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1 Atopic dermatitis
Atopic dermatitis (AD) is a chronic inflammatory pruritic skin disease that affects a large 

number of children and adults in industrialised countries.1 The 12-month prevalence of 

symptoms of AD, as reported by the Global International Study of Asthma and Allergies 

in a childhood trial, (in children aged 13 - 14 years) ranged from 0.3 - 20.5% with the 

highest prevalence found in Northern Europe.2 In the Dutch population the self reported 

12-month prevalence of AD in early adolescents was 13.5%.3 AD frequently starts in early 

infancy (so-called early-onset AD). A total of 45% of all cases of atopic dermatitis begins 

within the first 6 months of life, 60% begins during the first year and 85% begins before 

the age of 5 years. A large percentage of these children (about 70%) have a spontaneous 

remission before adolescence. However, AD can also start in adults (so-called late-onset 

AD).4 The clinical pattern of AD varies with age. The very young typically present with 

pruritic erythematous papules and vesicles on the cheeks, forehead or scalp. Children 

are less likely to have the exudative lesions as observed in infants but exhibit the more 

chronic disease with lichenified papules and plaques involving the hands and wrists, 

feet and ankles, antecubital and popliteal regions. In adults, AD is clinically characterised 

by dry scaling erythematous papules and plaques predominantly in the flexural folds, 

face and neck, upper arms and back, and the dorsa of the hands, feet, fingers and toes. 

Lesional chronicity with the formation of large lichenified plaques is seen very often in 

this population.5 In the acute phase AD skin lesions are histochemically characterized by 

an increased number of T cells with increased expression of interleukin (IL)-4 and IL-13. In 

chronic AD lesions, however, an increased number of T-cells expressing interferon-gamma 

(IFN-γ) and fewer cells expressing IL-4 and IL-13 were found.6, 7 Furthermore, both lesional 

and non-lesional skin contain IgE+ dendritic cells; in acute lesions there is an influx of 

eosinophils.8, 9

Topical corticosteroids
Topical corticosteroids have been one of the cornerstones of treatment of AD for more 

than 40 years. A systematic review identified 83 randomized controlled trials of the use of 

topical corticosteroids in AD.10 Despite the development of new therapeutic agents, topical 

corticosteroids are still the mainstay of anti-inflammatory treatment in AD. However, 

fear about using topical corticosteroids (corticophobia) has important implications in 

the compliance of application of topical corticosteroids in AD patients. Charman et al 

investigated the prevalence and source of corticosteroid phobia among patients with AD. 

They found that patients had an irrational fear of corticosteroids, 72.5% of the patients 



C
h

a
p

te
r 

1

9

was worried about using topical corticosteroids. In 10% of the patients the concern was 

about systemic absorption and the effect of this on growth and development.11 In the 

study of Charman et al, 24% of the patients did not use the topical corticosteroids  

prescribed by their doctor at some stage because of their worries. The authors suggest 

that this may be an underestimate of the actual non-compliance because some patients 

may be reluctant to admit their non-compliance while attending the hospital.11 In an 

Australian investigation in children with AD, 40% of parents of children with AD perceived 

corticosteroid creams as dangerous and 20% thought them to be too dangerous to 

use on their children.12 Long et al reported that in addition to patients and parents also 

doctors are concerned about side effects . It has been estimated that due to fear of side 

effects one in four AD patients may be under prescribed by his or her doctor.13 

Topical corticosteroids are classified according to potency, however European and US 

classification systems differ. In Europe topical corticosteroids are divided into four classes. 

Class I contains the weakest topical corticosteroids and class IV the most potent topical 

corticosteroids. In the US there are seven classes, class I are the most potent and class VII 

are the weakest topical corticosteroid preparations. This is shown in table 1 below.

Side effects of topical corticosteroids can be divided into local and systemic side effects. 

Local side effects include irreversible skin thinning (atrophy), development of striae and 

teleangiectasia. Although skin thinning is possible, the concern of patients and parents is 

often well out of proportion to the true risk14, since four 16 week randomized controlled 

trials did not show any clinically significant skin atrophy. Three studies used fluticason 

propionate (European class III) and one compared brief application with betamethason 

valerate 0.1% to longer application of hydrocortisone 1%.15-18 

Table 1 | European and US classifications of topical corticosteroids

Class US classification European classification

I Clobetasol proprionate 0.05%  
  (Dermovate)
Betamethsone diproprionate 0.25%  
  (Diprolene)
Halbetasol proprionate 0.05% (Ultravate)
Diflorasone diacetate 0.05% (Psorcon)

Hydrocortisonacetate 1%

continued on page 10



10

C
h

a
p

te
r 

1

Class US classification European classification

II Fluocinonide 0.05% (Lidex)
Halcinonide 0.05% (Halog)
Amcinonide 0.05% (Cyclocort)
Desoximetasone 0.25% (Topicorte)

Clobetasone 0.05% (Emovate)
Flumetasone 0.02% (Locacorten)
Hydrocortisone butyrate 0.1% (Locoid)
Triamcinolon acetonide 0.1%  
  (Triamcinolon)

III Triamcinolone acetonide 0.5%  
  (Kenalog, Aristcort creme)
Mometasone furoate 0.1% (Elocon)
Fluticasone proprionate 0.0005%  
  (Cutivate)
Betamethasone diproprionate 0.05%  
  (Diprosone)

Betamethason diproprionate 0.05%  
  (Diprosone)
Betamethasone valerate 0.1% (Betnelan)
Desoximetason 0.25% (Topicorte, Ibaril)
Diflucortolone 0.1% (Nerisona)
Fluticasone 0.05% (Cutivate crème) 
  and 0.005% (Cutivate ointment)
Mometasone 0.1% (Elocon)

IV Fluocinolone acetonide 0.01-0.2%  
  (Synalar, Synemol, Fluonid)
Hydrocortisone valerate 0.2% (Westcort)
Hydrocortisone butyrate 0.1% (Locoid)
Flurandrenolide 0.05% (Cordan)
Triamcinolon acetenoide 0.1%  
  (Kenalog, Aristcort ointment)
Mometasone furoate 0.1%  
  (Elocon creme)

Clobetasol 0.05% (Dermovate,  
  clarelux, clobex)
Betamethason diproprionate 0.05%  
  in propyleenglycol (Diprolene)

V Triancinolone acetonide 0.1% (Kenalog,  
  Aristocort crème and lotion)
Fluticasone proprionate 0.05%  
  (cultivate crème)
Desonide 0.05% (Tridesilon, DesOwen  
  ointment)
Fluocinolone acetonide 0.025%  
  (Synalar, Synemol crème)
Hydrocortisone valerate 0.2%  
  (Westcort crème)

VI Prednicarbate 0.05%  
  (Aclovate crème, ointment)
Triamcinolone acetonide 0.025%  
  (Aristocort A crème, Knealog lotion)
Fluocinolone acetonide 0.01%  
  (Capex shampoo, Dermasmooth)
Desonide 0.05% (DesOwen crème, lotion)

VII Hydrocrotisone 2.5%  
  (Hytone crème, ointment, lotion)
Hydrocortisone 1%  
  (many over the counter brands)

continued from page 9
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Possible systemic side effects due to corticosteroids are suppression of the hypothalamus-

pituitary-adrenal (HPA) axis, decrease of bone mineral density (BMD) and development 

of glaucoma and cataract. These side effects only occur after percutaneous absorption 

of topical corticosteroids. In various studies it has been directly (measurement of steroid 

levels) and indirectly (decrease of serum cortisol levels) shown that there is percutaneous 

absorption leading to systemic availability mainly of the potent and super potent topical 

corticosteroids.19-22 The absorption of a topical corticosteroid and therefore its systemic 

availability is not only influenced by the potency of the topical corticosteroid but also 

by the body surface area of application and the skin barrier.23 Targeted investigation is 

necessary to evaluate these side effects. Therefore we assessed BMD and the occurrence 

of glaucoma and cataract in patients with moderate to severe AD and related this to the 

use of topical corticosteroids.

Bone mineral density
Measurement of bone mineral density (BMD) is performed using Dual-Energy X-ray 

Absorptiometry (DXA) and data are expressed as T-score (number of SDs from the mean 

value of sex matched reference population) and Z-score (number of SDs from the mean 

value of age- and sex matched reference population). The definition for osteoporosis by 

the World Health Organisation is a decrease in BMD by 2.5 SD or more below the average 

value for young healthy women. The definition for osteopenia (now termed low BMD) 

is a T-score between -1 and -2.4 SD.24 In this thesis low BMD is defined as a Z-score ≤ -1.  

Osteoporosis is a skeletal disorder characterized by compromised bone strength 

predisposing to an increased risk of fragility fractures occurring spontaneously or with 

inappropriate trauma.24 Osteoporotic fractures are associated with significant morbidity, 

particularly hip fractures, especially in the elderly.25 Not only morbidity and mortality 

make osteoporosis an important health issue, also the costs do. In the Netherlands it has 

been estimated that the costs for osteoporotic fractures (of which 85% were hip fractures) 

was € 210 million in 1993 as well as in 2005.26, 27

The main effect of glucocorticosteroids on bone cells is the inhibition of osteoblast 

number and function and thus osteoprotegerin (OPG) expression, leading to a decreased 

ligand receptor activator of nuclear factor-κB (RANKL) inhibition.28, 29 In more detail, 

during the bone remodelling cycle, bone resorption is coupled to bone formation and 

this interaction between osteoclasts (OC, bone resorption cells) and osteoblasts (OB, 

bone formation cells) is coordinated primarily through the receptor activator of nuclear 
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1 factor-κB (RANK), its ligand RANKL and OPG.30 RANKL is expressed on osteoblasts and 

activated T-cells and binds to RANK, which is expressed on osteoclasts and dendritic 

cells.31 When RANK on osteoclasts is activated it sends signals into the cells to activate 

several signal pathways.32 These pathways allow osteoclasts to mature and develop their 

bone-resorbing functions. The receptor OPG also can bind to RANKL and acts as a decoy 

to prevent it from binding to RANK.33 The RANKL/OPG ratio is the primary determinant 

of osteoclastogenesis and therefore of the maintenance of bone mass.34 Therefore, by 

a decreased RANKL inhibition more RANKL binds to RANK and triggers the intracellular 

pathways that promote osteoclast differentiation and bone resorption.35

On the other hand multiple cytokines (e.g IL-1, IL-6, IL-4, IFN-γ, tumor necrosis factor 

(TNF-α)) and hormones (e.g. estrogens and vitamin D) not only regulate the coupling  

between the RANKL/OPG system but also the differentiation and activity of OCs and 

OBs.30 In inflammatory disorders, such as rheumatoid arthritis (RA) there is an increased 

RANKL expression due to an increased expression of T-cell-derived RANKL, leading to 

increased osteoblastic bone resorption.29 For that reason BMD has been extensively 

investigated in chronic inflammatory disorders as rheumatoid arthritis (RA) and allergic 

asthma (AA).36-38

In AD there are two reports of BMD measurement, one in adults and one in children. 

Aalto-Korte et al found about 11% of patients with a Z-score < -2 in 28 adults with AD.39 In 

children with AD, Pedreira et al found that there was no association between diminished 

BMD and topical corticosteroid use. Diminished BMD was only found in the six children 

using cyclosporin A.40 The percentage of children who were diagnosed with a low BMD 

or osteoporosis was not presented, only absolute BMD levels were given and these were 

compared to healthy controls. In patients with psoriasis, Nymann et al described a group 

of 18 patients with palmoplantar pustular psoriasis who had a lowered BMD compared 

to controls.41 In a study of 20 patients with chronic plaque psoriasis long term use of 

relatively high dose of topical corticosteroids was not associated with a decrease in 

BMD.42 Since the study in adults with AD did not investigate the relation between BMD 

and topical or oral corticosteroids, the study in Chapter 2 was performed to investigate 

the relation between BMD and corticosteroids. 
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Glaucoma and cataract
Several mechanisms have been postulated by which route topical corticosteroids induce 

glaucoma or cataract. Firstly, direct absorption through the skin of the eyelid has been 

suggested, although this is anatomically hardly possible. The second mechanism,  

absorption from spill of corticosteroid ointment over the lid margin, seems more likely 

since flecks of cosmetics can be observed in women’s tear film. Furthermore it has 

been shown that topical corticosteroids present in sweat running down the eyelids 

contaminate  the conjunctival sac. A third possibility is systemic absorption of topical 

corticosteroids with distribution to the eye.43 Several case reports suggest that frequent 

application of topical corticosteroids over longer periods of time on the eyelids and 

periorbital region may induce glaucoma in patients with AD.44-54 Other corticosteroid 

preparations such as oral corticosteroids, corticosteroid containing eye drops and  

periocular steroid injections have been reported to lead to elevation of intraocular 

pressure (IOP) and subsequently glaucoma.55-60 Corticosteroid eye drops bear, however, 

the greatest risk. The use of nasal or inhaled corticosteroids has not been found to be 

associated with rise in IOP, provided that patients have no other risk factors such as a 

positive family history.61-63 

Already in 1960 Black et al reported an association between the use of systemic  

corticosteroids and the development of posterior subcapsular (PS) cataract.64, 65 In AD 

there is difficulty in assessing cataract and ascribing it to the use of topical corticosteroids 

because AD itself is associated with the development of cataract. The prevalence of 

cataract in patients with AD is increased compared to the general population and varies 

between 8 and 17%.66-70 According to localisation there are 5 types of cataract namely 

nuclear, cortical, anterior subcapsular (AS), PS and a combination of these. Age-related 

cataracts are the nuclear or cortical types, diabetes-related cataract are cortical or PS 

types and cataract associated with cigarette smoking is nuclear or PS type.71 AD is  

associated with AS cataract, but differentiating AD associated cataract from corticosteroid 

induced cataract may be difficult since PS cataract or a combination of both types have 

also been described to be associated with AD.66, 72, 73 Furthermore, it may be difficult to 

differentiate early lens opacities in the posterior lenticular pole as steroid-induced or 

other types.74 Because observational studies on the association between corticosteroid 

use and glaucoma and cataract in AD patients are lacking, we investigated the occurrence 

of glaucoma and cataract in 88 AD patients in relation to the corticosteroids used in the 

five years prior to inclusion.
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1 Oral immunosuppressive therapy
Although topical corticosteroids are the mainstay of anti-inflammatory treatment in AD, 

patients with severe AD may require treatment with potent oral immunosuppressive 

drugs to control their disease. Two immunosuppressive drugs, Cyclosporin A (CsA) and 

Enteric-Coated MycoPhenolate Sodium (EC-MPS) will receive our specific attention below.

Cyclosporin A 
At this moment CsA is the most studied oral immunosuppressive drug in the treatment 

of severe AD. Clinical efficacy has been proven in several double blind placebo-controlled 

trials.75-77 CsA, a calcineurin inhibitor, is the only immunosuppressive agent registered 

for the treatment of AD in the Netherlands. CsA interferes with a calcium-dependent 

T-cell signal transduction pathway, preventing activation of specific transcription factors 

involved in cytokine gene expression.78 In general, the clinical response to CsA is seen 

within weeks after start of treatment, in some studies even within two weeks.75-77, 79, 80 CsA 

gives the possibility to dose according to body weight, higher initial dose (4 - 5mg/kg) 

leads to more rapid response, and after this initial treatment the dose can be adjusted 

according to clinical response.81 Although the majority of patients with severe AD show 

an excellent clinical response within 3 weeks after starting CsA therapy, there is a 

subgroup of patients (5 - 20%) which do not show a good clinical response to CsA.82 

Short term treatment (6 - 8 weeks) of AD with CsA is regarded safe with respect to blood 

pressure and renal function.75, 79 However, longer treatment with CsA in AD induces 

nephrotoxicity (increase of serum creatinine > 30% above baseline) and hypertension in 

up to 10.9% and 5.8% of patient months of treatment, respectively.81 Hijnen et al  

reported hypertension and nephrotoxicity in 15% and 9.6% of patients in a retrospective 

study.82 Another disadvantage of CsA is the relapse of the disease after discontinuation of 

CsA. Relapse rates varied from 50% of patients relapsing within two weeks after  

discontinuation of CsA to 86% of patients relapsing within 9 months of follow-up.79, 83, 84 

The relapse after cessation and the side effects of CsA are reasons for alternative  

immunosuppressant drugs to treat AD. For that reason there is a clinical need for 

immunosuppressive drugs with a more favourable profile.

Enteric-coated mycophenolate sodium
In the last decade the use of Mycophenolate Mofetyl (MMF) and EC-MPS in the treatment 

of AD has been reported in various case series.85-91 MMF and EC-MPS both contain the 

active metabolite MycoPhenolic Acid (MPA). MPA arrests the synthesis of DNA and RNA 
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in B-and T-cell development via inhibition of inosine monophosphate dehydrogenase 

(IMPDH), and therefore prevents immune cell proliferation.92 MMF is frequently used in 

transplantation medicine but gastrointestinal (GI) symptoms occur in up to 70% of the 

patients.93 In EC-MPS the coating delays the delivery of the active gradient in the stomach, 

resulting in less GI symptoms. Case series with MMF mono-therapy show that clinical 

response occurs three to nine weeks after start of therapy.86-90 In case series, MPA was 

effective in the majority of the patients86-91, except for the study by Hansen et al in which 

only one of five patients clinically responded.85 Several side effects have been reported in 

AD patients treated with MMF such as progressive rise in liver enzymes94, staphylococcal 

septicemia and endocarditis95, herpes retinitis87 and insomnia.86 However, MMF and 

EC-MPS use is in general accompanied by a mild side effect profile.85-91 Therefore, we 

performed a randomized controlled trial to investigate the clinical efficacy of EC-MPS in 

comparison with CsA as maintenance therapy in patients with AD.

Outcome parameters of AD
There is a wide variety of clinical scoring systems for AD used in daily practice,  

observational studies and randomized controlled trials (RCTs). Charman et al evaluated the 

variation in outcome methodology in RCTs of therapeutic interventions for AD published 

between January 1994 and December 2001.96 In this review three scales, the Scoring 

Atopic Dermatitis Severity index (SCORAD), Eczema Area and Severity Index (EASI), and 

Six Area Six Sign Atopic Dermatitis Severity index (SASSAD) were most widely employed 

and tested.96 Schmitt et al have updated the above and concluded that the SCORAD and 

EASI have been validated adequately enough to recommend their use in clinical trials and 

everyday practice.97 The objective SCORAD and SASSAD have been used in the studies 

in this thesis. The objective SCORAD is a scoring system that takes into account both the 

affected body surface area (BSA; ‘rule of nines’) as well as the severity of the disease 

(scoring the intensity of six AD severity characteristics: erythema, edema/papulation,  

oozing/crusts, excoriations, lichenification and dryness; each item is graded 0 - 3  

(0 = absent; 1 = mild; 2 = moderate; and 3 = severe)), and the subjective items (pruritis and 

loss of sleep) have been eliminated. Total objective SCORAD (maximum of 83) is obtained 

by the sum of BSA divided by 5 and total severity score multiplied by 3.5. For classification 

of the severity of the disease the following cut-off points for the objective SCORAD have 

been made: score < 15, mild AD; score 15 - 40, moderate AD; and score > 40, severe AD.98, 99 

The SASSAD only measures the disease severity and comprises assignment of six signs 

(erythema, exudation, excoriation, dryness, cracking and lichenification) at six sites (arms, 
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1 hands, legs, feet, head and neck, trunk); each on a scale of 0 - 3 (0 = absent; 1 = mild;  

2 = moderate; and 3 = severe). Total SASSAD (maximum of 108) is calculated by adding  

all severity scores on each site.100

However, with the above mentioned scales inter-observer variability has been  

demonstrated, which is a problem with all scoring systems involving visual assessment  

by physicians. A laboratory biomarker of disease activity could eliminate this variability. 

Various biomarkers have been found to correlate with disease activity in AD such as 

serum TARC/CCL17101, 102, MDC/CCL22103-105, CTACK/CCL27101, 105, 106, IL-16103, 107 and IL-18.108, 

109 Also soluble CD30 (sCD30) has been found to correlate with disease activity in patients 

with AD110-117. In Chapter 7 we evaluated serum sCD30 levels during CSA and EC-MPS 

treatment and related this to the disease activity. 

Clinical disease activity scores and biomarkers evaluate disease severity and extent  

but do not measure the impact of the skin disease. Health-related quality of life (QoL) 

measurement is developed to assess burden of illness and can be used to evaluate  

outcomes of medical treatment.118 The most used QoL measure is the Dermatology Life 

Quality Index (DLQI) of Finlay.119 It consists of 10 questions concerning patients’  

perception of the impact of skin disease on different aspects of their QoL over the last 

week. The items encompass aspects such as symptoms and feelings, daily activities, work, 

school or leisure, personal relationships and side effects of treatment. Each item is scored 

on a four-point Likert scale (0 = not al all/not relevant; 1 = a little; 2 = a lot; and 3 = very 

much). Scores of individual items are added to yield a total score where higher scores 

mean greater impairment of the patients’ QoL.120 A few studies have been performed  

on the relationship between disease activity and QoL in skin diseases121, 121-125, but  

assessment of this relationship before and after therapy is lacking. Therefore, we  

investigated the relation between disease activity and QoL in adult AD patients,  

before and after 6 weeks treatment with CsA 5mg/kg.
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Outline of this thesis  
Two therapeutic challenges, safety and efficacy of treatment, are addressed in this thesis. 

The safety of topical corticosteroids in relation to systemic side effects is addressed in 

Chapters 2, 3 and 4. We performed BMD measurement in 125 patients with moderate 

to severe AD and related this to the registered use of corticosteroids 5 years prior to 

investigation. Additionally, we looked at various bone markers and related them to BMD 

and corticosteroids in Chapter 2. We re-analysed the above parameters in a subgroup of 

patients after two year follow up to assess the change in BMD in relation to corticosteroid 

use in Chapter 3. In Chapter 4, we evaluated the occurrence of glaucoma and cataract in 

88 AD patients. The efficacy of treatment with CsA and EC-MPS on disease activity, quality 

of life and sCD30 was investigated in Chapters 5, 6 and 7. In Chapter 5 we compared 

EC-MPS to CsA as maintenance therapy in adult patients with moderate to severe AD, in an 

observer blinded randomized controlled trial. Chapter 6 describes the relation between 

disease activity and QoL in adult AD patients, before and after 6 weeks treatment with 

CsA 5mg/kg. In search for a biomarker that reflects disease activity under various 

treatment regimes we studied the value of serum sCD30 during CsA and EC-MPS 

treatment in Chapter 7. 

Figure 1 | outline of the topics in this thesis and the corresponding chapters. 

Therapeutic challenges 

in atopic dermatitis

Efficacy of treatment

Safety of treatment

Chapter 2: bone mineral density in AD
Chapter 3:  two year follow-up of bone  

mineral density in AD
Chapter 4: glaucoma and cataract in AD

Chapter 5:  EC-MPS vs CsA as long  
term treatment in AD

Chapter 6:  quality of life and disease  
activity in AD

Chapter 7:  biomarker sCD30 in AD
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Abstract
Background Atopic dermatitis (AD) is a chronic inflammatory skin disease commonly 

treated with topical corticosteroids. The inflammatory nature of this disorder and the use 

of topical corticosteroids represent potential risk factors for bone loss. 

Objectives The aim was to assess the prevalence of osteoporosis and osteopenia in adult 

patients with moderate to severe AD. In addition, the associations between topical/oral 

corticosteroid use and bone mineral density (BMD) and between disease activity and 

BMD were studied. 

Patients and methods We studied 125 adult patients with moderate to severe AD. 

Using dual-energy X-ray absorptiometry, BMD was measured at lumbar spine and hips. 

The cumulative dose of topical and oral corticosteroids was calculated from pharmacy 

prescription records. Lifestyle parameters were collected by a questionnaire. Biochemical 

parameters of bone metabolism and disease activity [serum concentration of thymus and 

activation-regulated chemokine (TARC) levels] were also measured.

Results Osteoporosis was documented in six patients (4.8%) and osteopenia in 41 

patients  (32.8%); 30.4% of the patients had a Z-score ≤ -1 (low BMD), with more men 

(43.8%) than women (16.4%) affected. There was no significant association between low 

BMD and biochemical parameters of bone metabolism, serum TARC levels and cumulative 

dose of topical and oral corticosteroids during the 5 years prior to inclusion. 

Conclusions We document a Z-score ≤ -1 in about one-third of predominantly male 

patients  with moderate to severe AD, being independent of the cumulative dose of 

topical  and corticosteroids used within 5 years prior to study. Whether the relatively high 

prevalence of low BMD is due to the cumulative dose of topical corticosteroids beyond 

5 years prior to the study or the chronicity of the underlying inflammatory process or a 

combination of these, remains to be established.
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Introduction
Atopic dermatitis (AD) is a chronic inflammatory pruritic skin disease, with a worldwide 

lifetime prevalence of 10 - 20% in children and 1 - 3% in adults.1,2 In the acute phase of 

the lesions T-helper-2 cytokines interleukin (IL)-4, IL-5 and IL-13 predominate, while the 

chronic phase is characterized by an increase in interferon γ, IL-12, IL-5 and granulocyte-

monocyte colony-stimulating factor production.3 Topical corticosteroids represent the 

mainstay of the anti-inflammatory treatment in AD. However, there is widespread concern 

about possible systemic side-effects due to resorption of topical corticosteroids, such as 

suppression of adrenal gland function,4 growth impairment in children5 and cataract.6 

These side-effects may occur if topical corticosteroids are absorbed in significant amounts 

through inflamed skin, particularly when applied to large skin areas.7

Osteoporosis is defined as a skeletal disorder characterized by compromised bone 

strength  predisposing to an increased risk of fractures occurring spontaneously or with 

minor trauma.8 Chronic inflammation and glucocorticosteroid use are the two most 

important  factors resulting in bone loss in patients with chronic inflammatory diseases, 

such as rheumatoid arthritis (RA) and inflammatory bowel disease (IBD).9-12

Data on the prevalence of low bone mineral density (BMD), osteoporosis and fractures 

in patients with AD are scarce. The aim of the present study was to investigate the 

prevalence of osteoporosis and osteopenia using dual-energy X-ray absorptiometry 

(DXA) in a large group of patients with moderate to severe AD. Specific attention was 

given to risk factors known to enhance osteoporosis such as use of topical and oral 

corticosteroids, lifestyle factors and disease activity. Biochemical markers of cumulative 

bone resorption and formation [C-terminal telopeptide of type I collagen (β-CTx) and 

bone-specific alkaline  phosphatase (BSAP)] and the receptor activator of nuclear factor-κβ 

(RANK), its ligand (RANKL) and osteoprotegerin (OPG), the system responsible for the 

control of osteoclastogenesis and known to be influenced by inflammatory processes and 

corticosteroids was also evaluated.

Patients and methods
Patients
We studied 125 patients with moderate to severe AD (64 male, 61 female, aged 16 - 82 

years), regularly visiting the Department of Dermatology of the University Medical Center 

Utrecht. The diagnosis of AD was established on the basis of the Hanifin and Rajka criteria.13 
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Patients included in this study were mainly treated with class III topical corticosteroids 

(class I being less potent, class IV being most potent). Other atopic manifestations such as 

allergic asthma and/or allergic rhinitis were documented. The study was approved by the 

local ethics committee and patients gave their written informed consent.

