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General Introduction



(Occupational) Contact Dermatitis

and ACD have similar clinical features and morphology, their pathophysiology 

In the health sector, the hands are the most affected part of the body. The 

the same study, a higher prevalence of symptoms related to HD was reported 

Netherlands seems low, however the prevalence rates of occupational HD vary 
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. Due to more strict infection control programs and hand 

exceeds €5 billion spent on treatment, compensation, and loss of productivity 

Etiology

ICD develops primarily upon exposure to chemical or physical irritants, which 

1



Fig. 1. Immune mechanism in the pathogenesis of ICD, ACD, and AD. Source: Julia K. 
Gittler, JACI 2013. (32)



Diagnostics of ICD and severity assessment

The diagnostics of HD is based on etiology when possible, and morphology 

etiologically different subtypes, as ICD, ACD and AD share morphological 

of ACD by patch testing and exposure assessment, both occupational and 

detailed anamnesis, including history of previous or current AD may be helpful 

that cannot be explained from exposures to irritants and allergens or from 

appropriate prevention and management.

developed for the assessment of the disease severity of HD, mostly including 

Validation by experts demonstrated excellent agreement for both inter- and 

1



relatively fast and easy evaluation of HD by occupational health professionals. 

The inter-observer reliability showed to be good. Comparative studies showed 

guide which illustrate various degrees of severity of hand dermatitis based on 

severity level four photographs are presented. Additionally, use of explicit verbal 

Prognosis and Therapy

with varying follow-up periods, patients with occupational CD were reported to 

Prognosis can negatively be affected by various factors such as atopy, contact 

Immediate treatment is recommended once diagnosis is established. This 

should be tailored to the severity of disease and broadly corresponds with 

management of AD. A complete emollients regiment and avoidance of irritants 

treatment for moderate to severe HD. They are very effective in the short 

term, but may inhibit repair of the stratum corneum causing adverse effects 

may be considered for long-term treatment, although there is moderate evidence 

phototherapy should be considered, with the condition that frequent clinic visits 

and the time it requires is acceptable for patients. Recently, home phototherapy 



to phototherapy, is systemic treatment. This is considered only after initial 

and costs should be emphasized regarding patients. Alitretinoin has been 

seems to be the only registered systemic treatment option for all types of severe 

is continued for 3-6 months, during which blood pressure and creatinine are 

monitored. If alitretinoin, acitretin and cyclosporine are unsatisfactory, there 

Skin Barrier

Structure and composition

which are continuously formed and divided in the basal layer migrating up to 

1



by mortar representing the intercellular lipid bilayers. The rigid organization of 

role in binding water molecules in the SC contributing to SC hydration. Hydration 

of the SC is furthermore regulated by highly organized intracellular lipids and 

a mixture of small hygroscopic molecules referred to as natural moisturizing 

Effects of irritants on the skin barrier

dependent on the intrinsic properties of the irritant, exposure pattern and dose 

leading to corneocyte swelling, which on its turn will affect a rigid organisation 

both, lipids and proteins of the SC. Regarding the interaction of detergents with 



which introduces new water binding sites and consequently hyperhydration of 

its effect on lipids and SC proteins, SLS particularly demonstrated to strongly 

Other common irritants in the health care sector are organic solvents, such 

as ethanol, iso- and n-propanol, which are used in hand sanitizers. Alcohols, for 

example n-propanol, are shown to denaturate the SC proteins and exert various 

irritant-effects by changing activity of proteases involved in homeostasis of the 

Assessment of skin irritation

Bioengineering parameters: erythema, TEWL and capacitance

irritation. Classic techniques involve measurements of transepidermal water 

bioengineering parameter is the SC surface hydration which can be determined 

Biochemical parameters: NMF and cytokines

removed by adhesive tapes. Among most frequently determined biochemical 

1



Morphological parameters: corneocyte surface morphology

Recently, atomic force microscopy demonstrated to be a robust method to 

study changes in the corneocyte surface topography in tape strips collected 

of protrusions was associated with impaired corneodesmosome degradation, 

Restoration of the skin barrier

Dry skin

composition and organization of the lipid layers and furthermore on the levels of 

exposure to water, surfactants, alcohols and even contact allergens which have 



Management of dry skin: moisturizers

Based on the underlying mechanism, there are several classes of formulations 

Occlusives.

fatty acids, fatty alcohols and waxes that provide an occlusive layer over the 

moisturizers are least acceptable for users due to the greasy feel.

Humectants contain hygroscopic compounds that attract water from the 

In terms of user acceptance, humectants are preferred above ointments as 

1



Fig. 2. How the eczema affects the skin barrier. Source: Cork et al., British Journal of 
Nursing 2009 (82)

Fig. 3. The effect of occlusive emollients on the skin barrier. Source: Cork et al., British 
Journal of Nursing 2009 (82)

Fig. 4. The effects of moisturizers affecting NMF. Source: Cork et al., British Journal of 
Nursing 2009 (82)



Preventive strategies for (occupational) hand dermatitis

Interventions are traditionally considered to operate at three different levels of 

prevention: primary, secondary and tertiary. Primary prevention includes the 

traditional hierarchy of controls including elimination or substitution, engineering 

controls, administrative controls, personal protective equipment and education. 

stages of disease, prevention of progression, inducing behavioural change and 

methods used at the secondary prevention level, it is particularly implemented 

elimination or substitution of harmful exposures by technical and organisational 

measures. However, in practice this is often impossible, e.g. the in health care 

sector use of soaps and disinfectants are strictly regulated to comply with 

effectiveness of these measures. Therefore, most of prevention programs for 

different strategies aiming at prevention of occupational hand dermatitis will 

be given.

Organizational Measures: reducing harmful exposures

Elimination and Substitution

which limit the amount of leachable protein in latex gloves, chromate-free 

when hands are not visibly soiled, use of alcohol based disinfectants instead 

1



of hand washing are recommended in current guidelines on the prevention of 

hand dermatitis. The harmful effects of detergents have been demonstrated in 

Personal protection

If elimination or substitution are not feasible, a set of preventive measures are 

review, six studies were included which investigated the effects of moisturizers 

of hand creams regarding decrease in period prevalence, however only in 

consistent evidence that good hand care, including educational programs and 

Moisturizers are also studied as a part of successful multi-component 

each individual component in these type of intervention are however not clear, 

Although the evidence for the effectiveness of hand creams in prevention 

guidelines do not specify the type of hand creams, as the evidence body for 



biological or physical hazards, however in the case of long wearing times it is 

recommended that thin cotton gloves are worn under the outer gloves to limit 

Educational programs

of evidence was considered very low, as the results varied substantially across 

The effect of education as a secondary prevention measure in patients with HD 

Table 1.

occupational HD. Source: Agner et al., Contact Dermatitis 2002. (137)

2.

3. Protective gloves should be used when necessary but for as short a time as possible

4. Protective gloves be intact and clean and dry inside

5.

worn underneath

6.

7.

8.

lipid-rich moisturizer free from fragrances and with preservatives having the lowest 

allergen potential

9.

warm gloves when going outside in winter

1



Monitoring hand care practices

prevent occupational HD, following successful hygiene strategies.

Hand hygiene studies describing interventions that include behavioural 

considered to be the gold standard, but many limitations of this method, 

including the Hawthorne effect, have been addressed over the past few years.

about compliance rates gathered by monitoring are provided to staff, it seems 

monitoring systems using electronic counting devices placed inside dispensers 

cream use, thought to drive improvement when regularly communicated to 

The gains of these systems allow for minimal resources once installed, no 

observation and self-reporting, electronic monitoring also has its limitations 

in terms of practicality and accuracy. Nonetheless, it has shown to improve 

hypothesized that a similar approach would have potential to improve hand 
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on provision of hand creams, continuous electronic monitoring and repeated 

Aims of this thesis

was to assess 

the effectiveness of an intervention program. In the second part, we aimed to 

Part I Intervention study in healthcare workers

Chapter 2, 3 and 4

effectiveness of an intervention program aimed at reducing HD symptoms by 

Chapter 3 focuses on two questions:

Chapter 4 discusses whether a new technology in the form of electronic 

PART II Investigating the in vivo effects of commonly used irritants on the skin 

In these last two chapters (chapter 5 and 6) the following questions are answered:

5

6

chapter 7 the main findings are discussed, including our 

recommendations for future research and practice.

