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Aggravation of lung disease 
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ABRAMS HK. Aggravation of lung disease. Scand J Work Environ Health 10 (1984) 487-493. The 
chronic respiratory diseases are a pervasive cause of morbidity and mortality. In the developed countries 
the chronic nonspecific respiratory diseases (CNRD), eg, chronic bronchitis, emphysema, bronchial 
asthma, are a major cause of morbidity and mortality. They have been increasing during a period when, 
in many countries, there has been a decline in total mortality rates and in certain major chronic illnesses 
such as coronary heart disease. In many developing countries, acute and chronic respiratory diseases are 
leading causes of death with chronic bronchitis as a major cause of disability. The boundary between 
occupationally caused and "work-related'' chronic lung diseases is indistinct, reflecting the multifac- 
torial nature of the diseases. This report focuses primarily on the CNRD, and the work-related risk 
factors which play a role in their etiology and/or aggravation. These factors include specific work 
exposures such as inhaled noxious materials and other work conditions, immunologic considerations, 
combined exposures in the work and community environment, societal trends such as industrialization 
and urbanization, behavioral patterns, stress, social support, and other socioeconomic elements. The 
available evidence is examined, and directions are indicated for further research for the identification of 
those factors in the environment which initiate, potentiate, or aggravate CNRD and for the development 
of measures for the prevention of disability and premature death. 
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Only 26 years ago, Fletcher (15) wrote that havior, and  medical care. The problem is not as 

Great Britain we believe that chronic bronchitis is simple as the aggravation of  silicosis by the tubercle 
a disease that frequently leads to progressive ob- bacillus. 
structive pulmonary emphysema, which may prove In identifying factors that may aggravate chronic 
fatal; and we regard the syndrome of chronic bran- work-related lung disease, one must approach the 
chitis and emphysema as the commonest cause of 
respiratory disability in our working population subject comprehensively. The  factors may  be listed as 
[P 3681. follows: 

Mortality in the cities was twice that in the coun- 
tryside. Mortality in social class V was more than five 
times that in social class I. Since the social gradient 
was the same for  both sexes, 

. . .it must therefore be due to some general environ- 
mental rather than occupational influence, and since 
the unskilled laborers tend to live in the more 
crowded and smokey parts of our cities, it is quite 
probable that this is again an effect of atmospheric 
pollution. Overcrowding with inadequate medical 
care and easy transmission of infections may also be 
playing a part [p 3691. 

Work conditions: noxious dusts, gases, vapors, hard  
labor 

Host susceptibility: immunologic/atopic (immuno- 
globulin E tendency), protease inhibiting phenotype 
Z (alpha antitrypsin deficiency), increased bronchial 
reactivity 

Community conditions: industrialization/urbaniza- 
tion, air pollution 

Childhood respiratory disorders 

Thus Fletcher identified some of the  factors involved Socioeconomic factors: education, environment, 
in chronic nonspecific respiratory diseases. medical care, nutrition, housing, psychosocial stress 

The problem of  aggravation takes one into multi- 
farious realms of theory and  fact, ranging f rom phys- Behavioral factors: cigarette smoking, alcoholism. 

ical and chemical exposures t o  social and emotional 
factors, with detours into immunology, heredity, be- 

Schilling (39) puts the issue simply: 

There is an increased morbidity and mortality from 
I Department of Family and Community Medicine, College chronic bronchitis in certain groups which have in 

of Medicine, University of Arizona, Tucson, Arizona common hard physical work and air pollution, both 
85724, United States. at work and in the general environment, as well as 

adverse socioeconomic factors. The available evi- 
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sity of Arizona, Tucson, AZ 85724, USA. can be little doubt that a chronic bronchitic should 



not be exposed to airborne dusts or irritant gases 
and fumes, nor be employed on heavy work if respi- 
ratory symptoms are not to be worsened [p 591. 