Bone mineral density
BMD was measured in all patients at the lumbar spine and hips using (DXA) (Hologic 4500 

QDR X-Ray Bone Densitometer; Hologic, Bedford, MA, U.S.A.). The coefficient of variation 

(CV) for the Hologic 4500 QDR X-Ray Bone Densitometer is 1% [calculated: (100) х (SD/

mean)]. The standard deviation (SD) for the lumbar spine BMD is 0.00806 g cm-2. The 

BMDs are expressed in gram per square centimetre after which the SD is calculated. BMD 

values were compared with control values of European and American subjects, supplied 

by Hologic Inc. Data are expressed as T-score (number of SDs from the mean value of the 

sex-matched reference population) and Z-score (number of SDs from the mean value  

of the age- and sex-matched reference population). The World Health Organization  

definition for osteoporosis is a decrease in BMD by 2.5 SD or more below the average 

value for young healthy women. For osteopenia a T-score between -1 and -2.4 SD was 

used.8 We considered a Z-score ≤ -1 as low BMD and used this cut-off point in the analysis 

of the various parameters possibly influencing BMD. DXA scans were reported by 

radiologists who were aware of the patient’s diagnosis, but not of the frequency, amount 

and duration of topical or oral corticosteroid use and disease duration. In patients with 

osteopenia or osteoporosis, lateral X-rays of the thoracic and lumbar spine were taken to 

investigate possible asymptomatic compression fractures.

Cumulative topical corticosteroid use
The cumulative amount of topical corticosteroids used over the 5 years prior to inclusion 

was calculated using the individual patient pharmacy prescription records. These records 

were also used to evaluate the additional use of oral (cumulative dose expressed in 

milligrams of prednisone), inhaled and nasal corticosteroids during the same time period. 

The total number of years of topical corticosteroid use was collected from each patient’s 

history.

Biochemical parameters
The serum concentration of thymus and activation-regulated chemokine (TARC/CCL17) 

was used as an objective marker of disease activity.14 Total serum IgE concentrations were 
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measured by ImmunoCAP™ (Pharmacia Diagnostics, Uppsala, Sweden). Serum  

concentrations of parathyroid hormone (PTH; Roche Diagnostics GmbH, Mannheim, 

Germany) and 25-hydroxyvitamin D (DiaSorin, Stillwater, MN, U.S.A.) were also measured. 

Vitamin D deficiency was defined as a serum 25-hydroxyvitamin D concentration  

< 50 nmol L-1 and insufficiency as serum concentrations between 50 and 72.5 nmol L-1 

in accordance with recent consensus.15,16

Bone turnover was evaluated by measuring BSAP, a marker of bone formation, known 

to be negatively influenced by corticosteroids (Ostase; Beckman Coulter Inc., Fullerton, 

CA, U.S.A.); and β-CTx, a marker of bone resorption, which could be increased in  

inflammatory processes (β-crosslaps; Roche Diagnostics GmbH). The RANK/RANKL/

OPG system responsible for the control of the osteoclastogenesis and affected both 

by inflammatory processes and by corticosteroids was evaluated by measuring serum 

concentrations of RANKL (Biomedica Gruppe, Vienna, Austria) and OPG (Meso Scale 

Discovery, Gaithersburg, MD, U.S.A.) using semi-automated methods.

Questionnaire on lifestyle parameters
Data on lifestyle parameters such as dairy product intake (portions per day), duration 

of daily sunlight exposure, alcohol use, coffee intake, smoking, exercise, past history of 

hospital  admissions, use of contraception, number of years of menopause, history of 

fractures and family history for osteoporosis were obtained by the use of a questionnaire.

Statistical analysis
We calculated the percentage of patients with osteoporosis and osteopenia and those 

with a Z-score ≤ -1 (low BMD). As all continuous variables had a skewed distribution, we 

present medians and interquartile ranges (IQR) throughout the article. Variables were 

log10 transformed and the differences in these variables between patients with normal 

and low BMD were tested with the Student’s t-test. A cumulative dose of oral corticosteroids 

 could not be transformed because it included values of 0, and the differences  in this 

variable between patients with normal and low BMD was tested with the nonparametric 

Mann–Whitney test. Differences in sex were tested with the Fisher’s exact test. Probability 

levels of 0.05 and below were considered statistically significant. We used logistic 

regression  analysis to investigate the association between corticosteroid use and low 

BMD and the association between disease activity (reflected by TARC) and low BMD. For 

these analyses corticosteroid use and TARC were dichotomized with the median value 
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as the cut-off value, as we could not define a clinically relevant cut-off point. As sex and 

body mass index (BMI) are potential confounders for these associations we adjusted the 

odds ratio (OR) for these variables. To study the independent effect of corticosteroid use 

and TARC on BMD, we additionally adjusted for TARC and corticosteroid use, respectively. 

Results are expressed as ORs with 95% confidence intervals (CI).

Results
Study population
We studied 125 patients with moderate to severe AD (64 men and 61 women; aged 16 

- 82 years) with a median (IQR) age of 35.0 (24.5 - 48.0) years (Table 1). Median (IQR) BMI 

was 23.7 (21.4 - 26.2) kg m-2 (within the normal range). Fortynine patients also suffered 

from allergic asthma and 25 patients suffered from allergic rhinitis; no other chronic 

diseases like RA or IBD were reported.

The median (IQR) cumulative dose of topical corticosteroids during the 2 years prior to 

inclusion (112 patients) was 765 (371 - 1513) g and during 5 years prior to the study (92 

patients) 1890 (885 - 3973) g. Fifty-nine patients had used oral corticosteroids with a

Table 1 | Baseline characteristics of patients with atopic dermatitis

Total, median (IQR)

Number of patients 125

Sex

    Men 64

    Women 61

Age (years) 35.0 (24.5 - 48.0)

BMI (kg m-2) 23.7 (21.4 - 26.2)

Corticosteroid use

    Cumulative dose of topical corticosteroids (g)a 1890 (885 - 3973)

    Cumulative dose of oral corticosteroids (mg)b 300 (0 - 1480)

    Use of inhaled corticosteroids (no. of patients) 38

    Use of nasal corticosteroids (no. of patients) 25

TARC (pg mL-1) 1267 (616 - 2823)

aUse in 5 years prior to inclusion (n = 92). 
bUse in 5 years prior to inclusion and expressed as mg prednisone (n = 92). BMI, body mass index; IQR, 
interquartile range; TARC, thymus and activation-regulated chemokine.
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median (IQR) cumulative dose of 300 (0 - 1480) mg. Thirty-eight patients had used inhaled 

corticosteroids and 25 patients nasal corticosteroids in the 5 years prior to the study.

Bone mineral density
A total of 38 patients (30.4%; 28 men and 10 women) had a Z-score ≤ -1 (low BMD).  

Osteoporosis (T-score ≤ -2.5) was diagnosed in six patients (4.8%; three men and three 

women) and osteopenia in 41 patients (32.8%; 28 men and 13 women).

Lateral X-rays of the spine were obtained in 35 of the 47 patients with a T-score ≤ -1; in 

only two patients were abnormalities found. A man aged 82 years, with osteopenia, had 

evidence of vertebral deformities, with more than 20% height loss of multiple thoracic 

vertebrae and a compression fracture of the second lumbar vertebra. A 58-year-old 

woman, postmenopausal with osteopenia, had a compression fracture of the first lumbar 

vertebra. Both patients were asymptomatic so that the exact timing of occurrence of the 

fractures could not be established. Ten of the 125 patients had a positive family (first-

degree relative) history for osteoporosis, of which eight had a normal BMD and two a low 

BMD.

There were significantly more men (43.8%) than women (16.4%) with a low BMD  

(ρ = 0.001). Although BMI was within the normal range in both groups, the patients  

with a Z-score ≤ -1 had a statistically significant lower BMI (ρ = 0.015) compared with the 

group with a normal BMD (Table 2). There was no significant difference between patients 

with low BMD and normal BMD in alcohol, coffee and dairy products intake, smoking, 

exercise, sunlight exposure, use of contraceptives or menopausal status. The median 

(IQR) IgE level was higher in patients with low BMD [5330 (1479 - 12 064)] compared 

with patients  with normal BMD [2141 (480 - 8005)], although this difference was not 

statistically significant (ρ = 0.128).

Cumulative dose of topical corticosteroids, disease activity and bone mineral 
density
There was no significant difference in cumulative dose of topical corticosteroids used in 

patients with low BMD [2450 (1260 - 3700) g, median (IQR)] compared with those with a 

normal BMD [1630 (865 - 4230) g, median (IQR)] used during the 5 years prior to inclusion 

(ρ = 0.238) (Figure 1 and Table 3). Neither was there a difference in the amount of oral 

corticosteroids used between patients with a low BMD [375 (0 - 1480) mg, median (IQR)] 
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and patients with a normal BMD [210 (0 - 1750) mg, median (IQR)] (ρ = 0.339). There was 

also no difference in the use of topical corticosteroids in the 2 years prior to inclusion 

between the patients with a low and normal BMD (ρ = 0.484). Furthermore, the number 

of years of use of topical corticosteroids did not differ between the two groups, median 

years of use for the patients with low and normal BMD was 10 and 9.5 years, respectively. 

The number of patients using inhaled and/or nasal corticosteroids in the 5 years prior to 

inclusion was also not significantly different between the two groups (data not shown).

Using logistic regression analysis we found an OR of 1.6 for the association between 

topical corticosteroid use and BMD and an OR of 1.5 for the association between oral 

corticosteroid use and BMD, after adjustment for sex, BMI and disease activity (serum 

TARC levels). This means that patients with higher use of topical and oral corticosteroids 

had 60% and 50% more risk, respectively, of having low BMD than subjects with lower 

Table 2 |  Comparison of various parameters between groups with normal BMD (Z-score > -1) 
and low BMD (Z-score ≤ -1) with p-value reflecting differences between the groups 
(n = 125).

Normal BMD (n = 87)
(median, IQR)

Low BMD (n = 38)
(median, IQR)

ρ-value

Gender

    Men 36 28 0.001

    Women 51 10

Mean age (years) 35 (26 - 49) 35.5 (22 - 45) 0.501

BMI (kg/m-2) 24.3 (21.5 - 26.9) 22.6 (20.2 - 24.7) 0.016

TARC (pg/mL-1) 1366 (623 - 3443) 1233 (505 - 2680) 0.847

Total IgE (KU/L-1) 2141 (480 - 8005) 5330 (1479 - 12064) 0.128

PTH (pmol/L-1) 2.6 (2.1 - 3.2) 2.4 (2.1 - 3.2) 0.942

25-hydroxyvitamin D
  (nmol/L-1)

58.5 (43.8 - 82.8) 59.0 (40.5 - 82.0) 0.654

BSAP (μg/L) 9.7 (7.3 - 12.4) 10.9 (8.4 - 13.8) 0.146

ß-CTx (ng/mL-1) 0.25 (0.14 - 0.42) 0.29 (0.19 - 0.42) 0.389

RANKL (pg/mL-1) (n = 55) 3.2 (0.9 - 7.6) 3.2 (2.5 - 10.2) 0.507

OPG pg/mL (n = 110) 252.7 (200.9 - 307.8) 239.5 (207.3 - 303.7) 0.846

RANKL/OPG ratio (pg/mL-1) 
  (n = 55)

0.012 (0.003 - 0.030) 0.012 (0.008 - 0.038) 0.473

β-CTx, C-terminal telopeptide of type I collagen; BMD, bone mineral density; BMI, body mass index;  
BSAP, bone-specific alkaline phosphatase; OPG, osteoprotegerin; PTH, parathyroid hormone; RANKL,  
receptor activator of nuclear factor-κβ ligand; TARC, thymus and activation-regulated chemokine.



Figure 1 | Normal (n = 65) and low BMD (n = 27) 

in relation to the cumulative amount of topical 

corticosteroids used (during 5 years prior to 

inclusion) (a), oral corticosteroids used (during 

5 years prior to inclusion) (b) and the level of 

serum TARC (pg/ml) (c).

use of topical and oral corticosteroids, although this was not statistically significant. 

When categorizing the use of topical and oral corticosteroids in tertiles there too was no 

clear dose–response relationship between corticosteroid use and BMD (data not shown). 

There was also no significant correlation between the cumulative dose of topical or oral 

corticosteroids and the absolute value of BMD measured in gram per square centimetre 

at both lumbar spine and hips (data not shown). Disease activity, as measured by serum 

TARC concentration, was not significantly different between patients with Z-scores above 

or below -1 [1366 (623 - 3443) vs. 1233 (505 - 2680) pg mL-1, respectively, median (IQR), 

ρ = 0.946]. Using logistic regression analysis we found no relationship between disease 

activity (serum TARC levels) and BMD, also after adjustment for sex, BMI or cumulative 

dose of topical and oral corticosteroids.
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Biochemical parameters of skeletal metabolism
There was no significant difference in 25-hydroxyvitamin D concentrations and PTH levels 

between patients with Z-scores above or below -1 (Table 2). In 39 of the 125 patients 

(31.2%) a deficiency in 25-hydroxyvitamin D was found (< 50 nmol L-1). In this group of 

patients 25 had normal BMD and 14 low BMD. 25-Hydroxyvitamin D insufficiency (levels 

between 50 and 72.5 nmol L-1) was found in 40 patients (32%), of which 30 patients had 

normal BMD and 10 patients a low BMD. BSAP and β-CTx, markers of bone formation 

and resorption, were within the normal range in all patients. There was no statistically 

significant difference in BSAP, β-CTx, RANKL and OPG concentrations between patients 

with low BMD and normal BMD. The RANKL/OPG ratio was also not significantly different 

between groups. There was no significant correlation between serum BSAP concentration 

and cumulative dose of topical corticosteroids and between serum β-CTx and TARC 

concentrations. There was no significant correlation between the absolute value of BMD 

as measured in gram per square centimetre at both lumbar spine and hips and all of the 

biochemical parameters of skeletal metabolism measured.

Discussion
To our knowledge this is the first report of prevalence of low bone mass in a large 

population of adult patients with AD also addressing contributory factors to bone loss. 

In the present study a low prevalence of osteoporosis (4.8% of the patients) but a high 

prevalence of osteopenia (32.8% of the patients) was found in patients with moderate to 

severe AD. Adjusting for age, 30.4% of patients with AD had low BMD. In our study, men 
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Table 3 |  Logistic regression analysis evaluating influence of cumulative topical and oral  
corticosteroid use and TARC on BMD adjusting for gender, BMI, TARC and  
cumulative oral and topical corticosteroid use where applicable (n = 92). 

Crude OR 
(95% CI)

Adjusted OR Ia 
(95% CI)

Adjusted OR IIb 
(95% CI)

Cumulative topical  
corticosteroid use (kg)

1.76 (0.69 - 4.54) 1.57 (0.57 - 4,32) 1.57 (0.56 - 4.38)

TARC (ng/mL-1) 0.95 (0.38 - 2.41) 0.86 (0.32 - 2.35) 0.69 (0.24 - 2.00)

Cumulative oral corticosteroid  
use (mg)

1.49 (0.59 - 3.79) 1.53 (0.56 - 4.23) 1.45 (0.51 - 4.14)

aFor sex and BMI. 
bFor TARC, cumulative topical and oral corticosteroid use. BMI, body mass index; BMD, bone mineral density; 
TARC, thymus and activation-regulated chemokine; OR, odds ratio; CI, confidence interval.



were more affected than women. This finding is in keeping with the results of one study in 

patients with Crohn disease, describing male sex as a significant independent risk factor 

for osteoporosis.17

As was mentioned earlier, in patients with AD there are several risk factors for skeletal 

morbidity. Systemic corticosteroids are considered as a risk factor for osteoporosis. 

Application of large amounts of potent topical corticosteroids may result in significant 

percutaneous absorption, in particular in patients with AD and psoriasis.4,7 For that reason 

the cumulative use of large amounts of topical corticosteroids may also be a risk factor for 

osteoporosis. Addressing the potential deleterious role of topical corticosteroid treatment 

on skeletal metabolism, we investigated the relationship between the cumulative dose 

of topical corticosteroid used in the previous 5 years and BMD. We could find no clear 

evidence in our study for negative effects of cumulative dose of topical corticosteroids 

on BMD. We found no significant difference in cumulative dose of topical corticosteroids 

between  patients with a low compared with those with a normal BMD. Furthermore we 

did not find a significant correlation between the absolute value of BMD (expressed as 

gram per square centimetre) and the cumulative corticosteroid dose. However, through 

logistic regression analysis we found that there was a trend towards an increased risk 

of low BMD with higher use of topical and oral corticosteroids. Because higher disease 

severity  leads to a higher consumption of topical and even oral corticosteroids, these 

factors  are highly related and could not be separated in our study because we did 

not have a good measure of chronic disease severity. The biochemical markers mainly 

influenced by corticosteroid use, serum BSAP and OPG concentrations,18-22 did not differ 

significantly between the low and the normal BMD group and no significant correlation 

was found between the cumulative topical corticosteroid dose and the BSAP or OPG 

concentrations. Although these data may suggest that topical corticosteroids have no 

deleterious effect on bone remodelling, it is important to appreciate the difficulty in 

interpreting results of single measurement of markers of bone metabolism as these are 

highly dependent on disease activity or corticosteroid use at the time of measurement 

and may not reflect changes at other time points.

Data on BMD in skin diseases are scarce. Nymann et al.23 describe a group of 18 patients 

with palmoplantar pustular psoriasis who had a lowered BMD compared with controls. 

The data were confounded by the use of topical corticosteroids. In a study of 20 

patients with chronic plaque psoriasis long-term use of a relatively high dose of topical 
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corticosteroids was not associated with a decrease in BMD.24 In a study of 28 patients with 

AD, Aalto-Korte and Turpeinen found ≈11% of patients with a Z-score < -2, a significant  

discrepancy  in prevalence compared with our study.25 This may be explained by 

differences  in defining the cut-off point for low BMD. Indeed, using a cut-off value of -1 for 

the Z-score increases the prevalence of patients with a low BMD to 42.9%.25 A limitation of 

these studies is their inclusion of a small number of patients and their lack of addressing 

the possible negative effect of topical steroid use or disease activity on BMD.

Our study has strengths as well as limitations. The strengths of our study lie in the  

relatively large number of patients studied and our ability to grossly quantify cumulative 

dose of topical and oral corticosteroid use over long periods of time from patients’  

prescription records. The quantification of topical corticosteroids using the pharmacy  

records also represents a limitation as it probably leads to an overestimation of the 

amount used, as these records are the prescription records and not the actual amounts 

applied. Another limitation is the number of years of pharmacy records; ideally lifetime 

topical corticosteroid use must be evaluated to investigate optimally the effect of topical 

corticosteroids on BMD. However, this is difficult to obtain. The patients’ history did not 

reveal a significant difference in the total number of years of topical corticosteroid use 

between patients with low BMD compared with patients with normal BMD. Furthermore 

the patients in our study were referred to a tertiary hospital, and are probably not  

representative for the general population of patients with AD.

The second potential factor for bone loss in AD is the inflammatory nature of the disorder, 

especially in patients in whom disease activity is inadequately controlled. AD may be 

analogous to other chronic inflammatory diseases such as IBD and RA, in which the  

inflammatory process was demonstrated to be an independent risk factor for bone loss.26-29 

Serum TARC level is an objective marker of disease activity14 during an exacerbation. 

We could find no significant correlation between the absolute value of BMD measured 

in gram per square centimetre (lumbar spine and hips) and disease activity. However, a 

limitation of correlating BMD with serum TARC level is that the BMD value is a result of 

cumulative effects on bone remodelling over a long period of time (years), whereas serum 

TARC levels provide only momentary information on the level of inflammation at the time 

point of measurement. Because there is no biomarker available measuring chronicity of 

AD it is not possible to show differences in intensity of the chronic inflammatory process 

in the skin between patients with a normal and a low BMD.
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In patients with RA serum RANKL was found to be inversely correlated with BMD.22 In 

our study we found no significant difference in RANKL concentration or RANKL/OPG 

ratio between patients with a Z-score below or above normal. There were no significant 

correlations between the absolute value of BMD measured in gram per square centimetre 

(lumbar spine and hips) and serum RANKL, OPG or RANKL/ OPG ratio. The mean values of 

bone formation and bone resorption markers were within the normal range regardless of 

BMD. This latter finding is in keeping with a recent study in patients with Crohn disease, 

although patients with osteoporosis were found to have significantly higher serum levels 

of bone resorption markers compared with the patients with osteopenia or normal BMD.17 

Recently, Vahavihu et al.30 reported that 74% of patients with AD may have a vitamin D 

insufficiency. A high percentage of our patients also had vitamin D deficiency (31.2%) or 

insufficiency (32%) using recently defined cut-off points;15,16 however, serum 25-hydroxy-

vitamin D levels were not significantly different in patients with a Z-score below or above 

-1 (62.1 vs. 64.6 nmol L-1). The majority of patients with lower serum 25-hydroxyvitamin D 

levels had normal BMD (55 of the 79 patients). There was also no significant correlation 

between absolute value of BMD and serum 25-hydroxyvitamin D levels. The clinical 

relevance of the high prevalence of vitamin D deficiency or insufficiency in our patient 

population has yet to be established.

We document a high prevalence of low BMD in about onethird of patients with moderate 

to severe AD. These patients were predominantly male and relatively young. In our study 

population there was no difference in cumulative dose of topical or oral corticosteroids 

in a period of 5 years prior to the study between patients with a low and those with a 

normal BMD. The question of whether the deleterious effect on bone mass observed in 

patients with AD is due to the intensity of topical corticosteroid use over a longer period 

of time, to the underlying inflammatory process or due to a combination of both remains 

to be established. Based on the results of our study we advocate the measurement of 

BMD in patients with moderate to severe AD, particularly men, to allow the detection of 

those patients with increased risk for skeletal morbidity.
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Two-year follow-up of bone mineral 

density in adults with moderate to 

severe atopic dermatitis: no effect 

of topical corticosteroids

3



Abstract
Introduction Previously, a single measurement of bone mineral density (BMD) has been 

performed in patients with atopic dermatitis (AD) and approximately one third of patients 

had a low BMD, not related to use of topical corticosteroids.  Therefore, we performed a 

follow-up study to re-evaluate BMD after two years and relate this to the use of topical 

corticosteroids.

Patients and methods 75 of the 125 patients of the initial study with moderate to  

severe AD participated in this study, recruited from the University Medical Centre Utrecht. 

Using Dual-Energy X-ray Absorptiometry, bone mineral density was measured at lumbar 

spine and hips. Cumulative dose of topical and oral corticosteroids was calculated from 

pharmacy prescription records. Life style parameters were collected by a questionnaire. 

Biochemical parameters of bone metabolism and disease activity (serum thymus and 

activation-regulated chemokine levels) were also measured.

Results Absolute baseline BMD in the lumbar spine and total hip did not differ  

significantly from the follow-up absolute BMD. The change of BMD and number of  

patients with a T-score < -1 at baseline did not differ from the change of BMD and number 

of patients with a T-score < -1 at follow-up. Dividing the patients in those using < or  

≥ 75 g topical corticosteroids per month (resp. group 0 and group 1), BMD in the lumbar 

spine and hip increased in group 0 with 0.07% and 0.17% respectively. In group 1 BMD 

increased with 0.14% in the lumbar spine and decreased with 0.72% in the hip. These  

differences were clinically and statistically not significant also not when possible  

confounders were accounted for.

Conclusions In this 2-year follow-up study no difference in BMD between baseline and 

follow-up was seen and, more importantly, the change in BMD did not differ between 

patients who had used low or high amounts of topical corticosteroids during follow-up. 

Therefore, further investigation is needed to asses which patients are at risk for  

developing clinically relevant decrease in BMD.
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Introduction
A high risk for bone loss has been described in patients with inflammatory diseases such 

as asthma and rheumatoid arthritis. This may be due to the inflammatory nature of these 

diseases, the chronic use of oral (or inhalation) corticosteroids or a combination of both.1-5 

Recently it has been reported that patients with atopic dermatitis (AD) may also be at risk 

for bone loss.6, 7 Since application of large amounts of potent topical corticosteroids may 

result in significant percutaneous absorption in patients8-10 the cumulative use of large 

amounts of topical corticosteroids may be a risk factor for decreased bone mineral  

density in patients with AD.

Haeck et al. evaluated BMD at a single time point in 125 patients with moderate to severe 

AD.7 A total of 38 patients (30.4%; 28 men and 10 women) had a Z-score ≤ -1 (low BMD). 

Osteoporosis (T-score ≤ -2.5) was diagnosed in six patients (4.8%; three men and three 

women) and osteopenia (T-score ≤ -1) in 41 patients (32.8%; 28 men and 13 women). 

There was no difference in cumulative dose of topical or oral corticosteroids in a period 

of 5 years prior to the study between patients with a low and those with a normal BMD. 

Because only a single BMD measurement was done in this study, no information is  

available on the influence of topical corticosteroids on the change in BMD.

The aim of the current study was to evaluate the effect of topical corticosteroid use on 

the change in BMD in patients with AD during a two-year follow-up period. Additionally, 

risk factors known to influence osteoporosis and biochemical markers of cumulative bone 

resorption and formation at baseline and after two years were compared.

Patients and methods
Patients
Haeck et al. has previously described the prevalence of osteopenia and osteoporosis in 

125 AD patients.7 For the current study, we have asked all 125 patients to participate in a 

second BMD measurement after 2 years. Fifty-five patients were lost to follow-up; mainly 

because they did not respond to a written invitation or had to travel too long. The current 

study population describes the changes in BMD in 70 of the 125 patients with the addition 

of 5 patients not previously described, resulting in a total of 75 adult patients with  

moderate to severe AD in this longitudinal study. The diagnosis of AD was made  

according to the criteria of Hanifin and Rajka.11 At the moment of inclusion, all patients 

were treated with potent topical corticosteroids (European class III) at our outpatient 
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department. Patients were asked to return to the outpatient clinic for the follow-up BMD 

measurement 2 years after baseline. The local medical ethical committee approved this 

study and patients gave their written informed consent. 

Bone mineral density measurements
Bone mineral density of all patients was measured at baseline and at follow-up by dual-

energy X-ray absorptiometry (DXA), using the Hologic QDR-4500 Discovery A (software 

version 12.3, Hologic inc. Bedford, MA, U.S.A.) X-ray Bone Densitometer. The manufacturer 

specified that the coefficient of variation (CV) is less than 1% (calculated: 100 x SD/mean). 

Daily quality assurance was performed, and all patients were assessed by the same  

analyst. Prior to the BMD measurement height and weight of all patients were measured. 

BMD was measured in the lumbar vertebrae L1-L4 and in both hips. The absolute BMD 

(expressed in gram per square centimeter) and T-score (the number of standard 

deviations above or below the mean value of a sex matched reference population) of  

each patient was calculated. Because Dutch BMD reference data are not available, the  

reference database incorporated in the Hologic software was used. This reference  

database consists of age-and gender specific BMD reference values of healthy adults in 

Europe and the United States. The World Health Organization (WHO) definition of low 

BMD or osteopenia is a T-score between -1 and -2.4. Osteoporosis is defined as a T-score 

≤ -2.5.12 The DXA-scans were assessed by nuclear medicine physicians who were aware of 

the patients’ diagnosis, but not of the treatment history. When a T-score of < -1 was found 

in the lumbar spine or the hips at baseline, patients received a dietary supplementation 

with 500 mg calcium/440 IE vitamin D once daily.

Clinical data
Clinical data were obtained from a structured questionnaire and from the hospital record. 