1
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Intervention study in 

health care workers





The effectiveness of a skin care 

program for the prevention of 

contact dermatitis in healthcare 

workers (the Healthy Hands 

Project): study protocol for a 

cluster randomized controlled trial

M. Soltanipoor, S. Kezic, J.K. Sluiter, T. Rustemeyer

Trials 2017 Feb 28;18(1):92
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Abstract

Background

unemployment and impaired quality of life. Despite evidence from the medical 

strategies are obviously needed.

Methods/design

This is a cluster randomized controlled trial, focusing on nurses performing wet 

study at baseline. The wards will be randomized to an intervention or a control 

of creams being available at the wards combined with the continuous electronic 

the stratum corneum collected. The effect of the intervention will be measured 

total consumption of creams per ward will be assessed as a secondary outcome.

Discussion

This trial will assess the clinical effectiveness of an intervention program to 



Background

washing procedures or prolonged glove occlusion, is believed to cause irritant 

high for affected individuals as well as in the socio-economic context. The total 

Recently, infection prevention policy in the Netherlands has become stricter, with 

emphasis on the frequent use of hand alcohol and hand washing with soap to 

prevent transmission of infections. This has led to an increase in exposure to

such as emollients and ointments. A more recent update of contact dermatitis 

guidelines from the Netherlands Society of Dermatology and Venereology 

from one RCT showed that the use of creams decreased occupational hand 

hand wash. The result was that the use of hydrating creams decreases the 

2A



programmes have been effectively introduced in the healthcare setting to help 

effects of various creams have been suggested, but still their mechanisms are 

not fully understood.

Recently, an electronic monitoring system has been developed for the 

continuous registration of hand cream consumption and data recording. This 

hand cream is used as well as when it is used. In hand hygiene studies, a similar 

together to improve compliance, resulting in better and longer-sustained results.

In the present study, we aim to investigate the effectiveness of such a 

controlled trial. The intervention will comprise of the placing of the dispensers 

with hand cream on the wards, electronic monitoring of use, and repeated 



control group.

Objectives

Methods

Trial design

A two-arm, single-blinded randomized clustered controlled trial, based on 

hospital wards as the unit of randomization. The aim is to recruit wards, 

Trial setting

for the protocol, the conducting of the trial, analysis of the data and all other 

aspects involved.

Recruitment of participants

a letter from the investigators stating the purpose of the study, a short version 

of the study protocol, and a brief description of the expected burden for the 

participant during the intervention. On the wards which are willing to participate, 

2A
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contact details in which they can express their interest to participate in the 

study. The investigator will distribute the patient information letter on the wards 

and invite the interested participants for a visit. Nurses agree to participate by 

signing a consent form.

Products used in the Intervention group

no particular pharmacological function. The main ingredients are glycerol and 

Inclusion criteria

• 

• 

• 

• Being employed as nurse or nutrition assistant on the participating wards

Exclusion criteria

Being employed at more than one ward.

Description of the study procedures and intervention

participants will fill in the baseline questionnaire and undergo baseline 

approximately 3-5 minutes per participant.

Both the intervention and the control group will receive basic education on 

on each ward every three months from baseline to the end of study. Our group 

protection, and care as proposed by the guidelines for contact dermatitis of 



eczema requiring medical treatment will be advised to consult the occupational 

physician or dermatologist.

Additional procedure in the intervention group:

cream is commercially available and is widely used in the health care sector.

information on the timing and frequency of use of hand creams during the 

on hand cream use to the nurses and management to motivate and improve 

months after baseline during regular meetings of the nursing staff and performed

by the head nurse.

2A
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Fig. 1 Flowchart for the Healthy Hands Project (HHP). The trial will run for 18 months in 
total, the primary and secondary outcomes will be assessed after 12 months, during the 
second and last visit.



Table 1. Educational Program HHP

Methods

• 

• 

Program Topics

• 

• 

• Consequences of hand eczema

• Preventive measures

Table 2 Main recommendations for the prevention of hand dermatitis (NVAB guideline, 
2006) (8)

not visibly dirty

dorsal aspects

Outcome measures

Primary outcome

control group.

Secondary outcomes

2A
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will be collected. The tape strips are gently removed with tweezers and stored 

of SC harvested by a tape, the protein amount will be determined on each tape 

concentration on the tape will be normalized by the protein amount.

Process outcomes

assessed by questionnaires at baseline and every 6 months from baseline. Total 

consumption of creams in the intervention group will be measured by real-time 

monitoring per ward as a secondary outcome and compared over time.

Skin exposure to irritants

per ward will be estimated from data on the purchase of soap and disinfectants.

Sample size

This trial is planned to include 544 individuals. The sample size is based on 



Randomization

achieve balance in the allocation of participants to the intervention or control 

arm. Randomization will be performed prior to baseline collection.

The investigator, assessing the clinical outcomes, will be blinded with respect 

to treatment allocation until after analysis.

Statistical methods and data analysis

methods to analyse our data and publish a full statistical analysis plan before 

Blinding

The investigator, assessing the clinical outcome, will be blinded with respect to 

treatment allocation. It is not possible to blind the participants.

Participants’ withdrawal

do so, without any consequences. The investigator can decide to withdraw a 

Finance and insurance

which covers all expenses related to the study. The participants in the study are 

2A
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Discussion

In addition, this trial will provide information on the actual degree of exposure to 

The intervention is general, straightforward and, therefore, easy to implement 

in health care institutions. The results of this study will help to gain insight into 

of an intervention which is relatively easy to implement.

Currently, a multicenter intervention RCT, which investigates a range of 

interventions aimed at the reduction of hand dermatitis among nurses, is running 

on behavioral change to improve hand care, based on the theory of planned 

behavior and implementation intentions. The impact of the interventions will be 

assessed via questionnaires and standardized photographs of hands/wrists, and 

the primary outcome parameter will be the change in point prevalence of visible 

are used as the primary outcome.

performed by a trained physician. In addition, we include as a secondary 

will not receive information about the existence of an intervention group or 



Strong points

Drawbacks

ward-based and self-reported at the individual level.

Trial status

Medical Center in Amsterdam. Patient recruitment has not been completed at 

the time of submission.

Acknowledgements

study design, management of trial data and writing reports to the researchers.

Enrolment Allocation Post-allocation

TIMEPOINT -t
1

0 T
0m

T
3m

T
6m

T
12m

T
18m

ENROLMENT:

Eligibility screen

Informed consent 

[Standard safety 
monetoring]

Allocation

INTERVENTION

[providing cream 
and monitoring]
[educational 
lessons]

[feedback on wards]

ASSESSMENTS

[Individual 
characteristics]
[Primary and 
secondary outcome]

[Consumption data]

Fig. 2. The Healthy Hands Project (HHP) trial assessments performed at different time points
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Abstract

Background

determine the effectiveness of an intervention program in prevention of hand 

dispensers with hand creams at wards combined with continuous electronic 

This article describes the detailed statistical analysis plan for the HHP trial.

Methods

trial with two parallel groups and blinded outcome assessment. This update 

calculation. This statistical analysis plan was written prior to unblinding of the 

study.

Discussion

This paper presents a comprehensive statistical analysis plan for the data 

resulting from the HHP trial. It supports transparency in reporting by clarifying 

differences between the previously published protocol and the proposed actual 

statistical analyses.