Harriet Hardy, in her recently published memoirs 
(18), describes how she was ". . .struck by the fre- 
quent occurrence of bronchitis. This disease is closely 
associated with industrialization and crowding in 
cities, with poverty and poor nutrition, and also with 
smoking habits [p 1041." 

It is not possible to classify occupational exposures 
precisely as "causative" or "aggravating." The evi- 
dence is sufficient that industry offers both, and the 
same agent which initiates disease also aggravates it 
upon continuing exposure. 

Occupational factors 

One conclusion of the International Symposium on 
Ecology of CNRD [chronic nonspecific respiratory 
diseases] (58) in 1971, was that ". . .contrary to ex- 
pectation, among the factors influencing CNRD, 
working environment is not decisive [p 691." The 
criterion of "decisiveness" poses a formidable bar- 
rier to proving work-relatedness. Nevertheless, even 
in the same volume, are many reports such as 
". . .agents in cotton dust and in cigarette smoke 
are additive or even synergistic in producing CB 
[chronic bronchitis] in men and women employed in 
the textile industry of North Carolina, USA [p 811" 
or, from Poland's textile industry, ". . .high concen- 
trations of dust and air microflora are the main cause 
of CNRD . . . [p 751" or, from Belgium, "symptoms 
of CB appeared to be more frequent in coal miners 
than in two other occupational groups [p 951." 
Chronic nonspecific respiratory diseases also corre- 
late positively with age, smoking, and various chemi- 
cal and dust exposures (58). 

The very high incidence of chronic bronchitis and 
emphysema caused by dusts in steel workers and coal 
miners independent of smoking has been confirmed 
in many studies (11). 

An illustration of the complexity of the problems 
can be found in the experiences of farm workers. 
Farmers in England, for example, have less respirato- 
ry diseases than do urban dwellers. However, "farm 
workers" in the United States usually mean migrant 
farm workers, a population made up primarily of mi- 
nority ethnic groups and poor whites. They have a 
death rate from respiratory disease, usually pneumo- 
nia, that is much higher than that of "farmers" 
(farm owners or managers) (7). 

In Papua, New Guinea, there are three million 
people moving rapidly from rural tribal life into mod- 
ern industry. It is a nation of migrant workers. Here 
also the chronic bronchitis rate is high, and pneumo- 
nia is the first cause of death. Cor pulmonale is not 
uncommon (1, 42, 54). 

The prevalence of indicators of chronic nonspeci- 
fic respiratory diseases among grain handlers is also 
a large area of concern (12). 

In contrast to Schilling and numerous other inves- 
tigators, Parkes (34) discounts the role of occupa- 
tional exposures in either the causation or aggrava- 
tion of chronic bronchitis. He decries the use of the 
term "industrial bronchitis." He cites references to 
support his contention that "there is . . . no convinc- 
ing evidence to show that chronic obstructive bron- 
chitis. . . nor associated respiratory disability are 
directly and consistently attributable to such [occu- 
pational] exposure [p 211." He places emphasis on 
smoking and social factors as the "principal causes" 
and adds that: "Although general environmental 
pollution may provoke exacerbation of existing bron- 
chitis it has not been clearly shown to be an initiating 
cause [p 211." 

Cigarette smoking is universally agreed on as both 
an initiator and aggravator of chronic bronchitis. It 
is a frequent confounder in studies of chronic non- 
specific respiratory diseases because of the high prev- 
alence of smoking generally and the especially high 
prevalence among blue-collar workers, who are the 
most at risk from occupatioflal and community expo- 
sures. 

An example of how this confusion affects real life 
situations is the following decision of a compensation 
board (44). Their established rule is that: "Where a 
person claims compensation in respect of bronchitis 
and emphysema the Board considers that the history 
of . . . significant cigarette smokixig raises a strong 
inference that this condition is due to the smoking 
and not to the nature of his employment [p 4381." 

However, in the case of a miner, the Medical Re- 
view Panel found that the claimant was a "very light 
smoker" and stated that " . . .the long period of un- 
derground mining must have at least aggravated the 
condition and could have caused it. . . the Panel feels 
his disease was caused by his employment [pp 
438-4391." 

