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ABBREVIATIONS. 

1

1 ABBREVIATIONS.  

COPD: Chronic Obstructive Pulmonary Disease. 

FEV1 : Forced Expiratory Volume in one second. 

FER: Forced Expiratory Ratio. 

FVC: Forced Vital Capacity. 

PEF: Peak Expiratory Flow. 
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GLOSSARY. 

11 GLOSSARY. 

1 1. Chronic Obstructive Pulmonary Disease: 

A slowly, progressive obstruction disorder characterised by reduced maximum expiratory 
flow and slow forced emptying of the lungs. (FEV1 is , 80% predicted and FEV1 / VC , 70% i.e 
obstructive.) 

1 2. Forced Expiratory Volume in one second (FEV1): 

This is the volume of air expelled from the lung over a time period (one second) from a position 
of maximum inspiration with the subject making maximum effort. 
Physiological basis: During a forced expiration the driving pressure is sufficient that at any 
given lung volume, the airflow is limited by the cross sectional area of the flow limiting segment 
of the airways. It is reproducible because it depends more on airway dimensions than on test 
effort. 

3. Total Lung Capacity (TLC): 

The lung volume on maximum inspiration. 
Physiological basis: Depends on size and balance between maximum inspiratory pressure and 
elastic recoil of the respiratory system. 

4. Forced Vital Capacity. (FVC): 

This is the volume of air which can be expelled from the lungs when the subject makes a 
maximum effort from a position of full inspiration. It may sometimes be less than vital capacity 
because the forced manoeuvre may raise the inter-pleural pressure to cause premature 
closure of the peripheral airways. 

5. Peak Expiratory Flow. (PEF): 

The maximum flow which can be sustained for a period of 10 ms. It occurs extremely soon 
after commencement of expiration during the forced expiratory manoeuvre. 

1 6. Emphysema: 

Emphysema is defined as 'dilatation and destruction of the lung tissue distal to the terminal 
bronchioles.' The person who is usually a smoker, develops increasing breathlessness and 
cough, with destruction of blood gases on exertion due to destruction of lung parenchyma, 
altering the ventilation / perfusion ratio. Finally there is a rise in the blood CO2 tension and 
right heart failure. 

7. Chronic Bronchitis: 

Chronic bronchitis is defined as inflammation of the bronchi resulting in cough productive of 
sputum on most days for at least three months of the year. 
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GLOSSARY. 

8. Peripheral Airways Disease: 

Inflammation of the airways that are less than 3 mm in diameter which frequently results in 
persistent airflow limitation. 

9. Asthma: 

Widespread narrowing of the bronchial airways, which changes in severity over short periods 
of time and leads to cough, wheezing, and difficulty in breathing. Asthma is predominantly an 
inflammatory reaction. 

10. Hypoxeamia: 

Reduction of the oxygen concentration in the arterial blood, recognised clinically by the 
presence of central and peripheral cyanosis. When the partial pressure of oxygen (P02) falls 
below 8.0 kPa (60 mmHg), the condition is defined as respiratory failure. 

11. Hypoxia: 

Deficiency of oxygen in the tissues. 

12. Dyspnoea: 

Laboured or difficult breathing. The term is often used for a sign of laboured breathing 
apparent to the doctor, breathlessness being used for the subjective feeling of laboured 
breathing. 
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ABSTRACT.  

ABSTRACT. 

THE RELATIONSHIP BETWEEN INDOOR HUMIDITY, FUEL POVERTY AND HOUSING 

CONDITIONS ON EXACERBATION, SYMPTOMS AND LUNG FUNCTION OF PATIENTS WITH 

MODERATE AND SEVERE CHRONIC OBSTRUCTIVE PULMONARY DISEASE. 

BACKGROUND. 

In the North District Hearth Authority region mortality from Chronic Obstructive Pulmonary 

Disease (COPD) over the period 1976 - 1992 was 100% higher in winter than summer. It has 

been recognised that most people spend 75% - 90% (or even more) of their lives indoors 

[Lebowitz; 1983] especially the elderly [Calverley and Pride; 1995.] This study attempted to 

examine how specific living conditions such as indoor heating, housing and social support could 

contribute to the winter COPD mortality. 

METHOD. 

80 patients with physician diagnosed severe and / or moderate COPD and attended The 

Outpatients Clinic at The London Chest Hospital were interviewed in their home during January 

and February 1998. Housing conditions and indoor heating were assesed by a structured 

questionnaire and humidity and temperature readings were taken in the living room and coldest 

room. Quarterly fuel expenditure was obtained from winter fuel bills and factors influencing indoor 

temperatures such as draughts and regular opening of windows were explored. Subjective 

measurements of mould and dampness were noted and social networks examined. Information on 

health indices were acquired from home visit lung function measurements, daily patient reporting 

of respiratory symptoms and from completion of a St Georges Respiratory Questionnaire. 

I 

I 
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 ABSTRACT. 

RESULTS. 

Patient's who lived in damp housing complained more frequently of increased sputum production 

and experienced a greater number of exacerbations. The coldest indoor temperatures were 

related to the frequency of exacerbations and indoor humidities influenced Peak Expiratory Flow 

The presence of central heating contributed significantly to the occurence of dampness along with 

low room temperatures and high indoor humidities. The typeS of housing played important roles in 

predicting the presence of wheeze, shortness of breath and increased sputum production and 

affected fuel expenditure. 

CONCLUSION. 

Damp housing increases the risk of bacterial infection, perhaps by increasing the subject-'s 

exposure to airborne allergens. Older housing, low indoor temperatures and high humidities 

predispoe to damp housing. 

KEY WORDS: Chronic Obstructive Pulmonary Disease, Living Conditions, Damp Housing, Indoor 

Temperatures. 

9 



INTRODUCTION. 



INTRODUCTION. 

INTRODUCTION. 

In the North Thames District Health Authority region mortality from Chronic Obstructive Pulmonary 

Disease (COPD) over the period 1976 - 1992 was 100% higher in winter than summer and 

significantly greater than that from asthma. COPD is characteristically a chronic, slowly 

progressive obstruction disorder, therefore the rapid progression observed during the winter 

months is probably partially influenced by seasonal factors. It has been recognised that most 

people spend 75% - 90% (or even more) of their lives indoors [Lebowitz; 1983] especially the 

elderly [Calverley and Pride; 1995] consequently any changes in health are more likely to be 

related to winter indoor conditions than outdoor conditions. This study attempted to determine if 

the winter living conditions of patients with moderate and severe COPD were related to the 

frequency of exacerbations of their disease, prevalence of symptoms, reduced lung function and 

quality of life. 

Although there are a number of contributory factors which affect living conditions such as 

economic status, social class and geographical location the study focused on housing, indoor 

heating and social support. The supposition studied was that housing conditions, indoor heating 

and sociability have an affect on clinical measures of respiratory illness in Chronic Obstructive 

Pulmonary Disease. 

WHAT IS CHRONIC OBSTRUCTIVE PULMONARY DISEASE? 

Chronic Obstructive Pulmonary Disease (COPD) is a chronic, slowly progressive obstruction 

disorder characterised by reduced maximum expiratory flow and slow forced emptying of the 

lungs, FEV1 presents as <80% predicted and FEV1 / VC ratio <70% i.e obstructive. Three 

conditions may contribute to the airway limitation to varying degrees in COPD; chronic bronchitis, 

peripheral airways disease (chronic bronchiolitis) and emphysema. Jeffery [1998] also found 

evidence of a degree of lung function reversibility by bronchodilator (or other) treatment, 

suggesting an element of chronic asthma. 
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INTRODUCTION. 

Figure 1.1 Airflow Limitation: Simplified Interrelationships between COPD and Asthma. Adapted 
from Jeffery; 1998 p129. 

U 

U 
COPD is a major cause of mortality and morbidity in England, and it's incidence is rising [Barnes; 

1998]. Figure 1.2. shows the Standardised Mortality Ratios (SMRs) for COPD in the Elderly 

between.1990-1992. A relatively high mortality is seen in Durham, Lancashire, Yorkshire, London 

and South Wales, while a low mortality is observed in East Anglia, South West England and Mid 

Wales. 

Figure 1.2. Standardised Mortality Ratios (SMRs) for COPD in the Elderly (>65 yrs of age) 

1990-1992 by District Health Authority in England and Wales, and a Health Board in Scotland. 
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INTRODUCTION. 

In 1992 there were 26 033 deaths in England and Wales attributed to COPD. In comparison 1791 

died of acute asthma [Thorax 1997. supplement 5]. At present the emphysematous type of the 

disease is more common in men than women, however the incidence in women is increasing 

presumably because there is an increase in women smokers. 

Effects on the Health Service. 

The estimated annual health service workload due to chronic respiratory disease in an average 

UK health district of 250 000 people greatly exceeds that for asthma. 

Table 1.1. The Estimated Annual Health Service Workload due to Chronic Respiratory Disease in 
an Average UK Health District Serving 250 000 Persons. Adapted from Calverley and Pride; 1995. 

Hospital admissions. In-patient bed-days. General practice consultations. 

Chronic bronchitis, 
emphysema, and 
COPD. 

340 4800 7100 

Asthma. 410 1800 11900 

Oil Aetiology. 

Cigarette smoking and occupational dust exposure have been shown to be the major 

environmental risk factors predisposing to the development of COPD [Silverman et al; 1996]. The 

toxic particles and gases are believed to irritate the mucosal lining of the bronchi and bronchioles 

which initiates inflammation. Recurrent bronchopulmonary infections have also been implicated in 

causing COPD and several recent studies have suggested that both the growth and decline in 

ventilatory function may be affected by nutritional factors. A daily intake of vitamin A,C and E 

might protect against destruction of alveolar tissue [Calverley and Pride; 1995]. A genetic 

deficiency of al-antitrypsin, an antiprotease enzyme, is specifically associated with the 

development of emphysema. 
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INTRODUCTION. 

Pathology. 

c1.) Chronic Bronchitis 

Chronic bronchitis is defined on the basis of a history as: 'Cough productive of sputum on most 

days for at least three months of the year for more than one year' [Kumar and Clark; 1995 p6901. 

Sputum and respiratory tract secretions are a mixture of constituents including glycoproteins, 

glycosaminoglycans, lipids and transudate. 

Chronic bronchitis presents as hypertrophy of the mucus secreting glands of the bronchial tree, 

which consequently leads to the increased mucus production and the regular exporation of 

sputum. Globlet cells may even appear in the bronchioles. The bronchioles normally consist of 

columnar epithelium, and contain no cartilage or mucus glands. 

Figure 13. A Longitudinal Section of a Human Bronchus with Chronic Bronchitis. (A Surgical 
Specimen.) 
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INTRODUCTION.  

As chronic bronchitis advances, the surface epithelium changes to squamous epithelium therefore 

cilia is lost. Mucus accumulates in the lumen. Inflammatory cells infiltrate the walls of the bronchi 

and bronchioles which lead to widespread narrowing in the perpheral airways. Further 

progression of the disease leads to progressive squamous cell metaplasia, and fibrosis of the 

bronchial walls. Airflow limitation often results. 

(2.) Emphysema. 

Emphysema is defined pathologically as: 'dilatation and destruction of the lung tissue distal to the 

terminal bronchioles' [Kumar and Clark; 1995 p690]. The early stages of emphysema include 

subtle disruption of elastic fibres with accompanying loss of elastic recoil, bronchiolar and 

alveolar distortion and the appearance of fenestra which enlarge. Recent data have shown that this 

destructive process may be accompanied by a net increase in the mass of collagen which suggests 

that there is active alveolar wall fibrosis [Jeffery; 1998]. Emphysema can lead to expiratory airflow 

limitation and air trapping. The loss of lung elastic recoil results in an increase in total lung 

capacity while the loss of alveoli results in decreased gas transfer. Ventilation / perfusion 

mismatch occurs because of the rapid expiratory closure of the smaller airways due to the loss of 

elastic recoil. Emphysema is classified according to the site of damage, for example Centriacinar 

emphysema is characterised by focal destruction restricted to respiratory bronchioli and the 

central portions of the acinus, each focus surrounded by areas of grossly normal lung 

parenchyma. 

Figure 1.4. A Diagrammatic Representation of the Distribution of Abnormal Airspaces within the 
Acinar Unit in the Three Major Types of Emphysema [Calverley and Pride; 1995. p161. 

A = an acinar unit from a normal lung. 
B = shows the focal enlargement of the air spaces 
around the respiratory bronchioles in centriacinar 
emphysema. 
C = shows the confluent even involvement of the acinar 
unit in pariacinar emphysema. 
D = The peripherally distributed enlarged airspaces where 
the portion of the acinar unit bolts up against a fixed 
structure such as the pleura in paraseptal emphysema. 
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INTRODUCTION. 

3. Peripheral Airwa s Disease. 

The term 'peripheral airways' refers to bronchi and bronchioles which are less than 3 mm in 

diameter [Calverley and Pride; 1995]. Peripheral airways become inflammed i.e the number of 

macrophages and neutrophils increase, which results in persistent airflow limitation. In severe 

cases the structural changes include mucous metaplasia, bronchiolar smooth muscle hypertrophy, 

mural oedema, peribronchiolar fibrosis, and an excess of airways less than 400 ..um in diameter. 

Asthma. 

Recently it has been suggested that chronic asthma may contribute to COPD [Jeffery; 1998]. 

Chronic asthma refers to an underlying asthmatic problem in patients in whom the asthma has 

become so persistent that clinically significant airflow obstruction is present despite anti-asthmatic 

therapy. It must be emphasized that acute asthma does not contribute to COPD. 

Autopsy Findings in Patients with Chronic Obstructive Pulmonary Disease. 

The most prominent abnormality seen in the lungs at post-mortem is the presence of severe 

macroscopically evident emphysema. It is common to see bullae of type ii or iii particularly at the 

apex or the diaphragmatic surface of the lower lobe. The airways often contain mucus and the 

peripheral bronchioles may be plugged. Lung cancer is not uncommon due to the history of heavy 

smoking in many COPD patients. Some patients dying with COPD have a history of chronic 

hypoxemia and this group of patients characteristically show changes of pulmonary hypertension 

and right ventricular hypertrophy of cor pulmonale. Morphological changes in the pulmonary blood 

vessels are characteristically those of an increase in medial muscle, the intima shows fibrous 

thickening and bands of longitudinal muscle develop within the intima and also external to the 

elastica lamina. The large pulmonary arteries show intimal atheroma and the main pulmonary 

trunks may show an aneurysmal dilatation often containing laminated thrombus. Several other 

extrapulmonary abnormalities have been described in hypoxemic COPD including carotid body 

enlargement and enlargement of the renal glomeruli. 
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I  Diagnosis. 

INTRODUCTION. 

Diagnosis is suggested by symptoms and the objective measurement is Forced Expiratory 

Volume in second (FEV1). Thus a diagnosis of COPD in clinical practice requires: 

* a history of chronic progressive symptoms (cough and/or wheeze and/or breathlessness.); 

141  * objective evidence of airways obstruction, ideally by spirometric testing, that does not return to 

normal with treatment. 

111 Three conditions may contribute to the airway limitation to varying degrees in COPD; chronic 

iv  bronchitis, peripheral airways disease (chronic bronchiolitis) and emphysema. It is difficult to 

III distinguish the relative importance of each in an individual patient. The presence of chronic cough 

111 and sputum production is frequently used to recognise the contribution of chronic bronchitis. 

Distinguishing COPD from asthma can be challenging since some degree of FEV1 improvement 

it  is often produced with bronchodilator therapy. The patient history can help to differentiate between 

the two obstructive diseases. 

Table 1,2 Chronic Obstructive Pulmonary Disease. A Differential Diagnosis. [Thorax; 97 supple 5]. 

HISTORY COPD ASTHMA. 

Smoker or ex-smoker. 
Was a chesty child. 
Chronic cough and sputum. 
Breathlessness. 

Nearly always. 
Infrequent. 
Common. 
Gradual and progressive. 