Background

hand-washing procedures or prolonged glove occlusion, is believed to cause 

as emollients and ointments. Consistently, in a more recent update of contact 

dermatitis guidelines issued by The Netherlands Society of Dermatology and 

education, several intervention studies have shown moderate evidence that 

is effective in prevention of HD, the adherence to these preventive measure in 

2A
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developed for the continuous registration of hand cream consumption. This 

when the cream is used. In hand hygiene studies, a similar monitoring system 

intervention program, based on the provision of hand creams and regular 

The intervention comprised of the provision of hand cream dispensers on the 

level. The effectiveness of the program will be assessed by measuring hand 

In this paper, we will provide an update on the status of the trial and present a 

detailed description of the proposed data analysis. This statistical analysis plan 

un-blinded to the treatment allocation.

Primary and secondary objectives



The secondary outcome is the change in levels of natural moisturizing 

Trial design

blinded endpoint parallel group trial conducted on the wards of one University 

Medical Center in The Netherlands. This academic hospital has a total of 45 

were not blinded to the allocated treatment group, but the primary outcome at 

be used to assess process outcomes, and will be out of the scope of the SAP 

described in the present article.

a participating ward. The only exclusion criteria was being employed on more 

than one ward.

2A
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Fig. 1. Flow diagram Healthy Hands Project

Intervention

The intervention comprised of the provision of hand cream dispensers on the 

provided in electronic dispensers with an electronic monitoring system on 



the wards at places which are easily accessible. Data on patterns of usage 

improve compliance. Posters , designed to present the compliance data of the 

cream use, were placed at the wards to remind staff of their performance and 

motivate to use the creams. Both the intervention and the control group received 

of study.

Table 1. Characteristics of participants in the intervention and control group

Control Group Intervention Group

Characteristics

n

n

n

Outcomes

n

n

n 

Characteristics of participants in the intervention and control group at 
enrolment.*HECSI Hand Eczema Severity Index, NMF natural moisturising factor, IQR 
interquartile range, SD standard deviation

Data collection and outcomes

2A



Sample size calculation

both scoring systems have similar content, and furthermore it has been shown 

Proposed analyses

As stated in the published trial protocol a full statistical analysis plan will be 

and no data safety monitoring board was installed.



Statistical analysis plan

Sample size calculation

Overall principles

available, have dropped out of the study, and the study database has been cleaned 

in the trial arm, to which they were allocated in the ward level randomisation. The 

normally distributed continuous variables and the median and upper and lower 

limits of the interquartile range to describe non-normally distributed continuous 

differences in baseline characteristics between the trial arms. The analyses will be 

Analysis populations and units

A true intention-to-treat population would include all participants randomized. 

However, due to substantial loss to follow-up in this study, we will perform the main 

2A
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Handling of missing data

will perform three types of sensitivity analyses on the way we have dealt with 

variables in the multiple imputations.

List of analyses

Recruitment and retention and baseline characteristics

included, randomised to the intervention and control arms and lost to follow-

participants in each arm in a table, without performing formal statistical testing, 

Deviations and violations from protocol

calculation was based on 34 wards.

Primary and secondary outcomes

intervention and control groups. In addition, we will present crude proportions 



preceding year, used to stratify the wards in the randomization.

Sensitivity analysis

In addition to the three sensitivity analyses on the handling of missing data, we 

during the study. No subgroup analyses will be performed.

Current trial status

blinded to treatment allocation and the trial has not completed follow up of the 

has been submitted for publication.

Discussion

cluster-randomized clinical trial have been previously described in the published 

and presented a comprehensive statistical analysis plan for the resulting data. In 

and the proposed actual statistical analyses. The principal difference from the 

substantially. This paper supports transparency in reporting in the Healthy Hands 

the proposed actual statistical analyses.

2A
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Abstract

Background

recommend moisturizers to prevent HD, however in practice their effectiveness 

is poorly investigated.

Objectives

reduction in HD severity.

Methods

provision of cream dispensers with electronic monitoring of use, regularly 

Results

Conclusion

Although there was no significant effect on the primary outcomes, the 



Introduction

In the Netherlands annual costs of medical care, absenteeism and disability 

hand hygiene has become more rigorous and use of hand sanitizers and hand 

of hand disinfectants due to stinging sensation when using disinfectants on 

prevention of OSD have been established following common hierarchal structure 

of exposure by technical and organisational measures have to be applied, 

However, in the healthcare sector elimination or reduction of the hazards is 

hand washing, by hand disinfectants has been proposed, but hand washing 

can not completely be avoided as it is strictly prescribed by hygienic protocols.

prevention. Thus, the guidelines of the Dutch Society of Occupational Medicine 

3



in occupational setting and the effect of emollients has mainly been studied 

prevent hand dermatitis symptoms. The intervention strategy was inspired 

by experiences from hand hygiene studies reporting positive effects of 

monitoring system developed for the continuous registration of hand cream 

wards. In the present study we aimed to assess the effectiveness of this system 

dispensers with hand cream on the wards, electronic monitoring of use, and 

effects of the intervention on cream use behaviour in a separate paper.

Patients and Methods

wards of the Amsterdam University Medical Center, Amsterdam, Netherlands. 



categorized as low or high exposure wards based on the soap purchase in the 

previous year. The eligibility criteria were providing written informed consent, 

Intervention

The intervention comprised of provision of dispensers with hand cream 

placed at accessible locations at wards, continuous electronic monitoring of 

silicone-free soft cream, with no particular pharmacological function. The main 

levels determined in the stratum corneum samples collected at baseline and 

Assessment

hand dermatitis, glove use, frequency of hand washing, and use of hand alcohol 

The clinical assessment of the hands was performed by a trained physician 

total score the extent per location was multiplied by the intensity of all clinical 

3
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change that can be detected by a measurement instrument that corresponds 

to a true change rather than due to measurement error.

NMF analysis

been analysed by high performance liquid chromatography with UV-detection 

tape used to compensate for variable amount of the SC removed by a tape were 

not estimated from the values of optical density because visual inspection of 

the tapes revealed that the SC was not evenly distributed over the tape, which 

is the prerequisite for applying this method. Instead, the protein amount on the 

levels were expressed as mmol g  protein.

Randomization and statistical analysis



highest soap purchase were categorized as high-exposure, the lower half as low-

exposure. The wards were randomized using a secure Internet-based service 

(www.sealedenvelope.com). The randomisation sequence was generated by the 

measurements and statistically analysis, was blinded for treatment allocation 

until all data had been collected and cleaned and a statistical analysis plan had 

The main analyses of the primary and secondary outcomes was performed 

3
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function for the missing data.

P-values for the difference between the intervention and control 

Results

 



Fig. 1. Flow diagram of wards and employees included in the Healthy Hands Project, a 
randomized controlled trial

history of atopic dermatitis, self-reported use of soap, hand alcohol and hand 

creams were similar in the intervention and control groups. The use of hand 

3
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The primary outcome: absolute change in HECSI from baseline

was for 2.6 points higher in the IG compared to the CG, but this difference was 

P

P

P

P

and intervention group.



Table 1. Baseline characteristics of the health care workers included in the trial.

HCW characteristics Control group Intervention 

group

Type of wards

wards

8 clinical 

outpatient 

clinic

n

Sex  n

Working years n

Hours worked per week n

History of atopic dermatitis n                                             

History of hand dermatitis past year n                                             

Frequency of use of hand alcohol n n
Less than 5 times a shift

Frequency of hand washing n n
Less than 5 times a shift

Frequency of glove use n n
Less  than 5 times a shift

Frequency use of moisturising creams before shift n 

n
Never

About half of shifts

More than half of shifts

Almost always

Frequency of use of moisturising creams during 
shift n n
Never

About half of shifts

More than half of shifts

Almost always

3
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Table 1. Continued.

HCW characteristics Control group Intervention 

group

Type of wards

wards

8 clinical 

outpatient 

clinic

Frequency of use of moisturising creams after shift 
n n
Never

About half of shifts

More than half of shifts

Almost always

Median HECSI-score (IQR); n=501

Mean NMF levels (SD); n=497

*Risk estimate (high or low) based on soap exposure year before trial,  **IQR= Inter 
quartile range, **SD= Standard Deviation
HCW = Healthcare Worker, HECSI = Hand Eczema Severity Index, NMF = Natural 
Moisturizing Factor

Post hoc analysis of the primary outcome: relative decrease in HECSI and 

minimal detectable change

P

the IG.