In the end the claimant was denied compensation 
by the Vancouver Compensation Board which felt 
that the Medical Panel's concern that years of mining 
may have "aggravated" a disease caused by "light" 
smoking was "speculative" (44). 

Despite the polemics, the clinical recognition of oc- 
cupational bronchitis is well founded. Numerous re- 
ports associate bronchitis and excess mortality from 
emphysema with diverse occupations (1 1,24, 3 1, 58). 

One need not permit the cloud of smoking or se- 
ductive social factors to obscure the fact that noxious 
dusts and chemicals may also cause and exacerbate 
chronic bronchitis and other pulmonary disorders. 

Combined exposures 

Combined exposure in the workplace is probably the 
norm. Most workers are exposed to combinations of 
chemicals or chemicals with physical exposures or 
chemical or physical exposures with physical exertion 
and fatigue. When these are also combined with 



socioeconomic factors such as malnutrition or poor 
community environment, a hazardous mixture re- 
sults. 

Foundry workers, steel workers, smelter workers, 
miners, coke oven workers, welders, farm workers, 
firefighters, and many others are exposed to multiple 
chemicals plus extremes of heat and cold. The bio- 
logic effects of combined exposures are extremely 
complex. In relation to chronic nonspecific respira- 
tory diseases the combined effect of smoking with 
dusts and irritants is best known. But there is in- 
creasing evidence of combined additive and synergis- 
tic effects of many combinations of chemicals and 
work conditions - in animal research, in in vitro ex- 
periments, and, to a small extent, in epidemiologic 
studies (56). 

Air pollution 

The most dramatic examples of "aggravation7' have 
been the community pollution episodes such as in the 
Meuse Valley in Belgium in 1931; in Donora, Penn- 
sylvania in the United States, in 1948; and in London, 
England, in 1952. During these events, chronically ill 
(mostly elderly) people with chronic cardiovascular 
and/or respiratory diseases were affected severely. 
However, many others also suffered (2, 5, 29). 

Acute episodes often leave a residuum of long- 
term effects with survivors. For example, nine years 
after the Donora episode, it was found that persons 
reporting illness during the episode had higher subse- 
quent mortality rates and a greater prevalence of dis- 
ease than did those who were not ill (9). 

Bronchial asthma has been called the "litmus" of 
bronchial reactivity in response to air pollution. 
There may be a tenfold greater occurrence of bron- 
chial asthma attacks in cities during days of high pol- 
lution. Air pollution may also enhance the asthmatic 
patient's reactivity to other stimuli. The bronchitis 
rate in Denmark, an agrarian country, is one-sixth 
that of Great Britain. Wyatt (57) cites Lave & Seskin, 
who concluded that the significant variable for fatal 
cases of bronchitis was air pollution [p 271, and Kas- 
per, who utilized pulmonary heart disease as a pa- 
rameter and reported a twofold higher frequency in 
heavily polluted areas of Czechoslovakia [p 1271. 

An autopsy study of 300 lungs from the polluted 
city of St Louis, Missouri, in the United States, as 
contrasted with clean-air Winnipeg, Canada, found a 
considerably greater prevalence of emphysema in St 
Louis. The investigators concluded that ". . .emphy- 
sema may be related to a synergistic effect of smok- 
ing and environmental pollution [p 6661" (22). 

Winkelstein et a1 (53) attempted to separate the 
variables of air pollution and socioeconomic status. 
Their conclusion was that the effects of air pollution 
were at least partially independent of economic fac- 
tors. 

Increased concentrations of the sulfur oxide-par- 
ticulate complex have been consistently associated 
with greater mortality during episodes of pollution 
and with the aggravation of symptoms in those with 
heart and lung disease. In polluted cities there is a 
greater prevalence of chronic respiratory disease 
among adults and an increased incidence of acute res- 
piratory disease and depressed lung function among 
children. 