Variable. 
Often. 
Infrequent. 
Intermittent. 

INVESTIGATIONS. 

FEV1. 
Daily variations in PEF. 
Objective response to 
bronchodilator therapy. 
Objective response to 
corticosteroid trial. 

Always reduced. 
Minimal. 
Partial at best. 

Partial response in 10-20% 

Variable. 
"Morning dip" + day to day. 
Partial / complete 

Good response in majority. 

I 
 The term COPD is not conventially used to include other specific conditions that can cause 

 airways obstruction such as cystic fibrosis, bronchiectasis, or bronchiolitis obliterans. 
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INTRODUCTION. 

Course and Prognosis. 

COPD is thought to begin in early adult life, though significant symptoms and disability usually do 

not occur until middle age. The best guide for the progression of COPD is the FEV1 measurement 

over time. It must be noted that FEV1 declines with normal ageing at about 30 ml/year in 

nonsmokers and 45 ml/year in smokers. 

Table 1.3. Catergorisation of COPD [Thorax; 1997 supplement 5]. 

Catergory of COPD. FEV1 (% predicted.) Symptoms and signs. 

Mild 60 - 80. No abnormal signs. Smokers cough. Little or no 
breathlessness. 

Moderate 40 - 59. Breathlessness (+/- wheeze) on moderate exertion. 
Cough (+/- sputum). Variable abnormal signs. 
(general reduction in breath sounds, presence of 
wheeze.) 

Severe < 40. Breathlessness on any exertion / at rest. 
Wheeze and cough often prominent. 
Lung overinflation usual; cyanosis, peripheral 
odema and polycythemia in advanced disease, 
especially during exacerbations. 

The post bronchodilator FEV1 readings correlate better with survival than pre-bronchodilator 

FEV1 readings. 

Treatment.  

Therapy does not cure, but relieves symptoms and controls potentially fatal exacerbations. It may 

also slow progression of the disorder. 

.) Pharmocological treatment for stable COPD. 

(a.) Mild disease. 

Bronchodilator therapy: short [32 agonist or inhaled anticholinergic as required. 

(b.) Moderate disease. 

17 
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INTRODUCTION. 

Bronchodilator therapy: with either 112 agonists or inhaled anticholinergic or a 

combination of the two. 

A corticosteroid trial should be considered. 

(c.) Severe disease. 

Combination therapy with a regular 112 agonist and anticholinergic. 

Assess for home nebuliser. 

(2.) Non - pharmacological treatment for stable COPD. 

(a.) Smoking cessation 

(b.) Exercise encouraged. 

(c.) Obesity and poor nutrition need to be treated. 

(d.) Vaccination against influenza is recommended especially for moderate and severe 

disease. 

(e.) alphal - antitrypsin deficiency. Replacement therapy for patients with severe deficiency 

is available, it is expensive and must be given intravenously at regular intervals. 

(3.) Unstable COPD conditions. 

When the condition becomes unstable i.e an exacerbation occurs, antibiotics should be 

given if infection is present. As prophylaxis, regular courses of broad - spectrum antibiotics 

are sometimes recommended for patients with frRquent infectious exacerbations. 

(4.) In more advanced disease. 

(a.) Pulmonary rehabilatation to improve exercise performance and reduce breathlessness. 

(b.) Short burst oxygen is often given to decrease breathlessness. 

(c.) In hypoxaemic patients long term oxygen therapy (OTOT) can be used to try and 

prolong life. It is important to monitor blood gases if OTOT is used. 

(d.) Surgery is indicated for recurrent pneumothoraces and isolated bullous disease. 

(e.) Depression must be identified and treated. 

■ 

■ 
■ 
■ 
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INTRODUCTION. 

Acute Exacerbations. 

Approximately 50% of acute COPD exacerbations occur due to viral and secondary bacterial 

infections. Acute exacerbations present as a punctuation of the disease course. 

Symptoms include: Increased sputum purulence, 

Increased sputum volume, 

Increased dyspnoea, 

Increased wheeze, 

Chest tightness, 

Fluid retention. 

Seemungal et at [1996] reported that COPD exacerbations and their predisposing factors eg past 

exacerbations, daily cough, daily wheeze and combination of daily cough and sputum are closely 

linked to a decline in quality of life. However, quality of life doesn't correlate very strongly with 

changes.in physical indicators such as FEV1 and FVC [Osman et al; 1996, Tsukino et al; 1996]. 

In addition, Seemungal et al [1996] recently affirmed that as the partial pressure of oxygen 

declines, a person's quality of life deteriorates and the frequency of exacerbations increase. 

DOES COLD WEATHER AFFECT THE HEALTH OF COPD PATIENTS? 

1111 The possibility that cold weather affects the health of people with Chronic Obstructive Pulmonary 

Disease has been the focus of several recent studies. [Koskelo et al; 1996, Spence et al; 1993, 

Donaldson et al; 1995, Donaldson et al; 1996 and Vilkman et al; 1996]. Cold air has been 

observed to have an immediate detrimental effect on Forced Expiratory Volume in one second 

(FEV1) [Donaldson et al; 1996] and Forced Vital Capacity (FVC) [Donaldson et al; 1995]. The 

11111 suggested mechanism is that cooling of the respiratory tract contributes to the bronchoconstriction 

in COPD patients [Koskelo et al; 1996], thereby increasing the airways resistance, which 

1011 consequently induces a decline in FEV1 and FVC. In contrast, cold air has been reported to 

111  reduce breathlessness in COPD sufferers, possibly by inducing hypoventilation. [Spence et al; 

1993]. 
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It has also been proposed that cold weather increases the release of glucocorticoids w h 

hffRoDuc-noN ic   

decreases the immune system's resistance to respiratory infection and assists the survival of 

bacteria in droplets [Keatinge et at 1986]. Viral and secondary bacterial infections commonly 

ON induce COPD exacerbations. 

Evidently a cold winter together with the associated increased incidence of respiratory infections 

RI induce more negative health effects than positive ones, however the exact relationship with COPD 

morbidity and cold weather is still undetermined. t DOES INDOOR HEATING AFFECT RESPIRATORY MORBIDITY? 

The relationship between indoor heating and respiratory morbidity is unclear. Donaldson et at IN 
[1998] have recently reported that symptoms of nasal congestion worsen and exacerbations 

II increase as indoor and outdoor temperatures fall and Keatinge et al [1986] demonstrated that 

people with respiratory disease who live in heated houses may have a higher quality of life. 

The most effective and efficient way of heating a home is by central heating [Lowry et al; 1989] 

m However, people with central heating (and therefore low humidities) have been observed to have 

an increased risk of respiratory infections which increases the occurence of COPD exacerbations 

111 [Seemungal et al; 1996] and indirectly affects a person's quality of life [Keatinge et al; 1989]. 

Indoor Temperature. 

In 1988, the British Geriatrics Society recommended that room temperatures in the winter should 

be 21 degrees celcius, for optimum comfort and should be accomplished by spending not more 

than 10 % of an average household income. At 16 degrees celcius respiratory problems are more 

common [Lowry; 1989]. As the chronically sick and elderly are amongst the poorest in Britain and 

spend most of each day at home, they have greatest difficultly in affording heating for their homes 

[Lowry; 1989]. Attempts to economise by heating only part of the house causes temperature 

differentiates that encourage condensation and mould growth [Burberry; 1970]. Fuel poverty may 

also exist because the people with least to spend on heating are often housed in the homes that 

are hardest to heat. 
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Indoor Humidity. 

I 
The actual role of humidity in respiratory health is rather confusing. It has been hypothesized that 

I high humidities reduce respiratory morbidity by increasing mucus flow and consequently 

I 
increasing the rejection of bacteria [Hyndman; 1989]. Green [1979] also hypothesized that higher 

humidities increase the size of infective particles thus making them less transferable. However, 

the spread of respiratory diseases by droplet infection is greater in high humidities. In contrast, low 

humidities are generally believed to help the spread of respiratory micro organisms, perhaps by 

drying out the mucous membrane. 

a 

INTRODUCTION. 

11 Obviously the role of relative humidity in respiratory health is unclear, and a causal link is hard to 

1 define. 

DOES HOUSING INFLUENCE THE PREVALENCE OF RESPIRATORY SYMPTOMS? 

Following the Second World War there was a hugh demand for housing. This led to the 

construction of high concrete tower blocks especially in the East End of London. Assembling 

concrete slabs may have been quick but reports have shown that the poorly constructed joints let 

water in and as the concrete cracks water penetrates and corrodes the metal structural supports. 

The metal beams also reduce the insulation of external walls by acting as cold bridges and 

concrete slabs have a high thermal mass which are consequently difficult to heat. When warm air 

comes into contact with cold walls and windows condensation and dampness may result. 

Asbestos (which has well documented respiratory health risks) was commonly used for insulating 

walls and pipes. People living in concrete tower blocks frequently reported excessive ventilation 

due to the ill fitting doors and windows [Lowry; 1989]. 

(1.) DAMP. 

Some of the strongest evidence for the effect of housing conditions on health concern the effect of 

damp housing. Many studies have reported a higher prevalence of respiratory symptoms, 

especially wheezing and chronic cough along with impairment in part of the lung function 
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parameters, in subjects living in damp housing [Cuijpers et al; 1995, Chun-Yuh Yang et al; 1997, 

Brunekreef et al; 1992]. No associations with dampness indicators such as humidity and 

temperature have been identified with poor health. The exact biological mechanisms for the 

association between respiratory health and dampness are unknown but dampness may induce 

functional lung abnormalities by increasing exposure to airborne allergens or intercurrent 

infections. 

Links with specific respiratory diseases such as asthma and COPD have not been satisfactorily 

11 established. A recent attempt was made by Williams et al [1997] who suggested that the 

occurence of asthma was linked with living in damp housing in a dose response relationship. 

11111 • 

avi 

Housing dampness and the law: 

Laws that are relevant to dampness and condensation problems include The Landlord and Tenant 

Act, 1985 (secton 11), The Defective Premises Act, 1972 (section 4) and The Public Health Act 

(section 99) Tenants have to prove that their dampness / condensation arose from the "Act, fault 

or suffance" of the landlord, and also that the dampness is detrimental to health. This is often hard 

to prove. 

Moisture emission is an important contributory factor for initiating damp. The number of occupants 

can increase moisture emission within the home and may increase the risk of cross infection and 

processes such as washing and drying clothes indoors influences indoor moisture considerably 

[Hyndman; 1989]. 

MI (2.) MOULD. 

III An important factor accompanying dampness which might explain some of the increased 

III morbidity in patients living in damp homes is mould growth. Moulds are widespread in the home 

and mould spores often become bound up in house dust. They vary seasonally. The dominant 

111 species of mould are Cladosporium, Penicillium, Alternaria, Rhodotorula and Aspergillus 

[Lowestein et al, 1979, cited in Hyndman; 1989]. Fungal spores vary in size and it is size that 

In determines how far down the respiratory tract they can reach. The nose traps spores larger than 
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10 Aim, those between 10 _um and 4 ,um can get into the bronchi and bronchioles, and spores 

less than 4 ,um can get into the alveoli. There is unanimity amongst scientists and clinicians that 

inhaled fungi are responsible for the production of upper respiratory and lower respiratory tract 

symptoms [Hyndman; 1989] but their role in COPD has as yet not been established. 

It seems that the presence of damp in a home can lead to the development of mould which also 

aggravates and / or aids the development of respiratory illnesses. The emotional effects of forever 

removing mould from walls and finding it on clothing and food should not be under estimated. 

DOES SOCIAL SUPPORT  AFFECT THE PROGRESSION OF COPD? 

IN Strong correlations are found between life quality and self-esteem, depression, and social support 

[Anderson; 1995] and Graydon et al [1995] found that social support indirectly influenced the 

functioning of those who were not receiving oxygen. 

SUMMARY. 

Previous studies have implicated poor housing, in particular damp housing and outdoor cold 

111 exposure as being detrimental to respiratory health, however no study has been able to establish 

a definate causal relationship. This study attempted to examine living conditions further by 

exploring the contribution of indoor heating, housing, outdoor cold exposure and social support on 

the progression of a specific respiratory disease: Chronic Obstructive Pulmonary Disease. 

Ar 

A cohort study was designed to investigate the influences of indoor cold exposure, housing 

conditions and social support on the prevalence of respiratory symptoms and lung function 

parameters in COPD sufferers during the winter months. Home temperature and humidity 

readings were recorded and contributory factors such as the use of indoor heating, opening of 

windows during the day and at night, presence of insulation, direct morning sun were explored. 

Housing conditions and social support were assessed by a structured interview and fuel 

consumption was evaluated. Information regarding the prevalence of respiratory symptoms and 

lung function was obtained from daily diary cards. It was thought that inadequate indoor heating 
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might directly effect health indices or it might increase the likely hood of dampness which might 

effect respiratory health. 

ee 
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IN METHOD. 
 METHOD.  

111 SUBJECTS. 

The East London COPD Collaborative group (incorporating the departments of Respiratory 

Medicine, Virology and Physiology) have been studying patients living in East London with 

physician diagnosed moderate and severe COPD since October 1995. Patients were continually 

recruited from those attending an Outpatients Clinic at the London Chest Hospital on the basis 

that they were willing to participate in a long term COPD study. Exclusion criteria consisted of a 

Forced Expiratory Volume in one second (FEV1) greater than 70% predicted, a prior reversibility 

to 400 mg of salbutamol exceeding 15% and 200 ml or a history of bronchiestasis or asthma. 

Quality of life data and daily data relating to lung function chronic minor respiratory symptoms: 

nasal discharge (congestion), wheeze, sore throat and cough, and chronic major respiratory 

symptoms: shortness of breath and sputum purulence / amount were available for 139 patients. 

139 patients were therefore eligible for entry into this study. 20 patients were unable to participate 

U due to recent death and 39 patients refused to participate. 80 were recruited. 

1111 EXPERIMENTAL PROCEDURE. 

The co-ordinator of the East London COPD Study sent a letter to the 139 eligible patients during 

the month of November 1997 introducing the study and requesting their assistance. The letter is 

provided in the Appendix, p64. At the beginning of January 1998, three third year Medical 

students undertaking a BSc degree in the Physiology Department, Queen Mary and Westfield 

booked appointments by telephone to visit the patients in their home. All home visits took place 

1111 between the 22nd of January and the 16th of February 1998 during the hours of 10.00am and 

4.00pm and all three of the medical students attended. Ethical permission was obtained from the 

East London and City Health Authority Ethics Committee. 

■ 
At the beginning of the home visit every patient was asked to use their bronchodilator once in 

order for comparable lung function measurements to be taken at the end. Housing conditions, 
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I  
heating and indoor environments were then evaluated by means of a interview questionnaire. 

1,1  Following this, the patients were asked to supply information about their fuel consumption by 

providing their last quarterly fuel bills. In some cases the information was obtained from rent 

books. At the time of the home visits many patients were waiting for their winter quarter gas and / 

or electricity bill or had just received them. This meant that the fuel bills provided by some patients 

were in different quarters and consequently their total fuel consumption for a specific quarter could 

not be calculated. These patients were informed that they would be telephoned at the beginning of 

March 1998 by one of the medical students so the cost and units of the winter quarter gas or 

electricity bill that they had not received at the time of the home visit could be determined. Oil  

IITemperature and humidity readings were then taken in the living room and in the coldest room of 

I 

 

 the house. If the patient believed there to be no obvious temperature difference between their 

rooms, the second temperature and humidity reading was taken in the patient's bedroom. ill 

114 The final part of the visit required the patients to perform lung function tests using a hand held 

Micro Plus Medical Spirometer. Each patient was given the option to stand or sit, however the ill 

position had to correspond with the position taken when they completed the daily lung function 

1111 measurements for the East London COPD Study. Every patient was instructed to "Breathe in until 

their lungs were completely full; and then seal their lips around the spirometer mouthpiece and 

•4  blow out as hard and fast as possible for as long as they could ". The procedure was repeated 

three times and the average Forced Expiratory Volume in one second (FEV1), Forced Vital 

Capacity (FVC), Forced Expiratory Ratio (FER) and Peak Expiratory Flow (PEF) recorded. 