To explore whether HD severity plays a role in the effectiveness of the 



Table 2.

group (CG) at baseline and follow-up

T0 T12 T0 T12

Groups (n) IG (n=285) IG (n=167) CG (n=216) CG (n=132)

No symptoms

Mild

Moderate

Severe

Median HECSI (IQR)

Median NMF (IQR)

Table 3. Changes in HECSI and NMF from baseline to follow up in the intervention group 
(IG) and control group (CG)

IG CG IG vs. CG

ns

ns

1Difference in the change of the outcome from baseline between IG and CG

Secondary outcomes

3



Discussion

of effectiveness of the intervention.

Primary outcome

the main outcomes, the intervention did have overall positive effects on severity 

P

intervention we performed a post-hoc subgroup analysis. The results revealed 

P

This suggests that this intervention might be effective in averting progression 

suitable in primary prevention.

previously been investigated in three studies focused on primary prevention of 

Based on these three studies, a recent Cochrane review concluded that indeed 



much lower than recommended in the present study and in current guidelines 

In this trial we provided, both in the IG and CG, basic educational lessons to 

arms. As previously studied, education itself could have an positive effect on 

group during the trial.

Secondary outcome

the possible explanations might be introduction of a new disinfectant containing 

n-propanol instead of the formerly used ethanol, shortly before the start of our 

was however not the case in the present study. The new disinfectant formula 

Notably, glycerol was also present in the hand creams provided to the IG. It 

may be speculated that the addition of glycerol in the new disinfectants could 

associated with propanol. These positive effects of glycerol might also have 

improved in the control group at follow up.

Strengths and limitations

contamination and comparable groups with regard to baseline values of the 

primary and secondary outcomes and covariates. In contrast to studies focused 

occupational conditions. Assessment of outcomes and statistical analysis were 

3
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use real-time monitoring to quantitatively assess the consumption of creams. In 

due to overestimation of the number of available clusters, higher lost-to-

follow-up and ICC values than estimated. Driven by organizational constraints 

during recruitment, we had to regard several sub-departments together as 

one cluster. Although these wards were at different locations, they shared the 

such large clusters. However, this aspect was not foreseen when power was 

because of the lower number of clusters that could be included. The included 

At the individual level there was a considerable lost-to-follow up, which was 

record reasons for drop out, but from informal discussions with the supervisors, 

measurements period at follow up or simply no desire to participate anymore. 

The sensitivity analysis revealed that loss-to follow-up was independent of 

This trial was not designed to exclude atopic dermatitis of the hands, allergic 

Moreover, another factor that might have diluted the effect of the intervention 

towards further developing and validating hand dermatitis scoring systems for 



primary and secondary outcomes.

Conclusion

the healthcare environment focused on facilitation of creams combined with 

control group. Still, the intervention proved overall positive effects on severity of 

As occupational health interventions tend to be complex and dependent on 

context, evaluation strictly based on the primary and secondary outcome in the 

present study we did not focus on the barriers and facilitators for hand cream 

use, however understanding why cream use, despite its improvement during the 

trial, still remains quite low is intriguing. To design successful HD prevention 

strategies in the future further investigation of these factors is needed.
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Supplementary table 1. Symptoms of hand dermatitis in the intervention group (IG) and 
control group (CG) at baseline and follow-up

T0 T12 T0 T12

Symptoms IG (285) IG (167) CG (216) CG (132)

Erythema

Vesicles

Fissures

Scaling

Oedema
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Abstract

Background

practice adherence is poor.

Objective

Methods

posters. The process outcomes were self-reported cream consumption in both 

groups and electronically measured consumption per ward in the intervention 

Results

difference between the groups. In the IG, the electronically measured cream use 

Conclusion

The intervention improved hand cream usage and therefore may be considered 

frequency remained lower than recommended in the present study and current 

guidelines.



Introduction

established in various countries following common hierarchal structure in 

prevention: elimination, reduction of exposure to the hazard or replacement of 

a hazardous substance by organisational or technical measures, and when this 

protection such as gloves and use of emollients is considered as the primary 

bedtime.3 A recent Cochrane review, reported that moisturizers may result in 

a clinically important protective effect.4 However the main obstacle remains 

we developed an intervention based on provision of hand cream, continuous 

similar approach has been applied in the intervention studies on hand hygiene, 

widely used as a strategy to induce behaviour change and have been shown to 

and in written form.7,8 Group monitoring is widely recognized as being more 

which can be seen by staff as punitive or a breach of their privacy, and which 

do not exploit the powerful effect of peer group coherence 9.

The primary outcome, change in HD severity, will be reported in a separate 

favoured time and location of cream use will be discussed in the context of 

current recommendations.

4
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Methods

allocated to the intervention or control arm. Randomization was performed at 

criteria were written informed consent and employment as a nurse or nutrition 

were excluded if they were employed at more than one ward during the trial 

participants

Intervention

The study design has been described in detail in a previously published study 

dispensers placed at accessible locations at wards, continuous electronic 

minimum 2 times/shift.

Education lessons

and control group by the research team in the form of lessons every 3 months 

2 times/shift.



Electronic monitoring of cream consumption

insight in the total consumption of creams per ward, frequency of application 

and detailed pattern of use regarding time of the day and location. The system 

to local hubs and then via a 3G signal to a remote server where data is collated 

the data.

Feedback

number of hand cream application events, popular moments or periods of use 

placed at noticeable locations at the wards to remind staff of their performance 

compliance rates of the past month were graphically presented in two colors: 

at least two times per shift was stated.

4
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Fig. 1. DebMed® GMS™ installation System

Fig. 2 Feedback Posters



Data collection

were assessed using questionnaires in both groups and electronic monitoring 

follow up to record individual consumption of creams and individual exposure to 

registration of application events per dispenser.

collected by the research team during the organized visits on the wards. The 6- 

of the survey. The questionnaire at baseline included general data including 

addressing attendance during the education sessions and visibility/memorability 

questions regarding individual perceptions regarding the use of creams during 

Statistical analysis

exposure was estimated at the ward level from the quantity of soap purchased 

purchase were categorized as high-exposure, the lower half as low-exposure.

hand dermatitis in the last half year, self-reported use of creams, alcoholic 

hand rubs and handwashing are presented by using descriptive statistics and 

used counts and percentages to present categorical variables. P-values of less 

4
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The analyses on the cream consumption at baseline was performed in all 

participants, while the difference in cream consumption between IG and CG at 

difference between the IG and CG using mixed-effect ordinal regression analysis 

and after shift.

Results

In total, as planned, 6 small group education sessions were given by the 

research team during the trial and repeated 3-5 times separately per ward to 

participants who attended found the education to be useful.



Self-reported cream use

never applied cream before and during the shift. After the shift this proportion is 

IG and CG. Analysis by a mixed-effect ordinal regression revealed that the cream 

CG, while at baseline there was no difference between the groups. At follow up 

a higher frequency of hand cream use before the shift compared to the CG. 

were not analyzed due to low response rates.

4
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Table 2. Characteristics of healthcare workers (HCWs) and wet-work activities at baseline 
(T0) and 12-month follow up (T12).

