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Mijn co-promotor dr. H.S.M. Kort en mijn begeleider dr. L.G.H. Koren. Jullie

hebben elk je eigen, unieke bijdrage geleverd aan de totstandkoming van dit boekje. Beste

Hilly, ik was zeer blij, dat je -naast je programma-coördinatorschap bij het Nederlands

Instituut voor Zorg en Welzijn- een waardevolle inbreng hebt gehad bij het onderzoek. Vooral

in de laatste maanden leidde je kritische blik op concepten tot stappen voorwaarts. Dit blijft

natuurlijk onvergetelijk. Beste Wiet, jij bent vanaf het begin af aan nauw betrokken bij dit

onderzoek. Ik ben je veel dank verschuldigd voor de waardevolle bijdrage.

De leden van de kerncommissie, prof.ir. P.G.S. Rutten en prof.dr. H. Bouma. Hen

wil ik bedanken voor de aandacht die zij aan dit proefschrift hebben willen schenken. Een
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Summary

The major purpose of this thesis is to characterise environmental health aspects of

dwellings occupied by individuals with chronic lung disease. Examined health aspects are

restricted to the impact of indoor air pollution on physical performance in daily life. A change

in indoor air quality is related to a change in physical performance influencing physical

independence. The latter influences independent living. Being physically independent up to a

high age with free choices in daily life is the greatest wish of most individuals.

In Europe, a quarter to half of all households is at risk for dwelling-related mite

allergies. The abundance of house dust mites is primarily influenced by indoor air humidity in

the mite habitat (home textile). The relation between different indoor humidity classes and

mite abundance was studied in 14 Dutch dwellings (Section 2.1). Living rooms with mite

numbers below sensitization threshold, both in floor and furniture dust, were dry. Living

rooms with one or more dust samples with noxious mite concentrations appeared to be humid.

Mite abundance differed between living room and bedroom of the same dwelling. Therefore,

the indoor humidity class should be established for each room separately, to assess the impact

on health, due to mite-allergen exposure, for a complete dwelling. Indoor humidity class,

based on average water vapour difference between indoors and outdoors in relation to outdoor

temperature, is an inaccurate marker for the impact of mite-allergen exposure on health. In the

future, occurrence of short humid intervals should also be taken into account. These intervals

encourage mite survival and mite population growth in otherwise dry environments.

A health risk classification for Dutch dwellings was developed and tested. This

classification is based on specific requirements of individual occupants with respect to healthy

indoor air (Section 2.2). Satisfactory health levels were distinguished for ‘healthy, non-atopic

adults’ (health risk class 3), ‘children, elderly, and non-sensitized atopics’ (health risk class

2), and ‘individuals with chronic lung disease’ (health risk class 1). The latter require the

highest quality of indoor air. Environmental markers were selected to characterise health risk

classes: (1) indoor CO2 pollution (occupancy-related and open-fire pollution), (2) indoor

humidity class (pollution by house-dust mites), (3) room ventilation rate (building-related and

occupancy-related factors), with the addition of (4) indoor versus outdoor dust particle ratio

(smoking and person-related). The health risk classification was tested in Dutch living rooms.

In these living rooms (n=53), air pollution was continuously monitored for 7 days. Living

rooms in the heating season (n=37) showed the highest pollution levels and the lowest room

ventilation rate. The data from these living rooms were used as a basis for dwelling’s health

risk classification. During the heating season, no living room fitted the requirements of indoor

air quality for ‘individuals with chronic lung disease’, taking CO2 pollution, indoor humidity

class, and room ventilation rate into account; only 4 out of 36 (11%) living rooms were

appropriate for ‘healthy, non-atopic adults’. Surprisingly the Dutch building code is based on
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a health level below the requirements for ‘healthy, non-atopic adults’. The Dutch building

code needs reappraisal to comply with the European Construction Products Directive.

In older persons with Chronic Obstructive Pulmonary Disease (COPD, including

chronic bronchitis and lung emphysema), daily physical independence is limited by (1) a

decrease in lung functionality, (2) an increase in resting metabolic rate, and (3) an increase in

total daily energy expenditure. A physical independence-energy-scale was constructed in

order to assess the potential for physical independence among occupants 50+ with COPD

deduced from physical performance in daily activities (Section 3.1). The scale runs from full

independence (level 1) to non-independence (level 5). Physical performance in daily activities

can be quantified by actual energy expenditure (AEE) and relative physical strain (% 2OV& r).

An individual’s highest AEE task at a relative physical strain < 40%, and monitored under

clean air circumstances, allows us to assign subjects to one of the physical independence

levels on the independence-energy-scale for healthy adults. The introduced f COPD factor, as a

correction factor for a changed metabolic rate in elderly persons with chronic lung disease,

needs validation. The physical independence level system is applicable to estimations of

adverse health effects of air-pollution exposure on everyday life in elderly persons with

chronic lung disease.

The usefulness and practicality of an assessment method for physical independence

level has been studied during a seven-day period in nine independently living older occupants

(aged 52-73) with chronic lung disease (Section 3.2). Physical performance in daily activities

was determined from heart-rate and body-movement registrations at home, and a standardised

cycle ergometer test in hospital. The individual’s baseline for physical independence was

deduced from physical performance outdoors: 4 subjects functioned at physical independence

level 3, and 5 other at level 4. Subjects at level 4 had a lower body weight, body height, peak

oxygen uptake, and peak minute ventilation than those at level 3. The severity of airflow

limitations did not predict physical independence level. Physical performance during outdoor

walking showed a higher relative physical strain (above 40%) at physical independence level

4 as compared to 3. This high strain limits duration of this performance. Subjects made

technological adaptations and used informal assistance to enhance physical independence,

such as restricting actual living to one floor or receiving assistance from relatives. The

technological adaptations should be included in the definition of physical independence

levels. Subsequently the physical independence level system is suited to distinguish baselines

for physical independence levels 3 and 4 under daily living conditions in occupants 50+ with

chronic lung disease.

In the Netherlands, coaching in environmental health of household members with

chronic lung disease is a professional activity of community nurses (Section 4.1). The

effectiveness of this coaching is studied along two different lines: (1) according to a criteria

chain for process evaluation, and (2) according to self-evaluation by the nurse. Process

evaluation indicated a possible success in only 2% of 155 cases coached. Nurses overrated

their success in 43% of coached cases. Absence of follow-up contacts (79%), related to
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strategic choices made by the home-care organisations, explained nurses’ ignorance of their

lack of success. Failure factors, related to nurses as professionals, were the unavailability of

data on actual sensitization and hyperreactivity (34%), incomplete air pollution assessment

(50%), and incorrect advice (14%). Nurses perceived factors related to the dwelling, or

behaviour of its occupants as reasons for their lack of success. Most nurses consider coaching

households for the management of environmental health as their professional domain, but

effectiveness is low and substantially overrated. An automated adaptive tool, including

architectural aspects, lifestyle and behavioural determinants, and activity accommodations,

could support community nurses in coaching households for environmental health. Such an

automated coaching system would be welcomed by home-care organisations in the

Netherlands*.

The health risk classification for Dutch dwellings and the assessment method for

physical independence level were examined together for their usefulness and practicality in

case of five older occupants with chronic lung disease (Section 4.2). Actual health risk levels

of inhaled air in kitchens were defined as ‘clean air’ (belonging to health risk class 1),

‘moderately polluted air’ (belonging to classes 2 and 3) and ‘highly polluted air’ (worse than

class 3). Subjects were classified to their physical independence at levels 3 or 4. In subjects at

physical independence level 4, a change from ‘clean air’ conditions to ‘polluted air’

conditions caused a decrease in body movement at an equal rate of actual energy expenditure

during kitchen activities. In these subjects an increase in actual energy expenditure did not

occur because of a pre-existing high relative physical strain (above 40%) within ‘clean air’

conditions. These effects, demonstrated in a small group, indicate that the assessment method

is useful and practical for detecting a decline in physical performance in response to indoor

air-pollution exposure. Optimal physical performance requires ‘clean air’ in ‘level 4’ older

occupants with chronic lung disease. Further studies are needed on a larger number of

subjects distributed over all levels of physical independence and over dwellings in all health

risk classes.

This new perspective on healthy dwellings for elderly persons with chronic lung

disease arose from the domain of Gerontechnology, our technological answer to the ageing of

society. It shows that indoor air purity influences physical performance, and may lengthen or

shorten independent living at higher ages. Our innovative view on healthy dwellings for

elderly persons with chronic lung disease can be used in the future to predict short-term

effects of indoor air quality improvement on physical performance in daily activities on an

individual level. The thesis supplied the basis for an automated coaching system. Such a

coaching system may be an indirect control option to achieve optimal daily functioning. It can

warn occupants about environmental health risks and advise how to change technological

environment or behaviour to regain a healthy situation. The results in this thesis may bring

                                                
* Has become available in 2001 with financial support of the European Union (DG Sanco), see www.phe.nl, or
www.allergo.nl/manapi/
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gains to a number of professional domains: policy making, building construction and building

services, and home care.

As to policy making the organisation of building codes needs a new foundation.

Not one set of requirements for everyone and everywhere, but requirements as needed by

actual users should be used. In addition to awareness of air quality issues, air quality

improvement may give building and building-services engineers a measure to prevent chronic

lung diseases in the elderly.

The developed assessment method for physical independence level will give a

better insight into actual versus optimal combination of physical performance parameters and

efficacious interventions. This method may benefit home-care programmes for coaching of

subjects with a building-related disease such as older persons with chronic lung disease.

Enabling intervention strategies of individuals with chronic lung disease (activity

accommodations, behavioural changes, and technological adaptations) need detailed

investigation in the future.
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Chapter 1

Introduction

As early as 1860 Nightingale wrote ‘… the first essential to a patient, without which all the

rest you can do for him is as nothing, with which I had almost said you may leave all the rest

alone, is this: to keep the air he breathes as pure as the external air, without chilling him’ 40.

Pollution in the inhaled air is an environmental impact factor for the health of occupants,

especially for occupants with chronic lung disease. Chronic lung disease, such as chronic

bronchitis and lung emphysema, is common among older occupants. Quality of life, a health

outcome assessment, is decreased. The same is true for life expectancy and level of physical

independence. Pollutants in the inhaled air reduce pulmonary function even further, leading

towards an additional decline in physical independence. In this thesis an assessment method

to characterise environmental health aspects of dwellings occupied by individuals with

chronic lung disease is developed. Its practicality is evaluated. Furthermore, health effects of

indoor air pollution are studied. Particularly, the relationship between indoor air quality and

physical independence is examined. The assessment method lays a basis for an innovative

view on healthy dwellings for individuals with chronic lung disease. Indoor air quality is an

accepted determinant of individual health 62. Since human exposures are multiple and divers,

assessment of its impact on health requires integration of information from different

disciplines, involving architecture, building engineering, medicine and behavioural sciences.

Focus is on prevention of disease and other health damage. Prevention of disease or

discomfort aims at avoiding noxious exposure (primary prevention) and at stepping up early

diagnosis and initial treatment (secondary prevention).
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1.1 Societal environment

Chronic lung disease is a common health problem in older occupants. Chronic lung

diseases, such as chronic bronchitis and lung emphysema (indicated as Chronic Obstructive

Pulmonary Disease, COPD), are the second contributor (7%) to the number of years lived

with a disabling condition 48. Among Dutch persons 65+ COPD is the fourth cause of death 55.

Roughly 24 per 1000 men and 14 per 1000 women are diagnosed as having COPD in the

Dutch population 34. As to allergy and asthma the prevalence of chronic lung conditions

increases sharply with age, from 48 per 1000 men aged 55-64 to 160 per 1000 men aged

75+ 35. Between 1994 and 2015 this prevalence is expected to increase by 25-35% 48, and

could even change more due to a reduced under-diagnosis from 50% in 1990 to 25% in

2005 57. This increase may elevate the contribution of COPD to the number of years lived

with a disabling condition in future.

In determining the number of years lived with a disabling condition, the severity of

the condition is assessed at the level of physical, psychological, and social functioning.

Experienced limitations in physical independence have an extensive impact on the quality of

life of elderly persons with chronic lung disease 18. A degenerative process in the lungs of

persons with COPD hinders normal physical performance of day-to-day activities. One’s

capacity to walk at least 400 metre or clean one’s home is an indicator of physical

independence or need for assistance 31. As compared to healthy matched subjects, occupants

with COPD experience more restrictions in these daily activities 21.

As far as indoor air pollutants are concerned, tobacco smoking is the most

important risk factor for the accelerated ageing process of lungs of persons with COPD 60.

One in five smokers develops COPD as well as one in fifty non-smokers 27. In 1994 the

smoking-attributable fraction of COPD for persons 60+ was 72% for men and 61% for

women 48. Other air pollutants may also exacerbate symptoms and impair daily functioning 52.

Theoretically, about 50% or more of mortality due to COPD could be prevented by

eliminating exposure to polluted air 48. Stress on the respiratory system of older persons with

chronic lung disease, caused by inhalation of indoor air pollutants in everyday life, has not

been studied yet. Although much of the damage is irreversible at the time of clinical

presentation, perhaps improving indoor air quality in dwellings may be an effective way to

improve the functional ability of older occupants with chronic lung disease. A scheme of

building services’ technology to reach clean indoor air could, additionally, decrease exposure

to indoor air pollution including passive smoking (side-stream smoke).

Gerontechnology (among which health technology for the elderly) aims at

enhancement of independent functioning within the elderly persons (improved health) through

environmental interventions and technical aids 8. This thesis will focus on persons 50+ years

of age. Sustainable maintenance of independence and well being are operational targets.

Reduction of overall costs of healthcare while improving quality of life, are the results 47.

Effectiveness of environmental interventions on indoor air quality control while maintaining



Introduction 3

physical independence is unknown for older occupants with chronic lung disease 52. Effective

environmental management starts with identification of environmental conditions within

dwellings that are potentially detrimental to health.

To realise healthy dwellings, insight into the relationship between indoor air quality

(the environment) and physical independence in older occupants with chronic lung disease

(health) is required. However, an objective and reliable monitoring strategy is still missing.

With such a method an assessment should be possible of physical performance in daily

activities in these elderly persons under daily pollution circumstances. This assessment

method should be suitable to measure changes in the environment and in health, with minimal

interference in everyday life of subjects. The major purpose of this thesis is to develop a

method to assess impact of air pollution on physical performance in daily life for older

occupants with chronic lung disease. In the following subsections, the relationship between

the environment and health as mentioned above is described, the availability of monitors is

described, the aim of the study is outlined, and the themes discussed in the following chapters

of the thesis are introduced.

1.2 An innovative view on healthy dwellings

A relationship between indoor air quality and physical independence is described

within an innovative view on healthy dwellings, which is an adaptation from the disablement

process model introduced by Verbrugge and Jette 59. This view integrates the main pathway of

the influence of indoor air-pollution exposure on physical independence (Fig. 1-1). In this

view, air-pollution exposure in dwellings is considered as an environmental impact factor that

is potentially detrimental to human health (technological environment); chronic lung

problems, ageing, lung functionality, physical performance in daily activities and the potential

for physical independence are outcomes for health assessment. Health outcomes are ranged

from disorder (ageing and chronic lung problems) to ability (potential for physical

independence). Instead of a disablement process model 22 that describes disabilities of the

elderly persons with chronic lung disease, we start from abilities as outcomes. In the model,

several intra-individual (life-style and behavioural changes, psychosocial attributes and

coping factors, activity accommodations) and other extra-individual factors (medical care and

rehabilitation, medication, technical aids, environmental adaptations, informal assistance and

professional assistance) are indicated, as mentioned by Jette et al. 22. Behavioural changes

reflect overt changes to alter disease activity and impact, while activity accommodation refers

to changes in the kind of activities, procedures for doing them, and the frequency or length of

time doing them. These factors may exert a modifying influence on the causal chains between

chronic lung problems, physical performance in daily activities, and physical independence.

In this study only the modifying influence of air-pollution exposure in dwellings is

investigated.
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Fig. 1-1 An innovative view on healthy dwellings: the relation between an environmental impact
factor (indoor air-pollution exposure) and health outcomes (chronic lung problems, ageing, lung
functionality, physical performance in daily activities and the potential for physical independence)
among persons 50+ with chronic lung disease in daily life, adapted from the disablement process
model introduced by Verbrugge and Jette 59. Other intra-individual and extra-individual factors are
also indicated, but only the aspects given in bold print are investigated in this study

Although changes in the environment and health are the main focus of interest, a

baseline establishment for physical independence is valuable for determining whether a

deterioration in physical performance is age-related, a functional consequence of the chronic

disease, or whether it is caused by environmental impact factors 54. Only by establishing a

baseline for physical independence under clean air, a change in physical performance can be

assessed due to air-pollution exposure. Available methods to assess both this baseline (health

outcome assessment) and an adverse impact of indoor air pollution on physical performance

of elderly persons with chronic lung disease in daily life (environmental health assessment)

are described below.



Introduction 5

1.3 Health outcome assessment

As described in Fig. 1-1, chronic lung problems, ageing, lung functionality,

physical performance in daily activities, and potential for physical independence are health

outcomes. In the following subsections we will discuss these outcomes in a general sense and

focus on the available assessment methods.

1.3.1 Potential for physical independence
Physical independence requires the means to perform activities of daily life,

including activities for personal care, household management and obtaining resources 53, with

or without the support of technical aids, environmental adaptations, informal assistance or

professional assistance. Personal care belongs to the basic activities of daily living (BADL,

Appendix A); household management to the instrumental activities of daily life (IADL,

Appendix A). Chronic lung problems lead to (a) limitations in BADL tasks, especially

mobility and using stairs, (b) limitations in IADL tasks 21, (c) not working occupationally 22,

and (d) physical inactivity in leisure time 7. Activities with the hands above shoulder level are

particularly tiring 6. The potential for physical independence indicates the extent to which a

subject can live independently at home. A baseline can be monitored through self-reporting or

observation in daily life 53,54. A more objective indicator, able to detect short-term changes, is

not available yet.

1.3.2 Physical performance in daily activities
For elderly persons with COPD total daily energy expenditure increases 4,

predominantly due to an increased energy expenditure for activity 5. Part of the increase in

oxygen consumption is related to inefficient lung ventilation. An increased oxygen cost of

breathing during exercise contributes to increased energy expenditure 3. Resting energy

expenditure of elderly persons with COPD increases too 11,28,50, but not due to the decreased

mechanical efficiency 3. Physical performance in daily activities, such as BADL and IADL

tasks, corresponds with the performance intensity, i.e. the rate at which energy is expended.

Performance tests are used to assess physical function in a clinical entourage 46. Physical

performance in daily activities in and around the home can be quantified continuously with

indirect calorimetry, physical markers or body-motion sensors 36. Until now, only total daily

activity assessment has been considered 24,56. Physical performance in various daily activities

has not been quantified in independent elderly persons with chronic lung disease.

1.3.3 Lung functionality
The principal functional dimension of the lungs is the relation of lung ventilation to

the uptake of oxygen, defined as ventilatory capacity 10. In persons with chronic lung disease,

the irreversible decline in ventilatory capacity is accelerated from 20-30 ml per year to

48-91 ml per year 52. In persons with COPD, reduced ventilatory capacity is most relevant for
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the physical performance capacity 10. The ventilatory capacity is reduced due to airflow

obstruction and the ventilatory requirement is increased due to ventilation-perfusion

mis-matching 52. Stooping and bending also influences ventilatory capacity by reducing chest

and abdominal expansion. At present the ventilatory capacity can only be measured in the

laboratory because the portable gas exchange monitor hinders normal daily activity 2.

1.3.4 Chronic lung problems
The severity of airflow limitation can be assessed in a lung function test under

laboratory conditions by a physician. Forced expiratory volume in one second (FEV1) in

relation to reference values (%predicted) is used as a measure of severity. A FEV1%pred

below 50% equals a severe impairment 52. FEV1%pred has no significant, direct relation with

physical performance 30, and is not investigated in this study.

1.3.5 Ageing
Growing older can result in changes in anatomical, physiological and psychological

functions, which may lead to a loss of independence. The ageing process is not uniform

within an individual or among individuals, as genetics, the environment, and social and

economic factors play a role 41. Chronic lung problems develop gradually over many years.

By the time problems become visible in daily life, patients are more than 40 years old 52.

During healthy ageing, it is not the pulmonary system but the cardiovascular system, as well

as the strength and conditioning of the respiratory muscles that limit physical independence 10.

Of the aged population 83% is independent in all domestic activities at age 70 53, due to the

comfortable technology available for household tasks (vacuum cleaner, washing machine,

etc.).

Until now, the potential for physical independence and accompanying physical

performance in daily activities has not been quantified among older occupants with chronic

lung disease in their own living environment. These health outcomes may allow identification

of short-term changes in health. One of the aims of this study is to develop a physical

performance monitor to assess these health outcomes, based on known algorithmic

relations 2,9,37.

1.4 Environmental health assessment

The assessment of environmental health can be accomplished by a combination of

health outcome monitoring with technical monitoring of air pollution. In the Dutch health-

care system, coaching households towards management of environmental health is one of the

professional components of nursing practice. Starting from the relevance of indoor air quality
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for an occupant’s health, the available assessment methods in technical engineering and

application in nursing practice are described below.

1.4.1 Relevance of indoor air quality for health
Air-pollution exposure in dwellings is an accumulation of substances. It may rise to

levels that have an impact on one’s health. This also depends on the susceptibility of a person.

Indoor air quality may influence the level of physical independence for three reasons among

persons 50+ with chronic lung disease. Firstly, elderly persons with chronic lung disease are

more susceptible to the effects of air pollutants than healthy elderly persons 61. Secondly, on

average 82% of all waking-time behaviours of the elderly persons occur in the home 29.

Finally, indoor air pollution is often higher than outdoor pollution, due to reduced building

ventilation for the purpose of energy conservation 51.

In persons with COPD, exposure to pollution or to some physical stimuli in or

around the dwelling, such as smoke, suspended dust, fog, cold air, odour of paint, frying and

baking odours, and perfume, can trigger short-term respiratory symptoms (a change in lung

functionality). Continued exposure leads to an accelerated decline in FEV1 
15,19,52. In addition

to infections, these non-specific constrictor stimuli (=irritants) are the most important factors

for triggering exacerbation in COPD. Studies on the relationship between outdoor air quality

and respiratory symptoms and peak expiratory flow rate in subjects with COPD indicate

adverse health outcomes in response to pollution levels low enough to be within current

health guidelines 16,19. However, personal air-pollution exposure has a low correlation with

the outdoor fixed-site concentration, as investigated for the mass of particles with a diameter

smaller than 2.5 µm (PM2.5) 
12.

The Construction Products Directive calls for a healthy indoor environment for

occupants in general 13. The World Health Organization formulated a set of statements on

‘The right to healthy indoor air’. Susceptible groups within the population have the right to

adequate means for ensuring them an indoor air quality that meets their specific needs 62.

Health and safety standards for the total indoor air quality in non-industrial settings are

lacking. Common indoor air pollutants are occupant’s respiration products (carbon dioxide,

odours and moisture), cigarette smoke, combustion products, biological agents, and volatile

organic compounds. Only classic air pollutants (sulfur dioxide, nitrogen dioxide, carbon

monoxide, ozone, suspended particle matter and lead) have short-term and long-term

guideline values. These do not differ from outdoor hygienic limits 61. In 1858 von Pettenkofer

introduced 0.1 Vol.-% (1000 ppm) carbon dioxide as a guideline concentration for healthy air

in buildings 42. The Dutch building code formulated quantitative requirements on the capacity

of ventilation systems for each space of a dwelling, in order to reach this limit 1.

1.4.2 Technical monitoring
Short-term environmental influences on health, associated with indoor air quality,

should be assessed using real-time air pollution monitors. This equipment has the capability to



8 Chapter 1

both measure short-term fluctuations and to calculate long-term averages. The number of

pollutants for which such methods are available is limited, and often the instrumentation is

too noisy for domestic use 63. Additionally, adverse impact of indoor air pollution on health

has not yet been established as experienced by older occupants with chronic lung disease.

An alternative monitoring method is based on environmental indicators, which

quantify the adverse impact of real-time air pollution on health indirectly. An existing

indicator, relevant for mite-allergic occupants, is absolute indoor air humidity. During winter

months absolute humidity is a critical indicator for the development of mites in a dwelling.

The sensitization threshold is defined as a maximum allowable indoor air humidity in winter

of 7.0 g water vapour per kg dry air 25,49. An adapted Mollier diagram presents the relation

between mite development and moisture for a larger temperature range 33. Technical indoor

climate classifications of buildings also use absolute humidity levels 17,20,58. The border

between the technical indoor climate class II and III in a living room equals the sensitization

threshold 49. It is questionable whether the use of the technical indoor climate class measured

in one room is sufficient for the assessment of the adverse impact on health related to house

dust mite-allergen exposure in a complete dwelling 49.

Additional environmental indicators, associated with other relevant types of air

pollution present in dwellings for occupants with chronic lung disease, have to be defined.

Furthermore, insight into hygienic thresholds for these indicators, i.e. definitions for

requirements on healthy indoor air, has to be obtained, especially for elderly persons with

chronic lung disease. A portable impact monitor with respect to environmental health is

needed to assess the adverse impact of air-pollution exposure on health in daily life. A

combination of this impact monitor and the physical performance monitor lays a basis for an

impact assessment method with respect to environmental health. Usefulness and practicality

of this method need to be established in daily life.

1.4.3 Nursing practice
Coaching households towards management of environmental health is one of the

professional components of nursing practice and has been taken into account in household

members with chronic lung disease, especially mite-sensitive asthmatics 39. In households

with an older person with chronic lung disease, tobacco smoking is the most important

environmental impact factor taken into account by nurses. The clinical relevance of other

indoor air pollutants is not yet available. In home visits, Dutch community nurses coach

household members with mite-sensitive asthmatics towards an assessment of actual pollution

exposure. They also give advice with respect to life-style and behavioural changes and with

respect to environmental adaptations to improve or control indoor air quality (irritants and

allergens) 14,38. The clinical efficacy of dwelling-related avoidance measures, executed by

specially trained professionals, has been shown in individual avoidance plans 23,26,43-45. An

individual avoidance program can still be ineffective, when performed by household members
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because of behavioural ineffectiveness 32. Until now, the effectiveness of nurses coaching

households towards the management of environmental health has not been evaluated.

1.5 Aim of the thesis

The aim of this study is to characterise environmental health aspects of dwellings

occupied by individuals with chronic lung disease in order to realise a new view on healthy

dwellings for individuals with chronic lung disease. To form this new view a method is

developed to assess the adverse impact of air pollution in dwellings-in-use on the level of

physical performance in daily activities for older occupants with chronic lung disease.

In Chapter 2, air-pollution exposure in dwellings-in-use will be described as an

environmental impact factor on health for groups of occupants with various susceptibility to

air pollution. In Chapter 3, the potential for physical independence deduced from physical

performance in daily activities will be described as health outcome in older persons with

chronic lung disease. In Chapter 4, the assessment of the environmental impact and of health

outcomes are combined to lay a basis for an innovative view on healthy dwellings for

individuals with chronic lung disease. This assessment method is examined for its usefulness

and practicality in daily life. In the different sections of these chapters, the following research

questions will be addressed:

a. Can the indoor humidity classification be used as a marker for house dust mite-allergen

exposure as one of the environmental influences on health? (Section 2.1)

b. How can indoor air pollution in dwellings-in-use be characterised semi-quantitatively and

tested objectively with respect to an adverse impact on health, for occupants in general

and for occupants with an enhanced susceptibility to air pollutants? (Section 2.2)

c. How can the potential for physical independence be assessed semi-quantitatively and

objectively among older occupants with chronic lung disease during daily life?

(Section 3.1)

d. Can a system of physical independence levels be used among older occupants with

chronic lung disease in daily life? (Section 3.2)

e. How effective is community nurses coaching for household members with chronic lung

disease, especially mite-sensitive asthmatics, aimed at environmental health management?

(Section 4.1)

f. Can the developed method be used in practice to assess the adverse impact of air-pollution

exposure in dwellings on the physical performance in daily activities for older occupants

with chronic lung disease? (Section 4.2)

Finally, in Chapter 5 the obtained evidence with regard to the research questions is

discussed. Recommendations for the field of application and future research are also

formulated.



10 Chapter 1

References
1. Anonymous. Bouwbesluit; Besluit houdende technische voorschriften omtrent het bouwen van

bouwwerken en de staat van bestaande bouwwerken. Deventer: Kluwer, 1992. ISBN 90-268-2289-8.
2. Åstrand P-O, Rodahl K. Textbook of work physiology; physiological bases of exercise. New York:

McGraw-Hill, 1986. ISBN 0-07-002416-2.
3. Baarends EM, Schols AMWJ, Akkermans MA, Wouters EFM. Decreased mechanical efficiency in

clinically stable patients with COPD. Thorax 1997;52:981-986.
4. Baarends EM, Schols AMWJ, Pannemans DLE, Westerterp KR, Wouters EFM. Total free living energy

expenditure in patients with severe chronic obstructive pulmonary disease. Am J Respir Crit Care Med
1997;155:549-554.

5. Baarends EM, Schols AMWJ, Westerterp KR, Wouters EFM. Total daily energy expenditure relative to
resting energy expenditure in clinically stable patients with COPD. Thorax 1997;52:780-785.

6. Barstow RE. Coping with emphysema. Nurs Clin North Am 1974;9:137-145.
7. Bol E, Swinkels H, Backx FJG. Health differences related to physical activity; Health interview survey.

Mndber gezondheid (CBS) 1997;2:4-16.
8. Bouma H. Gerontechnology: making technology relevant for the elderly. In: Bouma H, Graafmans JAM.

(eds). Gerontechnology. Amsterdam: IOS Press, 1992:1-5. ISBN 90-5199-072-3.
9. Bouten CVC, Verboeket-van de Venne WPHG, Westerterp KR, Verduin M, Janssen JD. Daily physical

activity assessment: comparison between movement registration and doubly labeled water. J Appl
Physiol 1996;81:1019-1026.

10. Cotes JE, Reed JW, Elliott C. Breathing and exercise requirements of the workplace. In: Whipp BJ,
Wasserman K. (eds). Exercise: Pulmonary physiology and pathofysiology. New York: Dekker,
1991:495-548. ISBN 0-8247-8230-5.

11. Creutzberg EC, Schols AMWJ, Bothmer-Quaedvlieg FCM, Wouters EFM. Prevalence of an elevated
resting energy expenditure in patients with chronic obstructive pulmonary disease in relation to body
composition and lung function. Eur J Clin Nutr 1998;52:396-401.