Age, sex, amount of daily dairy intake (cow’s milk, yoghurt or cheese) and level of general 

physical activity (i.e. participation to sports) of every patient was recorded at baseline and 

at follow-up. 

Corticosteroid use
Cumulative dose of topical corticosteroids, oral corticosteroids and inhalation/nasal/ocular 

corticosteroids was calculated between the baseline and follow-up BMD measurement 

with use of pharmacy records of each patient. Topical corticosteroid use was expressed 

in total grams of all potency classes (European class I-IV). The amount of topical  
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corticosteroids used between baseline and follow-up was categorized into two groups 

according to the median use of all potency classes: use of < 75 g per month or use of  

≥ 75 g per month. Oral corticosteroids and inhalation/nasal/ocular corticosteroid use was 

expressed in total milligrams (use of other oral corticosteroids than prednisone were  

converted to milligrams of prednisone equivalents).

Calcium use and use of other oral immunosuppressive drugs
Use of calcium supplements and total number of months of use was recorded between 

baseline and follow-up with use of pharmacy records. Use of other oral immuno-

suppressive drugs including cyclosporin A, mycophenolate sodium, azathioprine  

and tacrolimus were recorded in the same way.

Biochemical parameters
Plasma concentrations of parathyroid hormone (PTH) were measured in respectively 68 

(90.7%) and 53 (70.7%) of the patients at baseline and follow-up. Serum concentrations 

of 25-hydroxyvitamin D (25-OH-vitamin D) were measured in respectively 67 (89.3%) and 

53 (70.7%) of the patients at baseline and at follow-up. Vitamin D deficiency was defined 

as a serum 25-OH-vitamin D level of < 50 nmol/L and vitamin D insufficiency was defined 

when levels were between 51 and 74 nmol/L.13 In addition, serum levels of bone-specific 

alkaline phosphatase (BSAP) were measured in respectively 67 (89.3%) and 48 (64%) of 

the patients at baseline and follow-up. C-terminal telopeptide of type I collagen (β-CTx) 

were measured in respectively 68 (90.7%) and 53 (70.7%) of the patients at baseline and 

follow-up.

 

Statistical analysis
Statistical analysis was performed using the program SPSS for Windows (version 15.0, 

2006; SPSS inc., Chicago, IL, U.S.A.). Data were expressed as frequencies (number of  

patients and percentages) for categorical variables and as mean ± SD for continuous  

variables. Body mass index (BMI) was calculated as weight divided by squared length  

(kg/m2). First, paired t-tests, and the McNemar test were done to investigate the difference 

in absolute BMD and T-scores (lumbar spine and total hip) at baseline and at follow-up. 

The mean percentage change in absolute BMD between baseline and follow-up was  

calculated for both the lumbar spine and the total hip. A preliminary analysis showed  

no significant difference in BMD change between patients with calcium/vitamin D  
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supplementation and patients without supplementation. Furthermore, an interaction 

between calcium/vitamin D supplementation and topical corticosteroid use on change in 

BMD was not present (lumbar spine ρ = 0.32; total hip ρ = 0.67). Therefore, patients with 

and without calcium/vitamin D supplementation were analyzed as one group. 

To investigate if use of topical corticosteroids was associated with a decrease in BMD, first 

a t-test was done to compare percentage change in BMD in patients who had used  

< 75 g topical corticosteroids per month (Group 0) with patients who had used ≥ 75 g 

topical corticosteroids per month (Group 1). Furthermore, ANCOVA was done to adjust  

for age, sex, BMI, dairy intake, physical activity and other corticosteroid use. In this way 

the mean percentage change in BMD between group 0 and group 1 was calculated after 

adjustment for potential confounders. The interaction between use of oral immuno-

suppressive drugs and topical corticosteroid use was not significant. Furthermore, the 

relation between topical corticosteroid use and change in BMD did not change when 

including use of oral immunosuppressive drugs. Finally, baseline levels of 25-OH-vitamin 

D, PTH, BSAP and β-CTx were compared between group 0 and group 1 with a t-test or 

a Mann-Whitney test in case of non-normality and differences between baseline and 

Table 1 | Baseline characteristics of patients with AD

Number of AD patients 75

Sex (no. of patients): 
    Men
    Women

39 (52%)
36 (48%)

Age (mean years ± SD) 40.2 ± 14.8

Body mass index (mean kg/m2 ± SD) 24.1 ± 3.6

Number of years between baseline and follow-up BMD  
  measurement (mean ± SD)

2.4 ± 0.5

Dairy intake (mean units daily ± SD) 3.0 ± 1.8

Physical exercise (no. of patients):
    - > 2 times weekly (high)
    - 1-2 times weekly (normal)
    - < 1 time weekly (low)

17 (23.6 %)
32 (44.4 %)
23 (31.9%)

Biochemical parameters
    - PTH (pmol/L ± SD)
    - 25-hydroxyvitamin D (nmol/L ± SD)
    - BSAP (μg/L ± SD)
    - β-CTx (ng/ml ± SD)

3.01 ± 1.82
65.12 ± 30.27
11.27 ± 5.03
0.30 ± 0.22
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follow-up levels were investigated with either a t-test or the Wilcoxon Signed Rank test in 

case of non-normality.

RESULTS
Seventy-five patients, 39 men and 36 women with moderate to severe AD were included. 

At the moment of inclusion, all patients used topical corticosteroids for the treatment 

of their AD. The duration between the baseline BMD measurement and the follow-up 

measurement was 2.4 ± 0.5 years. Baseline characteristics of the study population are 

described in Table 1.

Changes in bone mineral density between baseline and follow-up
Overall, baseline absolute BMD in the lumbar spine and total hip did not differ  

significantly from the follow-up absolute BMD (Table 2). Furthermore, the number of 

patients with a T-score < -1 at baseline did not differ from the number of patients with a 

T-score < -1 at follow-up. Additionally, the change in BMD during follow-up did not differ 

between patients with a T-score < -1 (osteopenia or osteoporosis; lumbar spine 0.99%  

± 4.24 and total hip 0.02% ± 3.88) at baseline compared to patients with a T-score ≥ -1 

(normal; lumbar spine -0.47% ± 3.98 and total hip -0.31% ± 2.99) at baseline. The  

corresponding p-values are 0.43 for the lumbar spine and 0.87 for the total hip. 

Table 2 |  Bone mineral density measurements at baseline and during follow-up in patients 
with AD.

Bone mineral density changes (n = 75) Baseline Follow-up ρ-value

Lumbar spine T-score (no. of patients):
    - Normal
    - Osteopenia
    - Osteoporosis

44 (58.7%)
28 (37.3%)
3 (4.0%)

41 (54.7%)
31 (41.3%)
3 (4.0%)

0.61

Total hip T-score (no. of patients):
    - Normal
    - Osteopenia
    - Osteoporosis

58 (77.3%)
17 (22.7%)
0 (0.0%)

60 (80.0%)
15 (20.0%)
0 (0.0%)

0.69

BMD lumbar spine (mean g/cm2 ± SD) 1.04 ± 0.15 1.04 ± 0.13 0.47

BMD total hip (mean g/cm2 ± SD) 0.97 ± 0.13 0.95 ± 0.14 0.06
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Medication use between baseline and follow-up
Between baseline and follow-up the majority of AD patients (93.2%) were treated with 

European class III topical corticosteroids. Use of topical corticosteroids (European class 

I - IV) varied between 1 - 480 g (mean 86.8 ± 80.5 g; median 74.3 g) per month. Only one 

patient (1.4%; 480 g per month) had used more than the recommended amount for safe 

use of topical corticosteroids according to the Dutch guidelines being maximally 240 g 

per month.14

Twenty-seven (36%) patients were treated with oral corticosteroid courses. Forty-five 

(60%) patients also regularly used inhalation/ocular or nasal corticosteroids because of 

allergic asthma, allergic rhinitis or eczema of the eyelids. Twenty-nine (38%) patients had 

used an oral immunosuppressive drug between baseline and follow-up. Mean duration of 

Table 3 | Medication use between baseline and follow-up BMD measurement.

Use of topical corticosteroids (no. of patients) 75 (100%)

Cumulative dose of topical corticosteroids used (mean g ± SD)a:
  - Class I 
  - Class II  
  - Class III  
  - Class IV 
  - Total all classes

8 ± 23
241 ± 383 
1921 ± 1868
302 ± 630
2472 ± 2150

Amount of topical corticosteroids used per monthb:
Mean g ± SD
  < 75 g/ month
  75-199 g/month
  200-239 g/month
  > 240 g/month

86.8 ± 80.5
50.0%
44.6%
 4.0%
 1.4%

Use of oral corticosteroids (no. of patients)
Cumulative dose of oral corticosteroids (mean mg ± SD)a

27 (36%)
669 ± 1647

Use of inhalation/nasal/ocular corticosteroids (no. of patients)
Cumulative dose of inhalation corticosteroids (mean mg ± SD)a

45 (60.0%)
154 ± 281

Use of oral immunosuppressive drugs (no. of patients)
  - Cyclosporin A
  - Mycophenolate sodium
  - Azathioprine
  - Tacrolimus

29 (38%)
12 (16.2%)
11 (14.9%)
 2  (2.7%)
 3  (4.1%)

Use of calcium/vitamin D supplementation (no. of patients) 35 (46.7%)

aCumulative dose calculated between baseline and follow-up.
bAll classes of topical corticosteroids.
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use was 12 ± 9 months. Calcium-vitamin D supplementation was used in 46.7%, but  

continuous use was registered in only 25.7% of these patients.

Topical corticosteroids and change in bone mineral density
The percentage change in BMD in the two topical corticosteroid use groups is presented 

in figure 1a (lumbar spine) and 1b (total hip). Table 4 presents the unadjusted and  

adjusted percentage change in BMD for patients using < or ≥ 75 g topical corticosteroid 

per month (resp. group 0 and group 1). The BMD in the lumbar spine increased with 

Figure 1 | The percentage change in BMD in the two topical corticosteroid use groups 

( < 75 g/month and ≥ 75g/month) of the lumbar spine (a) and total hip (b).



0.07% in group 0 and increased with 0.14% in group 1. This difference was clinically and 

statistically not significant (ρ = 0.81). Adjustment for age, sex, BMI, dairy intake, physical 

activity and other corticosteroid use did not change this result. BMD in the hip increased 

with 0.17% in group 0 and decreased with 0.72% in group 1. This difference was also  

clinically and statistically not significant (ρ =0.27) and adjustment for possible  

confounders did not change this result either.

Biochemical parameters
None of the baseline levels of 25-OH-vitamin D, PTH, BSAP and β-CTx differed between 

patients using < 75 g topical corticosteroids per month and patients using ≥ 75 g topical 

corticosteroids per month during follow-up. An insufficient level of 25-hydroxyvitamin D 

was seen in 30% of the patients with and in 27.5% of the patients without calcium/ 

vitamin D supplementation. A deficient level of 25-hydroxyvitamin D was also seen 

in 30% of the patients with and 28.6% of the patients without calcium/vitamin D  

supplementation. The number of patients with a 25-hydroxyvitamin D insufficiency or  

deficiency did not differ between baseline and follow-up (ρ =0.25 without calcium/ 

vitamin D supplementation; 0.50 with calcium/vitamin D supplementation). Two patients 

(3%) had PTH levels slightly above the upper reference of 7 pmol/L at baseline versus 

three patients (5.7%) at follow-up. None of the patients had PTH levels below the lower 

reference of 1 pmol/L. Levels of BSAP were above the upper reference limit in 6 patients 

(8%) at baseline and in none of the patients at follow-up. This difference was not  

statistically significant (ρ =0.08).
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Table 4 |  Mean bone mineral density changes in patients using < or ≥ 75 g topical  
corticosteroids per month

Bone mineral density  
changes 
(mean % ± SD)

Unadjusted 
BMD Lumbar 
spine

Adjusted BMD 
Lumbar  
spinea

Unadjusted 
BMD Total Hip

Adjusted BMD 
Total Hipa

< 75 g topical  
  corticosteroid use/ month 
  (Group 0; n = 37)

0.073 ± 3.913  0.657 ± 4.307  0.170 ± 3.296 0.164 ± 3.223

≥ 75 g topical  
  corticosteroid use/ month 
  (Group 1; n = 34)

0.138 ± 4.399  0.204 ± 4.431 -0.716 ± 3.197 -0.484 ± 3.18

ρ-value 0.806 0.571 0.273 0.100

aAdjusted for: age, sex, dairy intake, physical activity, BMI and other steroid use.



Levels of β-CTx were above the upper reference limit in 3 patients (4.4%) at baseline and 

in 1 patient (1.9%) at follow-up. This difference was not statistically significant (ρ =0.32). 

Discussion
In this 2-year follow-up study no difference in BMD between baseline and follow-up was 

seen and, more importantly, the change in BMD did not differ between patients who had 

used low or high amounts of topical corticosteroids during follow-up. Additionally, the 

number of patients with a T-score < -1 at baseline did not differ from the number of  

patients with a T-score < -1 at follow-up. 

From our data we cannot conclude that topical corticosteroids decrease BMD in patients 

with moderate to severe AD. A possible explanation is that the amount of topical  

corticosteroids used by this study population is low since all but one patient had used 

amounts below the threshold for safe use of topical corticosteroids.14 Furthermore, the 

majority of patients with AD use topical corticosteroids only during a flare up of their  

eczema. After improvement, topical corticosteroids are frequently stopped till the next 

flare occurs. It has been shown that bone loss is reversible after a short course of oral 

corticosteroids in patients with rheumatoid arthritis and pulmonary sarcoidosis.15, 16 For 

patients with AD this could mean that the effect of short, intensive use of even potent 

topical corticosteroids on BMD will be reversed thereafter. In patients receiving oral  

corticosteroids the greatest decrease in BMD is seen during the first 12 months of  

treatment.17, 18 After this period bone loss continues, but at a lower rate, in spite of  

continuing oral corticosteroid therapy.18, 19 The mean age of our study population is  

40 years (17-80 years) suggesting that these patients were already suffering from AD  

and therefore using topical corticosteroids for a long period of time. This may also be an  

explanation for the lack of association between changes in BMD and topical  

corticosteroid use after two year follow-up. 

Besides corticosteroids, BMD may also be influenced by chronic inflammation as has been 

described in patients with inflammatory bowel disease20 and rheumatoid arthritis.21, 22 

Patients belonging to group 1 did use more topical corticosteroids compared to patients 

from group 0. This suggests that patients in group 1 had more activity of their eczema 

during the follow-up period compared to patients from group 0. For that reason the  

decrease in BMD in group 1, although being non-significant, may also be due to  

increased cutaneous inflammation during the follow-up period. However, since the use 
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of topical corticosteroids in patients with AD will always be related to the severity of the 

eczema it will be difficult to discriminate between the influence of both factors on the 

change in BMD over time. We observed no significant difference in the change of BMD 

between patients with a T-score < -1 and a T-score ≥ -1 at baseline. There was a tendency 

that patients with a T-score ≥ -1 (being normal) at baseline even showed a negative  

change in BMD both for total hip (-0.31%) and lumbar spine (-0.47%) compared to  

patients with a T-score < -1. Although the numbers of AD patients in this study are low  

it may suggest that the decrease in BMD in AD patients with  a  T-score < -1 is not  

progressive during the two-year follow-up period. A change between two BMD  

measurements only reflects a ‘real’ change if the random error of the DXA system is  

exceeded.23, 24 The random error or least significant change (LSC) has been described to 

be between 3.3-4.7% for the total hip.23 In the current study the decrease in BMD after 2 

years in patients using high (≥ 75 g per month) amounts of topical corticosteroids was 

only 0.484% for the total hip, a very small decrease. Further research is necessary to  

evaluate if this small decrease continues over time and after which time period this  

decrease becomes clinically relevant.

The above mentioned aspects can only be properly addressed by long term follow-up  

studies starting soon after the diagnosis of AD has been made, and even more  

importantly, directly after corticosteroid therapy has been started. This gives the  

opportunity to compare the change in BMD over time between patients with mild and 

severe AD, and assess the influence of topical corticosteroid use more accurately both 

at the start and during long-term use of topical corticosteroids. Furthermore it will give 

information if and how fast BMD further decreases as soon as the T-score is < -1.

Markers of bone formation (BSAP) and bone resorption (β-CTx) also show attenuation 

over time, and are more useful in assessing the acute effect of corticosteroids on bone 

(within 12 months) than the chronic effect.1, 25 This may explain why our study did not 

show significant differences between baseline and two year follow-up. 

Due to a high association of AD with asthma and allergic rhinitis26, thirty-six percent of 

the patients had used oral, and sixty percent inhalation, nasal or ocular corticosteroids. 

Although adjustment for the use other corticosteroids was performed in the data analysis 

it still is a limitation of this study. A strong point of this study is additional adjustment for 

other possible confounders (i.e. dairy intake).
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In conclusion, overall BMD at follow-up did not differ from baseline. Moreover, use of  

≥ 75 g topical corticosteroids per month in patients with moderate to severe AD did not 

result in a significant decrease in BMD compared to use of < 75 g per month. Additional 

long-term follow-up studies are necessary to investigate which patients with AD are at 

risk for developing a clinically relevant decrease in BMD. 
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Abstract
Introduction There is concern about the development of glaucoma and cataracts due 

to topical corticosteroid use in AD. The aim of this study was to evaluate if glaucoma and 

cataracts in AD patients is associated with the cumulative use of topical corticosteroids 

and topical corticosteroid use on the eyelids and periorbital region. 

Patients and methods 88 patients with AD were recruited from the University Medical 

Center Utrecht. Patients were interviewed and filled out a questionnaire containing  

different items such as AD involvement of eyelids and periorbital skin. The use of 

corticosteroids in previous years was obtained from pharmacy records. A complete 

ophthalmologic examination was performed for presence of glaucoma and cataracts.

Results Of the 88 patients (41 men and 47 women), with an average age of 37.2 ± 14.3 

years (mean ± SD), one patient had transient ocular hypertension and one patient had 

optic disc cupping without any glaucomatous defects in his visual field. Seven patients 

were given the diagnosis of cataracts (one AD-related, two corticosteroid induced and 

four age-related). Both patients with corticosteroid-induced cataracts had also used 

systemic corticosteroids. In all, 37 of the 88 patients used topical corticosteroids (class III 

and IV) on the eyelids and periorbital region, with an average use of 3.9 days per week, 

6.4 months per year for 4.8 years. Small sample size, objectiveness of patient recall about 

the use of topical corticosteroids on the eyelids and periorbital region, overestimation 

of topical corticosteroid use by pharmacy records and lack of life time corticosteroid use 

were limitations.

Conclusions In this retrospective study glaucoma was not seen; two patients with AD 

had corticosteroid-induced cataracts, which were probably caused by the use of systemic 

corticosteroids. The application of topical corticosteroids to the eyelids and periorbital 

region even over longer periods of time, was not related to the development of glaucoma 

or cataracts in this study population.
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Introduction
Atopic dermatitis (AD) is a relapsing chronic inflammatory disease often affecting 

large skin areas. Topical corticosteroids are the most important treatment modality for 

AD. Compliance to therapy with topical corticosteroids is, however, low because of a 

widespread concern about local and systemic side effects.1 If eczema is present in the 

periorbital region and on the eyelids, patients and physicians are even more hesitant to 

use topical corticosteroids fearing skin atrophy, glaucoma and cataracts. This may often 

lead to under treatment of the eczema with a risk of ophthalmologic complications such 

as keratoconus and abrasion of the cornea caused by chronically rubbing the eyes.

Oral corticosteroids, corticosteroid containing eye drops and periocular steroid injections 

can lead to elevation of intraocular pressure (IOP) and subsequently glaucoma.2-7 

Corticosteroid eye drops bear, however, the greatest risk. The use of nasal or inhaled 

corticosteroids has not been found to be associated with an increase in IOP, provided that 

patients have no other risk factors such as a positive family history.8-10 Several case reports 

suggest that frequent application of topical corticosteroids over longer periods of time on 

the eyelids and periorbital region may induce glaucoma in patients with AD.11-21

Based on location there are 5 types of cataracts namely nuclear, cortical, anterior 

subcapsular (AS), posterior subcapsular (PS) and a combination of these. Age-related 

cataracts are the nuclear or cortical types, diabetes-related cataracts are cortical or PS 

types and cataracts associated with cigarette smoking is nuclear or PS type.22 In 1960 

Black et al reported an association between the use of systemic corticosteroids and 

the development of PS cataracts. Of 44 patients with rheumatoid arthritis treated with 

systemic corticosteroids 39% had developed PS cataracts.23 The use of corticosteroid 

containing eye drops and inhaled corticosteroids in asthma have also been related to PS 

cataracts.24 AD is associated with AS cataracts, but differentiating AD associated cataracts 

from corticosteroid induced cataracts may be difficult since PS cataracts or a combination 

of both types have also been described as associated with AD.25-27 Furthermore it may 

be difficult to differentiate early lens opacities in the posterior lenticular pole as steroid-

induced or other types.28 

It is not known by which route topical corticosteroids induce glaucoma or cataract. 

Direct absorption through the skin of the eyelid has been postulated. Absorption from 

spill of corticosteroid ointment over the lid margin however seems more likely since 
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flecks of cosmetics can be observed in women’s tear film. Furthermore it has been shown 

that topical corticosteroids present in sweat running down the eyelids contaminate the 

conjunctival sac. A third possibility is systemic absorption of topical corticosteroids with 

distribution to the eye.29

The aim of this retrospective study was to evaluate whether topical corticosteroids, both 

cumulative use and use on the eyelids and periorbital region are associated with the 

development of glaucoma and cataracts in patients with AD.

Patients and methods
Patients:
In all, 88 patients with AD (41 men and 47 women), average age 37.2 ± 14.3 years (mean 

± SD), were recruited from the outpatient clinic and clinical department of the University 

Medical Centre Utrecht. The diagnosis of AD was made according to the criteria of Hanifin 

and Rajka.30 All patients included had moderate to severe AD. Patients were diagnosed for 

allergic asthma and allergic rhinitis on basis of their personal history and medication use 

for these diseases. The local ethical committee approved this study. Patient characteristics 

are shown in Table 1.

Table 1 | AD patient characteristics (n = 88)

Patients (Median; IQR)

Age (years; mean ± SD) 37.2 ± 14.3

Sex (M/F)a 41/47

Total IgE (kU L-1) 2483; 625 - 8005

TARC (pg ML-1) 1233; 640 - 3504

Eczema on eyelids and periorbital regiona 58

Other atopic diseasesa

    asthma
    allergic rhinitis
Two year topical corticosteroid use (n = 88; g)
Five year topical corticosteroid use (n = 73; g)
Five year  systemic corticosteroid use (n = 73; mg)

27
18
735; 395 - 1670
1630; 815 - 3175
310; 0 - 1741

aExpressed as number of patients
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Questionnaire:
Data on life style parameters, such as alcohol use and smoking, presence of additional 

diseases, hypertension and diabetes mellitus31-35 were obtained by the use of a  

questionnaire.

Cumulative topical corticosteroid use
Cumulative amount of topical corticosteroids used over the 2 years prior to inclusion of 

the 88 patients was calculated using individual patients pharmacy prescription records. In 

addition, of 73 patients the cumulative use of topical corticosteroids during 5 years before 

inclusion was calculated. The pharmacy records were also used to evaluate the additional 

use of oral (cumulative dose expressed in milligrams of prednisone), inhaled and nasal 

corticosteroids during the same time period. In the Netherlands there is not one unified 

pharmacy record system, however, individual patient pharmacy prescription records 

were checked to encompass the retrospective study period. Topical corticosteriods are 

not obtainable without a prescription in the Netherlands, therefore it is not necessary to 

account fot nonprescription use. Data pertaining the use and frequency of use of  

topical corticosteroids on eyelids and periorbital region were obtained by the use of a  

questionnaire. The use of topical immunomodulating agents (eg. pimecrolimus and 

tacrolimus) was not captured. The classification of potency of topical corticosteroids was 

according to the US classification Class I - VII (class I being the most potent).

Ophthalmologic examination
A complete ophthalmologic examination of the patients was performed. The signs of 

early lens opacification were observed biomicroscopically. Intraocular pressure was 

measured by Goldmann Tonometry (Haag-Streit, Switzerland). Signs of early glaucoma 

were investigated using both the tonometry and the Cup/Disc ratio of the optic disc seen 

during ophthalmoscopy.

Statistical analysis
Statistical analysis was performed using the program SPSS for Windows (version 12, 

2003). When skewed distributions in outcome parameters were observed, median and 

interquartile ranges were described. No further statistical analysis was performed because 

of the small number of patients in this study.
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Results
Topical corticosteroid use
The patients used mainly class III (fluticasone propionate and betamethasone valerate) 

topical corticosteroids on the body and both class III and IV (triamcinolone acetonide) 

topical corticosteroids on the eyelids and periorbital region. The median use of topical 

corticosteroids of all patients in the two and five years prior to investigation was 735;  

395 - 1670g (IQR) and 1630; 815 - 3175(IQR) respectively. The median use of systemic 

corticosteroids five years prior to inclusion was 310 mg; 0 - 1741 (IQR). In all, 58 of the 

88 patients had eczema on the eyelids and in the periorbital region. In all, 37 patients 

regularly used topical corticosteroids on the eyelids and periorbital region. The average 

frequency of application of topical corticosteroids on the eyelids and periorbital region 

was 3.9 days per week, 6.4 months per year for 4.8 years. One of 37 patients using  

topical corticosteroids on the eyelids and periorbital region was given the diagnosis 

corticosteroid induced cataracts. This patient had a history of long-term systemic  

corticosteroid therapy, smoked and had a high alcohol intake (75 units/week).

Intraocular pressure and glaucoma
Only one patient showed ocular hypertension at initial examination, with a pressure of 

32 mmHg in the right eye and 31 mmHg in the left eye, without symptoms of vision loss. 

Subsequent investigation did not reveal any glaucomatous defects in visual field and any 

cupping or atrophy of the optic disc. The patient did not receive treatment for her ocular 

hypertension and repeated eye pressure measurements one month and five months later 

were nearnormal (pressure right eye 23 and 22 mmHg respectively and left eye 23 and 

21 mmHg respectively).This patient had used a cumulative dose of 890 grams and 1750 

grams of topical corticosteroids in the 2 and 5 years respectively, before to investigation. 

In addition she had used two corticosteroid preparations of class III potency (fluticason 

propionate and betamethasone valerate) on her eyelids daily during a few months prior 

Table 2 | Topical corticosteroid use on eyelids and periorbital region in AD patients. 

All topical  
corticosteroids
n = 37 (mean ± SD)

Class III topical  
corticosteroids
n = 14 (mean ± SD)

Class IV topical  
corticosteroids
n = 23 (mean ± SD)

Days per week 3.9 ± 2.6 3.9 ± 2.8 3.9 ± 2.5

Months per year 6.4 ± 3.9 6.7 ± 3.9 6.3 ± 3.9

Years 4.8 ± 5.6 5.7 ± 7.3 4.3 ± 4.5
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and 4 to 5 times per week after the initial examination. A second patient had cupping  

of his optic disc without ocular hypertension or symptoms of vision loss. Further  

investigation did not reveal any glaucomatous defects in his visual field. None of the  

88 patients had a positive family history for ocular hypertension or glaucoma.