HCW characteristics

Self-reported Outcomes

Intervention 

group

Intervention 

group

T12

Control 

group

Control 

group

T12

Wards 8 clinical 

outpatient 

clinic, 285 

8 clinical 

outpatient 

wards, 

History of hand dermatitis past 6 

Frequency of use of hand alcohol 

Less than 5 times a shift

Frequency of hand washing; 

Less than 5 times a shift

Frequency of glove use 

Less than 5 times a shift

Frequency use of moisturising 

creams before shift; 
Never

About half of shifts

More than half of shifts

Almost always

Frequency of use of moisturising 

creams during shift; 
Never

About half of shifts

More than half of shifts

Almost always

Frequency of use of moisturising 

creams after shift; 
Never

About half of shifts

More than half of shifts

Almost always



Electronically measured cream use

number of cream application events per month averaged for all 9 intervention 

and the location of cream dispensers. The dispensers with highest consumption 

of creams were located at the toilet, in staff rooms and the corridor and the least 

used location were patient rooms. The times of day with the highest frequency 

4



Figure 3. Self-reported hand cream use before, during and after the shifts in the interven-
tion group vs the control group. HCW, healthcare

Feedback Posters in the IG



Fig. 4. Average number of total cream application events per month illustrated for all 
intervention wards together. Education was provided every 3 months. Feedback posters 
were delivered every month starting from April.

Attitudes towards creams and cream use in the IG

to use personal creams. The most reported barrier for not using hand creams 

where they needed them.

4



Fig. 5. Toilets, staff rooms and corridors are illustrated as the most popular locations, 
and patient rooms as the least popular. Between 10 AM and 3 PM, creams are used most 
often. Data were recorded during the trial from August 2016 to December 2017.

Exposure to wet work

the IG and CG at baseline, and a similar pattern has been observed at follow up.

Self-reported outcomes on hand dermatitis



Discussion

intervention study focused on prevention of HD in the healthcare setting we 

investigated whether provision of hand creams accompanied with electronic 

Here, we show that the intervention was successfully implemented and resulted 

frequency of use as well as indicating favored locations and times of application 

Self-reported cream use

At follow-up, the self-reported hand cream use before and during the shifts was 

surprising and alarming. In the Netherlands, the guidelines on the prevention of 

contact dermatitis recommend use of emollients on regular base and creams are 

often provided by the employer.2 Similar recommendations have been proposed 

the CG. The literature data on cream use in occupational settings is scarce. In 

that having severe symptoms of HD is associated with a higher frequency of 

4



Electronic monitoring of cream use

Despite of the improvement of self-reported hand cream use in this trial, the 

remained below the recommended frequency of at least 2 times/shift. As more 

used their own creams, this electronically measured application frequency might 

especially when wearing gloves. Consistently, the highest frequency of cream 

rooms and toilets were used more often than the dispensers in rooms where 

It could be speculated that the increase in May is related to the introduction of 

impact, which could be explained by issues of user-fatigue, desensitization by 

Feedback



of them perceived them as useful. To increase visibility, the posters were placed 

by the posters. As this was reported at the end of the trial, it could be argued 

whether loss of novelty played a role in the motivating effect of the posters. 

managing nurses during regular meetings. This did not prove practical and it 

would be interesting to learn whether addition of this recommended step would 

further improve the effectiveness of the intervention.

4.4 Education

between IG and CG in the present trial, we provided small group education 

care. The educational program was implemented well and was visited by the 

allocated to the control group, might have affected their motivation. Issues of 

preference and disappointment are not uncommon in trials where participants 

Exposure to wet work

speculated that the addition of glycerol in the disinfectants used in the present 

study have diminished the need for hand creams.

4



Strengths and limitations

system. Real-time monitoring of cream use provided detailed data on the 

preferred locations for dispensers and moments of use, which can be valuable 

One of the study limitations was not blinding participants regarding allocation, 

which might have caused performance bias in the control group. Another limiting 

factor was using self-reported data of the cream use to enable comparison of 

measured in the IG. The electronic system we used in this trial could not provide 

Conclusion

easy and feasible to incorporate in daily practice in a health care setting without 
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effects of skin irritants on the skin 
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Abstract

Background

Objectives

Methods

at baseline, and after 24 and 96 h.

Results

SLS and sodium hydroxide caused the most pronounced effect on erythema and 

Conclusion



Introduction

can be elicited by single or repeated exposure to chemicals with irritating 

patho-mechanism of ICD remains incompletely understood, however impairment 

measure of the corneocyte topography and the levels of the natural moisturizing 

levels at the same time. In contrast to the SLS-induced increase in DTI, no 

hydration. In the present study, we investigated the early and late changes in the 

morphological, biochemical and bioengineering parameters following repeated 

in vivo.

Methods

Study population

study. The exclusion criteria comprised intensive ultraviolet exposure in the test 

written informed consent beforehand.

5



Irritants and mode of exposure

of the second row, respectively, at baseline and 96 h later.

2.3 Bioengineering parameters: erythema, TEWL and capacitance

All measurements were performed at baseline, 24 h and 96 h later under 

Biochemical parameters: NMF



To compensate for a variable amount of the SC on the tape, the amount of SC 

was estimated from the protein levels determined in the aqueous extract after 

Morphological parameters: corneocyte surface topography

the corneocyte surfaces were analysed with the nAnostic™ method, by the use 

each nanostructure protruding from the mean surface level, referred to as 

Statistical analyses

baseline and the respective readings at 24 and 96 h were compared by using two-

sided paired Student t-test. To test the effect of water, differences between the 

5



h were analysed by two-sided paired Student t- test. In order to assess the neat 

effect of the irritant, the differences between the values of the bioengineering 

parameters measured at 24 and 96 h and the corresponding baseline values 

of the water control by using repeated measures ANOVA analysis followed by 

Results

Bioengineering parameters

in capacitance after 96 h as compared to the corresponding baseline values. 
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As all investigated irritants were applied in water which apparently affected 

was observed for exposure to n-propanol and SLS and a tendency of decrease 

Biochemical and morphological parameters: NMF and DTI

The representative images of the corneocyte surface topography of the 

for the n-propanol and SLS exposed sites. After 96 h, characteristic circular 

topography observed after n-propanol, SLS and NaOH exposure were consistent 

was not meaningful, the increasing trend in DTI suggests that the changes in 

surface topography occur early.



Fig. 1 Comparison of the changes in the bioengineering parameters at 24 and 96 hrs 

(AcA), n-propanol, sodium lauryl sulfate (SLS), sodium hydroxide (NaOH), occlusion with 

skin site by using Repeated measures ANOVA analysis followed by Dunnett’s multiple 
comparisons test. The difference between the water exposed site (Aq) and non-exposed 
skin site was compared by a Student t-test. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 
0.0001. AU Arbitrary Units

5



Fig. 2 Natural moisturizing factors (NMF)and Dermal Texture Index (DTI) measured on 

acetic acid (AcA), n-propanol, sodium lauryl sulphate (SLS), sodium hydroxide (NaOH), 
distilled water (Aq) and non-exposed skin. The values for the irritants were compared 
to the water exposed skin site by using Repeated measures ANOVA analysis followed 

****p < 0.0001

To examine the association between the measured parameters, a correlation 

analysis was performed. The results of the correlation analysis are presented 



Fig. 3 Nanostructure of human corneocytes after irritant exposure in vivo. a) Corneocytes 
were obtained by the tape stripping method. The basal (bottom) face of corneocytes ad-
hering to the tape was imaged by scanning force (AFM). b) 20 µm scans were analysed by 

DTI values are the mean of 10 images. c) Representative images of the corneocyte surface, 
assessed on the third consecutive tape strip after irritant exposure. Irritant exposures: 
acetic acid (AcA), n-propanol, sodium lauryl sulphate (SLS), sodium hydroxide (NaOH), 

(upper panel) and thin white arrows circular nano-objects (CNOs).

5



Fig. 4 The relationship between DTI, NMF and skin hydration (capacitance) measured after 

Supplementary Table 1.

investigated parameters measured at 24 and 96 hrs.