The health effects of photochemical oxidants have 
not been as well documented for human subjects. 
Studies in the United States (Los Angeles) and Japan 
associate high concentrations with eye irritation, 
cough, and chest discomfort, especially in exercising 
groups. In experimental animals photochemical oxi- 
dants cause structural changes in lung tissue and in- 
creased susceptibility to respiratory infection (2). 

Air quality standards have emerged from the nu- 
merous studies of air pollution effects, and, since the 
application of these standards in Britain, the United 
States, and other countries, it is unlikely that acute 
disasters such as Donora will recur (2, 20, 27). How- 
ever the long-term effects of lower-level exposures, 
the possibility of high exposures from point sources, 
and the poorly controlled high levels of pollution 
being reported from some of the developing coun- 
tries pose many of today's problems. 

Individual susceptibility 

Except for very large exposures "aggravation" in- 
volves individual susceptibility. As controls of expo- 
sure improve, individual susceptibility becomes more 
important. Why do some workers escape disease de- 
spite high exposures to inhaled particles? Why do 
others succumb to relatively low exposures? Why do 
some individuals with acute symptoms proceed to 
chronic disease? What protective factors are oper- 
ative? 

The evaluation of susceptibility involves a consid- 
eration of (i) the exposure levels in the workplace, (ii) 
the relative degree of retention and toxicity of the 
dust particles or the toxicity of the chemicals, (iii) the 
physical effort involved in the job, (iv) immunologic 
or atopic factors, (v) genetic factors, (vi) behavioral 
problems, ie, smoking, alcohol, etc, and (vii) social 
and environmental correlations. Liddell & Miller (28) 
have summarized the issue well. There are no good 
answers to these questions as yet.' 

Bronchial reactivity deserves special mention as a risk fac- 
tor. While there may be genetic and immunologic compo- 
nents, Dr Ben Burrows, in a private communication, has 
reminded that ozone, and perhaps other agents, can lead 
to a state of nonspecific bronchial reactivity which would 
then predispose the lung to adverse reactions to other ex- 
posures. 



The acutelchronic relationship 

The relationship of acute to chronic lung disease is at 
the heart of the subject of aggravation. Acute chemi- 
cal exposures may lead to long-lasting effects. But 
the more subtle low-level exposures are the basis of 
controversy. 

What are the sequelae in workers who are exposed 
to large but not fatal doses of some of the powerful 
industrial poisons, for example, phosgene, chlorine, 
nitrogen oxides? Large doses of certain pulmonary 
irritants or repeated low doses may lead to chronic 
pathology and symptoms (17). 

The byssinosis story provides an interesting 
example of the controversy around acute and chronic 
relationships. Schilling (39) said byssinosis can pro- 
gress to irreversible impairment of pulmonary func- 
tion. Similarly the Shirley Institute (British) review 
(41) observes: 

A proportion of these subjects may then progress. . . 
(and) . . . in the final stages . . . the disability persists 
even when away from the mill and becomes perma- 
nent . . . the definition . . . in most of the litera- 
ture . . . stresses the progressive nature of the dis- 
ease. This presupposes that the acute and chronic ef- 
fects of textile dusts on human lungs are linked, but 
. . . this has not been shown beyond doubt . . . to 
do so would need a long-term prospective study. . . 
however, in favor of. . . progression from the acute 
to the chronic type of byssinosis is the realization 
that acute airway responses to occupational asthma 
may . . . lead to long-term . . . airway obstruction, 
even after exposure . . . has ceased [p 131. 

The report (32) of the National Research Council 
in the United States in 1982 presents a different view. 
Byssinosis is defined only as an acute disease: 
". . .one or more acute respiratory symptoms asso- 
ciated with exposure to cotton, flax, and hemp dust 
in the workplace [p 91." The report contends that the 
connection between the acute symptoms of byssinosis 
and chronic bronchitis or emphysema has not been 
demonstrated. 