12. Ebelt ST, Petkau AJ, Vedal A, Fisher TV, Brauer M. Exposure of chronic obstructive pulmonary disease
patients to particulate matter: relationships between personal and ambient air concentrations. J Air &
Waste Manage Assoc 2000;50:1081-1094.

13. European Economic Community. Interpretative document. Essential requirement No 3. Hygiene, health
and the environment. Council Directive 89/106/EEC, 1989.

14. Geijer RMM, Hensbergen W van, Bottema BJAM, Schayck CP van, Sachs APE, Smeele IJM, Thiadens
HA, Weel C van, Rosmalen CFH. NHG-standaard astma bij volwassenen: behandeling. Huisarts Wet
2001;44:153-164.

15. Geijer RMM, Thiadens HA, Smeele IJM, Sachs APE, Bottema BJAM, Hensbergen W van, Schayck CP
van, Weel C van, Rosmalen CFH. NHG-standaard COPD en astma bij volwassenen: diagnostiek.
Huisarts Wet 2001;44:107-117.

16. Harré ESM, Price PD, Ayrey RB, Toop LJ, Martin IR, Town GI. Respiratory effects of air pollution in
chronic obstructive pulmonary disease: a three month prospective study. Thorax 1997;52:1040-1044.

17. Hees RPJ van. Vochtproblemen in bestaande woningen. Rotterdam: Stichting Bouwresearch, 1986.
18. Heijmans M, Rijken M, Dekker J. Mensen met astma en COPD in Nederland; een overzicht van de

kwaliteit van leven, het zorggebruik en de maatschappelijke positie. Utrecht: NIVEL - Nederlands
Instituut voor onderzoek van de gezondheidszorg, 2000. ISBN 90-6905-463-9.

19. Higgins BG, Francis HC, Yates CJ, Warburton CJ, Fletcher AM, Reid JA, Pickering CAC, Woodcock
AA. Effects of air pollution on symptoms and peak expiratory flow measurements in subjects with
obstructive airways disease. Thorax 1995;50:149-155.

20. International Energy Agency. Energy conservation in buildings and community systems programme.
Annex XIV. Condensation and energy. Guidelines and practice. Volume 2. Leuven: Acco, 1990.

21. Isoaho R, Puoliuoki H, Huhti E, Laippala P, Kivela S. Chronic obstructive pulmonary disease and self-
maintaining functions in the elderly - a population-based study. Scand J Prim Health Care 1995;13:123-
127.

22. Jette DU, Manago D, Medved E, Nickerson A, Warzycha T, Bourgeois MC. The disablement process in
patients with pulmonary disease. Phys Ther 1997;77:385-394.

23. Kniest FM, Young E, Praag MCG van, Vos H, Kort HSM, Koers WJ, Maat-Bleeker F de, Bronswijk
JEMH van. Clinical evaluation of a double-blind dust-mite avoidance trial with mite-allergic rhinitic
patients.  Clin Exp Allergy 1991;21:39-47.

24. Kochersberger G, McConnel E, Kuchibhatla MN, Pieper C. The reliability, validity, and stability of a
measure of physical activity in the elderly. Arch Phys Med Rehabil 1996;77:793-795.



Introduction 11

25. Korsgaard J. Preventive measures in house-dust allergy. Am Rev Respir Dis 1982;125:80-84.
26. Kort HSM, Koers WJ, Nes AMT van, Young E, Vorenkamp J. Clinical improvement after unusual

avoidance measures in the home of an atopic dermatitis patient. Allergy 1993;48:468-471.
27. Laitinen LA, Koskela K, expert advisory group. Chronic bronchitis and chronic obstructive pulmonary

disease: Finnish national guidelines for prevention and treatment 1998-2007. Respir Med 1999;93:297-
332.

28. Lanigan C, Moxham J, Ponte J. Effect of chronic airflow limitation on resting oxygen consumption.
Thorax 1990;45:388-390.

29. Lawton MP. Aging and performance of home tasks. Hum Factors 1990;32(5):527-536.
30. Leidy NK. Functional performance in people with chronic obstructive pulmonary disease. Image J Nurs

Sch 1995;27:23-34.
31. Leidy NK, Haase JE. Functional performance in people with chronic obstructive pulmonary disease: A

qualitative analysis. Adv Nurs Sci 1996;18:77-89.
32. Lynden-van Nes AMT van. Effective mite allergen avoidance in households with asthmatic children;

clinical, technical and behavioral aspects. PhD Thesis, Eindhoven University of Technology,
Eindhoven. 1999. ISBN 90-6814-097-3.

33. Lynden-van Nes AMT van, Kort HSM, Koren LGH, Pernot CEE. Limiting factors for growth and
development of domestic mites. In: Bronswijk JEMH van, Pauli G. (eds). An update on long-lasting
mite avoidance; dwelling construction, humidity management, cleaning. A symposium held at the 1996
Annual Congress of the European Respiratory Society (ERS) in Stockholm (Sweden). Aachen: GuT,
1996:13-25. ISBN 3-00-000896-9.

34. Maas IAM, Gijsen R, Lobbezoo IE, Poos MJJC. (eds). Volksgezondheid Toekomst Verkenning 1997; I De
gezondheidstoestand: een actualisering. Maarssen: Elsevier/De Tijdstroom, 1997. ISBN 90-352-1868-
X.

35. Mackenbach JP, Verkleij H. (eds). Volksgezondheid Toekomst Verkenning 1997; II
Gezondheidsverschillen. Maarssen: Elsevier/De Tijdstroom, 1997. ISBN 90-352-1869-8.

36. Montoye HJ, Taylor HL. Measurement of physical activity in population studies: a review. Hum Biol
1984;56:195-216.

37. Moon JK, Butte NF. Combined heart rate and activity improve estimates of oxygen consumption and
carbon dioxide production rates. J Appl Physiol 1996;81:1754-1761.

38. Nederlands Astma Fonds. Beleidsnota extra-murale CARA-zorg. Leusden: Nederlands Astma Fonds,
1990.

39. Nederlandse Vereniging Longverpleegkundigen. Richtlijn saneren: allergologische sanering van de
leefomgeving bij patiënten met astma. Utrecht: Nederlandse Vereniging Longverpleegkundigen, 1999.

40. Nightingale F. Notes on nursing; what it is, and what it is not? New York: Dover Publications, 1969.
ISBN 486-22340-X.

41. Pendergast DR, Fisher NM, Calkins E. Cardiovascular, neuromuscular, and metabolic alterations with age
leading to frailty.  J Gerontol 1993;48:61-67.

42. Pettenkofer M. Uber den Luftwechsel in Wohngebäuden. München: Der J.G. Cotta'schen Buchhandlung,
1858.

43. Platts-Mills TAE, Thomas WR, Aalberse RC, Vervloet D, Chapman MD. Dust mite allergens and asthma:
report of a second international workshop. J Allergy Clin Immunol 1992;89:1046-1060.

44. Platts-Mills TAE, Vervloet D, Thomas WR, Aalberse RC, Chapman MD. Indoor allergens and asthma:
report of the third international workshop. J Allergy Clin Immunol 1997;100:S2-S24.

45. Platts-Mills TAE, Weck AL de. Dust mite allergens and asthma - A worldwide problem. J Allergy Clin
Immunol 1989;83:416-427.

46. Rejeski WJ, Foley KO, Woodard CM, Zaccaro DJ, Berry MJ. Evaluating and understanding performance
testing in COPD patients.  J Cardiopulmonary Rehabil 2000;20:79-88.

47. Rietsema J, Bronswijk JEMH van. Gerontechnology at TUE; heritage (august 1999) & perspectives
(august 1998). Eindhoven: TUE-Institute for Gerontechnology, 1999.

48. Ruwaard D, Kramers PGN. (eds). Volksgezondheid Toekomst Verkenning 1997; de som der delen.
Maarssen: Elsevier/De Tijdstroom, 1997. ISBN 90-352-1867-1.

49. Schober G. Absolute indoor air humidity and the abundance of allergen producing house dust mites and
fungi in the Netherlands. In: Bieva CJ, Courtois Y, Govaerts M. (eds). Present and future of indoor air
quality; proceedings of the Brussels conference 14-16 February 1989. Amsterdam: Excerpta Medica,
1989:363-370. ISBN 0-444-81134-6.

50. Schols AMWJ, Fredrix EWHM, Soeters PB, Westerterp KR, Wouters EFM. Resting energy expenditure
in patients with chronic obstructive pulmonary disease. Am J Clin Nutr 1991;54:983-987.



12 Chapter 1

51. Seppännen OA, Fisk WJ, Mendell MJ. Association of ventilation rates and CO2 concentrations with
health and other responses in commercial and institutional buildings. Indoor Air 1999;9:226-252.

52. Siafakas NM, Vermeire P, Pride NB, Paoletti P, Gibson J, Howard P, Yernault J-C, Decramer M,
Higenbottam T, Postma DS, Rees J. Optimal assessment and management of chronic obstructive
pulmonary disease (COPD); a consensus statement of the European Respiratory Society (ERS). Eur
Respir J 1995;8:1398-1420.

53. Sonn U. Longitudinal studies of dependence in daily life activities among elderly persons;
Methodological development, use of assistive devices and relation to impairments and functional
limitations. Scan J Rehabil Med 1996;Suppl 34:1-35.

54. Spirduso WW. Physical dimensions of aging. Champaign: Human Kinetics, 1995. ISBN 0-87322-323-3.
55. Statistics Netherlands. Statistical yearbook of the Netherlands 1997. Voorburg: Statistics Netherlands,

1997.
56. Steele BG, Holt L, Belza B, Ferris S, Lakshminaryan S, Buchner DM. Quantifying physical activity in

COPD using a triaxial accelerometer. Chest 2000;117:1359-1367.
57. Stuurgroep Toekomstscenario's Gezondheidszorg. Chronische ziekten in het jaar 2005. Deel 2. Scenario's

over CARA 1990-2005. Houten: Bohn Stafleu Van Loghum, 1990. ISBN 90-313-1222-3.
58. Tammes E, Vos BH. Warmte- en vochttransport in bouwconstructies. Deventer: Kluwer, 1984. ISBN 90-

201-1710-6.
59. Verbrugge LM, Jette AM. The disablement process. Soc Sc Med 1994;38(1):1-14.
60. Villar T, Dow L. Lung function and aging: the development and decline of lung function in health and

disease. Reviews in Clinical Gerontology 1992;2:279-297.
61. World Health Organization. Guidelines for air quality. Geneva: World Health Organization, 1999.
62. World Health Organization. The right to healthy indoor air; report on a WHO meeting. Bilthoven, The

Netherlands 15-17 May 2000. Copenhagen: WHO Regional Office for Europe, 2000.
63. Yocom JE, McCarthy SM. Measuring indoor air quality; a practical guide. New York: Wiley, 1991.

ISBN 0-471-90728-6.



13

Chapter 2

Indoor Air Quality

Impact assessment of environmental influence on health consists of a combination of

measurement and calculation. It concerns information on concurrent or recent changes in air-

pollution exposure (physical, chemical or biological contaminants) and health status. This

Chapter focuses on air-pollution exposure in dwellings as an environmental impact factor. A

Dutch indoor humidity class in a dwelling is an environmental marker that assesses adverse

health outcomes due to house dust mite-allergen exposure (Section 2.1). To translate

occupant’s requirements for healthy indoor air a health risk classification based on indoor air

pollution has been developed and tested (Section 2.2). Health outcomes in the most

susceptible occupants, i.e. elderly persons with chronic lung disease, are described in terms of

physical performance and physical independence in Chapter 3.
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Section 2.1

Humidity classification of dwellings to assess mite
abundance∗

Abstract The indoor humidity class is a marker for house dust mite survival. Mite allergens

have an environmental influence on human health. In Europe, a quarter to half of all

households are at risk for dwelling-related mite allergies. Population development of house

dust mites is primarily influenced by availability of water in the mite habitat. The presence of

dry and humid living room conditions was studied in addition to mite abundance in dust

samples from 14 Dutch living rooms and bedrooms. Living rooms with mite numbers below

sensitization threshold both in floor and furniture dust, i.e. below 10 mites per gram of floor

dust and below 100 mites per gram of furniture dust, were dry. Living rooms with one or

more dust samples containing a noxious mite concentration appeared to be humid. Mite

abundance differed between living room and bedroom of the same dwelling. The indoor

humidity class should be established for each room separately, to assess the impact on health,

due to mite-allergen exposure, for a complete dwelling. Indoor humidity class, based on

average water vapour difference between indoors and outdoors in relation to outdoor

temperature, is an inaccurate marker for the impact of mite-allergen exposure on health. In the

future the occurrence of short humid intervals should also be taken into account. These

intervals encourage mite survival and mite population growth in otherwise dry environments.

                                                
∗ The data used in this publication come from: Schober G, Verstappen I, Snijders MCL, Bronswijk JEMH van.
Prevailing indoor climate classification to predict house dust mite abundance in Dutch homes. Belg.J.Zool. 1995;
125: 193-198.
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2.1.1 Introduction

Occupied dwellings may be classified for their impact on human health 14. The

indoor humidity class is one of the health markers. It relates to house dust mite

(Pyroglyphidae) survival conditions during heating season 49. This indoor humidity

classification, from very dry (indoor humidity class I) to very humid buildings (indoor

humidity class IV), is based upon the average water vapour pressure difference between the

indoor and outdoor environment in relation to the outdoor temperature 29. Long-term humidity

and temperature measurements are easy and reliable, but time consuming. A quantitative

estimate of the density of mites in a room involves an even more laborious method 58,69.

A dwelling is classified as healthy for occupants suffering from mite-allergic diseases or born

with an atopic constitution, when mite abundance is low enough to prevent sensitization 47.

Humidity levels above 50% have been found to increase the population size of

pyroglyphid mites and the mite-allergen content of dust, provoking clinical symptoms such as

asthma, rhinitis, bronchitis or atopic dermatitis 62. In 93% of Dutch dwellings a noxious house

dust mite concentration was found 15. Internationally, 24-58% of the households in other

European countries are at risk to mite-allergen sensitization in their dwellings 49.

Provisional thresholds for sensitization to house dust mite or mite-allergen

exposure have been formulated: 10 mites per gram of floor dust, 100 mites per gram of

furniture/mattress dust, or 2 µg of Group I mite allergens per gram of dust 12,58. Some

occupants with mite-allergic asthma develop irreversible Chronic Obstructive Pulmonary

Disease (COPD). Therefore, a healthy dwelling for mite-allergic occupants also is a primary

preventive measure for some occupants with COPD 2.

Significant mite population growth has been reported, when absolute indoor

humidity exceeds 7.0 g water vapour per kg dry air during critical months in the heating

season 38,63. Part of this moisture originates outdoors, part constitutes indoor production not

removed by ventilation. In living rooms mite numbers exceeded the sensitization threshold at

the border of indoor humidity class II (normally dry) and III (humid) 63. Development of

house dust mites is primarily influenced by the availability of water vapour in a mite

habitat 69. Availability of water (water vapour) in carpets (micro-niches) correlates with the

water vapour pressure of room air. Each moisture source in the neighbourhood of a micro-

niche, i.e. a person sitting on the sofa, enhances the moisture content in this niche 22. Soiling

of surfaces increases hygroscopicity attracting even more moisture to the mite niche. The

water availability in finishing and furnishing materials is of limited relevance for mite

population growth 11.

In this study, humidity classification of living rooms has been investigated together

with mite abundance in dust samples from both living rooms and bedrooms. The aim was to

examine the usefulness of the existing indoor humidity classification to assess mite

abundance.
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2.1.2 Material and methods

Dwellings studied were located in regions in and around the Dutch cities of

Eindhoven (n=11, November and December 1983), Enkhuizen (n=1, November and

December 1991), Utrecht (n=1, November and December 1991) and Zeist (n=1, November

and December 1991). Dust samples from textile floors and textile-covered furniture of living

rooms as well as from textile floors of bedrooms were collected by a household vacuum-

cleaner (Hoover S2222, power: 700 Watt, with a small nozzle type A). Carpeting and

furniture of the rooms were sampled twice (with a time interval of one month) for one minute

per square metre. Mite analysis of the dust samples (in duplicate) occurred in the laboratory

using a flotation method 11. The extractive inefficiency of this method is 15% 16. The

sensitisation threshold for house dust mites was set at 10 mites per gram of floor dust and

100 mites per gram of furniture/mattress dust 12,58. When no textile coverings are present, mite

numbers do not exceed the sensitisation threshold, because shelter is absent 11.

In living rooms, humidity and temperature were registered by thermohygrographs

(type 252 Ua and type 253 W, Lambrecht, Göttingen, Germany) at 20-28 cm above floor

surface. No climatic registrations were performed in bedrooms, since the humidity class of the

living room is valid for the entire dwelling in the tradition of Netherlands building

technology 29. Outdoor climatic measurements at the nearest weather station were obtained

from the Royal Dutch Meteorologic Institute (KNMI, De Bilt, The Netherlands). The 12.00

and 24.00 hour readings of a 4-5 week period were used to calculate mean absolute indoor air

humidity values (in g water·m-3 air) and partial water vapour pressure (in Pa). From the 4-5

week average difference between indoor and outdoor absolute humidity and corresponding

outdoor temperatures, the indoor humidity class of each of the 14 living rooms was

calculated 29.

Statistical analysis was performed by use of SPSS (release 7.5). The binomial test

was employed to test the usefulness of indoor humidity classification to assess mite numbers

in relation to the established sensitisation thresholds. The confidence limit was set at 5%.

2.1.3 Results

In dry living rooms according to the indoor humidity class (at or below indoor

humidity class II), 6 of 7 samples had mite numbers below sensitisation threshold in both

textile floor dust and furniture dust (Table 2-1). This can be found in a range from 48-99% of

cases (p > 0.05). In only one dry living room (home number 1) sampled floor dust contained a

marginal noxious mite concentration of 11 mites per gram. In humid living rooms (above

indoor humidity class II) noxious mite concentrations were found in carpets or in furniture in

6 of the 7 samples (Table 2-1). This can be found in a range from 50-99% of cases (p > 0.05).

In two of these humid living rooms (home numbers 11 and 13), no noxious mite concentration
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was found in furniture dust. In home number 13, textile floor-covering and textile covered

furniture was already removed to reduce mite-allergen exposure.

Table 2-1 Range of geometric means of numbers of pyroglypid mites per gram of dust in living rooms
and bedrooms, and indoor humidity class of the living room. n = number of sampled objects

Range in mites·g-1

Indoor humidity class

living room* Living room Bedroom

n Carpet dust n Furniture dust n Carpet dust n

< II 7 1 – 11 6 8 – 71 7   0 – 158 6

> II 7 25 – 146 6 16 – 132 6 20 – 251 6

* Class < II = buildings with negligible or low water vapour production; class > II = buildings with
moderate or high water vapour production 29

In dwellings with a dry living room no noxious mite concentration was found in

bedroom floor dust in only 2 of the 7 cases (Table 2-1). This does not represent 99% of cases

(p < 0.05). In one of these bedrooms, textile floor-covering was already removed to reduce

mite-allergen exposure. In only one of the 7 sampled bedroom floors mite concentration did

not exceed the sensitisation threshold. In these dwellings, bedroom floor-dust samples would

not be suspected as unhealthy from indoor humidity classification, based on living room

measurements. In dwellings with a humid living room, bedroom floor dust samples exceeded

the sensitisation threshold in 6 of the 7 cases (Table 2-1). This can be found in a range from

48-99% of cases (p > 0.05). In one of these bedrooms textile-floor covering was already

removed to reduce mite-allergen exposure.

2.1.4 Discussion

The indoor humidity class is based on water vapour pressure differences between

the indoor and outdoor environment in relation to the outside temperature. Results of the

current study indicate that dry living rooms (at or below indoor humidity class II) in Dutch

dwellings have a mite exposure below sensitization threshold. These rooms may be

considered healthy rooms for mite-allergic occupants and for occupants with an atopic

constitution. Window pane condensation on the inside of double-glazed windows and high

vapour contribution (> 3 g·m-3) are also used as markers for high indoor humidity and high

mite-allergen concentration. However, the presence of these two markers was associated with

a 18–45% risk of high humidity and mite-allergen concentration, i.e. positive predicted values

were lower 24. House dust mites only occur sporadically, i.e. less than 100 mites per gram of

furniture dust and less than 10 mites per gram of floor dust, in dwellings with less than 7.0 g
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water vapour per kg dry air in both living room and bedroom 38. This absolute indoor

humidity threshold is associated with the border between indoor humidity class II and III 63.

The threshold should be treated with caution as it only holds in the temperature range of

20-22°C 21.

In the case of humid living rooms, mite numbers in floor dust samples of bedrooms

exceeded the sensitization threshold, except for one sample. In this bedroom (home number

12), mite avoidance was limited to the bedroom. In one bedroom of a dwelling with a dry

living room, textile floor-covering was already removed to reduce mite-allergen exposure. In

the other bedrooms, where the living room in the same dwelling also was dry, the indoor

humidity class of the living room was an inappropriate marker to assess mite abundance. An

indoor humidity classification should be performed for both living room and bedroom(s) in

the same dwelling to assess the environmental health of a complete dwelling, related to mite-

allergen exposure.

Indoor humidity classification, based on the average water vapour difference

between indoors and outdoors in relation to outdoor temperature, is not an accurate marker for

the impact of mite-allergen exposure on health. A dry living room as established by the indoor

humidity classification (home number 1) is no guarantee for a healthy living room, related to

mite-allergen exposure. This classification is too inaccurate. ‘Time of wetness’, i.e. proportion

of time relative humidity above a defined critical limit, may correlate better with survival and

population development of house dust mites 1. Mite population survival is markedly promoted

when only 1.5 hour of moist air (90% relative humidity) per day is given; 3 hours allow mites

in vitro to reproduce 9. A continuous measurement of both humidity and temperature has to be

available for at least one month in heating season to detect the occurrence of short humid

intervals. In future studies, ‘time of wetness’ has to be incorporated in indoor humidity

classification and validated. Alternative methods for estimation of mite concentration in

dwellings are mite counts, immunochemical assays of mite allergen and guanine

determination. However, these methods are too laborious 58,69. In Section 2.2 other markers

are taken into account to assess health risks within a dwelling.

2.1.5 Conclusion

Indoor humidity classification of a room is useful in the assessment of the impact of

house dust mite-allergen exposure on health in the same room. Indoor humidity classification

of the living room is not adequate for an assessment of the impact on health due to mite-

allergen exposure for another room or even for a complete dwelling. A more accurate marker

for mite survival conditions should detect the occurrence of short humid intervals in otherwise

dry environments, i.e. ‘time of wetness’. A continuous humidity and temperature registration

-with time of wetness incorporated- during one month in heating season is needed to evaluate

a dwelling for its mite load.
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Section 2.2

A health risk classification for Dutch dwellings,
considering occupants with various susceptibility to air
pollution∗

Abstract Indoor air pollution has been widely recognized as a public health concern. Health

status of individual occupants may determine specific requirements with respect to healthy

indoor air. In this study a health risk classification for Dutch dwellings is developed for

groups of occupants with various levels of susceptibility to air pollutants. Satisfactory health

levels were distinguished for (a) ‘healthy, non-atopic adults’, (b) ‘children, elderly, and non-

sensitized atopics’, and (c) ‘individuals with chronic lung disease’. The latter require the

highest quality of indoor air. Air quality in these 3 health risk classes is characterized with

3 environmental markers: indoor CO2 pollution (occupancy-related and open-fire pollution),

indoor humidity class (mite-allergen exposure), and room ventilation rate (building-related

and occupancy-related factors). This health risk classification was tested in 53 Dutch living

rooms. In these living rooms, air pollution was continuously monitored for 7 days, supplying

data on the 3 markers as well as on indoor versus outdoor dust particle ratio. Living rooms in

the heating season (n=37) showed the highest pollution levels and lowest room ventilation

rate. The data from these living rooms were used as a basis for a health risk classification. The

least healthy risk class, when taken all 3 markers into account, was used for the classification

of that living room. In total, only 4 out of 36 (11%) living rooms were appropriate for

‘healthy, non-atopic adults’, taking CO2 pollution, indoor humidity class, and room

ventilation rate into account. No living room fitted the requirements of indoor air quality for

‘individuals with chronic lung disease’. Surprisingly the Dutch building code is based on a

health level below the requirements for ‘healthy, non-atopic adults’. We conclude that the

Dutch building code needs reappraisal to comply with the European Construction Products

Directive.

                                                
∗ To be submitted to Indoor Air. Authors: Snijders MCL 1, Pernot CEE 2, Bruijn CHMM de 3, Koren LGH 4.
1Department of Architecture, Building and Planning, Technische Universiteit Eindhoven, Eindhoven, The
Netherlands, 2Knowledge Center for Building & Systems TNO-TUE, Eindhoven, The Netherlands, 3Brain &
Behaviour Institute, Faculty of Medicine, University of Maastricht, Maastricht, The Netherlands, 4Allergo-
Consult BV, Beusichem, The Netherlands.
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2.2.1 Introduction

Time-series studies have established correlations between outdoor air quality and

adverse health effects, such as discomfort, irritation, chronic pathologies, and

cancers 4,25,28,30,70. Irritants, such as smoke particles, other suspended dust particles, fog, cold

air, perfume, frying and baking odours and odour of paint, can trigger an exacerbation of the

Chronic Obstructive Pulmonary Disease (COPD). Cigarette smoking and occupational

exposure are the main hazardous pollutants for individuals with COPD 65. Additionally, in

asthma, biological contaminants are considered to play a major role. In Europe, asthma is

commonly associated with indoor mite-allergen exposure 49.

The Construction Products Directive of the European Union calls for a healthy

indoor environment for occupants 26. The Dutch building code implements European

legislature to guarantee a certain level of indoor air quality in terms of a minimum air

exchange rate, without explicitly demanding an achievable acceptable maximum health risk

level 6. Health-based air quality values are given as hygienic limits for a selection of

pollutants, such as sulphur dioxide, nitrogen dioxide, carbon monoxide, ozone, suspended

particulate matter and lead in guidelines of the American Society of Heating, Refrigerating,

and Air-Conditioning Engineers (ASHRAE) standard 62-1989 7 and in European

guidelines 18,20.

Guidelines to specify categories of occupant groups with various perceived indoor

air quality differ between North America and Europe. ASHRAE aims to achieve comfort (not

complete health) for at least 80% of occupants. European guidelines specify 3 categories of

perceived indoor air quality: high quality (at least 85% of all occupants satisfied), medium

quality (at least 80% of all occupants satisfied), and moderate quality (at least 70% of all

occupants satisfied) 18. The health level equaling the minimum requirements of the Dutch

building code appeared to lie at the 77% satisfaction rate as deduced from the prescribed

minimal room ventilation rates 6,18. This health level equals a hygienic threshold for CO2 of

1236 ppm (2267 mg·m-3) and for room ventilation rate of 0.9 l·s-1·m-2. Below the hygienic

threshold for CO2 indoor air is legally acceptable. This leaves out 15 to 30% of all occupants,

notably the most susceptible group.

The World Health Organization has agreed on ‘The right to healthy indoor air’.

Health status of individual occupants determine specific requirements with respect to indoor

air quality 71.

The aim of the present study is to develop a health risk classification system for

occupied dwellings, based on indoor air quality requirements of occupants with different

susceptibility, and to test the system on a number of Dutch living rooms.
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2.2.2 Classification for health

Occupants’ requirements not only depend on the agent and level of exposure, but

also on individual differences in susceptibility 41. Susceptible populations include children,

elderly persons, not (yet)-sensitized atopic individuals, and persons with chronic lung disease

(asthma or chronic obstructive lung disease, also called COPD) 70. Children aged < 20 (24%)

and persons aged 50+ (30%) form together the majority of dwelling occupants in the

Netherlands 17. About 40% of the human population has a hereditary predisposition to atopy,

a so called atopic constitution 13. Of the total Dutch population 30% has a diagnosed chronic

lung disease 61.

An effective classification should be tuned to occupant’s susceptibility. A first base

for a health classification of Dutch dwellings (GCW) has been established, translating disease

determinants into technical specifications 14,39,46. This classification, however, was not tuned

to different groups of susceptible persons.

We therefore classified dwellings with respect to the requirements of the following

groups of occupants: ‘healthy, non-atopic adults’, ‘children (< 20 years old), elderly (> 50

years old), and non-sensitized atopics’, and ‘individuals with chronic lung disease’ (occupants

with asthma or COPD). Quantitatively, the proposed health risk classification also makes a

translation to existing guidelines, expressing the health level as a percentage of persons in the

total population that finds an environmental marker level acceptable (= % satisfied) 18. Each

health risk class needs hygienic thresholds for different environmental markers, such as CO2

pollution, indoor humidity class, and room ventilation rate (Table 2-2).

Exposure to pollutants is differently described in building science (median values

used) and health sciences (percentage of time that hygienic thresholds are not exceeded) 53.

Since brief exposure to noxious concentrations can account for acute reversible health effects,

percentage of time that a hygienic threshold is not exceeded is used.

The requirements for each class are deduced from existing hygienic thresholds or

related to accepted health risk limits. The perceived air quality is expressed as a function of

the CO2 pollution 18. To account for acute reversible health effects after brief pollution

exposure as indicated by CO2, we took 1% of 24 hours (starting at 00.00 hour), e.g. 14.4

minutes, of threshold exceedance each day as the limit. We assume that the ASHRAE

hygienic limit for 80% satisfied occupants protects ‘healthy, non-atopic adults’ against

environmental health risks, making 1085 ppm CO2 (1990 mg·m-3) a lower limit of health risk

class 3. ‘Individuals with chronic lung disease’ require an indoor air quality that satisfies at

least 90% of all occupants (health risk class 1) 35, bringing the lower limit of health risk

class 1 to 680 ppm (1247 mg·m-3) CO2. This corresponds with the low number of complaints

for CO2 in the 600 to 800 ppm (1100 to 1467 mg·m-3) range 60. ‘Children, elderly and non-

sensitized atopics’ are considered to be more susceptible than ‘healthy, non-atopic adults’, but

less than ‘individuals with chronic lung disease’ 19,50. No quantitative CO2 data are available

for this group. We assume that the susceptibility of ‘children, elderly, and non-sensitized
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atopics’ lies exactly in between the two other occupant groups, equalling at least the

85% satisfaction rate (health risk class 2). The lower limit of health risk class 2 is 865 ppm

(1586 mg·m-3) because of an exponential relation between perceived air quality and CO2

concentration (Table 2-2) 18.