Cataracts
Seven patients were found to have cataracts, as shown in Table 3. One patient was 

diagnosed with AD induced cataract (unilaterally), because of the AS localisation of the 

Table 3 | Characteristics of patients diagnosed with cataract (n = 7) 
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cataract and young age at time of diagnosis. In the two years prior to examination (the 

use over five years could not be calculated) he cumulatively used 240 grams of topical 

corticosteroids; he did not apply topical corticosteroids on the eyelids and periorbital 

region and he had not used systemic corticosteroids. Two patients were diagnosed with 

corticosteroid induced PS cataracts (both bilateral). Both patients had a history of long-

term systemic corticosteroid therapy. As mentioned previously, one of these patients used 

topical corticosteroids on eyelids and periorbital region and had additional risk factors, 

namely smoking and alcohol use. Four patients were given the diagnosis of age-related 

cataracts, three men and one woman with ages ranging from 48 to 78 years. None of the 

patients with cataracts had hypertension or diabetes mellitus. There was no difference 

in the amount of inhaled or nasal corticosteroids between patients with and without 

cataracts (data not shown).

Discussion
Only one out of 88 patients with AD had a transient increased IOP. The IOP normalised 

in spite of continuation of the use of class III topical corticosteroids on her eyelids,  

suggesting that there was no relation between the high IOP and the use of corticosteroids. 

In our study 37 of 58 patients with AD and eczema on the eyelids and the periorbital area 

applied corticosteroids on a regular base on this region and even in the 23 patients using 

class III corticosteroids with a mean frequency of 4 days per week, for several months, no 

glaucoma was found. These data suggest that regular application of class III and IV topical 

corticosteroids does not induce an increase of IOP and glaucoma.

There are no data on the prevalence of glaucoma or ocular hypertension in patients 

using topical corticosteroids on the eyelids and in the periorbital area. Thus far, only case 

reports have been published. Cubey et al described a patient with AD who developed 

glaucoma after using fluocinolone acetonide 0.1% ointment on his face and eyelids every 

night during 7 years.11 In our patient population there were four patients who had used 

topical corticosteroids (class III and IV) daily, 12 months per year for a varying number of 

years. None of these patients developed glaucoma. Sahni et al described a patient with 

AD who developed glaucoma after having used 100g betamethasone dipropionate  

0,05% every two weeks for 16 months (cumulative amount 3200g) including frequent  

application of topical corticosteroids in the periorbital region.17 In this patient  

glaucoma was probably due to systemic absorption of high amounts of potent topical 

corticosteroids. There was one patient in the current study that had used almost 3200g of 
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mainly class III topical corticosteroids in 16 weeks; however he did not develop glaucoma 

or cataracts. All other patients had used less than 2200g in 16 months. The patient  

with glaucoma reported by Zugerman et al, had contact allergy and had used both  

triamcinolone acetonide 0.1% for a few months on his eyelids and corticosteroid  

injections in the periorbital region.12 The development of glaucoma in this patient may  

be ascribed to periorbital steroid injections. The patient that was reported  by Ross et al 

had therapy resistant glaucoma and retrospectively it emerged that he had used  

hydrocortisone and betamethasone on his face and periorbital eczema approximately 

twice a week during the previous two years, but not regularly in the three months before 

his first visit.21 Michaeli-Cohen et al reported two patients with AD with glaucoma.  

A 45-year-old man diagnosed with cataracts and glaucoma had treated his facial AD with 

class III topical corticosteroids for a number of years. The second patient was 35-year 

old woman with AD whom developed glaucoma after applying betamethasone cream 

facially and on her eyelids since her early teens. She had myopia and her mother also had 

glaucoma.20 Additional factors such as a family history of glaucoma, pronounced myopia, 

anterior segment trauma, history of diabetes mellitus or a connective tissue disorder 

may increase the risk for steroid induced glaucoma.4 Glaucoma caused by frequent  

application of topical corticosteroids during the short term may remit after stopping  

topical therapy3; this may have biased our results. However, it has also been reported that 

IOP may not return to normal upon cessation of the topical corticosteroid, especially  

in those patients with long duration of use.36 Patients with elevated ocular pressure  

experience few symptoms and therefore visual impairment may be advanced when 

symptoms do arise. For that reason patients at risk and those using high cumulative 

amounts of potent topical corticosteroids should be screened for glaucoma on a regular 

base. Observational studies in patients with eczema and psoriasis on maintenance 

therapy with class III topical corticosteroids (0.1% betamethasone valerate) show that 

prolonged application (varying from months to years) in quantities of less than 20 g per 

week, had no significant effect on adrenal gland function in the majority of patients.37-40 

This suggests that these amounts may not induce systemic side effects; however  

prospective studies to confirm this have not been performed. The mean cumulative 

amount in our study population (735g in 2 years and 1630g in 5 years) is much lower  

than the above mentioned amount.

In our study population the prevalence of AD-related cataracts, corticosteroid-induced 

cataracts and age-related cataracts was 1.1%, 2.3% and 4.5% respectively. The prevalence 
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of cataracts in patients with AD is increased compared with the general population and 

varies between 8 and 17%.25, 41-44 Distinguishing corticosteroid-induced cataracts from 

AD-related cataracts may be a source of bias in cataract studies in patients with AD. 

Amemiya et al found cataracts in 16 eyes of 11 of 44 patients (25%). AS cataracts in 4 eyes, 

PS cataracts in 8 eyes, intermediate type cataracts in 2 eyes and mature type cataracts in 2 

eyes was diagnosed.45 Katsushima et al found cataracts in 22 eyes of 13 of 75 AD patients 

(17.3%), AS cataracts in 3 eyes, PS cataracts in 8 eyes, combination of AS cataracts and 

PS cataract in 9 eyes and mature cataracts in 2 eyes. The use of topical corticosteroids 

on facial skin was not significantly associated with cataract formation in these patients 

with AD.44 Taniguchi et al reported cataracts in 34 eyes in 20 of 79 AD patients (25%): AS 

cataract in 1 eye, PS cataracts in 18 eyes, combination of AS cataracts and PS cataracts in 7 

eyes, mature cataracts in 4 eyes and early cataracts in 4 eyes. Also this study did not show 

a relation between cataracts and the duration of topical corticosteroid use on the face.46 

However neither studies reported the potency and frequency of application of topical 

corticosteroids. 

In our study both patients with corticosteroid-induced cataracts had regularly used  

systemic corticosteroids. One patient also had applied topical corticosteroids on the 

eyelids on an almost daily basis. In this patient the presence of cataracts is probably  

due to the use of systemic corticosteroids. The results of our study and the findings of 

Katsushima et al44 and Taniguchi et al46 suggest  that the use of topical corticosteroids 

on the eyelids and periorbital region is safe with respect to the induction of cataracts. 

Patients using systemic corticosteroids have an increased risk for developing cataracts 

and should be regularly screened by an ophthalmologist. 

To our knowledge this is the first report that evaluates the occurrence of glaucoma and 

cataracts in relation to days, months and years use of topical corticosteroids on the 

eyelids and periorbital region and that evaluates the effect of cumulative use of topical 

corticosteroids. Limitations of our data are the small sample size, objectiveness of 

patient recall about the use of topical corticosteroids on the eyelids/periorbital region, 

overestimation of topical corticosteroid use by pharmacy records and lack of life time 

corticosteroid use 

In conclusion, in our study two patients with AD had corticosteroid induced cataracts, 

one AD-related cataract and four age-related cataracts. The patients with AD with 



C
h

a
p

te
r 

4

69

corticosteroid-induced cataracts had regularly used systemic corticosteroids. There were 

no patients with glaucoma. In our study population the frequent application of topical 

corticosteroids (class III and IV) on the eyelids and periorbital region, even over longer 

periods of time was not related to the development of glaucoma or cataracts. Also the 

reported two and five year cumulative amount of topical corticosteroids was not  

associated with the development of glaucoma or cataracts. However, AD patients using 

high cumulative amounts of potent topical corticosteroids or using oral corticosteroids 

should be regularly screened for glaucoma and cataracts, especially if additional  

ophthalmologic or systemic risk factors are present. 
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Abstract 
Introduction Cyclosporin A (CsA) is frequently used in the treatment of severe atopic 

dermatitis (AD). Enteric-Coated MycoPhenolate Sodium (EC-MPS) may be an alternative 

with equal efficacy and fewer side effects. The aim of this observer blinded randomized 

controlled trial was to compare EC-MPS with CsA as long-term treatment in adult patients 

with severe AD.

Patients and methods 55 AD patients were treated with CsA 5mg/kg in a six week run-in 

period. Thereafter, patients either received CsA 3mg/kg (n = 26) or EC-MPS 1440mg  

(n = 24) during a maintenance phase of 30 weeks and there was a 12 week follow-up 

period. Disease activity was measured using the objective SCORAD and serum Thymus 

and Activation-Regulated Chemokine (TARC) levels and side effects were registered.

Results During the first 10 weeks the objective SCORAD and serum TARC levels in the 

EC-MPS study arm were higher in comparison to the CsA study arm. In addition, 7 of  

the 24 patients treated with EC-MPS required short oral corticosteroid courses. During 

maintenance phase disease activity was comparable in both study arms. Side effects in 

both study arms were mild and transient. After study medication withdrawal, disease 

activity of the patients in the CsA study arm significantly increased compared to the 

EC-MPS study arm. The non-blinding of patients and prescriber of rescue medication, was 

a limitation.

Conclusions This study shows that EC-MPS is as effective as CsA as maintenance therapy 

in patients with AD. However clinical improvement with EC-MPS is delayed in comparison 

to CsA. Clinical remission after stopping EC-MPS lasts longer compared to CsA.
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Introduction
Several therapy modalities such as topical steroids, topical immunomodulators and  

UV therapy are effective in mild to moderate atopic dermatitis (AD).1 However, patients 

with severe AD may require treatment with potent oral immunosuppressive drugs to 

control their disease. At this moment Cyclosporin A (CsA) is the most studied oral  

immunosuppressive drug in the treatment of severe AD. Clinical efficacy has been  

proven in several double blind placebo-controlled studies.2-4 There are other oral  

immunosuppressive drugs used to treat severe AD such as azathioprine and  

methotrexate.5 CsA, a calcineurin inhibitor, interferes with a calcium-dependent T-cell 

signal transduction pathway, preventing activation of specific transcription factors 

involved in cytokine gene expression.6 Although the majority of patients with severe AD 

show an excellent clinical response within 3 weeks after starting CsA therapy, there is a 

subgroup of patients (5 - 20%) that do not react well to CsA.7 In addition, discontinuation 

of treatment with CsA maintenance therapy often results in a disease relapse.7-9 Short-

term treatment (6 - 8 weeks) of AD with CsA is regarded safe with respect to blood 

pressure and renal function.2, 9 However, longer treatment with CsA in AD induces 

nephrotoxicity (increase of serum creatinine > 30% above baseline) and hypertension in 

up to 10.9% and 5.8% of patient months of treatment, respectively.10 The long term safety, 

non-responsiveness in some patients and the high relapse rate after stopping CsA asks for 

alternative immunosuppressive drugs in patients with severe AD. 

Mycophenolate Mofetyl (MMF) and Enteric-Coated MycoPhenolate Sodium (EC-MPS) 

both contain the active metabolite MycoPhenolic Acid (MPA). MPA arrests the synthesis 

of DNA and RNA in B-and T-cell development via inhibition of inosine monophosphate 

dehydrogenase (IMPDH), and therefore prevents immune cell proliferation.11 In the last 

decade the use of MMF and EC-MPS in the treatment of AD has been reported in various 

case series.12-18 The effectiveness of MMF and EC-MPS varied in these studies but all 

showed a mild side effect profile. In transplantation medicine MMF is frequently used but 

gastrointestinal symptoms occur in up to 70% of the patients.19 In EC-MPS the coating 

delays the delivery of the active gradient in the stomach, resulting in fewer gastro-

intestinal symptoms. In transplantation patients EC-MPS in a dosage of 720 mg twice  

daily is used.20 In this randomized controlled trial we compared the efficacy of EC-MPS  

720 mg twice daily with CsA 3mg/kg daily as maintenance therapy in patients with 

severe AD. 
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Patients and methods
Patients 
Patients were recruited from the Department of Dermatology of the University Medical 

Center Utrecht between November 2005 and November 2007. Eligible patients were 18 

years or older and had the diagnosis AD according to the criteria of Hanifin and Rajka.21 

Patients included showed an insufficient response to treatment with potent topical 

corticosteroids at time of inclusion. The exclusion criteria were: oral immuno suppressive 

treatment in the last 6 weeks, concomitant UV therapy, patients with any known  

hypersensitivity to CsA or MPA or components of the formulations; patients with  

thrombocytopenia (< 75000/mm3), with an absolute neutrophil count of < 1500/mm3 

and/or leucocytopenia (< 2500/mm3), and/or hemoglobin < 6.0 g/dL; history of  

malignancy within the last five years; wish for pregnancy during the study, pregnancy 

or lactation; infection requiring continued therapy; known positivity for HIV; evidence of 

drug and/or alcohol abuse. The study was approved by the local ethics committee and 

patients gave their written informed consent.

Study design and intervention 
During the run-in phase of six weeks all patients were treated with CsA 5mg/kg divided 

into two doses per day, aimed to achieve rapid remission of disease activity. Randomization 

took place at time of inclusion, by random allocation sequence, using blocks of random 

numbers, even numbers allocated to CsA 3mg/kg and uneven to EC-MPS 1440mg. After 

the run-in, CsA 5mg/kg was stopped and changed into CsA 3mg/kg/day or EC-MPS 

1440mg/day according to randomization. Both treatment regimens were continued for 30 

weeks. Neither CsA nor EC-MPS dosage was increased or decreased during the treatment 

phase of the study. After study medication withdrawal there was a follow-up period of 

12 weeks. Figure 1 shows the above including the time points of visit during the study. 

Patients were allowed to use class III topical corticosteroids (Class I-VII, class I being the 

most potent, according to US classification) during the study. The amount and class of 

topical corticosteroids used was registered at each visit. If patients experienced a disease 

exacerbation during the maintenance phase or follow-up period they intensified topical 

therapy with class III and additionally class I corticosteroids. If this failed, short term 

treatment with oral corticosteroids (prednisone 0.5 mg/kg) was prescribed for 1 week, 

with a maximum of 2 courses. 
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Figure 1 | Flow of participants through the trial, visiting time points, use of prednisone  

and side effects leading to drop-out.
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Outcomes
Effectiveness
Clinical disease activity was measured at each visit using the objective SCORAD (Scoring 

Atopic Dermatitis Severity index).22 The dermatologist who assessed the objective 

SCORAD was blinded for treatment assignment. Since Thymus and Activation-Regulated 

Chemokine (TARC) shows a good correlation with clinical disease activity, serum TARC 

levels were measured at each visit.23 In addition blood was drawn to measure serum IgE 

and IgG antibodies. At each visit patients filled out the Dermatology Life Quality Index 

(DLQI) of Finlay24 and the visual analogue scale (VAS) for itch and sleeplessness. 

Side effects
Subjective side effects during the use of CsA or EC-MPS were evaluated and classified  

as mild if they did not require additional medications or discontinuation of the study  

medication. Physical examination consisted of blood pressure measurement and  

palpation of lymph nodes. At each visit hemoglobin, hematocrit, erythrocytes, leukocytes 

and differentials, absolute neutrophil count, platelet count, sodium, potassium, calcium, 

magnesium, inorganic phosphorus, urea, creatinine, glucose, uric acid, aspartate 

transaminase (AST), alanine transaminase (ALT), γ-glutamyltransferase (GGT), alkaline 

phosphatase (ALP), total bilirubin, total cholesterol, low-density lipoprotein (LDL), high-

density lipoprotein (HDL) and triglycerides were measured. An adverse event (AE) was 

recorded if any of the above values were outside the normal reference range on 2 or more 

separate occasions. To evaluate therapy compliance serum concentrations of CsA and 

MPA were measured at the start of the run-in period, at the start and at 6, 18, 30 and 42 

weeks of the maintenance phase. The study design did not enable evaluation of the area 

under the concentration-time curve for either drug.

Data analysis
The effect of CSA 5mg/kg on the objective SCORAD and TARC in the run-in phase was 

assessed using a paired t-test. Differences in objective SCORAD and TARC over time and 

between the treatment groups were analyzed using linear mixed models with a random 

intercept. The advantage of linear mixed models is that patients with missing data are 

not excluded. Treatment, time and the interaction between treatment and time were 

included in the models. We calculated differences with 95% confidence intervals for the 

objective SCORAD and serum TARC levels between treatment groups at each time point. 

We made different models for the maintenance period (week 0 to week 30) and for the 
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follow-up period (week 30 to week 42), except for total serum IgE, in which case the whole 

period was analyzed in the model. Variables that were not normally distributed were log 

10 transformed. The DLQI was categorized into three groups: score of 0 to 1 (no effect 

on patients life), 2 to 10 (small to moderate effect on patients life) and 11 to 30 (very to 

extreme large effect on patients life).25 The VAS for itch and sleeplessness was categorized 

into two groups: score 0 to 5 and 5.1 to 10. At each time point and for each treatment 

group we presented the number of patients in the different categories of the DLQI and 

did not formally analyze the differences. All data analyses were performed using software 

(SPSS version 15.1). This trial was designed as a non-inferiority trial. We calculated the 

sample size using a non-inferiority margin of 10 points on the objective SCORAD meaning 

that the upper bound of the 95% confidence interval of the difference in objective 

SCORAD between EC-MPS and CsA should not exceed 10 points to declare non-inferiority. 

With an assumed standard deviation of 10, a power of 80% and a 2-sided type 1 error of 

5%, we needed 16 patients per treatment arm. 

Results
Patients
The flow chart of the study (Figure 1) depicts the patients included in the study and the 

reasons for drop out during the run-in period, maintenance phase and follow-up period. 

A total of 55 patients were included and started the treatment with CsA 5mg/kg, 26 

patients received CsA 3mg/kg and 24 patients EC-MPS 1440mg. Baseline characteristics 

(Table 1) were similar in both study arms with exception for objective SCORAD and serum 

TARC levels, this was higher in the patients starting with EC-MPS than in the patients that 

started with CsA 3mg/kg. During the maintenance phase eight patients discontinued the 

study (four in each study arm), the reasons for discontinuation are depicted in figure 1. 

Table 1 |  Baseline characteristics of the 50 patients that started with either Cyclosporin A 
(CsA) 3mg/kg or Enteric-Coated MycoPhenolate Sodium (EC-MPS) 1440mg daily 
after the run-in period of six weeks.

CsA 3mg/kg (n = 26) EC-MPS 1440mg  (n = 24)

Age (years; mean ± SD) 36.9 ± 15.1 36.2 ± 10.6

Sex (M/F; %) 65.4/34.6 54.2/45.8

Objective SCORAD (mean ± SD) 20.5 ± 7.3 24.0 ± 8.1

TARC pg/mL (median; IQR) 384; 146 - 679 431; 233 - 817

Total IgE kU/L (median; IQR) 3229; 2104 - 7434 3987; 2203 - 7015
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Age and objective SCORAD were higher in patients that discontinued as compared to 

patients that continued the study (41.3 vs. 35.4 years respectively, ρ = 0.48 and objective 

SCORAD 24.8 vs. 21.5 respectively, ρ = 0.28).

Outcomes
Effectiveness
Run-in phase

In the first 6 weeks of treatment with CsA5mg/kg there was a significant reduction in 

objective SCORAD (ρ < 0.001; Figure 2) and serum TARC levels (ρ < 0.001; Figure 3).  

In addition, CsA 5mg/kg had a positive effect on quality of life (Figure 4) and on the  

VAS score itch and sleeplessness (data not shown). 

Figure 2 | Objective SCORAD (mean ± SEM), in the run-in, maintenance and follow-up phase.  The 

solid line represents the EC-MPS treated patients and the solid arrows show the EC-MPS patients 

and number that received prednisone. The dashed line represents the CsA treated patients and the 

dashed arrows show the CsA patients and number that received prednisone. Slanting along the 

horizontal axis are the absolute differences in objective SCORAD, obtained from the linear mixed 

model (CSA study arm subtracted from the EC-MPS study arm and 95% confidence interval). 
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Maintenance phase

In the first 3 weeks after randomization there was an increase in objective SCORAD 

reflecting an increased disease activity in both study arms (Figure 2). However, the 

increase in the EC-MPS study arm was larger resulting in a difference of 6.6 points (95% 

CI: 1.5 - 11.7) between EC-MPS and CsA at three weeks and 7.1 points (95% CI: 2.1 - 12.2) 

at six weeks. At these two time points the upper confidence limit exceeded the margin 

of non-inferiority of 10 points, meaning that EC-MPS was not non inferior to CsA. After 10 

weeks of treatment the average objective SCORAD was comparable in both study arms 

(difference: 0.8; 95% CI: -4.4 - 6.0) until the end of the maintenance phase. The interaction 

between time and treatment group was not significant (ρ = 0.099) suggesting that the 

trend over time was similar in the two study arms. There was a significant time effect  

(ρ < 0.001) but no significant treatment effect (ρ = 0.101). 

There was a difference between the two study arms in the frequency of prednisone 

courses received (Figure 1-3). Seven patients received prednisone 0.5mg/kg for 7 days 

during treatment with EC-MPS. Three of these seven patients even received two courses 

of prednisone. None of the CsA treated patients received prednisone. Also the use of class 

III topical corticosteroids (Figure 5) was significantly different for the two study arms (p for 

interaction = 0.009). After three weeks patients treated with EC-MPS used 49 g/week more 

class III topical corticosteroids than patients treated with CsA. After 18 weeks there was 

no difference anymore in the amount of class III topical corticosteroids between the two 

study arms. There were a total of 11 patients that used class I topical corticosteroids. The 

patients that used class I topical corticosteroids on a regular basis were also the patients 

that had received prednisone courses during the maintenance period.
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The increase in objective SCORAD was also reflected by serum TARC levels in both study 

arms, but more pronounced in patients receiving EC-MPS (Figure 3). A difference between 

EC-MPS and CsA in log TARC of 0.68 (95% CI: 0.11 - 1.25) and 0.39 (95% CI: -0.18 - 0.96) 

was observed at 3 and 6 weeks corresponding to a difference of 762 pg/ml and 335 pg/ml 

respectively. After 10 weeks of treatment there was no difference in TARC levels between 

the two study arms (difference log TARC: 0.13; 95% CI: -0.44 - 0.71, corresponding to a 

difference of 120 pg/ml), which continued until the end of the maintenance phase. There 

was a significant interaction between time and treatment group (ρ = 0.005) suggesting 

that the trend over time in TARC was different for the two treatment groups. In the first 6 

weeks, the number of patients with high quality of life was lower in the EC-MPS study arm 

in comparison to the CsA study arm (Figure 4). During the remainder of the maintenance 

phase there were no substantial differences between the two study arms. This was also 

the case for the VAS itch and sleeplessness (data not shown). 

Figure 3 | Serum TARC levels in pg/ml (log 10; mean ± SEM) in the run-in, maintenance and follow-up 

phase. The solid line represents the EC-MPS treated patients and the solid arrows show the EC-MPS 

patients and number that received prednisone. The dashed line represents the CsA treated patients 

and the dashed arrows show the CsA patients and number that received prednisone. Slanting 

along the horizontal axis are the log 10 transformed differences in serum TARC levels, obtained from 

the linear mixed model (CSA study arm subtracted from the EC-MPS study arm and 95% confidence 

interval). 
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During the follow-up period, after study medication withdrawal the patients who had 

used CsA showed an increase in objective SCORAD and serum TARC levels (Figure 2, 3). 

This was not observed in the EC-MPS treated patients. There was a significant interaction 

between time and treatment (ρ = 0.049) for the objective SCORAD suggesting that the 

trend over time was different between the two study arms. This was also reflected in a 

difference of -5.9 (95% CI: -11.3; -0.5) points on the objective SCORAD at 33 weeks. 

Three patients in the CsA study arm received a prednisone course of 0.5mg/kg for 7 days 

compared to none of the patients in the EC-MPS study arm. The amount of class III topical 

corticosteroids (Figure 5) used increased in both study arms, however at 42 weeks the CsA 

study arm used 47 g/week more than the EC-MPS study arm. There were seven patients 

that used class I topical corticosteroids mainly in the first three weeks after stopping CsA. 

Figure 4 | Dermatology Life Quality Index (DLQI) as reported by patients at each visit, the time in 

weeks depicted on the horizontal axis and the number of patients in three categories depicted on 

the vertical axis. For each time point the first column represents the CsA treated patients and the  

second column the EC-MPS treated patients. The white/lightly shaded bars representing a low  

quality of life (AD has a very large influence on the quality of life) the average shaded bars  

representing a moderate quality of life (AD has a small to moderate influence on the quality of life) 

and the dark shaded bars representing a high quality of life (AD has no effect on the quality of life).
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For serum TARC levels (Figure 3) the interaction between time and treatment was not 

significant (ρ = 0.085), but there was a significant treatment effect (ρ = 0.031) which was 

also reflected in the absolute differences in TARC levels between the two study arms at 

33, 36 and 42 weeks. The number of patients that experienced a low quality of life (Figure 

4) in the CsA study arm increased while in the EC-MPS study arm there was almost no 

change compared to the maintenance period. 

Side effects
Table 2 shows the adverse events, both the subjective side effects and the laboratory 

parameters monitored are described. No serious adverse events occurred during the 

study. In the maintenance phase, 62% of the patients in the CsA study arm developed 

hypertrichosis. In four patients there was an increase of blood pressure during the 

maintenance phase with CsA which required antihypertensive treatment. In all 46% of 

the patients in the EC-MPS study arm reported fatigue and 34% of the patients reported 

flu-like symptoms with or without fever. Abnormalities in laboratory parameters were 

transient in both study arms.

Figure 5 | Use of class III topical corticosteroids in grams per week (mean ± SEM) during the run-in, 

maintenance and follow-up phase. The solid line represents the use of topical corticosteroids of 

the EC-MPS patients and the dashed line represents the use of topical corticosteroids of the CsA 

patients. Slanting along the horizontal axis are the absolute differences in grams per week of topical 

corticosteroids, obtained from the linear mixed model (CSA study arm subtracted from the EC-MPS 

study arm and 95% confidence interval).
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Table 2 |  Subjective side effects and laboratory parameters including blood pressure, during 
the run-in phase (CsA 5mg/kg) and maintenance phase (CsA 3mg/kg or EC-MPS 
1440mg).