Data regarding the patient's health and quality of life was obtained from the East London COPD 

Collaborative Study Group. They were able to provide data regarding the patient's daily peak 

„41 expiratory flow, daily minor symptoms, and daily major symptoms. They also supplied health 

related quality of life data which had been assessed using the St. Georges Respiratory 

Questionnaire, (SGRQ.) A patient's annual exacerbation frequency was calculated if they had 

recorded daily data for at least 200 days within a period of a year. Daily data was incomplete if 11 diary cards had not been completed by patients, if they had been lost or if they had been admitted 

to hospital. The patient's exacerbations were identified by symptoms, according to Anthonisen's 

(1987) criteria of any 2 major symptoms or one major symptom and one minor symptom. 
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AD home visit data was preliminary coded and entered onto Excel spreadsheets. Binary data was 

coded with a 0 or 1 and catergorical data was coded with consecutive numbers. The patient's 

daily cold exposure was calculated from their responses to questions related to frequency of living 

and bedroom heating, time spent in the living and bedroom, hours spent outdoors and whole 

house heating. Below is an example of how the total number of hours of daily cold exposure was 

calculated. 

Information from questionnaire: 1. Two hours spent outside. 

Twenty two hours spent inside. 

2. Time spent in bedroom = 10.30pm - 8.00am. (9.5 hrs) 

3. Time of bedroom heating = 7.00pm - 11.30pm. (4.5 hrs.) 

7.00am - 9.30am. (2.5hrs.) 

4. Time spent in living room  = Ram - 10.30pm. minus two 

hrs spent in kitchen and two hrs outdoors during this time. = 

(10.5 hrs) 

5. Time of living room heating = 7.30am - 11.00pm. (15.5hrs) 

6. Two hours a day spent in kitchen. Not heated. 

Cold exposure = the 2 hours spent in unheated kitchen + the two hours spent outdoors + the 7.5 

hrs spent in bedroom when heating was not on + the 0 hours spent in living room when heating 

was not on. = 11.5 hrs. 

Fuel costs were recorded for a twelve week period i.e quarterly. The quarter was determined by 

finding the midpoint of the bill's time period. 

If the midpoint fell between the 1st December - 28th February 1998, = Quarter 1 (WINTER.) 

1st March - 31st May 1997. = Quarter 2 (SPRING.) 

1st June - 31st August 1997. = Quarter 3 (SUMMER.) 

1st September - 30th November 1997. = Quarter 4 (AUTUMN.) 

M The total cost of fuel consumption for a specific quarter was obtained by adding together the 
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411'  amount spent on electricity and gas over the specific quarter. 

METHOD. 

The home visit data was then merged with the quality of life data and transfered to the statistical 

computer program package STATA for analysis. 

INSTRUMENTATION. 

(1.) The Home Visit Questionnaire. 

The home visit questionnaire consisted of closed questions that were directed to reveal 

information about the type and size of housing, the tenancy arrangements, extent of 

overcrowding, and the type and location of heating. Aspects affecting the conservation of heat 

within a room were also considered and general information including mould / dampness and 

social support were examined. A copy of the questionnaire is provided in the Appendix, p58. 

(2.) St. Georges Respiratory Questionnaire. 

Health related quality of life was assessed using the St. Georges Respiratory Questionnaire 

developed by Jones et al in 1991. It consists of 50 questions with 76 responses and gives a total 

measure of quality of life as well as component indices describing the disturbance of mobility and 

physical effort, their sense of well being and their distress due to their respiratory symptoms. The 

higher the total quality of life measurement the worse the patient's condition. 

(3.) Temperature and Humidity Detectors. 

The home visit temperature and humidity readings were taken using a Testo 615 

thermohygrometer. (accuracy =4-- 3% relative humidity, t 0.4 C or 4.-0.7 F). 

1 (4.) Lung Function Instruments. 

The home visit lung function measurements were obtained using a hand held Micro Plus Medical 
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Spirometer. (accuracy = 2%, Micro Medical Instruments Ltd.) and the daily peak expiratory flow 

111 readings provided by The East London COPD Collaborative group were produced using a Mini 

Wright Flowmeter. 

I 

I STATISTICAL ANALYSIS. 

I All statistical analysis was completed using the statistical computer program package STATA. 

The statistical analysis involved correlating the health and well being data with those for living 

conditions and fuel usage. 

111 The outcome variables: 1. Total number of exacerbations in a year, 2. Total quality of life, 

111 

 

 3. Sputum production, 4. Cough, 5. Wheeze, 6. Nasal congestion, 

7. Shortness of breath, 8. FEV1, 9. FVC, 10. FER, 11. PEF and 

12. Symptom quality of life. 

The predictor variables were divided into three catergories; heating, housing and general and 

Iconsisted of the following variables: 

I The housing predictors: 1. Type of house, 2. No. of stories, 3. Age of house, 4. Tenancy 

111  arrangements, 5.Repair responsibility, 6. No. of rooms, 7. Floor number, 

8. No. of occupants and 9. No. of years spent living at the home visit 

address. 

I The heating predictors: 1. Presence of central heating, 2. Type of fuel used for central heating. 

3. Use of electric fires, gas fires and fan heaters, 4. Location of additional 

heating, 5. Presence of heating in all rooms, 6. Presence of house 

insulation, 7. Total hours of cold exposure, 8. Hours spent 

outdoors/indoors, 9. Total fuel expenditure. 

I The general predictors: 1. Presence of mould, dampness,2. Opening of windows during the day, 

3. Opening of windows at night, 4. Draughty rooms, 5. Location of sun in 
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the morning, 6. No. of people the subject spoke to in person during the 

24hrs prior to the home vist, 7. No. of people the subject spoke to on the 

phone during the 24hrs prior to the home vist, 8. Contact with children. 

9. Presence of Pets. 

Temperature and humidity predictors: 1. Humidity in living room, 2. Temperature in living room, 

3 . Humidity in coldest room, 4. Temperature in coldest 

room. 

Initially the association between a continuous outcome variable and a continuous predictor 

variable was estimated by univariate linear regression, the association between a binary outcome 

and predictor variable or a binary predictor variable and a continuous outcome variable was 

estimated by analysis of variance and the association for a binary outcome variable and a 

continuous predictor variable was estimated by univariate logisitic regression. Statisitical 

significance was reported when p < 0.05. Problems in analysis due to confounding and 

associations between predictor variables were resolved by investigation of predictor variables and 

miltivariate analysis. 

THE  POSSIBILITIES OF BIAS AND CONFOUNDING FACTORS. 

In any project that has involved interviewing and translation, it is important to be aware of the 

si possible bias, where bias might occur and the way in which the results might be affected. 

(1.) Respondent bias. 

At the time of the home visits the patients were aware that the aim of the project was to identify 

any housing and heating factors that may affect their respiratory health. In order to avoid any 

possible bias on the part of the respondent the health and housing / heating questions were asked 

separately, in the hope that the respondents would not automatically link the two and bias their 

answers, either consciously or unconsciously. Objective measurements were taken if possible to 

try and decrease the number of biased human responses and the subjective measurements used 
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METHOD. 

I 
(2.) Investigator bias. 

Problems could arise during the interview, by prompting the respondent to a particular answer; or 

in the analysis and interpretation of the results. To try and prevent this, the interviewers were 

unaware of the patient's health conditions at the time of the home visits and health measurements 

were taken at the end of the home visit. During the home visit the interviewer kept prompting to a 

minimum and only intervened when the subject did not understand the question. The hardest 

questions for the patients to understand were the questions concerning the hours spent in the cold 

each day, of which they tended to look to the interviewer to give an answer. 

Possible bias during analysis and interpretation may have occurred. All significant results were 

presented even if they did not correspond with previous research. 

(3.) The translation process and translation bias. 

N  
Any work that involves translation can present problems. The biggest problem was that English 

was not the first language for a few of the patients. This meant that an interpreter was required 

(usually another family member) which it lur CcAJCb the risk of question misinterpretation. 

■ 
■ 
p 

■ 
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RESULTS. 

RESULTS. 

DESCRIPTION OF COHORT. 

Information on 80 patients was available for analysis. (58 males, 22 females, mean(sd) age 68.2 

(8.6) yrs, mean(sd) height 168.3 (8.4) centimetres, mean(sd) weight 70.8 (17.2) kg, Pa02 9.12 

(0.9) KPa, PaCO2 5.8 (0.6) KPa, pH 7.41 (0.04), FEV1 reversibility 8% (10%), Percentage who 

smoke 38.7%, Percentage who have smoked 93.8%. The recruited patients consequently had 

moderate to severe COPD, were hypoxic and generally consisted of smokers and ex smokers. 

The results section begins by describing the reported prevalence of chronic respiratory symptoms 

and lung function measurements and then attempts the display how they are related to one 

another. The interactions between indoor humidity and temperature are then explored, including 

any factors influencing either variable before relating indoor temperature and humidity to the 

prevalence of health indices. The effect of indoor heating is then related to the health indices and 

factors affecting the use and type of fuel are demonstrated. Following this the effects of mould/ 

dampness and sociability on respiratory health are considered and finally the interrelationships 

III between housing variables and their influences on respiratory health are described. 

PI THE PREVALENCE OF HEALTH INDICES. 

1111 
ill The prevalence of chronic respiratory symptoms and lung function measurements recorded during 

the home visits are presented in table 3.1. The frequency of exacerbations within a year ranged 

is from 0 to 8.5 with the mean being 2.5 and the most commonly reported symptoms were cough 

(experienced by 44 patients) and increased sputum production (experienced by 45 patients); only 

three patients reported sinus problems. The lung function measurements varied considerably, the 

is mean (sd) FEV1 was 0.90 Litres (0.44) and PEF 160 Litres a Minute (81.2). 

Figure 3.1. The Fraction of the Study Population in Relation to the Number of Exacerbations 

Experienced. 
ill 
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Figure 3.1. The Fraction of the Study Population in Relation to the Number of Exacerbations 
Experienced. 
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RESULTS. 

Table 3.1. The Prevalence of Respiratory Symptoms and Lung Function Measurements within the 
Study Group. 

Variable. No.of observations. Mean. Std. Dev. Minimum. Maximum. 

Total quality of life. 65 57.0 17.6 17.2 84.2 
Symptom quality 
of life. 

65 66.6 18.8 22.5 100 

Total no.of 
exacerbations. 

56 2.68 1.83 0.00 8.50 

Sputum production. (%) 80 0.56 0.50 0.00 1.00 
Cough present.(%) 80 0.54 0.50 0.00 1.00 
Wheeze.(%) 80 0.40 0.40 0.00 1.00 
Sinus problems.(%) 80 0.04 0.19 0.00 1.00 
Shortness of breath.(%) 80 0.40 0.49 0.00 1.00 
FEV1 .(L) 76 0.90 0.44 0.23 3.06 
FER.(%) 76 0.56 0.19 0.19 0.97 
FVC.(L) 75 1.74 0.84 0.49 5.40 
PEF.(L/min.) 77 160 81.2 35.0 580 

Patients with a high exacerbation frequency had chronic wheeze (ANOVA; F = 4.85, p =0.003), 

chronic cough (ANOVA; F = 4.21, P = 0.004), and sinus problems (ANOVA; F = 7.65, p = 0.007). 

No association was found with a high exacerbation frequency and increased sputum production 

(ANOVA; F = 1.40, p = 0.24) or shortness of breath (ANOVA; F = 3.06, p = 0.008). Patients who 

reported sinus problems also complained of shortness of breath (ANOVA; F = 4.67, p = 0.036). All 

lung function measurements were significantly interrelated. 

INDOOR TEMPERATURES AND HUMIDITIES. 

(1.) Indoor Temperatures Influence Indoor Humidities. 

Temperature and humidity readings were taken in the living room and the coldest room of every 

patient's house. The minimum, maximum and mean humidity and temperature readings for the 

living room and the coldest room are presented in Table 3.2 and their interrelationships are 

displayed in figure 3.1. Seven temperature and / or humidity readings are missing due to patient 

refusal. 
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RESULTS. 

Figure 3.2. Humidity and Temperature Interrelationships. (Statistical significance = < 0.05). 

HUMIDITY OF LIVING 
ROOM. 

(Correlation = 0.86 

HUMIDITY 
COLDEST 

, p = 0.000) 

OF 
ROOM. 

(Correlation = - 0.01, p =0.006) 

TEMPERATURE 
OF LIVING ROOM. 

(Corelation = - 0.30 , p = 0.009) (Corellation = 0.71, p < 0.000.) 
TEMPERATURE OF 
COLDEST ROOM. 

Table 3.2. The Minimum, Maximum and Mean Humidity and Temperature Readings. 

Variable.  No/of observations.  Mean.  Std. Dev.  Minimum.  Maximum. 

Living room temperature.(`C) 79 20.2 2.40 14.3 24.4 
Coldest room temperature.(-C) 73 19.5 2.44 12.8 23.8 
Living room humidity.(°/0) 79 41 0.08 21 64 
Coldest room humidity.(%) 73 40 0.10 13.5 70 

As shown in figure 3.1 and table 3.3 patients with low indoor temperatures had high indoor 

humidities and patients who had cold coldest room (< 19.5"C) were more likely to have cold living 

rooms (< 20.2'C). This relationship was also found with humidity. Patients who had high living 

room humidities tended to have high coldest room humidities. Humidity did not influence 

temperature. Only two patients had living room and /or coldest room temperatures below 16'C 

(the temperature stated by Lowry [1989] to increase the risk of respiratory disease). 

Table3.3.The Link between Living Room and Coldest Room Temperatures and Humidities. 

Living room. 

Coldest room. Humidity < 41% Humidity > 41% Temp < 20.Z C Temp >20.2'C 

Humidty < 40 3̀/0 

Humidity > 40% 

Temperature < 19.5' C 

Temperature > 19.5' C  ' 
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RESULTS.  

The living room humidity was dependent on the age of the house ( ANOVA; F= - 0.021, p = 

111 0.015). Table 3.4 demonstrates that older housing generally had greater living room humidities. 

The use of gas and/or electric fires did not influence indoor humidity. (ANOVA; F = 2.18. p = 

11111  0.144). 

IN Table 3.4. The Age of a House Influences Indoor Humidity. 

Humidity of living room. No.of observations. Mean. Std. Dev. Minimum. Maximum. 

House built before 1919. 10 0.49 0.071 0.38 0.619 
House built between 1919 - 1944. 15 0.42 0.071 0.34 0.638 
House built between 1945 - 1970. 35 0.38 0.080 0.213 0.635 
House built after 1970. 17 0.40 0.076 0.316 0.573 
Date unknown. 2 0.40 0.031 0.38 0.424 

Al (2.) The Affects of Humidity and Temperature on Respiratory Health. 

11 Patients with high coldest room humidities had increased Peak Expiratory Flow readings ( t = 

2.09, p = 0.04). Figure 3.3. shows the relationship between the humidity of the coldest room and 

the patient's Peak Expiratory Flow. 

a 
The temperature or humidity differences within a patient's house did not have a significant affect 

Ili on respiratory health and did not predispose to mould and dampness. However, the coldest indoor 

vi temperature was related to the frequency of exacerbations. ( t-2.54, p = 0.035). 

1111 FUEL EXPENDITURE. 

Indoor temperatures were dependent on quarterly fuel expenditure. ( t = 0.649). This data was 

in only statistically significant once a possible outlier had been excluded from the analysis ( p =0.04). 

The outlier was a patient who lived with his disabled son and consequently had an exceptionally 

111 high electricity outlay and a disproportonally cold house. Figure 3.4. displays the association 

between fuel expenditure and the coldest temperature within every house. 

111 
A summary of the average fuel expenditure per quarter is displayed in table 3.5. The main 

methods for fuel payment were via key meter or by standing order. 
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Figure 3.3. The Relationship between the Humidity of the Coldest Room and the Patient's Peak 
Expiratory Flow. 
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Figure 3.4. The Relationship between The Coldest Indoor Temperature and the Frequency of 
Exacerbations. 
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RESULTS.  