24 hrs Erythema (a*values) Capacitance TEWL DTI NMF

Erythema(a*values)

Capacitance

TEWL

DTI

NMF

96 hrs Erythema (a*values) Capacitance TEWL DTI NMF

Erythema(a*values)

Capacitance

TEWL

DTI

NMF



Discussion

In the present study we investigated and compared the effects of repeated 

exposure to different classes of water soluble irritants on functional, biochemical 

exposure to all irritants. Regarding the bioengineering parameters the results 

traditionally has been the most commonly used parameter to visually assess 

the irritating properties of a chemical, in the present investigation we did not 

the corneocyte surface topography, showing an increase in the number of the 

5



SLS and least by AcA which is in agreement with previous studies using the same 

and changes in surface topography. Recent study shows the presence of 

corneocytes which might explain the morphological changes observed in the 



h after initial exposure to n-propanol and SLS. After 96 h, characteristic circular 

DTI has recently been suggested as a parameter which might be used to 

SLS induced a strong increase in DTI, while in the same study no changes in 

DTI after exposure to contact allergens were observed. Here, we extend these 

irritants with different physico-chemical properties. The nature of DTI has not 

underlying cause of the observed changes in the corneocyte surface topography. 

that the changes in the corneocyte surface texture are caused by decreased 

with the published literature reporting similar changes in the morphology of the 

which might in turn cause the observed changes in the cell surface texture.

The present study has several limitations. The study had an explorative 

character and the sample size was small, partly due to the fact that the preceding 

power calculation was based on the previous data on SLS, a potent irritant with a 

application of the irritants in only one concentration does not allow conclusions 

to which extent the observed effects on the measured parameters were dose-

response to common water-soluble irritants and substantiate the need for the 

use of a multi-parametric approach based on functional, biochemical and 

5
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Abstract

effects of n-propanol on the barrier function and corneocyte surface topography 

concentration and the barrier damaging effects of repeated n-propanol exposure 

of the outcomes by previous permeability barrier function impairment by co-

erythema, transepidermal water loss, capacitance and the natural moisturising 

concentration in both groups. The relative changes in the outcome parameters 

were more pronounced with increasing n-propanol concentrations. Preceding 

impairment after exposure to the same irritant concentrations under the same 



Introduction

Alcohol-based hand disinfection, repeated washing and occlusion are important 

or ethanol, n-propanol exerts antimicrobial effects at a concentration range 

not been investigated under experimental conditions so far.

Methods

Study population

and all volunteers gave written informed consent beforehand.

Irritants and mode of exposure

6



Bioengineering assessment of the skin irritant response

Visual scoring, non-invasive assessment of erythema, transepidermal water loss 

were performed by the same investigator under controlled environmental 

Natural moisturizing factor analysis



Statistical analysis

interquartile range, as indicated.

Results

repeated exposure to the different concentrations of n-propanol with and without 

differences in the visual irritation score and the barrier function parameters 

Repeated occlusion and water exposure modulate the concentration-

repeated exposure to water/occlusion enhanced the irritant-induced effects and 

6



the different n-propanol concentrations, with and without previous occlusion, 

increased parallel to the increasing applied irritant concentration. In the healthy 
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Table 2.

n-PrOH 

concentration
(AU) (g/m2/h)

Healthy AD Healthy AD Healthy AD

ns ns ns

ns ns

ns ns ns

ns ns

Repeated occlusion with water alone resulted in impaired epidermal barrier 

increase only if the barrier function was previously compromised by occlusion/

the observed effect was independent of barrier damage by previous occlusion 



Fig. 1. Comparison of the changes in the a*-values (a), transepidermal water loss (b) and 
capacitance (c) after repeated exposure to different concentrations of n-propanol (30%-

atopic (AD) and healthy individuals. 

-
mal water loss, AU-arbitrary units, Occl.Aq-occlusion with distilled water, n-PrOH-n-propanol

6



In both groups cumulative exposure to all studied n-propanol concentrations 

decrease in capacitance was concentration-dependent in both the healthy and 

The relative decrease of stratum corneum hydration on D5 was more 

n-propanol with as well without previous damage by occlusion/water exposure 

with as well as without previous damage by occlusion/water exposure, were 

conditions between the healthy and the AD individuals were found. 



Figure 2. Stratum corneum natural moisturising factor (NMF) levels after repeated expo-
sure to different concentrations of n-propanol (30%-75%) with and without previous barrier 

****p<0.0001 compared to non-exposed (normal skin) site. Occl.Aq-occlusion with dis-
tilled water, n-PrOH-n-propanol, Ctrl-non-exposed (normal skin) site.

Discussion 

The aim of the present om-TRIT was to investigate the relationship between 

relevant co-exposures on the outcomes of cumulative exposure to the irritant 

in healthy and AD individuals. The results of the study show that the irritant and 

barrier damaging effects of n-propanol in vivo are dependent on the applied 

irritant concentration and modulated by both exposure and host-related factors. 

exposure to even the lowest studied concentration, the relative changes in 

6



om-TRIT which was recently shown to differentiate the neat irritant-induced 

effects from the relative contribution of relevant co-exposures, we showed that 

repeated low-grade trauma by occlusion/water exposure alone impaired the 

cumulative duration of occlusion/water exposure under om-TRIT conditions 

by occlusion.   

The number of published in vivo studies investigating the cumulative barrier 

damaging effects of repeated exposure to short-chain alcohols applied as single 

on experimental repeated open application test showed that neat n-propanol 

and underlined the importance of the test model used in experimental studies 

barrier function along with alterations in the corneocyte surface topography after 

exposure to the same concentration of the irritant and pointed to the previously 



The pronounced in vivo irritant effect of n-propanol, observed by Cartner et al., 

vivo and in vitro observations provide a strong line of evidence for the negative 

effects of n-propanol on the permeability barrier function and show its important 

regulate the transport of water across the stratum corneum and a mixture of 

low molecular weight, water-soluble compounds such as amino acids, organic 

their pronounced effects on the intercellular lipids, including disruption of the 

lipid lamellae, lipid phase transition and alterations in the lipid organisation 

study showed that short-chain alcohols and in particular, n-propanol, reduced 

6



concentration in both groups correspond to the desiccation effects, reported 

under real-life exposure conditions and point to the contribution of a broad 

range of n-propanol concentrations to the sum of low-grade events, leading 

repeated exposure to n-propanol remain incompletely understood. Short-chain 

cytotoxic effects as well as compromise the epithelial cell membrane integrity 

that n-propanol and to a lesser extent, isopropanol and ethanol, decrease  

reported, reduced activity of PLA2 by n-propanol could negatively impact the 

om-TRIT exposure conditions in vivo, remains at present speculative. 

In contrast to the numerous epidemiologic studies showing increased 

disease, there have been few publications on the endpoints of cumulative 

exposure to single or multiple irritants under controlled exposure conditions 



to cumulative exposure to n-propanol was similar to the one observed in our 

the same conditions in the AD compared with the healthy controls group. To 

to irritant damage in AD. 

The mechanisms underlying the more severe barrier impairment after 

cumulative irritant exposure in AD are incompletely understood however could 

AD and several groups in the past have shown a positive correlation between 

these observations could partly explain our results, it remains controversial if 

the barrier responses to experimentally-induced SLS irritation may predict the 

irritant responses to unrelated primary irritants, such as short-chain alcohols.

impairment after cumulative exposure to n-propanol shown in the present study, 

et al., an earlier study showed increased penetration of dimethyl sulfoxide and 

photoacoustic spectrometry Hata et al. found accelerated penetration of dyes of 

in AD, results in the activation of proteases involved in the processing of the 

explanation for the enhanced barrier responses in atopic compared to healthy 

6



barrier damaging effects of even low concentrations of n-propanol in the human 

evaluation of the role of n-propanol in the pathogenesis of cumulative irritant 
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GENERAL DISCUSSION
7



This chapter first discusses the main findings and their interpretation, 

recommendations for future research and practice.

intervention program aimed at reducing HD symptoms and natural moisturizing 

Objective I. To assess the effectiveness of an intervention program aimed at 

reducing HD symptoms by increasing skincare use among HCWs

Research question I.

Research question II.

Research question III. Does a new technology in the form of electronic 

Objective II. To investigate in vivo the effects of commonly used irritants on 

Research question IV.

Research question V.

PART I

MAIN FINDINGS

Research question I. Is a prevention program focused on skincare monitoring 

and feedback effective in reducing the severity of hand dermatitis in HCWs?



as overall positive effects. 