Run-in phase
CsA 5mg/kg 
(n = 55)

Maintenance 
phase 
CsA 3mg/kg
(n = 26)

Maintenance 
phase
EC-MPS 1440mg
(n = 24)

Su
b

je
c

tiv
e

 s
id

e
 e

ffe
c

ts
a
 

Nausea
    Mild
    Severe

18 (33%)
4 (7%)

3 (12%)
2 (8%)

3 (13%)
0

Altered defection pattern 2 (4%) 2 (8%) 3 (13%)

Headache
    Mild
    Severe

14 (26%)
4 (7%)

6 (23%)
0

6 (25%)
1 (4%)

Fatigue 13 (24%) 6 (23%) 11 (46%)

Paraesthesia in fingers and/or toes 29 (53%) 7 (27%) 1 (4%)

Muscle ache and/or cramp
    Mild
    Severe

6 (11%)
8 (15%)

3 (12%)
2 (8%)

1 (4%)
0

Viral and/or bacterial infections
  (herpes simplex/folliculitis)

6 (11%) 7 (27%) 5 (21%)

Flu
Mild
Severe

3 (5%)
1 (2%)

1 (4%)
0

5 (21%)
3 (13%)

Hypertrichosis 7 (13%) 16 (62%) 0

Gum hyperplasia 5 (9%) 5 (19%) 0

Lower leg edema 3 (5%) 0 0

La
b
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rm
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sa
, b Creatinine increase > 30% 4 (7%) 2 (8%) 2 (8%)

Anemia 8 (15%) 1 (4%) 0 

Leucopenia 0 1 (4%) 1 (4%)

Trombopenia/neutropenia 0 0 0

Liver enzyme increase
    AST/ALT
    GGT/ALP

1 (2%)
1 (2%)

4 (15%)
1 (4%)

4 (17%)
1 (4%)

Cholesterol increase 7 (13%) 2 (8%) 0

Magnesium decrease 31 (56%) 7 (27%) 1 (4%)

Increase in blood pressure 4 (7%) 4 (15%) 0

aAll side effects were transient
bReported when documented on two separate occasions.
CSA, Cyclosporin A; EC-MPS, enteric-coated mycophenolate sodium, AST, aspartate aminotransferase;  
ALT, alanine aminotransferase; GGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase
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Total serum IgE
Total IgE and IgG serum levels were measured at various time points during the study 

(Figure 6). A decrease of total serum IgE was seen in the patients treated with EC-MPS 

during the maintenance period, and this decrease continued after study medication 

withdrawal. In the patients treated with CsA there was a temporary decrease in total 

serum IgE at week 6. A subsequent increase led to the same value of total IgE at the end 

of the follow-up period compared with baseline. The difference in IgE levels between 

EC-MPS and CsA treatment was largest and significant at week 30 (-0.82, 95% CI: -1.61; 

-0.03). Total IgE serum levels showed a significant interaction between time and treatment 

(ρ = 0.002) suggesting that the trend over time of IgE levels was different between the 

two treatments.  In contrast, total IgG levels did not show differences between the two 

treatments (data not shown). 

Figure 6 | Total serum IgE levels (n = 45; log 10, mean ± SEM), in the run-in, maintenance and follow-

up phase. The solid line representing the EC-MPS treated patients and dashed line the CsA treated 

patients. Patients with normal total IgE level at inclusion were excluded from this graph (n = 5). Slan-

ting along the horizontal axis are the absolute differences in total IgE, obtained from the linear mixed 

model (CSA study arm subtracted from the EC-MPS study arm and 95% confidence interval). 
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Discussion 
This randomized controlled trial is the first study comparing two oral immunosuppressive 

drugs head on in the maintenance treatment of AD. The results of this study show that 

after a run-in period (treatment with CsA 5 mg/kg) objective SCORAD and serum TARC 

levels in the EC-MPS 1440 mg study arm did not differ from those in the CsA 3mg/kg 

study arm after a maintenance phase of 30 weeks. However, patients in the EC-MPS study 

arm used more rescue medication during the maintenance phase. After study medication 

withdrawal, objective SCORAD and serum TARC levels in CsA treated patients increased 

significantly, requiring rescue medication, compared with that of patient treated with 

EC-MPS s. Total IgE levels decreased significantly during and after treatment with EC-MPS.

In the first 3 weeks of the maintenance phase, patients in both study arms showed an 

increase in disease activity. Patients in the EC-MPS study arm showed a more pronounced 

increase of disease activity, leading to an increased use of topical corticosteroids and in 

some cases courses of oral corticosteroids. The delayed clinical response to EC-MPS may 

be explained by pharmacological differences between the two drugs. CsA suppresses 

clonal expansion of T-cells by transcription inhibition of interleukin (IL)-2 gene  

expression26; it prevents early lymphocyte activation, including the production of IL-2 and 

related cytokines.27 This explains the fast clinical response in AD, within 2 weeks after start 

of CsA therapy.9 MPA, the active moiety of EC-MPS, arrests the cell cycle of T-lymphocytes 

at the G0/G1 phase.28 One of the main events during the G1 phase is the synthesis of IL-2 

by activated T lymphocytes29; therefore MPA does not inhibit IL-2 synthesis in already  

activated lymphocytes. Also the survival of activated T-cells is not influenced by MPA.30 

Case series with MMF mono-therapy show that clinical response occurs three to nine 

weeks after start of therapy.13-17 In our study the majority of prednisone courses were 

prescribed during the first 10 weeks of the maintenance phase with EC-MPS and can be 

explained by the delayed response to EC-MPS due to its pharmacological properties. 

However, two patients needed a second prednisone course at week 14 and 18 and two 

patients even received their first course at week 18 and 26. These patients are probably 

low responders to EC-MPS as their disease activity was higher and they had used more 

class III topical corticosteroids at the end of the maintenance phase compared to other 

patients in the EC-MPS study arm. The case series that investigated MPA in the treatment 

of AD all showed that MPA was effective, except for the study by Hansen et al in which 

only one of the five patients clinically responded.12 Future studies are needed to  

investigate if higher EC-MPS dosages give better clinical response in these patients.
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After study medication withdrawal, the disease activity of patients in the CsA study arm 

significantly increased, accompanied by an increased use of rescue medication. In the 

EC-MPS study arm, disease activity at the end of the follow-up period was comparable to 

that at the end of the maintenance phase. This prolonged effect of EC-MPS in comparison 

to CsA can again be explained by the earlier described pharmacological differences  

between EC-MPS and CsA. Granlund et al reported a relapse of eczema in 50% of the 

patients within 2 weeks after stopping CsA and in 80% within six weeks.9 Grundmann-

Kollmann et al showed that six out of seven AD patients who had responded to MMF 

treatment had no relapse during the 12 week follow-up period.14 Since our study had a 

follow-up period of only 12 weeks further studies are needed to measure time to flare 

after stopping EC-MPS.

After transplantation severe side effects of EC-MPS concern the GI tract, cytomegalovirus 

infections, anemia and leucopenia.31 In our study using the same EC-MPS dosage as in 

transplantation studies, EC-MPS was well tolerated and the side effects were mild. This 

may be explained by the difference in general patient characteristics between eczema 

and transplant ation groups and by the fact that EC-MPS was used as mono therapy. The 

most reported side effect of EC-MPS was fatigue, however this did not interfere with daily 

life. The side effects reported in patients AD treated with MMF such as progressive rise 

in liver enzymes,32 staphylococcal septicemia and endocarditis,33 herpes retinitis14 and 

insomnia13 did also not occur. The most important side effect in the CsA study arm was 

hypertrichosis, being mild in the patients who completed the study. Other side effect 

experienced were paraesthesia in 27%, gum hyperplasia in 19%, muscle cramping in 20 

% and magnesium decrease in 27% of the patients (the latter two are probably related 

to each other). Also 15% had an increased blood pressure. There were more side effects 

reported in the patients that dropped out in the CsA study arm than in the EC-MPS study 

arm, suggesting that EC-MPS has a more favorable side effect profile compared to CsA. 

Total serum IgE levels significantly decreased during treatment with EC-MPS. This effect 

even continued during the 12 weeks after study medication withdrawal. MPA, the active 

moiety of EC-MPS, inhibits antibody formation in vitro by polyclonal activated human B 

lymphocytes.34 A decrease of total IgE after MMF13 and EC-MPS18 therapy in AD has been 

reported before. Further studies are necessary to evaluate the clinical relevance of the 

decrease in total IgE serum levels.
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The long duration of treatment and follow-up period and the blinding of the observer 

were strengths of this study. A limitation of this study is that the physician who prescribed 

the rescue medication was not blinded. Therefore it is possible that patients in the 

EC-MPS group were more stimulated to use class III and I topical corticosteroids and that 

prednisone was prescribed more easily in the patients that experienced a flare of their 

AD, as the physician was aware that EC-MPS may need more time to become clinically 

effective. If prednisone would not have been allowed as rescue medication the number 

of drop-outs in the EC-MPS study arm probably would have been higher. Besides this, the 

study was limited by the lack of dose-finding, the lack of area under the concentration-

time curve monitoring of drug serum levels and the non-blinding of patients. 

The results of this randomized controlled trial show that the clinical efficacy of EC-MPS as 

maintenance therapy is comparable to CsA. Furthermore, the relapse free period during 

follow-up was longer for EC-MPS compared to CsA and side effect profile was more 

favorable. This makes EC-MPS an attractive treatment option for maintenance therapy 

in patients with severe AD. The eczema relapse during the start of maintenance therapy 

suggests that the initial clinical response to EC-MPS occurs slower compared to that of 

CsA. This may be prevented by using EC-MPS in combination with another immuno-

suppressant drug during the initial treatment period. Future studies are needed to 

investigate optimal dose and drug combinations and time to flare after stopping EC-MPS.
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Abstract
Introduction Studies assessing the relationship between disease activity and quality of 

life (QoL) in patients with atopic dermatitis (AD), before and after therapy are lacking. The 

relation between disease activity and QoL in adult AD patients was evaluated before  

(t = 0) and after 6 weeks (t = 6) treatment with cyclosporin A 5mg/kg.

Patients and methods In 54 patients with severe AD, disease activity was assessed by 

objective SCoring Atopic Dermatitis index (SCORAD), Six Area Six Sign Atopic Dermatitis 

(SASSAD), ‘rule of nines’ extent score and serum levels of Thymus and activated regulatory 

chemokine (TARC). Patients filled out the Dermatology Life Quality Index (DLQI). To study 

the relation between disease activity and QoL, correlations were calculated and  

regression analysis was performed.

Results At t = 0 there was a small, non-significant correlation between the DLQI and the 

objective SCORAD, ‘rule of nines’ or serum TARC levels. At t = 6 the objective SCORAD, 

serum TARC and the ‘rule of nines’ score showed moderate and significant correlations 

with the DLQI (r = 0.34, ρ = 0.02; r = 0.31, ρ = 0.03; r = 0.49, ρ < 0.001). An individual’s 

improvement in disease activity (objective SCORAD, SASSAD and ‘rule of nines’) with 10 

points was associated with an improvement of 1.3, 1.5 and 1.1 points respectively in DLQI.

Conclusions Disease activity correlated better with QoL when disease activity was less 

severe and disease extent (‘rule of nines’ score) correlated better with QoL than disease 

severity. An individual’s improvement of 10 points in disease activity was accompanied by 

only a small improvement in QoL. Other factors than disease activity may influence QoL in 

patients with AD.
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Introduction
Atopic dermatitis (AD) is a chronic skin disease, in which symptoms such as pruritis have a 

considerable impact on the quality of life (QoL). Clinical disease activity scores evaluate 

disease severity and extent but do not measure the impact of the skin disease. Health- 

related QoL measurement assesses burden of illness and can be used to evaluate  outcomes 

of medical treatment.1 QoL assessment has become an important endpoint in clinical 

trials. Also in routine clinical practice QoL assessment is increasingly being used.2 The 

Dermatology Life Quality Index (DLQI) was the first dermatology-specific QoL instrument 

and to date is the most commonly used.3, 4 An important issue is defining the clinically 

important change in DLQI scores. The minimal clinically important difference (MCID) has 

been defined as ‘the smallest difference in score in the domain of interest which patients 

perceive as beneficial and which would mandate a change in the patient’s management’.5 

The minimal important difference (MID) of the DLQI has been estimated in inflammatory 

diseases, hyperhydrosis and chronic idiopathic urticaria and has a range of 2.2 – 6.9.2 

The most used disease activity scoring system in AD is the objective SCOring Atopic 

Dermatitis (SCORAD) index, which combines both disease extent and severity. The 

objective SCORAD is validated adequately on construct validity, interobserver reliability 

and sensitivity to change.6, 7 The scoring of the extent in the objective SCORAD consists 

of grading the extent of body surface area (BSA) affected according to the ‘rule of nines’. 

The scoring of the extent can also be done independently using the ‘rule of nines’. The Six 

Area Six Sign Atopic Dermatitis (SASSAD) severity score8 measures different severity signs 

on six different body parts, and has also been shown to have adequate inter-observer 

reliability.7 Both scoring systems have been used in randomized controlled trials assessing 

therapeutic interventions in AD.9-13 Visual analogue scales (VAS) are used for the  

evaluation of subjective symptoms, the VAS for pruritis and loss of sleep are used  

either isolated or as a component of the SCORAD.14

The advantage of a laboratory marker is that it is independent of a physicians’ judgment 

of the disease activity. Thymus and Activation-Regulated Chemokine (TARC) has been 

used to evaluate disease activity in AD and has been described to correlate with clinical 

disease activity.15-17 Serum TARC levels are selectively elevated in patients with AD  

compared to healthy controls or patients with psoriasis.15, 17 Furthermore, levels of serum 

TARC parallel disease severity during treatment with cyclosporin A, topical corticosteroids 

and mycophenolate sodium.18, 19 
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Only a few studies have been performed on the relationship between disease activity and 

QoL in skin diseases.20, 20-24 For example, in 359 psoriasis patients Mazzotti et al found that 

the decrease of the Self-Administered Psoriasis Area and Severity Index (SAPASI) was only 

moderately (r = 0.24) but significantly correlated to the decrease of the DLQI, before and 

after clinical admission.21 In 71 children with AD the Children’s Dermatology Life Quality 

Index (CDLQI) and the SCORAD was related at two occasions six months apart (r = 0.52,  

ρ < 0.001 and r = 0.59, ρ < 0.001 respectively), in an observational study.22 Additionally, in 

this study the change in SCORAD was related to the change in QoL. It might be important 

to know which improvement in QoL corresponds to a certain improvement in disease 

activity. This can be useful in clinical practice to set treatment goals or in defining a 

clinically relevant difference for sample size calculations in randomized controlled trials. 

The aim of this investigation is to assess the relation between QoL and disease activity  

in adult AD patients before and after 6 weeks treatment with cyclosporin A 5mg/kg. 

Additionally, we evaluated the improvement in DLQI when the disease activity scores 

(objective SCORAD, SASSAD and ‘rule of nines’) improved by 10 points.

Patiens and methods
Patients 
The patients and data used are obtained from a randomized controlled trial comparing 

Enteric-Coated MycoPhenolate Sodium (EC-MPS) to Cyclosporin A (CsA) as long-term 

treatment in patients with severe AD (Haeck et al, in press 2010). In short, 55 patients 

were included from the Department of Dermatology of the University Medical Center 

Utrecht between November 2005 and November 2007. Before randomization patients 

were treated with CsA 5mg/kg divided into two doses per day for six weeks as a run-in 

phase. Disease activity was assessed using the objective SCORAD, SASSAD severity score 

and ‘rule of nines’ extent score by a single trained investigator at inclusion, after three and 

six weeks. At these visits patients filled out the Dermatology Life Quality Index (DLQI) of 

Finlay25 and the VAS for pruritis and loss of sleep, rating the severity of their symptoms 

in the preceding 7 days. In this study the values at inclusion (t = 0) and after six weeks 

of treatment (t = 6) were evaluated. By using these two time points, we could assess 

the relation between disease activity and QoL in patients with high disease activity and 

moderate disease activity (after six weeks of treatment disease activity was considerably 

lower than at inclusion).The study was approved by the local ethics committee and 

patients gave their written informed consent. 
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Disease activity scorings systems
The objective SCORAD is a scoring system that takes into account both the affected body 

surface area (BSA) as well as the severity of the disease. In the objective SCORAD the  

subjective items (pruritis and loss of sleep) have been eliminated and are assessed  

separately. The first part of the objective SCORAD consists of grading the extent of body 

surface area (BSA) affected by AD. This is done according to the rule of nines in which the 

total body surface area is comprised of 9% for head and neck, each arm, the front and 

back of each leg and the four trunk quadrants, and 1% for the genital area. The second 

part of the objective SCORAD consists of scoring the intensity of six AD severity  

characteristics (erythema, edema/papulation, oozing/crusts, excoriations, lichenification 

and dryness). Each item was graded 0 - 3 (0 = absent; 1 = mild; 2 = moderate and  

3 = severe). Total objective SCORAD (maximum of 83) was obtained by the sum of BSA 

divided by 5 and total severity score multiplied by 3.5. For classification of the severity of 

the disease the following cut-off points for the objective SCORAD have been made: score 

< 15, mild AD; score 15 - 40, moderate AD; and score > 40, severe AD. 6, 14 The SASSAD 

only measures the disease severity and comprises assignment of six signs (erythema, 

exudation, dryness, cracking and lichenification) at six sites (arms, hands, legs, feet, head 

and neck, trunk); each on a scale of 0 (absent); 1 (mild); 2 (moderate) and 3 (severe). Total 

SASSAD (maximum of 108) is calculated by adding all severity scores on each site.8 The 

‘rule of nines’ disease extent index was also measured independently of the objective 

SCORAD. The level of serum Thymus and Activation-Regulated Cytokine (TARC) was 

measured as an objective marker for disease activity.15, 17 TARC was measured using the 

Quantikine Human TARC immunoassay according to the manufacturers’ instructions (R&D 

Systems inc., Minneapolis MN, U.S.A.). Blood for TARC measurement was drawn shortly 

after disease severity was scored.

Quality of life
The health-related QoL was assessed using the Dermatology Life Quality Index (DLQI) of 

Finlay.25 It consists of 10 questions concerning patients’ perception of the impact of  

skin disease on different aspects of their QoL over the last week. The items encompass 

aspects such as symptoms and feelings, daily activities, work, school or leisure, personal 

relationships and side-effects of treatment. Each item is scored on a four-point Lickert  

scale: 0, not at all/not relevant; 1, a little; 2, a lot; and 3, very much. Scores of individual 

items (0 - 3) are added to yield a total score (0 - 30); higher scores mean greater  

impairment of the patients’ QoL.2 A banding system has been designed to aid the 
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interpretation of the DLQI scores, 0 - 1 means ‘no effect on QoL’; 2 - 5, ‘small effect’; 6 - 10, 

‘moderate effect’; 11 - 20, ‘very large effect’; 21 - 30, ‘extremely large effect’.26 Additionally, 

a subjective measure for pruritis and loss of sleep, the VAS for pruritis and loss of sleep 

were used, and can be seen as a form of QoL measurement. The patients themselves 

indicated a point on a 10 cm VAS according to the intensity of itch and loss of sleep over 

the last week, with possible scores ranging from zero (no pruritis/loss of sleep) to 10 

(maximum pruritis/loss of sleep) points.23

Statistical analysis
First, correlation coefficients were calculated between the disease activity scores 

(objective SCORAD, SASSAD, ‘rule of nines’ disease extent index, and serum TARC) and 

the QoL scores (DLQI, VAS pruritis and VAS loss of sleep) at inclusion (t = 0) and after six 

weeks of treatment (t = 6). Second, correlation coefficients were calculated between 

the change from t = 6 to t = 0 in disease activity scores and the change in QoL scores to 

assess whether individual changes in disease activity were related to individual changes 

in QoL. A correlation coefficient of 0.10 to 0.29 indicates a small correlation, 0.30 to 0.49 

a moderate correlation and 0.50 to 1.0 a high correlation. Third, to assess the change in 

QoL when disease activity scores were improved by 10 points, linear regression analysis 

was performed with change from t = 6 to t = 0 in disease activity scores divided by 10 as 

the independent variable and the change from t = 6 to t = 0 in DLQI as the dependent 

variable. Statistical analysis was performed using the program SPSS for Windows (version 

15.0, 2006; SPSS inc., Chicago, IL, U.S.A.). 

Results
Patients
Of the 55 patients included in the study one patient had not filled out the DLQI at  

inclusion and was excluded from the analysis. Five patients dropped out of the study 

during the first six weeks and were not included in some parts of the analysis. The average 

age of the patients at inclusion of the study was 37.3 ± 12.9 (mean ± SD).  At inclusion the 

average objective SCORAD was 43.0 ± 10.1 (mean ± SD) indicating severe AD, average 

DLQI was 14.6 ± 6.4 (mean ± SD) indicating a large effect on QoL26 and average serum 

TARC level was 4130 ± 5647 pg/L (mean ± SD). After six weeks of treatment with  

CsA 5mg/kg (n = 49) the average objective SCORAD was 22.0 ± 7.8 (mean ± SD) indicating 

moderate AD, average DLQI was 3.7 ± 4.0 (mean ± SD) indicating a small  

effect on QoL and average serum TARC level was 752 ± 1157 pg/L (mean ± SD). 
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Correlation between disease activity and quality of life
Table 1 presents the correlation coefficients between the disease activity scores (objective 

SCORAD, SASSAD, ‘rule of nines’ disease extent index, and serum TARC) and the QoL scores 

(DLQI, VAS pruritis and VAS loss of sleep) at inclusion (t = 0), after six weeks of treatment 

(t = 6) and for the change between t = 0 and t = 6. At the start of the study, there was a 

small, non-significant correlation between the DLQI and the objective SCORAD, ‘rule of 

nines’ and serum TARC, while the SASSAD did not correlate at all with the DLQI. There 

was also a small but non-significant correlation between the objective SCORAD and VAS 

pruritis and VAS loss of sleep. The SASSAD and the ‘rule of nines’ did not correlate with the 

VAS pruritis or the VAS loss of sleep. There was no correlation between serum TARC levels 

and VAS pruritis and a small non-significant correlation with VAS loss of sleep. 

After six weeks of treatment, the objective SCORAD, ‘rule of nines’ and serum TARC 

showed moderate and significant correlations with the DLQI. The SASSAD severity index 

showed a small and non-significant correlation with the DLQI. The objective SCORAD, ‘rule 

of nines’ and serum TARC were also moderately correlated with the VAS pruritis but  

Table 1 |  Correlations between patient assessed quality of life (DLQI, VAS pruritis, VAS loss of 
sleep) and doctor assessed disease activity scores (objective SCORAD, SASSAD, 
‘rule of nines’ extent score)/laboratory marker of disease activity (serum TARC), at 
inclusion (t = 0), after treatment (t = 6) and change over time (t = 0 - t = 6).

Correlation of patients quality 
of life scores and clinical/ 
laboratory disease activity scores

At inclusion 
n = 54 (t = 0)

After 6 weeks 
treatment  
n = 49 (t = 6)

Change from 
t = 6 to t = 0

r ρ-value r ρ-value r ρ-value

DLQI Objective SCORAD
SASSAD
‘Rule of nines’
Serum TARC

0.17
0.09
0.25
0.16

0.23
0.52
0.07
0.24

0.34
0.19
0.49
0.31

0.02a

0.18
< 0.001a

0.03a

0.19
0.25
0.27
0.35

0.20
0.08
0.06
0.02a

VAS pruritis Objective SCORAD
SASSAD
‘Rule of nines’
Serum TARC

0.18
0.08
0.09
0.05

0.21
0.58
0.54
0.75

0.33
0.17
0.36
0.38

0.02a

0.24
0.01a

0.01a

0.16
0.12
0.15
0.12

0.29
0.44
0.30
0.43

VAS loss of 
sleep

Objective SCORAD
SASSAD
‘Rule of nines’
Serum TARC

0.18
0.09
0.08
0.17

0.21
0.54
0.56
0.24

0.15
0.04
0.18
0.24

0.31
0.79
0.21
0.10

0.25
0.18
0.23
0.25

0.10
0.23
0.13
0.09

asignificant
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showed only small correlations with the VAS loss of sleep. The correlations between 

change from t = 6 and t = 0 in disease activity scores and change in QoL were all quite 

low except for the correlation between serum TARC and DLQI (r = 0.347, ρ = 0.015). 

Clinical relevance of disease activity score
Table 2 shows an individual’s improvement in QoL when disease activity scores are 

improved by 10 points. An improvement in objective SCORAD, SASSAD and ‘rule of nines’ 

of 10 points corresponded only to a slight improvement in the DLQI, 1.3, 1.5, and 1.1 

points respectively. 

Discussion
In this study we observed that 1) disease activity correlated better with QoL when disease 

activity was less severe, 2) disease extent (‘rule of nines’ score) correlated better with QoL 

than disease severity and 3) an individual’s improvement of 10 points in disease activity 

was accompanied by only a small improvement in QoL.

In this study we found that disease activity correlates better with QoL when disease 

activity is less severe. This has not been investigated or reported before. There are two 

previous studies in patients with AD that compared QoL with disease activity, one in 

children22 and one in adults and children.20 Additionally, there is one study that compared  

VAS pruritis with disease activity.20, 22, 23 In the children’s’ study the CDLQI significantly 

correlated with the objective SCORAD at the first and second visits; this correlation was 

in the same range as that between the DLQI and the ‘rule of nines’ at t = 6 in our study.22 

A possible explanation for the difference with our data at inclusion is a difference in the 

severity of AD. The children included in the study had in general a mild AD with most 

patients having an objective SCORAD ≤ 15, whereas the patients in our study had severe 

Table 2 |  Linear regression analysis (regression coefficient and 95% Confidence Interval (CI)), 
for change in DLQI when the disease activity scores  (objective SCORAD, SASSAD 
and ‘rule of nines’) improve by 10 points.

Regression  
coefficient (95% CI)

Improvement in DLQI per 10 points improvement in objective SCORAD 1.3 (-0.7; 3.4)

Improvement in DLQI per 10 points improvement in SASSAD 1.5 (-0.2; 3.2)

Improvement in DLQI per 10 points improvement in ‘rule of nines’ 1.1 (-0.03; 2.2)
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AD (average SCORAD of 43) at inclusion. After 6 weeks treatment the objective SCORAD 

decreased to 22 (moderate AD) and this resulted in correlation coefficients nearing  

those in the study with children with mild AD. In adults and children with AD, Holm et al  

assessed health-related QoL (using the DLQI and CDLQI), VAS pruritis and disease activity  

(objective SCORAD) in 101 patients with moderate AD at two visits at a six monthly  

interval. Although no correlation coefficient is given, the authors report that convergent  

validity was found for scores of DLQI, CDLQI and VAS pruritis which were significantly  

related with the objective SCORAD.20 Also in this study disease activity at both time points  

were in the same range as in our study at t = 6. Hachisuka et al related objective SCORAD 

to the VAS pruritis in 22 adult AD patients and found these two to be highly correlated  

(r = 0.692, ρ < 0.001).23 In comparison to our study this correlation is higher. However, the 

range of objective SCORAD in their study was 5 - 55, suggesting heterogeneity in disease 

activity, which make these results difficult to compare with our data. We do not know how 

to explain that the correlation between disease activity and QoL was lower in severe AD 

than in mild AD. Further research is needed to replicate and explain this finding. 

We observed that disease extent (‘rule of nines’ score) correlates better with QoL than 

disease severity measured with the SASSAD, both at t = 0 and t = 6. This suggests that 

the extent of the BSA affected has more impact on QoL than disease severity. This may 

be due to the visibility of the disease for others. Another possible explanation is that 

measurement of disease severity is less reliable than the measurement of disease extent. 