There was a huge variation in the amount spent. Specific housing and heating variables were 

I found to contribute to this variation. 

Table 3.5. The Total Fuel Expenditure per Quarter for 58 of the 80 Patients. 

Variable No.of observations. Mean. Std. Dev. Minimum. Maximum. 

Total cost of 
fuel expenditure. 

58 £141.62 64.54 £ 31.62 £362.4 

The associations between housing and indoor heating with total fuel cost are given in table 3.6. Of 

the 11 correlations it can be seen that only four are statistically significant. Quarterly fuel 

expenditure was highest for patients who live with other people (p = 0.0039), have a high number 

of rooms (p = 0.004) and floors in their house (p < 0.000) and who live on the ground floor of a 

housing block (p = 0.02). The number of floors in a house is clearly related to the the number of 

rooms ( t = 5.903, p = < 0.000.) and the number of rooms in a patient's house is influenced by the 

number of occupants ( t = 3.84, p = 0.00 ). Multivariate analysis revealed that the number of 

rooms in a house acted as a confounding factor to produce the significant association between 

the number of occupants and total fuel expenditure. 

Table 3.6. The Affects of Housing and Heating on Total Fuel Expenditure. 
I 

Variable. t - test. P - value. 

*Age of house. - 1.166 0.25 
*Type of house. - 1.244 0.22 
*No.of rooms. 3.734 0.000 
*No.of floors. 4.556 0.000 
*Floor number. - 2.393 0.02 
*Tenancy. 0.282 0.78 
*No.of occupants. 3.012 0.0039 
*Type of fuel 1.131 0.263 
*Window open at night. 0.751 0.456 
*Draughts. 0366 0.716 
*All rooms heated. 1.78. 0.081 

Statistical Significance =  p < 0.05. 

Figure 3.5 show the relationhip between tne number of rooms and the total fuel expenditure. 
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Figure 3.6. The Relationship between the Number of Rooms and the Total Fuel Expenditure. 
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RESULTS. 

Table 3.7 shows that the amount spent on fuel had no significant influence on the prevalence of 

chronic respiratory symptoms or lung function measurements. (The data was analysed by 

multivariate analysis to account for the different quarters). 

Table 3.7. Fuel Expenditure and it's Influences on Respiratory Health. 

Total no.of 
Exacerbations. 

Total quality 
of life. 

Cough Wheeze Sinus Shortness 
of breath. 

Sputum 
production. 

Total fuel expenditure 
per quarter. 

Correlation. -0.0036 - 0.016 F - 1.77 F - 0.01 F - 0.14 F - 0.04 F - 0.82 
P - value. 0.454 0.682 0.189 0.912 0.709 0.833 0.368 

Statistical significance = <0.05. 

INDOOR HEATING. 

70 of the 80 patients (87.5%) had central heating. 69 said that this was their main form of heating 

and 39 patients (56%) revealed that they used an electric fire and / or gas fire as well as the 

central heating. The patients without central heating, either had gas fires (9 patients) or electric 

fires (1 person). The most common locations for any form of additional heating were the living 

room (58.8%, sd = 0.50) and the bedroom ( 15%, sd= 0.36). Patients with additional heating had 

lower Peak Expiratory Flow readings (ANOVA; F = 1.29, p = 0.04). Central heating did not 

influence the prevalence of respiratory symptoms or affect lung function. 

Table3.8 The Prevalence of Respiratory Symptoms According to the Presence of Central Heating. 

Cough. Wheeze. Nasal 
congestion. 

Sputum. Shortness 
of breath. 

Yes. No. Yes. No. Yes. No. Yes. No. Yes.  No. 

Central heating. 

Yes. 

No. 

 

40.  30. 

 

3.  7. 

 

29.  41. 

 

3.  7. 

 

3.  67. 

 

0.  10. 

 

37.  33. 

 

8.  2. 

 

27.  43. 

 

5.  5. 
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RESULTS.  

Total No. of Exacerbations. No.of observations. Mean. Std. Dev. Minimum. Maximum. 

Central heating, 
Yes. 48. 2.28. 1.73. 0. 8. 
No. 8. 3.25. 2.38. 0. 8.5. 

Only 52 patient's (65%) heated every room in their house. Whole house heating was dependent 

on fuel type ( Z = 3.26, p = 0.001) which was related to the age ( t = 3.09, p = 0.003. ) and the 

type of house ( t = 2.184, p = 0.032) that the patient lived in. Older houses were more likely to usr 

solid fuel which made whole house heating more difficult. The presence of central heating 

encouraged whole house heating ( ANOVA; F = 11.36, p = 0.0012). Of the 70 patients who had 

central heating 50 heated more than 3 rooms in their house and only 2 patients without central 

heating heated more than 3 rooms in their house. Older houses were less likely to have central 

heating (Z = 2.374, p = 0.018). Gas was the most common form of fuel in all house age categories 

and for all housing types. Patients with a high exacerbation frequency tended not to heat all the 

rooms in their house (ANOVA; F = 5.6, p = 0.022). 

52 Patients (52%) said they had one or a combination of doubleglazing, wall cavities and loft 

insulation. Doubleglazing was the most frequent (58%, sd 0.50.), followed by loft insulation (14%, 

sd 0.35) and then wall cavities (6%, sd 0.24.) Collectively insulation had no affect on the 

1111 prevalence of symptoms and lung function. 

The hours of living room and bedroom heating were not associated with any of the respiratory 

symptoms or lung function measurements. However, the number of hours spent outdoors daily 

were associated with an increase in Forced Expiratory Volume in 1 second and Peak Expiratory 

Flow ( t = - 2.71, p = 0.008 and t = - 2.96, p = 0.004). The mean (sd) number of hours spent 

outdoors was 1.9 hours (2.11). The calculated mean (sd) hours spent in the cold over a 24 hour 

period was 12.52 hours (5.98). 

THE PRESENCE OF DAMP AND MOULD. 

A high proportion (32.5%) of households visited complained of dampness and / or mould. Out of 

the 32.5%, 10 patients complained of dampness in two or more rooms in their house and the most 
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common location was the bathroom (11 patients), followed by the living room (10 patients) and the 

bedroom (10 patients). Only one patient had dampness and mould in all rooms. This patient had a 

living room temperature of 18.6°C and humidity of 63.8%, and a coldest room temperature of 

17.9°C and humidity of 69.5%. His indoor heating consisted of gas central heating and a gas fire 

but his gas bill only came to £15.61 for the winter quarter. The absence of central heating 

effectively predicts the presence of damp in a house (ANOVA; F = 4.04, p = 0.0479). 

Patients living in damp housing had increased sputum production (ANOVA; F 4.57, p = 0.036) and 

a high exacerbation frequency (ANOVA; F = 4.48, p = 0.039). The prevalence of cough was also 

found to be higher in damp homes, however it was not statistically significant ( p = 0.055). 

Unfortunately the objective measurements for damp failed to show any significant associations 

with the health indices. Mould was always accompanied by dampness (ANOVA; F = 142.91, p 

<0.000). 

Table 3.9. The Prevalence of Sputum, Cough and the Total Number of Exacerbations in the 
Presence and Absence of Damp Housing. 

Sputum. 
Yes.  No. 

Cough. 
Yes.  No. 

Mean total No. of exacerbations. (sd.) 

Dampness. 
Yes. 9 7 18 8 3.22 (1.93) 

No. 26 28 25 29 2.1 (1.72) 

Multivariate analysis revealed that damp housing was closely associated with the coldest room 

temperature and humidity and the living room humidity. The living room temperature failed to 

predict the presence of damp. Household draughts discouraged the formation of damp ( r = 

- 0.239, p = 0.03.) probably by influencing the coldest room temperature (ANOVA; F = 4.26, p = 

0.04). Patients with gas fires with or without central heating frequently reported damp (ANOVA; F 

= 7.86, p = 0.006) and mould (ANOVA; F = 6.51, p = 0.013). 

Figure 3.7 shows the fraction of homes with damp against the living room humidity. 
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Figure 3.7. The Fraction of Homes with Damp against the Living Room Humidity. 
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RESULTS. 

Table. 3.10. The Association Between Dampness, Draughts and Cold Room Temperature. 

Dampness. Regression SE. Z. P > [Z] 
coefficient. ... 

(b1.) Coldest room temperature. -0.30 0.116 -2.478 0.003 
(b2.) Draughts. -0.54 0.542. -1.003 0.316 
(a.) Constant. 5.27 2.23 2.366 0.018 

SOCIABILITY. 

No significant relationships were found between the sociability factors and health indices. Patients 

■ who had a cat or dog tended not to see many people throughout the day ( r = 0.30, p = 0.0076). 

■ 
The number of occupants in a house predicted how many different people a patient spoke to daily. 

Table 3.11. The Presence of a Cat / Dog is Related to the Number of Occupants and Number of 

• People a Subject Spoke to During the 24 Hours Prior to the Home Visit. 

Presence of cat / dog. Regression 
coefficient. 

SE. Z. P > [Z] 

(b1.) Number of people spoken to. 0.072. 0.04 1.667 0.095 
(b2.) Number of occupants. 0.321 0.28 1.153 0.249 
(a.) Constant. -3.275 0.74 -4.437 0.000 

HOUSING. 

Table 3.12. shows the various percentages of housing variables found in the eighty households. 

II Most of the patients surveyed lived in rented flats, approximately half the houses were older than 

30 years old and most houses had between 4 and 6 rooms. Housing was frequently on the ground 

floor and the patients tended to live by themselves or with one other person, commonly their 

11 partner. No patient lived in a detached house and the average number of years that each patient 

lived at the address visited was 19.62 years (std . dev 14.25, minimum no. of years = 7 months 

and maximum no. of years = 50 years). 
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Table 3.12. Percentages of Housing Variables in the Surveyed Households. 

Variable Frequency Percentage. Variable. Frequency. Percentage. 

Age of house. Floor number. 
Before 1 91 9. 10 12.5% -1. 1 1.25% 
1919 - 1944.   15 18.8% 0. 47 58.8% 
1945 - 1970. 35 43.8% 1. 10 12.5% 
After 1970.   17 21.3% 2. 10 12.5% 
Do not know. 3 3.75% 3. 7 8.75% 

4. 1 1.25% 
Type of house. 5. 2 2.5% 

Semi - detached. 8 10% 11. 1 1.25% 
Terraced house. 15 18.8% 1 5. 1 1.25% 
Flat. 35 43.8% 
Maisonette. 22 27.5% No.of occupants. 

Tenancy. 1. 30 37.5% 
Owned. 18 22.5% 2. 38 47.5% 
Leased. 4 5% 3. 9 11.3% 
Rented. 46 57.5% 5. 1 1.25% 
Private. 10 12.5% 6. 1 1.25% 
Live with family. 1 1.25% 7. 1 1.25% 
Other. 1 1.25% 

No.of rooms. 
2.  1 1.25% 
3. 8 10% 
4. 17 21.3% 
5. 21 26.4% 
6. 19 23.8% 
7. 10 12.5% 
8. 3 3.75% 
9. 1 1.25% 

Patients who had more than one floor in their house complained of chronic wheeze (r = -0.946, p 

= 0.0039) and reported shortness of breath less frequently ( r = -0.946, p = 0.0039). There was 

also a positive relationship between the number of rooms and wheeze complaints ( r = -0.446, p = 

0.015), patients with more than five rooms complained of wheeze less. The greater the number of 

rooms in a house the greater the number of floors ( r = 0.556, p <0.000) and the greater the likely 

hood of the accomodation being on the lower floor ( r -0.052, p = 0.04). 

Tenancy was affiliated with shortness of breath. Patients who owned their house reported less 

shortness of breath. Table 3.13. depicts the relationship between tenancy and the type of living 

accomodation. 

NI 
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Tenancy arrangements influenced the floor number. ( r = -0.23, p = 0.04). If the house was owned 

111 by the patient it was more likely to be on the ground floor. 

Table 3.13. The Association between the Type of Living Accomodation and Tenancy 

Arrangements. 

Tenancy. Terrace house. Flat. Maisonette. Semi detached. 

Owned by subject. 7. 6. 3. 2. 
Rented. 5. 21. 16. 4. 
Leased. 0. 2. 2. 0. 
Private. 2. 5. 1. 2. 
Live with family. 1. 0. 0. O. 
Other. 0. 1. 0. 0. 

VENTILATION. 

ji Patients who reported draughts within their house had colder coldest rooms (ANOVA; F = 4.26, P 

= 0.04), opened their windows at night (r = 0.25, p = 0.024), lived in housing built between 1945 

111 and 1970 (r = 0.50, p = 0.038), and lived with other people (r = 0.25, p = 0.025). 

The prevalence of certain respiratory symptoms were higher in patients who opened their 

windows during the day. Patients who opened their living room window displayed a higher 

frequency of exacerbations (ANOVA; F = 4.16, p = 0.046) and patients who opened their bedroom 

window complained of wheeze more frequently (ANOVA; F = 4.49, p = 0.028). 

RESULTS SUMMARY. 

The prevalence of respiratory symptoms and lung function measurements varied considerably 

amongst the recruited 80 patients. The most commonly reported symptoms were chronic cough 

and increased sputum production. Indoor temperature was associated with the frequency of 

exacerbations. Humidity and temperature were closely associated with the formation of mould and 

dampness. Dampness increased the frequency of exacerbations and sputum production. 

■ 
■ 
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11111 Indoor temperatures were dependent on total quarterly fuel expenditure which varied according to 

the number of occupants and number of rooms. 

Sociability factors and indoor heating did not influence respiratory health, however many of the 

housing factors did. An increase in the number of rooms and number of floors in a house 

produced a decline in reported shortness of breath and reduced the prevalence of wheeze 
Rc 

amongst the patients. The number of floors were related to the floor number and patient house 

ownership was associated with a decline in shortness of breath. Indoor draught affected the 

occurence of wheeze symptoms and frequency of exacerbations. 
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DISCUSSION. 

DISCUSSION. 

(1.) THE PRESENCE OF MOULD AND DAMP. 

The presence of household damp increases the frequency of COPD exacerbations and increases 

sputum production. Unlike Cuijpers et al; 1995, Chun-Yuh Yang et al; 1997, and Brunekreef et al; 

1992 this study was unable to demonstrate an association between damp and chronic wheeze, 

chronic cough and impairment of lung function parameters. The exact mechanisms of how 

dampness encourages these adverse respiratory affects are not fully understood, however an 

increase in frequency of exacerbation and sputum production are indicative of an associated 

increase risk of bacterial infection, perhaps dampness increases the patient's exposure to 

airborne allergens. 

Indoor temperature and humidity are good objective measures for damp. Moisture in buildings 

comes from three possible sources: precipitation as rain or snow, damp rising from the ground 

through building materials by capillary attraction or as vapour; and condensation upon cold 

surfaces of humidity from the air. Additional moisture can be added to a room by the occupants 

and through processes such as drying clothes indoors and indoor cooking. If cold surfaces such 

as windows or badly insulated walls exist, they can cool the air immediately adjacent to them so 

that the moisture is deposited on the surface in the form of condensation which may consequently 

result in damp or mould formation. Unlike damp, humidity did not influence the frequency of 

exacerbations or increase sputum production, this could primarily be because the study 

used spot measurements to assess indoor humidity. Humidity varies considerably throughout the 

day. In contrast Hyndman; 1989 proposed that a humid indoor environment may be advantageous 

by increasing respiratory mucus flow which enhances the rejection of bacteria thus diminishing the 

risk of bacterial infection. These findings need to be investigated further. 

The use of gas fires and electric fires in the absence of central heating encourages damp. Two 

factors could account for this: 

(1.) Gas fires and electric fires are easily turned on and off which encourages fuel saving by 

intermittent use but the temperature of wall surfaces are allowed to fluctuate, consequently 
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there may be periods when the walls are cold enough to encourage moisture deposition. 

