first. the 

imputation of zeroes can be done under different assumptions (see Palarea-albaladejo et al. 

for details21). here, we assumed that any feature (aSV) observed in more than one sample 

could appear in another sample if sequenced with infinite depth, which can be modelled 

using bayesian-multiplicative replacement of count zeros.21

to visualize whether the microbiome composition clustered per sample characteristics (here, 

being a case or control, or other sample characteristics), we used Principal component 

analysis (Pca). Further, we tested for differences in the microbiome composition using 

permutational multivariate analysis of variance (permaNoVa)22 and adjusting for sex, age (as 

a continuous variable) and batch variables.

Finally, we performed compositional data analysis to test for differential abundance between 

specific aSVs for seborrheic (lesional and non-lesional) cases and controls with lesional cases 

used as the reference groups using the aLDex2 package.23 the package uses centered log-

ratio transformation of the data to correct for unequal library sizes. We tested for differential 

composition using a generalized model, while adjusting for sex, age and batch as covariates. 

Significant p-values were defined with a threshold of p-value=0.05 and borderline with a 

p-value of 0.1. of note, the package considers significant effects when the absolute value of 

the coefficients are higher than 1. however we considered estimates significant if the p-value 

was <0.05 after multiple testing (benjamini-hochberg Procedure, adjusted p-values are given 

by the package).

For the analysis of alpha and beta diversities, the phyloseq and microbiome packages were 

used (24) (https://github.com/microbiome/microbiome). the pairwise comparison and 

graphical display of the alpha-diversity was performed using library (“ggstatsplot”) retrieved 

from https://cran.r-project.org/web/packages/ggstatsplot/index.html.

PermaNoVa analysis was done using the function “adonis” from the vegan package 

(https://cran.r-project.org/web/packages/vegan/index.html). imputation of zeroes was done 

using the Z compositions packages. the generation of plots and statistical analysis were done 

using phyloseq and microbiome packages. all the packages were implemented in rv.3.5.2 

(eggshell igloo version). Functions and parameters used for these analyses are detailed in the 

Supplementary information.
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Phylogenetic analysis

to improve the taxonomic resolution of the aSV that showed differential composition between 

lesional cases and controls, an exploratory phylogenetic analysis was done. We performed 

this by aligning the sequence reads of the aSVs that showed differential composition be-

tween cases and controls with the partial 16S rrNa sequences from different Staphylococcus 

species retrieved from Genbank (reference numbers were obtained from Ghebremedhin b. 

et al.25). after the multiple sequencing alignment, a phylogenetic tree was constructed using 

the neighbour-joining algorithm. the phylogenetic analysis was implemented in the package 

meGa.26 Details on the programs and parameters for generation of the phylogenetic tree are 

presented in the Supplementary materials.

results

Skin swabs were collected from 562 participants. of these 75 participants were classified as 

non-lesional cases and 22 as lesional cases. Demographic characteristics are shown in table 

1. most of the non-lesional and lesional cases were male. the median age was 53 years 

(inter-quantile range; iQr: 48-64 years) in the control group, and 56 years (iQr: 49-55 years) 

for non-lesional cases and 68 years (iQr: 49-55 years) for lesional cases. the quantile age 

distribution was significantly different with lesional cases being older than the controls.

Bacterial community profiles of the naso-labial fold

in total, 15651 amplicon sequencing variants (aSVs) were identified in 562 individuals. the 

aSVs were assigned to 27 unique phyla (S1 Fig), some of which were clearly contaminant phyla 

table 1. Descriptive statistics of participants with skin swabs

controls
(n=465)

non-lesional cases 
(n=75)

Lesional cases
(n=22) P-value*

Sex <0.00004

men 210 (77%) 44 (16%) 20 (7%)  

Women 255 (89%) 31 (11%) 2 (0.7%)  

Batch 0.042

1 215 (46%) 46 (61%) 9 (41%)  

2 250 (54%) 29 (39%) 13 (59%)  

Age quantiles (years) 0.01

40-49 130 (28%) 18 (24%) 1 (5%)  

50-54 113 (24%) 13 (17%) 5 (23%)  

55-65 116 (25%) 20 (27%) 2 (9%)  

> 65 106 (23%) 24 (32%) 14 (64%)  

* chi-square test of the comparisons between lesional non-lesional and controls.
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including Planctomycetes and Cyanobacteria. the total number of reads was 12277291 with 

a median count of 21340 (range: 0-218661) per sample. after quality control that included 

the filtering of contaminant aSVs and samples with low counts and outliers (Supplementary 

materials and methods), and including aSVs present in at least 5% of the total dataset, 185 

aSVs in 529 samples (controls: 436; non-lesional cases:71; lesional cases:22) remained.

there was an apparent increase in the relative abundance of Firmicutes in lesional cases when 

compared with controls at phylum level as seen in the plot, but these differences were not 

significant. Fig 2 showed that several genera seemed to be increased in the lesional cases. 

however, after testing, only Corynebacterium_1 was nominally significant (p-value<=0.05; 

aldext text; Supplementary table 2).

Fig 3 presents a heatmap of aSVs identified at different prevalence estimates in all samples 

(y-axis) and at different levels of detections per sample; from 0.0001% to 20% (x-axis). as 

shown in this plot, one member of the genus Cutibacterium (aSV1) was the most prevalent 

and was found in over 75% of all samples with relative abundances of 3% and higher. the 

second most prevalent aSV belonged to the genus Staphylococcus (aSV2) with a preva-

lence of 75% at lower abundances (<=2%). other aSVs present in at least 50% of the 

samples included other aSVs belonging to Staphylococcus species (aSV68, aSV5, aSV18; 

Staphylococcus epidermidis), Cutibacterium granulosum (aSV7) Peptoniphilus rhinitidis and 

Anaerococcus.

to investigate whether the participants clustered based on their disease status we used Pca. 

S2 fig displays the first two axis of variation in the cutaneous microbiome composition. the 

first component explained 13% of the variation of the data and the second component 

explained 7%. however, there was not a clear separation between cases and controls.

Figure 1. Barplot of relative frequency of most phyla averaged per control, non-lesional and 
lesional cases.
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comparison of the microbiome composition between seborrheic 
dermatitis and controls

We estimated α-diversity of our data per group (controls; non-lesional and lesional seborrheic 

dermatitis) using Shannon-diversity and chao1 statistics. as shown in Fig 4a, the median 

chao1 was significantly higher for lesional seborrheic dermatitis cases in comparison with 

both non-lesional cases and controls (Kruskal-Wallis rank sum: chi-squared: 11.14; global 

p-value= 0.004; controls vs lesional cases; adjusted p-value=0.003; lesional cases vs non-le-

sional cases; adjusted p-value=0.0012). Shannon α-diversity estimates were also significantly 

different between lesional cases and controls (Kruskal-Wallis rank sum: chi-squared: 19.06; 

global p-value= 7.3x10-5; lesional cases vs controls; adjusted p-value=2.4x10-4; lesional cases 

Figure 2. Barplot of relative frequency of genera per phylum. the relative abundance of main 
genera is presented separately, with controls =0, non-lesional cases =1 and lesional cases =2. only Cory-
nebacterium_1 was nominally significantly different between lesional SD versus controls.
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vs non-lesional cases; adjusted p-value=0.03; non-lesional cases versus controls: adjusted 

p-value=0.03). Since alpha diversity parameters are sensitive to differences in sample library 

size, we evaluated the impact of different filtering thresholds as well as rarefaction (Supple-

mentary material). as shown in the Supplementary S3-S5 figs, alpha diversity estimates were 

significantly higher in lesional cases when compared with non-lesional cases and controls at 

different filtering thresholds and after rarefying (Supplementary methods).

Multivariate analysis. We tested for differences in the microbiome composition between 

seborrheic dermatitis cases and controls using permaNoVa. We found that overall, the com-

position of the microbiome differed between cases and controls (r2 =0.1%; p-value= 0.03). 

in addition, age, sex and batch effects were also significant (age: p-value=0.009; r2=0.6%; 

sex: p-value: 001; r2=2%; batch: p-value=0.001; r2=1%).