Table 2-2 Hygienic thresholds for each health level during 24-hours a day within a proposed health
risk classification for dwellings, based on the susceptibility of occupant groups to air pollution and on
the percentage of persons in the total population that finds an environmental marker level acceptable
(percentage satisfied noted between brackets)

Hygienic thresholds
Dwelling’s

health risk

class

Health level for CO2
*

during at least

99% of 24 h

Indoor

humidity class < II

Room

ventilation rate

1 (90%) Individuals with chronic lung disease <   680 ppm At least 95% of 24 h > 2.4   l·s-1·m-2

2 (85%) Children, elderly, and non-sensitized atopics <   865 ppm At least 90% of 24 h > 1.5   l·s-1·m-2

3 (80%) Healthy, non-atopic adults < 1085 ppm - > 1.05 l·s-1·m-2

* CO2 concentration at standard temperature (20°C) and pressure (1013 mbar)

The indoor humidity class has to limit mite survival (during at least 95% of

24 hours < indoor humidity class II, starting at 00.00 hour) for ‘individuals with chronic lung

disease’, and to limit mite population growth (during at least 90% of 24 hours < indoor

humidity class II, starting at 00.00 hour) for ‘children, elderly, and non-sensitized

atopics’ (Table 2-2) 29,58,63. Mite survival and mite population growth is made possible

through short humid intervals, 1.5 and 3 hours per day respectively 9.

The requirements for room ventilation rate are assessed from design criteria for the

indoor environment. Thresholds for each level are deduced from the added pollution of

occupants and indoor materials, assuming an occupancy of 0.05 person per square metre

(Table 2-2) 18,20.

2.2.3 Materials and methods

Selected environmental markers include indoor carbon dioxide (CO2) pollution,

indoor humidity class, room ventilation rate, and indoor versus outdoor dust particle ratio.

The last mentioned parameter was added because of its reported relevance for individuals

with chronic lung disease 40,65; this parameter was not included within the proposed health

risk classification due to unavailability of hygienic thresholds.
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2.2.3.1 Dwellings
Dwellings included in this study were located in and around Delft (n=18), Utrecht

(n=17), Alblasserdam (n=4), and Helmond (n=14) in the Netherlands. Time periods with a

mean outdoor temperature below 15.5°C are considered to belong to the heating season 54.

Measurements in March, April and the first two weeks of May fulfilled this criterion and were

therefore grouped as ‘heating season’. Measurements in the last two weeks of May, and the

whole months of June, July, August and September were grouped as ‘non-heating season’.

Dwellings investigated and type of occupancy represent a rough cross-section of the Dutch

housing situation, with exception of the underrepresentation of apartments as a house type

(Table 2-3) 51. Mean occupancy of dwellings studied was 2.6, ranging from 1 to 6 occupants.

Table 2-3 Characteristics of dwellings studied during the ‘heating’ and ‘non-heating’ season.
n-values denote number of dwellings

Heating

season

Non-heating

seasonCharacteristics

n n

House type Single family dwelling - detached 2 4

Single family dwelling - terraced 29 33

Apartment 4 5

Senior dwelling - terraced 2 1

Type of occupancy Adults 6 5

Adults with offspring* 15 16

Elderly** 16 22

Tobacco smoking indoors 14 16

* Offspring aged < 20; ** persons aged > 50 years

2.2.3.2 Air-sampling protocol
Two different portable devices were developed to measure the indoor and outdoor

air pollution parameters on a continuous base for a one-week period. Indoors the living room

was monitored. Four sensors were placed in either a metal cage (indoors) or a wooden

weather house (outdoors) at 1.5 m above floor level. An aluminum pyramidal container below

this cage contained a datalogger (Almemo type 2290-8, Ahlborn, Holzkirchen, Germany) and

electrical accessories (Fig. 2-1).
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Fig. 2-1 Indoor monitoring equipment for the acquisition and storage of CO2 pollution, room
temperature, relative air humidity, and number of ultrafine and fine dust particles. The inset shows the
sensors in detail. A = CO2 monitor; B = temperature sensor; C = relative humidity sensor; D = dust
particle counter

Four sets of indoor apparatus and two weather-houses were used to sample

42 spaces in the heating season, and 51 outside this season (Table 2-4). The room air

concentration is used to estimate the concentration in the breathing zone of occupants. Bias

will occur when measurements are obtained in the nearest surrounding of climate systems,

doors, and sitting places. Air-sampling frequency was set at once each 1.5 minutes indoors,

and each 2 minutes outdoors in Helmond. In Delft, Utrecht, and Alblasserdam this frequency

was set at once each 2.5 minutes, both indoors and outdoors. Measurements were

conductedfrom March 1997 to September 1997 in Helmond, from March 1998 to September

1998 in Delft and Utrecht, and in June 1999 in Alblasserdam.

CO2 pollution was measured with a non-dispersive infrared (NDIR) spectrometer,

based on diffusion (Valtronics model 2045, Envico, Zoeterwoude, The Netherlands). Room

temperature was measured with a NTC-element type N, and relative air humidity was

recorded with a capacitive humidity sensor (combined in the Almemo FH A 646, Ahlborn,

A
D

B, C
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Holzkirchen, Germany). The outdoor air pressure was obtained from a weather station of the

Royal Dutch Meteorologic Institute (KNMI, De Bilt, The Netherlands), closest to the location

of the air-sampling site. The number of respirable dust particles per minute was determined

with a particle counter based on light scattering (model R4903, Met One, Oregon, USA) in

two channels: particles with a diameter > 0.3 µm (ultrafine dust particles) and > 1.0 µm (fine

dust particles), respectively. The air-sampling box created an average continuous flow rate of

1.5×102 + 0.5×102 ml·min-1 in the probe. Ultrafine dust particles point towards indoor tobacco

smoking, fine dust particles indicate indoor acitivity 3.

Table 2-4 Number of living rooms monitored for one or two weeks during the
heating and non-heating season

Heating season Non-heating season

1 week 33  40*

2 weeks   4     3**

total 37 43

* 25 of these living rooms were also monitored during heating season; ** 2 of
these living rooms were also monitored during heating season

2.2.3.3 Data analysis
Indoor and outdoor measurement data from Helmond were analysed for

simultaneous sampling periods of 6 minutes; in the case of Delft, Utrecht and Alblasserdam

the raw sampling data (sampling periods of 2.5 minutes) were used. Single missing values

were intrapolated, all other failures were defined as missing values. Dwelling’s health risk

classification was based on weekly data.

The measured CO2 pollution was corrected for the influence of temperature

fluctuations and translated to a standard condition with a temperature of 20°C and a pressure

of 1013 mbar. Outdoor CO2 monitoring appeared corrupted by extensive temperature

fluctuations and was not used in analysis. We assumed a constant outdoor CO2 concentration

of 371 ppm (680 mg·m-3) 18.

Indoor humidity classes were calculated from temperature and humidity

measurements to assess the difference between indoor and outdoor water vapour pressure 29.

The indoor versus outdoor (indoor / outdoor) ratio of dust particle concentrations

was taken as a marker of difference between indoor and outdoor dust particle numbers.

Room ventilation rate was assessed from the median CO2 concentration in the

living room during occupation as follows: we assumed that (a) sedentary occupants, who

produced the lowest level of CO2 pollution, were the only source of pollution, (b) the outdoor

CO2 concentration, and (c) both ventilating air and pollutants were uniformly distributed

throughout the ventilated space. Children and employed adults were assumed to spend on
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average 7 hours per day in the living room, elderly persons on average 10 hours 41,42. Based

on these assumptions, the following equation was used to calculate the weekly averaged room

ventilation rate (one value):
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where V = room ventilation rate per person [m3·h-1 per person]
G = CO2 generation rate per hour per person [ppm·h-1 per person]
ca = CO2 concentration in outdoor air [ppm]
ct = CO2 concentration in indoor space as function of time [ppm]
t = time of occupancy [h]
L = room volume per person [m3 per person]

We also performed statistical analysis by use of SPSS (release 7.5). For each

environmental marker weekly median, 90th percentile, 95th percentile, 99th percentile,

minimum and maximum value was calculated. Non-parametric statistical tests were used to

determine differences in concentrations. Differences between heating and non-heating season,

and differences between living rooms with non-smoking occupants and with smoking

occupants were calculated using Mann-Whitney U-test (one-tailed). Differences between two

sampling weeks were calculated using Wilcoxon’s signed-rank test. Differences between the

type of occupancy were calculated using Kruskal-Wallis. Spearman’s rank correlation test

was used to determine the correlation between environmental markers. The confidence limit

was set at 5%.

2.2.4 Results

Summary statistics in 53 living rooms reveal that highest pollution levels and

lowest room ventilation rate were observed during heating season, except for the indoor /

outdoor ratio of fine dust particle where no difference was found (Table 2-5). Measurements

showed large ranges and marker values that are usually laying in health risk class 3 or even

worse (Table 2-6). Since pollution was highest in the heating season, only results from this

season were applied to the health risk classification. In 7 living rooms, in which air pollution

levels were measured for two consecutive weeks, environmental markers were not

significantly different between weeks (Wilcoxon test).

2.2.4.1 CO2 pollution
During heating season, CO2 pollution varied widely, up to a maximum of

3307 ppm. The minimum level was equal to the outdoor CO2 concentration (Table 2-5).

Although 84% of monitored living rooms were worse than health risk class 3, 32% of living

rooms met the requirements of the Dutch building code, i.e. at least 99% of day time
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< 1236 ppm. According to our proposed health risk classification, the CO2 marker indicated

only one living room as healthy for ‘individuals with chronic lung disease’. In two additional

living rooms the CO2 pollution remained below the hygienic threshold for ‘children, elderly,

and non-sensitized atopics’ for 99% of 24 hours. Of living rooms 16% were healthy for

‘healthy, non-atopic adults’ (Table 2-6).

Table 2-5 Weekly median values and ranges for CO2 pollution, indoor humidity class, room
ventilation rate, ultrafine dust particle median indoor / outdoor ratio, fine dust particle median indoor
/ outdoor ratio in heating and non-heating season in Dutch living rooms. n-values denote number of
living rooms. Outdoor CO2 concentration is assumed to be 371 ppm. Significant differences between
heating season and non-heating season measurements are denoted as follows: ** = p < 0.01, NS =
not significant (one-tailed Mann-Whitney U-test)

Heating season Non-heating season p-value
Environmental marker

n median (range) n median (range)

CO2 pollution [ppm] 37 663 (outdoor – 3307) 39 570 (outdoor – 3507) **

Indoor humidity class 36 II (I – IV) Not to establish

Room ventilation rate [l·s-1·m-2] 37 0.91 (0.21 – 2.20) 39 1.18 (0.27 – 2.52) **

Ultrafine dust particle

median indoor / outdoor ratio
21 1.91 (0.38 – 11.10) 17 0.96 (0.06 – 17.38) **

Fine dust particle

median indoor / outdoor ratio
21 0.73 (0.30 – 7.14) 24 0.60 (0.15 – 2.63) NS

The type of occupancy had a significant influence on the CO2 pollution during at

least 99% of 24 hours (Kruskal-Wallis: p < 0.05). These CO2 concentrations were

significantly higher in living rooms occupied by elderly persons and by adults with offspring,

as compared to living rooms occupied by adults only (Mann-Whitney: p < 0.01 and p < 0.05,

respectively).

Table 2-6 Number of living rooms (n) in health risk classes according to CO2 pollution measured,
indoor humidity class, room ventilation rate, and a combination of all three environmental markers
(least healthy risk class) in the heating season

CO2

pollution

Indoor

humidity class

Room

ventilation rate

All

three markers
Dwelling’s

health risk class
n n n n

1 1 5 0 0

2 2 5 3 1

3 3 26 10 3

Worse than 3 31 Not existing 24 32

Total 37 36 37 36
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2.2.4.2 Indoor humidity class
Based on average absolute humidity difference between living room and outdoors

in relation to outdoor temperature, all four indoor humidity classes were prevailing in living

rooms in the heating season (Table 2-5). However, 94% of living rooms fell in indoor

humidity classes I and II (Fig. 2-2). Indoor humidity class, based on at least 95% and 90%

respectively of day time < indoor humidity class II, indicates that five living rooms (14%)

could be healthy for ‘individuals with chronic lung disease’, while 28% of living rooms were

fit for ‘children, elderly, and non-sensitized atopics’ (Table 2-6). The type of occupancy and

number of occupants had no significant influence on the absolute humidity difference

between indoors and outdoors during at least 95% of day time (Kruskal-Wallis).
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Fig. 2-2 Weekly data on the difference in absolute humidity between living
room and outdoors in relation to the weekly median outside temperature during
heating season (n=36) and distributed over the indoor humidity classes (I-IV) 29.
For each living room 3 values for this absolute humidity difference are included:
during at least 95% of 24 hours (o), during at least 90% of 24 hours ( ), and
during at least 12 hours a day ( )

2.2.4.3 Room ventilation rate
The assessed room ventilation rate in the heating season ranged between 0.21 and

2.20 l·s-1·m-2 floor surface (Table 2-5). Using room ventilation rate as a marker for health

showed that no living room contained healthy indoor air for ‘individuals with chronic lung

disease’ and only 3 living rooms were healthy for ‘children, elderly, and non-sensitized

atopics’. About one third of the living rooms (35%) could be suitable for ‘healthy, non-atopic

adults’ (Table 2-6).
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2.2.4.4 Classification applied
The 3 environmental markers for healthy indoor air (CO2 pollution, indoor

humidity class, room ventilation rate) are not independent. In the heating season a negative

correlation was present between CO2 pollution during at least 99% of day time and room

ventilation rate (Spearman’s rank correlation test: rs = -0.40, p < 0.01), and between indoor

humidity class according to absolute humidity difference between indoors and outdoors

during at least 95% of day time and room ventilation rate (rs = -0.54, p < 0.01). On the other

hand a positive correlation was present between CO2 pollution during at least 99% of day

time and indoor humidity class according to absolute humidity difference between indoors

and outdoors during at least 95% of day time (rs = 0.43, p < 0.01). The 3 markers for healthy

indoor air were concordant in 0 of 37 cases assessed in the heating season (Table 2-7).

The health risk classification for a space, based on all 3 environmental markers,

resulted in 11% of living rooms (n=4) fitting for ‘healthy, non-atopic adults’ and 3% (n=1)

only as suitable for ‘children, elderly, and non-sensitized atopics’. No living room was fit for

‘individuals with chronic lung disease’ (Table 2-6).

Table 2-7 Concordance of health risk classification with different environmental markers in heating
season measurements in 37 living rooms. n-values denote number of living rooms

Concordant classifications n %

CO2 pollution + indoor humidity class + room ventilation rate 0 0

CO2 pollution + indoor humidity class 2 5

CO2 pollution + room ventilation rate 24 65

Indoor humidity class + room ventilation rate 6 16

No concordance 4 11

Missing data 1 3

Total 37 100

2.2.4.5 Dust particle indoor / outdoor ratio
In the heating season dust particles were measured in 21 living rooms. The most

striking difference between indoor and outdoor ultrafine dust particle concentrations was

associated with indoor tobacco smoking (Fig. 2-3). For the ultrafine dust particles the indoor /

outdoor median ratio was significantly higher in living rooms with smoking occupants

(Mann-Whitney: p < 0.001). The indoor / outdoor ratio of median concentrations for ultrafine

dust particles ranged from 0.38 to 2.34 for living rooms with non-smoking occupants. In 7 out

of 11 living rooms with non-smoking occupants indoors as compared to outdoors showed a

higher dust concentration (= ratio above 1). In living rooms with smoking occupants, the

indoor / outdoor median ratio for ultrafine dust particles ranged from 1.80 to 11.10, indicating

that in all these living rooms the median indoor concentration was higher than outdoors.
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The median indoor / outdoor ratio for fine dust particles ranged from 0.37 to 1.32

for living rooms with non-smoking occupants (9 living rooms below 1) and from 0.30 to 7.14

for living rooms with smoking occupants (6 living rooms below 1). Type of occupancy and

number of occupants did not influence the indoor / outdoor peak ratio for both dust particle

types (Kruskall-Wallis). In living rooms where people smoked, the room ventilation rate did

not differ from living rooms with non-smoking occupants (Mann Whitney: p > 0.05).

In living rooms where people smoked, the indoor / outdoor peak ratio for ultrafine

dust particles was above 10 (Fig. 2-3). The same was true for 6 of 11 living rooms with non-

smoking occupants. No hygienic thresholds for the number of ultrafine and fine dust particles

have been found in literature. However, any smoking in a closed space should make the air

unacceptable due to its risks for health 20,70. Therefore we consider an indoor / outdoor peak

ratio for ultrafine dust particles greater than 10 as unhealthy for ‘healthy, non-atopic adults’,

because this peak value was found in living rooms with smoking occupants.
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Fig. 2-3 Weekly data on number of ultrafine dust particles for living rooms with non-smoking
occupants (o) (n=11) and smoking occupants ( ) (n=10) in the heating season: indoor / outdoor
median ratio, and indoor / outdoor peak ratio (during at least 99% of 24 hours); medians (__) during
heating season. Difference between rooms with smoking and non-smoking occupants: ** = p < 0.01,
*** = p < 0.001 (one-tailed Mann-Whitney U-test)

A positive correlation existed between fine dust particle indoor / outdoor peak ratio

and indoor humidity class according to absolute humidity difference between indoors and

outdoors during at least 95% of day time (rs = 0.47, p < 0.05). A negative correlation was

present between fine dust particle indoor / outdoor peak ratio and room ventilation rate

(rs = -0.40, p < 0.05). A correlation between ultrafine dust particle indoor / outdoor peak ratio

and the other 3 markers was absent. The question arises whether adding ultrafine dust particle

indoor / outdoor ratio to the health risk marking changes the outcome of the proposed health
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classification system, based on 3 environmental markers (Table 2-6). The one living room in

health risk class 2 has an ultrafine dust particle indoor / outdoor peak ratio of 8.41 and may

remain in this class. Ultrafine dust particle indoor / outdoor peak ratio in the 3 living rooms of

health risk class 3 ranges from 12.38 to 19.82, indicating that they would be worse than health

risk class 3, being unhealthy for everyone.

2.2.5 Discussion

‘Healthy, non-atopic adults’, ‘children, elderly, and non-sensitized atopics’ and

‘individuals with chronic lung disease’ have all the right to indoor air that meets their specific

health requirements 71. An existing classification system for Dutch dwellings 14,39,46 has been

refined in this study. ‘Children, elderly, and non-sensitized atopics’ have been added as a

second susceptible group, equalling 85% of all occupants satisfied. The acceptable health

level for ‘individuals with chronic lung disease’ was elevated to the 90% satisfaction rate of

occupants. Additionally, hygienic thresholds for 3 environmental markers were deduced from

literature for each health level. Other health-related aspects of a dwelling, such as user safety,

water quality and protection against moisture, insect, mite and rodent pests, noise, and

ionising radiation were not included. They have been dealt with in previous studies 14,39,46.

Health risks from exposure to allergens, other than house dust mites (i.e. pets), were also not

included in this study. In European countries with a moderate outdoor climate, 60-90% of

allergic patients are sensitized to mite allergens 48.

Health risks related to emissions from materials in dwellings, such as furnishing,

carpets, and household chemicals, were not taken into consideration in this study. Pollutants,

such as total volatile organic compounds (TVOC), do encompass health effects 35, but are too

specific to be used as a general environmental marker. The health effects related to certain

human activities, such as gas-fuelled cooking, perfumes, and cleaning chemicals, are

implicitly taken into account by room ventilation rate.

2.2.5.1 The individual environmental markers
In residences CO2 pollution is rarely measured. Median values exceeded 1000 ppm

in 26% of Swedish living rooms in 30 minutes measuring interval 55 and in 15% of Dutch

homes 45. Our median values are in the same range. However, CO2 concentrations during at

least 99% of 24 hours in this study indicate that 84% of living rooms were not suitable for

‘healthy, non-atopic adults’ (> 1085 ppm), our least healthy risk class for dwellings.

Nearly all living rooms (34 out of 36) were classified into indoor humidity class II

according to the average absolute humidity difference between living room and outdoors in

relation to outdoor temperature. Total dwellings are reportedly damp in one third of cases 45.

The bathroom was mentioned most frequently as damp, followed by the living room (10%).

In this study only indoor humidity class in the living room was monitored to indicate health
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risks due to house dust mite-allergen exposure. In 72% of our living rooms mite population

growth and in 86% mite survival may be present. Noxious mite-allergen levels were

discovered in 93% of Dutch dwellings 15. Schober found mite problems in 55% of the

sampled carpets in living-rooms, according to the number of mites counted 63. A geographic

mite model predicts 60% of mite-infested carpeting in Dutch dwellings 49.

The room ventilation rate was inferred from CO2 measurements during a whole

week. Sources of error may lay in the assumptions that (a) CO2 concentrations are spatially

uniform, and (b) occupants display other activities indoors in addition to sitting. A direct

measurement of the ventilation rate using a tracer gas method employed once a day, might

provide a better approach.

Ventilation rates in other Dutch living rooms have reportedly a median of

0.9-1.0 l·s-1·m-2 floor surface 8, indicating health risks even for ‘healthy, non-atopic adults’ in

most living rooms. We found rates in the same range. The ventilation rate was reportedly

higher in dwellings with indoor smoking 8,23. This was not the case in our study, probably

because we only evaluated the heating season. In an effort to conserve energy, the modern

building design has favoured tighter structures, with lower rates of room ventilation 64. This

results in a stacked concentration of air pollutants originating from indoor activities,

occupants, finishing and furnishing materials, and outdoor infiltrations. Technology is

available to achieve a high heat recovery in combination with balanced ventilation. However,

the cleaning of these systems has to be given full attention to avoid additional risks for

health 3.

Office-related studies found that room ventilation rates below 10 l·s-1 per person

(≈ 1 l·s-1·m-2 floor surface) were associated with a significant negative impact on health.

Increases in ventilation rates above 10 l·s-1 per person, up to approximately 20 l·s-1 per person

(≈ 2 l·s-1·m-2 floor surface) were associated with health improvements 64. The actual effect on

health of a rate up to 2.4 l·s-1·m-2 floor surface that is required for ‘individuals with chronic

lung disease’, has to be established in future studies. The most important determinant of

whether or not the ventilation is adequate is the effective ventilation: the amount of

ventilation at the breathing zone of the occupant 7. In the case of well-mixed conditions, as

assumed in this study, ventilation effectiveness approaches 100%. The pollution concentration

in the breating zone is equal to the pollution concentration in the exhaust air.

The number of respirable dust particles, and not their weight, most closely reflects

the health effects of inhaled particles 31,57. Effects on respiratory health of the number of

outdoor particles smaller than 0.1 µm are stronger than those of particulate matter (measured

as the mass of particles) with a diameter smaller than 10 µm (PM10) 
57. Particles smaller than

10 µm penetrate into the thorax and those smaller than 2.5 µm enter the terminal airways 70.

An obstructive airway disease results in an increased deposition of particles in the lower

respiratory tract, which is equal to an increased level of susceptibility 27,36. In dwellings,

health effects were studied from particle exposure measured as the mass of particles with a

diameter smaller than 10 µm (PM10) or smaller than 2.5 µm (PM2.5) 
5,10,32,44,52,56,59,66.
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In our study, indoor smoking significantly contributed to the difference between

indoor and outdoor ultrafine dust particle concentrations, as was found by others 10,32. The

median indoor / outdoor ratio for PM10 was greater than one and doubled in houses with

smoking occupants 52,59. In contrast to the importance of dust particles for lung symptoms is

the low additional relevance of dust content as 4th marker for indoor health risk, only 8%.

2.2.5.2 Validity of classification
The health risk classification was based on living room values in the heating

season, since indoor pollution appeared to be higher in the heating season as compared to the

non-heating season. The health risk classification system is applicable in other European

countries with a moderate outdoor climate, such as Belgium and Germany 49.

We have implicitly considered health risks in the kitchen and bedroom to be equal

to the living room. However, abundance of mites -and therefore indoor humidity class- might

differ between the living room and bedroom (Section 2.1). Average and median CO2

concentrations for the living room, however, are in the same range as for the kitchen and the

bedroom 68, but peak values were not reported. In the future, a health risk classification of a

complet dwelling should take all rooms into consideration for indoor air quality evaluation.

Currently available international monitoring activities are based on assessment of

human exposure to individual pollutants and not directly related to occupant’s health 43.

Quality of indoor air may concern physical (e.g. humidity, temperature, or radon), chemical

(e.g. carbon dioxide, carbon monoxide, formaldehyde, nitrogen dioxide, particulate matter, or

volatile organic compounds) and biological contaminants (e.g. from sources such as moulds,

mites, or pets). Together these parameters determine health risks 34. The environmental

markers, used in this study, lay a basis for health risk assessment. A validation study is

needed, especially for the health risk class ‘children, elderly, and non-sensitized atopics’,

since literature data are minimal for this susceptible group.

We found a percentage of only 11% of living rooms with healthy indoor air for

‘healthy, non-atopic adults’. Only 3% of living rooms was suitable for ‘children, elderly, and

non-sensitized atopics’ (the majority of the Dutch population), and no living room was fit for

‘individuals with chronic lung disease’. Including also the ultrafine dust particle indoor /

outdoor peak ratio in this classification, still 3% of living rooms remained healthy for

‘children, elderly, and non-sensitized atopics’. However, the other 97% of dwellings became

unhealthy for everyone.

An inclusion of bedroom monitoring would probably improve the risk assessment

for a complete dwelling, just as is known for indoor humidity class (Section 2.1). Hygienic

thresholds for indoor / outdoor ratio of ultrafine and fine dust particles should also be

examined further. Also the short periods of threshold exceedance (99th percentile, 95th

percentile, and 90th percentile), chosen to indicate the adverse health effects on a short term,

require validation. In a pilot study (Section 4.2) the usefulness and practicality of the health

risk classification for dwellings will be shown for ‘individuals with chronic lung disease’ 50+

years of age. Most studies used short-term or point measurements of a limited number of
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pollutants (e.g. carbon dioxide, carbon monoxide, nitrogen dioxide, or formaldehyde) as a

single marker to evaluate health effects 37,55. Although individual markers may suggest

negligible environmental health risk for ‘healthy, non-atopic adults’, the health risk

classification -based on three environmental markers- indicates a risk that is not even allowed

under the Dutch building code. In this study no single environmental marker appeared

indicative for the health risk class of the living room. Each marker covers a specific although

not independent part of the risk spectrum of indoor air. A significant correlation between the

CO2 pollution and difference in humidity between indoors and outdoors has been found by

van der Lucht et al. (1995) 45. In this study CO2 pollution and indoor humidity class were also

correlated. Although, humidity production does not automatically include CO2 production.

Additionally, the level of heating, thermal insulation and adsorption and desorption to and

from surfaces influences indoor humidity 49, but do not affect CO2 pollution. The relationship

between indoor humidity class and fine dust particle indoor / outdoor ratio may reflect indoor

human activity. Resuspension by indoor physical activity is an important factor in indoor

particle concentration 33,67.

2.2.6 Conclusion

Finally we may say that evaluating indoor air quality using medians of single

environmental markers only, a common practice in building evaluation 7,20, has little

relevance for health risk assessment. The newly proposed health risk classification system

includes indoor air quality requirements of occupant groups with different susceptibility:

‘healthy, non-atopic adults’, ‘children, elderly, and non-sensitized atopics’, and ‘individuals

with chronic lung disease’. Measured values of at least 3 different environmental markers are

needed to assess occupant-relevant quality of indoor air. The least healthy risk class, when

taken all 3 environmental markers, was used for the classification of a space. The health risk

classification indicates a low percentage (11%) of dwellings suitable for ‘healthy, non-atopic

adults’ according to the monitored living rooms. Only 3% of dwellings is suitable for

‘children, elderly, and non-sensitized atopics’. No dwelling fitted the requirements for

‘individuals with chronic lung disease’. The Dutch building code guarantees a health level

well below the requirements of even the ‘healthy, non-atopic adults’. It needs a reappraisal to

comply with the current European directive on building products.
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Chapter 3

Physical Independence

In addition to a health risk classification of the dwelling (Chapter 2), individual health should

be assessed. Starting from a health assessment method originating from the Dutch health-care

system and internationally used physical functioning tests, a novel physical independence

level system was developed to assess physical independence as health outcome in older

occupants with chronic lung disease (Section 3.1). The usefulness and practicality of this

system under daily living conditions was established (Section 3.2). Chapter 4 will be devoted

to usefulness and practicality of a combination of this system with the health risk

classification for dwellings. This lays a basis for an innovative view on healthy dwellings

suitable for individuals with chronic lung disease.
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Section 3.1

Quantifying physical independence in older persons with
COPD*

Abstract In older persons with Chronic Obstructive Pulmonary Disease (COPD), daily

physical independence is limited by a decrease in lung functionality and an increase in resting

metabolic rate as well as total daily energy expenditure, both relative to a decreased oxygen

uptake reserve. Starting from a system used in Dutch health-care, and international

classification systems for physical functioning, an independence-energy-scale was constructed

in order to assess the potential for physical independence among occupants 50+ with COPD

deduced from physical performance in daily activities. Essential activities for full physical

independence include (a) personal care, (b) household management, and (c) obtaining

financial resources. Five hierarchical levels of physical independence were defined; all with

accessory discriminating activities, required energy expenditure, technical aids, activity

accommodations, or assistance. The scale runs from full independence (level 1) to

non-independence (level 5). Physical performance in daily activities can be quantified by

actual energy expenditure (AEE) and relative physical strain (% 2OV& r). The assumption was

made that with a correction of estimated energy expenditure for a changed metabolic rate in

COPD (called f COPD) actual energy expenditure during a certain task (AEE task) can be

estimated for elderly persons with COPD. An individual’s highest AEE task at or below a

relative physical strain of 40%, monitored under clean air circumstances, allows us to assign

subjects to one of the physical independence levels on the independence-energy-scale for

healthy adults. The introduced f COPD factor, as a correction factor for a changed metabolic

rate in COPD, needs validation. The physical independence level system is applicable to

estimations of adverse health effects of air-pollution exposure on everyday life in elderly

persons with COPD.