(2.) The use of gas or electric fires as a main form of heating limits whole house heating which 

encourages damp. 

Central heating is the most economical form of heating [Lowry; 1989.] It also encourages whole 

house heating therefore helps to prevent the occurence of damp and mould. This study found no 

101 evidence that the presence of central heating had any adverse affects on respiratory health, unlike 

Keatinge et al, in 1989, who found central heating to increase the risk of respiratory infection. 

141 Houses constructed after the 1970's are more likely to have central heating installed. 

Ili The age of a house effectively predicts the presence of indoor draughts. Patients living in houses 

1111 built between 1945 and 1970 frequently complained of draughts. Indoor draughts and the opening 

of windows during the day discourages the formation of damp and mould, probably because air 

101 movement decreases the atmosphere's water content and prevents the accumulation of fumes 

oi and bacteria. Is it important that indoor ventilation is not allowed to be too high because 

it can lead to a decline in room temperature which increases exacerbation frequency and 

III increases damp formation. Infact opening the living room window during a winter day increases 

the frequency of exacerbations and opening the bedroom window increases patient' wheezing. 

Ensuring that houses have adequate internal wall insulation i.e double glazing and wall cavities is 

11111 probably a better way to discourage mould and damp than encouraging indoor ventilation. 

(2.) TEMPERATURE, HUMIDITY AND INDOOR HEATING. 

Indoor Temperature. 

The colder the coldest indoor temperature the greater the number of exacerbations a patients 

experiences, this conforms with the findings by Donaldson et al [1998] who found that nasal 

congestion and the frequency of exacerbations increased as indoor temperatures and outdoor 

temperatures declined. The indoor temperatures in Donaldson et al's study were generally lower 

than those reported in this study  and they were not spot readings, the temperature readings had 
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been collected daily over a 12 month period. Nasal congestion encourages unfiltered air to enter 

II the lungs via the mouth. Unfiltered air irritates the lungs and enables larger particles to come into 

contact with the lungs which frequently results in infection. The presence of nasal congestion 

1111 increases the frequency of exacerbations and increases shortness of breath. 

1111 Indoor Humidity. 

U 
Humid environments increase patient's Peak Expiratory Flow. As air temperature decreases the 

411 water content in the atmosphere increases. Moist air makes breathing easier. The nose is a very 

01 efficient warming and moisturing organ, hence air is naturally moistened to aid the breathing in of 

air. In fact the use of a humid (admittedly warm) atmosphere is used as a treatment for bronchitis 

[Hyndman; 1989]. The presence of additional heating decreased patient's Peak Expiratory Flow. 

Additional heating does not directly affect room humidity but it does increase room temperature 

11 which consequently decreases indoor humidity. The highest humidity recorded in the study was 

pi 70%, hence the affects of an environment with a humidity greater than 70% is unknown. The 

presence of a humid environment is more common in older housing. 

U 
Indoor Heating. 

U 

Room temperature was positively related to quarterly fuel expenditure. Patients who spent more 

on fuel had more rooms to heat, had more than one floor in their house and tended not to live by 

$11 themself. People living by themself may find it more difficult to adequately heat their house 

because they are relying on only one income to pay for fuel or they may feel that it is not worth 

heating the whole house effectively for just themself. 

1111 
Outdoor Cold Exposure.  

I 
FEV1 and PEF measurements were observed to be higher in patient's who spent more hours 

outdoors. This did not collaborate with the findings from Donaldson et al's study in 1996, they 

II observed a decline in FEV1 and FVC in nine subjects who were exposed to cold air  4.1 

degrees celciust 0.6 degrees celcius. The FEVI and PEF readings were probably higher 
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because patient's who have better lung function measurements i.e who are healthier, are more 

likely to adventure outside. The sudden temperature changes experienced by a patient when 

moving from a heated room to an outside environment could initiate the decline in FEV1 and FVC 

found by Donaldson et al in 1996. 

(3.) HOUSING. 

Building regulations do not include specific standards for indoor temperature and humidity [Lowry; 

1989]. Setting a target temperature would decrease the number of damp homes and probably 

have a beneficial effect on the levels of house dust mites antigens and fungal spores indoors. It is 

important to note that it is hard to prove that housing effects respiratory health due to being 

compounded by poverty, age, pre-existing ill health and personal behaviour. 

The four housing factors which influenced respiratory health were: the number of floors, the 

tenancy arrangements, the age of the house, and the number of rooms in a house. Patient's who 

live in accomodation with a high number of rooms and with more than one floor tend not to suffer 

from wheeze symptoms and shortness of breath. This could be because the patients are forced to 

be more active. They have to regularly walk up and down stairs and have further to walk from 

room to room. Exercise is promoted by physicians as a non-pharmacological treatment for 

Chronic Obstructive Pulmonary Disease. In contrast people with a greater COPD severity could 

have been moved to smaller, one story houses by their local council. Houses with two or more 

floors are more likely to be on the lower floor levels and to be owned by the patient not the local 

council or private landlord. 

CONCLUSION. 

Public housing especially inner city housing is in urgent need of attention. Older houses frequently 

have inadequate heating systems and suffer from design faults such as poor fitting windows and 

doors that encourage condensation and dampness which will continue to produce health 

problems unless substantial action is taken. Improvements do not have to be of a large scale. 

Indoor heating is the critical factor. Central heating should be installed where possible, excess 
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ventilation reduced and internal wall insulation i.e double glazing and wall cavities installed to help 

in eliminate damp and patients should endeavour to keep constant room temperatures in all rooms 

of their house. Healthier patients live in housing with a high number of rooms and with more than 

IN one floor. 

4, II  

1101 VALIDITY AND RELIABILITY OF THE STUDY MEASUREMENTS. 

The validity of the data relating to cold exposure could be questioned. Throughout the research it 

lipe  became obvious that many patient's interpreted the question: How many hours do you spend 

outdoors? as meaning how many hours are they not in their home. Therefore when a response of 

01 two hours was given, only half an hour may have been spent exposed to the colder outdoor 

environment and the rest spent in a covered shopping centre. In addition, the hours spent in an 

unheated room was considered as cold exposure. In many cases the temperature of an unheated 

41  room was only a couple of degrees lower than a heated room. Is this significant enough to be 

considered as cold exposure? The temperature of the patient's coldest room was taken so that 

01 this could be accounted for using multivariate analysis. 

111 An electronic spirometer without a hard copy tracing was used for home visit lung function 

0111  measurements because it was portable. However according to the Thorax; 1995 (supple 6) such a 

spirometer may lead to underestimation of the FEV1 and FVC. Lung function measurements are 

a also largely effort dependent and rely on the aptitude of the person doing the tests. In additon, if 

the person failed to blow correctly the reading may underestimate the person's true ability. A, 
lil Damp and mould were assessed by asking the patients if they had experienced any problems with 

mould or dampness during their time at the address visited. This was a subjective method and 

therefore open to potential reporting bias from patients. i.e if health is perceived by the patient to 

be bad, they may be more ready to blame a factor such as housing quality. It can also be argued 

111 that a tenant may think that giving certain answers in a questionnaire, might improve their chances 

of getting improved housing conditions. To overcome this problem objective measures for 

dampness were also recorded in the hope to identify the potential over reporting of dampness. 
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IThe temperature and humidity readings were spot measurements and therefore potentially 

influenced by local changes, and fail to account for humidity and temperature changes over time. 

LIMITATIONS AND DELIMITATIONS. 

1 The method elected meant that only a narrow segment of the total population suffering from 

moderate and / or severe COPD could be studied. Only people with moderate or severe COPD 

Iliving in the East End of London who attended The London Chest Hospital Outpatients Clinic and 

recorded daily peak expiratory flow readings and symptoms were eligible for entry into the study. 

The research design also deliberately restricted the population to whom the results of this study 

Icould be generalised. The findings are only useful to males or females suffering from moderate or 

severe COPD. The study concentrated on temperature and humidity factors rather than exploring 

Ithe effects of indoor air pollution on health. 

FUTURE DIRECTIONS. 

Any research continuing in this area would probably be most effective if it concentrated on a 

specific area. For example, it would be interesting to establish the exact biological mechanisms 

involved in dampness and respiratory health and to explain why the subjective measurements 

affect respiratory health but the objective measurements do not. 

Housing and health is a good example of a public health issue that includes both the Local 

Authorities and Health Authorities. Housing authorities often recommend medical priority 

rehousing for certain patients but frequently with limited outcome success, especially in the East 

End of London, which has a large number of priority cases and homeless. This study indicated 

that housing may play an important part in the progression of COPD therefore it would be 

beneficial if a further study could be completed which solely concentrated on housing conditions 

and the progression of COPD. 
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House detached. 
House semi-detached. 
House terraced. 
Flat. 
Maisonette. 

a) No of stories —  One. 
Twn. 

Before 1919. 
1919-1944. 
1945-1970. 
After 1970. 
Estimate. 
Don't know. 

Owned. 
Leased. 
Rented — Local authority. 
Private. 
Live with family. 
Other (specify) 

Questionnaire  

Name: 

Study No. 

Date: 

Housing 

1) Type of housing 

2) Age of housing — 

3) Tenancy — 

4) Who is responsible for repairs —  Yourself. 
Landlord. 
Council. 

5) No. of rooms: 

6) Floor no: 

7) No. of occupants: 

8) How many years have you lived at this address? 
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■ 

■ 

■ 

Heating 

1) Do you have any form of central heating 

a) If yes what type of fuel does it use 

Yes 
No (qu.2) 

N/A 
Solid fuel 
Electricity: storage heaters 
Electricity: other 
Gas/calor gas 
Oil 
Other (specify) 

b) Is this your main form of heating in the winter —  Yes (qu.3) 
No (qu.2) 

2) Do you have any additional heating —  None 
Electric fire 

(main heating if no central)  Gas fire 
Coal 
Coke 
Oil 
Other (specify) 

a) Location of additional heating —  N/A 
Bedroom 
Living room 
Other (specify) 

3.) In a typical 24 hour day how many hours do you spend —  Outdoors: 
Indoors: 

4) When indoors between what times are you in the bedroom? 

5) Between what times is the bedroom heated? 

Heating 

12am  4am.  8am.  12pm  4pm.  8pm.  12an 

Room Occupied 
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6) When indoors between what times are you in the living room? 

7) Between what times is the living room heated? 

Heating 
12pm 

4am.  8am.  4pm.  8pm, 

Room Occupied 

8) Are the other rooms you spend time in heated —  Yes. 
No. 

9) Do you have any forms of insulation —  None 
Loft (fibre glass) 
Wall cavity 
Double glazing 

10) Fuel consumption — 1st Bill — 

2nd Bill — 

General  

Time period. 
Total cost. 
Units used. 
Type. 

Time period. 
Total cost. 
I 'nits used. 
Type. 

 

1) Have you ever had any problems with mould. —  Yes. 
No. 

 

Dampness. —  Yes. 
No. 

a) Where  N/A 
Living room 
Kitchen 
Bedroom 
Bathroom 
Other 
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2) Do you keep any windows open during the day  No. 
Yes. — Living room. 

Kitchen. 
Bedroom. 
Bathroom. 
Other. 

3) Do you keep your bedroom window open at night — Yes. 
No. 

4) Do your windows keep out the wind 

5) Which room does the sun heat in the morning 

Yes. 
No. 

Living room. 
Kitchen. 
Bedroom. 
Bathroom. 
Other. 

6) How many people did you talk to in the last 24 hours — In person: 
On phone: 

7) Have you been in contact with any children in the last 24 hours —  Yes. 
No. 

8) Do you have any pets —  No 
Yes Cat 

Dog 
Bird 
Other (specify) 

Readings  

1.) Living room. 

a) Humidity. 

b) Temperature. 

2.) Coldest room. Living Living room. 
Kitchen. 
Bedroom. 
Bathroom. 
Other. 



a.) Humidity. 

b.) Temperature. 

3.) Spirometer results:- 

AVERAGE 
FEV1 
FVC 
FER 
PEF 
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THE INTRODUCTORY LETTER. 

THE INTRODUCTORY LETTER. 

A copy of the letter sent to all eligible patients by the co-ordinator of the East London COPD study 
is provided on the following page. The letter introduced the study and requested their assistance. 
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THE EAST LONDON COPD STUDY 
RESPIRATORY CARE UNIT  

LONDON CHEST HOSPITAL 
BONNER ROAD 
LONDON E2 9JX 

TEL: 0181 980 4433 
FAX: 0181 983 2279 

 

THE ROYAL 
HOSPITALS 
NHS TRUST 

Dr. Wedzicha's Secretary: 
0181 983 2219 

1 st  November, 1997 

Dear Sir/Madam 

The East London COPD Study is going well so far and we are very grateful for your kind 
Participation. We have had some interesting results linking seasonal changes to chest infection and 
viruses with one virus appearing to be of particular importance so far. As you know our particular 
goal is to uncover the role of viruses in your particular condition, hence the need to see you as soon 
as you think that you have one of the symptoms A to E2 listed at the front of your diary card. The air 
pollution data is still being collected and is not yet analysed. 

As you are aware from your daily recording of indoor temperature and participation in laboratory 
experiments involving cold exposure, this Study is interested in the relationship between climate and 
your respiratory illness. We have been asked by the Eaga Charitable Trust, a charity that is interested 
in the link between housing and health, to investigate this further. In January or February, we are 
going to ask some third-year medical students to visit you at home. The students will make an 
appointment by phone when it is convenient to you for them to visit. They intend to measure the 
amount of water in the air in your home and ask you some questions about your home, such as 
whether you own it or rent it, the number of rooms you occupy, the number of people living with you 
and length of time you heat your living room and bedroom. We would also like to know how much 
fuel (electricity or gas) you use, so could you keep your last two fuel bills to show the students. 

As always any information given to us will be kept absolutely confidential. You do not have to 
participate in this survey, and if you do not wish to be visited by the students, either tell Dr. Terry 
Seemungal when you next attend the London Chest Clinic or you can tell the students when they ring 
you. 

Yours Sincerely, 

Dr. T. Seemungal, MRCP 
Co-Ordinator, East London COPD Study 

EASTLOXIIMLCOPacilLIABDRATIKEszgou  
London Chest Hospital : Dr.J. Wedzicha, Dr. T. Seemungal, Ms.E. Paul, Sr.C. Evans, Ms.J. Bestall 
St. Bartholomews Hospital : Prof. D. Jeffries, Dr. J.Breuer, Mr. P. Taylor, Mr.R. Burnell 
The Medical School or St. Bartholomews and The Royal London Hospitals at Qeen Mary Westfield College: Prof. Keatinge, Dr. G. Donaldson St. Georges Hospital : Prof. R. Anderson, Dr. D.Strachan Dr. J. Peacock 
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GLOSSARY OF ABBREVIATIONS 

COPD:- Chronic obstructive pulmonary disease 

Ever Smoked:- The percentage of patients who have ever smoked 

Forced expiratory volume in litres recorded over one second 

FVC:-  Functional Vital Capacity of the lungs in litres 

Hum_liv:- Relative humidity recorded in the living room 

Hum cold :- Relative humidity recorded in the coldest room 

pFEVI:. Percentage forced expiratory volume compared to the predicted value for 
height and weight 

PEF:-  Peak flow from the lungs recorded in litres per minute 

QOL :- Quality of life as measured by the St. Georges questionnaire 

Reversibility:- The reversibility of lung function exhibited by the patient when given 
bronchdilator therapy, in percentage 

Smokenow:- The percentage of patients who still smoked when interviewed 

Shortness of breath :- Dyspnoea 

Livingte:- Temperature recorded in the living room 



ABSTRACT 

In England and Wales chronic obstructive pulmonary disease (COPD) was the cause 

of 23,033 deaths in 1992 (Office of Population Censuses and Surveys, Mortality 

Statistics 1992). This accounted for 6.4% of all male and 3.9% of all female deaths in 

the two countries. COPD is a major cause of morbidity with frequent use of both GP 

and hospital services. 