Univariate analysis. We investigated whether there was a difference in the composition of 

aSVs between seborrheic dermatitis and controls adjusting for known sex, age and batch 

variables. We found nominally significant differences in the composition between lesional 

Figure 3. Heatmap plot of the most prevalent ASV identified in the sample. Figure presents the 
most prevalent aSVs (y-axis) identified at different detection thresholds (0.001 to 20%). most common 
aSVs appear at low abundance per sample (0.01 to 1%)
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cases compared against controls for bacteria of the genus Staphylococcus including aSV18 

(effect size -3.37; p-value=0.01), aSV15 (effect size: -2.97 ;p-value=0.02); aSV22 (effect 

size -2.88; p-value=0.03), aSV13 (effect size -2.64; p-value=0.04) and aSV5 (effect size 

-2.41;p-value=0.05). other bacteria with differences between lesional and controls included 

a member of the genus Micrococcus (aSV137), Finegoldia (aSV60), and Lawsonella (aSV32). 

None of the differences were significant after correcting for multiple testing (table 2). 

Cutibacterium (aSV1), which was most prevalent in this cohort, and nominally significant 

at genus level was only borderline associated with seborrheic dermatitis (effect size:-0.83, 

p-value: 0.07).

Figure 4. Boxplot of α-diversity. Fig 4a presents the violin-plot distribution of chao1 diversity in 
controls, lesional and non-lesional cases. Fig 4b presents the violin-plot of Shannon diversity in controls, 
lesional and non-lesional cases. P-values are adjusted pair-wise comparisons. overall Kruskal-Wallis test 
is described in the text.
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Phylogenetic analysis of ASV with suggestive differential composition 
between lesional seborrheic dermatitis and controls

as shown in the table 2, seven out of 12 aSVs that were (nominally) significantly different 

between controls and lesional cases were members of the genus Staphylococcus, most of 

which showed increased composition in lesional cases in comparison with controls. of these, 

none of them could be annotated to species level by the DaDa2 pipeline. to better under-

stand the role of this genus in seborrheic dermatitis, we compared the DNa sequence of the 

reads with the 16S rrNa sequences available from different strains of staphylococci available 

from Genbank (Fig 5). as shown in this figure, the aSVs with differences in composition 

between lesional cases and controls were closely related to S. capitis (aSV5, aSV13, aSV15; 

aSV22) S. caprae (aSV) and S. epidermidis (aSV33) and were separate from the from S. 

aureus sequence.

table 2. association analysis between aSV composition (aSV individual level) and seborrheic dermatitis 
(with categories controls, non-lesional cases and lesional cases)

Bacteria effect sizea P-valuea effect sizeb P-valueb Genus Species

aSV18 -3.37 (1.16) 0.01 -2.22 (1.28) 0.09 Staphylococcus Na

aSV15 -2.97 (1.23) 0.02 -2.35 (1.35) 0.1 Staphylococcus Na

aSV22 -2.88 (1.21) 0.03 -2.39 (1.33) 0.09 Staphylococcus Na

aSV13 -2.64 (1.22) 0.04 -1.39 (1.34) 0.32 Staphylococcus Na

aSV137 -2.13 (0.91) 0.04 -2.33 (1.01) 0.05 micrococcus Na

aSV5 -2.41 (1.19) 0.05 -0.88 (1.31) 0.51 Staphylococcus Na

aSV20 2.43 (1.15) 0.06 1.5 (1.3) 0.3 anaerococcus Na

aSV68 -1.54 (0.81) 0.07 -1.18 (0.9) 0.21 Staphylococcus Na

aSV63 1.89 (0.98) 0.1 2.0 (1.1) 0.13 Staphylococcus Na

aSV60 -1.89 (0.96) 0.11 -2.23 (1.06) 0.07 Finegoldia Na

aSV171 -1.67 (0.89) 0.11 1.90 (0.1) 0.11 Streptococcus sanguinis

aSV25 -1.83 (1.08) 0.12 -1.06 (1.20) 0.4 anaerococcus Na

aSV32 1.91 (1.08) 0.13 1.30 (1.20) 0.37 Lawsonella Na

a effect sizes and p-values of the comparison controls versus lesional cases (with negative effects mean-
ing ‘relative decrease’ in controls relative to lesional cases. b effect sizes and p-values of the comparison 
non-lesional versus lesional cases (with negative effects meaning ‘relative decrease’ in non-lesional cases 
relative to lesional cases. effect sizes larger than 1 are considered significant.20 analysis were adjusted 
for age, sex and batch effects.
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Figure 5. Phylogenetic tree of the ASVs with suggestive differences in composition between 
lesional SD and controls. the figure depicts the phylogenetic relationship between aSVs assigned to 
Staphylococcus species and Staphylococcus species obtained from Genbank (16S rrNa sequence). this 
sequences begin with aY*. aSVs closely related to S. capitis belong to the same node (aSV5, aSV13, 
aSV15 and aSV22). aSV68 appears to belong to S. caprae together with aSV18. aSV63 clustered with 
S. epidermidis. Sequence of S. aureus appear as outgroup (sequence with most differences).
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dIsCussIon

in this large cross-sectional study comparing the cutaneous microbiome of individuals with 

seborrheic dermatitis with individuals with no skin disease (controls), we found a significant 

increase in the α-diversity between lesional cases and controls. comparing the overall mi-

crobiome composition between cases and controls using a multivariate approach also led to 

significant differences between the groups, although the contribution of skin condition was 

small in comparison to other sample characteristics such as sex. in the design of the study, we 

assumed that the bacterial microbiome of non-lesional skin would also differ from healthy 

participants as Soares et al. showed this for people with dandruff,27 but we did not find a 

clear separation between non-lesional cases and controls. in the univariate analysis we found 

differences in the composition of members of specific bacteria from the genus Staphylococ-

cus, thought to be members of the normal skin flora, including: S. capitis, S. caprae and S. 

epidermidis, with most of them being increased in lesional cases compared to controls. No 

differences were found for S. aureus in this analysis. other bacteria with an increased abun-

dance in the cases were members of the genus Micrococcus, Finegoldia sp. and Streptococ-

cus sanguinis. the changes found in the univariate analysis were not statistically significant 

after correcting for multiple testing. though, especially for the Staphylococcus genus there 

seems to be a trend, as seen in the comparison between non-lesional and lesional seborrheic 

dermatitis groups (table 2). the principal component analysis did not show a clear separation 

of microbiome composition between controls and cases. in the previous smaller study by 

tanaka et al.,28 a separation between cases and control was suggested, although their graph 

leaves room for discussion and no statistical test was performed. We replicated the finding 

that Staphylococcus species have an increased abundance in lesional skin.

in our study, we found similar distribution of bacteria from sebum rich areas in our dataset 

as in previous studies.29 Using a prevalence of 50% to define a ‘core’ microbiome, we found 

that members of Cutibacterium species (aSV1_ Cutibacterium _NA and Cutibacterium 

granulossum) and Staphylococcus species (Staphylococcus epidermidis and Staphylococcus 

_NA) were the most abundant, which serves as an internal validation of our dataset. of this 

‘core’ bacteria only one member of the Cutibacterium species seemed to have differences in 

their ‘abundance’ between seborrheic dermatitis cases and controls as shown in the univari-

ate analysis (table 2). the other aSVs with suggestive differences in the abundance between 

cases and controls were not amongst the core set, which suggests that the most differences 

between lesional seborrheic dermatitis and controls occur for bacteria that have relatively 

low (relative) abundances between 5% to 10%.