To explore whether HD severity plays a role in the effectiveness of the 

intervention, a post-hoc analysis was performed in two subgroups based on 

suggests that this intervention might be effective in averting progression of early 

relevant in primary prevention. 

Research question II. Does a prevention program focused on skincare 

monitoring and feedback improve NMF levels in the skin?

various irritants including SLS, NaOH, n-propanol and acetic acid, suggesting 

However, the latter was not observed in this trial. This might have been caused 

by the introduction of a new disinfectant shortly before the trial started, with a 

7



formula based on n-propanol rather than the ethanol formerly used. Compared 

with ethanol, n-propanol has previously shown a stronger damaging effect 

and the CG showed improvement in their clinical symptoms. One of the reasons 

for this might be the addition of glycerol in the new alcohol formulation. Glycerol 

alcohol formulation. These changes in the composition of the frequently used 

Research question III. Does a new technology in the form of electronic 

monitoring combined with feedback increase skincare use among HCWs?

Self-reported cream use

Chapter 4 shows that the studied intervention improved hand-cream use. 

Electronically measured cream use and attitudes

Despite the increase in self-reported hand-cream use in this trial, the 

remained below the recommended frequency of two times per shift. As more 



used their own creams, this electronically measured application frequency might 

data collected electronically , it appeared that the dispensers in the staff-only 

rooms were used more frequently than those at locations where patient care 

Feedback

METHODOLOGICAL CONSIDERATIONS 

methodological challenges associated with design and analysis, CRTs require 

more participants in order to obtain equivalent statistical power and more 

trial. 

Unsurprisingly, the cluster design of the trial presented here offered a number 

of methodological challenges. During recruitment, several sub-departments 

had to be considered collectively as one large cluster. These sub-departments 

rotated between them despite their different locations. Moreover, the inclusion 

greater impact than the number of participants sampled per cluster. 

up at the individual level. However, this seems not to have compromised the 

7



This trial included elements of both primary and secondary intervention, 

as well as cases with actual symptoms of HD. A subgroup analysis based on 

value equal to zero was so small that the potential of this intervention being 

group, as educational sessions were provided to both groups to achieve the 

studies have reported that education itself could have a positive effect on the 

explain why HD also improved in the CG. As a consequence, the provision of 

education to both groups could have minimized the contrast between the IG 

and CG. 

confounding variables. The hospital-wide change in hand-alcohol formulation 

event had the potential to affect both the primary and the secondary outcomes. 

standardized and validated scoring system for a trained physician to clinically 

suited to monitoring the severity of HD symptoms, as it did in this trial. More 

PART II



Objective II. To investigate in vivo the effects of commonly used irritants on 

MAIN FINDINGS

Research question IV. What are the effects of various skin irritants on the skin 

the effects of repeated exposure to different classes of commonly used irritants 

N-propanol, the main ingredient of alcohol disinfectants used in the health 

changes. This is further supported by the results of the present study, which 

show a strong increase in DTI after exposure to n-propanol without the presence 

7



regarded as the most sensitive effect parameter. 

Research question V. What is the effect of the concentration, occlusion and 

experimental exposure to n-propanol?

In the second study, which was performed in healthy and atopic individuals 

n-propanol, a common ingredient in commercially available hand disinfectants 

are concentration-dependent and potentiated by previous damage to the 

permeability barrier by occlusion and the presence of atopic dermatitis. The 

stratum corneum that is measured by capacitance could not drop any further. 

Previous damage to the permeability barrier by repeated occlusion showed 

concentration of the irritant under the same conditions. The lowest n-propanol 



pool of hygroscopic molecules within the corneocytes that further increases in 

the n-propanol concentration had no substantial additive effect. Obviously, the 

effect of n-propanol is so strong that even the lowest n-propanol concentration 

achieves the maximum possible effect. 

negative effects of n-propanol on the permeability barrier function and highlight 

METHODOLOGICAL CONSIDERATIONS

exposures. Although these are standard moments in experimental studies, in 

irritation studies, are the relatively small group sizes and short follow-up times. 

INTERPRETATION OF RESULTS AND RELEVANCE FOR OCCUPATIONAL HEALTH

discuss what this means for the overall value of the intervention. 

Effect of the intervention on skincare behavior 

has been widely recognized as an effective approach to reduce HD. A recent 

Cochrane review on interventions for the primary prevention of HD concluded 

that moisturizers might be effective, but also noted that this conclusion was 

based on moderate quality of evidence. According to previous studies, however, 

study, we therefore aimed to improve hand-cream use through electronic 

7



the recommended frequency of two times per shift. It should be noted that the 

electronic data did show a trend of increase during the trial, and moreover might 

own creams, either instead or as well as those supplied.

To understand the effect on behaviour, it is important to study such as 

trial, these were evaluated by means of a short questionnaire at the end of the 

the cream was absorbed. 

Another possible explanation provided in chapter 4 for the low cream use in 

the present study is the introduction of a new disinfectant containing glycerol, a 

The effects of glycerol being included in the new disinfectant formula available 

in both the intervention and the control wards might therefore have affected 

experimental studies, glycerol has been shown to increase hydration and prevent 



Effect of the intervention on hand dermatitis

to have a larger effect on health outcomes, assuming both that the targeted 

therefore be surprising to learn that the improvement in the clinical outcome 

with moderate to severe HD. This suggests that our intervention is effective in 

may therefore be particularly relevant in primary prevention.

Wet work in hcw

ward level was derived from the supply of soaps in the year preceding the trial, 

the trial was used.

7



introduction of a new formula containing n-propanol, replacing the previous 

ethanol-based disinfectant used in the hospital, shortly before the start of the 

study to investigate the irritating properties of n-propanol. Here, n-propanol 

and demonstrated this in chapter 5 by using several commonly used irritants. In 

chapter 6 it was shown that the effect of n-propanol is concentration-dependent 

with epidemiological data showing increased susceptibility of individuals with 

the CG. 

the corneocyte surface texture, similar to the changes previously reported in 

of the protrusions have not yet been elucidated, but recently it has been shown 

use of disinfectants containing n-propanol . Two aspects seem to be important 

discussed above. Second, it has to be noted that most experimental irritation 

studies, including ours, are performed under occlusion. In chapter 5 we showed 

that occlusion enhances the adverse effect of n-propanol. In the real-world 



actual duration of exposure is shorter than in experimental studies. In practice, 

however, exposure time might be prolonged when gloves are used immediately 

recommend minimizing exposure to detergents and other irritants before putting 

on gloves, wearing gloves for as short a time as possible and wearing cotton 

FUTURE PERSPECTIVES AND RECOMMENDATIONS

especially in a primary prevention setting. To generate more robust evidence 

time periods and in a prospective cohort design, e.g. in student nurses or new 

focus on future directions.

hurdle in preventive programs. In spite of the observed improvements in 

implementation of such a program in the occupational setting, more barriers and 

action. One of the strategies worthy of future attention is the use of electronic 

strategy. The existing hand-hygiene literature proposes several strategies for 

remain opportunities to further enhance future programs by incorporating the 

approaches mentioned, such as involving supervisors or managers in providing 

programs is the development of an electronic system able to monitor individual 

rather than only ward-level cream consumption. If possible, parallel electronic 

measurement of soap and disinfectant consumption would also be valuable.

7



A second recommendation for future trials is to perform the study in the 

and more relevant in the colder months of the year. Due to time constraints and 

performed in May and June.

actively advocate improved hand care on wards, rather than outsiders, would 

In chapter 3 we also argue that it is of vital importance for the prevention of 

have more colonization of staphylococcus

Hospital management and infection-control professionals have essential roles 

A fourth point to emphasize is the importance of detection of the early 

prevention and therefore should be given more attention in prevention programs. 

physicians and health-and-safety professionals. As reported by Van der Meer, 

specialized in OSD. More guidance here would support a culture of better 

prevention.