Kilburn, however, wrote a "Minority Report" 
(32). He cited the recognition of cotton dust disorder 
300 years ago: 

Long before the advent of cigarette smoking as a 
'confounding factor' . . . the linkage of acute re- 
sponse to a chronic disease was established. In fact, 
the linkage goes back to Ramazini and was ampli- 
fied by Thackrah and by Kay in the 19th century and 
by A. B. Hill in the 1930s [p 1361 . . . the lessons of 
history must be heeded and . . . we must assume the 
data is real which pictures byssinosis as a chronic im- 
pairment of respiratory function related by symp- 
toms and pathology to chronic bronchitis with a pat- 
tern of airway obstruction related to employment in 
the cotton textile industry [p 1411. 

Childhood experience 

"Conditioning" or "imprintment" factors during 
early life play a role in subsequent adult respiratory 

illness. Environment, infection, and perhaps nutri- 
tional experiences in the formative years are im- 
portant. 

Surveys of children show the influence of factors 
other than smoking and occupation (36). "A survey 
of respiratory disease in over 10 000 children ages 
6-10 years living in contrasting urban and rural 
areas of England and Wales showed pronounced so- 
cial gradient in the frequency of chronic cough, his- 
tory of bronchitis, and in disease of ears and nose. A 
consistent rise in the frequency of chest conditions 
with increasing local levels of air pollution was most 
clearly seen only among the children of skilled and 
unskilled workers. . . [p 2131" (10). 

Though smoking and dusty work may be dominant 
factors in adult bronchitis, "air pollution may deter- 
mine the onset or evolution of the disease in both 
young and old [p 2171" (10). 

Studies in Papua, New Guinea, where people are 
exposed to smoke in their unventilated thatched huts 
from birth, show a high rate of respiratory infections 
and chronic bronchitis (54). 

Burrows et a1 (4), in a study of 2 600 individuals in 
Arizona, came to the conclusion that: " . . .pediatric 
respiratory disorders may be an important risk factor 
for the subsequent development of chronic airways 
disease in adult life [p 2201." 

Socioeconomic factors 

Social class and its myriad of inferences are impor- 
tant considerations in the aggravation of disease. Ob- 
servations in all parts of the world have demon- 
strated a social gradient in the burden of disease. 

Fox & Adelstein (16) attempted to dissect the 
British Registrar General's data to sort out the rela- 
tive impact of occupation as compared with that of 
other environmental elements. They reexamined the 
figures that showed similar standardized mortality 
ratios for chronic bronchitis in men and their wives 
and that implied the importance of factors other than 
occupation. They showed, for example, the great in- 
crease in the proportion of women who are working 
in industry. Furthermore, they found that a surpris- 
ing proportion of women participated in the same oc- 
cupation as their husbands or in occupations with 
similar exposures. They called attention to the large 
sex differences in the consumption of cigarettes and 
alcohol. Bronchitis death rates for men are more 
than four times those for married women of the same 
age. By the process of social class standardization, ie, 
by comparing mortality rates for men in an occupa- 
tional order with men in the same social class rather 
than with all men, they were able to tease out the rel- 
ative effect of occupation versus other factors. For 
example, stevedores had a standardized mortality ra- 
tio that was 40 VO higher than the national rates, but 
their ratio was only 6 % higher than that for men in 
social class V. At the other end of the scale doctors' 



rates were 19 Vo lower than that for all men but 5 % 

higher than that for men in class I. 
For each group of diseases they calculated that per- 

centage of mortality that was occupationally related 
versus the proportion due to other factors. Overall, 
18 % appeared to be related to occupation and 82 % 
to "way of life," the proportion for respiratory dis- 
ease being 28 % occupational and 72 Vo other. 

Many studies associate low social status or low oc- 
cupational status with respiratory disease, as well as 
with other conditions (6, 25, 30, 52). 

Psychosocial factors 

Cassell (8), influenced by Dubos (13), attempted to 
analyze the effect of psychosocial factors on health in 
terms of host resistance, or individual susceptibility 
to disease. His main thesis was that stress is a bodily 
state, not a component of the environment. It results 
from the interaction of the organism with noxious 
stimuli or circumstances. These (neuroendocrine) 
changes enhance the susceptibility to disease. Psy- 
chosocial factors act as conditioning or predisposing 
factors rather than as direct pathogenic agents. 