We found differences in the relative composition of members of the Staphylococcus genus, 

which supports previous findings of a differential composition of this genus in seborrheic 
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dermatitis based on smaller series of cases.11 Staphylococcus species include different species 

known to be part of normal skin flora, such as S. epidermidis, S. capitis and S. caprae, as 

well as pathogens such as S. aureus. because in most studies on seborrheic dermatitis the 

analysis of bacterial microbiome is done at genus level, it is difficult to compare our results 

with these from previous studies since we chose to analyse exact aSV instead of grouping 

aSVs into genera. in a recent study an increased abundance of S. epidermidis in patients with 

impaired skin barrier was found.30 because commensal bacteria can also act as opportunistic 

pathogens under special circumstances (e.g. impaired barrier function), the previous study as 

well as our results supports the hypothesis that commensal bacteria rather than pathogens 

may be associated with seborrheic dermatitis.

the higher alpha diversity in seborrheic dermatitis cases (both lesional and non lesional) 

in comparison to the controls is in contrast with studies on bacterial microbiome in other 

chronic inflammatory skin conditions such as atopic dermatitis, where a decreased alpha 

diversity in lesional skin has been observed. although both diseases are associated with 

a skin barrier impairment, it is likely that the role of microbial dysbiosis is different for the 

two skin conditions. in atopic dermatitis, alpha diversity is lower due to the predominance 

of one bacterium, namely: S. aureus, which is considered more of a pathogen than a com-

mensal.31 higher S. aureus colonization has been associated with immune dysfunction and 

a decrease of the production of antimicrobial peptides, which will favor the overgrowth of 

these bacteria while inhibiting the growth of competing bacteria.32 We looked at the total 

number of 47 aSVs related to Staphylococcus species in our data and did a phylogenetic 

analysis with all sequences available at Genbank for 16S rrNa for a total of 75 sequences. 

interestingly, only one of 47 aSVs in our data was phylogenetically closer to S. aureus than 

to the rest (aSV109: S6 fig), which suggests that S. aureus is not a major player in seborrheic 

dermatitis. it could also be argued that an affected nasolabial skin could be a niche for 

bacteria from nearby areas such as mouth (e.g. Streptococcus sanguinis) or nose (Peptonilus 

rinitidis). aSVs associated with these bacteria seemed to be increased in seborrheic dermatitis 

(when compared with controls), although the differences were not statistically significant. 

this also may explain the increase in the diversity seen in our dataset. thus, one could argue 

that in seborrheic dermatitis subjects the increased diversity is secondary to an impaired skin 

barrier, which leads to the colonization of otherwise commensal bacteria.

as mentioned above, we chose exact aSVs as the unit of analysis instead of otUs in an 

attempt to gain taxonomic resolution beyond genus level, since the pipeline can annotate 

1 to 2 nucleotides difference between aSVs. however, because the DaDa2 bioinformatic 

pipeline uses a strict threshold to annotate aSVs to bacteria from reference databases such 

as SiLVa (100% match; in other words identical sequences), many of the aSVs could not 

be annotated to species level, and were left as ‘unknown’ species. in most studies, this 
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issue is solved by grouping aSVs or otUs into genera as unit of analysis, which may lead to 

spurious results, because different species with different roles in skin biology or pathology 

(e.g. S. aureus versus S. epidermidis) are then assumed to be the same. With the methods 

we used, we could have agglomerated similar aSVs into species level (e.g. different aSVs 

associated with S. epidermidis into one single S. epidermidis), but due to the high proportion 

of aSVs that were unknown at species level, we would not have enough data to analyse. 

With this, we showed that trying to separate species from the same genus might be valuable 

to understand the role of specific bacteria in seborrheic dermatitis. because whole genome 

sequencing is still expensive for large studies, especially when analyzing microbiome from 

low to medium biomass, a better annotation of reference datasets and perhaps sequencing 

of another region or even the whole gene could improve the resolution in future studies.

our study has some limitations. First, this study includes a middle aged and elderly popula-

tion, and as the microbiome composition changes with age, this might limit the generaliz-

ability to younger patients. Second, the bacterial biomass of the skin is lower than that 

from other human niches.33 this has implications for sequencing since samples with low to 

medium levels of extracted DNa are more prone to contamination by other bacteria, which 

can lead to spurious results. here we excluded obvious contaminant phyla based on previous 

publications and filtered aSVs based on prevalence. third, although our sample of cases and 

controls is much larger than most studies on skin microbiome, the number of lesional cases 

was probably too low in comparison with the number of controls, which had much larger 

variation and made it difficult to separate cases from controls in the Pca. the low density of 

skin bacterial DNa also creates problems in the statistical analysis since the data were highly 

sparse. We used methods that alleviated this issue (imputing zeroes), but still the analysis may 

have been too conservative to survive multiple testing. Further, most methods assume that 

rare species are not important in determining variation but this may not be true as shown 

here in our study. to alleviate this, larger sample sizes will be needed to confirm our results.

to conclude, we found differences in the microbiome composition in a large sample of 

patients with seborrheic dermatitis when compared with controls. there was a trend to-

wards higher prevalence of members of the genus Staphylococcus, most of which showed 

increased composition in lesional cases, and were closely related to S. capitis S. caprae and 

S. epidermidis. the associations were not significant when correcting for multiple testing. 

Future studies are required to validate these findings.
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supplementary InformatIon

supplementary materIals and methods

Bioinformatic pipeline

Quality filtering was performed in DaDa2 using the following criteria: trim=0, maxee=c(2,2), 

truncQ=2, rm.phix=trUe. Filtered reads were run through the DaDa2 amplicon Sequence 

Variant (aSV) assignment and aSVs were assigned a taxonomy from the SiLVa version 132 

rrNa database using the rDP naïve bayesian classifier.35 Data tables were combined into a 

phyloseq object using Phyloseq.24

Phylogenetic analysis

For the phylogenetic analysis we used the meGa-X software.36 this was done in several steps. 

First, we uploaded fasta sequence reads of the aSVs with suggestive differences in composi-

tion between lesional cases and controls into the software. then, we aligned the sequences 

using the mUScLe program 37 with neighbour joining method. Next, the phylogenetic tree 

was constructed using the aligned sequences using the neighbour joining method.38 the 

evolutionary distances were computed using the maximum composite Likelihood method.39 

all ambiguous positions were removed for each sequence pair (pairwise deletion option). a 

phylogenetic tree can be interpreted as follows: branches (sequences) from the same node 

are more closely related to each other than branches from other nodes. the longer the 

branches the more differences between the sequences there are.

supplementary results

Descriptive statistics of the microbiome data: Filtering steps

after the sequencing and bioinformatic steps, the table with amplicon sequence variants 

(aSVs) found in samples are imported into the package phyloseq for further downstream 

analysis. the total dataset consisted of a total of 15980 amplicon sequence variants identified 

in 895 samples, of which 25 were negative controls (air swabs taking during the sampling 

collection at the research centre).

We first excluded obvious contaminant phyla based on literature. these included Planctomy-

cetes, Epsilonbacteraeota, Cyanobacteria, Chloroflexi , ambiguous_taxa, BRC1, WPS-2, FBP, 

Deinococcus-Thermus, Cyanobacteria and Epsilonbacteroraeota.
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Further, we excluded samples with less than total 1000 reads, which were mostly negative 

controls. Next, we also removed a sample with an unusual high count since it is also likely 

to be the result on contamination. after these filtering steps we had 15111 aSVs in 533 

samples including four negative controls, which were further removed. Finally, we used 5% 

prevalence filtering,40 meaning that we included aSVs that were present in at least 5% of 

all samples. this left a remaining of 185 taxa in 529 samples, of which 436 were controls, 

71 were non-lesional cases and 22 were lesional cases. this dataset was then used for the 

downstream analysis described in the main manuscript.

Analysis of alpha diversity

Since measures of alpha diversity are sensitive to different library sizes, we estimated chao1 

and Shannon diversities in our dataset at different filtering thresholds, namely: minimal filter-

ing (only contaminant phyla were left out), before 5% prevalence and after 5% filtering 

prevalence. in addition, we also rarefied the original dataset to have exactly 10000 counts 

per sample. For this we used the function ‘rarefy_even_depth’ with sample size of 10000. 