Dampness may promote house dust mites and airborne fungal spores to cause 

increased allergic reactions in asthmatics. Patients with chronic obstructive pulmonary 

disease (COPD) differ from asthmatics in low airway reversibility. 

The aim of this study was to determine whether housing conditions had an affect on 

the health of COPD patients. Factors such as the subjective and objective presence of 

dampness, the temperature of the accommodation, the presence of mould, the type of 

heating, the type of accommodation, the tenancy of the accommodation, the number of 

occupants and the number of rooms in the accommodation were recorded. Lung 

function tests were carried out on COPD patients in their own homes. This data was 

compared to data obtained from a COPD outpatients clinic the patients interviewed 

had attended or currently were attending. 

It was found that some aspects of housing conditions did effect the health of COPD 

patients. The most important finding was the effect of dampness within the patient's 

home. The presence of dampness increased the number of exacerbations experienced 



by patients over a one year period from a mean of 2.42 to a mean figure of 3.22. The 

presence of dampness in the home was also found to increase sputum production. 

Other factors found to have an effect on the health of the COPD patient include 

the humidity of the coldest room, (it was found that an increased humidity in the 

coldest room was associated with an increased peak flow), the age of the housing ( 

older housing was associated with an increased sputum production), the type of 

heating -other than central heating- the patient had ( electric fires were associated with 

a poorer quality of life and a poorer symptom quality) and the location of the 

additional source of heat ( if the heater was in the patients bedrooM there was an 

increase in sputum production). 

The findings of this study suggest that the type of housing best suited to patients with 

moderate to severe COPD is dry, well ventilated centrally heated accommodation. 

This should be taken into account when moving COPD patients for health reasons. 
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INTRODUCTION 

Chronic obstructive pulmonary disease (COPD) is a general term which covers many 

previously used clinical labels that are now recognised as being different aspects of the 

same problem. Diagnostic labels encompassed by COPD include chronic bronchitis, 

obstructive emphysema, chronic obstructive airway disease, chronic airflow limitation 

and some cases of chronic asthma. COPD is a chronic, progressive disorder 

characterized by airway obstruction. In a recent consensus document ( Thorax 1997) 

COPD has been defined as a forced expiratory volume in one second (FEV1 ) < 80% 

of the predicted value for height and a FEW FVC ratio of < 70%, which does not 

change markedly over several months. Reversibility to bronchodilator therapy does not 

exceed 15%. COPD causes significantly more mortality and morbidity than other 

causes of airflow limitation in adults. 

CAUSES OF INCREASED AIRWAY RESISTANCE/OBSTRUCTION 

As in obstruction of other biological systems, it is helpful to think in terms of 

conduction tubes being blocked by:- 

1. Material within the lumen. 

2. Thickening or contraction of the wall of the passage. 

3. pressure from outside or suction within the air passage. 

Most commonly, COPD can be thought of as the thickening or contraction of the wall 

of the airway passage. In the heathy subject, the small airways of the lung ( i.e. the 
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airways found after and including the alveolar ducts) make only a small contribution to 

total airway resistance because their aggregate cross-sectional area increases to very 

large values as one progresses down the bronchial tree. However, the small airways are 

the site of the most important causes of obstruction in COPD. These airways have 

been termed the "quiet zone", because they must undergo a considerable increase in 

their resistance before the change can be detected by tests of overall airway resistance, 

which, in the healthy subject, is dominated by the resistance of the larger airways. Once 

the calibre of the small airways is reduced sufficiently to exert a significant effect on 

airway resistance, further small changes in calibre have a major effect due to the 

relationship between flow and fourth or fifth power of the radius. (Nunn, 1993). 

EFFECT OF LUNG VOLUME ON RESISTANCE IN BREATHING 

When the lung volume is reduced there is a proportional reduction in the volume of all 

air containing components, including the airways. Thus, if other factors (such as 

bronchomotor tone) remain constant , airway resistance is an inverse function of lung 

volume and there is a direct relationship between lung volume and the maximum 

expiratory flow rate which can be attained. Furthermore, flow-related airway collapse 

occurs more readily at low lung volumes when the initial airway calibre and the 

transmural pressure are less. Thus, in general, increasing lung volume will reduce 

airway resistance and help to prevent trapping. Many patients with obstructive airway 

disease acquire the habit of increasing their expiratory resistance by exhaling through 

pursed lips. This manoeuvre has the effect of enhancing airway transmural pressure 

gradient and so reducing airway resistance and preventing trapping (Nunn,1993). 
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CONDITIONS COVERED BY COPD 

Obstructive emphysema is characterized by permanent enlargement of the alveoli, 

accompanied by deterioration of the alveolar walls. Chronic inflammation leads to lung 

fibrosis, and invariably, the lungs lose their elasticity. Arterial oxygen and carbon 

dioxide levels remain essentially normal until late in the disease. As the lungs become 

less elastic, the airways collapse during expiration and obstruct the outflow of air. This 

has two major consequences: 

(1). Accessory muscles of ventilation must be enlisted to help with breathing ( for 

example, sternocleidomastoids, serratus anterior and pectorals). Patients with the 

disease are often perpetually exhausted because they must expend 15-20% of their 

total body energy supply on the act of breathing itself. The value in healthy individuals 

is around 5%. 

(2). The bronchioles open during inspiration, but collapse during expiration, trapping 

huge volumes of air in the alveoli. This hyperventilation leads to the development of a 

permanently expanded "barrel chest". Emphysema patients have laboured breathing. 

However, they do not become cyanotic until the late stages of the disease because gas 

exchange remains adequate. In addition to cigarette smoking, hereditary factors may 

help to cause emphysema in some patients (Marieb, 1991). 

In chronic bronchitis, inhaled irritants lead to chronic excessive mucus production by 

the mucosa of the lower respiratory passageways and to inflammation and fibrosis of 
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that mucosa. These responses obstruct the airways and severely impair lung ventilation 

and gas exchange. Pulmonary infections are frequent due to the stagnant pools of 

mucus. Bacteria thrive in such conditions. Hypoxia and carbon dioxide retention occur 

early in the disease: cyanosis is common. However, the degree of dyspnoea is usually 

moderate compared to that of emphysema sufferers. 

Aetiology of COPD  

The single most important cause of COPD is cigarette smoking (Doll et al. 1994). The 

greater the tobacco exposure, the greater the chance of developing COPD (Burrows et 

al. 1979). A small additional contribution to the incidence of COPD has been reported 

in patients who work in dusty environments, or those who live in urban areas. 

However, these effects remain contentious. Other currently proposed risk factors 

include poor nutrition in utero ( Barker et al. 1991) and pre-existing bronchial 

hyperresponsiveness (Postma et al. 1986). 

The best guide to the progression of COPD is the change in FEVI  over time. FEVI 

declines with normal ageing at about 30m1/year. This increases to about 45mUyear in 

smokers (Fletcher et al. 1976). But, the individual susceptibility to cigarette smoking is 

very wide, to the extent that approximately 15% of smokers will develop clinically 

significant COPD whilst approximately 50% will never develop any symptomatic 

physiological deficit (Tashkin et al. 1984). Stopping smoking produces only small 

improvements in the FEV1 , but the age related fall in FEVI  slows to the rate of 

30mUyear found in healthy non-smokers (Travers et al. 1979). 
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With severe disease hypoxaemia develops with an increase in pulmonary artery 

pressure leading to right ventricular hypertrophy or cor pulmonale. Pulmonary 

hypertension in COPD is slowly progressive and its presence implies a poor prognosis 

(Weitzenblum et al. 1989), though it may not have a direct effect on mortality. Long 

term oxygen therapy is the only treatment known to improve the prognosis in patients 

with severe COPD and hypoxaemia (Cooper et al. 1987). 

Exacerbations of COPD increase as indoor and outdoor temperatures fall. This change 

in temperature also causes the symptoms of nasal congestion to worsen (Donaldson 

1998). Some of these exacerbations may be due to viral and secondary bacterial 

infections (McHardy, 1980). Seemungal (1998) showed that quality of life deteriorates 

as arterial oxygen levels (paO2) falls and the frequency of exacerbation increases. 

Patients with severe COPD are predominately house bound (Restrick,1993). 

Studies by Williamson ( Thorax, 1997) and Strachan (Br. Med. J., 1988) showed that 

dampness may promote the proliferation of house dust mites and airborne fungal 

spores to cause increased allergic reactions in asthmatics. Patients with COPD differ 

from asthmatics in that the contraction of their lower airways is not as reversible. 

Williamson's study in Glasgow (Thorax, 1997) is one of the most recent studies 

carried out trying to link respiratory disease and housing conditions. It was concluded 

that asthma is associated with living in damp housing and there appeared to be a dose-

response relationship. They stated that action to improve damp housing conditions may 

favourably influence asthma morbidity. This study compared 112 subjects with 
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physician diagnosed asthma with age and sex matched controls. The prevalence of 

self-reported (subjective) dampness and measured dampness (objective ) in the homes 

of the asthmatic subjects and the controls was compared. It was found that the severity 

of asthma was found to correlate statistically with measures of total dampness and 

mould growth in the dwelling. 

Willamson's study on housing conditions and asthma and the fact that patients with 

severe COPD are predominantly housebound suggests that there may be a 

relationship between poor housing conditions, especially damp houses, and COPD. 

Mortality and morbidity of COPD  

The morbidity and mortality of COPD increases with the severity of the patients 

condition. In 1992 there were 26,033 deaths in England and Wales attributed to 

COPD, chronic bronchitis or emphysema (Office of Population Censuses and Surveys, 

Mortality Causes,1992). This accounted for 6.4% of all male and 3.9% of all female 

deaths in that year. COPD is a major cause of morbidity with frequent use of both GP 

and hospital services. In a survey of all medical admissions to a UK health region 

(Mersey health region) 25% of admissions were due to respiratory disease (Pearson, 

1994). Over half of these were COPD (Goldacre et al. 1995). 

Management of COPD  

The single most important way of affecting outcome in patients in all stages of COPD 

is to stop smoking (Fletcher et al. 1976). Stopping smoking is just as important in 

severe COPD as at earlier stages of the disease (Doll et al. 1994). Although lost 
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function cannot be restored, those who stop smoking will deteriorate less slowly and 

have a better chance of benefiting from treatments such as long term oxygen therapy 

(LTOT). 

Bronchodilators form the mainstay for the symptomatic treatment for the reversible 

component of airways obstruction. These are thought to act by reducing bronchomotor 

tone and consequently decreasing airway resistance and reducing the level of 

pulmonary overinflation. Inhaled agents are usually the preferred choice. 

Short acting beta-2 agonists have a relatively rapid onset of action and are 

recommended for use "as required" for symptom relief. 

There is only limited evidence on the efficacy of long acting beta-2 agonists in COPD 

(Ulrik, 1995). Theophyllines are only modest bronchodilators in COPD (McKay et 

al.1993). Non-bronchodilator effects of theophyllines in COPD include improving the 

strength and effectiveness of respiratory muscles. This may explain the reported 

improvement in exercise tolerance in some patients. However, these non-

bronchodilator effects are of questionable significance. The therapeutic index of 

theophyllines is narrow: some patients experience side effects even within the 

therapeutic range. In most cases, a trial of theophyllines is best reserved for patients in 

whom other treatments have failed to control the symptoms adequately. 

Metered dose inhalers are the most common delivery device used. Instruction in the 

use of the inhaler must be given to the patient, as poor technique can decrease the 

efficacy of the treatment. 

Most patients can be treated with bronchodilators delivered by metered dose inhalers 

and spacers, or by dry powder devices. Those with severe disease may benefit from 
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high dose bronchodilator treatment (Gross, et al. 1989). This is usually given by 

nebuliser. Nebuliser treatment is expensive, and according to the guidelines set out by 

the Standards of Care Committee of the British Thoracic Society, should only be 

supplied to patients who have been assessed fully by a respiratory physician who is able 

to advise on the risk/cost benefit. It is also stressed that the patient prescribed home 

nebuliser therapy should be given adequate technical support and follow up. Dosage 

regimes should be tailored to the individual patient's needs and side effects. 

The presence of inflammatory changes in the airways of patients with COPD provides 

a rationale for the use of corticosteroids (Saetta et al. 1993). According to the British 

Thoracic society, inhaled steroids should be given to patients who show objective 

response to corticosteroids, either oral or inhaled. Those who do not respond should 

not continue on steroid therapy. 

Other aspects of therapy include:- 

Exercise: for patients with only a few symptoms and mild disease exercise is both safe 

and desirable. Patients with more severe COPD should be encouraged to exercise 

within the limit of their airways obstruction. Patients with moderate COPD can often 

continue in employment as long as it does not involve heavy manual work. 

Weight loss: in obese patients this will reduce the energy requirements of exercise and 

thus improve the ability of patients to cope with the disease. 

Vaccination: the influenza vaccine is recommended by the Department of Health for 

chronic respiratory disease, including COPD. However, studies to show the relative 

efficacy of the influenza vaccine in mild, moderate and severe COPD are lacking. 
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Symptoms 

Healthy population 

100 

(Thorax, 1997) 
Smoking cessation 

Antibiotics for acute infections 

Occasional bronchodilator as required 
More frequent/combination bronchodilators 
Steroid reversibility trial: inhaled steroids if 4ve 

Influenza vaccination 
Pulmonary rehabilitation 

Assessment for LTOT 
Ambulatory oxygen 

Trials of long term oxygen therapy (LTOT) in patients with COPD and chronic 

hypoxaemia (Medical Research Council Working Group, 1981), have shown 

improved survival of patients with COPD. Five year survival improved from 25% to 

41% with 15 hours of oxygen therapy per day. Less secondary polycythemia was also 

noted, as well as prevention of progression of pulmonary hypertension and an 

improvement in neuropsychological health. Such studies have been used to produce 

UK recommendations as to which patients should be prescribed oxygen concentrators 

(Department of Health, Domiciliary oxygen therapy service, 1990). 

Surgical treatments are applicable for a very small number of patients with COPD. In 

selected patients, particularly those who are young with alphal-antitrypsin deficiency, 

lung transplantation may be recommended (usually single lung) . 

Lung volume reduction surgery has been trialled in the USA . Lung volume reduction 

surgery would seem to be most applicable to patients with severe disease in whom 

there is air trapping ( Davis and Calverly, 1996). 

PRESENTATION OF PATIENTS WITH COPD 

The COPD Escalator 

80 
Smoker's cough 
Little or no dyspnooa 
No abnormal signs 

Dyspnoea on exertion 
Cough and sputum 
Some abnormal signs 

Dyspnoea on mild exertion 
Hyperinflation and cyanosis 
Wheeze and cough 

Death 
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Increasing investigation and treatment 

Figure 3 The COPD escalator. Summary of the principal components of a management plan frr COPD. Note that, as 
disease se-verity increases, symptoms and signs become more obvious v.-hi/sr the number of treatments used rises. 



In patients with mild COPD there are few or no symptoms. A history of morning 

cough, recurrent respiratory infections, or shortness of breath on vigorous exertion 

should alert the doctor to the possibilities of COPD. Routine screening, especially of 

smokers, and occupational surveillance schemes can identify airways obstruction at an 

early stage before troublesome symtoms develop (Pearson and Calverley, 1994). 

Moderate COPD can present with a wide range of respiratory symptoms. There is no 

single typical pattern, but possibilities include combinations of some or all of the 

following, defined by the Standards of Care Committee of the British Thoracic 

Society: 

(1) Cough and sputum production, especially if the sputum becomes discoloured. 

(2) Breathlessness ( with or without wheeze) on moderate exertion. 

(3) Acute worsening of symptoms associated with an infective exacerbation. 

(4) routine screening of a patient who was either tolerating the symptoms as part of the 

normal ageing process or as an "expected" consequence of smoking:- e.g. "smoker's 

cough". 