                                                
*
 The first draft version was published in Gerontechnology: a sustainable investment in the future. Graafmans

JAM, Taipale V, Charness N. (eds). Amsterdam: IOS Press, 1998. ISBN 90-6275-170-9. Under the title:
Quantifying the potential for independent living in COPD-patients. Authors: Snijders MCL 1, Bouten CVC 2,
Putten AFP van 3, Bronswijk JEMH van 1. 1Department of Building, Architecture and Planning, Technische
Universiteit Eindhoven, Eindhoven, The Netherlands, 2Department of Computational and Experimental
Mechanics, Technische Universiteit Eindhoven, Eindhoven, The Netherlands, 3Middlesex University, London,
United Kingdom.
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3.1.1 Introduction

Being physically independent up to a high age with free choices in daily life is the

greatest wish of most individuals. As long as self-maintaining activities are possible and

feasible, elderly persons can live physically independent. These include (a) personal care, (b)

management of the household, and (c) obtaining financial resources 39. Elderly persons

suffering from Chronic Obstructive Pulmonary Disease (COPD) have two kinds of risk

factors that may affect physical independence. The first kind involves the functional

consequences of COPD: the respiratory system slowly becomes a limiting factor for physical

performance and eventually limits physical independence 10. Modifications in energy

expenditure within elderly persons with COPD may be based on an elevated resting energy

expenditure 15,25. Furthermore, compared with healthy age-matched subjects an elevated total

daily energy expenditure, independent of resting energy expenditure, is observed in elderly

persons with COPD. This is probably related to an increased energy expenditure for

activities 7,8. Healthy elderly persons (non-COPD) usually experience limitations in physical

independence later in life due to biological ageing of the cardiovascular system 14. The second

risk factor influencing the physical independence of elderly persons with COPD is an

increased susceptibility to air pollution 48. Exposure to air pollution may impair lung

functionality 17,19, which limits physical performance in daily activities.

Changes of physical function in elderly persons with COPD can only be assessed

accurately by establishing a baseline of performance 40. In current clinical practice lung

function tests, such as the forced expiratory volume in one second in relation to reference

values (FEV1%pred), are used to evaluate the severity of COPD 37. The FEV1%pred however

does not play a significant role in the extent to which these people report on execution of

activities in daily life 26. Self-reported inventories and physical capacity tests under laboratory

conditions may be insensitive to declines of physical function in these independent elderly

persons 40. On the other hand, daily physical activity is significantly correlated with the forced

expiratory volume in one second, when judged by the total number of movements per day 9.

The focus in this section is on quantification of a baseline for physical independence deduced

from physical performance in daily activities among older occupants with COPD, as health

outcome.

The aim of this study is to develop a physical independence level system for semi-

quantitatively assessing the potential for physical independence among occupants 50+ with

COPD. This physical independence level system should be applicable to estimate adverse

health effects of air-pollution exposure on the level of physical performance of individuals.
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3.1.2 Levels of physical independence

A semi-quantitative physical independence-scale has been taken from published

experiences in the Dutch health-care system 38 and from international classification systems

for physical functioning 14,27,40. It consists of five levels. Starting at the highest level of

physical independence, the individual capabilities and needed adaptations or assistance are

described below, focussing on elderly persons and individuals with chronic lung disease:

Level 1 Living fully independently. Individuals are able to take care of themselves (so-called BADL
tasks, Appendix A), to run a household (so-called IADL tasks, Appendix A), and to obtain
financial resources 39. No adaptations or assistance are needed. Highest energy IADL tasks
are performed without physical discomfort. These tasks include going upstairs carrying a
7-10 kg load, climbing hills, swimming leisurely, cycling at 16 km per hour during
10 minutes, working with a pick and spade. The individuals at this level appear to exercise
two or more times a week, primarily for their health, enjoyment and well being. They tend
to be very active and fully engaged in life 40.

Level 2 Extra technical aids needed, activity accommodations in BADL and IADL tasks take place.
In this independence level behavioural alterations are observed in bathing, grooming,
dressing, eating, sleeping and mobility patterns to compensate for limitations. These
accommodations consist of simplification, a decrease in frequency, and planning of in-
between rest periods 10. Among community-based individuals, assistive technology mainly
concerns shopping, walking, using the toilet, and bathing 32. However, the following high-
energy IADL tasks can be performed without undue strain: cleaning the home and washing
windows, home maintenance such as carpentry and painting activities, car washing,
mowing the lawn, trimming trees, cultivating the garden and walking at 6.4 km per hour for
10 minutes.

Level 3 Additional informal assistance needed by relatives. Slowing down the execution of tasks or
decreasing their frequency results in limitations due to the time available and hygienic
consequences. Individuals mainly ask for informal assistance for daily grocery shopping
and extensive home cleaning 45. IADL tasks such as walking at 4.8 km per hour for
10 minutes, vacuum cleaning a carpet, cooking a hot meal, as well as a BADL task like
dressing are still performed without physical discomfort.

Level 4 Professional assistance needed: hot meal services, laundry and housekeeping, or
professional care. Assistance concerns hygienic care, such as bathing, washing, dressing
and care for hair, nails and feet 23. BADL tasks, such as eating while seated, typing text,
and knitting while seated, can be performed independently.

Level 5 Living not independently. For almost all BADL tasks assistance is needed. Instead of care
at home, institutional care may provide both 24-hour supervision, and a range of services to
maximise the occupants’ autonomy, privacy, independence and safety. Currently, only 7%
of the over-65 segment of the Dutch population lives in senior citizen complexes or nursing
homes 13. In some cases this type of care may also be supplied at home.

To classify older persons with COPD in accordance with this physical

independence-scale, levels of physical independence are related to energy expenditure

required for performance in accessory discriminating physical activities of daily life. The

average energy expenditure of discriminating activities has been published for healthy

adults 1. Since most activities of daily life can be broken down into one-minute periods 2, we

chose the energy expenditure during one minute in a steady-state situation to characterise
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energy loads of physical activities. The following energy expenditure rates are minimally

required during performance of physical discriminating activities 1:

419 J·kg-1 body weight during one minute for independence level 1,

279 J·kg-1 body weight during one minute for independence level 2,

174 J·kg-1 body weight during one minute for independence level 3 and

105 J·kg-1 body weight during one minute for independence level 4.

Individuals at level 5 have less than 105 J·kg-1 body weight during one minute for performing

physical activities of daily life available. Most healthy elderly persons may be classified at

level 1 or 2 39.

3.1.3 Quantifying physical performance in daily activities

To describe short-term intervals (e.g. one minute) of individual’s physical

performance in daily activities we need an ambulatory physical performance monitor. In

addition, personal medical data are used to calculate physical performance parameters. These

parameters include actual energy expenditure and relative physical strain.

3.1.3.1 Actual energy expenditure
Actual energy expenditure during an activity in daily life is deduced from the rate

of energy expenditure during that activity. A description of the estimation of energy

expenditure is given below. For this estimation in daily life, we used known quantitative

relationships between oxygen uptake, heart rate, body movement and personal characteristics.

An individual’s energy expenditure during an activity in daily life (EE task) can be derived

from the following equation:
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where EE task = energy expenditure during a certain BADL or IADL task [J·kg-1·min-1]
a = slope coefficient of individual’s active regression equation of heart rate on

active oxygen uptake per unit time
HR task = actual heart-rate while performing a certain BADL or IADL task [min-1]
b = intercept of individual’s active regression equation of heart rate on active

oxygen uptake per unit time
RQ ee = energy equivalent of 1 litre of oxygen utilisation according to the

respiratory quotient [J·l-1]
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W = weight of subject [kg]
BM task = body movement during a BADL or IADL task [counts·min-1]
BM*

(-2,-1,0) = body movement while sitting, during current minute or either of two
previous minutes: zero counts·min-1

HR sitting = mean heart-rate while sitting without movement on cycle ergometer [min-1]
RMR COPD = resting metabolic rate in a person with COPD, sitting without movement on

cycle ergometer [J·kg-1·min-1]

The validity is as follows: estimated oxygen uptake during a certain BADL or IADL task
(=a × HR task + b) deviates from measured oxygen uptake during this task by no more than
+ 15% 2. Using body movement during a certain BADL or IADL task to assign heart rate to
active or inactive equation decreased the range of predicted errors (-3.3 + 3.5%) 30. Energy
equivalent of oxygen varies 7% at most 2,31. Estimated resting metabolic rate from resting
values of oxygen uptake and heart rate during lying, sitting, standing is comparable with
the calorimeter method 41.

A combination of measurements in hospital and in daily life is used to calculate

individual’s energy expenditure during a task, including:

a. heart rate and oxygen uptake ( 2OV& ) while sitting quietly (without movement) for five

minutes;

b. heart rate and oxygen uptake during a maximal exercise test ( 2OV& peak and HR peak,

respectively);

c. heart rate and oxygen uptake at 20% and 40% of an individual’s measured peak load for

five minutes;

d. energy equivalent of 1 litre of oxygen according to measured respiratory quotient (RQ ee);

e. weight (W);

f. body movement while performing a BADL or IADL task in daily life (BM task);

g. heart-rate while performing a BADL or IADL task in daily life (HR task).

The items ‘a’ to ‘d’ are measured on a cycle ergometer under supervision of a hospital

pulmonologist; item ‘e’ is measured in hospital; items ‘f’ and ‘g’ are measured in daily life

with the physical performance monitor. The physical performance monitor consists of a heart-

rate and body-movement monitor. The energy expenditure values are expressed in Joule per

kilogram of body weight per minute because of a good correlation with work capacity due to

inclusion of one’s body mass in the physical performance 47.

We assume that with a correction of energy expenditure during a certain BADL or

IADL task (EE task) for a changed metabolic rate in COPD (Eq. 3.1.2), actual energy

expenditure (AEE task) may be estimated in elderly persons with COPD (Eq. 3.1.3). The

changed metabolic rate is estimated as a ratio of the resting metabolic rate for a healthy adult

relative to the resting metabolic rate for a person with COPD. This changed rate is indicated

with the factor f COPD. This factor f COPD needs validation.
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The actual energy expenditure is calculated from:

COPD

health
COPD RMR

RMR
f = (Eq. 3.1.2)

taskCOPDtask EEfAEE ×= (Eq. 3.1.3)

where f COPD = individual factor of correction for a changed metabolic rate in a person
with COPD

RMR health = resting metabolic rate of a healthy adult: 69.77 J·kg-1·min-1 (1)

AEE task = actual energy expenditure during a BADL or IADL task [J·kg-1·min-1]

3.1.3.2 Relative physical strain
Åstrand and Rodahl 2 indicated that a physical strain taxing 40% of an individual’s

peak oxygen uptake ( 2OV& peak) is a comfortable average upper limit for physical work

performed regularly over an 8-hour working day. However, use of 40% of peak oxygen

uptake does not provide an equivalent relative exercise intensity for individuals with different

resting energy expenditures, as was found in COPD. Therefore, the degree of relative physical

strain is assessed by the quotient of the difference between oxygen uptake during activities

( 2OV& task) and during sitting quietly ( 2OV& sitting), and the difference between peak oxygen

uptake ( 2OV& peak) and oxygen uptake during sitting quietly ( 2OV& sitting) (Eq. 3.1.4) 43:

%100
OVOV

OVOV
OV%

 sitting2peak 2

 sitting2task 2
r 2 ×










−
−

=
&&

&&
& (Eq. 3.1.4)

where % 2OV& r = degree of relative physical strain during a certain BADL or IADL task [%]

2OV& task = estimated oxygen uptake in lungs performing a certain BADL or IADL task
[l·min-1]

2OV& sitting = mean oxygen uptake while sitting without movement on cycle ergometer
[l·min-1]

2OV& peak = peak oxygen uptake in lungs during a maximal exercise test on a cycle

ergometer [l·min-1]

We assume that elderly persons with COPD are able to perform their daily physical

activities comfortably, when this relative physical strain of daily activities is at or below 40%.

3.1.3.3 Independence-energy-scale
We assume that after correction for a changed metabolic rate in older persons with

COPD, the independence-energy-scale for healthy adults may be applied to assess the

physical independence level in older persons with COPD.
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Physical performance in daily activities, monitored under clean air circumstances,

is a marker of an individual’s potential for physical independence. Only physical performance

in activities with dynamic properties, i.e. when during the current minute or either of the two

previous minutes body movement during a task is larger than zero counts per minute and heart

rate during the same task is larger than heart rate while sitting quietly (BM task > BM*
(-2,-1,0)

and HR task > HR sitting), is included for physical independence level assessment. An

individual’s highest actual energy expenditure during a task (AEE task), at or below a relative

physical strain of 40%, allows us to assign an older person with COPD to one of the defined

levels of physical independence on the independence-energy-scale for healthy adults.

Accessory activities, activity accommodations and extra-individual assistance must

correspond with the level of physical independence.

3.1.3.4 Conditions
We assume that performance in BADL and IADL tasks takes place aerobically

under full oxygen saturation and that the aerobic process can be followed quite accurately by

deriving energy expenditure from Eq. 3.1.1. The limit between aerobic and anaerobic

metabolisms may be at 64% of peak oxygen uptake ( 2OV& peak) for sustaining physical

performance during one hour 47.

The mean value of oxygen uptake recorded over the final two minutes of seated rest

( 2OV& sitting), multiplied with the accessory recorded energy equivalent of 1 litre of oxygen

utilisation (RQ ee), and divided by subject’s weight, can be used as an estimate for resting

metabolic rate (RMR COPD) 
41,44. Mean values of oxygen uptake recorded over the final two

minutes of sub-maximal exercise, at 20% and 40%, respectively, combined with peak oxygen

uptake ( 2OV& peak), can be used as calibration points for a linear active regression equation of

heart rate on active oxygen uptake 28. Energy expenditure during a task (EE task) can be

calculated from this regression equation, after multiplication with accessory recorded energy

equivalent of 1 litre of oxygen utilisation (RQ ee), and deviation by subject’s weight

(Eq. 3.1.1).

The ‘sitting heart rate’ (HR sitting) and ‘sitting body movement’ (BM*) denote

threshold levels for determining when to use an individual’s active regression equation and

when the resting metabolic rate in a person with COPD (RMR COPD) for a minute-by-minute

estimate of energy expenditure during a task (EE task) 
30. The ‘sitting heart rate’ can be

established during the final two minutes of seated rest and ‘sitting body movement’ is

assumed to be equal to zero counts per minute. For periods of time when heart rate during a

task (HR task) and body movement during a task (BM task) are greater than the ‘sitting heart

rate’ and the ‘sitting body movement’, respectively, energy expenditure during a task (EE task)

can be derived from the minute-by-minute recorded heart rate with reference to an

individual’s active regression equation. Eq. 3.1.1 indicates that the value of body movement

during a task had to exceed ‘sitting body movement’ during the current minute or either of the

two previous minutes (BM*
(-2,-1,0)). Two minutes of body movement were required from



50 Section 3.1

among the current minute and two preceding minutes to allow a shift from the inactive to the

active function 30. For the remainder of the time, when heart rate during a task (HR task) or

body movement during a task (BM task) are below or equal to the ‘sitting heart rate’ and the

‘sitting body movement’, energy expenditure during a task (EE task) can be calculated as the

resting metabolic rate in a person with COPD (RMR COPD) (Eq. 3.1.1).

3.1.3.5 Registration in daily life
To estimate actual energy expenditure during a task (AEE task) while performing

BADL or IADL tasks in daily life, we chose continuous measurement of heart rate and body

movement during waking hours for one week in a subject’s natural environment. Heart rate

can be monitored with an ambulatory heart-rate monitor (Vantage NVTM, Polar Electro Oy,

Finland). Body movement can be monitored with a portable triaxial accelerometer on the

lower back (Tracmor-1, developed by the Technische Universiteit Eindhoven, Eindhoven, and

University of Maastricht, Maastricht, The Netherlands) 11. In an activity log, subjects have to

record the type of activity and time engaged in it every 15 minutes. Mentioned monitoring

devices can be used under daily living conditions with little or no interference to daily life.

The results of the registrations for levels 3 and 4 of physical independence are described in

Section 3.2.

3.1.4 Discussion

Physical performance in daily activities, spontaneously undertaken, is partially

determined by an individual’s physical ability to exercise, and may therefore be a useful and

objective marker for independent functioning. The physical ability of elderly persons with

COPD is mainly affected by factors associated with COPD, such as a chronic airflow

obstruction that may vary in intensity. Any intervention aimed at influencing the chronic lung

problems may result in a change in an individual’s physical performance. Individual’s needs

and individual’s wishes also influence performance. For monitoring before and after

environmental intervention during daily life, most factors affecting individual’s needs and

wishes will not change in the short run, and a change in physical performance could reflect an

individual’s response to, for example, air-pollution exposure 46.

In persons with COPD, reduced peak oxygen uptake ( 2OV& peak) in combination with

eventually elevated oxygen uptake during sitting quietly ( 2OV& sitting) may result in high levels

of relative physical strain during activities of daily living and concomitant fatigue and

discomfort. The defined comfort threshold of 40% for relative physical strain needs validation

in persons with COPD. If the physical strain (% 2OV& peak) is above 64%, calculation of

physical performance according to Eq. 3.1.1 must be considered with caution. At this higher

physical strain both anaerobic and aerobic processes participate in the energy-yielding

processes 47.
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In addition to classifying recorded heart rate to active and inactive functions, body

movement registration may also detect activity accommodations according to changes in

speed of performance. These accommodations may refer to a compensating strategy for

physical performance limitations.

To assess changes in the level of physical performance due to air-pollution

exposure, monitored activities at home have to be grouped according to the dwelling’s health

risk class (Section 2.2). Comparison within individuals is possible on the physical

performance parameters actual energy expenditure (AEE task), relative physical strain

(% 2OV& r), and body movement (BM task) during a certain activity under different pollution

circumstances.

It can be concluded, that the physical independence levels described in this section

could be used to assess a baseline for physical independence in elderly persons with COPD

deduced from physical performance in daily activities. The physical independence level

system is applicable to estimate changes in the individual’s physical performance due to air-

pollution exposure in daily life. The usefulness and practicality of levels 3 and 4 of physical

independence will be studied (Section 3.2).
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Section 3.2

Classification of physical independence at home, a pilot
study∗

Abstract Chronic lung problems often constrain physical independence of older occupants.

The usefulness and practicality of a physical independence level assessment (Section 3.1) has

been studied during a seven-day period in nine independently living older occupants (aged

52-73) with chronic lung disease. Physical performance in daily activities was determined

from heart-rate and body-movement registrations at home, in combination with a standardised

cycle ergometer test in hospital. The individual’s baseline for physical independence was

deduced from physical performance outdoors. The highest actual energy expenditure at or

below a relative physical strain of 40% allowed us to assign subjects to physical independence

levels 3 (4 subjects) or 4 (5 subjects). Subjects at level 4 had a lower body weight, body

height, peak oxygen uptake, and peak minute ventilation than those at level 3. The severity of

airflow limitations did not predict physical independence level. Physical performance during

outdoor walking showed a higher relative physical strain (above 40%) at physical

independence level 4 as compared to 3. This high strain limits duration of performance as a

way of activity accommodation. Subjects made technological adaptations and used informal

assistance to enhance physical independence. These technological adaptations in the

environment should be included in the physical independence level assessment. Subsequently

the physical independence level system is suited to distinguish baselines for physical

independence levels 3 and 4 under daily living conditions in older occupants with chronic

lung disease.

                                                
∗ To be submitted to Gerontechnology. Authors: Snijders MCL 1, Koren LGH 2, Kort HSM 3. 1Department of
Architecture, Building, and Planning, Technische Universiteit Eindhoven, Eindhoven, The Netherlands,
2Allergo-Consult BV, Beusichem, The Netherlands, 3Netherlands Institute for Care and Welfare/NIZW, Utrecht,
The Netherlands.
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3.2.1 Introduction

Older occupants with chronic lung disease experience limitations in physical

independence during daily life. Lung functionality is reduced, which sets an upper limit to the

maximum potential for physical independence 22. This reduction constrains the tolerable range

of physical performance in daily activities. As long as self-maintaining activities, such as

personal care, management of the household and obtaining financial resources, are possible

during daily life, individuals can live independently 39. One’s capacity to perform these

activities is a marker of the potential for physical independence or the need for assistance 27.

Chronic Obstructive Pulmonary Disease (COPD) is associated with an added difficulty or

dependence in self-maintaining activities, especially mobility and household activities 20.

In previous studies, physical performance in self-maintaining activities was only

measured with self-reported inventories, or with physical performance and capacity tests

under laboratory conditions 6,16,21,26,27,39. Pulmonary function tests are used to evaluate the

severity of COPD 37, but do not predict to which extent persons may execute activities of

daily living 26. Quantitative measures under daily living circumstances may be more

representative. By establishing a baseline for physical independence, a change in physical

performance can be assessed accurately, for example due to air-pollution exposure 40.

A system of physical independence levels used in the Dutch health-care system has

been adapted. These levels were related to the required energy expenditure with accessory

discriminating physical activities, required activity accommodations, technical aids, and

assistance (Section 3.1).

The aim of this pilot study is to examine the usefulness and practicality of

assessment in these physical independence levels under daily living conditions in older

occupants with chronic lung disease.

3.2.2 Materials and methods

Data were collected in subjects’ home environments. The method to describe

physical independence, the measurement protocol and data analysis are described below.

3.2.2.1 Subjects and dwellings
Criteria for inclusion of subjects were as follows: living independently, between

50 and 75 years of age, a diagnosis of symptomatic COPD by a pulmonologist, and no

sensitization to inhalant allergens (total IgE < 100 kU·l-1 and negative Phadiatop). Subjects

with evidence of cardiovascular disease, rheumatism, obesity, neurological or locomotor

disease, or other disabling diseases were excluded. All subjects should have a stable clinical

condition. Maintenance medication of subjects could include theophylines, β2-agonists, and

oral or inhaled corticosteroids.
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Fourteen elderly persons (4 females, 10 males) with chronic lung disease were

selected from outpatient clinics of the department of lung diseases in the Elkerliek Hospital

Helmond, The Netherlands (Table 3-1).

Table 3-1 Description of subjects

Subject
Age

[y]
Gender

Severity

of COPD
37

FEV1

[l]

History

of

COPD

[y]

Reported problem in BADL, IADL,

mobility, or recreation

Physical

independence

level

1 61 f No 2.02 5 Changing sheets, washing windows, walking,

walking while talking

4

2* 73 f Mild 1.15 21 Carrying groceries while walking, walking while

talking

4

3* 59 m Moderate 1.91 2 Put on shoes, walking, going upstairs, cycling 3

4 56 m Moderate 1.94 7 Dressing, bathing, care for hair, general decline in

intensity, lifting up things, gardening more than 1

hour, going upstairs

3

5 67 m Moderate 1.57 2 General decline in intensity, cycling uphill 3

6* 69 m Severe 0.75 2 Bending forwards, going upstairs, carrying

materials while walking, gardening, walking,

cycling

4

7 52 m Severe 1.08 10 Sequential activities during morning, general

decline in intensity, washing hair, going upstairs,

lifting up things, feeding pigs

4

8 53 m Severe 1.32 < 1 Walking, going upstairs, cycling, farming 4

9* 70 f Severe 0.63 30** Cleaning floor, walking, going upstairs, sequential

cleaning activities on one day, cycling

3

10 59 m No 3.25 6 General decline in intensity, going upstairs -

11 58 m Moderate 2.23 1 General decline in intensity, walking, going

upstairs, cycling

-

12* 55 f Moderate 1.78 2 General decline in intensity, vacuum cleaning,

changing sheets, walking, going upstairs, carrying

groceries while walking, cycling

-

13* 59 m Severe 0.67 13 Taking a shower, dressing, shaving, washing

dishes, changing sheets, vacuum cleaning, walking,

walking while talking, gardening

-

14 74 m Severe 1.25 1 General decline in intensity -

m: male; f: female; * exposed to smoking at home; ** had asthma as a child

Five subjects were excluded later from the pilot study because of missing data:

body-movement sensor appeared out of order (subject 10, 11, 12), or exercise tests and lung

function tests were unavailable (subject 13), or maximal cycle ergometer test was unavailable

(subject 14).

The remaining nine subjects completed the whole pilot study. Median age was

59 years. Body composition included body height (median 1.65 m), body weight (median

76 kg) and body mass index, which adjusted body weight for body height (median 27 kg·m-2).

Pulmonary function was expressed as forced expiratory volume (FEV1) before (median 1.45 l)



56 Section 3.2

and after bronchodilation (median 1.54 l), as FEV1 in relation to reference values

(FEV1%pred, median 53%), as forced vital capacity and as total lung capacity in relation to

reference values (FVC%pred, median 88%; TLC%pred, median 111%). FEV1%pred ranged

from 30% to 86%. Physical performance during a maximal exercise test on a cycle ergometer

was expressed as peak load (median 125 Watt, corresponding to 90% predicted), peak oxygen

uptake ( 2OV& peak, median 1.7 l·min-1, corresponding to 93% predicted), peak minute

ventilation ( EV& peak, median 52.8 l·min-1, corresponding to 61% predicted) and peak heart rate

(HR peak, median 149 min-1, corresponding to 86% predicted). Median individual factor of

correction for changed metabolic rate in individuals with chronic lung disease (f COPD) was

0.7.

According to the consensus statement of the European Respiratory Society, eight

subjects (2 females, 6 males) had mild to severe COPD and one subject (1 female) was

without irreversible obstruction, but appeared to have asthmatic bronchitis 37. No significant

differences in age and physical characteristics were found between subjects with no, mild,

moderate or severe COPD (Kruskal-Wallis test).

All subjects gave written informed consent to participate in the pilot study after

procedures were explained to them. This study was approved by the Medical Ethical

Committee of the Elkerliek Hospital Helmond and by the Ethical Committee of the

Technische Universiteit Eindhoven.

3.2.2.2 Physical independence
From the first meeting with the subjects, the potential for physical independence

was described qualitatively from subject’s perspectives in terms of the experienced problems

in physical performance. Extra-individual factors affecting the physical independence were

also described, including the use of technical aids, technological adaptations at work or home,

and use of informal or professional assistance. The remaining nine subjects lived with a

spouse and three also had children at home. Only one subject was occupationally active

(Table 3-2). Men and women differed in the management of the household along traditional

family roles.

The remaining nine subjects indicated activity accommodations (Table 3-1),

excluding physical independence level 1. A decrease in intensity or duration was mentioned

for one or more activities in the field of personal care (BADL, Appendix A), management of

the household (IADL, Appendix A), mobility, and recreation. The intensity of walking was

also decreased in all subjects, excluding physical independence level 2. Subjects 7 and 8 still

performed manual labour. Recreational activities consisted of watching TV, visiting family or

friends and playing cards. Additionally, subjects 1 and 9 went cycling and subject 4 went

walking. Subject 2 participated in a keeping fit project for elderly persons and in a choir.

Subject 6 went fishing, but carrying fishing materials was fatiguing. Four out of five subjects

slept upstairs mentioned that going upstairs to the bedroom is tiring. Five subjects (subject 3,
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4, 5, 6, 7) normally took a resting moment in the middle of the day. Subject 9 started every

day with watching TV and smoking a cigarette. Subjects 2, 3 and 6 were exposed to passive

smoking. One subject (subject 8) had been confronted with diagnosed COPD only 6 months

earlier.

Table 3-2 Description of subjects environment

Subject Professional status Dwelling type*

Bedroom floor level

in comparison to

living room level

Assistance by:

1 Housewife Apartment Same Healthy spouse

2 Housewife Senior dwelling - terraced Same
Spouse with heart disease +

1 child#

3 Fully disabled Single family dwelling - terraced Above Healthy spouse

4 Fully disabled Single family dwelling - detached Same Healthy spouse

5 Retired Senior dwelling - terraced Above Healthy spouse

6 Retired Single family dwelling - detached Above Healthy spouse

7 Fully disabled; still

farmer
Single family dwelling - detached Same

Healthy spouse +

2 children***

8 Farmer; declaration

‘disabled’ pending
Single family dwelling - detached Above

Healthy spouse# +

4 children***

9 Housewife Single family dwelling - terraced Above Healthy spouse

10 Fully disabled Single family dwelling - terraced Above Healthy spouse

11 Dentist Single family dwelling - detached Above Healthy spouse# +1 child***

12 Housewife Single family dwelling - terraced Above -

13 Fully disabled** Senior dwelling - terraced Same
Spouse with haemodialysis +

family + nurse

14 Retired Single family dwelling - detached Above Healthy spouse

* all with central heating; ** due to back troubles; *** going to school; # working

Use of technical aids to facilitate physical independence was not mentioned by the

subjects. However, technological adaptations in both working environment and dwelling were

present. Three of four non-retired males were declared fully disabled. For one other this

declaring process was on its way. Three subjects (subject 1, 2, 5) lived in a senior dwelling or

apartment and four subjects (subject 1, 2, 4, 7) lived on only one level of their dwelling to

enable their physical independence. No one received professional assistance in daily life.

Informal assistance from the spouse was asked for some activities such as making a bed,

washing windows, or washing floors (subjects 1 and 9). Other subjects did not mention

assistance from family members, but in all households a spouse or child was present who

could give assistance (Table 3-2).

Linking subject’s perspective on experienced problems with the technological

adaptations or assistance (e.g. absence of professional assistance) could not characterise

subjects to either physical independence level 3 or level 4. Subject 8, with a severe COPD,

described occupational and mobility related activities as difficult, but both working

environment and dwelling were not adapted and informal assistance was not available due to
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occupational activity of the spouse. By contrast, subject 7 made technological adaptations in

the dwelling, by moving the bedroom from the first floor level to the ground floor level.

In addition to a qualitative description of the experienced problems in physical

performance, the corresponding physical independence level (Section 3.1) was established for

each subject. To assess this level of physical independence actual energy expenditure (AEE)

on outdoor activities was measured together with accompanying relative physical strain

(% 2OV& r).

3.2.2.3 Protocol for physical performance
The measurement protocol consisted of a one-week period during which the

physical performance was monitored in the subject’s home environment. The exercise tests

and pulmonary function tests in hospital preceded or followed the field measurements.

Measurements were conducted from March 1997 to September 1997.

The physical performance in daily activities was quantified by the actual energy

expenditure (AEE), relative physical strain (% 2OV& r) and body movement in daily life, using

an ambulatory physical performance monitor (Section 3.1). This monitor consisted of a heart-

rate monitor (Vantage NVTM, Polar Electro Oy, Finland) and a body-movement monitor

(Tracmor-1, developed by the Technische Universiteit Eindhoven, Eindhoven, and University

of Maastricht, Maastricht, The Netherlands). A maximal cycle ergometer test and two sub-

maximal exercise tests were performed in hospital to determine the individual’s heart-rate

energy-expenditure regression equation (Section 3.1). A conversion factor of 20.19×103 [J·l-1]

was used to convert the oxygen uptake ( 2OV& ) to the energy expenditure 29. In an activity log

subjects recorded the type of daily activity and time engaged in it. Most daily activities were

covered and could be scored in a standardised way. The time resolution of the log was

15 minutes.