Social disorganization is a large factor in this pic- 
ture. Social support is a source of protection. Cassell 
(8) called for a change in preventive strategy, aiming 
at "further identification. . . and . . .modification of 
these categories of psychosocial factors rather than 
on screening and early detection [p 1211." It is more 
feasible to improve and strengthen social supports 
than to reduce the exposure to stressors. 

Cassell emphasized the importance of epidemiolo- 
gy focusing on the environment, rather than on the 
individual. One of his students (SL Syme, in an un- 
published report called "The Social Environment 
and Disease: Towards a Proper Epidemiology") 
pointed out that epidemiologists have tended to focus 

. . .on the individual's risk status, we have urged 
that individuals change their behavior and we have 
adopted a disease classification scheme that has been 
developed primarily for the diagnosis and treatment 
of individual diseases. . . this focus prevents us from 
observing that different-appearing diseases have 
characteristics in common. . . as Cassell put it, when 
investigators are concerned with only one clinical en- 
tity, the features common to multiple disease mani- 
festations tend to be overlooked [pp 24-25]. 

Although mortality rates overall have decreased in 
the developed countries, the social gap persists. That 
so many different kinds of diseases are more frequent 
in the lower classes indicates a relationship to general- 
ized susceptibility and to compromises of the defense 
systems against disease (45). 

Rather than attempting to identify specific risk 
factors for specific diseases, it may be more meaning- 
ful to identify those factors that affect general sus- 
ceptibility to disease. To accomplish this goal one 
needs to identify variables that have a wide range of 
disease outcomes. Among these may be "life changes" 

associated with social and cultural mobility, social 
isolation, personal failure. These have been found to 
be associated with higher rates of respiratory illness 
and other conditions (23, 45, 50). 

Occupational stress 

In a study of workers in a rubber tire and chemical 
plant in Michigan in the United States, House (21) 
concluded that occupational stress, especially "per- 
ceived stress," was significantly associated with self- 
reported symptoms of several physical disorders, in- 
cluding respiratory symptoms of cough and phlegm. 
He found "adverse additive effects" of self-reported 
exposure to hazardous agents (ie, dusts, fumes, 
chemicals) were evident for almost all health out- 
comes. Exposure to these agents was negatively related 
to job satisfaction and self-esteem and positively re- 
lated to smoking, neurotic symptoms, angina, ulcers, 
cough and phlegm, itch, and rash. He concluded that: 
"Psychosocial job stress may be especially hazardous 
to workers who are also exposed to physical-chemical 
or biological hazards in their work-environment 
[p 2791." 

Nutrition 

Malnutrition is one of the components of low socio- 
economic status that plays a role in reducing immuni- 
ty to infection and possibly contributing to the 
burden of disease, including respiratory disorders. 
Numerous reports link malnutrition and increased 
susceptibility to infection. Malnutrition, particularly 
protein deficiency, affects the humoral (antibody- 
mediated) and cell-mediated immune systems (33,35, 
37, 40). 

Alcohol 

Alcoholics are prone to respiratory infection and 
chronic lung disease. They also tend to smoke more 
and run the risk of repeated aspirations. There is evi- 
dence that alcohol abuse impairs the protective mech- 
anisms of the airways and the ventilatory functions 
of the lung (19, 26). 

Prevention 

Despite differences in clinical manifestations and 
etiology, chronic nonspecific respiratory diseases 
have several common preventive considerations. 
They can be prevented, or arrested, by means of clas- 
sic industrial hygiene procedures, early detection 
[Respirators have limited value and probably cannot 
be used by most people with lung disease (51), screen- 
ing for sensitivity has limited value, and genetic 
screening is rarely justifiable.], worker and employer 
education, and optimum living conditions (55). 
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