In this study, as in most studies disease activity scoring was done by a single investigator 

at each time point. As objective disease parameter we also measured serum TARC 

levels. At t = 0 the correlation between serum TARC and DLQI paralleled the correlations 

between the clinical scores and DLQI. At t = 6 the moderate and significant correlation 

between serum TARC and DLQI and the correlation between serum TARC and VAS pruritis 

confirmed the correlations found between the objective SCORAD and DLQI. The relation 

between disease extent and QoL has not been reported before in patients with AD. Maroti 

et al assessed QoL in patients with AD before and 6 weeks after an outpatient treatment 

and additionally interviewed nine of these patients about factors that might influence 

their QoL. They indicated important areas of concern such as withdrawal from public 

places, adoption of special clothing habits and concern about personal relationships.27 

These factors may be more important when disease activity is extensive and may be less 

important when disease is severe but not extensive. 
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We found that an individual’s improvement of 10 points in disease activity is  

accompanied by only a small improvement in QoL (1.3, 1.5 and 1.1 points for objective 

SCORAD, SASSAD and ‘rule of nines’ respectively). Although the improvement of the 

whole group (t = 0 to t = 6) in DLQI and objective SCORAD is on average 11 and 21 points 

respectively, this is not the case on an individual basis: not every individual that improves 

considerably in objective SCORAD also improves considerably in DLQI. Ten points is often 

used as a relevant difference in disease activity. In patients with psoriasis the rules of tens 

has been proposed to define the severity of psoriasis (current Severe Psoriasis is defined 

when BSA involved > 10% or PASI > 10 or DLQI > 10).28 However, in this study we observed 

that 10 points improvement in disease activity only corresponds to a small improvement 

in QoL. In the AD children’s study22 it was found that each unit change in the SCORAD 

was associated with a 0.12 (95% CI 0.04-0.19, ρ = 0.004) unit change in the CDLQI. This 

is comparable to our study, each unit change in the objective SCORAD was associated 

with 0.13 units change in DLQI (95% CI -0.07 - 0.34). This suggests that other factors than 

disease activity predict QoL in patients with AD. Potocka et al showed that there were 

statistically significant differences in self-assessment of quality of life depending on one’s 

level of self-acceptance. Patients with a negative self-image (compared to those with a 

positive self-image) deem their quality of life to be poor.29 In patients with acne it was 

also found that other factors than the severity (such as age and self perception of acne) 

influenced  QoL.24, 30 Another possibility is that DLQI does not encompass all aspects of 

quality of life that affect AD patients. From literature it is known that patients with AD 

experience a greater degree of anger,31, 32 depression,33 and anxiety31, 34, 35 than control 

groups. These aspects, anger, depression and anxiety are not specifically addressed in 

the DLQI. In studies in other skin diseases such as psoriasis and vitiligo, this issue has also 

been raised and it is opted that there is an under representation of the emotional aspects 

of the patients’ life in the DLQI.4, 36 Wittowski et al assessed illness perception in patients 

with AD and their study suggests that participants’ beliefs and emotional response are 

more strongly associated with the meaning they ascribe to their condition rather than its 

severity.37 These factors may explain that a substantial improvement in disease activity is 

accompanied by only a small improvement of QoL in patients with AD. 

Several authors have attempted to establish which MIDs of the DLQI are clinically 

relevant.2 In patients with chronic plaque psoriasis treated with adalimumab, the MID was 

reported to range between 2.3 and 4.0 (mean of 3.2).38 In patients with chronic urticaria 

the MID ranged between 2.2 - 3.1.39 Khilji et al reported that a minimum change of five 
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points in DLQI is clinically relevant for AD patients.40 Hongbo et al indicated that a 10 

points improvement in DLQI gives a shift in category in the banding system according to 

Hongbo et al. This author also showed that DLQI score greater than 10 points meant that 

the skin disease had a very large effect on the patient’s life and was strong supportive 

evidence for the need for active patient intervention.26 Limitation of the MID values in 

these studies is that they are based on the QoL assessment and are not related to disease 

activity. We found that 10 points improvement in disease activity for each individual  

corresponded with 1.1 to 1.5 points improvement in QoL. This would mean that an  

improvement of 38.5, 33.3 and 45.5 points in objective SCORAD, SASSAD and ‘rule of 

nines’ respectively corresponded with an improvement of 5 points on the DLQI. Our data 

do not give a realistic relation between the MID of DLQI and disease activity, confirming 

our conclusion that other factors besides disease activity alone influence QoL. Further 

studies will be necessary to evaluate which MID in QoL scores are relevant to use in RCTs 

and in daily clinical practice.

A limitation of this study is the small number of patients. Furthermore, as the correlation 

coefficients between disease activity and QoL were not high, the regression coefficients 

we found have to be interpreted with caution and should be replicated by other studies.

In conclusion, we found that disease activity correlated better with QoL when disease 

activity was less severe, that disease extent (‘rule of nines’ score) correlated better with 

QoL than disease severity, and that an individual’s improvement of 10 points in disease 

activity was accompanied by only a small improvement in QoL. Therefore there must 

be other factors besides disease activity that influence QoL in AD such as anger, anxiety 

and self- image. To better assess the influence of AD on QoL these items may have to be 

incorporated in the assessment of QoL in AD. When assessing QoL in research or clinical 

settings, it is important to bear in mind that disease activity and QoL do not perfectly 

correspond. 
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Evaluating disease activity in patients with atopic dermatitis (AD) using the Scoring Atopic 

Dermatitis Severity (SCORAD) index is hindered by subjectivities and intra-observer 

variations in time.1 Therefore, an objective biomarker corresponding to disease severity 

is urgently needed. However, the usefulness of a biomarker should not be dependent on 

the choice of therapy. This pilot study evaluated the applicability of potential biomarkers 

such as soluble CD30 (sCD30)2 and Thymus and Activation Regulated Chemokine (TARC)3 

in patients with chronic AD during different drug treatments.

The serum samples under study were derived from a single blinded randomized  

controlled trial treating 45 patients with severe AD with cyclosporin A 5 mg/kg/day  

(CsA 5) during 6 weeks. Thereafter, 23 patients were randomly allocated to cyclosporin A 

3 mg/kg/day (CsA 3) and 22 patients to enteric coated mycophenolate sodium (EC-MPS) 

720 mg twice a day for maintenance period of 30 weeks. Patients were monitored during 

the total treatment period of 36 weeks. Serum was collected before treatment and after 3, 

6, 9, 12 and every 4 weeks thereafter. TARC and sCD30 were measured by enzyme-linked 

immunosorbent assay in 493 sera as described previously.4, 5 In order to examine whether 

TARC and sCD30 can be used as biomarkers for disease severity, Spearman correlation 

coefficients between objective SCORAD and TARC and sCD30 were calculated for each 

time point during the different treatments (CsA 5, CsA 3, and EC-MPS). Comparison under 

CsA 5 regimen was made by the analysis of 90 sera taken at two time points, whereas 

these analyses for CsA 3 and EC-MPS regimen were made on 358 sera taken at 8 time 

points of immunosuppressive therapy, and mean and range of the correlation coefficients 

over the time points were calculated.

No differences were present at inclusion between the groups treated with CsA 3 mg/kg/day 

and EC-MPS regarding age (with means ± SD being 34.7 ± 13.1 vs. 36.5 ± 10.3 years),  

objective SCORAD (42.8 ± 11.5 vs. 42.9 ±  9.2), sCD30 (61 ± 43 vs. 65 ± 51 U/ml), TARC 

levels (4.049 ± 4.989 vs. 3.208 ± 4.882 pg/ml) and gender (35% vs. 46% female). Figure 

1 shows that sCD30 and TARC follow a similar course over time during the different 

treatments as objective SCORAD. During CsA 5 treatment, the objective SCORAD index 

and both sCD30 and TARC levels decreased significantly (ρ < 0.001) and increased slightly 

again during CsA 3 or EC-MPS treatment. The clinical outcome of the study will be  

published in detail elsewhere. The objective SCORAD, TARC and sCD30 values showed 

clear correlations with each other inder the three immunosuppressive regimens, with the 
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exception of SCORAD-sCD30 during CsA 5 and sCD30-TARC and SCORAD-sCD30 during 

EC-MPS (Table I). No correlation was found between the subjective SCORAD pruritis 

(visual analogue score for pruritis) and TARC or sCD30 levels.

Figure 1 | Objective Scoring Atopic Dermatitis Severity (obj SCORAD) scores and Thymus and  

Activation Regulated Chemokine (TARC) and soluble CD30 levels decrease during Cyclosporin A 

(CsA) and Enteric-Coated MycoPhenolate Sodium (EC-MPS) treatment. In 45 patients obj SCORAD 

scores were measured before and during treatment with CsA 5 mg/kg/day (CsA 5) and after  

switching to CsA 3 mg/kg/day (CsA 3; A) or EC-MPS (C). TARC and sCD30 levels were measured  

before and during treatment with CsA 5 and after switching to CsA 3 (B) or EC-MPS (D) as  

described in the body of the article. Means ± standard deviations are depicted.
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These data show that sCD30 is not suitable as a biomarker to evaluate disease activity in 

patients with AD during treatment with EC-MPS, whereas TARC can be used as biomarker 

during both CsA and EC-MPS therapies. The outcome of this study emphasizes the  

importance to validate biomarkers for AD in different treatment conditions.

Table 1 | Correlation coefficients of potential biomarkers

Correlation coefficients CsA 5 (n = 45)a CsA 3 (n = 23) EC-MPS (n = 22)

Obj. SCORAD-sCD30 
  (mean; range)

0.21 (0.13 - 0.28) 0.42 (0.22 - 0.66) 0.20 (0.07 - 0.37)

Obj. SCORAD-TARC 
  (mean; range)

0.51 (0.51 - 0.51) 0.45 (0.14 - 0.78) 0.53 (0.34 - 0.83)

sCD30-TARC (mean; range) 0.49 (0.44 - 0.54) 0.44 (0.30 - 0.68) 0.08 (-0.32 - 0.63)

aAll patients. 
Note: Levels of sCD30 and TARC were measured en block at one time moment in the laboratory. Spearman 
correlation coefficients were calculated for each time point during the different treatments. The correlation 
coefficient for CsA 5 is based on 2 time points, whereas correlation coefficients for both CsA 3 and EC-MPS 
are based on 8 time points.
CsA 5  = cyclosporin A 5 mg/kg/day, CsA 3 = cyclosporin A 3 mg/kg/day, EC-MPS = mycophenolate 
sodium, Obj. SCORAD = Objective Scoring Atopic Dermatitis Severity index, TARC = thymus and 
activation-regulated chemokine
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Outline of general discussion
In this discussion four topics will be addressed, shown in figure 1. Firstly, the question 

whether the fear of systemic side effects due to topical corticosteroids is justified or not, 

will be addressed based on the data in Chapter 2, 3 and 4. Secondly, a treatment scheme 

will be discussed for the treatment of atopic dermatitis (AD) patients with oral  

immunosuppressive drugs, based on the results obtained in Chapter 5. Thirdly, the  

question ‘which factors affect quality of life (QoL) in AD’ will be addressed, based on 

chapter 6 where we showed that it is not only the disease activity that influences QoL in 

AD. Lastly, we address the need of biomarkers to assess disease activity in AD and which 

biomarkers can be used, as we have shown in Chapter 7 that not all biomarkers are fit to 

assess disease activity in AD.

Figure 1 | discussion topics with corresponding chapters

Therapeutic challenges 

in atopic dermatitis

Efficacy of treatment

Safety of treatment

I Corticofobia for systemic side effects: 
justified or not? 
Chapter 2, 3 and 4

II How can we optimally use the beneficial 
effects of EC-MPS and CsA? 
Chapter 5

III Which factors affect quality of life in AD? 
Chapter 6

IV Which biomarkers can be used to assess 
disease activity? 
Chapter 7
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I  Corticofobia for systemic side effects: justified 
or not?

Fear of corticosteroids
Topical corticosteroids are the most important therapy modality in the treatment of AD. In 

general, patients that are prescribed topical corticosteroids are typically advised to apply 

the product thinly or sparingly. This advice carries with it the messages of caution and 

even danger in the use, giving rise to so-called ‘steroid-phobia or corticofobia’. Not using 

prescribed topical corticosteroids or applying them sparingly will subsequently result in 

suboptimal clinical effectiveness.1 Even more hesitancy is present in the use of topical 

corticosteroids on the eyelids and periorbital region. This may lead to under-treatment of 

the eczema with a risk of ophthalmologic complications like keratoconus and abrasion of 

the cornea due to chronic rubbing and eye squeezing.2

Systemic side effects of topical corticosteroids can occur if percutaneous absorption of 

topically applied corticosteroids give rise to systemic availability of the steroid.3 In various 

studies it has been directly (measurement of steroid levels) and indirectly (decrease of 

 serum cortisol levels) shown that there is indeed percutaneous absorption leading to 

systemic availability mainly of the potent and super potent topical corticosteroids.4-7 

 However, not only the potency of the steroid, but also the body surface area of  

application and the skin barrier influence the systemic availability of topical  

corticosteroids.8 Cut-off levels for use of topical corticosteroids are based on the  

measurement of basal cortisol levels. In patients with eczema and psoriasis low cortisol 

serum levels are hardly observed during maintenance therapy with a maximum of 100g 

0.1% betamethasone valerate (European class III topical corticosteroid) weekly9, 10,  

and with a maximum of 50g 0.05% clobetasol propionate (European class IV topical  

corticosteroid) weekly.11 However, the use of topical corticosteroids is variable in AD  

patients. Topical corticosteroids are intensely used during a flare, probably more than 

100gr/week. Furthermore, the skin barrier of lesional skin is decreased which may lead  

to an increased systemic absorption of the steroid. In case of remission the amount  

of topical corticosteroids is probably less than the weekly threshold for safe use. The  

intermittent use of topical corticosteroids and variability in skin barrier function may  

hamper the assessment of a clear relation between cumulative dose of topical  

corticosteroids and side effects on end organ level. Furthermore, in contrast to local 

side effects, systemic side effects of topical corticosteroids such as suppression of the 

hypothalamic-pituitary-adrenal (HPA) axis, osteoporosis and glaucoma/cataract are 
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only apparent after targeted examination. This may also explain the scarcity of literature 

relating the cumulative dose of topical corticosteroids to effects on end organ level.

Bone mineral density in AD
In Chapter 2 and 3 we have assessed bone mineral density (BMD) in patients with 

moderate to severe AD. In Chapter 2 we reported that one third of patients with moderate 

to severe AD were found to have low BMD. Surprisingly it were predominately males that 

had a low BMD, epidemiologically not the gender at risk.12 BMD in AD has previously only 

been assessed by Aalto-Korte et al. In a study of 28 AD patients, about 11% of patients 

were documented to have a Z-score < -2. Using a cut-off value of -1 for the Z-score, the 

prevalence of patients with a low BMD in this study would be 42.9%, which is more in 

concordance with our findings.13

Low BMD in AD patients may be due to absorption of topical corticosteroids or to chronic 

inflammation. If applied in sufficient amounts, potent topical corticosteroids can become 

systematically available.4-7 This will be increased when the skin barrier function is impaired 

which is the case in lesional skin.8 Therefore, chronic use of potent topical corticosteroids 

may lead to low BMD. However, in our cross-sectional study there was no difference in the 

cumulative use of topical corticosteroids in the 5 years prior to investigation, between 

patients with a low BMD and normal BMD. Although we did find a trend towards an 

increased risk of low BMD with higher use of topical and oral corticosteroids. Also, in the 

follow-up study described in Chapter 3 we found no significant difference in change of 

BMD between patients who had used ‘low’ or ‘high’ amounts of topical corticosteroids 

during two year follow-up.

In conclusion, empirically, we found no indications that topical corticosteroid use 

decreases  BMD. This may be explained by the relatively low amounts that have been 

used in our study populations. The patients described in Chapter 2 used an average of 

31.5 grams per month and those in Chapter 3, 86.8 grams per month, in both cases less 

than the safe amount advised for class III (100 g/week) or class IV (30 - 60g/week) topical 

corticosteroids (according to Dutch guidelines).14 It has been shown that patients with 

moderate to severe AD on average have 9 flares of their disease per year, lasting 15 days 

each time. Zuberbier et al reported that only 54% of patients use topical corticosteroids as 

main means to treat a flare and patients endured their flare without initiating treatment 

for 7 days.15 During a disease flare the average use of topical corticosteroids is most 



C
h

a
p

te
r 

8

123

probably more than the above mentioned safe amount, but this is in general of short 

duration in the majority of patients. Additionally, bone loss induced by corticosteroids is 

substantially reversible following withdrawal. Two prospective studies have demonstrated 

a re-accumulation of BMD over approximately the same time span as its loss occurred.16, 

17 This suggests that the influence of short periods during which high amounts of potent 

topical corticosteroids are used on BMD may be reversed during relatively long periods  

of low topical corticosteroid consumption, resulting overall in no effect on BMD.  

Furthermore, previous studies have shown that the greatest decrease in BMD is seen 

during the first six months of treatment in various diseases requiring oral corticosteroids 

such as rheumatoid arthritis, sarcoidosis and systemic lupus erythematosus.18 After this 

period bone loss continues, but at a lower rate.19 This may explain why we found only 

a slight decrease in BMD over time. Further follow-up studies are necessary to estimate 

after which time period this will become clinically relevant.

A second reason for low BMD in AD is chronic inflammation. In patients with  

inflammatory diseases such as rheumatoid arthritis inflammation is an important cause  

of bone loss.20, 21 Many of the cytokines (for example IL-1, IL-6, IL-4, IFN-γ, TNF-α) 

implicated in inflammatory diseases such as in rheumatic diseases have demonstrated to 

affect osteoclast differentiation and function. This may occur either directly, by acting on 

osteoclasts or indirectly, by acting on other cell types that influence the expression of the 

key osteoclastogenic factor receptor activator of nuclear factor (NF) kB ligand (RANKL) 

and/or its inhibitor osteoprotegerin (OPG).21, 22 As described in chapter 2 and 3 we did not 

find significant differences in RANKL serum levels between patients with normal and low 

BMD. In our studies we did not explicitly look at disease activity/inflammation as a reason 

for low BMD as it is rather difficult to assess the influence of corticosteroids and  

inflammation independently on BMD. This is because the use of corticosteroids will 

always be related to the severity of the inflammation, and there are virtually no patients 

with high disease activity but low use of corticosteroids. Furthermore, disease activity can 

fluctuate substantially in AD patients, so measuring disease activity only reflects current 

level of inflammation and not the inflammation over a longer period of time. 

The question arises whether we should treat low BMD in AD patients. In Chapter 2 

we measured vitamin D levels and found that 32% of the patients had a vitamin D 

insufficiency  (serum level < 72.5 nmol/L) and 31.2% of the patients had a  

25-hydroxyvitamin D deficiency (serum level < 50 nmol/L),  being, however, not  
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related to low BMD. A recent review by Isenor et al did not find a clear relation between 

25-hydroxyvitamin D concentration  and fracture risk. Furthermore, there is inconsistency 

between measurement assays of 25-hydroxyvitamin D and no consensus on optimal 

levels of 25-hydroxyvitamin D.23 So far literature shows conflicting results about  the effect 

of calcium and vitamin  D supplementation on BMD, and fracture prevention.24, 25  

The inconclusiveness is also reflected by discrepancy between US and UK guidelines 

for patients using corticosteroids, as the US rheumatology guidelines advise  

supplementation of calcium plus vitamin D in all patients using corticosteroids while 

the UK guidelines only advise supplementation in patients with a low dietary intake of 

calcium and/or vitamin D  insufficiency.26 The Dutch guidelines also advise to supplement 

calcium in patients with a low dietary intake during corticosteroid therapy. Therefore, 

measurement of vitamin D levels has little clinical usefulness at this moment and it is 

questionable if supplementation of calcium and/or vitamin D decreases the risk of bone 

loss in patients with AD.

Glaucoma and cataract in AD
In Chapter 4 we evaluated the application of topical corticosteroids and the development 

of glaucoma and cataract. Several case reports suggest that frequent application of 

topical corticosteroids over longer periods of time on the eyelids and periorbital region 

may induce glaucoma in patients with AD.27-37 In the general population approximately 

18 - 36% show a moderate increase of 5 mmHg or more in intraocular pressure (IOP) after 

administration of intraocular corticosteroids.38, 39 However, 5 - 6% of the normal population 

have a significant and potential damaging rise in IOP after intraocular corticosteroid 

administration. In patients with pre-existent primary open angle glaucoma (POAG) this 

percentage rises to 46 - 92% after intraocular corticosteroids.38-44 Other groups at risk to 

develop increased IOP after corticosteroid treatment are patients with connective tissue 

diseases (especially RA)45, first degree relatives of patients with POAG38, 46-50 and people 

with a high myopia.51 It is important to note that the latter two groups are also at risk for 

developing POAG.52 The development of cataract has been associated with both AD itself 

and with the use of mainly oral and ocular corticosteroids.53-57 In Chapter 4, we found that 

the use of predominantly class III (European and US classifications) topical corticosteroids, 

with use up to 2400 grams/year did not result in glaucoma or cataract development. One 

patient had an increased intraocular pressure (which was reversible and without signs 

of glaucoma) and two patients with cataract that had used systemic corticosteroids on 

a regular basis. Local application of topical corticosteroids to the eyes and peri-orbital 
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region in a mean frequency of 4 days per week, for several months was safe in the 88 

AD patients investigated in our study. However, because of the relatively small group of 

patients in this study, we have to be careful in our statements. We therefore recommend 

that AD patients using systemic and intraocular corticosteroids and patients at risk should 

be screened for glaucoma and cataract on a regular basis.

Conclusions
In Chapter 2 and 3 we found that BMD may be low in AD patients. We did not find a 

significant relation with the cumulative dose of topical corticosteroids. Since low BMD  

at baseline does not seem to progress fast and the effect of vitamin D or calcium  

supplementation on low BMD is controversial there are not enough reasons to screen all 

AD patients for low BMD. The exception are patients with known risk factors for low BMD, 

like a history of fractures and a family history of osteoporosis. We recommend to perform 

long-term follow-up studies to assess the course of BMD over time from onset of AD. 

The time course of BMD should then be compared between AD patients with severe and 

mild disease and healthy controls. These studies would give insight to what extent the 

course of BMD in (severe) AD patients is different than in people without AD and whether 

screening for BMD is necessary. 

In Chapter 4 we found that the use of topical corticosteroids on the eyelids with a  

mean frequency of 4 days per week for several months was safe and that the use of 

predominantly class III (European and US classifications) topical corticosteroids with  

use up to 2400 grams/year did not result in glaucoma or cataract development. However, 

patients with AD using systemic or intraocular corticosteroids and patients with risk 

factors should regularly be screened for signs of glaucoma and cataract. In our opinion 

patients with AD on their eyelids and periorbital region must treat their eczema with 

topical corticosteroids but intermittent use is advocated.
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II  How can we make optimal use of the beneficial 
effects of both cyclosporin A and enteric-coated 
mycophenolate sodium?

In patients with severe AD potent topical corticosteroids may not be sufficient, demanding 

additional systemic immunosuppressive drugs. To date, Cyclosporin A (CsA) is the only 

registered oral immunosuppressant for the treatment of AD and efficacy has been proven 

in several double blind placebo-controlled studies.58-60 However, side effects such as 

nephrotoxicity (increase of serum creatinine > 30% above baseline) and hypertension 

may limit the use of CsA. Other immunosuppressant drugs like azathioprine61, 62, 

Methotrexate (MTX)63-65 and Mycophenolate Mofetil (MMF) 66-71 have also been used in 

AD patients. There are two double blind placebo controlled crossover trials with 

azathioprine in AD which show that gastrointestinal side effects were common and lead 

to withdrawal from treatment in some patients.61, 62 Additionally, the use of azathioprine 

is also limited by patients with Thiopurine Methyltransferase (TMPT) mutations, since 

this may lead to life threatening myelotoxicity in patients with homozygous mutations 

in TMPT.72 The use of MTX has not been investigated in a randomized controlled trial; 

there are only three open label studies in AD.63-65 The use of MTX as long term treatment 

is limited by the potential elevation of liver enzymes with in rare cases liver cirrhosis.73 

MMF use in AD has been reported in various case series over the last decade.66-71 In 

transplantation medicine mainly gastro-intestinal side effects may limit the use of MMF74 

and therefore Enteric-Coated MycoPhenolate Sodium (EC-MPS) has been developed. Both 

MMF as well as EC-MPS contain the active metabolite MycoPhenolic Acid (MPA). EC-MPS 

has a gastric coating aimed to lessen gastro-intestinal side effects. In general MPA has a 

mild side effect profile.66-71, 75 For that reason the clinical efficacy of EC-MPS was  studied in 

a randomised controlled trial (RCT) comparing CsA and EC-MPS as maintenance therapy 

in adult patients with AD.

Below the advantages and disadvantages of both CsA and EC-MPS are discussed. A 

treatment scheme for patients with AD is proposed which is based on the advantages of 

both drugs.

Efficacy of CsA: 
In general a clinical response to CsA is seen within weeks after start of treatment, in some 

studies even within 2 weeks.58-60, 76, 77 The data in Chapter 5 also show a rapid decrease (in 

the first three weeks) of disease activity in patients treated with CsA. More specifically, 
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CsA suppresses clonal expansion of T-cells by transcription inhibition of interleukin (IL)-2 

gene expression.78 It prevents early lymphocyte activation, including the production of 

IL-2 and related cytokines79 and this may explain the fast clinical response in AD. After 

the rapid onset of clinical response of CsA with a high dose (5mg/kg), adjustments to 

the individuals minimum effective level, according to body weight, is recommended.80 

 Although the majority of patients with severe AD show an excellent clinical response 

within 3 weeks after starting CsA therapy, there is a subgroup of patients (5 - 20%) in 

which CsA is not clinically effective.80, 81

Safety of CsA:
Prolonged treatment with CsA in AD induces nephrotoxicity (increase of serum creatinine 

> 30% above baseline) and hypertension in up to 10.9% and 5.8% of patient months of 

treatment, respectively.80 Hijnen et al reported hypertension and nephrotoxicity in 15% 

and 9.6% of patients in a retrospective study.81 In the RCT described in Chapter 5, 8% of 

the patients treated with CsA 3 mg/kg developed nephrotoxicity, which was reversible 

during or at the end of the study and did not lead to drop-out. There were 4 four patients 

(15%) who developed hypertension which needed pharmacological intervention but did 

not lead to withdrawal of CsA. Besides this, side effects such as hirsutism and gingival 

hyperplasia may limit the use of CsA. In Chapter 5 it is shown that 62% of patients  

during the maintenance phase complained about hirsutism. In one patient hirsutism  

in combination with other subjective side effects led to drop-out from the study.  

Furthermore, 19% of the patients complained about gingival hyperplasia but this did  

not lead to cessation of CsA.

Relapse after CsA:
Relapse rates may vary from 50% of patients relapsing within two weeks after  

discontinuation of CsA, 73% of patients relapsing within 24 weeks and 86% of patients 

relapsing within 9 months of follow-up.76, 82, 83 The data from the RCT in Chapter 5 show  

a significant increase of disease activity within 3 weeks after stopping CsA 3mg/kg.

Efficacy of EC-MPS: 
Case series with MMF67-71 or EC-MPS73 mono-therapy show that the clinical response 

occurs three to nine weeks after the start of therapy . The RCT in Chapter 5 shows a 

delayed response to EC-MPS. After 10 weeks maintenance therapy the clinical response 

to EC-MPS was comparable to CsA maintenance therapy. This may be ascribed to the 
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pharmacological properties of EC-MPS. MPA arrests the synthesis of DNA and RNA in 

B-and T-cell development via inhibition of inosine monophosphate dehydrogenase 

(IMPDH), and therefore prevents immune cell proliferation.84 In detail, MPA arrests the cell 

cycle at the G0/G1 phase.85 One of the main events during the G1 phase is the synthesis of 

IL-2 by activated T lymphocytes86; therefore MPA does not inhibit IL-2 synthesis in already 

activated lymphocytes. Also the survival of activated T-cells is not influenced by MPA.87 

Not all patients had a favourable clinical response to EC-MPS. Five of the 24 patients (21%) 

treated with EC-MPS received prednisone courses during the second part (after 10 weeks) 

of the-maintenance phase. In case series the majority of patients had a good clinical 

response to MMF67-71, 75 or EC-MPS73 except for the study by Hansen et al66 in which only 

one of the five patients clinically responded to MMF.