Prior to actual recording, subjects practised the use of the heart-rate monitor, body-

movement monitor, and activity log under supervision of the researcher and consecutively

two or three days during daily life. The verbal explanation was supplemented with written

instructions about the instrumentation, its daily use and how to handle in case of trouble.

Subjects were instructed to wear the monitors from day 1 to day 7 during all waking hours,

except during bathing, taking a shower, or swimming. Subjects were asked not to alter their

lifestyle, in spite of daily monitoring.

3.2.2.4 Data analysis
Physical independence level was deduced from physical performance in outdoor

activities during 7 weekdays. All physical activities with dynamic properties were included

for the classification. An activity is called dynamic, when during the current minute or either

of the two previous minutes body movement during a task is larger than zero counts per

minute and heart rate during the same task is larger than heart rate while sitting quietly. An

individual’s highest actual energy expenditure (AEE) at or below a relative physical strain of
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40% allows us to assign subjects to one of the five physical independence levels (Section 3.1).

The assumption was made that outdoors a minimal exposure to air pollutants was present,

which could influence the physical performance. At least 15 minutes of activity in the outdoor

air was assumed necessary to exclude any effect of exposure to indoor air pollution. A body

movement versus actual energy expenditure (BM/AEE) ratio was introduced to gain

additional insight into activity accommodations.

Statistical analysis was performed by use of SPSS (release 7.5). Differences

between groups with different severity of COPD were calculated using the Kruskal-Wallis

test. Differences between groups with a different physical independence level were calculated

using the Mann-Whitney U-test (one-tailed). The confidence level was set at 5%.

3.2.3 Results

Median actual energy expenditure (AEE) for activities in the outdoor air was

171 J·kg-1·min-1, and ranged widely from 136 J·kg-1·min-1 (subject 5) to 242 J·kg-1·min-1

(subject 4). Median relative physical strain (% 2OV& r) was 47% and ranged from 23% (subject

5) to 63% (subject 1). In Fig. 3-1, the AEE is plotted against the % 2OV& r. Three hierarchical

levels of physical independence are shown. A dashed vertical line at 40 % 2OV& r indicates a

threshold of comfort for the physical performance. The intersection of the individual’s

AEE - % 2OV& r line with this vertical 40 % 2OV& r line assigns subjects to one of the five

physical independence levels, ranging from 1 to 5. An extrapolation of the measured

AEE - % 2OV& r line is used in case of absence of an intersection with the vertical

40 % 2OV& r line (subject 1, 5, 6, 8). Four subjects (subject 3, 4, 5, 9) are at level 3 and five

subjects (subject 1, 2, 6, 7, 8) at level 4. Physical independence levels 1, 2 and 5 were not

present. Only subject 5 (level 3) performed outdoor activities at a daily median physical strain

below 40%. In subject 1, 6 and 8 (level 4), the daily median relative physical strain was

continuously above 40%.
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Fig. 3-1 Physical independence level of elderly persons with chronic lung disease (n=9) according
to actual energy expenditure (AEE) at a relative physical strain (% 2OV& r) equal or smaller than 40%
for outdoor activities (only activities with dynamic properties) during 7 weekdays. Weekly median
value (Ο), intersection of the AEE-% 2OV& r line with the 40 % 2OV& r line ( ), physical independence

level (bold dashed AEE-% 2OV& r line = physical independence level 3 and normal dashed AEE-% 2OV& r

line = physical independence level 4), and the range of daily median values (—|) are given. Physical
independence levels 3, 4, and 5 are indicated by dashed horizontal lines; level 5 is the lowest level of
physical independence, including non-independence. The dashed vertical line corresponds to 40
% 2OV& r. Numbers refer to subjects. Subject 1 was without irreversible airway obstruction; subject 2
had mild COPD; subject 3, 4 and 5 had moderate COPD; subject 6, 7, 8 and 9 had severe COPD 37

Subjects at physical independence level 4, had a significantly lower body weight,

lower body height, lower peak oxygen uptake ( 2OV& peak) and lower peak minute ventilation

( EV& peak) than subjects at level 3. Body mass index was comparable between the two groups.

At level 4, two subjects (subject 6 and 8) had a body mass index below 21 kg·m-2, which

indicated underweight 5. Body mass index in subjects at level 4 did not differ from 21 kg·m-2.

There was no significant difference in age, lung function, and other physical characteristics

between level 3 and 4 (Table 3-3).
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Table 3-3 Characteristics of subjects (n=9) differentiated by physical independence level. Data are
presented as median (range). n-values denote number of subjects. Significantly different between the
levels: * = p < 0.05, ** = p < 0.01, NS = not significant (one-tailed Mann-Whitney U-test). For
abbreviations see Materials and Methods

Physical independence level

Level 3

(n=4)

Level 4

(n=5)
p-value

median (min – max) median (min – max)

Age [yr] 63 (56 – 70) 61 (52 – 73) NS

Body weight [kg] 83 (75 – 90) 60 (50 – 75) **

Body height [m] 1.80 (1.62 – 1.81) 1.64 (1.50 – 1.76) *

Body mass index [kg·m-2] 27 (24 – 29) 22 (18 – 31) NS

FEV1, before [l] 1.74 (0.63 – 1.94) 1.15 (0.75 – 2.02) NS

FEV1, after [l] 1.86 (0.91 – 2.57) 1.32 (0.79 – 1.71) NS

FEV1 [%pred] 53 (30 – 53) 37 (34 – 86) NS

FVC [%pred] 76 (42 – 92) 91 (65 – 102) NS

TLC [%pred] 93 (66 – 134) 115 (101 – 155) NS

Peak load [Watt] 140 (76 – 170) 91 (55 – 129) NS

Peak load [%pred] 82 (61 – 97) 103 (69 – 127) NS

2OV& peak [l·min-1] 1.95 (1.44 – 2.22) 1.27 (0.94 – 1.61) *

2OV& peak [%pred] 91 (86 – 94) 73 (58 – 110) NS

EV& peak [l·min-1] 73.35 (40.30 – 87.40) 42.10 (33.60 – 47.30) *

EV& peak [%pred] 61 (56 – 85) 57 (41 – 68) NS

HR peak [min-1] 151 (125 – 152) 126 (113 – 150) NS

HR peak [%pred] 89 (76 – 94) 83 (69 – 90) NS

f COPD 0.9 (0.7 – 1.0) 0.5 (0.5 – 1.0) NS

Depending on the type of activity, physical performance in outdoor activities

differed on one or more parameters between subjects classified at level 3 and 4. At level 4, the

relative physical strain (% 2OV& r) was significantly higher than at level 3, both during walking

and gardening. It was above 40%. For both cycling and gardening body movement was higher

at level 4 as compared to level 3 (p < 0.05) (Table 3-4).
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Table 3-4 Physical performance in subjects during outdoor activities in daily life: walking, cycling
and gardening (only activities with dynamic properties). Data are presented as median (range).
Performance is differentiated by physical independence level and based on weekly medians. n-values
denote number of subjects who performed this activity. Significant differences between levels:
* = p < 0.05, NS = not significant (one-tailed Mann-Whitney U-test)

Physical independence level

Level 3

n=4

Level 4

n=5
p-valueOutdoor activity

n median (min – max) n median (min – max)

Walking 3 5

Actual energy expenditure [J·kg-1·min-1] 160 (107 – 238) 168 (151 – 213) NS

Relative physical strain [%] 34 (13 – 40) 54 (50 – 60) *

Body movement [counts·min-1] 30 (14 – 38) 29 (11 – 34) NS

BM/AEE ratio [counts·min-1 / J·kg-1·min-1] 0.12 (0.07 – 0.40) 0.16 (0.08 – 0.23) NS

Cycling 4 3

Actual energy expenditure [J·kg-1·min-1] 218 (143 – 231) 168 (161 – 222) NS

Relative physical strain [%] 40 (25 – 61) 59 (50 – 63) NS

Body movement [counts·min-1] 19 (18 – 20) 26 (23 – 28) *

BM/AEE ratio [counts·min-1 / J·kg-1·min-1] 0.09 (0.08 – 0.12) 0.15 (0.09 – 0.15) NS

Gardening 4 4

Actual energy expenditure [J·kg-1·min-1] 194 (178 – 223) 194 (151 – 217) NS

Relative physical strain [%] 37 (32 – 52) 57 (53 – 65) *

Body movement [counts·min-1] 11 (5 – 13) 24 (11 – 26) *

BM/AEE ratio [counts·min-1 / J·kg-1·min-1] 0.05 (0.03 – 0.07) 0.12 (0.05 – 0.16) NS

3.2.4 Discussion

The present pilot study was performed to establish the usefulness and practicality of

physical independence level assessment in older occupants with chronic lung disease.

Subjects were classified according to the actual energy expenditure and relative physical

strain during the performance of physical tasks outdoors. Results show that level assessment

made it possible to distinguish baselines of physical independence at levels 3 and 4. The

accompanying physical performance in outdoor activities provided information about the

presence of activity accommodations. Use of technical aids, technological adaptations in the

living environment, and assistance could be delineated.

3.2.4.1 Usefulness and practicality
First of all methodology needs attention. Since all subjects were classified at level 3

(4 subjects) and level 4 (5 subjects) on the physical independence scale, only part of the

physical independence level system could be validated.

The quantitative dimensions of activity accommodations were reduced to rate at

which energy is expended and at which body movement took place. Additional information
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might be delivered by the performance level over a prolonged period 42. Another informative

parameter is the frequency of performance. It may result in a more accurate description of

activity accommodations, but our pilot study was too short to take these into account.

Although subjects did not complain about wearing the heart-rate and body-movement

monitor, integration and miniaturisation of both monitors in a single, small and lightweight

device with easy to control interfaces could enhance the user-friendliness sufficiently to allow

for long-term measurements. A warning signal in case of a sampling error, such as

experienced with the body-movement monitor, will minimise the number of missing data.

Collection data from the monitors through internet communication will also be needed.

Body-movement registration was used in addition to the heart-rate recording, to

classify the monitored heart rate to the individual’s active regression equation or resting

metabolic rate. Two minutes of body movement were required from among the current minute

and two preceding minutes to allow a shift from the inactive to the active period. Only active

periods, i.e. activities with dynamic properties, were taken into account. This method achieves

improved precision in the oxygen uptake estimates 30. Although this method will probably

never be as accurate as the use of doubly labelled water over a two week period in measuring

the individual’s energy expenditure, it can give an estimate of the energy expenditure in

time 41. The conversion from the oxygen uptake to the energy expenditure made use of the

value 20.19×103 J·l-1, as metabolic processes were assumed to be essentially aerobic. The

critical point between the aerobic and the anaerobic process may be at 64% of the peak

oxygen uptake during one hour of continuous activity 47. At a relative physical strain above

64% the estimated actual energy expenditure (AEE) should be considered with caution.

Movement registration by accelerometry has been used to provide an objective

estimate of the energy expenditure in healthy adults during daily life 12. A validation within

elderly persons with chronic lung disease is not yet available. Unfortunately, quantity of body

movement measured in this pilot study is hardly comparable to earlier findings, because

previous evaluations of body-movement monitors used healthy young adults and an earlier

version of the monitor 12. Additionally, the activities producing these body movements were

not standardised. Walking could mean walking alone, with a spouse, with a dog, or with

grandchildren.

A relative physical strain of 40% (40 % 2OV& r) instead of 40% of peak oxygen

uptake ( 2OV& peak) was used as a threshold for comfort, since the oxygen uptake during sitting

quietly ( 2OV& sitting) and peak oxygen uptake ( 2OV& peak) may differ substantially among elderly

persons with chronic lung disease 43. The use of relative oxygen uptake responses rather than

absolute values resulted in more valid observations of physical strain of individuals at level 3

and 4 of physical independence. The assumption that a relative physical strain of 40%

(40 % 2OV& r) is a reasonable average upper limit for the physical performance in daily

activities without discomfort or fatiguing will need further validation in elderly persons with

chronic lung disease.
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Energy requirements for the different levels of physical independence were based

originally on healthy adults with a resting metabolic rate equalling 69.77 J·kg-1·min-1 (1). To

use this scale for elderly persons with chronic lung disease, in which a disturbed metabolism

might be present, an individual factor of correction for the changed metabolic rate (f COPD)

was introduced (Section 3.1). The underlying mechanism for the disturbed metabolism, both

during rest and during activity, is not yet clear. A disease-related increase in the resting

metabolic rate develops in a number of patients with severe COPD 35. Elderly persons with

COPD show an increase in total daily energy expenditure as compared to healthy elderly

persons 7. Variation in the total daily energy expenditure is associated with differences in

energy expenditure for activities 8. Baarends et al. 3 hypothesise that subjects with COPD may

express a decreased efficiency of energy expenditure during activities. The factor f COPD has to

be investigated in relation to quantity of change in the resting metabolic rate versus the energy

expenditure during a certain BADL or IADL task (EE task). We assumed that changes in

resting metabolic rate and EE task are similar. The value for the resting metabolic rate was

obtained from sitting quietly (without movement) on a cycle ergometer. The resting metabolic

rate values, obtained from lying, and sitting quietly in a chair, standing, sitting quietly on the

bicycle ergometer, were similar to measurement for the resting metabolic rate in a calorimeter

during most of the awake, inactive portion of the day 41. The absolute values estimated for the

actual energy expenditure (AEE) must be considered with caution.

3.2.4.2 Physical independence level
Levels 3 and 4 were expected as a baseline for physical independence because of

the perceived disabilities in mobility, household management, personal care and occupation.

However, from a subject’s description of limitations in physical performance, a differentiation

in independence levels was impossible to make. Earlier it was found that COPD patients score

53 for performance of IADL (Appendix A), 83 for BADL (Appendix A) and 65 for social

activity, where 100 represents the highest level of ability 21. In this qualitative description

only some of the limitations were mentioned. Reasons for not mentioning others could be

unawareness, already adopted behaviour or the idea that all elderly persons are confronted

with these limitations. Intensity of performance was not described qualitatively by the

subjects. Redelmeier et al. 33 suggested that differences in functional status could be

significant, but are not observed by the patients.

In contrast to perceived disability, the semi-quantitative assessment for physical

independence distinguished two levels: 3 and 4. Peak oxygen uptake ( 2OV& peak) and peak

minute ventilation ( EV& peak) differed between these levels. This is in accordance with

Rejeski et al. 34, who stated that peak oxygen uptake plays an important role in task

performance. In elderly persons with chronic lung disease a reduced lung ventilatory capacity

is assumed to be the main factor limiting physical independence 14. A difference in physical

independence among groups could not be explained by possibly disturbing factors such as age

and severity of COPD (FEV1%pred), since these variables were not significantly different
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among groups. On the other hand, the additional impact of ageing was taken into account by

this physical independence level system. Subject 2, who had a mild COPD and was 73 years

old, was classified at level 4. Subject 9, who had a severe COPD and was 70 years old, was

classified at level 3. This subject had no disturbed metabolism, i.e. the factor f COPD was 1. In

accordance with other studies 21,26, the disease-related changes in lung function, as reflected in

FEV1%pred, did not play a significant direct role in performance in daily activities on the

different independence levels. Subjects with no, mild, moderate or severe COPD were similar

in age and physical characteristics. A severity assessment of COPD evaluates the degree of

respiratory impairment as compared with standard data 37.

The difference between level 3 and level 4 in body weight disappeared, when body

weight was related to body height, expressed as body mass index. However, body weight or

body weight-corrected-for-height do not take into account differences in body composition

between subjects. Subjects with COPD can suffer from a marked depletion of fat-free mass

despite a normal body weight 5,36. The fat-free body mass should be included in future studies.

3.2.4.3 Activity accommodations
Large within-group differences in the relative physical strain during activity

indicate that physical performance not only depends on demand made by an activity and on

the available capacity, but also on strategies by which activities were deployed to meet

demands. Personal decisions on activity accommodations are made by weighing the

anticipated satisfaction derived through an activity against the discomfort that may occur.

Activity accommodations refer to a lower intensity or frequency, pacing, planning, or

termination of that activity 27. Activity accommodations in BADL and IADL activities

(Appendix A) were expected at physical independence levels 3 and 4. Physical performance

in cycling leisurely delivered a relative physical strain at or above 40% at both levels. This

high strain indicates that activity accommodation is needed, such as a lower intensity of

performance. Only at a higher independence level (level 2 or above) is cycling leisurely

possible without discomfort or fatiguing. Remarkably, body movement during cycling of

subjects at level 4 was significantly higher than of those at level 3, although actual energy

expenditure (AEE) and relative physical strain (% 2OV& r) were similar. This increase in body

movement was probably not referring to an increase in velocity, but might refer to a decrease

in efficiency in the less independent subjects, as earlier indicated within elderly persons with

COPD by Baarends et al. 4. This inefficiency might also cause an increased body movement at

level 4 during gardening. Walking leisurely or gardening at a relative physical strain below

40% was impossible at level 4, as predicted by the assessment method for physical

independence. Walking leisurely is a discriminating task for level 3, and gardening for level 2.

Baarends et al. 6 demonstrated that a supposedly sub-maximal exercise, like 12 minute

walking, results in a ventilatory and metabolic response close to a peak physiological training

effect in subjects with COPD. The high relative physical strain during walking is an indirect

indication for activity accommodation at level 4, because the duration of performance would
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be limited. The body movement versus actual energy expenditure (BM/AEE) ratio did not

differ between levels 3 and 4, meaning that a decline in the level of physical independence

appears as a change along the same AEE-BM line. A comparison with the physical

performance in healthy subjects in the same age group could give insight into activity

accommodation strategies in elderly subjects with chronic lung disease.

3.2.4.4 Technological adaptations and assistance
In addition to activity accommodations, technical aids, technological adaptations,

and assistance are used to optimise independence 21. Technological adaptations at home in

this pilot study included smaller dwellings, bedroom at ground floor level, or one-level

dwellings. Professional assistance was not present at subjects classified at physical

independence level 4. Another study also found that elderly persons with COPD receive little

domiciliary support despite their level of disability 49. In the Netherlands, 16% of COPD

persons obtain professional assistance at home 18. Informal assistance, as expected at levels 3

and 4, was available in all subjects, but only two female subjects mentioned it. The other 7

apparently took it for granted or were not aware of the existing informal help. Four out of six

male subjects did not perform household activities. Only subject 5 and 8 cooked and washed

dishes on their own. Use of technical aids, as expected at levels 3 and 4, was not mentioned.

There still exists a substantial gap between potential and actual use of technical aids by

elderly persons 24. Technological adaptations at work were present. Some subjects were

declared full disabled for work. Jette et al. found that 50% of COPD patients do not work

because of health problems 21. In the future, the physical independence level system should

take into account the presence of technological adaptations in the environment.

3.2.5 Conclusion

Assessment of physical independence level in daily life can distinguish baselines of

physical independence for older occupants with chronic lung disease at levels 3 and 4.

Apparently, activity accommodations, technological adaptations, and informal assistance are

required to optimise personal physical independence. Activity accommodations are described

by actual energy expenditure, relative physical strain, body movement, and body movement

versus actual energy expenditure ratio. From level 3 to level 4, relative physical strain

increases during walking outdoors. This high strain (above 40%) indirectly refers to the

shorter time the activity is performed. Severity of airflow limitation does not predict physical

independence level. Subjects made technological adaptations in the environment and used

informal assistance to enhance their physical independence. In the future, these technological

adaptations should be incorporated in the physical independence level assessment.
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Chapter 4

Towards Healthy Dwellings

In the Dutch health-care system, coaching households towards the management of

environmental health is one of the professional components of community nursing practice.

The possible effectiveness of this coaching is evaluated (Section 4.1). A combination of the

physical independence level assessment (Section 3.1) with the health risk classification for

dwellings (Section 2.2) is used to examine short-term effects of indoor air pollution on

physical performance in older occupants with chronic lung disease (Section 4.2). Insight into

the usefulness and practicality of this method is the basis for an innovative view on healthy

dwellings suitable for individuals with chronic lung disease (Chapter 5).
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Section 4.1

Coaching households for management of environmental
health by the community nurse*

Abstract In the Netherlands coaching household members with chronic lung disease is a

professional activity of the community nurse. This concerns environmental health as an aspect

of secondary prevention. We aimed at determining and explaining effectiveness of the

coaching. A questionnaire was constructed by a panel of specialists and evaluated by

20 experienced nurses subsequently. Questionnaires were distributed to 42 home-care

organisations by regular mail. We received 155 descriptions of coached cases. An additional

question on interest in a computerised, adaptive tool was answered by 72% (n=43) of the

home-care organisations contacted. Coaching effectiveness was assessed in two ways:

(a) according to a criteria chain for process evaluation, and (b) according to self-evaluation by

the nurse. Process evaluation indicated a possible success in only 2% of cases coached.

Concordance of nurse and process evaluation was seen in 49% of cases, while nurses

overrated their success in 43% of coached cases. Most nurses (98%) explicitly included

coaching households in environmental health in their professional domain. However, only

32% of nurses actually included dwelling-related aspects in coaching. Absence of follow-up

contacts (79%), related to strategic choices made by the home-care organisations, explained

nurses’ ignorance of their lack of success. Failure factors, related to nurses as professionals,

were the unavailability of data on actual sensitization and hyperreactivity (34%), incomplete

air pollution assessment (50%), and incorrect advice (14%). Nurses perceived factors related

to the patient’s dwelling, life-style or behaviour as reasons for their lack of success. It is

concluded that most nurses consider coaching households for the management of

environmental health as their domain, but effectiveness is low and substantially overrated.

Therefore, more evidence-based practice in home care is needed. There is interest in an

automated adaptive tool to support community nurses to effectively coach households for

environmental health. Such an automated coach, including architectural aspects, life-style and

behavioural determinants, and activity accommodations, would be welcomed by 95% (n=41)

of the home-care organisations.

                                                
*
 To be submitted to Family Practice. Authors: Snijders MCL 1, Telkamp M 2, Rameckers EMAL 3, Bronswijk

JEMH van 1. 1Department of Building, Architecture and Planning, Technische Universiteit Eindhoven,
Eindhoven, The Netherlands, 2Netherlands Asthma Foundation, Leusden, The Netherlands, 3ER Health
Consultancy, Slenaken, The Netherlands.
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4.1.1 Introduction

Striving for clean air by decreasing allergen or irritant load of dwellings is one of

the procedures used in secondary prevention of environmental influences on health.

Prevention of asthma or Chronic Obstructive Pulmonary Disease (COPD) involves

recognition and reduction of the adverse health effects resulting from air-pollution exposure.

Currently, in the case of COPD, high priority is given to stopping people to smoke 32, while in

the case of asthma both allergen and irritant avoidance are addressed 31. The reported clinical

success of allergen and irritant avoidance is variable 24. Irritants, such as tobacco smoke and

fumes from domestic products, commonly are not taken into account, thereby further limiting

the clinical effectiveness of clean air interventions 7. In the Dutch health-care system,

specially trained community nurses are qualified to coach household members in clinically

effective avoidance of air pollutants in dwellings. Coaching families and individuals is part of

the professional expertise of community nurses, enabling a household to live as independently

as possible. Within a Dutch patient panel of individuals with a chronic disease, 1% of patients

with asthma mentioned contact with a specially trained community nurse 13. National data are

not available. On average, a community nurse visits between one and three household

members with a chronic lung disease each year 36.

Modern coaching strategies for environmental health have left general approaches

and aim to remove allergens and irritants that are relevant to individual patients 24. Detecting

individual culprits is part of the diagnostic pathway in medical treatment. A diverse spectrum

of procedures is available to sanitise indoor air: extermination of allergen producers such as

mites and moulds, removal of allergen carriers such as soiled textiles, elimination of allergens

and irritants to no-harm levels through improved ventilation, as well as barrier methods such

as dust-proof covers of bedding 31. These procedures encompass both life-style and

behavioural changes within a patient’s household, and adaptations in the dwelling.

We studied the actual effectiveness of coaching household members with asthma

for environmental health management by the community nurse and the causes of failure.

4.1.2 Materials and methods

A description of the study design, the assessment of effectiveness, the developed

questionnaire, the response and the data analysis are given below.

4.1.2.1 Study design
Process evaluation of a nurse’s coaching is attempted on cases described in detail,

and compared to the nurse’s self-evaluation of the same case. Additionally, nurses evaluated

the other cases coached in 1992. A total of 42 home-care organisations (formerly

community-nurse organisations), distributed evenly over the Netherlands, agreed to take part
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in the study and received five questionnaires each (210 in total) (Appendix B). Of these

organisations, 40 (95%) returned questionnaires, including a detailed description of an

allergen avoidance case.

Two years later, 60 home-care organisations were asked about their possible

interest in the use of a computerised, adaptive tool to support community nurses in clinically

effective avoidance guidance (Appendix C). A total of 43 organisations (72%) answered these

additional questions.

4.1.2.2 Assessment of effectiveness
The probability that a nurse’s coaching will be clinically effective was evaluated by

means of a process evaluation. In this scheme, a criteria chain for process evaluation was

developed as the golden standard, based on a structured approach 4. Coaching with respect to

environmental health is successful, if all criteria are met in the sequence mentioned in

Table 4-1 9,24. 'Unsuccessful cases' do not meet criterion 2 or 3. 'Outcome unknown' is a case

that meets criterion 1 and 3 in part. No clinical evaluation of asthma patients took place.

Self-evaluation of a nurse’s coaching was performed towards the same outcome

variables (successful, unsuccessful, and unknown). Nurses considered their coaching

successful, if all experienced problems had appeared solvable.

Table 4-1 Criteria chain for process evaluation of nurse’s coaching with respect to the probability of
a clinically effective indoor air improvement

Criterion

number
Content

1 Nurse-physician communication on actual sensitization and hyperreactivity

2 Identification of relevant allergen producers in the dwelling environment

3 Efficacy of advised measures in relation to actual sensitization or hyperreactivity and

actual presence of the air pollutant

4.1.2.3 Questionnaire
The questionnaire was developed by an expert group on extramural care for patients

suffering from respiratory disease. It contained closed as well as open questions on training,

knowledge, skills, experience, availability of medical data, exposure assessment, perceived

limits of responsibility, procedures advised, problems encountered in a specific case, and the

success of coaching in 1992.

Twenty members of the former Dutch national working group on extramural care

for patients with a respiratory disease evaluated the questionnaire. This evaluated

questionnaire was distributed in January and February 1993. On average 10 minutes were

required to complete this questionnaire.
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4.1.2.4 Response
A total of 132 community nurses returned the questionnaire (2% of the total

number of community nurses active in extramural care in the Netherlands) 17. Of these

respondents, 107 (81%) were so-called general nurses who include all aspects of community

nursing in their daily routine. Another 25 (19%) were specialised in the care of certain

diseases, e.g. respiratory disease (specialised nurses). In total 132 nurses reported coaching in

155 cases. One case was described by each of 125 nurses; 2 nurses described 3 cases each;

1 nurse described 4 cases; and 4 nurses detailed 5 cases each.

4.1.2.5 Data analysis
Data were analysed with SPSS (release 4.0). Since data were not distributed

normally χ2-test and Mann-Whitney U-test (ordinal data) were employed (one-tailed,

α = 0.05).

4.1.3 Results

Coaching with respect to environmental health is described from the perspective of

the community nurse’s professional domain. Coaching effectiveness is described from the

perspective of process evaluation and self-evaluation by nurses. In total, 41 of the 43 (95%)

regional home-care organisations were interested in obtaining an adaptive computerised tool

to support community nurses to effectively coach households for environmental health.

4.1.3.1 Domain of the nurse
In total, 97% of general nurses and 100% of specialised nurses considered coaching

with respect to environmental health as part of their nursing tasks. This coaching concerned a

number of aspects as described in Table 4-2. Additionally, 84 of all nurses specified advice

that fell outside their domain. These include dwelling-related questions (68%) other than

advice on ventilation and heating (26%), finances (16%), medication (10%), medical

diagnosis (6%) or coaching before a medical diagnosis is made (6%).

The number of cases coached by a single nurse in 1992 ranged from 1 (general

nurse) or 2 (specialised nurse) to 175 (both general and specialised nurses), with a median of

5 for general nurses and 19 for specialised nurses (Mann-Whitney, p < 0.05). Ten home visits

per year are needed to obtain a sufficient level of experience 35; 28% of general nurses and

77% of specialised nurses in our trial belonged to this category.

A lack of professional knowledge or skill was reported more frequently by general

nurses (47%) than by specialised nurses (25%) (χ2-test, p < 0.05), but less so by experienced

nurses specialised in respiratory disease (χ2-test, p < 0.05). The nurses, who considered

dwelling-related questions outside their domain, wanted to consult architects or building

engineers more frequently than others (χ2-test, p < 0.01).
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Table 4-2 Specification of advice with respect to environmental health that
is considered to fall within a nurse’s professional domain, according to the
nurses (n=132)

Aspects

Ventilation 99%

Heating 97%

Household cleaning 95%

Tobacco smoking 94%

Motivation of the household members 92%

Furnishing 90%

Pets 85%

Patients' understanding of the disease 82%

Architectural aspects 73%

Location of the dwelling 69%

4.1.3.2 Process evaluation and self-evaluation
In 3 out of the 155 described cases (2%), process evaluation considered the

coaching process clinically successful. Information on the presence or absence of mite,

mould, cat or dog sensitisation, or hyperreactivity towards dust, chemical irritants,

temperature difference, exercise or emotions was available in 66% of cases only. Of these,

75% failed the second criterion: identifying relevant pollutants. Finally, at the third criterion

88% of the remaining cases failed, leaving 3 cases as possibly successful (Table 4-3).

Table 4-3 The first failing criterion in process evaluation. Criteria are specified in Table 4-1.
n-values denote number of coached cases

Process evaluation

Criterion number Cases assessed

n

Passed criterion

n

Unsuccessful

n

Unknown

n

1 155 102 51 2

2 102 25 77 0

3 25 3 14 8

Total 155 3 142 10

Globally speaking, 352 of 466 (76%) specified procedures used in coaching were

possibly effective (Table 4-4). In cases with a positive pet allergy (n=55), the household was

either not advised to decrease pet allergens or given the ineffective advice of limiting a pet's

living area indoors. Cases with a positive mite allergy (n=88) were generally treated correctly

(78%), but ineffective anti-mite measures (n=5) also occurred as well as a lack of air quality
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advice (n=14). In 8 out of 11 cases without mite sensitisation, the nurse still advised

avoidance procedures against mites.