S3-S5 figs showed the pairwise comparison of the chao1 and Shannon diversity per lesional, 

non-lesional and control groups. in all cases the lesional cases showed the highest diversity 

confirming our results.
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S1 fig. Frequency of 27 unique phyla presented. the graphs present the taxa prevalence against 
total counts, with each dot representing a different taxa.
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S2 fig. Principal component analysis (PcA) of microbiome composition (the centered log- ra-
tios). No clear separation of microbiome composition was observed between controls (grey dots) and 
cases separated in non-lesional (blue dots) and lesional SD cases (green dots)
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S3 fig. Boxplot of α-diversity with minimal filtering. Fig S3a presents the violin-plot of chao1 
diversity in controls, lesional and non-lesional cases. Fig S3b presents the violin-plot of Shannon diversity 
in controls, lesional and non-lesional cases. P-values are adjusted pair-wise comparisons.
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S4 fig. Boxplot of α-diversity before 5% prevalence filtering. Fig S4a presents the violin-plot 
distribution of chao1 diversity in controls, lesional and non-lesional cases. Fig S4b presents the violin-
plot of Shannon diversity in controls, lesional and non-lesional cases. P-values are adjusted pair-wise 
comparisons
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S5 fig. Boxplot of α-diversity after rarefying. Fig S5a presents the violin-plot of chao1 diversity in 
controls, lesional and non-lesional cases. Fig S5b presents the violin-plot of Shannon diversity in controls, 
lesional and non-lesional cases. P-values are adjusted pair-wise comparisons.
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Supplementary table 1. association analysis between microbiome composition (phylum level) and 
seborrheic dermatitis (with categories controls, non-lesional cases and lesional cases)

Bacteria effect sizea P-valuea effect sizeb P-valueb

actinobacteria -0.24 (0.26) 0.39 -0.76 (0.45) 0.12

Firmicutes 0.45 (0.27) 0.12 0.65 (0.46) 0.19

Proteobacteria -0.15 (0.44) 0.67 0.04 (0.76) 0.75

Fusobacteria 0.50 (0.42) 0.30 0.31 (0.72) 0.53

bacteroidetes -0.57 (0.44) 0.28 -0.25 (0.75) 0.60

a effect sizes and p-values of the comparison: controls versus lesional cases. b effect sizes and p-values of 
the comparison: non-lesional cases versus lesional cases.

Supplementary table 2. association analysis between microbiome composition (genus level) with seb-
orrheic dermatitis (with categories controls, non-lesional and lesional cases) and with lesional cases as 
reference groups

Genus effect sizea P-valuea effect sizeb P-valueb

cutibacterium 1.001 (0.468) 0.04 0.371 (0.522) 0.49

Staphylococcus -0.797 (0.417) 0.06 -0.312 (0.466) 0.51

Peptoniphilus -1.849 (1.149) 0.12 -1.446 (1.284) 0.28

anaerococcus -1.403 (0.945) 0.14 -0.435 (1.055) 0.68

Finegoldia -1.549 (1.061) 0.18 -1.527 (1.185) 0.24

Sphingomonas 1.246 (0.812) 0.22 1.027 (0.906) 0.33

micrococcus -1.245 (0.929) 0.23 -1.727 (1.037) 0.15

Granulicatella 1.157 (0.881) 0.27 1.244 (0.983) 0.28

a effect sizes and p-values of the comparison: controls versus lesional cases. b effect sizes and p-values of 
the comparison: non-lesional cases versus lesional cases.

← S6 fig. Phylogenetic tree of the ASVs belonging to the genus Staphylococcus. the figure de-
picts the phylogenetic relationship between aSVs assigned to Staphylococcus species and Staphylococ-
cus species obtained from Genbank (16S rrNa sequence). this sequences begin with aY*. only aSV109 
was phylogenetically closer to S. aureus
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General discussion

the very common but understudied disease

Seborrheic dermatitis is a very common skin disease with a poorly understood pathophysiol-

ogy. there might be several reasons for the lack of interest in seborrheic dermatitis. Seb-

orrheic dermatitis flares are often mild, can easily be suppressed, and are usually present 

for a short period of time.1 Patients might therefore not always visit a health professional. 

Some might even argue that seborrheic dermatitis is a personal hygiene problem or a skin 

feature, rather than a disease. however, seborrheic dermatitis can severely affect quality 

of life because it is extremely visible, may cause symptoms, and may have diagnostic and 

therapeutic difficulties.2-4 although it can be suppressed successfully, there is no definitive 

cure and it tends to relapse frequently. therefore, a better understanding of this common 

skin disease is warranted.

both host and environmental determinants have been implicated in the pathogenesis of seb-

orrheic dermatitis. however, most of these studies were small (less than 100 participants), or 

conducted in a selected population (e.g. dermatology outpatient clinics).5-19 During the past 

few years we have investigated associations between several determinants and seborrheic 

dermatitis - including lifestyle, genetic susceptibility and cutaneous microbiome - and pro-

vided additional insights into the role of existing and new risk factors in disease susceptibility 

(Figure 1). however, many questions regarding the etiology of seborrheic dermatitis remain. 

considering it is one of the most common skin diseases, many patients may benefit from 

new insights in this disease.

How epidemiological research helps to move the field forward

Validating previous associations and identifying new ones

the studies described in this thesis were all conducted within the rotterdam Study, a prospec-

tive cohort study of middle aged and elderly people living in ommoord, the Netherlands.20 

in 2010, full body skin examinations were introduced in the rotterdam Study, which made it 

possible to investigate prevalent diseases and phenotypes across a wide spectrum of severity, 

including mild cases that do not always warrant a visit to a doctor, such as seborrheic der-

matitis. the prevalence of seborrheic dermatitis in the rotterdam Study was 14.3%, which 

is substantially higher than in studies using hospital or insurance data.5,21,22 in part, this can 

be explained by the fact that a large proportion of affected people have mild forms of the 

condition and therefore do not seek medical care. in addition, we focused on middle aged 

and elderly people and seborrheic dermatitis prevalence increases with age (i.e., selection 

bias).23,24 at the same time, seborrheic dermatitis is a chronic relapsing disease and partici-

pants were only cross-sectionally selected as case when seborrheic dermatitis was diagnosed 

during full body skin examination. therefore, we missed participants that had seborrheic 

dermatitis but just not at that particular moment (i.e., ascertainment bias).
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Previous studies and results from this thesis show that many factors infl uence the susceptibil-

ity for seborrheic dermatitis. our results based on a large sample showed that seborrheic der-

matitis is signifi cantly more prevalent in men and in people with a light skin colour. although 

this might be because of underdiagnosing in dark-skinned individuals, because erythema 

is less striking, it might also be the result of a superior barrier function in more pigmented 

skin.8,25,26 Seasonality also seems to have a great impact on seborrheic dermatitis prevalence; 

during the winter, seborrheic dermatitis is about 1.6 times more prevalent than during the 

summer.25 Possibly, this is due to the cutaneous immunosuppressive effects of ultraviolet light 

(UV), temperature and humidity of the environment during summer.

in chapter 3, we found that seborrheic dermatitis was more common in participants with a 

dry skin. From a prevention and management perspective, maintaining an optimal skin bar-

rier by applying moisturizers might by itself be a target in seborrheic dermatitis. For now, no 

clinical study has been designed to answer this specifi c question. however, there are several 

Microbiome
(Malassezia yeast, 

staphylococcus species)

Seborrheic 
dermatitis

Figure 1. Factors that infl uence seborrheic dermatitis.
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randomized clinical studies comparing a vehicle with a calcineurin inhibitor, corticosteroid or 

anti-fungal treatment. all these treatments are found to be more effective than the placebo 

cream, but great improvements in both objective as subjective measurements were also seen 

with placebo cream alone. this supports the positive effect of optimizing the skin barrier in 

the management of seborrheic dermatitis.27 in a future study, the relapse rate in patients that 

are randomized in using daily emollients versus no follow up treatment should be compared 

to further assess the impact of moisturizers in the long-term control of seborrheic dermatitis.