Safety of EC-MPS:
EC-MPS and MMF have a mild side effect profile.66-71, 75 The most reported side effect of 

EC-MPS in the RCT described in Chapter 5 was fatigue which did however not interfere 

with daily life. Side effects reported in AD patients treated with MMF such as progressive 

rise in liver enzymes88, staphylococcal septicemia and endocarditis89, herpes retinitis68 and 

insomnia67 did not occur in our RCT. 

Relapse of EC-MPS:
The RCT in Chapter 5 shows that disease activity at the end of the follow-up period in 

patients treated with EC-MPS was comparable to that at the end of the maintenance 

phase, meaning a relapse free period of three months. This is in accordance with the 

study of Grundmann-Kollmann et al68, who showed that six out of seven AD patients who 

had responded to MMF treatment had no relapse during a 12 week follow-up period. 

However, further studies are needed to investigate the time to relapse.

In summary, both CsA and EC-MPS have proven to be effective in the treatment of AD. 

The main advantage of CsA is a rapid decrease in disease activity in almost all patients. 

Advantages of EC-MPS are the generally mild side effect profile on the long term and 

a relatively long relapse free period after discontinuation. Based on the advantages 

and disadvantages observed in the RCT with CsA and EC-MPS the following treatment 

schedules are proposed for AD patients who are in need for treatment with a systemic 

immunosuppressant. 
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Group 1: For AD patients who have never used CsA or EC-MPS. A combination therapy 

with CsA and EC-MPS is proposed, using the beneficial effects of both drugs, as shown in 

figure 2. At the start of therapy high dose CsA (5mg/kg) is given. After 3 weeks the dosage 

of CsA is decreased to 3 mg/kg. At that moment treatment with EC-MPS (2x 720 mg) is 

started. CsA (3 mg/kg) is continued for 6 weeks and decreased to 1,5 mg/kg during the next 

4 weeks and then subsequently stopped. EC-MPS (2x 720 mg) is stopped after 40 weeks. 

Group 2: For patients that are currently on maintenance therapy with CsA but who 

experience side effects which do not require to stop CsA but ask for an alternative within 

foreseeable future. These patients start with EC-MPS 2x 720 mg/day in combination with 

their current maintenance dose of CsA for a period of 6 weeks. After 6 weeks the CsA 

dosage is decreased to 1.5 mg/kg during the next 4 weeks and then stopped. EC-MPS 

(2x 720 mg) is stopped after 40 weeks.  

Figure 2 | combination scheme of Enteric-Coated MycoPhenolate Sodium (EC-MPS) and  

Cyclosporin A (CsA) for immunosuppressant naive AD patients.

EC-MPS 2x 720mg/day

CsA 5 mg/kg/day CsA 3 mg/kg/day CsA 1.5 mg/kg/day Stop CsA

Start
T=3
wks

T=9
wks

T=13
wks

T=40
wks

Figure 3 | combination scheme of Enteric-Coated MycoPhenolate Sodium (EC-MPS) and  

Cyclosporin A (CsA) for AD patients using CsA but experiencing side effects.

EC-MPS 2x 720mg/day

CsA 3 mg/kg/day CsA 1.5 mg/kg/day Stop CsA

Start
T=6
wks

T=10
wks

T=40
wks
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Group 3: For patients who have experienced side effects leading to cessation of CsA 

therapy a schedule with prednisone and EC-MPS is proposed. Prednisone 30 mg/day is 

given during 2 weeks. After 2 weeks the dosage of prednisone is decreased to 20 mg/day 

and EC-MPS 2x 720 mg/day is started. After 4 weeks the prednisone dosage is decreased 

to 10 mg/day during a period of 4 weeks, thereafter prednisone 5 mg/day is continued for 

2 weeks and consecutively stopped. EC-MPS (2x 720 mg) is stopped after 40 weeks.

Figure 4 | combination scheme of Enteric-Coated MycoPhenolate Sodium (EC-MPS) and  

Prednisone for AD patients with contraindications for CsA.

EC-MPS 2x 720mg/day

Prednisone
30 mg/day

Prednisone
20 mg/day

Prednisone
10 mg/day

Prednisone
5 mg/day

Stop
Prednisone

Start
T=2
wks

T=6
wks

T=10
wks

T=40
wks

T=12
wks
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III  Not only the disease activity influences quality  
of life, so how can we improve the quality of life  
in patients with AD?

In Chapter 7 one of the findings was that an individual’s decrease of 10 points in disease 

activity (measured by objective SCORAD, SASSAD and ‘rule of nines’ scoring systems) 

is accompanied by only a small decrease in QoL measured by the DLQI. We therefore 

 concluded that other factors than disease activity alone predicts QoL in patients with 

AD. We will explore these factors and evaluate if the DLQI measures these. Lastly, we will 

address the question how we can improve QoL in AD patients.

Various studies found that patients with AD experience a greater degree of anger90, 91, 

anxiety90, 92, 93 and depression94 than people without skin disease. Ginsberg et al assessed 

anger in patients with AD using measures of anxiety, anger, assertion and depression 

as well as a measure of anger effectiveness, which was designed for this study. Results 

revealed that there were significant differences between AD patients and controls (dental 

patients without skin disease) in that AD patients felt angry more readily but were less 

likely to express it and when they expressed it they were less effective in doing so. Also 

patients were more anxious and less assertive. In this study patients with psoriasis were 

included as well and it was found that AD patients were more chronically anxious than 

patients with psoriasis. The authors conclude that psychological interventions may prove 

helpful in AD.90 Hashiro et al concluded the same after reporting that patients with AD 

were more depressed and psychosomatic symptom-prone than healthy controls.94 White 

et al also found that AD patients have problems with dealing with anger and hostility  

and also have significantly high levels of anxiety.91 This has also been found by Garrie  

et al, who showed that patients with AD (n = 45) had a higher level of both State Anxiety 

(anxiety that is transitory or situational) and Trait Anxiety (anxiety which is chronic or an 

enduring personality trait) in comparison to patients with pityriasis rosea and healthy 

controls.92 Linnet et al evaluated the relationship between the severity of the disease 

using the SCORAD, the perceived DLQI and anxiety using STAI (40-question self  

administered questionnaire) evaluating State and Trait Anxiety in 32 AD patients that  

visited the outpatient clinic. ‘State anxiety’ refers to the level of anxiety felt presently 

when the person fills out the questionnaire; ‘Trait anxiety’ refers to the anxiety felt in 

general by that person.95 In comparison to the control group (hospital staff without 

AD), they found AD patients to have a lower QoL and a higher State and Trait Anxiety. 

Although the Trait Anxiety correlated with the DLQI, the State Anxiety did not. The 
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SCORAD did not correlate with State or Trait Anxiety, reflecting that anxiety in patients 

with AD is independent of the disease activity. Linnet et al also correlated the SCORAD 

to the individual questions of the DLQI. The results showed that the severity of the AD is 

primarily related to symptoms, daily activities and treatment (items 2, 3, 4 and 8 of the 

DLQI; see table 1), indicating that items related to practical care and management are 

more related to the severity of the AD. Trait Anxiety in this study was found to be primarily 

related to social, leisure and sports activities and sexual items of the DLQI (items 5, 6 and 9 

of the DLQI). This shows that disease severity and Trait Anxiety contribute independently 

to the impairment of QoL in AD.95 Using the data from Chapter 7 we also correlated the 

individual DLQI questions with the objective SCORAD. We found that at the start of the 

study only symptoms of AD correlated to the disease activity (item 1 of DLQI, r = 0.34,  

ρ = 0.011). After 6 weeks of treatment we found in concordance with the above study, 

that the severity of the AD was related to symptoms (item 1 of DLQI, r = 0.30, ρ = 0.04), 

daily activities (item 5 of DLQI, r = 0.33, ρ = 0.02) and treatment (item 10 of DLQI, r = 0.30, 

ρ = 0.04). However, we also found that sexual difficulties correlated significantly with the 

disease activity when disease was less active (item 9 of DLQI at time point t = 6, r = 0.31,  

ρ = 0.03), while this item was related to Trait Anxiety in the study by Lennet et al.  

In conclusion both Linnet et al and our study found that only some items of the DLQI 

are correlated to disease activity suggesting that other factors than only disease activity 

influence the QoL in patient with AD.

Potocka et al assessed the influence of self acceptance on the QoL in patients with AD  

and found that self image correlates with the assessment of QoL (assessed by DLQI), 

patients whose self acceptance is lower tend to assess the quality of their life as worse 

compared to those that value themselves more highly.96 Wittowski et al assessed illness 

perception in patients with AD and their study suggests that participants’ beliefs and 

emotional response are more strongly associated with the meaning they ascribe to their 

condition rather than its severity.97 In summary from literature we can conclude that 

anger, anxiety, self acceptance and illness perception are factors that influence the lives  

of patients with AD.

The DLQI of Finlay98 consists of 10 questions encompassing aspects such as symptoms 

and feelings, daily activities, work, school or leisure, personal relationships and  

side-effects of treatment. The specific questions are shown in table 1. Does the DLQI  

scoring system encompass all aspects of QoL that affect AD patients? In studies in other 
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skin diseases such as psoriasis and vitiligo, this issue has been raised and it is opted that 

there is an under representation of emotional aspects in the DLQI.99, 100 Looking at the 

questions of the DLQI they do not specifically address items such as anger, anxiety or 

illness perception. As described above these questions are important for assessing QoL 

in AD patients. Therefore only assessing the disease activity and measuring QoL with 

the DLQI does not encompass all aspects of symptoms important in patients with AD. 

Ando et al have developed a 12-item scale, the Psychosomatic Scale for Atopic Dermatitis 

(PSS-AD), consisting of three factors: (i) exacerbation triggered by stress; (ii) disturbances 

due to AD; and (iii) ineffective control. They have proposed this scale in order to help 

dermatologists efficiently evaluate the psychosomatic and psychosocial issues for adult 

AD patients.101 However, to our knowledge this scale has not been implemented in trials 

or reported to have been used in clinical practice.

The above mentioned suggests that not only disease activity influences QoL in patients 

with AD. Medical intervention is predominantly aimed at decreasing disease activity. 

Improvement of QoL in patients with AD is however, only fully achieved if also other 

factors such as anger and anxiety are decreased. Ehlers et al compared standard medical 

treatment (SMC) with four psychological treatment strategies dermatologic educational 

Table 1 | DLQI questions98

Item Question

1 Over the last week, how itchy, sore, painful or stinging has your skin disease been?

2 Over the last week, how embarrassed or self-conscious have you been because of 
your skin?

3 Over the last week, how much has your skin interfered with you going shopping or 
looking after your home or garden?

4 Over the last week, how much has your skin influenced the clothes you wear?

5 Over the last week, how much has your skin affected any social or leisure activities?

6 Over the last week, how much has your skin made it difficult for you to do any sport?

7 Over the last week, has your skin prevented you from working or studying? If ‘No’, 
over the last week, how much has your skin been a problem at work or studying?

8 Over the last week, how much has your skin created problems with your partner or 
any of your close friends or relatives?

9 Over the last week, how much has your skin caused any sexual difficulties?

10 Over the last week, how much of a problem has the treatment for your skin been, for 
example by making your home messy, or taking up time?
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program (DE), relaxation therapy (AT), cognitive/behavioural therapy (BT), and combined 

dermatologic educational program and cognitive/behavioural therapy (DEBT). At 1 year of 

follow-up, disease activity and trait anxiety were significantly reduced for all four groups. 

The DE group and DEBT group showed a significantly larger reduction in anxiety level 

than the SMC group.102 Another study evaluated changes in anxiety level and disease 

activity after six months of dynamic psychotherapy. The patients were randomly assigned 

to a psychotherapy treatment group or no-treatment group. Analysis indicated that AD 

patients with a higher level of Trait Anxiety at inclusion showed greater improvement of 

anxiety level and disease activity after psychotherapy than AD patients with a low level 

of Trait Anxiety at inclusion. Additionally, in the SMC group, AD patients with a higher 

anxiety level were more likely to discontinue the program. This suggests that a higher 

anxiety level in AD patients predicts both a larger improvement after psychotherapy and 

a higher vulnerability to non-adherence when no adequate psychological treatment is 

administered.103 

In conclusion, more attention must be paid in the assessment of AD to factors such as 

anger, anxiety, depression, self acceptance and illness perception as there is evidence 

that these factors influence QoL in addition to disease activity. It may be worthwhile to 

measure these factors as there is evidence that patients suffering from these symptoms 

can benefit from psychological interventions in addition to conventional treatment. 

Therefore the current questions in the DLQI should be adjusted for patients with AD to 

also encompass questions such as anger, anxiety and self-acceptance.



C
h

a
p

te
r 

8

135

IV  Are we in need for biomarkers to assess disease 
activity, and if yes which biomarkers can  
be used?

Recording of disease activity is essential in both therapeutic trials as well as in the  

outpatient clinics to ensure that health care interventions are effective in patients with 

AD.104 There is a wide variety of clinical scoring systems used in daily practice, clinical 

studies and RCTs. Charman et al evaluated the variation in clinical outcome methodology 

in RCTs of therapeutic interventions for AD published between January 1994 and 

December 2001.105 The conclusions of this review were: 1) great variety of clinical scales 

used, 2) poor standardisation and validation of most scales, 3) lack of consensus on 

which clinical features best reflect disease severity and 4) for most scales a substantial 

inter-observer variation. Of the 93 eligible RCTs identified using a systematic electronic 

database search strategy, 85 (91%) incorporated an objective measurement of clinical 

signs. Fifty-six different ‘‘objective’’ clinical scales were identified. Patient symptoms were 

recorded in 80 trials (86%) and disease extent in 62 trials (67%). Three scales have been 

most widely  employed and tested: Scoring Atopic Dermatitis Severity index (SCORAD), 

Eczema Area and Severity Index (EASI), and Six Area, Six Sign Atopic Dermatitis Severity 

index (SASSAD). All have shown evidence of criterion and construct validity against global 

assessments of disease severity, patient-assessed pruritus, and other variables such as 

topical steroid use. Furthermore, the patient-oriented eczema measure (POEM) meets 

most validity criteria.105 Schmitt et al have published a review that has updated the above 

and concluded that the SCORAD, EASI and POEM have been validated adequately enough 

to recommend their use in clinical trials and everyday practice.106 For other scoring 

systems there is a poor standardization and lack of proven validity. This not only hinders 

the comparison of results but also prohibits a meaningful interpretation of individual 

studies.106, 107 Additionally, there is a lack of consensus on which clinical features best 

reflect disease severity, with 31 different descriptions of clinical signs being used across all 

scoring systems.105 Lastly, a problem with all scoring systems involving visual assessment 

by physicians is the inter-observer variation. Also the most validated scoring systems such 

as the SCORAD contend with this issue.

In light of the above findings we can conclude that there is a need for a biomarker to 

assess disease activity. What makes a biomarker suitable to assess disease activity in AD? 

Ideally, a marker must be disease specific, must repeatedly show correlation with disease 

activity to one of the three most tested clinical scoring systems (SCORAD, EASI or  
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Table 2 | Biomarkers evaluated in AD.

Biomarker Elevated in AD Disease 
specific

Relation with  
disease activity AD

Scoring system used Relation with disease activity in various  
therapy regimens

Thymus and activation-regulated 
  chemokine (TARC/CCL17)

Yes108-111, 127 No127-129 Yes108-111 SCORAD108, 110, 111

SASSAD109

Relation with use of: topical corticosteroids108, 109, 
CsA109, EC-MPS130

Cutaneous T cell attracting  
  chemokine (CTACK/CCL27)

Yes109-111 No131, 132 Yes109-111 SCORAD110, 111

SASSAD109

Relation with use of: topical corticosteroids109, 
CsA109

Macrophage-derived chemokine 
  (MDC/CCL22)

Yes111-113, 133 No133, 134 Yes111-113 SCORAD111-113 Not investigated

Interleukin-16 Yes113, 114 No135, 136 Yes113, 114 SCORAD113, 114 Not investigated

Interleukin-18 Yes115, 137 No138, 139 Yes115, 116 SASSAD115

SCORAD116

Not investigated

Soluble-CD30 Yes 61, 114, 117-119, 

121-126, 130, 140-142
No123, 143, 144 Yes 117, 119, 121, 123, 125,  

126, 140, 141 

No118, 120, 124, 126, 130

SCORAD118, 120, 121, 124, 126 
Objective SCORAD123 130

Disease severity index140

Costa’s index119, 125, 141 
Unknown117

Relation with use of: CsA125, 126, 130,  
  topical corticosteroids141

No relation with use of: ketoconazole118,
  topical corticosteroids126, EC-MPS130

Eotaxin-3/CCL26 Yes145 No146 Yes145 Objective SCORAD145 Not investigated

Mucosa-associated epithelial 
chemokine (MEC/CCL28)

Yes147, 148 No147 Yes148

No147

SCORAD148

LSS148

Unknown147

Not investigated

Soluble-CD14 Yes124, 149 No150, 151 Yes149

No124

SIS149

SCORAD124

Not investigated

Soluble-CD23 Yes124, 149 No152 No124, 149 SIS149

SCORAD124

Not investigated

SASSAD) and must correlate with disease activity during various treatment regimens. 

Many biomarkers have been assessed and reported to positively correlate with disease 

activity in AD. However none of these parameters are specific for AD as can be seen 

in table 2. There are five biomarkers that are elevated in AD in comparison to healthy 

controls and correlate with the SCORAD and/or SASSAD, namely serum thymus and 

activation-regulated chemokine (TARC/CCL1)7, cutaneous T cell attracting chemokine 

(CTACK/CCL27), macrophage-derived chemokine (MDC/CCL22), interleukin (IL)-16 and 

interleukin (IL)-18. These will be further discussed below and additionally sCD30 will be 

discussed as we have assessed this biomarker in Chapter 7. 
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Table 2 | Biomarkers evaluated in AD.

Biomarker Elevated in AD Disease 
specific

Relation with  
disease activity AD

Scoring system used Relation with disease activity in various  
therapy regimens

Thymus and activation-regulated 
  chemokine (TARC/CCL17)

Yes108-111, 127 No127-129 Yes108-111 SCORAD108, 110, 111

SASSAD109

Relation with use of: topical corticosteroids108, 109, 
CsA109, EC-MPS130

Cutaneous T cell attracting  
  chemokine (CTACK/CCL27)

Yes109-111 No131, 132 Yes109-111 SCORAD110, 111

SASSAD109

Relation with use of: topical corticosteroids109, 
CsA109

Macrophage-derived chemokine 
  (MDC/CCL22)

Yes111-113, 133 No133, 134 Yes111-113 SCORAD111-113 Not investigated

Interleukin-16 Yes113, 114 No135, 136 Yes113, 114 SCORAD113, 114 Not investigated

Interleukin-18 Yes115, 137 No138, 139 Yes115, 116 SASSAD115

SCORAD116

Not investigated

Soluble-CD30 Yes 61, 114, 117-119, 

121-126, 130, 140-142
No123, 143, 144 Yes 117, 119, 121, 123, 125,  

126, 140, 141 

No118, 120, 124, 126, 130

SCORAD118, 120, 121, 124, 126 
Objective SCORAD123 130

Disease severity index140

Costa’s index119, 125, 141 
Unknown117

Relation with use of: CsA125, 126, 130,  
  topical corticosteroids141

No relation with use of: ketoconazole118,
  topical corticosteroids126, EC-MPS130

Eotaxin-3/CCL26 Yes145 No146 Yes145 Objective SCORAD145 Not investigated

Mucosa-associated epithelial 
chemokine (MEC/CCL28)

Yes147, 148 No147 Yes148

No147

SCORAD148

LSS148

Unknown147

Not investigated

Soluble-CD14 Yes124, 149 No150, 151 Yes149

No124

SIS149

SCORAD124

Not investigated

Soluble-CD23 Yes124, 149 No152 No124, 149 SIS149

SCORAD124

Not investigated

continued on page 138

Serum TARC (CCL17) and CTACK (CCL27) have recently been established as a biomarker 

for disease activity in AD. Kakinuma et al showed that serum TARC levels significantly 

correlated with the SCORAD in patients with AD. Both serum TARC and SCORAD  

decreased during treatment with topical corticosteroids. In this study TARC was also  

correlated to serum soluble E-selectin levels but only weakly correlated with serum  

sIL-2R.108 There are three studies that have evaluated both TARC as well as CTACK in  

relation to disease activity in AD. Hijnen et al found serum TARC and CTACK levels to  

correlate to the SASSAD in AD patients, when treated with topical corticosteroids and serum 

TARC levels paralleled SASSAD during treatment with CsA in a subgroup of patients.109 
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Biomarker Elevated in AD Disease 
specific

Relation with  
disease activity AD

Scoring system used Relation with disease activity in various  
therapy regimens

Soluble-CD25/ soluble IL-2 receptor Yes 115, 120, 124,  

126, 153-157
No158, 159 Yes115, 126, 153, 155-157, 160

No124, 154, 160

SCORAD124, 156, 160

SASSAD115

SIS157

Clinical severity score and rule of nines155

Clinical score Rajka and Langeland154

ASCO and SSS160

Unknown126, 153

Relation with use of: topical corticosteroids126,
  oral corticosteroids156, 157, CsA126

No relation with use of: UV, topical  
  corticosteroids, tar or antibiotics160

Eosinophil cationic protein (ECP) Yes 113, 125, 156, 157 No160-162 Yes113, 125, 156, 157, 163

No160, 164

SCORAD113, 156, 160

SIS157

Objective SCORAD164

Costa’s index125

ASCO and SSS160

Skin score163

Relation with use of: topical113 and oral156, 157  
  corticosteroids, phototherapy113, CsA125

No relation with use of: UV, topical  
  corticosteroids, tar or antibiotics160, 164

Soluble E-selectin/ endothelial  
leucocyte adhesion molecule-1 
(ELAM-1)

Yes113, 164-170 No171, 172 Yes164, 165, 167-170

No156, 166

Costa’s index165

SASSAD167

Rule of nine’s extent167

Objective SCORAD164

SCORAD156, 168, 169

Relation with use of: topical corticosteroids and  
  azelastin165, CsA167, topical corticosteroids 
  or Tar164

No relation  with use of: UVA1166, oral  
  corticosteroids156

L-selectin Yes173 No174 Yes173 Clinical score Rajka and Langeland173 Not investigated

Interleukin-4 Yes126 No175 Yes126 SCORAD126 No126

Interleukin-12 Yes176

No115

No177 No115 SASSAD115 Not investigated

Brain-derived neurotrophic  
factor (BDNF)

Yes178-180 No181 Conflicting results:
Yes178

No180

SCORAD178, 180 Relation with use of: topical corticosteroids 
  or TIM’s178 

Nerve growth factor (NGF) Yes178, 180, 182

No178, 183

No181 Conflicting results:
Yes180

No178, 180, 183

SCORAD178, 180, 183

Objective SCORAD182

EASI182

No178

Substance P Yes182 No184 Yes182 SCORAD182 Not investigated

Serum and urinary eosinophil-derived  
neurotoxin (EDN)

Yes163, 185 No186, 187 Yes163, 185 Scoring by Kigamata and Igarashi163

Clinical score Rajka and Langeland 185

Not investigated

Tissue inhibitor of metallo  - 
proteinase-1(TIMP-1)

Yes188 No189 Yes188 Costa’s index188 Not investigated

Intercellular adhesion  
molecule-1(ICAM-1)

Yes156, 166 No190 No156, 166 SCORAD156

Unknown166

Not investigated

Soluble stem cell factor (sScf)/ 
soluble tyrosine kinase  
transmembrane receptor (sKIT) 

Yes191 No192, 193 Yes191 SCORAD191 Not investigated

SCORAD = Scoring Atopic Dermatitis Severity index, LSS = Leicester Sign Score, SIS = Skin Intensity Score157,  
SASSAD = Six Area, Six Sign Atopic Dermatitis Severity index, ASCO = Clinical severity score155,  
SSS= Simple Scoring System of Atopic Dermatitis194, Costa’s index194, Clinical score Rajka and Langeland195,  
Scoring by Kigamata and Igarashi196

continued from page 137
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Biomarker Elevated in AD Disease 
specific

Relation with  
disease activity AD

Scoring system used Relation with disease activity in various  
therapy regimens

Soluble-CD25/ soluble IL-2 receptor Yes 115, 120, 124,  

126, 153-157
No158, 159 Yes115, 126, 153, 155-157, 160

No124, 154, 160

SCORAD124, 156, 160

SASSAD115

SIS157

Clinical severity score and rule of nines155

Clinical score Rajka and Langeland154

ASCO and SSS160

Unknown126, 153

Relation with use of: topical corticosteroids126,
  oral corticosteroids156, 157, CsA126

No relation with use of: UV, topical  
  corticosteroids, tar or antibiotics160

Eosinophil cationic protein (ECP) Yes 113, 125, 156, 157 No160-162 Yes113, 125, 156, 157, 163

No160, 164

SCORAD113, 156, 160

SIS157

Objective SCORAD164

Costa’s index125

ASCO and SSS160

Skin score163

Relation with use of: topical113 and oral156, 157  
  corticosteroids, phototherapy113, CsA125

No relation with use of: UV, topical  
  corticosteroids, tar or antibiotics160, 164

Soluble E-selectin/ endothelial  
leucocyte adhesion molecule-1 
(ELAM-1)

Yes113, 164-170 No171, 172 Yes164, 165, 167-170

No156, 166

Costa’s index165

SASSAD167

Rule of nine’s extent167

Objective SCORAD164

SCORAD156, 168, 169

Relation with use of: topical corticosteroids and  
  azelastin165, CsA167, topical corticosteroids 
  or Tar164

No relation  with use of: UVA1166, oral  
  corticosteroids156

L-selectin Yes173 No174 Yes173 Clinical score Rajka and Langeland173 Not investigated

Interleukin-4 Yes126 No175 Yes126 SCORAD126 No126

Interleukin-12 Yes176

No115

No177 No115 SASSAD115 Not investigated

Brain-derived neurotrophic  
factor (BDNF)

Yes178-180 No181 Conflicting results:
Yes178

No180

SCORAD178, 180 Relation with use of: topical corticosteroids 
  or TIM’s178 

Nerve growth factor (NGF) Yes178, 180, 182

No178, 183

No181 Conflicting results:
Yes180

No178, 180, 183

SCORAD178, 180, 183

Objective SCORAD182

EASI182

No178

Substance P Yes182 No184 Yes182 SCORAD182 Not investigated

Serum and urinary eosinophil-derived  
neurotoxin (EDN)

Yes163, 185 No186, 187 Yes163, 185 Scoring by Kigamata and Igarashi163

Clinical score Rajka and Langeland 185

Not investigated

Tissue inhibitor of metallo  - 
proteinase-1(TIMP-1)

Yes188 No189 Yes188 Costa’s index188 Not investigated

Intercellular adhesion  
molecule-1(ICAM-1)

Yes156, 166 No190 No156, 166 SCORAD156

Unknown166

Not investigated

Soluble stem cell factor (sScf)/ 
soluble tyrosine kinase  
transmembrane receptor (sKIT) 

Yes191 No192, 193 Yes191 SCORAD191 Not investigated

SCORAD = Scoring Atopic Dermatitis Severity index, LSS = Leicester Sign Score, SIS = Skin Intensity Score157,  
SASSAD = Six Area, Six Sign Atopic Dermatitis Severity index, ASCO = Clinical severity score155,  
SSS= Simple Scoring System of Atopic Dermatitis194, Costa’s index194, Clinical score Rajka and Langeland195,  
Scoring by Kigamata and Igarashi196
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In children there are two studies that show that serum TARC and CTACK levels are 

significantly correlated with disease severity both in children with AD and in children with 

non-atopic AD.110, 111 Both TARC and CTACK are specific for AD within the atopy syndrome 

and are not elevated in allergic asthma or allergic rhinitis.109 

In adults with AD, it has been shown that also MDC positively correlates with SCORAD in 

patients with AD and in this particular study MDC was also found to significantly correlate 

with serum soluble E-selectin (sE-selectin), serum soluble interleuking-2 receptor (sIL-2R) 

and serum TARC levels.112 Angelova et al compared four different serum parameters, 

IL-16, MDC, sE-selectin and eosinophil cationic protein (ECP) and related them to disease 

activity (SCORAD). They were measured before and after treatment with various topical 

treatments, phototherapy and systemic corticosteroids. IL-16 showed the most  

convincing correlation to the clinical score in all therapy regimens, followed closely  

by ECP and MDC. sE-selectin only had a tendency to correlate with the clinical score.113  

In children with AD, Frezzolini et al also found a positive correlation between  

circulating IL-16 levels and SCORAD.114 

Yoshizawa et al evaluated various cytokine levels in AD including IL-18 and found that 

it was elevated in patients with AD in comparison to healthy controls. Furthermore, the 

levels of IL-18 correlated to the SASSAD score.115 Another study that evaluated IL-18 in 

relation to disease activity in children, the serum levels of IL-18 significantly correlated to 

the SCORAD.116 

The conclusion we can make from the above investigations is that TARC is the most 

reliable biomarker at this moment to assess disease activity in AD and has found to be 

elevated specifically in AD, looking within the atopy syndrome.109

Several studies have shown that sCD30 is increased in serum of adults117, 118 and  

children119, 120 with AD. In literature, sCD30 has been related to disease activity, Di Lorenzo 

et al and Folster-Holst et al reported that sCD30 levels correlated significantly with disease 

activity (SCORAD) in adults with AD.121, 122 In children, both Frezzolini et al and Heshmat  

et al found that there was a correlation between disease activity (Costa score and  

objective SCORAD respectively) and levels of sCD30.119, 123 However, in contrast to the 

above, two studies in children with AD did not observe a correlation between sCD30  

and disease activity (SCORAD).120, 124 In Chapter 8 we reported that disease activity and 
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sCD30 correlations were dependent on the type of therapy. We found a positive  

correlation between sCD30 and disease activity (objective SCORAD) during therapy 

with CsA. During EC-MPS therapy there was no correlation between sCD30 and disease 

activity. However, serum TARC levels and SCORAD correlated during both therapy  

regimens. Caproni et al showed a positive correlation between sCD30 levels and severity 

of disease in 10 patients treated with CsA.125 This was confirmed in a study that compared 

the serum sCD30 levels in 10 adults treated with CsA (n = 5) or topical corticosteroids 

(n = 5), although a reduction of sCD30 was seen in CsA treated patients, this was not 

seen in patients treated with topical corticosteroids.126 An explanation for this finding is 

the very small study population with only five patients in each group. Two other studies 

that were not primarily designed to evaluate sCD30 levels and disease activity both show 

that sCD30 did not significantly decrease after treatment of AD with ketoconazole118 or 

azathioprine.61 Therefore, based on literature and our study we can conclude that sCD30 

is not a suitable biomarker in AD.

