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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. 

2 



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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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 