Western diet has been implicated to have a role in chronic systemic inflammation. adher-

ence to a healthy diet has been associated with a lower incidence of chronic diseases and 

a lower mortality.28 We hypothesized that diet might also influence chronic inflammation 

in seborrheic dermatitis. Several skin diseases have been associated with diet as well and 

diet modification is popular among dermatological patients, especially among those with 

chronic inflammatory diseases.29,30 the role of diet in seborrheic dermatitis was assessed in 

chapter 3.2. a high fruit intake was associated with less seborrheic dermatitis. in women, a 

western diet was associated with a higher seborrheic dermatitis prevalence. many patients 

ask about the effect of diet on (skin) health. although exact dietary recommendations are 

not sufficiently supported by the study, a healthy lifestyle including a healthy diet may result 

in additional health benefits and possibly affect seborrheic dermatitis. in clinical practice, this 

would mean advising patients to follow national guidelines regarding diet and emphasizing 

the protective role of fruit. We hypothesized that psoralens in citrus fruits, leading to ad-

ditional immunosuppression in combination with UV light, might explain the positive effects 

of diet on seborrheic dermatitis. this hypothesis is in line with other observational research 

that shows an association between citrus fruit intake and development of skin cancer.31 

however, it could also be that the diet influences the skin immune system through the gut 

microbiome. the gut microbiome has an effect on systemic immunity, but may also interfere 

in skin homeostasis more directly through metabolites passed though the bloodstream to 

the skin.32 in the past decade, much has been discovered about the links between diet, the 

(gut) microbiome and disease (i.e., obesity, inflammatory bowel disease and rheumatoid 

arthritis), which suggests that we are able to modify our microbiome through diet and influ-

ence disease risk.33

Given the large sample size from the rotterdam Study, we were able to validate previ-

ously observed associations in smaller studies and create the opportunity to investigate 

new hypotheses. however, the study design provides associations, rather than causal rela-

tions. Several aspects of associations should be considered. the bradford hill criteria are 

a set of principles that may be used to distinguish causal from non-causal associations in 

epidemiological studies. it states that strong associations are more likely to be casual than 

weak associations and causality is more probable if associations show consistency, specificity, 



chapter 6

120

temporality and a biological gradient. Furthermore, a plausible explanation for the effect, 

which is not in conflict with what is already known about the disease or which is substanti-

ated by experimental evidence, might give an additional argument.34 in our studies, we 

found small to moderate effect sizes for the risk of seborrheic dermatitis, and were not (yet) 

able to demonstrate temporality due to the cross-sectional design. however, the findings 

are mainly consistent with previous observations and were adjusted for known confound-

ers. in studying diet, previous observations were not available, but a dose-response effect 

was observed. many biases, as discussed in the separate studies, might have affected the 

results. also, participants of the rotterdam study are mostly of european ascent and the vast 

majority has skin type i or ii according to the Fitzpatrick classification, which might limit the 

external validity. therefore, it is important to replicate findings in different populations and 

in different study designs.

Not all risk factors of interest could be investigated in the rotterdam study. the possible 

association between seborrheic dermatitis and Parkinson’s disease for example, as there were 

very few participants with Parkinson’s disease that underwent a full body skin examina-

tion. an increased sebum production, induced by an increased α-melanocyte stimulation 

hormone in Parkinson’s patients, might be the cause for this previously found association.19 

the occurrence of seborrheic dermatitis in areas with a high sebaceous gland density in 

combination with the fatty squamae suggests that sebaceous glands play a role in the devel-

opment of seborrheic dermatitis. however, some studies show that the sebum production 

in seborrheic dermatitis patients is not higher compared to healthy controls.35,36 also, the 

association between seborrheic dermatitis and Parkinson’s disease might also be related to 

a higher prevalence of seborrheic dermatitis in elderly people.37 a long-term follow up of 

participants of rotterdam Study with a full body skin examination could give a definitive 

answer. Possibly, seborrheic dermatitis might then even be used as a potential biomarker for 

Parkinson’s disease, as some studies suggest.38

innovations in seborrheic dermatitis research

Genetic susceptibility

Genetic associations assisted us to investigate whether seborrheic dermatitis is part of a 

spectrum of other diseases. in chapter 4, we investigated genetic associations between 

Single Nucleotide Polymorphisms (SNPs) and seborrheic dermatitis. as seborrheic dermatitis 

was associated with dry skin, might even resemble eczema and has been suggested as a 

clinical variant of psoriasis, we started the genetic exploration with a candidate gene ap-

proach. Despite the similarities, no robust evidence for a shared genetic background between 

seborrheic dermatitis and atopic dermatitis or psoriasis was observed. it suggests, as most 

clinicians think, that seborrheic dermatitis is a separate disease entity. however, the lack of 

overlap may also be due to modest sample size. on the contrary, in a relatively small genome 
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wide association study (GWaS), we found two genome-wide significant associations for 

seborrheic dermatitis, indicating that genetic susceptibility probably plays a role in seborrheic 

dermatitis.

bioinformatics analysis of the region with the highest genome-wide significant associa-

tion (rs58331610, MAST4, p-value: 1.75 x 10-8) suggested a potential role for MAST4 in 

epidermal integrity, which supports the epidemiological observation that barrier integrity is 

pivotal in seborrheic etiology. however, even though bioinformatics analyses could explain 

the significant associations, a false positive association cannot be ruled out without a replica-

tion of the findings.

in the candidate gene approach, we did not find significant associations after adjusting for 

multiple testing. Nevertheless, IL12B, top hit of the SNP based cGa might be an interest-

ing candidate to investigate in addition to the genome wide significant loci. IL12 is mainly 

secreted by antigen presenting cells and has an important function in regulating immune 

response during infection, which is also disturbed in hiV infected patients.

Due to the large amounts of statistical tests accompanying GWaS, the level of genome-wide 

significance is set at < 5 x 10-8. most GWaS studies, including the GWaS described in this 

thesis, are therefore underpowered to detect all heritability explained by SNPs. increasing 

sample size is one method to cope with the multiple testing and as samples sizes have risen 

above the 100,000 patients in other GWaS, an increasing number of associations are being 

found.45 also, the genetic associations found in this thesis need replication in an independent 

cohort and/or functional studies of the affected genes need to be performed. Functional or 

interventional studies will still be necessary to determine the biological meaning of a genetic 

variation.46 the development of ex vivo or in vivo models, as Wikramanayake et al. pursuit in 

their mouse models, will enhance the understanding of the of the observed genetic associa-

tions.47 to replicate our findings, a candidate gene approach in a patient series could be used 

to replicate the top SNPs from the GWaS. it would be even better to perform a new GWaS 

in a larger independent cohort with physician diagnosed seborrheic dermatitis, which could 

replicate our findings and might find additional genetic variations in seborrheic dermatitis. 

Questionnaire-based phenotypes could be an option, but differentiation from dandruff, dry 

skin of the scalp or scalp psoriasis is problematic.

The bacterial microbiome

recent studies showed that not only Malassezia yeasts, but also the bacterial microbiome 

might influence seborrheic dermatitis.39,40 in chapter 5 of this thesis, we investigated the role 

of the bacterial microbiome in seborrheic dermatitis in the largest series of cases and controls 

so far. in our study, we analyzed the V1 to V3 variable regions of the 16S rrNa gene in order to 
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investigate the bacterial microbiome and chose to analyse exact amplicon sequence variants 

(aSVs) instead of operational taxonomic units (otUs). there are many definitions of an otU, 

but in essence an otU exists of reads that are very similar to each other and are clustered 

into one unit. For example, reads are clustered if they differ less than 3%. this clustering is 

done to minimize the effect of sequencing errors, but can induce reference bias or spurious 

results.41 an aSVs describes a single exact sequence (reads are not clustered), which can lead 

to a higher resolution as there is no risk of potentially combining species with different roles 

in skin biology or pathology in one group (e.g. S. aureus versus S. epidermidis). Furthermore, 

aSVs analysis allows comparison across studies more easily.42 in our study, we found higher 

abundances of Staphylococcus species in lesional skin and were able to separate different 

species of the genus Staphylococcus after a careful phylogenetic analysis. however, not all 

the aSVs could be called to species level by the bioinformatics pipeline. this was because the 

thresholds to annotate aVSs by the pipeline to bacteria were very strict in order to overcome 

sampling errors, which led to many ‘unknown’ species. the difficulty of identifying bacteria 

at species and strain resolution is a general issue in skin microbiome studies. First, the density 

of skin bacterial DNa is much lower than that of for example gut microbiome. a lower 

density can lead to a higher contamination background, where the DNa of contaminant 

bacteria is higher than this of the interested target. adding negative controls at every step 

of the study, from the sampling collection to the Pcr and sequencing reactions, can be used 

to check this.43 Secondly, the choice of primers for amplicon-based sequencing is crucial to 

interpret the output of the sequencing. From previous studies, we know sequencing the 

V1 to V3 variable regions of the 16S rrNa gene is best for profiling skin bacteria. however, 

V1-3 sequencing falls short compared to whole genome sequencing, which is still the gold 

standard, but a lot more expensive.44 also, reference panels and analysis pipelines are less 

extensive and reliable for skin microbiome, as most were developed for gut microbiome.