In conclusion, the need for a suitable biomarker in AD is urgent because clinical scoring 

scales have limitations. There is always an inter-observer variation even with the most 

tested scales. From our study and recent literature it can be concluded that TARC is the 

most suitable biomarker to date. It is specific for AD within the atopy syndrome and has 

shown to correlate with disease activity during various therapy regimens.

Final conclusions
The following general conclusions can be drawn from this thesis.

• 30% of patients with moderate to severe AD have low BMD

• If limited to safe amounts, topical corticosteroids do not induce systemic side effects 

such as decrease in BMD or glaucoma/cataract in AD.

• EC-MPS is safe and, if properly scheduled, effective as maintenance therapy for patients 

with severe AD.

• Apart from disease activity also other factors like anger, anxiety and depression 

influence QoL in patients with AD. 

• TARC is superior to sCD30 and is at present probably the best biomarker to evaluate 

disease activity in AD.
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Summary
In this thesis two challenges in the treatment of patients with atopic dermatitis (AD)  

are investigated, safety and efficacy of treatment. Firstly the studies on safety of treatment 

with respect to systemic side effects of  topical corticosteroids will be summarised  

and secondly an overview about the studies on efficacy of treatment with oral  

immunosuppressive drugs will be presented. Lastly, the general conclusions that  

we have drawn from this thesis are described.

Topical corticosteroids have been one of the cornerstones of treatment of AD for more 

than 40 years. However, fear about using topical corticosteroids (corticophobia) has 

important implications for the compliance of application of topical corticosteroids in AD 

patients. Besides patients, also doctors are concerned about the side effects as it has been 

shown that one in four patients may be under prescribed by his or her doctor. Possible 

systemic side effects due to absorption of topical corticosteroids are decrease of bone 

mineral density (BMD) and development of glaucoma and cataract. In Chapter 2, 3 and 4 

we measured BMD and assessed the occurrence of glaucoma and cataract in patients with 

moderate to severe AD and related this to the use of topical corticosteroids. 

In Chapter 2 we reported that one third of 125 patients with moderate to severe AD were 

found to have low BMD. Surprisingly it were predominately males that had a low BMD, 

epidemiologically not the gender at risk. In our cross-sectional study there was no  

difference in the cumulative use of topical corticosteroids in the 5 years prior to  

investigation, between patients with a low BMD and normal BMD. Although we did find  

a trend towards an increased risk of low BMD with higher use of topical and oral  

corticosteroids. Additionally, the effect of inflammation on BMD was difficult to study  

but cannot be eliminated as one of the causes of low BMD. 

Chapter 3 describes the follow-up study where we did not find a significant difference 

in change of BMD between patients who had used ‘low’ or ‘high’ amounts of topical 

corticosteroids during two year follow-up. We found only a small decrease in BMD over 

time. Further follow-up studies are necessary to estimate after which time period this will 

become clinically relevant. 

In Chapter 4 we investigated the occurrence of glaucoma and cataract in patients with AD 

and related this to the use of moderately potent topical corticosteroids on the eyelids and 
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in general on other body parts. In this study we found that the use of topical  

corticosteroids on the eyelids with a mean frequency of 4 days per week for several 

months was safe and that the use of predominantly class III (European and US  

classifications) topical corticosteroids with use up to 2400 grams/year did not result in 

glaucoma or cataract development. We advise patients with AD on their eyelids and 

periorbital region to treat their eczema with topical corticosteroids but intermittent use 

is advocated. However, patients with AD using systemic or intraocular corticosteroids and 

patients with risk factors should regularly be screened for signs of glaucoma and cataract. 

In patients with severe AD potent topical corticosteroids may not be sufficient,  

demanding additional systemic immunosuppressive drugs. To date, Cyclosporin A (CsA) 

is the only registered oral immunosuppressant for the treatment of AD and efficacy has 

been proven. However, side effects such as renal function impairment and hypertension 

limit their use and therefore there is need for alternative immunosuppressant drugs 

to treat AD. Therefore, we performed a randomized controlled trial comparing Enteric-

Coated MycoPhenolate Sodium (EC-MPS) to CsA as maintenance therapy in adult patients 

with AD, which is described in Chapter 5. The results of this study show that EC-MPS is 

clinically effective, has a mild side effect profile and is a good alternative to CsA in adults 

with AD.  At the start of therapy with EC-MPS the clinical effect is delayed, however the 

clinical remission after stopping EC-MPS lasts longer compared to CsA. 

Clinical disease activity scores evaluate disease severity and extent but do not measure 

the impact of the skin disease. Quality of life (QoL) measurement assesses burden of 

illness and can be used to evaluate outcomes of medical treatment. In Chapter 6 we  

assessed the relation between QoL and disease activity in adult AD patients before and 

after 6 weeks treatment with CsA 5mg/kg. We found that disease activity correlated better 

with QoL when disease activity was less severe, that disease extent (‘rule of nines’ score) 

correlated better with QoL than disease severity, and that an individual’s improvement 

of 10 points in disease activity was accompanied by only a small improvement in QoL. 

Therefore, other factors besides disease activity probably influence QoL in AD.

The disadvantage of all clinical disease activity scores is that there is inter-observer  

variation. Therefore, a biomarker to assess disease activity is needed to eliminate this 

variation. In Chapter 7 we assessed soluble CD30 (sCD30) and thymus and activation-

regulated chemokine (TARC) as disease activity markers for AD during the use of EC-MPS 
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and CsA. We found a positive correlation between sCD30 and disease activity (objective 

SCORAD) during maintenance therapy with CsA. However, during EC-MPS maintenance 

therapy there was no correlation between sCD30 and disease activity. We found that 

serum TARC levels and objective SCORAD correlated during both maintenance therapy 

regimens. We can therefore conclude that sCD30 is not suitable as biomarker for  

assessment of disease activity in AD.

The following general conclusions can be drawn from this thesis. 

• Approximately 30% of patients with moderate to severe AD have low BMD. 

• If limited to safe amounts as advised by the Dutch guidelines (on average not more 

than 100gr/week for class III and 30 - 60g/week for class IV), topical corticosteroids do 

not induce systemic side effects such as decrease in BMD or glaucoma/cataract in AD. 

• EC-MPS is safe and, if properly scheduled, effective as maintenance therapy for patients 

with severe AD.

• Apart from disease activity also other factors like anger, anxiety and depression 

influence QoL in patients with AD. 

• TARC is superior to sCD30 and is at present probably the best biomarker to evaluate 

disease activity in AD. 
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Samenvatting
In dit proefschrift zijn twee klinische uitdagingen in de behandeling van patiënten met 

constitutioneel eczeem (CE) onderzocht, namelijk veiligheid en effectiviteit van therapie. 

Als eerste zullen de bevindingen over veiligheid van lokale corticosteroïden (hormoon-

zalf ) worden samengevat. Als tweede zal de effectiviteit van orale immunosuppressiva in 

de behandeling van patiënten met CE besproken worden. Als laatste zullen de algemene 

conclusies van dit proefschrift weergegeven worden.

Lokale corticosteroïden zijn al meer dan 40 jaar de hoekstenen van de behandeling van 

CE. Maar de angst voor bijwerkingen (corticofobie) beïnvloedt de therapie trouw. Niet 

alleen bij patiënten heerst er angst maar ook bij artsen, geïllustreerd door het feit dat een 

op de vier artsen niet voldoende corticosteroïden voorschrijft aan de patiënt. Mogelijke 

systemische bijwerkingen die kunnen optreden als lokale corticosteroïden geabsorbeerd 

worden zijn onder andere verlaging van de botdichtheid, wat uiteindelijk kan leiden 

tot botontkalking en het vóórkomen van glaucoom en cataract (staar). In hoofdstukken 

2, 3 en 4 van dit proefschrift hebben we de botdichtheid gemeten en hebben we het 

voorkomen van glaucoom en cataract onderzocht bij patiënten met CE en dit gerelateerd 

aan het gebruik van lokale corticosteroïden.

In Hoofdstuk 2 hebben we laten zien dan een derde van de 125 onderzochte CE 

patiënten een verminderde botdichtheid had. Tegen onze verwachting in waren er twee 

keer zo veel mannen als vrouwen in deze groep. In dit onderzoek was er geen verschil 

in het cumulatieve gebruik van lokale corticosteroïden in de 5 jaar voorafgaand aan 

het onderzoek tussen de groep met een verlaagde botdichtheid en de groep met een 

normale botdichtheid. Wel vonden wij dat er een neiging was tot een lagere botdichtheid 

naarmate er meer lokale en orale corticosteroïden gebruikt werden. Inflammatie, een 

andere mogelijke oorzaak voor verlaagde botdichtheid kon in deze studie niet goed 

worden onderzocht, maar kan niet afgeschreven worden als een van de oorzaken van 

verlaagde botdichtheid bij onze patiënten.  

Wij hebben na 2 jaar opnieuw de botdichtheid gemeten bij een groot gedeelte van de 

CE patiënten uit het vorige onderzoek en dit is beschreven in Hoofdstuk 3. Er was geen 

significante verandering in botdichtheid tussen de groepen die gemiddeld weinig lokale 

corticosteroïden gebruikt hadden en die gemiddeld veel lokale corticosteroïden gebruikt 

hadden (nog binnen de geadviseerde veilige hoeveelheid). Er was in zijn geheel weinig 
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afname van botdichtheid in dit tijdsbestek. Vervolgstudies zijn nodig om na te gaan  

wanneer een klinisch relevante daling zal optreden.

In Hoofdstuk 4 onderzochten we het vóórkomen van glaucoom en cataract in patiënten 

met CE en relateerden dit aan het gebruik van lokale corticosteroïden op de oogleden en 

het gebruik op het gehele lichaam. In deze studie vonden we dat het gebruik van potente 

lokale corticosteroïden op de oogleden met een gemiddelde frequentie van 4 dagen 

per week gedurende een aantal maanden veilig was. Daarnaast leidde het gebruik van 

sterke lokale (klasse III) corticosteroïden tot 2400gr/jaar niet tot glaucoom of cataract. 

We adviseren daarom CE patiënten met eczeem op hun oogleden dit intermitterend 

met lokale corticosteroïden te behandelen. Wel is controle van de ogen nodig wanneer 

patiënten corticosteroïden bevattende oogdruppels of orale corticosteroïden gebruiken 

en wanneer er risico factoren aanwezig zijn voor glaucoom of cataract omdat dan de 

risico op glaucoom en cataract groter is. 

In patiënten met ernstig CE kan de behandeling met potente lokale corticosteroïden 

onvoldoende zijn and is behandeling met orale immunosuppresiva geïndiceerd. Tot op 

heden is Ciclosporine A (CsA) het enige middel dat geregistreerd is voor de behandeling 

van CE and zijn effectiviteit is bewezen in diverse studies. Echter, CsA gebruik kan gepaard 

gaan met bijwerkingen zoals achteruitgang van de nierfunctie en hoge bloeddruk (beide 

reversibel als tijdig ontdekt) waardoor het gebruik gestaakt moet worden. 

Daarom hebben wij een gerandomiseerd onderzoek verricht om een ander middel, 

Enteric-Coated MycoPhenolate Sodium (EC-MPS), te vergelijken met CsA als onderhouds-

behandeling voor patiënten met ernstig CE (Hoofdstuk 5). Dit onderzoek liet zien dat 

EC-MPS effectief is, er milde bijwerkingen voorkomen en het een goed alternatief is voor 

CsA in de onderhoudsbehandeling van CE. Wel moet er rekening gehouden worden dat 

het een aantal weken duurt voordat EC-MPS effectief is. Daar tegenover staat dat na het 

staken, het eczeem van patiënten minstens 3 maanden rustig blijft.

Klinische meetinstrumenten voor ziekte activiteit kunnen goed de ernst en 

uitgebreidheid  meten maar meten niet het effect van de ziekte op de patiënt. Om het 

effect van de ziekte op de patiënt te meten zijn kwaliteit van leven vragenlijsten gemaakt, 

die ook veel gebruikt worden om het effect van behandeling te meten. In Hoofdstuk 6 

hebben we de relatie tussen kwaliteit van leven en ziekte activiteit onderzocht, voor en 
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na behandeling van het eczeem met CsA 5mg/kg/dag. In dit onderzoek vonden wij dat 

ziekte activiteit beter correleert met kwaliteit van leven als de ziekte minder ernstig is, 

dat de uitgebreidheid van de ziekte (in tegenstelling tot de ernst) beter met kwaliteit van 

leven correleert en dat als een patiënt 10 punten verbeterd in ziekte activiteit (beschouwd 

als een relevante verbetering) dit gepaard ging met maar een hele kleine verbetering in 

kwaliteit van leven. Deze bevindingen suggereren dat er andere factoren dan alleen de 

ziekte activiteit invloed hebben op de kwaliteit van leven van patiënten met CE.

Het grootste nadeel van alle klinische meetinstrumenten voor ziekte activiteit is de inter-

observer variatie. Daarom is een biomarker nodig om ziekte activiteit te meten zonder 

deze inter-observer variatie. In Hoofdstuk 7 hebben we twee biomarkers, soluble CD30 

(sCD30) en thymus and activation-regulated chemokine (TARC), onderzocht bij patiënten 

die CsA of EC-MPS gebruikten. Er was een correlatie tussen sCD30 en ziekte activiteit 

tijdens CsA onderhoudsbehandeling maar niet tijdens EC-MPS onderhoudsbehandeling. 

Dit in tegenstelling met TARC, wat correleerde met ziekte activiteit tijdens zowel CsA als 

EC-MPS onderhoudsbehandelingen. We kunnen daarom concluderen dat sCD30 geen 

geschikte biomarker is om ziekte activiteit weer te geven in CE.

De volgende algemene conclusies hebben we getrokken naar aanleiding van het  

onderzoek in dit proefschrift. 

• Ongeveer 30% van patiënten met matig tot ernstig CE hebben een verlaagde  

botdichtheid.

• Wanneer gebruik van potente lokale corticosteroïden beperkt wordt tot veilige  

hoeveelheden zoals geadviseerd door Nederlandse richtlijnen (niet meer dan  

gemiddeld 100gr/week voor klasse III en 30 - 60gr/week voor klasse IV) zullen ze  

systemische bijwerkingen zoals verlaging van botdichtheid en glaucoom en  

cataract niet veroorzaken. 

• EC-MPS is een veilig en goed alternatief als onderhoudsbehandeling voor patiënten 

met ernstig CE mits er rekening wordt gehouden dat het na starten langer duurt 

voordat EC-MPS effectief is in vergelijking tot CsA. 

• Er zijn andere factoren die naast de ziekte activiteit invloed hebben op de kwaliteit van 

leven bij patiënten met CE. 

• TARC is tot nu toe de beste biomarker gebleken en heeft de  voorkeur boven sCD30 om 

de ziekte activiteit te meten bij CE.
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Dankwoord
Vijf jaar na de start van het onderzoek is dit proefschrift een feit. Er zijn momenten 

geweest dat het afronden van dit proefschrift ver weg leek, maar uiteindelijk is het toch 

goed gekomen. Nu is het tijd om een aantal mensen persoonlijk te bedanken.

Veelal beginnen dankwoorden met het verwijzen naar patiënten zonder wie het onder-

zoek niet mogelijk geweest was. Dit is meer dan een vanzelfsprekendheid. Ik heb veel 

geleerd van het werken met mijn patiënten, en heb de hoop dat de bevindingen van dit 

onderzoek bijdraagt aan hun welzijn.

Carla (Bruijnzeel-Koomen, promotor), jij hebt me aangenomen na mijn wetenschappelijke 

stage om dit promotietraject te mogen verrichten. Het zijn niet altijd gemakkelijke tijden 

geweest en ik waardeer je positieve instelling. Je hebt me weten te motiveren wanneer 

het nodig was. Ik wil je bedanken voor de vele uren die je in mijn onderzoek hebt  

gestoken. Dank voor je begeleiding op wetenschappelijke vlak en ook op het gebied  

van de internationale dermatologische congressen, met als hoogtepunt Kyoto, Japan. 

Mirjam (Knol, co-promotor), jouw kritische blik, heldere uitleg en statistische en  

epidemiologische hulp heb ik erg gewaardeerd. Het is een eer om jouw eerste  

promovendus te zijn en ik heb meer dan eens jouw proefschrift erbij gepakt om  

te zien hoe jij het hebt aangepakt. Dank dat je mijn co-promotor wilde zijn.

Marjolein (de Bruin-Weller, begeleider van het eerste uur), jij heb me als onderzoeker 

aangenomen in mijn 6e jaar en hebt er deels ook voor gezorgd dat dit onderzoek mijn 

promotietraject is geworden. Ik wil je bedanken voor je begeleiding en enthousiasme 

waarmee je lange tijd onze ‘eczeemmoeder’ bent geweest. 

Alle onderzoekers die me voorgingen in het academiegebouw wil ik bedanken voor hun 

goede voorbeeld, maar in het bijzonder DirkJan Hijnen en Marja Oldhoff.

DirkJan, jouw enthousiasme en energie waren af en toe jaloersmakend maar het was 

soms wel rustig als je een dagje thuis ging werken. Ik wil je vooral bedanken dat je altijd 

bereid was om te helpen, zowel met computers als adviezen over het onderzoek. Ook bij 

jullie thuis ben ik altijd welkom en daar wil ik Suzan ook voor bedanken. 

Marja, toen ik tijdens mijn co-schap een middagje met je meeliep, heb je me enthousiast 

gemaakt voor het doen van onderzoek. Dankzij jou ben ik toen in contact gekomen met 
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Marjolein en dit proefschrift is daar uiteindelijk het resultaat van. 

Daarnaast heeft Linda Timmer het onderzoek een tijdje overgenomen. Linda, bedankt 

voor de goede samenwerking en voor al je hulp.

Tijdens het promotie- en opleidingstraject ben ik gelijk opgetrokken met Onno ten Berge. 

Onnie, we zijn samen aan het onderzoek begonnen en hebben beiden goede en slechte 

tijden meegemaakt. Gelukkig niet op dezelfde momenten, waardoor we elkaar weer 

konden oppeppen om de lol van het onderzoek weer terug te vinden. Ik vind het dan ook 

erg leuk dat wij binnen een week beiden hopen te promoveren! Zo meteen is er weer tijd 

voor het surfen en natuurlijk voor je gezin.

Ook wil ik mede-eczeemonderzoeker Sara van Velsen bedanken. Sara, je bent voor een 

gedeelte verder gegaan waar ik gebleven was en bedankt voor al je (onderzoeks)hulp. 

Veel succes met het afronden van je proefschrift en je opleiding in Amsterdam. Ook de 

andere onderzoekers die bezig zijn met onderzoeken en schrijven, heel veel succes. Alle 

studenten die bijgedragen hebben aan het onderzoek – Petra, Marije en Marjolein – wil ik 

danken voor de inzet.

Voor het onderzoek in het lab zijn er een aantal mensen belangrijk geweest. Edward Knol, 

Evert Nijhuis, Annemieke van Kraats en Marloes Laaper-Ertmann, dank voor de samen-

werking en de vele uurtjes die jullie aan het onderzoek hebben besteed. Ook wil ik de 

andere collega’s en oud collega’s bedanken. Adrie, Anke, Ans, Barbara, Bert, Chantal, Els, 

Helma, Ilse, Janneke, Jos, Kees, Laura, Laury, Maarten, Marlies, Maurice, Mayke, Peter, Titia, 

Rob en Yoony, jullie interesse en betrokkenheid tijdens het onderzoek waren waardevol. 

We vormden een goed team op sportief gebied om het longen lab te verslaan. Mensen 

van het longen lab bedankt voor jullie gezelligheid en sportiviteit.

Alle arts assistenten, Andy, Anke, Annebeth, Dirkjan, Dorothee, Edwin, Elmer, Hoo-Yin, 

Kim, Lonneke, Marlies, Maurice, René, Petra, Peter en Thuy-My, bedankt voor jullie begrip 

en interesse in het onderzoek en voor de gezelligheid van de afgelopen jaren.

Beide dames van het stafsecretariaat, Jantine en Miranda, bedankt voor jullie interesse en 

luisterend oor de afgelopen jaren en voor al jullie hulp. 

Alle staf en andere collega’s op de staf gang bedankt voor jullie interesse. 

Dames van de allergie poli, alle verpleegkundigen op zaal en van het MES, bedankt voor 
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jullie hulp en betrokkenheid bij het onderzoek. Ook de dames van de poli dermatologie 

wil ik bedanken voor de samenwerking.

Ik wil al mijn vrienden en vriendinnen bedanken voor alle gezelligheid, belangstelling en 

begrip als ik weer eens een tijdje niets van me liet horen. Huisgenoten en vrienden van 

Niels, bedankt voor de gezellige tijd op de Griet en daarbuiten.

Bij het promoveren komt meer kijken dan alleen het inhoud van dit boekje en daarvoor 

wil ik mijn paranimfen Stans den Hartog Jager en Marjolein van Olst bedanken. Ook wil ik 

Debby van Hees die dit boekje heeft vormgegeven bedanken.

Lieve Stans, wij zijn tegelijkertijd begonnen in het UMC. Jij aan je eerste baan en ik als 

student. Al snel zijn we vriendinnen geworden en daar ben ik nog altijd heel erg blij 

mee. Of het nou over waterpolo, werk, kinderen of iets anders gaat, uitgekletst raken we 

eigenlijk nooit. Soms tot grote verbazing van Jeroen en Niels. Bedankt dat je er altijd voor 

me bent en ook op 2 december! 

Lieve Marjolein, toen ik vroeg of je mijn paranimf wilde zijn, dacht je dat een paranimf een 

soort fee was met lange zwarte laklaarzen. Wat een paranimf is, was je al snel duidelijk 

en zoals verwacht kunnen we het regelen van feestjes wel aan jou overlaten. Samen met 

Stans vorm je een goed team en ben ik blij dat jullie aan mijn zijde willen staan. Bedankt 

voor alle gezelligheid en bakkies thee waar ik voor aan kon kloppen zelfs aan het eind van 

de avond.

Lieve Debby, dank voor het vormgeven van de binnen- en buitenkant van mijn boekje  

en dat je hebt weten omgaan met mijn besluiteloosheid op sommige momenten.  

Het resultaat mag er zijn! Leuk dat je in Utrecht komt wonen, kunnen we onze  

gezellige borrels nu bij jou thuis voortzetten.

Opgroeien met een broertje met ernstig eczeem heeft onbewust meegeholpen aan mijn 

keuze voor de dermatologie en eczeemonderzoek. Ian, ondanks dat je niet altijd het 

advies van je grote zus wil horen, ben ik blij dat je soms wel een beetje naar me luistert! 

Joost, jij bent inmiddels anderhalf jaar bezig met je promotietraject en dat we allebei ooit 

zouden gaan promoveren had niemand kunnen voorspellen. Dat je geen echt probleem 

hebt met je ratten ombrengen verbaast me niet, ik wens je veel onderzoeks plezier en 

succes toe.
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Lieve mams en paps, bedankt voor jullie opvoeding en steun. De leuke jeugd in Afrika 

en de stimulatie om er uit te halen wat er in zit heeft er mede voor gezorgd dat ik ga 

promoveren. Pap, bedankt voor al je advies vooral als het even niet zo goed ging en het 

kritisch lezen van mijn manuscripten wanneer nodig. Mam, ik ben blij dat ik altijd bij je 

terecht kan en we lekker kunnen kletsen over van alles en nog wat. Jullie verhuizingen 

steeds verder naar het zuiden hebben daar gelukkig geen verandering in gebracht.

Lieve Niels, je was bang dat ik je zou vergeten in mijn dankwoord maar dan zou het nooit 

af zijn! Ik ben blij dat ik je ontmoet hebt voordat ik aan dit promotietraject begon. Jouw 

steun, begrip en luisterend oor is van onmisbare waarde geweest. Je kookkunsten en het 

schoonmaken ook ;-). Gelukkig kunnen we binnenkort samen allemaal leuke dingen doen 

en hopelijk met meer dan alleen met z’n tweeën. Lieverd ik hou van je!
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