Table 4-4 Anti-pollution procedures advised by nurses in 155 coached cases. Clinical relevance
according to Colloff et al. 7 and Geijer et al. 9 n-values denote number of specified procedures

Against allergen

pollutants

Against irritant

pollutants

Efficacy*
Measure

n %
Pet Mite

n % Efficacy*

Change in bedroom (dust-barriers included) 66 43 - + 6 4 -

Increase of ventilation 56 36 - + 20 13 +

Improved cleaning efficiency 52 34 ± ± 9 6 -

Remove and replace furnishing 46 30 - + 3 2 ±

Improved heating 39 25 - + 25 16 +

Diminish humidity production 36 23 - + 3 2 -

Limit living area of pet 14 9 - - 0 0 -

Terminate smoking indoors 13 8 - - 35 23 +

Remove pet 9 6 + - 0 0 -

Move to other dwelling 7 5 - ± 1 1 -

Avoid odours and smells 2 1 - - 19 12 +

Inhale through scarf when outdoors 0 0 - - 3 2 ±

Close windows 0 0 - - 1 1 ±

Stay indoors when it is foggy 0 0 - - 1 1 +

Total specified measures 340 126

Measures not specified 38 25 84 54

* + = clinically effective; ± = occasionally clinically effective; - = not clinically effective

According to the self-evaluation by nurses, 45% (n=70) of coached cases described

in detail was clinically successful, 50% (n=77) was unsuccessful and 5% (n=8) was unknown.

Only 12% of the nurses considered coaching successful in all cases coached by them in 1992.

About half of the nurses (54%) declared success in some but not in all coached cases, while

9% considered their coaching completely unsuccessful in 1992. The remaining 25% of nurses

had no idea as to the success of their coaching with respect to environmental health.

Frequency of success declared by general nurses and specialised nurses did not differ (χ2–test,

p > 0.05). Only 20% of nurses could not specify the reason for a perceived lack of success.

The other 80% indicated one or more reasons (Table 4-5).
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Table 4-5 Reasons for a perceived lack of success, as specified by nurses
(n=124)

Reasons

Defective dwelling 48%

Financially deprived household 41%

Household members not motivated 23%

Household members refused to stop smoking 21%

Needed move to another dwelling not possible 13%

Life-style and behavioural problems 10%

Household members refused to remove pets 7%

Nurse and process evaluation agreed in 3 successful cases, as well as in

73 unsuccessful ones (49% concordance). Nurses overrated possible success of their coaching

in 43% of cases. Only 21% of nurses had visited coached households more than once and

9% of nurses indicated that they never included a follow-up visit in their coaching plan.

Nurses with 10 or more home visits in 1992 coached 2 of the 3 successful cases indicated by

process evaluation.

4.1.4 Discussion

Maximal clinical success of allergen reduction procedures used is 50-90% 5.

Results show that the nurses’ assessment (45% effective) was in the same range, but this

could be in part a socially desirable answer 18. The clinical effect of actual coaching was only

present in 2% of cases. Flaws in efficacy arose from three main factors related to the process

of a nurse’s coaching with respect to environmental health. The first factor concerns

professional aspects of nursing care, including incomplete diagnostic information, fighting

pollutants that were either not relevant or not present, or advising ineffective air cleaning

procedures. The second factor concerns the home-care services, such as the possibility for

nurses to execute follow-up contacts. A minimum of two visits to a household are required to

coach a clean-air program 29, and between four and six visits are sufficient to incorporate a

program in daily activities of households 20. The majority of nurses in our study had no

follow-up contacts with households. Therefore the low level of effectiveness remained

unnoticed. The third factor concerns patient-related aspects, because nurses specified

life-style and behavioural determinants within patients’ households, and defective dwellings

as reasons for a perceived lack of success.
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4.1.4.1 Professional aspects
The absence of a structured approach during coaching of an individual avoidance

intervention could be a reason for the lack of a clinical effect. Generally accepted standards

for home care in the area of dwelling-related avoidance interventions are lacking. In 1999 a

guideline was developed on allergen avoidance in households with asthmatic patients, for

nurses specialised in asthma 28. In this guideline the emphasis is placed on a structured,

systematic and multidisciplinary approach. Treating general practitioners or specialists are not

well-informed on nurse’s responsibilities, competence and skills 9,31. This in part explains the

failure in the first criterion: availability of data on actual sensitization and hyperreactivities.

Another essential selection criterion for effective avoidance measures is identification and

quantification of relevant indoor air pollutants in the complete personal environment 7.

Absence of allergen exposure assessment in cases with a positive mite or pet allergy, was one

of the reasons for lack of clinical effect of coaching. The nurses’ high score on effective anti-

mite interventions, in the case of cases with a positive mite allergy, may be due to a high

prevalence of mite sensitization in Dutch atopic patients.

A meta-analysis on randomised, controlled mite-allergen avoidance trials

demonstrated no effects from chemical and physical methods on eradicating mites or reducing

exposure to mites 11. However, this does not exclude a potential benefit to patients from

measures that achieve substantial reductions in personal exposure 33. Mite exposure was only

reduced in 6 of the 23 included trials, and in 5 trials reduction of exposure was not assessed.

Additionally, mite exposure, and thus the content of an effective mite-allergen avoidance

program, differs among various climatic regions 25. Reducing mite-allergen concentrations in

a humid climate requires an understanding of the factors that influence mite growth 30.

Van Lynden-van Nes 24 advised restricting meta-analyses to regions with similar climates, for

example to non-airconditioned dwellings in a particular climate with a similar mean January

outdoor air temperature. Cloosterman and van Schayck 6 recommended measures to control

house dust mites as an early intervention. The meta-analysis did not include studies involving

mite-allergen avoidance according to the scheme of this study. Monitoring all relevant

exposure sites in the complete dwelling and including exposure to other relevant allergens and

irritants was not done in the studies evaluated in the meta-analysis. The selective

mite-allergen avoidance program of this study is both evidence-based and

practice-based 19,21,24.

4.1.4.2 Patient-related aspects
As mentioned earlier, nurses perceived a lack of success caused by patient-related

aspects. In nearly half of the households, execution of dwelling adaptations, or financial

aspects influenced success negatively, according to the nurse. Other patient-related factors

concerned life-style and behavioural determinants, such as lack of motivation, or refusal to

stop smoking. Lack of motivation of household members was considered a problem in

coaching by nearly all nurses. Van Lynden-van Nes 24 demonstrated behavioural

ineffectiveness, when a program was performed by household members with mite-allergic
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asthmatic children. Before and during implementation of a program, the community nurse has

to assess and monitor motivation of the household. If a complete program is not feasible, the

nurse should advise a household not to start with a pollution avoidance program.

4.1.4.3 Professional expertise
As indicated by nurses themselves, success of coaching for pollution avoidance

could be elevated by providing nurses with professional expertise and skills in the field of

assessment and management of environmental health. More evidence-based practice in home

care is needed. Since 1995 the Netherlands Asthma Foundation (now taken over by

Foundation Specific Schooling Nurses, SSSV) provided education opportunities on a

pollution avoidance program for community nurses. A stepwise approach has been educated.

Nowadays, some 15 households, instead of 10, have to be coached and advised on allergen

avoidance every year to keep up the level of expertise and skills 28. It is recommended that

clinical effectiveness of nurses coaching is systematically addressed again to study their state

of knowledge, practice behaviour and care provided as such, after introduction of education in

the guideline. For a complete picture of the achieved clinical effectiveness, it is necessary for

a physician to perform a clinical evaluation of the patient 9,31.

The majority of nurses in our trial excluded dwelling-related questions from their

domain, probably because of a lack of knowledge, expertise and experience. Coaching

patients is part of their classical professional domain, but air-quality aspects of building

science, interior decoration and domestic cleaning are not. Dwelling-related technical

information is difficult to gather within the Dutch health-care system, where consulting

building engineers and other technical specialists is financially limited. However, a

consultation of these disciplines was most frequently mentioned by nurses, who considered

dwelling-related questions outside their domain. A ‘defective’ dwelling was mentioned as a

reason for perceived lack of success. The option of consulting an adaptive computerised tool

in a laptop computer is welcomed by nurses. Home-care organisations accepted the use of

such a tool*. This system could make community nurses familiar with a structured avoidance

approach, including assessment of actual effectiveness of their coaching. Such a system could

also contact the computerised administration of the physician to extract the needed details on

sensitization, hyperreactivities and burden of the disease on the patient, thus in part solving

the exchange problems between nurse and general practitioner or specialist. Another

development is the introduction of a practice nurse in Dutch general practices, who could

enhance co-operation and communication between the community nurse and general

practitioner 15,20.

                                                
* Has become available in 2001 with financial support of the European Union (DG Sanco), see www.phe.nl, or
www.allergo.nl/manapi/
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4.1.5 Conclusion

Coaching households with respect to environmental health by community nurses is

included in their professional domain, but it appeared -at the moment of investigation- to have

an almost negligible clinical effectiveness. This effectiveness is substantially lower than

realised. Absence of follow-up contacts, related to strategic choices made by the home-care

organisations, explained nurses’ ignorance of their lack of success. Failure factors, as related

to the professional care providers, are the unavailability of data on actual sensitization and

hyperreactivity, absence of identification of relevant pollutants and incorrect advice. Nurses’

perceived factors included patients’ dwellings, and patients’ life-styles and behaviours.

Supportive computerised tools are welcomed to support community nurses in effectively

coaching household members with asthma with respect to environmental health. Such an

automated coach should include architectural aspects, life-style and behavioural determinants,

activity accommodations, and should have a structured approach.
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Section 4.2

Impact of indoor air pollution on physical performance in
older occupants with chronic lung disease, a pilot study∗

Abstract Indoor air pollution reduces the physical performance in older occupants with

chronic lung disease. A health risk classification for Dutch dwellings (Section 2.2) and an

assessment method for physical independence level (Section 3.1) were examined together for

their usefulness and practicality in the case of five older occupants with chronic lung disease.

Actual health risk levels of inhaled air in kitchens were defined as ‘clean air’ (belonging to

health risk class 1), ‘moderately polluted air’ (belonging to classes 2 or 3) and ‘highly

polluted air’ (worse than class 3). Subjects were classified to physical independence levels 3

or 4. A change from ‘clean air’ conditions to ‘polluted air’ conditions caused slowing down

kitchen activities in subjects at physical independence level 4. Accommodations in physical

performance included a decrease in body movement at an equal rate of actual energy

expenditure during kitchen activities. In subjects at physical independence level 4, an increase

in actual energy expenditure did not occur within ‘clean air’ conditions because of a

pre-existing high relative physical strain (above 40%). These effects, demonstrated in a small

group, indicate that the assessment method is useful and practical for detecting a decline in

physical performance in response to indoor air-pollution exposure. Optimal physical

performance requires ‘clean air’ in ‘level 4’ older occupants with chronic lung disease. To

corroborate our findings further studies are needed on a larger number of subjects distributed

over all levels of physical independence and over dwellings in all health risk classes.

                                                
∗ To be submitted. Authors: Snijders MCL 1, Koren LGH 2, Kort HSM 3. 1Department of Building, Architecture
and Planning, Technische Universiteit Eindhoven, Eindhoven, The Netherlands, 2Allergo-Consult BV,
Beusichem, The Netherlands, 3Netherlands Institute for Care and Welfare/NIZW, Utrecht, The Netherlands.
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4.2.1 Introduction

Indoor air pollutants, such as tobacco smoke, carbon monoxide, and biological

agents, affect health by impairing lung functions 22. Elderly persons tend to show increased

susceptibility to air pollution. Elderly persons with chronic lung disease are especially

susceptible. Chronic lung disease refers to Chronic Obstructive Pulmonary Disease

(COPD) 37. COPD forms a major cause of morbidity in the Dutch population. Roughly 24 per

1000 men and 14 per 1000 women are diagnosed as having COPD 26. Prevalence of COPD

increases sharply over time from 48 per 1000 men aged 55-64 to 160 per 1000 men aged

75+ 27. Elderly persons with COPD experience limitations in physical performance because of

a poor respiratory reserve. Limitations worsen as disease progresses 23. Activity

accommodations, use of technological adaptations and assistance, and impact factors have a

modifying influence on the level of physical performance 16. Pollution in the inhaled air is one

of these impact factors.

As far as indoor air pollutants are concerned, cigarette smoking is the main impact

factor for COPD 32. It accelerates deterioration of lung functions. Indoor air may contain other

air pollutants that are impact factors, such as baking fumes, paint and perfume 10.

Most studies have been investigating the relationship between outdoor air pollution

levels and the adverse health effects for occupants with COPD. As an outcome measure for

health, hospital admission, mortality, respiratory symptoms or lung function were used.

Adverse health effects from air pollution occurred in people with COPD, even when the

current World Health Organization (WHO) guidelines for health protection in Europe are

met 2,8,12,14. Indoor pollution levels do not correlate well with outdoor levels because of indoor

pollution sources, e.g. tobacco smoking or human household and leisure activities. Until now,

no studies have investigated the relationship between indoor air-pollution exposure and

physical performance in older occupants with chronic lung disease during daily life.

To examine short-term effects of indoor air pollution on physical performance, both

exposure and health outcome have to be measured simultaneously. A health risk classification

for dwellings was tuned to the requirements of different occupant groups, including elderly

persons with chronic lung disease (Section 2.2). A level assessment for physical independence

was also developed and examined for its usefulness and practicality in daily life (Sections 3.1

and 3.2). Health risk classification of dwellings in combination with the physical

independence level assessment lays the basis for the assessment in this pilot study of impact

of air pollution on the level of physical performance during daily activities.

The aim of this pilot study is to examine usefulness and practicality of a

combination of health risk classification of dwellings and assessment method for physical

independence level for detecting short-term effects of indoor air pollution on physical

performance in older occupants with chronic lung disease.
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4.2.2 Materials and methods

Data were collected in the subjects’ home environment. These aspects of the study

design are described below together with the measurement protocol and data analysis.

4.2.2.1 Subjects and dwellings
Nine older occupants with chronic lung disease (aged 52-73; 3 females, 6 males),

living in nine different dwellings, participated in this pilot study. Selection criteria are

described in Section 3.1. All dwellings were located around Helmond in the Netherlands. One

subject lived in a single family detached dwelling, one subject in a single family terraced

dwelling, two subjects in senior terraced dwellings and one subject in an apartment with all

rooms on the first floor. One subject was an active smoker, and one subject was exposed to

tobacco smoke passively.

All subjects gave written informed consent to participate in the study after

procedures were explained to them. This study was approved by the Medical Ethical

Committee of the Elkerliek Hospital Helmond and by the Ethical Committee of the

Technische Universiteit Eindhoven.

All 9 subjects completed the study period. Four subjects (all men) were excluded

from the analyses, because no regular kitchen activities were performed during the pilot study.

4.2.2.2 Protocol
The measurement protocol consisted of a one-week period during which air-

pollution exposure and physical performance were simultaneously monitored in the subject’s

home environment. Exercise tests and pulmonary function tests in hospital preceded or

followed the field measurements. Measurements were conducted from March 1997 to

September 1997.

Indoor air-pollution exposure was classified according to a health risk classification

(Section 2.2). In addition to the weekly health risk classification, the actual health risk level

during the physical performance in kitchen activities was established. The individual’s

physical independence level and accompanying physical performance in kitchen activities

was established as described in Section 3.1 and 3.2.

4.2.2.3 Data analysis
Cooking and washing dishes, referred to as kitchen activities, were used for the

analysis of air pollution effects on indoor physical performance. Only kitchen activities with

dynamic properties, i.e. when during the current minute or either of the two previous minutes

body movement during a task is larger than zero counts per minute and heart rate during the

same task is larger than heart rate while sitting quietly (Section 3.1), were included for

analysis. Four physical performance parameters were used to compare the accommodations in

physical performance under different pollution circumstances: actual energy expenditure,

relative physical strain, body movement, and body movement versus actual energy
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expenditure (BM/AEE) ratio. Physical performance was deduced from at least five minutes of

activity, each time.

Impact of indoor air-pollution exposure was assessed at the location of physical

performance, i.e. the kitchen. Impact of real-time indoor air pollution was evaluated as

indicated by the carbon dioxide pollution (CO2). This marker alone, excluding the two other

markers (indoor humidity class and room ventilation rate), predicts health risk class of a

dwelling with an inefficiency of 6% (Section 2.2). Ultrafine dust particle ratio indoor versus

outdoor (dust ratio) was added because of its relevance for individuals with chronic lung

disease (Section 2.2). The indoor humidity class was not employed as marker because of

monitoring in both heating and non-heating season. During the non-heating season indoor

humidity class can not be established. The room ventilation rate was only available as a

single-point assessment for a whole week and could not be related to the physical

performance in kitchen activities under different pollution circumstances.

Because of the small number of subjects in this pilot study, the individual’s

physical performance was compared under three actual health risk levels of inhaled air in

kitchens within 24 hours: kitchen activities in ‘clean air’ (belonging to health risk class 1; CO2

pollution < 680 ppm, and a dust ratio < 10), in ‘moderately polluted air’ (belonging to health

risk classes 2 or 3; 680 < CO2 < 1085 ppm, and a dust ratio < 10), and in ‘highly polluted air’

(worse than health risk class 3; CO2 > 1085 ppm, or a dust ratio > 10). To account for acute,

reversible health effects after a brief air-pollution exposure, the assumption was made that at

least 15 minutes of exposure within the same actual health risk level were required.

The outdoor air was assumed to be clean, since industrial emissions or streets with

heavy motor traffic were absent in the direct neighbourhood of monitoring locations. The

impact of outdoor air pollution can be neglected 37.

Statistical analysis was performed by use of SPSS (release 7.5). Differences within

subjects on the physical performance under different pollution circumstances on a daily base

were calculated using Wilcoxon’s signed-rank test (one-tailed). Differences between groups

with a different physical independence level were calculated using the Mann-Whitney U-test

(one-tailed). The confidence level was set at 5%.

4.2.3 Results

Characteristics of kitchen pollution, subjects, as well as their physical performance

in kitchen activities under different actual health risk levels are presented below.

4.2.3.1 Pollution of kitchen
The CO2 marker indicated no kitchen as healthy for ‘individuals with chronic lung

disease’. In one kitchen the CO2 pollution remained below the hygienic threshold for

‘children, elderly, and non-sensitized atopics’ for 99% of 24 hours during a whole week. One

additional kitchen was fit for ‘healthy, non-atopic adults’. The remaining three kitchens were
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worse than health risk class 3. Adding ultrafine dust particle ratio indoor versus outdoor to the

health risk marker CO2 changed the outcome. All five kitchens became worse than health risk

class 3.

4.2.3.2 Characteristics of subjects
Age and physical characteristics of the remaining five subjects who performed

kitchen activities are summarised in Table 4-6.

Table 4-6 Characteristics of subjects (n=5) differentiated by physical independence level. Data are
presented as median (range). n-values denote number of subjects. FEV1,before: forced expiratory volume
in 1 second before bronchodilation; FEV1,after: FEV1 after bronchodilation; FVC: forced vital
capacity; TLC: total lung capacity; %pred: expressed as percentage of predicted value; peak load:
burden placed upon a subject during a maximal exercise test on a cycle ergometer; 2OV& peak: peak

oxygen uptake in the lungs during a maximal exercise test on a cycle ergometer; EV& peak: peak expired
volume per minute during a maximal exercise test on a cycle ergometer; HR peak: peak heart rate
during a maximal exercise test on a cycle ergometer. f COPD: individual factor of correction for a
changed metabolic rate in persons with chronic lung disease. Significantly different between the
studied groups: * = p < 0.05, NS = not significant (one-tailed Mann-Whitney U-test)

Physical independence level

Level 3
(n=2)

Level 4
(n=3)

p-value

median (min – max) median (min – max)

Age [yr] 69 (67 – 70) 61 (53 – 73) NS

Body weight [kg] 83 (75 – 90) 70 (56 – 75) NS

Body height [m] 1.71 (1.62 – 1.80) 1.64 (1.50 – 1.76) NS

Body mass index [kg·m-2] 28 (28 – 29) 28 (18 – 31) NS

FEV1, before [l] 1.10 (0.63 – 1.57) 1.32 (1.15 – 2.02) NS

FEV1, after [l] 1.34 (0.91 – 1.76) 1.37 (1.32 – 1.71) NS

FEV1 [%pred] 41 (30 – 52) 77 (37 – 86) NS

FVC [%pred] 54 (42 – 65) 98 (89 – 102) *

TLC [%pred] 72 (66 – 77) 113 (101 – 155) *

Peak load [Watt] 98 (70 – 120) 91 (65 – 129) NS

Peak load [%pred] 72 (61 – 83) 105 (103 – 127) *

2OV& peak [l·min-1] 1.69 (1.44 – 1.94) 1.27 (0.94 – 1.61) NS

2OV& peak [%pred] 92 (89 – 94) 73 (60 – 110) NS

EV& peak [l·min-1] 53.65 (40.30 – 67.00) 42.10 (33.60 – 45.90) NS

EV& peak [%pred] 57 (56 – 58) 65 (41 – 68) NS

HR peak [min-1] 139 (125 – 152) 115 (113 – 145) NS

HR peak [%pred] 84 (76 – 92) 71 (69 – 90) NS

f COPD 0.9 (0.8 – 1.0) 0.7 (0.5 – 1.0) NS
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Subjects classified at physical independence level 4 had, on average, a higher forced vital

capacity as well as total lung capacity both in relation to reference values (FVC%pred and

TLC%pred, respectively) than subjects classified at level 3. The peak load, expressed as

%predicted, was also significantly higher at level 4.

4.2.3.3 Physical performance
The physical performance in cooking and washing dishes was compared within

days. Within ‘clean air’ conditions (belonging to health risk class 1), the physical performance

did not show a difference in cooking and washing on (a) actual energy expenditure

(153 versus 163 J·kg-1·min-1), (b) relative physical strain (41 versus 56%), and (c) body

movement (12 versus 14 counts·min-1) (Wilcoxon test). Therefore, cooking and washing

dishes, referred to as kitchen activities, were both taken into account for the analysis of air

pollution effects on physical performance. There was no significant difference in physical

performance in cooking and washing dishes between periods of a day (8-12 h, 12–16 h,

16–20 h).

Table 4-7 displays data on the physical performance during kitchen activities in

different health risk classes of kitchen air and differentiated by physical independence levels.

Physical performance in kitchen activities was different between subjects classified at levels 3

and 4 within ‘clean air’ conditions. The actual energy expenditure and relative physical strain

were significantly higher in subjects classified at level 4. The median relative physical strain

was above the comfort threshold of 40% at this level of physical independence (Table 4-7).

To assess the impact of ‘moderately polluted air’ (belonging to health risk classes 2

or 3) on physical performance, the physical performance within ‘clean air’ conditions

(belonging to health risk class 1) is compared to the physical performance within ‘moderately

polluted air’ conditions within the same physical independence level. At physical

independence level 4, the physical performance within ‘clean air’ conditions differed

significantly from identical performance within ‘moderately polluted air’ conditions. Both

body movement and body movement versus actual energy expenditure (BM/AEE) ratio were

higher within ‘clean air’ conditions. Actual energy expenditure and relative physical strain did

not change. At level 3 no analysis was possible since performance of the same subject on the

same day in both health risk classes did not occur frequently enough to perform the Wilcoxon

test (Table 4-7).

Both at level 3 and at level 4 of physical independence, performance in kitchen

activities did not change, when air-pollution exposure in the kitchen altered from health risk

class 2 or 3 to a worse than 3 classification. A comparison of the physical performance

between health risk class 1 and a worse than 3 classification was impossible due to a lack of

valid episodes.



Table 4-7 Physical performance in subjects during kitchen activities (only activities with dynamic properties) in different health risk classes in the
kitchen. Data are presented as median (range). At least 15 minutes of exposure in the same health risk class were required. Performance is
differentiated by physical independence level and based on daily median values. n-values denote number of subjects and number of days, on which
subjects performed these activities. BM/AEE ratio: body movement versus actual energy expenditure ratio. For actual health risk level description
(‘clean air’, ‘moderately polluted air’, and ‘highly polluted air’) see Materials and Methods. Significantly different from physical performance within
‘clean air’ conditions within the group: § = p < 0.05 (one-tailed Wilcoxon test); Significantly different between subjects in physical independence
level 3 and physical independence level 4: * = p < 0.05, ** = p < 0.01, *** = p < 0.001, NS = not significant (one-tailed Mann-Whitney U-test)

Physical independence level

Level 3 Level 4 p-value

n n

Physical performance parameters

individuals days
median (min – max)

individuals days
median (min – max)

‘Clean air’
(belonging to health risk class 1)

1 4 2 13

Actual energy expenditure [J·kg-1·min-1] 104 (75 – 143) 163 (137 – 247) **
Relative physical strain [%] 12 (2 – 25) 56 (39 – 74) **
Body movement [counts·min-1] 8 (6 – 15) 16 (2 – 40) NS
BM/AEE ratio [counts·min-1 / J·kg-1·min-1] 0.08 (0.06 – 0.11) 0.08 (0.01 – 0.24) NS

‘Moderately polluted air’
(belonging to health risk classes 2 or 3)

2 8 3 12

Actual energy expenditure [J·kg-1·min-1] 149 (82 – 196) 171 (150 – 272) NS
Relative physical strain [%] 25 (4 – 38) 50 (36 – 85) ***
Body movement [counts·min-1] 8 (5 – 12) 12 § (6 – 26) *
BM/AEE ratio [counts·min-1 / J·kg-1·min-1] 0.06 (0.03 – 0.09) 0.06 § (0.04 – 0.09) NS

‘Highly polluted air’
(worse than health risk class 3)

2 8 1 7

Actual energy expenditure [J·kg-1·min-1] 184 (86 – 224) 162 (150 – 184) *
Relative physical strain [%] 34 (5 – 46) 41 (36 – 51) NS
Body movement [counts·min-1] 10 (5 – 13) 11 (5 – 15) NS
BM/AEE ratio [counts·min-1 / J·kg-1·min-1] 0.05 (0.03 – 0.13) 0.06 (0.03 – 0.09) NS

Im
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Within ‘moderately polluted air’ conditions (belonging to health risk classes 2 or

3), both relative physical strain and body movement were significantly higher at level 4 of

physical independence than at level 3, but the actual energy expenditure and body movement

versus actual energy expenditure (BM/AEE) ratio did not differ. On the other hand, within

‘highly polluted air’ conditions the actual energy expenditure was significantly lower at level

4 as compared to level 3.

4.2.4 Discussion

In this pilot study, the usefulness and practicality of the combination of a health risk

classification for dwellings-in-use with a physical independence level assessment was

established for detecting short-term effects of indoor air pollution on physical performance.

The impact of real-time indoor air pollution on physical performance under daily living

conditions was examined with this assessment method in older occupants with chronic lung

disease. This method appeared suited for detection of short-term changes in physical

performance on an individual level.

An increase in the actual energy expenditure due to air pollution was established

from an increase in the heart rate in this pilot study. The exact effects of air-pollution

exposure on the oxygen cost of physical performance need further study. In the future, a

portable device for continuous measurement of oxygen uptake in real time could assess

changes in the physical performance under different air-pollution exposure more accurately 34.

At least 15 minutes of exposure within the same actual health risk level are required

to account for acute health effects of air pollution. The evaluation of air pollution against

short-term effects may need to consider a range of time scales for effects, for example ranging

from 5 minutes to 60 minutes.

Results show that a change from ‘clean air’ conditions to ‘moderately polluted air’

conditions caused a decrease in physical performance at physical independence level 4.

Although tobacco smoke exposure was absent and the prescribed minimal standards

according to the Dutch building code 3 were fulfilled, an adverse health outcome was present.

The activity accommodation included a decrease in the body movement versus actual energy

expenditure (BM/AEE) ratio during kitchen activities in subjects at level 4 of physical

independence. This activity accommodation consisted of a decrease in body movement at an

equal rate of actual energy expenditure. The actual energy expenditure and relative physical

strain did not increase because of a pre-existing high relative physical strain (above 40%). In

other words, an increased inefficiency is present. This set-back in physical performance is a

quantitative assessment of the impact of air pollution and may have negative implications for

the individual’s level of physical independence. Not only a decline in physical independence

level is relevant, but also an activity accommodation on one or more physical performance

parameters within a level might be relevant in daily life of elderly persons with chronic lung

disease. The interference of air pollution with the normal activity of the affected persons
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indicates its adverse effects 1. It remains unsolved in this pilot study whether this proposed

relationship between indoor air pollution and physical performance in daily activities is a

causal one. Future research is needed.

In Section 2.2 it has been explained that ‘individuals with chronic lung disease’

require a health risk class 1 of the dwelling. The health risk classification indicates no kitchen

suitable for ‘individuals with chronic lung disease’. Only controlling occupational and

atmospheric pollution around subjects with COPD, as advised by the European Respiratory

Society 32, is not enough to preserve optimal lung functioning. Life-style and behavioural

changes with respect to indoor tobacco smoking, and use of ventilation systems are a

responsibility of occupants themselves 3. Technological adaptations in the living environment

with respect to the availability of ventilation systems and their user-friendliness are a

responsibility of the technical engineers. Life-style, behavioural changes, and technological

adaptations in the environment can be professionally coached by community nurses 20.

Within ‘highly polluted air’ conditions subjects at physical independence level 3

showed higher actual energy expenditure (AEE) than those at level 4, whereas within ‘clean

air’ conditions actual energy expenditure was lower at level 3 as compared to level 4. Because

of a pre-existing high relative physical strain (above 40%) at level 4 within ‘clean air’

conditions, the actual energy expenditure within ‘moderately polluted air’ conditions could

not increase further at this level. At level 3, a further increase in the actual energy expenditure

from ‘moderately polluted air’ to ‘highly polluted air’ was possible, because the relative

physical strain was still below 40% during the kitchen activities. More than one strategy of

activity accommodation may exist, depending on the level of physical independence in

combination with the type of activity performed.

In our pilot study the magnitude of the relation between pollution parameters and

physical performance was small. Thus, the results cannot be generalised yet. The pilot study

findings emphasise the need for additional long-term intervention studies on indoor air

pollution to support and expand our findings.