Future perspectives

More studies to understand the role of microbiome

the bacterial microbiome composition of patients with seborrheic dermatitis differs 

from individuals without disease and these differences were mainly found in the genus 

Staphylococcus. Separating staphylococci to species level is interesting as we found that 

not Staphylococcus aureus, but other Staphylococcus species are associated with sebor-

rheic dermatitis. coagulase-negative staphylococci, including S. epidermidis, S. capitis, and 

S. caprae, can prime the skin immune system, which limits the colonization of S. aureus 

and other potential invaders, by shaping the skins cD4+ t cell network and influencing the 

expression of anti-microbial peptides.57 however, coagulase-negative staphylococci might 

also act as pathogens, in particular when the skin barrier is disrupted and in elderly and im-

munocompromised people.58,59 analysis of skin microbial communities combined with global 

patterns of cutaneous gene expression, as done recently by Fyhrquist et al., seems the next 
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step forward in understanding these microbe−host interactions.60 Furthermore, we should 

study the interaction between Malassezia yeast and the bacterial microbiome and how treat-

ment affects the interaction and/or restores a microbial balance. as new treatments that 

target specific bacteria develop, this information might lead to treatment options.61 applying 

antimicrobial peptides in creams or possibly even applying probiotics in topical therapies may 

be important themes in future trials.

the human microbiome is seen as the second genome by many researchers. a human com-

promises more bacterial cells than it has cells of its own.62 in addition, these microbes produce 

thousands of metabolites that can interact with human tissue and immunological cells and 

potentially influence health. an interesting example of microbiome-host interactions is the 

recent study that showed that the gut microbiome modulates the response to immuno-

therapy in melanoma patients.63 these interaction studies of gut microbiome and treatment 

response show that integration of data is pivotal to make it clinically relevant. other forms of 

interaction in microbiome research would be the interaction with host characteristics (includ-

ing genetics) and lifestyle habits. Starting our research on seborrheic dermatitis, we tried to 

unravel different aspects of seborrheic dermatitis in a fairly straightforward approach, but we 

feel that the future lies in multilevel data integration analysis. as demonstrated in Fig 1 of the 

discussion, seborrheic dermatitis is a complex disease and data of the different research fields 

should be integrated in future studies.

Host immunity

observational studies showed that seborrheic dermatitis is more prevalent in populations 

with a compromised immune system (e.g. due to immunosuppressive medication or hiV), 

suggesting that immune dysfunction increases the risk and severity of seborrheic dermatitis. 

the higher prevalence might be explained by an altered immune response to Malassezia 

yeasts, as previously suggested, or more directly due to immune dysregulation.48,49 the few 

immunohistological studies of seborrheic dermatitis affected skin demonstrated a pro-inflam-

matory switch. however, these studies evaluated only a very limited number of markers, or 

used tape-stripping methods that had not been validated in seborrheic dermatitis. therefore, 

conclusions drawn from these studies should be interpreted with caution. an increase of 

iL1, iL2 and iNFy are the only inflammatory cytokines that are documented in more than one 

study with human subjects.50-52 in Mpzl3 knock out mice with a seborrheic-like skin condition 

a central role for iL-17 was seen. however, iL-17 was not tested in the other studies.47

With the upcoming non-invasive samples methods, it would be interesting to create a mo-

lecular map of immune and barrier alterations in seborrheic dermatitis skin as done by hu 

et. al. for psoriasis and atopic dermatitis.54 is seborrheic dermatitis driven by iL-17 and iL-23 

pathways similar to psoriasis? Which epidermal barrier genes might be involved and what 
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abnormalities in lipid biosynthesis/metabolism may be found? these methods could also 

measure antimicrobial peptides (amPs), which play a role in the adaptive and innate immune 

system and have a direct anti-microbial effect. in psoriasis an upregulation of amPs has been 

found, whereas in atopic dermatitis there is a downregulation.55 as treatments targeting 

amPs are being developed, this might also be beneficial for seborrheic dermatitis patients.56

Collaborations

this discussion started with the statement that seborrheic dermatitis is understudied. in the 

studies of this thesis, several associations found in previously smaller studies have been rep-

licated. however, there is a need for replication/validation of many new found associations. 

Future studies would benefit from an international collaborative network that could generate 

sufficient statistical power to come to more definite conclusions and might also generate 

new hypotheses or insights in the understanding of seborrheic dermatitis. this thesis might 

be seen as an invitation for future collaborations.

concluding remarks

in order to prevent seborrheic dermatitis relapses and to develop a long time cure, a broader 

understanding of the seborrheic dermatitis etiology is necessary. in this thesis, we gave more 

insights in possible risk factors for seborrheic dermatitis, laid the foundation for further ge-

netic research and provided more insight in the bacterial microbiome of seborrheic dermatitis. 

Future research should focus on a better understanding of immune and barrier alterations, 

replication of genetic variations and multi-level integration of these data.
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summary

chapter 1 gives the introduction to the thesis. it contains general information about the 

clinical spectrum, diagnoses and treatment of seborrheic dermatitis and the rotterdam Study, 

an ongoing large population based cohort study of a middle aged and elderly population, is 

discussed. also, it gives the main aim of this thesis; in this thesis we aimed to provide more 

insight in the common skin disease seborrheic dermatitis by investigating the occurrence and 

determinants of seborrheic dermatitis.

many skin diseases, including seborrheic dermatitis, are not identified or neglected in the 

general population. therefore, in chapter 2 we aimed to provide more insight in the oc-

currence of skin diseases, we estimated the point prevalence and age- and sex-adjusted 

standardized prevalence rates of common inflammatory and (pre)malignant skin diseases in 

the rotterdam study. after analyses of the full body skin examinations, actinic keratosis was 

the most common skin disorder found in the population (26.1%), followed by seborrheic 

dermatitis (13.3%). Further, we found at least one cutaneous malignance in about one in 

twenty-five skin examination. although the most of the prevalent skin diseases have a low 

mortality, the can severely impact quality of life. We concluded that diagnosis, treatment and 

prevention of skin diseases should get sufficient priority in general healthcare education and 

policies.

in chapter 3 we aimed to establish which lifestyle and physiological factors are associated 

with seborrheic dermatitis. Knowledge about determinants of seborrheic dermatitis may 

give new insights in the pathophysiology, possibly leading to new interventions. the chapter 

consists of two parts.

in Part 1, we investigated determinants that had been suggested to influence disease risk 

in 5,498 participants of the rotterdam Study, of which 788 had seborrheic dermatitis. We 

conducted a multivariable logistic regression including: age, sex, obesity, skin colour, stress, 

depression, education level, hypertension, climate, xerosis cutis, alcohol and tobacco use. 

We found that male sex, light skin colour, winter season and a generalized xerosis cutis 

were associated with seborrheic dermatitis, while obesity, depression, hypertension, alcohol 

consumption and tobacco use were not. Further, we investigated if total testosterone in men 

and the free androgen index in woman might influence disease risk, which might explain 

the difference in prevalence between genders, but we did not find a significant difference.

in Part 2 we looked into the effects of diet on seborrheic dermatitis. the objective of this 

study was to determine whether specific dietary patterns or total antioxidant capacity were 

associated with the disease. in this study, we used the data of 4,379 participants of the rot-
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terdam Study who underwent a full body skin examination and filled out a food frequency 

questionnaire. We defined four dietary patterns by means of a principal component analysis 

and characterized these as a vegetables dietary pattern, a Western pattern (driven by meat, 

potato, and alcohol consumption), a fruit pattern and a fat pattern (driven by olive oil and 

other healthy and unhealthy fats). We concluded that a high fruit intake was associated with 

less seborrheic dermatitis, whereas high adherence to a “Western” dietary pattern in females 

was associated with more seborrheic dermatitis. Further, we assessed the total antioxidant 

capacity of the diet on the basis of ferric reducing antioxidant potential of each food item, 

but we did not find evidence for an association between antioxidant intake and seborrheic 

dermatitis.