Patients with severe COPD are usually troubled by progressively disabling 

breathlessness or with complications (such as the formation of oedema), or with an 

acute exacerbation with or without respiratory failure. Although severe breathlessness 

on minimal exertion or at rest usually occurs, patients' perception of breathlessness 

varies considerably for the same degree of airflow limitation (Wolkove et al. 1989). 

Cough and wheeze are almost invariably present, but are poor predictors of severity. 
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The objective of this study is to try and establish if poor housing conditions in any way 

effect the prognosis of patients suffering from chronic obstructive pulmonary disease. 

COPD is an extremely significant condition within the UK population and is costly to 

the nation, due to COPD sufferers frequently using both GP and hospital services. 

Findings from this study could potentially improve the quality of life of many COPD 

patients. 
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METHODS AND MATERIALS  

80 patients with moderate to severe COPD were interviewed at home between the 

22nd of January and the 17th of February 1998. These patients were members of a 

larger group of 138 patients, whom had been recruited since October 1995 from those 

attending an outpatients clinic at the London Chest Hospital in East London. These 

patients were recruited on the basis that they were willing to participate in a long term 

study. Exclusion criteria was an FEVI  >70% predicted, a reversibility to salbutamol 

greater than 15% and 200m1, or a history of bronchiestasis, emphysema and asthma. 

Records of these 80 patients provided by the London Chest Hospital included their 

"major" chronic symptoms (dyspnoea, sputum purulence and sputum amount) and 

"minor" symptoms (nasal discharge/congestion, wheeze, sore throat, cough) 

arterialised blood gas p02 and summary estimates of their total quality of life, 

obtained using the St. George's questionnaire. They had recorded on monthly diary 

cards increase over the last 24 hours in their symptoms, from which exacerbations 

were noted, according to criteria described by Anthonisen (1987). An exacerbation 

was noted as the appearance of any two major symptoms or, one minor and one major 

symptom. Annual exacerbation frequency was calculated for each patient, provided 

they had recorded data on at least 200 days during a 12 month period. Data was 

missed because diary cards were not completed, lost or patients admitted to hospital. 

Patients were contacted by telephone in advance of the interview. The interviews were 

mostly carried out in the East End of London, mainly in the boroughs of Tower 
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Hamlets and Hackney, and to a lesser extent in the boroughs of Newham and 

Redbridge. Three interviews were carried out in central and north London. Interviews 

were carried out between 10a.m. and 4 p.m. The majority of interviews took place in 

the patient's living room. For those patients living in bedsits the interview was carried 

out in the bedroom/sitting room. A few interviews were carried out in the patient's 

kitchen at the patient's request. 

The first act of the interview was to ask the patient to take his/her bronchodilator 

inhaler. This was either salbutamol or (only two patients) terbutaline. Then, the 

patients were asked questions from the standard questionnaire that had been produced 

, as can be seen in the appendix. Questions were asked on the patient, such as his/her 

age and the length of time they had lived at that address and on the residence itself. 

These included the age of the house, insulation ( e.g .double glazing, cavity wall 

insulation and loft insulation), day time and night time ventilation, the number of 

rooms, whether the patient thought the accommodation was damp, if there was or had 

recently been mould in the accommodation, the main form of heating and any 

additional heating they may have and its location. Data was also collected on the cost 

of the patient's heating, by looking at the patient's most recent gas and electricity bill. 

If the patient did not have their most recent bills, bills from the same period the year 

before were recorded. If there were no bills from the winter or autumn period bills 

from other periods were used. 

After the questions had been asked measurements were taken of FEV1, FVC and PEF, 

having allowed a few minutes for the bronchodilator to have its effect, using a Micro-

Medical hand held spirometer. As is recommended when using spirometers, three 

measurements were taken to give an average result. The temperature and the relative 
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humidity of the living room was taken using a Testo fixed-probe thermohygrometer. 

The temperature and the relative humidity was also taken in the bedroom, or if this was 

impossible, in the room the patient thought that he/she spent the most time in. Relative 

humidity was measured to obtain an objective measurement of dampness, rather than 

more complex and time-consuming structural methods. The whole interview normally 

lasted about 15 minutes. 

By the start of this study eight patients from the 138 original patients recruited had 

died. Data was not obtained from 70 patients out of the 138 because they had either 

died, did not wish to participate or were non-contactable. The remaining 80 had a 

FEVI  33.2 +/-15.2% of their predicted healthy value, reversibility to salbutamol of 7.9 

+/- 10.4%. 93.8% of the patients were ex-smokers: 36.7% still smoked. 

Ethical permission for the project was obtained from the East London and City Health 

Authority Ethics Committee. 

Statistical analysis of the data was carried out after the collection of data. Using 

Microsoft Excel, a spreadsheet of data was compiled and was subsequently transferred 

to the statistical package, Stata 4.0 ( Stata Corporation) for regression analysis. 
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RESULTS  

Data on the patients obtained from the 80 home interviews was sorted after collection, 

and the patient data was obtained from the London Chest Hospital outpatients clinic. 

Using Microsoft Excel, a spreadsheet of all the data collected was compiled. This was 

then transferred to the statistical package, Stata 4.0 (Stata Corporation) for regression 

analysis. 

DESCRIPTION OF COHORT 

VARIABLE OBSERVED MEAN STD.DEV. MIN MAX 

fev i  (L) 79 1.12 .51 .33 3.56 

fvc  (L) 79 2.64 .84 .55 4.72 

pfevi (%) 80 2.76 .67 1.47 6.13 

pef (L/min) 76 201 84.6 74 569 

p02 (Kpa) 74 9.12 .93 7.06 11.08 

pCO2  (Kpa) 74 5.76 .61 4.09 7.39 

reversibility (%) 71 7.9 10.4 

smokenow (%) 75 38.7 

ever smoked (%) 80 93.8 

HEALTH MEASURES 
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VARIABLE OBSERVED MEAN STD.DEV. MIN MAX 

frequency of 

exacerbations 

56 2.42 1.84 0 8.5 

total QOL 69 57.1 17.2 17.2 84..2 

sputum (%) 80 56.3 50.0 0 1 

cough  (%) 80 53.8 50.2 0 1 

wheeze (%) 80 40.0 49.3 0 1 

sinus  (%) 80 37.5 19.1 0 1 

dyspnoea (%) 80 40.0 49.3 0 1 

INTERVIEW DATA REGRESSED WITH DATA FROM THE 

OUTPATIENTS CLINIC 

OBJECTIVE PRESENCE OF DAMPNESS 

Patients living in damp houses were found to have an increased number of 

exacerbations per year. The mean number of exacerbations experienced by patients in 

damp housing was 3.22, as opposed to the mean of 2.42 for the entire cohort, ( p 

=0.039, regression coefficient =2.32). Patients in living in damp housing also 

experienced an increase in sputum production and cough. 57.8% of patients who had 

a cough lived in damp housing, 42.2% lived in homes where no damp was reported (p 

=0.036, regression coefficient = 2.14). 

WINDOWS OPEN DURING THE DAY 

Having windows open during the day in the living room was linked to an increase in 

the total number of exacerbations per year to 2.69, an mean increase of 0.27 recorded 
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exacerbations, (p= 0.0463, regression coefficient= 2.17). Windows kept open during 

the day in the bedroom was associated with an increase in wheeze of 12.63% above 

the cohort mean (p =0.028, regression coefficient = -0.281). 

HUMIDITY AND TEMPERATURE READINGS 

Increased humidity in the coldest room (usually the bedroom) was found to be 

significantly related to an increase in peak flow (p =0.04, regression coefficient = 

2.09). The temperature in the coldest room was significantly related to the frequency 

of exacerbation (p= 0.039 ) (figure 1). 

HOUSING 

30% of patients living in accommodation with two or more floors experienced 

wheeze, (p= 0.039 regression coefficient = -2.19),compared to the mean cohort figure 

of 40%. 12% of these patients experienced shortness of breath (dyspnoea), (p =0.039, 

regression coefficient = -2.12).The cohort mean was 40%. 

66.5% of patients living in accommodation built before 1945 experienced sputum 

production, a 13.2% increase over the cohort mean (p =0.032, regression coefficient = 

-2.271), and increase in the vital capacity of the patient's lungs ( p= 0.046, regression 

coefficient= -2.03). 

HEATING 

Having additional heating (e.g. an electric fan heater) was found to be associated with 

a decrease in peak flow (p= 0.042, regression coefficient = -2.967). If the additional 

heating was located in the bedroom, it was also linked to an increase in sputum 

production of 0.6% over the cohort mean (p= 0.041, regression coefficient= 0.15) and 

to an increase in lung vital capacity (p= 0.022, regression coefficient = 0.76). 
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Those patients who had an electric fire were found to have a poorer quality of life, 

8.18 points lower than the cohort mean (p= 0.02, regression coefficient = 2.327), as 

measured by the St. George's quality of life questionnaire. They also experienced 

poorer symptom qualities, 10.45 points lower than the cohort mean (p= 0.006, 

regression coefficient = 2.82). 

Patients who spent more hours outside had increased forced expiratory volumes (p= 

0.011, regression coefficient = 1.11) and increased peak flows (p =0.005, regression 

coefficient = 2.87).The opposite was found in patients who spend more hours indoors: 

these patients had a significantly decreased forced expiratory volume and peak flow 

(p= 0.008, regression coefficient = -1.17 and p= 0.004, regression coefficient = -2.96 

respectively). 

INSULATION 

Loft insulation was associated with an increase in total quality of life, 9.78 points 

better than the cohort mean, (p= 0.039, regression coefficient = -2.896). Wall cavity 

insulation was also associated with an increase in total quality of life, 22.98 points 

better than the cohort mean (p= 0.0015, regression coefficient = -3.32), better 

symptom quality, 22.8 points better than the cohort mean (p= 0.0051, regression 

coefficient = -2.90). It was also linked to an increase in the number of sinus problems 

the patient experienced (p= 0.049, regression coefficient = 2.00). Double glazing was 

found have no effect on any health indices. 

INTERVIEW DATA REGRESSED WITH INTERVIEW DATA 
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SUBJECTIVE DAMPNESS 

It was found that the subjectively reported presence of dampness (i.e. self-reported) 

was significantly related to an increase in the relative humidity of the living room (p= 

0.002, regression coefficient =3.707) (see figure 2). The self-reported presence of 

dampness was also significantly related to the relative humidity in the coldest room of 

the house ( see figure 3). 

PRESENCE OF MOULD 

The presence of mould was very strongly related to the presence of dampness (p 

=0.00, regression coefficient =11.95), sufficiently to say that mould was only found 

where there was dampness. 

The presence of mould was also associated with an increase in the relative humidity in 

the living room (p= 0.01, regression coefficient =2.782), the coldest room ( p =0.05, 

regression coefficient =3.220), having a lower ambient temperature inside the 

accommodation (p= 0.007, regression coefficient = -3.03) and the presence of a gas 

fire in the accommodation (p= 0.013, regression coefficient = 2.55). 

HUMIDITY READINGS 

Higher humidity readings in the living room were found to be associated with lower 

living room temperatures (p =0.006, regression coefficient = -1.88), ( figure 4). Higher 

humidity readings in the coldest room were found to be associated with lower coldest 

room temperatures (p= 0.001, regression coefficient = -2.28 ). 

LIVING ROOM TEMPERATURE 

Higher living room temperatures were associated with an increase in the total amount 

of money spent on heating ( p= 0.022, regression coefficient = 0.013) ( figure 5). 

However, this result was obtained with the exclusion of a significant outlier. This 
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patient was excluded for extenuating circumstances: a mentally disabled child was 

living in the house with the patient. The child's room was maintained at a constant high 

temperature, whilst the rest of the house was much cooler, at a temperature which 

suited the patient. As the temperature was recorded in the parts of the house the 

patient occupied, it was decided that it was permissible to exclude this patient's heating 

data. 

COLDEST ROOM TEMPERATURE 

The temperature in the coldest room was related to expenditure on fuel (p= 0.008) 

(figure 6). 

NUMBER OF FLOORS IN ACCOMMODATION 

An increased number of floors in the accommodation was related to an increased 

number of rooms, (p= 0.009, regression coefficient = 5.90) and an increased number of 

occupants (p= 0.001, regression coefficient = 3.384). Accommodation with more than 

one level was associated with being on a lower floor level (e.g. ground floor or first 

floor): (p=0.04, regression coefficient= -2.1). 

AGE OF ACCOMMODATION 

It was found that the increasing age of the accommodation was related to an increased 

number of rooms in the accommodation (p= 0.003, regression coefficient --- -2.697). 

There was also a significant relationship between an increased number of rooms and an 

increased number of occupants (p= 0.00, regression coefficient =3.84), an increased 

number of rooms and an increased total cost of heating (p= 0.009, regression 

coefficient = 0.46), ( figure 7). 
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OUTPATIENTS CLINIC DATA REGRESSED WITH OUTPATIENTS 

CLINIC DATA 

An increase in total exacerbations was associated with a poorer quality of life (p= 

0.002, regression coefficient = 3.343), increased cough (p= 0.189, regression 

coefficient = 132.9), increased wheeze (p =0.049, regression coefficient =1.93) and 

poorer symptom quality (p= 0.003, regression coefficient= 3.12) . Poorer quality of life 

was associated with increased cough , increased wheeze, increased shortness of breath 

and poorer symptom quality. 

Increased sputum production was linked to increased cough (p= 0, regression 

coefficient= 4.60). 

Increased wheeze was associated with poorer total quality of life(p= 0.005, regression 

coefficient = 2.79), increased total exacerbations (p =0.04, regression coefficient = 

1.93), increased shortness of breath (p x.015, regression coefficient = 2.48), 

decreased vital capacity (p= 0.03, regression coefficient = -2.18) and poorer symptom 

quality (p= 0.004, regression coefficient = 2.98). 

Increased cough was linked to poorer total quality of life (p= 0.031, regression 

coefficient = 2.21), increased total exacerbations (p =0.0189, regression coefficient = 

1.32), increased sputum production (p= 0.0, regression coefficient = 4.39) and poorer 

symptom quality (p= 0.007, regression coefficient = 2.76). 

Shortness of breath was linked to a poorer total quality of life (p= 0.0371, regression 

coefficient = 0.9), increased wheeze ( p= 0.015, regression coefficient = 2.49), 

increased sinus problems (p= 0.035, regression coefficient = 0.95), increased sputum 
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production (p= 0.0364, regression coefficient = 0.91)and poorer symptom quality (p= 

0.05, regression coefficient = 1.97) . 

Having an increased forced expiratory volume was associated with an increased vital 

capacity (p= 0.0, regression coefficient = 5.87) and peak flow (p= 0.0, regression 

coefficient = 14.01). An increased vital capacity was associated with the absence of 

wheeze (p= 0.033, regression coefficient = -2.176) and an increased peak flow (p= 

0.0, regression coefficient = 4.06). An increased peak flow was also associated with an 

increased vital capacity (p= 0.0, regression coefficient = 4.16) and an absence of 

wheeze (p= 0.0355, regression coefficient = -0.93). 

Poor symptom quality was associated with increased shortness of breath (p= 0.05, 

regression coefficient =1.972), cough (p= 0.007, regression coefficient = 2.76), 

wheeze (p= 0.04, regression coefficient = 2.98) and sputum production (p = 0.0248, 

regression coefficient = 1.17). 
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DISCUSSION 

The most important finding from the data obtained was the significant association 

between the presence of dampness in the patient's accommodation and an increase in 

the total number of exacerbations and the increase in sputum production and cough 

experienced by the patient. McHardy (1980) and Tager (1975) suggested that some of 

the increase in the total number of exacerbations as temperatures inside the 

accommodation fell may be due to viral and secondary bacterial infections. Bacteria 

and viruses thrive in damp conditions (Williamson,1993 and Strachan, 1988), which is 

a likely cause of the increase in the total number of exacerbations experienced by the 

patients. 

Williams (Crit. Care. Med.,1996), suggested that sputum production would be 

increased in damp conditions ( i.e., an increased relative humidity of the inspired air) 

due to better respiratory tract ciliary motility. 