4.2.5 Conclusion

Using the health risk classification for dwellings-in-use in combination with the

physical independence level assessment, the present pilot study indicates that this method

could be useful for detecting impact of indoor air-pollution exposure on physical performance

in daily life in older occupants with chronic lung disease. On an individual level, a change

from ‘clean air’ conditions (belonging to health risk class 1) to ‘moderately polluted air’

conditions (belonging to health risk classes 2 or 3) decreases physical performance in subjects

at physical independence level 4. Accommodation in physical performance consisted of a

decrease in body movement at an equal rate of actual energy expenditure. Presence of a high

relative physical strain (above 40%) during kitchen activities within ‘clean air’ conditions

causes this phenomenon. One specific health risk class in a space proved to be relevant for an
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optimal physical performance in elderly persons with chronic lung disease, functioning at

physical independence level 4. A larger sample of older occupants with chronic lung disease

need to be investigated to further support our findings.
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Chapter 5

General discussion

This thesis addressed an innovative view on healthy indoor air in dwellings. Not one set of

requirements is used, but different sets for persons with varying susceptibility to polluted

indoor air. Individuals with chronic lung disease are among the most susceptible members of

society, especially in the older categories (50+ years of age). Healthy, non-atopic adults are

least susceptible. This view required the development of additional tools to classify health

impact of dwellings, and to assess the level of physical independence of dwelling occupants.

Both systems could be validated in measurement series, including two pilot studies on indoor

air quality and physical independence of older occupants with chronic lung disease. In this

process we made the surprising discovery that even air purity requirements of healthy

non-atopic adults are not met in the current building code of the Netherlands. The research

questions formulated in Chapter 1 have been answered in Chapters 2-4. This final Chapter

takes a more integrative view on the subject of the thesis, as to innovations, legislature,

dwelling-supported physical independence, and professional gains.
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5.1 An innovative view

Physicians focus on respiratory functioning within elderly persons with chronic

lung disease in a clinical setting, with no regard for the home environment as an

environmental impact factor 43. Usually, only tobacco smoke exposure is determined as an

impact factor. Community nurses support behavioural changes with respect to smoking within

households of elderly persons with chronic lung disease 15. Epidemiologists look at

environmental health risks at a population level 10. From an architectural perspective,

environmental design is dominated by technical requirements, rather than directly addressing

the desired performance characteristics of occupants. For example, required ventilation rates

are specified in terms of l·s-1·m-2. An occupant-oriented approach would require the design of

ventilation systems to limit indoor air pollution levels to specified hygienic thresholds.

Behavioural scientists are interested in physical performance in personal care (BADL,

Appendix A) and home care (IADL, Appendix A) tasks and mostly use qualitative methods,

such as interviews and questionnaires 45.

Our innovative view on healthy dwellings for elderly persons with chronic lung

disease can be used to predict short-term effects of indoor air quality improvement on

physical performance in daily activities on an individual level. Fig. 5-1 shows the relationship

between indoor air quality and physical independence in daily life. If an individual’s baseline

for physical independence is established under clean circumstances (e.g. outdoors in non-

industrial environments) (Section 3.2), impact of air-pollution exposure can be quantified in

terms of inefficiency in physical performance, as indicated by the body movement versus

actual energy expenditure (BM/AEE) ratio (Section 4.2). Van der Lucht et al. 33 used a

comparable monitoring strategy for air-pollution exposure in dwellings, but used other health

outcomes. As health outcomes, lung function and respiratory symptoms are assessed. No

relationship between indoor air quality and respiratory symptoms or lung function impairment

was found. Other studies evaluated health effects of indoor air pollution with point

measurements or passive sampling 26,37, while environmental health effects during a certain

period of occupancy are better assessed by near peak values. These near peak values, defined

as during at least 99% of 24 hours for CO2 pollution, or during at least 95% of 24 hours for

indoor humidity class, are more relevant with respect to the impact of air pollution on

physical performance in daily activities of occupants. Short interval monitoring (e.g.

1.5 minutes) includes near peak values.

Current advice on indoor and outdoor air quality for elderly persons with chronic

lung disease adhere to existing air quality guidelines, such as building codes 43. However,

these guidelines only evaluate certain individual chemical air pollutants and ignore the

variation in susceptibility within the human population 2. Additionally, World Health

Organization’s air quality guidelines do not differentiate between indoor and outdoor air

exposure 48. The site of exposure, however, determines type and concentration of air

pollutants, as well as the technological interventions that are available to remove them. To

improve management of chronic lung disease within elderly persons, and to counteract the
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increase in chronic lung disease within these elderly persons, the importance of the indoor air

quality in the living environment should not be neglected. Cessation of tobacco smoking,

without attention for the total quality of indoor air, may only have a minimal clinical effect in

the daily life of these elderly persons.
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Fig. 5-1 An innovative view on healthy dwellings for elderly persons with chronic lung disease at
different levels of physical independence. Indoor air quality is assigned to different health levels
within the health risk classification. Impact of air-pollution exposure in a kitchen-in-use on physical
performance in kitchen activities, quantified by the body movement versus actual energy expenditure
(BM/AEE) ratio at a specific physical independence level, is shown in elderly persons with chronic
lung disease who functioned at physical independence level 3 or 4. AEE: actual energy expenditure;
% 2OV& : relative physical strain; � = analysed; ✧ = expected

The efficacy of the approach presented in this thesis depends on its validity,

reliability, and applicability, including acceptance by consumer and professional. These

aspects need further study, preferably case-controlled, and with a larger series of subjects.

5.2 Indoor air purity, legislature, and building codes

The original aim of a dwelling is to shield occupants from the natural elements and

to provide comfort. Current approaches employed to characterise healthy dwellings for

individuals with chronic lung disease, especially mite-asthmatic occupants, address allergen
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and irritant sources 34. Integration of existing scientific data from different perspectives

(architecture, building engineering, medicine, and behavioural sciences) in this thesis allows

us to identify when a hygienic threshold is exceeded for one of the susceptibility groups,

ranging from ‘individuals with chronic lung disease’ (most susceptible to polluted indoor air)

to ‘healthy, non-atopic adults’ (least susceptible).

Health impact indicators have been developed earlier to show the integrated effect

of a number of environmental exposures, such as air pollution, residential noise, and large

environmental risks. In one calculated indicator three dimensions of health are integrated on a

population level: life expectancy, quality of life and the number of people affected. However,

this system does not have a direct relationship with design and management choices in the

built environment 21.

Another indicator system encompasses 11 environmental issues of public health

significance (e.g. air quality, noise, radiation), allowing for a balanced and comprehensive

picture of these risks throughout Europe. A set of core environmental health indicators is

recommended for an integrated assessment of the state of environment and health. With

respect to indoor air quality, only environmental tobacco smoke exposure has been taken into

account 13. This thesis has shown that additional indoor air pollutants have impact on health.

IEA Annex 27 developed tools to assess the consequences and effects of different

room ventilation systems with respect to indoor air quality, comfort, noise, energy, costs, and

reliability. For indoor air quality, simulations were executed with respect to CO2

concentrations, tobacco smoke, condensation, low relative humidity and pressure difference

between indoors and outdoors. However, indoor air quality was not related to occupants’

health 47.

Building codes (in the Netherlands known as ‘Bouwbesluit’) were originally

developed (a) to guarantee safety of construction, drinking water, etc., (b) to minimize fire,

burglary and infectious hazards, and (c) to supply occupants with pure air 4. After the energy

crises in the seventies of the last century, and the spread of the concept of sustainable

development, ventilation and infiltration have been reduced in buildings in heating climates to

conserve energy. In Europe this lead to an increase of indoor humidity 20, and it appeared to

be associated with an increase in allergies 36.

As we have seen in Chapter 2 the ventilation level guaranteed by the Dutch

building code has fallen below the requirements of the least susceptible part of the population:

‘healthy, non-atopic adults’. Enquiries at TNO Building and Construction Research, the

institution that proposed current ventilation levels, learned that they were set in consensus

workshops of experts in building construction and building services. No written report exists

of this consensus workshop and no calculation were made afterwards as to the health effect of

the ventilation level chosen 17.

However, sustainable development or not, the European Construction Products

Directive forbids health damage of building occupants or building neighbours 14. This will

probably only be possible when technical codes take individual susceptibilities into account,

and future dwellings are made flexible enough to adapt to the varying requirements of
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succeeding occupants. Unfortunately, the European pre-standard on ventilation for

buildings 11 does not (yet) take this approach.

Research in this thesis has been restricted to air purity, leading to a segmentation of

the human population in: (a) ‘healthy, non-atopic adults’, (b) ‘children, elderly, and

non-sensitized atopics’, and (c) ‘individuals with chronic lung disease’ (Section 2.2). Other

dwelling-related health risks call for a segmentation of the population along different lines.

Think, for instance, of the health risk of Legionella infections (Veteran’s disease, Pontiac

fever) with age and gender of dwelling occupants as prime predictors of health damage 5.

A building code taking all susceptibility combinations into account will quickly

become fairly complicated. Still, this individual approach becomes more and more relevant

because of greying of the human population in the Netherlands 25. Older dwelling occupants

show an increase of diversity in physical, physiological and psychological dimensions of

life 7. To guarantee the best health for the greatest number of persons will force future

building codes to become expert systems (Design Decision Support Systems, DDSS) with

user characteristics as input data, and technical specifications for dwellings as output. Only

then may conflicting aims such as human health guarantees, energy conservation and biocide

reduction be reconciled. Political choices lead to accepted human risk limits that form the

basis for these novel building codes. In the Netherlands acceptable human risk is based on

expected societal disruption, and should be calculated for each technologically related cause

of health damage. Acceptable are one death per million inhabitants per year, or 10 deaths at

one single time and place 41. It would be helpful in developing future building codes if politics

would also set societal disruption limits for technologically related causes of chronic and

acute non-lethal disease.

To assess or model different dwelling-related health risks, environmental markers

for noxious exposures have to be chosen. In the case of health effects of indoor air pollution

(the research of this thesis) the environmental markers should include exposure and risk

assessment related to indoor air pollutants with significance for health. Additionally, they

should include factors that have an impact on indoor air quality as well as determinants of the

general environmental quality that directly and indirectly affect and are affected by the quality

of the built environment 50. Exposure assessment may be essential for health risk assessment,

which in turn may be necessary for effective risk management and risk communication

between, for example, building engineers, professional care providers and occupants 22. In

these thesis we chose 4 different markers: (a) CO2 pollution, (b) indoor humidity class,

(c) room ventilation rate, and (d) dust particle ratio indoor versus outdoor (Chapter 2). In the

future this list will probably need expansion with radon gas and mineral fibres to better

include cancer risks 30.
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5.3 Physical independence

Noxious exposures lead to disease, and disease diminishes quality of life, such as

loss of independence 30. Health outcomes used by others are sickness impact profile scores 31,

disability-adjusted life years 35, or daily activity (movements per day) 3,46. In this thesis

physical independence has been taken into account because of its direct relationship with

independent living 25. A change in indoor air quality is related to a change in physical

performance influencing physical independence (Section 4.2).

Our innovative view on the relationship between indoor air quality and physical

independence (Chapter 1) is in line with the International Classification of Functioning,

Disability, and Health, known as ICIDH-2 that focuses on a ‘components of health’

classification and encompasses a list of environmental factors. According to ICIDH-2, an

individual’s functioning in a specific domain is an interaction or complex relationship

between the health condition and the contextual factors 49. The American Thoracic Society

also uses a conceptual framework for considering indoor air quality and health. This model

also acknowledges the range of susceptibility in the population 1.

Previously Spirduso 45 used a classification system for physical functioning of

healthy elderly persons (aged 75-99). In the present study, existing categories of physical

performance according to types of activities have been extended with (a) intensity parameters

(actual energy expenditure, relative physical strain, and body movement), (b) required activity

accommodations, and (c) required technological adaptations (technical aids, calling in

informal or professional assistance) (Section 3.1). The definition of physical independence

levels should be extended with technological adaptations in the living environment

(Section 3.2). We also refrained from describing the level of physical performance as a

disabling process, as was done by Jette et al. for elderly persons with chronic lung disease 23.

In the disablement process model, loss of function is the goal of evaluation, while in our

gerontechnological approach, characterising suitable dwellings for the remaining ability is the

goal of evaluation. Elderly subjects are included as an active agent in the process of

adaptation when faced with problems related to independent living 44.

Physical independence is one of the better indicators for health quality of buildings

and their surroundings, because it has a more or less direct relationship with design choices

made by architects and urban planners. We propose to use physical independence as an

important issue in design of the built environment.

5.4 Health education for consumers

Control of health risks related to indoor air-pollution exposure is primarily left to

the consumers, such as elderly persons with chronic lung disease. Occupants themselves,

being pollution sources, cannot be removed from a space, but smoking, use of ventilation

devices, and water vapour production are components that can be changed by consumers.
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Current self-management within elderly persons with chronic lung disease includes active

participation in the treatment of disease, based on sufficient coping behaviour, compliance

with inhaled medication, adequate inhalation technique, attention to changes in the severity of

the disease, and self-adjustment in the case of exacerbation 51. The thesis supplied the basis

for an automated coaching system. Such a coaching system may be an indirect control option

to achieve optimal daily functioning. It can warn occupants about environmental health risks

and if desired can advise how to change technological environment or behaviour to regain a

healthy situation. Physical warning lights or sounds may indicate the actual health risk class

in a space and required measures to regain healthy indoor air. The effectiveness of

interventions becomes visible with the same coaching system.

If occupants themselves are unable to control indoor air quality, for example due to

behavioural ineffectiveness 34, or a low level of physical independence, a professional care

provider, such as a physician or community nurse, may coach household members. These

professionals may use the same automated coaching system. Guidelines are needed to

translate the method into practical use. A double-loop effect is realised, because feedback

signals on both indoor air quality and physical independence deduced from physical

performance are available. These measurable results may improve the process of care 28.

From a health perspective, elderly persons with chronic lung disease need

information about the quality of indoor air they breathe and the systems in place to maintain

the required indoor air quality. Information about the spatial distribution of health risks in a

dwelling can be made available and visible with the developed assessment method, making

both elderly persons with chronic lung disease and professional care providers aware of its

presence. Effective communication and education are important tools in raising public

awareness of air quality issues 48. Reporting air quality information in a form that is generally

understandable by occupants is a problem. The new view can be used to characterise healthy

dwellings for elderly persons with chronic lung disease in a simple way.

Additionally, the physical performance monitor will give feedback to elderly

occupants with chronic lung disease about the optimal level of daily physical performance.

Exercise training is an essential component of a pulmonary rehabilitation programme 12.

Combinations of training frequency, intensity, mode, and duration can be evaluated in the

home setting. The most important goal of rehabilitation programmes is to introduce the

elderly person with chronic lung disease to a new lifestyle, which includes regular physical

activity. In general, daily physical performance is the basis of a healthy lifestyle. Especially

the elderly should be encouraged to lead physically active lives to maintain their

independence of movement and personal autonomy, to reduce the risks of body injury, and to

promote optimal nutrition 6.



102 Chapter 5

5.5 Professional gains

The results in this thesis may bring gains to a number of professional domains:

policy making, building construction and building services, and home care.

As to policy making the organisation of building codes needs a new foundation.

Not one set of requirements for everyone and everywhere, but requirements as needed by

actual users (see above).

Building construction and building services may find in this thesis incentives for

user orientation in their designs of structures and its subsequent management. The emerging

field of Design Decision Support Systems or DDSS 38 could be used as a vehicle for an

extended emphasis on user orientation. One existing example concerns lighting of indoor

spaces 18. It is based on the Building Physics Information Model (BFIM) that was purposely

to improve indoor environmental conditions in office buildings, taking into account heating,

cooling, ventilation and lighting 8. The method can also be integrated with the conventional

engineering design of dwellings.

In addition to awareness of air quality issues, air quality improvement may give

building and building-services engineers a measure to prevent chronic lung diseases in the

elderly, as already mentioned in the Finnish national Chronic Obstructive Pulmonary Disease

guidelines for prevention and treatment 29. Our assessment method can be applied as an

intelligent intervention system, embedded in dwellings, which can function fully automatic. It

focuses on ventilation, a normal engineering approach to manage indoor air pollution, or on

air cleaning equipment. In a health risk class driven ventilation system air exchange is

automatically tuned to an occupant’s requirements with respect to air quality. This adaptation

of the system to the occupant and even anticipation of occupants’ needs is an example of

ambient intelligence. Communication with other devices in a dwelling should be possible 19.

Application of this direct control system is required in households with elderly persons with

chronic lung disease, where the level of physical independence is low, or where personal

preferences for this type of control are present. Of course, the gerontechnology of healthy

dwellings should also involve psychological and physiological factors 19.

Current design specifications have a primary focus on human comfort and are

capacity oriented 42. Those who design, provide, built, maintain and occupy indoor

environments have a duty to do no harm to indoor air quality in that environment 50.

An occupant-oriented approach is based on knowledge of what and how to control, and

should be in accordance with the required health level on an individual level. For elderly

occupants with chronic lung disease, an improvement of the indoor air quality to ‘clean air’

may result in optimal daily functioning, and postpone the transition to a lower level of

physical independence.

Air-flow inlets controlled by natural ventilation are available, such as pressure

control, humidity control, pollutant control and temperature control. These inlets may also

save energy 16. Innovative developments have to consider integration of occupant health and

environmental measures such as energy conservation. If installed technology fails health
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requirements of individual household members, a warning signal should alert occupants to

leave the premises. This technology, with an occupant-oriented approach, has to make healthy

occupancy self-evident. For occupant-oriented ventilation systems, specifications have to be

defined, such as desired set-points, the stability of control loops, the minimal overshoot, the

minimal off-set, and the speed of communication 39.

The next domain that may benefit from this thesis is home care. Home-care

programmes for elderly persons with chronic lung disease and for elderly in general should

focus attention on improving and maintaining physical independence and developing

adequate coping strategies 24. The developed physical independence level system will give a

better insight into actual versus optimal combination of physical performance parameters and

the required technological adaptations. This method may deliver additional performance

indicators for transmural care 32. Physical independence deduced from physical performance

in daily activities, including needed adaptations or assistance, can be used as an outcome

assessment for the quality of care.

Telemetry will facilitate assessment and management with respect to environmental

health, because nurses can coach households with an automated coaching system at a

distance 28. This coaching system may also indicate that expertise and services of a building

engineer should be involved for the necessary technological adaptations.

In nursing practice, coaching households towards healthy dwellings includes

cessation of indoor smoking 15. For elderly persons with chronic lung disease, other pollutant

sources should also be taken into account. The marker CO2 pollution is probably the easiest to

handle in this profession. It should stay below 680 ppm (1247 mg·m-3) continuously

(Section 4.2). Dutch households with atopic asthmatics are already coached towards allergen

avoidance 9. Community nurses are qualified to coach households towards clinical effective

avoidance 27. In this thesis it was shown that current practice has a rather low effectiveness

(Section 4.1). It may be improved by a better understanding of assessment, diagnosis,

planning, intervention, and evaluation. This understanding should include the basic

mechanisms and pathways of exposure to environmental health hazards, basic prevention and

control strategies, the interdisciplinary nature of effective interventions, and the role of

research 40.

5.6 Future research

Fruitful areas of future research and technology development that will broaden

applicability of this novel approach to healthy dwellings include the following:

• Performing case-control studies to validate required health levels for different

susceptibility groups, such as ‘healthy, non-atopic adults, ‘children, elderly, and

non-sensitized atopics‘, and ‘individuals with chronic lung disease’, in the case of

indoor-air pollution related disorders.
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• Improving the physical independence level system with efficacious interventions, such as

technical aids, technological adaptations, informal assistance and professional assistance.

• Refining the assessment method for physical independence level with the use of integrated

and miniaturized heart-rate and body-movement monitors.

• Broadening our approach from the Netherlands to the European human population.

• Including the concept of susceptibility groups into building code set up and organisation.

• Making susceptibility information available in Design Decision Support Systems together

with enabling technologies.

• Extending the healthy-dwelling approach to healthy public buildings.

5.7 Conclusions

The relation between indoor air quality and physical independence (Chapter 1) has

been modelled in this thesis into assessment methods with a multi-perspective approach.

Classification makes the impact of indoor air-pollution exposure on physical performance

manageable in an innovative view on dwellings suitable to individuals with chronic lung

disease. Other non-air related, environmental impact factors, such as the presence or absence

of environmental adaptations, technical aids, activity accommodations, informal assistance, or

professional assistance, may also be relevant to changes in physical performance. These

factors, however, are not explicitly considered in the present study.

Indoor air quality appeared to have a significant influence on physical

independence of elderly persons with chronic lung disease. This new perspective on healthy

dwellings for elderly persons with chronic lung disease includes indoor air quality as an

environmental impact factor and physical independence deduced from physical performance

as health outcome. The physical independence level system can distinguish baselines of

physical independence in these elderly persons, with an indication for the required types of

activity accommodation or adaptation to optimise physical independence. Classifying indoor

air-pollution exposure in a dwelling-in-use, according to four environmental markers into

three health risk classes, makes the potential level of physical independence in these elderly

persons predictable. A change from ‘polluted air’ to ‘clean air’ predicts the potential level of

physical independence in elderly persons with chronic lung disease. All occupied spaces

should be included for a health risk classification of a complete dwelling. Community nurses

consider coaching households with mite-sensitive asthmatics for the management of

environmental health as their professional domain. Application of the results of this thesis will

deliver ‘diagnostic’ tools, which can support policy makers, physicians, community nurses,

building and building-services engineers, facility managers, or older occupants with a chronic

lung disease themselves. The impact of indoor air pollution in interaction with enabling

intervention strategies (activity accommodations, behavioural changes, and technological

adaptations) on the level of physical independence is a fruitful field for further research.
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Definitions

Frequently used symbols and abbreviations*

In the following, definitions and explanations of some of the more common terms are listed; these are
the definitions as used in this study and may therefore be more restricted than in general use:

a Slope coefficient of individual’s active regression equation of heart rate
on active oxygen uptake

Abundance Quantitative measure of organisms
Activity accommodation Changes in kind of activities, procedures for doing them, and frequency

or length of time doing them
AEE Actual Energy Expenditure [J·kg-1·min-1]
Atopy Predisposition for developing an IgE-mediated response to common

environmental allergens
b Intercept of individual’s active regression equation of heart rate on active

oxygen uptake
BADL Basic Activities of Daily Live (personal care)
BM*

(-2,-1,0) Body Movement while sitting, during current minute or either of two
previous minutes (as denoted in the subscript) [counts·min-1]

BM/AEE ratio Body Movement versus Actual Energy Expenditure ratio [counts·min-1 /
J·kg-1·min-1]

ca CO2 concentration in outdoor air [ppm]
ct CO2 concentration in indoor space as function of time [ppm]
Chronic lung disease Pulmonary disease, associated with lower airways obstruction, due to

asthma or COPD
CO2 Carbon dioxide concentration [ppm]
COPD Chronic Obstructive Pulmonary Disease; disorder characterised by

reduced maximum expiratory flow and slow forced emptying of lungs
due to chronic bronchitis or emphysema; features which do not change
markedly over several months

EE Energy Expenditure [J·kg-1·min-1]
f COPD Individual factor of correction for a changed metabolic rate in a person

with COPD
FEV1 Forced Expiratory Volume in 1 second [l]
Fine dust particle Airborne dust particle with a diameter equal or larger than 1.0 µm
FVC Forced Vital Capacity [l]
g Gram
G CO2 generation rate per hour per person [ppm·h-1 per person]
Health risk class 1 Room with negligible health risks from air-pollution exposure for

‘individuals with chronic lung disease’
Health risk class 2 Room with negligible health risks from air-pollution exposure for

‘children, elderly, and non-sensitized atopics’
Health risk class 3 Room with negligible health risks from air-pollution exposure for

‘healthy, non-atopic adults’
Worse than health risk class 3 Room with health risks from air-pollution exposure for all occupants
Heating season Time periods with a mean outdoor temperature below 15.5°C
IADL Instrumental Activities of Daily Life (household management)
IgE Immunoglobulin E [kU·l-1]
Informal assistance Assistance from family, spouse, offspring, and other relatives
Indoor humidity class < II Building with negligible or low water vapour production

                                                          
* Used S.I. Units (Le Système International d’Unités) are not explained.
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Indoor humidity class > II Building with moderate or high water vapour production
Indoor / outdoor ratio Ratio of components in indoor air versus outdoor air
l Litre
L Room volume per person [m3 per person]
Lung functionality Relation of lung ventilation to oxygen uptake, defined as ventilatory

capacity
m2 Square metre
m3 Cubic metre
min Minute
Mite sensitization threshold Mite-allergen exposure levels at or above these thresholds (i.e. 10 mites

per gram floor dust, 100 mites per gram furniture/mattress dust, or 2 µg
of Group I mite allergens per gram of dust) are regarded as a risk factor
for sensitization and for development of mite-allergic asthma

NS Not Significant
n Number
%pred Percentage of predicted value
ppm Parts Per Million
P Percentile
p Probability value
Percentile Threshold in frequency distribution; e.g. the 95th percentile exceeds all

but 5 per cent of the values
Physical independence As long as self-maintaining activities, including (a) personal care,

(b) management of the household, and (c) obtaining financial resources
are possible and feasible, an individual can live physically independent

Physical independence level 1 A minimally energy expenditure of 419 J·kg-1·min-1 is required to
perform accessory discriminating IADL activities on a comfortable level;
fully independent living is possible

Physical independence level 2 A minimally energy expenditure of 279 J·kg-1·min-1 is required to
perform accessory discriminating IADL activities on a comfortable level,
but extra technical aids are needed or activity accommodations in BADL
and IADL tasks should take place to live independently

Physical independence level 3 A minimally energy expenditure of 174 J·kg-1·min-1 is required to
perform accessory discriminating BADL and low-energy IADL activities
on a comfortable level, but -in addition to extra technical aids or activity
accommodations- additional informal assistance is needed by relatives to
live independently

Physical independence level 4 A minimally energy expenditure of 105 J·kg-1·min-1 is required to
perform accessory discriminating BADL activities on a comfortable
level, but -in addition to extra technical aids, activity accommodations,
and informal assistance- professional assistance is needed to live
independently

Physical independence level 5 Less than 105 J·kg-1·min-1 is available to perform BADL activities, and
for almost all BADL activities assistance is needed, which results in
non-independence

Physical performance Equals performance intensity, i.e. rate at which energy is expended
Potential for physical independence Extent to which a subject can live physically independent at home,

including an optimal combination of efficacious interventions to reduce
the impact of environmental factors and functional limitations on
physical independence

RMR COPD Resting Metabolic Rate in a person with COPD, sitting without
movement on a cycle ergometer [J·kg-1·min-1]

RMR health Resting Metabolic Rate in a healthy adult: 69.77 J·kg-1·min-1

Room ventilation rate Volumetric flow-rate of outside air [l·s-1·m2]
RQ ee Energy Equivalent of 1 litre of oxygen utilisation according to the

Respiratory Quotient [J·l-1]
rs Spearman Rank-order correlation coefficient
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Severity of COPD Severity of air flow limitation assessed by FEV1 in relation to reference

values, in presence of obstruction; mild (FEV1%pred > 70), moderate

(50 < FEV1%pred < 69, or severe (FEV1%pred < 50)
t Time of occupancy [h]
T Temperature [°C]
TLC Total Lung Capacity [l]
Ultrafine dust particle Airborne dust particle with a diameter equal or larger than 0.3 µm
V Room ventilation rate per person [m3·h-1 per person]

EV& Expired Volume per minute [l·min-1]

2OV& Oxygen uptake per minute [l·min-1]

% 2OV& r Degree of relative physical strain [%]

W Weight of subject [kg]
Water vapour pressure Atmospheric pressure which is exerted by water vapour (water in its

gaseous state). It is one way of measuring humidity of air

Subscripts
peak Referring to a maximal exercise test on a cycle ergometer
sitting Referring to sitting without movement on a cycle ergometer
task Referring to performance of a BADL or IADL task
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Samenvatting

Het hoofddoel van dit proefschrift is om milieuhygiënische aspecten van woningen

te karakteriseren voor personen met chronische longaandoeningen. Het onderzoek beperkt

zich daarbij tot de invloed van luchtzuiverheid binnenshuis op fysiek functioneren in het

dagelijks leven. Veranderingen in de kwaliteit van binnenlucht hebben invloed op het fysieke

presteren en daarmee op de mate van zelfredzaamheid. Vrij en zelfredzaam zijn in de eigen

woonomgeving tot op zeer hoge leeftijd is een wens van velen.

Voor Europa geldt, dat de leden van een kwart tot de helft van alle huishoudens het

risico lopen een mijtenallergie te ontwikkelen. De mate van voorkomen van de oorzakelijke

mijten is gerelateerd aan de vochtigheid van de lucht in het woningtextiel. In 14 Nederlandse

woningen is de relatie tussen vochtklassen en mijtenaantallen bestudeerd (Sectie 2.1). In het

stof van vloer en meubilair uit ‘droge’ woonkamers bleven mijtenaantallen beneden de

maximaal toelaatbare waarde. Wanneer er schadelijke mijtenconcentratie aanwezig bleken in

het stof van vloer of meubilair dan ging het om een ‘vochtige’ woonkamer. De

mijtenaantallen in woonkamer en slaapkamer weken soms sterk van elkaar af. Voor het

bepalen van het gezondheidseffect van de totale woning -met betrekking tot de blootstelling

aan mijtenallergeen- is het daarom noodzakelijk om de vochtklasse van iedere ruimte in huis

apart te bepalen. Bovendien is gewenst om in de toekomst kort durende vochtpieken in een

ruimte op te nemen in de vochtklasse. Dit soort pieken stimuleert mijtengroei in droge

ruimten.