in chapter 4, we searched for genetic susceptibility in seborrheic dermatitis patients. First, 

we investigated genes that are implicated in the susceptibility of psoriasis and atopic derma-

titis by means of a candidate-gene approach (cGa) study. We did not find robust evidence 

for a shared genetic background between seborrheic dermatitis and psoriasis or atopic 

dermatitis. however, some loci (e.g. LCE3 and MICB) might be interesting to investigate 

further. in addition, we performed a case-control genome-wide association study (GWaS) in 

4,050 participants, of which 609 were diagnosed with seborrheic dermatitis. We found two 

significant SNPs in the GWaS: r58331610 (p-value: 1.75 x 10-8) that mapped to the MAST4 

gene and rs16944244 (p-value: 2.10 x 10-8) that mapped to an intergenic region between 

genes PIRT and SHISA. this study gives a basis for further genetic research on seborrheic 

dermatitis and could lead to a next step in the understanding of the seborrheic dermatitis 

pathogenesis.

in chapter 5 we profiled the bacterial microbiome of the nasolabial fold of participants 

with seborrheic dermatitis and compared this to the same skin areas of individuals without 

seborrheic dermatitis (lesional skin: n=22; non-lesional skin SD: n=75; controls: n=200). We 

characterized the bacterial microbiome using the 16S rrNa V1-V3 regions and estimated 

the α- diversity between cases and controls. in addition, we tested for associations between 

the microbiome composition between cases and controls using multivariate statistics (per-

maNoVa) and univariate statistics. We found an increased α-diversity between seborrheic 

dermatitis lesional cases versus controls (Shannon diversity: Kruskal-Wallis rank sum: chi-

squared: 19.06; global p-value= 7.7x10-5). multivariable statistical analysis showed signifi-

cant associations in microbiome composition when comparing lesional SD skin to controls 

(p-value=0.03;r2=0.1%). Seven out of 12 amplicon sequence variant (aSVs) that were  

different between controls and lesional cases were members of the genus Staphylococcus sp, 

most of which showed increased composition in lesional cases, and were closely related to 

S. capitis S. caprae and S. epidermidis. Future studies are required to validate these findings.
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Summary

chapter 6 consists of the general overview of the main findings. Furthermore, our view 

on future perspectives is presented. in order to prevent seborrheic dermatitis relapses and 

to develop a long time cure, a broader understanding of the seborrheic dermatitis etiol-

ogy is necessary. in this thesis, we gave more insights in possible risk factors for seborrheic 

dermatitis, laid the foundation for further genetic research and provided more insight in 

the bacterial microbiome of seborrheic dermatitis. Future research should focus on a better 

understanding of immune and barrier alterations, replication of genetic variations and multi-

level integration of these data.
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Hoofdstuk 1 van dit proefstuk bestaat uit de algemene introductie. het beslaat onder 

andere het klinische spectrum van seborrhoisch eczeem, de differentiaal diagnose en de 

behandeling. Verder wordt er uitleg gegeven over de rotterdam Studie, de prospectieve 

populatie-gebaseerde studie welke de basis vormt van de beschreven studies. Daarnaast 

wordt er verder ingegaan op het doel van het proefschrift; We pogen nieuwe inzichten te 

verkrijgen in deze veel voorkomende huidaandoening, door zowel de prevalentie te on-

derzoeken, als het onderzoek naar een verscheidenheid van mogelijke determinanten voor 

seborrhoisch eczeem.

De prevalentie van vele huidaandoeningen is niet duidelijk in de algemene bevolking en sebor-

rhoisch eczeem wordt vaak niet herkend of genegeerd. in hoofdstuk 2 van dit proefschrift 

geven we meer inzicht in de prevalentie van veel voorkomende huidaandoeningen. Dit heb-

ben we gedaan door de puntprevalentie en de naar leeftijd en geslacht gestandaardiseerde 

prevalenties te berekenen van veel voorkomende huidaandoeningen van de deelnemers van 

de rotterdam Studie. actinische keratoses werden het vaakst gedocumenteerd tijdens het 

volledige lichamelijk onderzoek (26,1%), gevolgd door seborrhoisch eczeem (13,3%). Verder 

vonden we ten minste één vorm van huidkanker bij 1 op de 25 deelnemers. ook al hebben 

de meeste veel voorkomende huidaandoeningen een lage mortaliteit, ze kunnen wel degelijk 

de kwaliteit van leven aantasten. Daarom zijn wij van mening dat diagnose, behandeling en 

preventie van huidaandoeningen genoeg prioriteit moet krijgen bij het opleiden van artsen 

en in de landelijke richtlijnen.

in hoofdstuk 3 onderzochten we welke levensstijl en fysiologische factoren mogelijk een rol 

spelen in seborrhoisch eczeem. Deze kennis kan mogelijk bijdragen aan nieuwe inzichten in 

de pathofysiologie en dat kan op zijn beurt weer bijdragen aan mogelijke nieuwe behande-

lingen of adviezen. Dit hoofdstuk bestaat uit twee delen.

in deel 1 onderzochten we associaties welke eerder werden gevonden in andere studies. 

Dit deden we middels een multivariabele logistische regressie in 5.498 deelnemers van de 

rotterdam Studie van wie er 788 seborrhoisch eczeem hadden. We includeerde de volgende 

variabelen: leeftijd, geslacht, bmi, huidskleur, stress, depressie, opleidingsniveau, hypertensie, 

klimaat, droge huid, alcohol gebruik en roken. het mannelijk geslacht, een lichte huidskleur, 

het winter seizoen en een droge huid bleken risicofactoren in ons model. De andere factoren 

bleken geen significante associatie te hebben. Verder onderzochten we of het verschil in 

risico tussen man en vrouw misschien door hormonen werd veroorzaakt. We keken naar het 

totale testosteron in mannen en de vrije androgene index in vrouwen, maar hier hebben we 

geen bewijs voor gevonden.
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in deel 2 van dit hoofdstuk hebben we gekeken naar het dieet van de deelnemers van de 

rotterdam Studie. We onderzochten of een specifiek dieet of de antioxidanten in een dieet 

mogelijk geassocieerd zouden zijn met seborrhoisch eczeem. in deze studie includeerden 

we deelnemers van de rotterdam Studie die zowel de vragenlijsten met betrekking tot 

voeding hadden ingevuld, als een volledig lichamelijk onderzoek hebben gehad, dit waren in 

totaal 4.378 deelnemers. De antwoorden op de vragenlijsten werden gecategoriseerd in een 

dieetpatroon door middel van een principale component analyse. hieruit volgden 4 dieet-

patronen, het eerste patroon werd gekarakteriseerd door groente, de tweede door fruit, de 

derde door vlees, aardappelen en alcohol (het “westers dieet”) en de vierde door vetten en 

oliën. Na analyse van deze patronen concludeerden we dat een hoge fruit consumptie geas-

socieerd was met een lagere kans op het hebben van seborrhoisch eczeem. een “westers 

dieet” was geassocieerd met een hogere kans, maar alleen voor vrouwen. een maat voor de 

totale hoeveelheid antioxidanten in het dieet was niet significant geassocieerd met de ziekte.

in hoofdstuk 4 onderzochten we of er een genetische predispositie bestaat voor het krijgen 

van seborrhoisch eczeem. in eerste instantie hebben we dit gedaan door te kijken of genen 

die een rol spelen in atopisch eczeem of psoriasis, ook een rol spelen in seborrhoisch eczeem. 

Dit deden we in een zogenoemde kandidaatgen benadering in 4.050 deelnemers, waarvan 

609 met seborrhoisch eczeem. echter, we vonden geen duidelijk bewijs voor een rol van deze 

genen in seborrhoisch eczeem. Wel waren er enkele bevindingen welke mogelijk interes-

sant zijn om verder te onderzoeken, bijvoorbeeld in de genen LCE3 en MICB. in dezelfde 

groep voerden we daarna een genoom wijde associatie studie uit. hierin vonden we twee 

significante variaties: r58331610 (p-waarde: 1,75 x 10-8) welke gelegen is in het MAST4 gen 

en rs16944244 (p-waarde: 2,10 x 10-8) welke gelegen was tussen de genen PIRT en SHISA.

in hoofdstuk 5 hebben we onderzoek gedaan naar het microbioom van mensen met sebor-

rhoisch eczeem. Uit eerdere studies blijkt dat malassezia gisten een rol lijken te spelen in 

het ziekte proces. in deze studie onderzochten we het bacteriële microbioom in mensen 

met seborrhoisch eczeem. het bacteriële microbioom van de neusplooi van deelnemers met 

en zonder seborrhoisch eczeem werd met elkaar vergeleken (leasionale huid: n=22; niet 

leasionale huid: n=75; controles: n=200). het bacteriële microboom werd bepaald door het 

analyseren van de V1-V3 regio’s van het 16S-rrNa. We vonden dat de α-diversiteit in leasi-

onale huid was toegenomen ten opzichte van controles (Shannon diversity: Kruskal-Wallis 

rank sum: chi-squared: 19.06; global p-value= 7.7x10-5). in de multivariabele analyse von-

den we tevens een verschil tussen aangedane huid en controles (p-waarde= 0,03;r2=0.1%). 