The measurement of dampness used associated with an increased total number of 

exacerbations was a subjective measurement. The patient was asked if the 

accommodation was, or had recently been, damp. The objective presence of dampness 

was associated with an increased relative humidity in the living room and increased 

humidity in the coldest room (p=0.002). The objective measurement of dampness used 

(relative humidity) had no significant effect on the health indices measured. An 

increased relative humidity within the home is significantly associated with the 
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subjective presence of dampness, which itself was associated with an increase in the 

number of exacerbations the patient experienced over a year. The lack of a significant 

relationship between the objectively measured relative humidity and the total number 

of exacerbations is not as important as it may first appear because this is only one way 

of quantifying dampness. If the number of COPD patients involved in the study was 

enlarged, it is quite possible that a significant link would be found between these two 

factors. Or, if other measures of dampness were used, such as moisture content of 

masonry or plaster work, a significant link may be established. The fact that the 

relationship between these two is insignificant does not to any extent negate the results 

obtained. The subjective value is perhaps more valid in this case because many of the 

patients visited put on their gas or electric fires in anticipation of the interview. This 

alters the temperature and the relative humidity. If a person thinks their house is damp 

they are, without question the most informed person on the subject, as they have to 

experience it every day. 

The frequency of exacerbation was also increased in patients with colder bedrooms. 

This may be because accommodation where dampness was reported tended to be 

poorly heated. Also, many patients interviewed who had more severe COPD felt they 

could breath "cold air" more easily, and preferred to keep their bedrooms at 

temperatures lower than the rest of the house. Dampness is, however, probably the 

underlying cause. 

Dampness is one of the most serious and common problems with housing. Structurally, 

it can cause anything from small discoloured patches on walls to outbreaks of mould 
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and crumbling plaster and ultimately destruction of structural timbers in roofs and 

floors. 

There are three main sources of moisture in a ground floor dwelling (as illustrated): 

rising damp from the ground, rain and the normal day-to-day activities of the 

occupants such as respiration, bathing and cooking . Non-ground floor level 

accommodation is obviously not exposed to rising damp, but the activities of the 

occupants below the accommodation may become an additional source of moisture. 

Old accommodation is particularly prone to rising damp and rain due to imperfect or 

non-existent damp courses. A damp course is a waterproof layer ( usually heavy duty 

polythene) in the brickwork of a building, usually a few inches above ground level, 

which is designed to stop water from the ground rising up the walls. All residential 

buildings built after 1965 should, by law, have been built with a damp course. Old 

buildings may also have leaky roofs: another point of entry for moisture into the living 

area. 

It is water from inside the house- from "normal" household activities that produces 

condensation. Condensation can be stopped or reduced by a combination of insulation; 

ventilation; vapour barriers; controlling moisture-producing activities (such as 

washing) and heating. Methods for this are illustrated on the following page. 

Condensation generally occurs in the coldest parts of the house. Cold surfaces within a 

house are sometimes unavoidable (e.g. window panes), but they may be caused by 

design faults. 

Problems can also occur around solid concrete floors which have exposed edges, 

because concrete is, surprisingly, a relatively good conductor of heat. This is illustrated 

on the following page . This type of design fault is called "cold bridging". The good 
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Warm moist air 

Heat flows out through exposed concrete floor 
which gets cold. This is a cold bridge. 
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conductor of heat acts as a bridge for heat to pass through or around the insulating 

material. It can be stopped or reduced by insulating the exposed sections. 

In bathrooms, the problem can usually be kept under control by opening windows, 

providing ventilation to the room and sweeping moist air outside. This has the effect of 

increasing heat loss as well. Modern, well designed houses are sufficiently well 

ventilated, even after draughtproofing etc. to only need to open a window in the 

bathroom for half an hour to prevent condensation forming. Opening a single window 

can replace the air in a room with air from outside in about 5 minutes. 

However, if, for security reasons or fear of air pollution, the people living in the 

accommodation do not want to open the windows whilst they are out of the room, 

there will be insufficient ventilation to remove the humid air. 

If the structure of the building (floors and loft), as well as the interior is ventilated, 

structural damage caused by dampness will be minimised. Recently-built 

accommodation should have air bricks, which perform this task. The warm moist air 

rising upwards into the roof must be removed before it can condense onto any 

woodwork. Again, if the windows were kept closed permanently ( for whatever 

reason) the chances of structural damage occurring are increased. 

Newer buildings are generally designed with improved ventilation and insulation, which 

should help alleviate any build up of humidity and condensation. Older 

accommodation was found to be associated with increased sputum production. There 

was no significant association found between the age of accommodation and dampness 

or increased humidity. However, no rain fell on any day when an interview was 

conducted. It is possible that the lack of rain influenced this result, so it would be 
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inappropriate to negate the fact that dampness is a problem associated with older 

accommodation. 

The fact that there was an association found between number of floors in the 

accommodation and a decrease in wheeze and shortness of breath can be explained 

fairly easily. The majority of patients with severe COPD had been moved by the 

council /housing association they came under to single floor accommodation. 

Consequently, those living in accommodation with more than one floor have less 

severe COPD. Most two floor maisonettes are found either at ground level or on the 

first floor. This accounts for number of floors decreasing as the floor number lived on 

increases being a significant result. 

It was found that there was a significant relationship between the number of floors the 

accommodation had and the number of rooms and the number of occupants. This 

backs up what common sense would dictate: larger residences have more people living 

in them. Also, the older the accommodation was, the more rooms it had. This shows 

how modern designs of flats, houses and maisonettes have incorporated fewer, larger 

rooms. This leads to better ventilated accommodation, which in turn will help prevent 

the build-up of humidity. 

As the number of rooms a residence has increases, it follows that the number of heaters 

required to heat those rooms increases as well. Hence, the significant association 

between number of rooms and total expenditure on fuel. Also, the more occupants the 

accommodation has, the more of its rooms must be heated, leading to an increase in 

the total cost of heating. This was shown by the significant relationship between these 

two factors. It is not surprising that temperature of both the living room and the 

coldest room was related to expenditure on fuel ( with exclusion of a significant outlier 
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for reasons explained in the results).The more that is spent on heating, the warmer the 

patients home is, because heaters, of what ever type, are on for longer. It is that 

simple. 

The significant relationship between the number of people living in the accommodation 

and the number of people the patient talked to in 24 hours, is just as would be 

expected. If you live with several people, it is likely that you will talk to them at some 

stage during the day . However, the fact that there was not a significant relationship 

between the number of people the patient spoke to in 24 hours and any of the health 

indices measured hinted that possible exposure to communicable everyday complaints 

such as the common cold and upper respiratory tract infections does not appear to 

have any effect on COPD sufferers. This may be important to COPD patients who live 

alone: the psychological and social benefit of seeing a person far outweighs the 

perceived negative effects that a visit may have on their condition. 

The association between the presence of additional heating and a decreased peak flow 

could be due to the fact that patients living in poorer accommodation have to have 

additional forms of heating (as classified on the questionnaire in the appendix) to 

supplement their central heating, or if they have no central heating, as their only source 

of heat. 

Consequently, patients living in poorer accommodation are more likely to have what 

would be classified by the questionnaire as additional sources of heating, which was 

linked to a decreased peak flow. Patients with good central heating generally had no 

need for additional sources of heating. 
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There were no effects on lung function found associated with the use of central 

heating. It appears that having heating other than central heating ( which may be 

more prevalent in poor housing), has a negative effect on pulmonary health. Having 

central heating has no negative effect on pulmonary health, and therefore should be 

recommended for use by patients with COPD. 

Patients with an electric fire were associated with having a poorer quality of life, as 

measured by the St. George's questionnaire. It may be that patients who had COPD 

(and consequently had a poorer quality of life), prefer to use electric fires rather than 

gas fires because gas fires actually add water to the atmosphere (depending on how 

well ventilated they are), whereas electric fires are a totally "dry" heat. 

The presence of dampness was associated with an increase in the total number of 

exacerbations . It makes sense to suggest that patients with moderate to severe COPD 

would prefer a heat source which does not add to an already damp environment. In 

fact, an electric fire would decrease the relative humidity and consequently decrease 

the chance of structural dampness occurring. 

The fact that patients with an electric fire also had poorer symptom qualities is also 

explained by the same argument. 

An interesting finding was the relationship between an increase in peak flow and an 

increased humidity in the coldest room, which was nearly always the patient's 

bedroom. It has been known for many years that asthmatics are able to breath more 

easily in very humid atmospheres, such as swimming pool. It could be that there may 

be a similar effect in COPD patients, or that this may be a statistical coincidence. It is 

certainly an area that may benefit from further investigation. 
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Patients who enjoyed better health tended to spend more time outside of their homes, 

whereas patients with more severe COPD spent the vast majority of their time indoors.  

This accounts for the association found between patients spending more hours outside 

and having an increased FEV1  and peak flow. Likewise, it explains why patients who 

spend more hours indoors have a significantly decreased FEVI  and peak flow. 

Patients with loft insulation and cavity wall insulation were found to have a better 

quality of life as measured by the St. George's questionnaire. Patients with cavity wall 

insulation were also associated with an improved symptom quality. A schematic 

representation of heat loss is illustrated on the following page. 

All homes built since 1965 have had at least a one inch blanket of insulation put into 

the roofspace in order to meet the minimum requirements set out by the building 

regulations introduced in that year. This means that only patients living in 

accommodation 33 or more years old would not have loft insulation. Poor housing 

conditions only occur extremely rarely in newly built accommodation. 

If you live in unpleasant accommodation and are powerless to do anything to change 

your situation, common-sense dictates that your quality of life will deteriorate. 

Therefore it is not the loft insulation itself that would increase the patients' quality of 

life: it is the fact that old, poor quality housing, which tends not to have insulation 

causes this decrease in total quality of life. 

The fact that symptom quality is affected by the presence of cavity wall insulation may 

be due to the relative affluence of the patients who have it. Building regulations do not 

stipulate that all new residential buildings must have cavity wall insulation. If you want 
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it you have to pay for it yourself, and it is considerably 'Imre expensive than loft 

insulation. Consequently not everyone has it. Only 5 patients out of 80 did. 

This is not to say that more affluent patients with COPD have a better symptom 

quality: the fact that cavity wall insulation is not available to all in the same way as loft 

insulation brings in other socio-demographic factors that are out of the scope of this 

study. 

Double glazing, the most heavily advertised form of insulation, was found to have no 

significant effect on any of the health indices measured. In fact, only 10% of a houses 

heat is lost through the windows, compared to 20% through the roof/loft and 25% 

through the walls. It would be prudent to advise the use of loft insulation over the use 

of double glazing as a form of heat insulation. It is both cheaper and more effective. 

The regression of outpatients data with itself showed how all the commonly described 

symptoms of COPD are associated with each other. This shows that there is a fairly 

standard set of symptoms associated with the varying degrees of COPD. As the disease 

progresses the symptoms worsen. 
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patients. If the accommodation is situated in an area where attacks and burglaries are 

commonplace, the patient is less likely to go outside. It was found that patients who 

spend longer outside had an increased FEVI  and peak flow compared to other COPD 

patients. It is likely that it is the healthier COPD patients who can spend longer outside 

anyway, but if the patient feels scared to leave their home it has a detrimental effect on 

the quality of life of the patient, and may force the patient to spend almost all his/her 

waking hours in an environment that is actually detrimental to their health. 

The "take-home message" of this study is that dampness has a significant negative 

effect on the health of patients with COPD. Thought in the design of buildings, modern 

heating systems ( i.e. central heating) and improvements to existing accommodation 

such as the installation of extractor fans would improve the quality of life and 

prognosis for COPD patients. 
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SUMMARY OF DISCUSSION 

From the results obtained it appears that poor housing conditions such as dampness, 

lack of central heating and living in a perceivably dangerous and threatening place have 

a detrimental effect on patients suffering from COPD. 

The most important finding was the association between an increased total number of 

exacerbations the patient experiences and damp accommodation. Damp 

accommodation was also linked to an increase in sputum production and cough. 

Dampness was associated independently with higher relative humidity. Higher relative 

humidity itself was not directly associated with any of the health indices measured. 

This may be due to the variety of ways that moisture can enter a building (i.e. the damp 

being due to structural rather than atmospheric causes) and to how a patient perceives 

dampness, as this was found to vary. Dampness was more prevalent in older homes. 

Damp housing is a result of poor design, poor ventilation or poor maintenance, all of 

which come under the "umbrella" term of poor housing conditions. Housing built 

before the inclusion of a damp course by law (i.e. before 1965) is obviously more 

prone to dampness. The consequences of lack of central heating also have a 

detrimental effect on the health of COPD patients. Many would consider having no 

central heating a condition of poor housing. 

Another aspects of poor housing conditions not directly related to the accommodation 

itself but to its location may also have a negative effect on the health of COPD 
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Questionnaire 

Name: 

Study No. 

Date: 

Housing 

1) Type of housing — House detached. 
House semi-detached. 
House terraced. 
Flat. 
Maisonette. 

a) No of stories —.  One. 
Two. 

2) Age of housing 

3) Tenancy — 

Before 1919. 
1919-1944. 
1945-1970. 
After 1970. 
Estimate. 
Don't know. 

Owned. 
Leased. 
Rented — Local authority. 
Private. 
Live with family. 
Other (specify) 

4) Who is responsible for repairs —  Yourself. 
Landlord. 
Council. 

5) No. of rooms: 

6) Floor no: 

7) No. of occupants: 

8) How many years have you lived at this address? 



Heating 

1) Do you have any form of central heating — 

a) If yes what type of fuel does it use — 

Yes 
No (qu.2) 

N/A 
Solid fuel 
Electricity: storage heaters 
Electricity: other 
Gas/calor gas 
Oil 
Other (specify) 

b) Is this your main form of heating in the winter — 

 

 Yes (qu.3) 
No (qu.2) 

2) Do you have any additional heating —  None 
(Main heating if no central)  Electric fire 

Gas fire 
Coal 
Coke 
Oil 
Other (specify) 

a) Location of additional heating —  N/A 
Bedroom 
Living room 
Other (specify) 

3) In a typical 24 hour day how many hours do you spend — 

 

 Outdoors 
Indoors 

4) When indoors between what times are you in the bedroom? 

5) Between what times is the bedroom heated? 

Heating 

12am  4am.  Barn.  12pm  4pm.  8pm.  12am 

Room Occupied 



6) When indoors between what times are you in the living room? 

7) Between what times is the living room heated? 

  

Heating 

  

I 2am 4am.  8am. 12pm 4pm.  8pm. 

Room Occupied 

8) Are the other rooms you spend time in heated —  Yes. 
No. 

9) Do you have any forms of insulation 

10) Fuel consumption — 1st Bill 

2nd Bill — 

General  

None 
Loft (fibre glass) 
Wall cavity 
Double glazing 

Time period. 
Total cost. 
Units used. 
Type. 

Time period. 
Total cost. 
Units used. 
Type. 

 

1) Have you ever had any problems with mould. —  Yes. 
No. 

 

Dampness. —  Yes. 
No. 

a) Where --  N/A 
Living room 
Kitchen 
Bedroom 
Bathroom 
Other 



2) Do you keep any windows open during the day —  No. 
Yes. — Living room. 

Kitchen. 
Bedroom. 
Bathroom. 
Other. 

3) Do you keep your bedroom window open at night — Yes. 
No. 

4) Do your windows keep out the wind 

5) Which room does the sun heat in the morning 

Yes. 
No. 

Living room. 
Kitchen. 
Bedroom. 
Bathroom. 
Other. 

6) How many people did you talk to in the last 24 hours  In person: 
On phone: 

7) Have you been in contact with any children in the last 24 hours —  Yes. 
No. 

Readings 

1.) Living room. 

a) Humidity. 

b) Temperature. 

2.) Coldest room. Living room. 
Kitchen. 
Bedroom. 
Bathroom. 
Other. 

a.) Humidity. 

b.) Temperature. 

3.) Spirometer results: —  FEV1 
FVC 
FER 
PEF 