Based on the electronic data on hand-cream use from our trial, advice 

regarding the best locations for cream use and its best timing can now be added 

RECOMMENDATIONS FOR FUTURE STUDIES

2. Side-to-side comparison of different hand-cream formulations, investigating 

greasiness, absorption time and odour. The finding that n-propanol 

hydration.

3. Comparison of hand disinfectants with and without the addition of glycerol 

in a prospective cohort study in an occupational setting. In this trial it was 

assumed that the unanticipated addition of glycerol to the disinfectants 

played a role in improving HD, given the barrier-enhancing effects of glycerol 

4. Studies to develop standardized measures for the detection of HD in 

changes from irritant contact dermatitis. In this context, the currently 

to their interpretation and determination of clinical relevance and severity 

CONCLUSION

This thesis shows that a prevention program based on the electronic monitoring 

7



form a good basis for further optimization of the design and delivery of such 

a strategy, but more research is needed to identify the barriers and facilitators 
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SUMMARY / SAMENVATTING



exposure to various irritants and contact allergens can result in development of 

chronic, the burden is particularly high for individuals due to effects on quality 

of life. In addition, the high rates of presenteeism, absenteeism and medical 

costs associated with hand dermatitis also create a serious economic burden to 

staphylococcus 

aureus

The importance of prevention of hand eczema by using moisturizers is one of 

the crucial recommendations, emphasized in guidelines. The use of moisturizers 

prevention of ICD in healthcare.

Objective I. To assess the effectiveness of an intervention program aimed at 

Objective II. To investigate in vivo the effects of commonly used irritants on the 

The corresponding research questions are addressed in separate chapters, 

which are summarized below.

PART I: Intervention study in healthcare workers

Research question I: Is a prevention program focused on skin care monitoring and 

feedback effective in improving severity of hand dermatitis in healthcare workers?



To explore whether HD severity plays a role in the effectiveness of the 

intervention a post hoc analysis was performed in two subgroups based on the 

difference between IG and CG. This suggests that this intervention might be 

Overall, the intervention showed positive effects and emphasizes the 

on the primary outcome. To generate more robust evidence of effectiveness of 

prospective cohort design, e.g. in apprentices nurses or new employees.

Research question II: Does a prevention program focused on skin care monitoring 

and feedback improve ‘natural moisturizing factors’ (NMF) levels in the skin?

different between the control and intervention groups, indicating no effect of 

be useful to detect effects of various irritants, including SLS, NaOH, n-propanol 

the latter was not observed in the clinical data of the trial. An explanation for 

8



this may be the changed disinfectants formula provided at the wards, shortly 

before the start of the trial: from an ethanol based formula to a propanol one. 

Compared with ethanol, n-propanol has previously shown a stronger damaging 

and the CG showed improvement in their clinical symptoms. One of the reasons 

for this might be the addition of glycerol in the new alcohol formulation. Glycerol 

alcohol formulation. These changes in the composition of the frequently used 

Research question III: Does a new technology of electronic monitoring combined 

with feedback increase skin care use among HCW?

Self-reported cream use

Electronically measured cream use and attitudes

Although the increased self-reported hand cream use seems encouraging, the 

measured application frequency might be somewhat underestimated as one 



electronically , it appeared that the dispensers in the staff-only rooms were 

locations where patient care is delivered. Another explanation for the low cream 

use might have been the newly introduced hand disinfection that contained 

Feedback

by the posters, although they reported that this effect ceased after some time, 

Part II: Experimental studies on the in vivo effects of skin irritants on the 

Research question IV: What are the effects of various skin irritants on the skin 

in all the parameters investigated. N-propanol, the main ingredient of alcohol 

8



alterations in the lipid bilayers.

changes. This is further supported by the results of the present study, which 

show a strong increase in DTI after exposure to n-propanol without the presence 

regarded as the most sensitive effect parameter.

Research question V: What is the concentration-dependent effects of n-propanol 

damage to the permeability barrier by occlusion in healthy and atopic individuals

The second study focused on n-propanol, a common ingredient in commercially 

available hand disinfectants used in healthcare. The effect of the concentration 

of n-propanol, previous barrier damage by occlusion and presence of atopic 

dependent and potentiated by previous damage to the permeability barrier by 

occlusion and the presence of atopic dermatitis. Atopic individuals showed a 



that the water content in the stratum corneum that is measured by capacitance 

could not drop any further.

Previous damage to the permeability barrier by repeated occlusion showed 

and erythema, no effect of the concentration, occlusion or presence of 

concentration applied, already appeared to exert such a strong effect on 

increases in the n-propanol concentration had no substantial additive effect. 

Obviously, the effect of n-propanol is so strong that even the lowest n-propanol 

concentration achieves the maximum possible effect.

n-propanol containing hand disinfection. The aggravating effects of external 

in the health sector.

8



Samenvatting

en cumulatieve blootstelling aan irritatieve stoffen zoals zepen, water en 

bevorderen van de benodigde gedragsverandering een uitdaging in preventieve 

een strategie om handverzorging onder zorgverleners te bevorderen. Hiertoe 

Naast deze interventiestudie werden, in een experimentele setting, de effecten 

Dit heeft geleid tot de volgende doelstellingen:

Doelstelling I.

handverzorging onder zorgverleners

Doelstelling II.



dermatitis

Deel I: Effectiviteit van een interventie programma gericht op het verbeteren 

van handverzorging onder zorgverleners

Onderzoeksvraag I: Is een preventieprogramma gericht op het monitoren van 

handverzorging, gecombineerd met feedback, effectief in het verbeteren van de 

ernst van handeczeem?

zorgverleners met mild eczeem.

Om te exploreren of de ernst van handeczeem een rol speelt in de effectiviteit 

van de interventie werd er een post-hoc analyse uitgevoerd in twee subgroepen 

primaire preventie.

8



met een langere follow-up en in een prospectieve studie.

Onderzoeksvraag II: Verbetert een preventieprogramma gericht op het monitoren 

van handverzorging en het geven van feedback de ‘natural moisturizing factors’ 

(NMF) waarden in de huid?

de handen van zorgverleners, werden bepaald op baseline en na follow-up. 

handalcohol op basis van ethanol door een nieuwe handalcohol op basis van 

waterbindende stof, in huidverzorgingsproducten. Derhalve wordt gespeculeerd 

handalcohol formule. Deze verandering in de samenstelling van de veelvuldig 



Onderzoeksvraag III: Leidt een nieuwe technologie van elektronisch monitoren 

gecombineerd met feedback tot verbeterde handverzorging onder zorgverleners?

Zelf-gerapporteerd handcrème gebruik

ten aanzien van handverzorging beschreven. De bevindingen toonden aan dat 

Elektronisch gemeten handcrème gebruik

de nieuwe handalcohol waarin glycerol is toegevoegd, een humectant die het 

8



zorgverleners.

Feedback

te verbeteren onder zorgverleners.

-

toire respons: in vivo experimentele studies

Onderzoeksvraag IV: Wat zijn de effecten van verscheidene irritatieve stoffen op 



alteraties in de lipide dubbellagen.

veranderingen. Dit wordt verder ondersteund door de resultaten van de huidige 

behoefte aan een multi-parametrische benadering voor het bestuderen van een 

huidirritatie.

Onderzoeksvraag V: Wat is de invloed van de concentratie, occlusie en 

aanwezigheid van atopisch eczeem voor het effect van n-propanol op de barrière 

De tweede experimentele irritatie studie richtte zich op n-propanol, een 

door occlusie en aanwezigheid van atopisch eczeem werden bestudeerd door 

96 uur na de blootstelling aan n-propanol. De bevindingen demonstreerden 

8



als gezonde individuen.

wel aanwezigheid van atopisch eczeem gevonden. De laagste n-propanol 

moleculen in de corneocyten te hebben, dat verhoging van de concentratie geen 

Tot slot, ondersteunen deze resultaten de eerdere bevindingen ten aanzien 

het effect van de nieuwe n-propanol bevattende handalcoholen op het verlagen 
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