Van de 12 meest significante amplicon sequence variants (aSVs), behoorden er 7 tot de 

Staphylococcus sp. Deze waren voornamelijk toegenomen in leasionale huid en het dichts 

gerelateerd aan S. capitis S. caprae en S. epidermidis. een aSV welke behoorde tot het genus 

Cutibacterium liet juist een verminderde hoeveelheid zien ten opzichten van gezonde huid.
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Hoofdstuk 6 geeft een overzicht weer van de belangrijkste bevindingen van dit proefschrift. 

Daarnaast wordt besproken wat de implicaties zijn van deze bevindingen en wat dit mogelijk 

betekent voor de toekomst. meer onderzoek is nodig om de etiologie beter in kaart te 

brengen, zodat we patiënten met seborrhoisch eczeem beter kunnen behandelen. in dit 

proefschrift lieten we zien welke risicofactoren mogelijk een rol spelen in seborrhoisch 

eczeem, onderzochten we de rol van genetica, en deden we onderzoek naar het bacteriële 

microbioom. toekomstige studies zouden zich onder andere kunnen richten op de replicatie 

van onze bevindingen, of op de rol van het immuunsysteem en de barrière functie van de 

huid.
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abbreviations

abbrevIatIons

a1 reference allele

a2 other allele

aD atopic dermatitis

aK actinic keratosis

aSVs amplicon sequencing variants

bcc basal cell carcinoma

bmi body mass index

ceSD center for epidemiologic Studies Depression Scale

cGa  candidate gene approach

chr chromosome

ci confidence interval

Fai free androgen index

FbSe full body skin examination

FFQ food frequency questionnaire

FraP ferric-reducing ability of plasma

GWaS genome-wide association study

iQr interquartile range

met metabolic equivalent

or odds ratio

otUs operational taxonomic units

Pca principal component analysis

Pr prevalence ratio

PSo psoriasis

rS rotterdam Study

Scc squamous cell carcinoma

SD seborrheic dermatitis

SNP single-nucleotide polymorphism

UV ultraviolet
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en dan zit ik op onze werkkamer ineens het dankwoord te schrijven, het voelt onwerkelijk. 

Zes jaar later, twee jaar klinische ervaring in het emc, een jaar in Dordrecht, een flinke 

verbouwing en verhuizing verder, vier nichtjes erbij, nieuwe vriendschappen gemaakt en 

bestaande vriendschappen nog hechter geworden, nog meer collega’s mogen ontmoeten, 

een jaar covid-19 en heel wat pieken en dalen in het gehele promotietraject. 
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te zorgen dat ik niet met vragen bleef zitten en om het promotie traject in goede banen 

te leiden. Je zorgde dat vraagstukken waar ik soms een week mee zat, ineens een makkie 

leken. De afgelopen jaren stonden voor mij regelmatig in het teken van mijn klinische werk-

zaamheden en spraken we elkaar minder vaak, maar toch heb je me weten te stimuleren om 

dit proefschrift tot een goed einde te brengen. onze beklimming (en afdaling!) van de Pikes 

Peak in de rocky mountains is ook een ervaring om niet te vergeten!

Dear Luba, without your critical view and your extensive knowledge on statistics, genetics 

and microbiome the publications in this thesis would not have been possible. most of the 

times you are a serious person, who thought me to be very critical on my research and on 

that of others, but when i think of you, i immediately think of your humour! thank you very 

much for guiding me as my co-promotor!

Prof. dr. Prens, beste errol, bedankt dat u de rol van secretaris in mijn leescommissie op u 

wilde nemen. ik ben ervan onder de indruk dat u voor elk probleem een oplossing heeft, 

of er anders een bedenkt met uw buitengewone kennis van de wetenschap. beste prof. dr. 

Uitterlinden en prof. dr. Lambert, heel erg bedankt voor het doornemen van mijn proefschrift 

en het plaatsnemen in mijn leescommissie. ik zie er naar uit u te treffen bij de promotie. 

beste leden van de grote commissie, prof. dr. De Jong, prof. dr. Pasmans, dr. Gunn, prof. dr. 

Kiefte – de Jong en dr. reeder. Dank voor de bereidheid om deel te nemen aan de commis-

sie. beste Suzan, afgelopen jaar heb jij er samen met de andere collega’s uit het aSZ voor 

gezorgd dat ik een ontzettend prettig en leerzaam jaar heb gehad. het was mede de energie 

die ik van dit jaar heb gekregen, die mij het doorzettingsvermogen gaf om alles af te ronden. 

ik ben erg blij dat jullie nu ook onderdeel zijn van mijn promotie.
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aan alle coauteurs die hebben meegewerkt aan de artikelen en aan alle medewerkers op 
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ontzettend gezellig! merel en Joris, zonder jullie tips waren de maanden die het kostte om 

alle genetica analyses te snappen waarschijnlijk een jaar geworden, daarnaast ook bedankt 

voor het doorlezen van mijn proefschrift voordat het naar de drukker ging! 
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tristan, bedank voor alle lol op en naast het werk en natuurlijk ook voor je sponsoring van 
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aan alle aioS, aNioS en onderzoekers, door jullie is het een genot om op onze afdeling te 
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mensen om op te noemen die mij hebben gesteund de afgelopen jaren, ook door soms juist 

niet naar mijn proefschrift te vragen ;) een aantal mensen wil ik graag extra bedanken. 

mijn paranimfen Fons en Xavier. Fons, er valt altijd wat met jou te beleven en ik zal me geen 

moment vervelen met jou in de buurt. Je staat bekend om je enorme kennis van medicijnen 

en je bent een geweldige arts geworden. Xav, nadat je ons eerste studentenhuis verliet, was 

het niet vanzelfsprekend dat we elkaar later nog weer zo zouden opzoeken, maar ik ben 

ontzettend blij dat we dat hebben gedaan! Je bent één van mijn dierbaarste vrienden en ik 

hoop dat dit ook altijd zo zal blijven. 

Lieve pap en mam, ik ben ontzettend trots dat jullie mijn ouders zijn, met al jullie positiviteit, 

doorzettingsvermogen en liefde kan ik mij geen betere ouders wensen. met al jullie steun sta 
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Dankwoord

ik vandaag waar ik sta en ben ik blij met de persoon die ik ben geworden. ik vind het ontzet-

tend fijn dat jullie sinds kort ook voor een gedeelte in rotterdam wonen en dat we elkaar 

nu een stuk vaker kunnen zien! Lieve Jo en Steijn, jullie staan altijd voor mij en Floor klaar 

en het voelt ontzettend fijn en vertrouwd om jullie zo dicht bij mij te hebben. Jullie hebben 

mij door het gehele promotietraject, zowel de pieken als de dalen, ontzettend gesteund en 

aangemoedigd en daar ben ik jullie heel dankbaar voor! ik ben zo blij voor jullie dat alles nu 

zo de goede kant op gaat!

allerliefste Floor, jou moet ik natuurlijk het meest bedanken van iedereen. ik denk niet dat 

ik het boekje af had gekregen zonder al je steun de afgelopen jaren. Naast dat je altijd 

geweldig lief voor me bent, heb je me ontzettend geholpen met het nalezen van stukken, 

maar vooral ook met je management talenten (en lijstjes ;)). het is een feest om met jou 

samen te zijn en ik kan me geen leven zonder jou voorstellen! ik hou van je.