Als aanvullend onderzoeksinstrument is vervolgens een gezondheidsrisico-

classificatie voor Nederlandse woningen geconstrueerd en getest. Het nieuwe is hierbij dat

deze classificatie gerelateerd is aan gezondheid, namelijk aan de diverse behoeften aan

luchtzuiverheid van een drietal geledingen van de maatschappij (Sectie 2.2): ‘gezonde

volwassenen zonder erfelijke aanleg voor storingen in het immuunsysteem (niet-atopisch)’

(gezondheidsrisicoklasse 3), ‘kinderen, ouderen, en niet-gesensibiliseerde atopici’

(gezondheidsrisicoklasse 2) en  ‘personen met een chronische longaandoening’

(gezondheidsrisicoklasse 1). Laatstgenoemde gezondheidsrisicoklasse stelt de hoogste eisen

aan luchtzuiverheid. Voor de binnenlucht zijn de drie gezondheidsrisicoklassen gedefinieerd

aan de hand van indicatoren: (1) CO2 vervuiling (vervuiling door personen en open vuur),

(2) vochtklasse (vervuiling door huisstofmijten), (3) luchtverversing (gebouw en gebruik

gerelateerde factoren), later aangevuld met (4) stofdeeltjes ratio binnen versus buiten

(vervuiling door roken en personen). Voor het testen van de gezondheidsrisicoclassificatie in

Nederlandse woonkamers (n=53), is de actuele luchtvervuiling continue gemeten gedurende

7 dagen. De binnenluchtvervuiling bleek het ernstigst te zijn in het stookseizoen (n=37). In

geen enkele van deze woonkamers bleek de lucht geschikt voor ‘personen met een chronische

longaandoening’, gebaseerd op CO2 vervuiling, vochtklasse en luchtverversing. Slechts 4 van
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de 36 woonkamers (11%) voldeed aan de eisen voor ‘gezonde, niet-atopische volwassenen’.

Berekeningen toonden aan dat de eisen in het Nederlandse Bouwbesluit lager liggen dan de

behoeften van ‘gezonde, niet-atopische volwassenen’. Een herziening van het Bouwbesluit zal

nodig zijn wil Nederland gaan voldoen aan de Europese Richtlijn Bouwproducten.

Ouderen met een chronische obstructieve longaandoening -COPD- (chronische

bronchitis, longemfyseem) worden in hun dagelijks functioneren beperkt door: (1) een

vermindering van de longfunctie, (2) een verhoging van het energieverbruik in rust en (3) een

verhoging van het totale dagelijkse energieverbruik. Om de potentie voor fysieke

zelfredzaamheid te kunnen schatten voor 50-plussers met chronische longaandoeningen is een

fysieke zelfredzaamheid-energie-schaal ontwikkeld, gebaseerd op het fysieke functioneren in

het dagelijkse leven (Sectie 3.1). De schaal loopt van volledig zelfredzaam (niveau 1) tot niet

zelfredzaam (niveau 5). De fysieke prestatie in het dagelijks leven is te kwantificeren aan de

hand van het werkelijke energieverbruik (AEE) voor de dagelijkse activiteiten en de

bijbehorende relatieve fysieke belasting (% 2OV& r). Aan de hand van het hoogst haalbare

energieverbruik en een bijbehorende relatieve fysieke belasting die niet hoger is dan 40%

-vastgesteld in schone lucht- is het mogelijk het fysieke niveau van zelfredzaamheid te

bepalen op de schaal voor gezonde volwassenen. De geïntroduceerde factor f COPD is daarbij

een correctiefactor voor het veranderde energieverbruik bij ouderen met een chronische

longaandoening. Deze factor moet nog gevalideerd worden. De methode om fysieke

zelfredzaamheid te kunnen beoordelen is toepasbaar voor het inschatten van het

gezondheidseffect van binnenluchtvervuiling in het dagelijks leven van ouderen met

chronische longaandoeningen.

De bruikbaarheid van de beoordelingsmethode voor fysieke zelfredzaamheid is

onderzocht gedurende 7 dagen bij 9 zelfstandig wonende ouderen (leeftijd 52-73 jaar) met een

chronische longaandoening (Sectie 3.2). Thuis droegen de proefpersonen een hartslagmeter en

een bewegingsmonitor op het lichaam. Voorafgaand is in het ziekenhuis een

gestandaardiseerde fiets-ergometer test uitgevoerd. Uit deze resultaten is de fysieke prestatie

tijdens dagelijkse activiteiten bepaald. Het individuele niveau van zelfredzaamheid is

gebaseerd op de fysieke prestatie gedurende buitenactiviteiten: 4 personen functioneerden op

niveau 3 en 5 personen op niveau 4. De personen op niveau 4 van zelfredzaamheid hadden

een lager lichaamsgewicht, een geringere lichaamslengte, een lagere maximale

zuurstofopname ( 2OV& peak) en een kleinere maximale minuut-ademhaling ( EV& peak) dan de

personen die op niveau 3 functioneerden. De ernst van de luchtwegobstructie geeft

onvoldoende inzicht over het zelfredzaamheidniveau. Gedurende het wandelen bleek de

relatieve fysieke belasting hoog te zijn (boven 40%) bij personen die op niveau 4

functioneerden. Hierdoor hielden de proefpersonen op niveau 4 deze activiteit minder lang

vol. De proefpersonen bleken zich aan de verminderde capaciteit te hebben aangepast,

bijvoorbeeld door slechts één verdieping van de woning te bewonen in plaats van twee en

door gebruik te maken van informele hulp. De technologische aanpassingen moeten in de

toekomst in de niveaudefinities worden opgenomen. Toch bleek het systeem van fysieke
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zelfredzaamheidniveaus bruikbaar om de zelfredzaamheid op niveau 3 en 4 te onderscheiden

bij het dagelijks functioneren van 50-plussers met een chronische longaandoening.

Op het gebied van milieuhygiëne behoort tot de taak van de Nederlandse

wijkverpleegkundigen onder andere het begeleiden en adviseren van huishoudens van

personen met een chronische longaandoening (Sectie 4.1). De effectiviteit van deze

begeleiding is op twee verschillende wijzen onderzocht: (1) in een externe proces-evaluatie en

(2) in een zelf-evaluatie door de wijkverpleegkundige. De proces-evaluatie gaf een mogelijk

succes aan in 2% van de 155 begeleidde huishoudens. Wijkverpleegkundigen overschatten

hun succes in 43% van deze begeleidde huishoudens. Overschatting van het succespercentage

kon worden teruggevoerd op de afwezigheid van vervolg-huisbezoeken (79%), omdat de

organisatiestructuur van de thuiszorg daarin niet voorzag. Factoren, die de effectiviteit van de

begeleiding negatief beïnvloedde: geen data beschikbaar betreffende aanwezige sensibilisatie

en hyperreactiviteit (34%), onvolledige beoordeling van binnenluchtvervuiling (50%), en

onjuist advies (14%). Wijkverpleegkundigen zelf noemden als oorzaak van een gebrek aan

succes de aard of kwaliteit van de woning en het gedrag van haar bewoners. Het merendeel

van de wijkverpleegkundigen beschouwen het begeleiden van huishoudens op

milieuhygiënisch gebied als onderdeel van hun professioneel domein, maar het effect is

gering en wordt door hen aanzienlijk overschat. Hierin kan verbetering worden aangebracht

door gebruik te maken van een geautomatiseerd begeleidingssysteem*, waarin bouwkundige

aspecten, leefstijl, gedrag en het dagelijkse activiteitenpatroon zijn opgenomen. Bij de

Nederlandse thuiszorgorganisaties blijkt hiervoor grote belangstelling te zijn.

De gezondheidsrisicoclassificatie voor Nederlandse woningen en de

beoordelingsmethode voor fysieke zelfredzaamheid zijn samen ingezet om hun bruikbaarheid

te toetsen in een pilot-studie in woningen van vijf oudere bewoners met chronische

longaandoeningen (Sectie 4.2). De actuele gezondheidsrisiconiveaus van de geïnhaleerde

lucht in de keuken werden gedefinieerd als ‘schone lucht’ (behorende tot

gezondheidsrisicoklasse 1), ‘matig vervuilde lucht’ (behorende tot gezondheidsrisicoklasse 2

of 3) en ‘zwaar vervuilde lucht’ (slechter dan gezondheidsrisicoklasse 3). De proefpersonen

functioneerden op de niveaus 3 en 4 van zelfredzaamheid. Bij de personen op niveau 4 bleek

een verandering van ‘schone lucht’ naar ‘vervuilde lucht’ in de keuken een vermindering van

de bewegingsintensiteit op te roepen bij een gelijkblijvend werkelijk energieverbruik. Bij deze

proefpersonen trad geen toename in het werkelijk energieverbruik op als gevolg van

binnenluchtvervuiling, omdat de relatieve fysieke belasting bij ‘schone lucht’ reeds hoog was

(boven 40%). De methode bleek hiermee bruikbaar voor het indiceren van effect van

binnenluchtverontreiniging op de fysieke prestaties van ouderen met chronische

longaandoeningen. ‘Schone lucht’ optimaliseert fysieke prestatie bij oudere bewoners met

chronische longaandoeningen op zelfredzaamheidniveau 4. Grotere aantallen proefpersonen

                                                          
* Dit hulpmiddel is onlangs gereed gekomen met financiële steun van de Europese Unie (DG Sanco), zie
www.phe.nl, of www.allergo.nl/manapi/
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verdeeld over alle niveaus van zelfredzaamheid en wonend in behuizingen in alle

gezondheidsrisicoklassen dienen onderwerp te zijn van toekomstig onderzoek.

Deze nieuwe kijk op gezonde woningen voor ouderen met chronische

longaandoeningen komt voort uit de gerontechnologie, het technologische antwoord op onze

verouderende maatschappij. Het laat zien dat luchtzuiverheid binnenshuis een

milieuhygiënische factor is die fysieke prestatie beïnvloeden kan, en daarmee ook het

zelfstandig wonen van personen zal verlengen of verkorten. In de toekomst kunnen

kortdurende en individuele effecten van een verbeterde luchtkwaliteit op het fysieke

functioneren worden voorspeld. Het fundament is gelegd voor een geautomatiseerd

begeleidingssysteem dat indirect kan leiden tot optimaal dagelijks functioneren. Zo’n systeem

kan de bewoners waarschuwen voor gezondheidsgevaren en, indien gewenst, informatie

verstrekken hoe de situatie te verbeteren door technologische ingrepen of verandering van

gedrag. De resultaten van dit proefschrift hebben een boodschap voor beleidsmakers,

bouwkundige en installatietechnische ingenieurs en thuiszorgwerkers.

Wat het beleid betreft, behoeft het Bouwbesluit een nieuw fundament dat beter is

aangepast aan de grotere diversiteit van de bevolking. Zo kunnen de bouwkundige en

installatietechnische disciplines een bijdrage leveren aan de preventie van chronische

longaandoeningen bij ouderen.

De hier ontwikkelde beoordelingsmethode voor niveaus van fysieke

zelfredzaamheid verbetert het inzicht in actuele zelfredzaamheid versus potentiële

zelfredzaamheid. Deze potentiële zelfredzaamheid is gebonden aan een optimale combinatie

van fysiek presteren en werkzame interventies. Deze methode kan een ondersteuning vormen

voor thuiszorgprogramma’s die gericht zijn op het begeleiden van personen met

gebouwgerelateerde klachten, zoals personen met een chronische longaandoening.

Aanpassingsstrategieën van ouderen met chronische longaandoeningen moeten in

de toekomst gedetailleerder onderzocht worden. Dit betreft zowel activiteitsaanpassingen als

gedragsveranderingen en technologische aanpassingen.
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Activities of Daily Living

Activities of Daily Living can be distinguished into Basic Activities of Daily Living (BADL) and

Instrumental Activities of Daily Living (IADL). Activities that usually are included in BADL and

IADL are given below (Barer D, Nouri F. Measurement of activities of daily living. Clin Rehabil
1989; 3: 179-187; Kempen GIJM, Suurmeijer TPBM. The development of a hierarchical

polychotomous ADL-IADL scale for noninstitutionalized eldery. The Gerontologist 1990; 30: 497-

502).

Basic Activities of Daily Living (BADL):

- Care of feet and nails

- Dressing

- Eating and drinking

- Getting in and out bed

- Going up and down stairs

- Moving inside the house

- Moving outdoors on flat ground

- Rising from chair

- Using the toilet

- Washing face and hands

- Washing oneself completely

Instrumental Activities of Daily Living (IADL):

- Bed making

- Driving a car

- Gardening

- Getting in/out car

- Heavy house-cleaning activities, such as wash windows

- Hobbies

- Light house-cleaning activities, such as dusting, vacuuming, sweeping floors

- Preparing breakfast and lunch

- Preparing dinner

- Shopping

- Using public transport

- Washing and ironing clothes

- Walking outside
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Questionnaire ‘Allergen and irritant avoidance measures and nurse profession domain’

[Netherlands Asthma Foundation, 1993]

1. Which education has been received (more than one answer possible)?
❍ Two years in-service training + 6 months course
❍ 3.5 Years in-service training
❍ Community nurse training
❍ Higher vocational training
❍ Executive training
❍ Continuation course vocational training
❍ Continuation course management
❍ Continuation course nurse specialist
❍ Continuation course research
❍ Nursing science
❍ Academic / university education
❍ Secondary teacher training
❍ Otherwise: ........................

2. In which function are you active?
❍ Nurse in the community
❍ Auxiliary community nurse
❍ Community nurse
❍ Staff-/district nurse
❍ Specific nurse
❍ Clinical nurse specialist
❍ Otherwise: ........................

3. Contents of your work: ❍ Desk work
❍ Contacts with patients
❍ Combination of both
❍ Other:........................

4. Arrays of attention: ❍ Mother and child health care service
❍ Patient care service for disabled / chronically ill patients
❍ Both

5. Are you working with a special expertise in the area of respiratory disease (‘asthma or COPD’)?
❍ Yes
❍ No

General questions
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6. How many years does the care of asthma and COPD to your tasks?
(Care of asthma and COPD: care in which specific knowledge on respiratory disease is
required)

❍  <  1/2 year
❍ 1/2  - 2 years
❍ 2 - 5 years
❍ 5 - 10 years
❍ > 10 years

7. How many different households with patients suffering from asthma and COPD have been
visited in your career, with asthma and COPD as a part of the question for assistance or aid?

❍         < 3
❍   4 -     6
❍   7 -   10
❍ 11 -   20
❍ 21 -   50
❍ 51 - 150
❍     > 150

8. How many of the home-visits mentioned above were related to allergen and irritant avoidance?
❍         < 3
❍   4 -     6
❍   7 -   10
❍ 11 -   20
❍ 21 -   50
❍ 51 - 150
❍     > 150

9. How many home-visits did you perform in the field of allergen and irritant avoidance during
your career?

Alone
With assistance of

district nurse

   < 3 ❍ ❍

 4 - 6 ❍ ❍

 7 - 10 ❍ ❍

11 - 20 ❍ ❍

21 - 50 ❍ ❍

   > 50 ❍ ❍

10. How many home-visits did you perform in the field of allergen and irritant avoidance in 1992?
.......................................

11. For how many of the visits mentioned in question 10 was it impossible to solve all avoidance
problems?
...................................................................................................................
Unsolvable problems in key-words:
...................................................................................................................
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12. Do you perform follow-up visits?
❍ Never
❍ In less than 50% of the cases
❍ In approximately 50% of the cases
❍ In more than 50% of the cases
❍ Always

13. What do you think, in general, about questions for assistance or aid in the field of allergen and
irritant avoidance?

1. Are these questions nurse’s responsibility? Yes / no
2. Do you have a lack of necessary knowledge and experience? Yes / no
3. Should it be possible to consult experts? Yes / no
If yes, which kind of experts?
................................................................................................................

14. In your opinion do questions for assistance or aid in the field of allergen and irritant avoidance
belong to nurse profession domain? (key-words)
...................................................................................................................
Which questions do?
...................................................................................................................
Which questions do not?
...................................................................................................................

To get insight in the distribution of respondents throughout the country, we request you to fill in
your post area code:.........................................................................................

15. Who requested a home-visit for allergen and irritant avoidance?
❍ Allergologist
❍ Health centre physician / nurse
❍ Family
❍ General practitioner
❍ Internist
❍ Paediatrician
❍ E.N.T.specialist
❍ Pulmonologist
❍ Patient
❍ School doctor /nurse
❍ Community nurse
❍ Other: ................................

The following questions concern an avoidance case.
Please answer these questions with patient’s data from 1992.
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16. Which kind of data were available at the time you gave the avoidance advice?
❍ Year of birth, namely ……
❍ Sex
❍ Number of household members
❍ Medical diagnosis
❍ Total IgE level
❍ Phadiatop
❍ Hyperreactivity
❍ Threshold of histamine
❍ Lung function parameters: ❍ FEV1

❍ PEF
❍ Sensibilization
❍ Smoking behaviour
❍ Other: ................................

17. Sensibilization tests
Please fill in the test results with one or more plus signs in columns 1 and 4; negative test results
in columns 2 and 5; not-executed research in columns 3 and 6.

Blood test
(e.g. RAST)

Skin prick test

1 2 3 4 5 6

+ - ? + - ?

Cockroaches

House dust mites

Storage mites

Moulds

Rat

Mouse

Cat

Dog

Guinea-pig

Parakeet

Birch

Pollen of grass

Pollen of tree

Pollen of weeds

Nuts

Fruit

Potato

Fish

Other

18. Hyperreactivity? Yes / no / unknown
If yes, for what? (key-words) ...................................................................
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19. Which complaints does the patient have according to the data of the physician?

Not at all Mild Moderate Severe Unknown

Lower airways:
breathlessness, coughing,
sputum production

❍ ❍ ❍ ❍ ❍

Upper airways:
irritated eyes, clogged nose,
running nose, sneeze

❍ ❍ ❍ ❍ ❍

Skin: eczema, itch ❍ ❍ ❍ ❍ ❍

20. How is the question defined by the referring physician?
...................................................................................................................

21. Did you yourself collect data in order to give the avoidance advice?
❍ No
❍ Yes, namely (key-words) ........................................................................

22. To which allergen sources did your avoidance advice concern (key-words)?
...................................................................................................................

23. Describe the specific avoidance advice, which were given,
in relation to sensibilization (in key-words):
...................................................................................................................

in relation to hyperreactivity:
...................................................................................................................

24. Which aspects were involved in your dwelling-related avoidance advice?
(Please, fill in each aspect)
Building aspects Yes / no
Ventilation Yes / no
Heating Yes / no
Location of the dwelling Yes / no
Materials Yes / no
Cleaning Yes / no
Pets Yes / no
Pests Yes / no
Smoking Yes / no
Motivation of the household Yes / no
Insight in disease Yes / no
Others Yes / no
If yes, which? ..............................................

25. Indicate how you judge the avoidance problems for this case?

1. simple complex
1       2        3        4        5       6       7        8        9       10

2. solvable unsolvable
1       2        3        4        5       6       7        8        9       10
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Vragenlijst ‘Allergologische woningsanatie en het verpleegkundig beroepsdomein’

[Nederlands Astma Fonds, 1993]

1. Afgesloten opleidingen
Welke opleidingen heeft u gevolgd (meerdere antwoorden mogelijk)?

❍ Ziekenverzorging
❍ A-verpleegkunde
❍ MGZ
❍ HBO-V
❍ kaderopleiding
❍ VOB
❍ VOM
❍ VO verplk. specialist
❍ VO Onderzoek
❍ Verpl. wetenschap
❍ Hogere opleiding
❍ Docentenopleiding
❍ Overige: ........................

2. In welke functie bent u werkzaam?
❍ Verpleegkundige in de wijk
❍ Wijkziekenverzorgende
❍ Wijkverpleegkundige
❍ Staf-/districtsverpleegkundige
❍ Specifiek verpleegkundige
❍ Verpleegkundig specialist
❍ Anders: ........................

3. Bestaat uw werk uit: ❍ Bureauwerk
❍ Patiëntencontacten
❍ Combinatie van beide
❍ Anders: .....................

4. Wat zijn uw aandachtsgebieden?
❍ Ouder en kindzorg / Jeugdgezondheidszorg
❍ Patiëntenzorg / Volwassenzorg
❍ Beide

5. Werkt u met een differentiatie Cara?
❍ Ja
❍ Nee

Algemene vragen
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6. Hoe lang behoort de Carazorg tot uw taak?
(Carazorg: de zorg waarbij specifieke kennis over Cara nodig is)

❍  <  1/2 jaar
❍ 1/2  - 2 jaar
❍ 2 - 5 jaar
❍ 5 - 10 jaar
❍ > 10 jaar

7. Hoeveel verschillende ‘huishoudens’ met Carapatiënten heeft u in uw loopbaan bezocht waarbij
Cara een onderdeel van de hulpvraag vormde?

❍         < 3
❍   4 -     6
❍   7 -   10
❍ 11 -   20
❍ 21 -   50
❍ 51 - 150
❍     > 150

8. Hoeveel van bovengenoemde bezoeken waren gericht op saneren?
❍         < 3
❍   4 -     6
❍   7 -   10
❍ 11 -   20
❍ 21 -   50
❍ 51 - 150
❍     > 150

9. Hoeveel saneringshuisbezoeken legde u tijdens uw gehele loopbaan af?

Alleen
Met een

districtsverpleegkundige

   < 3 ❍ ❍

 4 - 6 ❍ ❍

 7 - 10 ❍ ❍

11 - 20 ❍ ❍

21 - 50 ❍ ❍

   > 50 ❍ ❍

10. Hoeveel saneringsbezoeken heeft u in 1992 afgelegd?
.......................................

11. Bij hoeveel van deze huisbezoeken is het volgens u niet gelukt alle sanatieproblemen op te
lossen?
...................................................................................................................
Geef de onoplosbare problemen aan in steekwoorden:
...................................................................................................................
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12. Worden er vervolghuisbezoeken afgelegd?
❍ Nooit
❍ In minder dan de helft van de gevallen
❍ Bij ongeveer de helft van de gevallen
❍ Bij meer dan de helft van de gevallen
❍ Altijd

13. Vindt u in het algemeen van sanatievragen dat:
1. Ze bij uw vak horen? Ja / nee
2. Er noodzakelijke kennis en vaardigheden bij u ontbreekt? Ja / nee
3. Het mogelijk moet zijn deskundigen te raadplegen? Ja / nee
Zo ja, welke deskundigen?
................................................................................................................

14. In hoeverre vindt u dat sanatievragen bij het verpleegkundig beroepsdomein horen?
(in steekwoorden)
...................................................................................................................
Welke sanatievragen wel?
...................................................................................................................
Welke sanatievragen niet?
...................................................................................................................

Om inzicht te krijgen in de spreiding van de deelnemers verzoeken wij u vriendelijk hier uw
postcode in te vullen:.........................................................................................

15. Wie heeft dit saneringsbezoek aangevraagd?
❍ Allergoloog
❍ Consultatiebureau-arts / verpleegkundige
❍ Familie
❍ Huisarts
❍ Internist
❍ Kinderarts
❍ Kno-arts
❍ Longarts
❍ Patiënt zelf
❍ Schoolarts / schoolverpleegkundige
❍ Wijkverpleegkundige
❍ Overige: ..............................

De nu volgende vragen hebben betrekking op een concreet huisbezoek.
Gelieve deze in te vullen aan de hand van patiëntgegevens uit 1992.
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16. Toen u het sanatie-advies gaf, over welke gegevens beschikte u?
❍ Geboortejaar, namelijk …..
❍ Sexe
❍ Samenstelling huishouden
❍ Medische diagnose
❍ Totaal IgE
❍ Phadiatop
❍ Hyperreactiviteit
❍ Histaminedrempel
❍ Longfunctiewaarden: ❍ FEV1

❍ Peakflow
❍ Allergie
❍ Rookgedrag
❍ Overige: .........................

17. Allergietesten
Definitieve uitslagen noteren met één of meerdere plussen in de kolommen 1 en 4.; negatieve
uitslagen aankruisen in de kolommen 2 en 5; niet verrichte onderzoeken aankruisen in
kolommen 3 en 6.

Bloedproef
(b.v. RAST e.a.)

Huidtest

1 2 3 4 5 6

+ - ? + - ?

Kakkerlakken

Huisstofmijten

Voorraadsmijten

Schimmels

Rat

Muis

Kat

Hond

Cavia

Parkiet

Berk

Graspollen

Boompollen

Onkruidpollen

Noten

Vruchten

Aardappel

Vis

Andere

18. Hyperreactiviteit Ja /nee / onbekend
Indien ja: waarvoor? (in steekwoorden) .............................................................
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19. Welke klachten heeft de patiënt volgens de gegevens van de arts?

Niet Licht Matig Zwaar
Niet

bekend

Onderste luchtwegen:
benauwdheid, hoesten, slijmproduktie ❍ ❍ ❍ ❍ ❍

Bovenste luchtwegen:
Geïrriteerde ogen, verstopte neus,
loopneus, niezen

❍ ❍ ❍ ❍ ❍

Huid: eczeem, jeuk ❍ ❍ ❍ ❍ ❍

20. Wat is de vraagstelling van de aanvrager?
...................................................................................................................

21. Heeft u zelf gegevens verzameld om uw sanatie-advies te geven?
❍ Nee
❍ Ja, namelijk (in steekwoorden): ............................................................

22. Tegen welke allergeenbronnen is uw advies gericht? (in steekwoorden)
...................................................................................................................

23. Omschrijf de specifieke sanatie-adviezen die u heeft gegeven (in steekwoorden).
In verband met allergie:
...................................................................................................................

In verband met hyperreactiviteit:
...................................................................................................................

24. Welke aspecten heeft u in uw sanatie-advies betrokken (s.v.p. alles invullen)?
Bouwkundige aspecten Ja / nee
Ventilatie Ja / nee
Verwarming Ja / nee
Ligging woning Ja / nee
Materialen Ja / nee
Schoonmaken Ja / nee
Huisdieren Ja / nee
Ongedierte Ja / nee
Roken Ja / nee
Motivatie binnen het gezin Ja / nee
Ziekte-inzicht van de patiënt Ja / nee
Andere Ja / nee
Indien ja, welke? ............................................

25. Geef aan hoe u voor dit huishouden de sanatieproblematiek beoordeelt?

1. eenvoudig gecompliceerd
1       2        3        4        5       6       7        8        9       10

2. oplosbaar onoplosbaar
1       2        3        4        5       6       7        8        9       10



129

APPENDIX C

Poll ‘Development expert-system allergen and irritant avoidance’

[Netherlands Asthma Foundation, 1995]

Are you interested in the expert-system ‘allergen and irritant avoidance? Yes / no
(Please return the questionnaire even if there is no interest)

Is your organisation willing to invest in software for this expert-system, to an amount of:
$ 3.080,- Yes / no
$ 1.540,- Yes / no
$    770,- Yes / no
Other, namely: $ …….

An up-date of the software is needed every two years.
Are you prepared to expend these costs ($ 95)? Yes / no

Which configuration system is in use within the organisation?
❍ Dos
❍ Windows
❍ Macintosh
❍ Unix
❍ OS / 2
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Opiniepeiling ‘Ontwikkeling kennissysteem saneren’

[Nederlands Astma Fonds, 1995]

Heeft uw organisatie interesse voor een geautomatiseerd kennissysteem ‘saneren’? Ja / nee
(Wilt u ook bij geen belangstelling het formulier a.u.b. retourneren?)

Indien u de vraag met ‘ja’ hebt beantwoord:

Is uw organisatie in principe bereid hiervoor een bedrag uit te trekken van:
ƒ 8.000,- aanschaf programmatuur Ja / nee
ƒ 4.000,- aanschaf programmatuur Ja / nee
ƒ 2.000,- aanschaf programmatuur Ja / nee
Een ander bedrag, namelijk: ƒ …….

Is uw organisatie in principe bereid de tweejaarlijkse up date kosten
van ƒ 250,- te dragen? Ja / nee

Onder welke configuraties wordt binnen uw organisatie gewerkt?
❍ Dos
❍ Windows
❍ Macintosh
❍ Unix
❍ OS / 2
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Stellingen

behorende bij het proefschrift

Indoor Air Quality and Physical Independence

An Innovative View on Healthy Dwellings
for Individuals with Chronic Lung Disease

Mariëlle C.L. Snijders



I

Schone lucht binnenshuis verbetert de fysieke prestatie tijdens dagelijkse
activiteiten van ouderen met chronische longaandoeningen (COPD) die
afhankelijk zijn van professionele zorg (zelfredzaamheidniveau 4).
Dit proefschrift, hoofdstuk 4.2

II

De kwaliteit van lucht in Nederlandse woningen gerelateerd aan gezondheid kan
worden ingedeeld in drie gezondheidsrisicoklassen.
Dit proefschrift, hoofdstuk 2.2

III

De mate van fysieke zelfredzaamheid is een bruikbare parameter om invloed van
zowel luchtwegobstructie als vervuilde lucht op gezondheid vast te stellen bij
ouderen met chronische longaandoeningen.
Dit proefschrift, hoofdstuk 3.2 + 4.2

IV

Het combineren van gezondheidsrisicoklassen en niveaus van zelfredzaamheid is
een geschikte methode om het effect van binnenluchtverontreiniging te
beoordelen op de fysieke prestatie van ouderen met chronische
longaandoeningen.
Dit proefschrift, hoofdstuk 4.2

V

De zorg van wijkverpleegkundigen voor personen met chronische
longaandoeningen verbetert door het gebruik van een geautomatiseerd
signalerings- en begeleidingssysteem.
Dit proefschrift, hoofdstuk 4.1

VI

Het Nederlands Bouwbesluit moet op een nieuwe leest geschoeid worden,
namelijk een gegarandeerd minimum niveau van gezondheid in plaats van een
minimum niveau aan technische voorzieningen.

VII

Investeren in woningisolatie blijft één van de meest efficiënte methoden om
huishoudelijk energieverbruik terug te dringen, maar leidt tot minder efficiënt
persoonsgebonden energieverbruik.

VIII

Gezonde ouderen gebruiken diverse strategieën om zich - mét klachten -
zelfstandig te handhaven. Gezond ouder worden bestaat daarbij uit het kunnen
optimaliseren van keuzes en compenseren van verliezen.
Sociaal en Cultureel Planbureau: Rapportage ouderen 2001

IX

Een goed bouwkundig ontwerp verlangt firmitas, utilitas en venustas, niet alleen
vanuit het perspectief van de ontwerper, maar ook vanuit het perspectief van de
bewoner.
Romeinse architect Marcus Vitruvius, 1e eeuw voor Christus

X

Ondersteunende voedingsmaatregelen zijn essentieel voor ouderen met
chronische longaandoeningen. Bij nascholing aan huisartsen op dit gebied
(zogeheten ‘culinaire nascholing’) verlangt de luchtzuiverheid tijdens de
bereiding én het nuttigen van voeding aandacht.
Bruijn CHMM de. COPD en voeding; LHV nascholingscursus voor medici. Harderwijk:
De Bode, 2001

XI

Met de introductie van geavanceerde meetapparatuur zijn we vergeten dat ons
reukorgaan, voorheen een primitief overlevingsorgaan, ook als indicatief
instrument goed gebruikt kan worden.

XII

Je rug recht houden is ergonomisch en psychologisch verantwoord.

Eindhoven, 5 september 2001
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