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1.

Papers identified
Using the procedures described in “COPD and risk factors other than
smoking. 1. Identifying Relevant Papers,” 40 papers were identified as
relevant.

2.

The papers
Given the long history of the evidence here, I felt it useful to
summarize the information presented in the papers selected in chronological
order. This is done below, in the form of a paragraph, usually quite short,
relating to each reference.
Oswald et al (1953)1 compared patients in London with chronic bronchitis
with “comparable controls”. 26.3% of cases, as against 6.3% of controls, lost
time at school from respiratory infections.
In a study of UK postmen, Reid and Fairbairn (1958)2 compared those
invalided out with bronchitis and those still in service as regards attacks of
bronchitis at various ages. At age 15-24, both the attack rate (122 vs 13
attacks per man-years) and the average duration of attacks (12.8 vs 2.8 days)
was much higher in the bronchitics. These results were later referred to by
Reid (1969)3 in a talk entitled “The beginnings of bronchitis.”
Six years later, Leeder (1975)4 presented a review on the “Role of infection in
the cause and course of chronic bronchitis and emphysema”. This paper
floated the idea that chronic bronchitis may arise “because repeated
respiratory tract infections cause permanent damage to the airways and lead
to the chronic disease”, but clearly did not consider that the evidence
presented represented any form of proof. He, and also Reid earlier, referred to
evidence that within cohorts of British men born in 1921, 1931, 1941 and
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1951, those with high childhood mortality risks from respiratory diseases had
higher mortality rates from respiratory disease later in life.
In 1977, Burrows et al5 presented results of a cross-sectional study in Tucson.
There was a very strong relationship of childhood respiratory trouble to
current COPD and a variety of respiratory symptoms, which was evident in
never, ex- and current smokers.

Further evidence from this study was

presented in other papers in the same year.6,7
In 1983, Samet et al8 published a review paper on “the relationship between
respiratory illness in childhood and chronic airflow obstruction in adulthood”.
The summary states that “Relevant epidemiologic studies, however, have
provided conflicting results, and many are flawed by recall bias” and notes that
“A complete test of the hypothesis would require follow-up of study subjects
from birth to adulthood with monitoring of respiratory infections and
pulmonary function”. Apart from the studies noted above,1,2,5 Samet et al refer
to a study by Harnett and Mair9 who followed up adults who had been
identified 30 years previously as prone to “catarrh” or subject to “recurrent
bronchitis”, finding no significant difference in respiratory symptoms or lung
function from a control group. However, this study was very small. Samet et
al also refer to a study by Fletcher et al10 which reported a significant
relationship of smoking-adjusted FEV1 (but not FEV1 slope over an 8 year
follow-up) with a history of childhood bronchitis, childhood pneumonia or
pleurisy.
In a general review of the epidemiology of COPD in 1984, Higgins11 included
a short section on “Infections of the respiratory tract”. She cited the 1979
US Surgeon General Report12 for the statement that “Several studies have
shown that childhood respiratory illnesses may be associated with reduced
lung function at older ages.”
Two years later, in the British Medical Journal, Barker and Osmond13 reported
the results of ecological analyses based on mortality data for England and
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Wales by region and time. Results of two types of analysis were presented,
both of which led the authors to the conclusion that childhood respiratory
infection is a very strong determinant of risk of chronic bronchitis in adult life.
The first was a regional correlation, showing that areas of England and Wales
which in 1921-5 had high infant mortality rates from bronchitis and
pneumonia (and hence presumably high infection rates in those who survived),
also tended in 1968-78 to have high death rates from chronic bronchitis.

The

second was an Osmond and Gardner analysis of death rates from chronic
bronchitis and emphysema and from lung cancer, which showed that for both
sexes both diseases had a similar pattern of risk by birth cohort (which they
attributed to smoking), but a very different pattern of risk by period of death
with no obvious trend for lung cancer but a sharp decline for bronchitis (which
they attributed to reduced childhood infection and to the advent of antibiotics).
At the time I felt that these analyses were of considerable interest, though the
interpretation of the findings was not as straightforward as the authors
indicated. For full details of my views, the interested reader is referred to
Review 346 and to a letter I published in the BMJ.14 Later analyses by my
group15 of the time trend data showed clearly that there was, in England and
Wales, a steeply declining trend in mortality from COPD which clearly could
not be explained by trends in smoking habits, or the introduction of the Clean
Air Act in 1956, and may relate to a decrease in childhood infection.
Britten et al (1987)16 reported results from a cohort of UK men and women
born in 1946.

In both men and women, lower peak flow and higher

respiratory morbidity at age 36 were independently associated not only with
current indices of poor social circumstance and cigarette smoking but also
with poor home environment at age 2 years and lower respiratory tract illness
before age 10. The authors considered that the findings provided additional
evidence for a causal relation between childhood respiratory experience and
adult respiratory disease.
Burrows et al (1988)17 presented further analyses of FEV1 from the Tucson
Epidemiological Study of Airways Obstructive Disease. In non-asthmatic
subjects aged 40-74, the authors note that “a history of respiratory trouble
3

before 16 yr of age continues to appear to increase susceptibility to smoking
effects …”, but “as in previous studies, the possible bias of preferential recall
of childhood illnesses by impaired subjects limits interpretations of this
association.”
Yamagu et al (1988)18 reported results of a cross-sectional study in Beijing in
men and women aged 40+ in three areas.

Multiple regression analyses

showed that the prevalence of obstructive lung disease was highest in the rural
area, and was significantly increased in relation to age, cigarette smoking, low
SES and positive history of respiratory diseases.
Paoletti et al (1989)19 reported results of a cross-sectional study in Italy,
comparing subjects with or without childhood respiratory infections before age
12.

Subjects with childhood infections had the highest prevalence of

respiratory symptoms and diseases and the lowest lung function values,
regardless of smoking habit.
Barker et al (1991)20 described the results of follow-up of 5718 men in
Hertfordshire, England born in 1911-1930 whose birth weights, weights at 1
year, and childhood illnesses were recorded at the time by health visitors.
Bronchitis or pneumonia in infancy was associated with a significant 0.17 litre
reduction in adult FEV1 and with an increased odds ratio of respiratory
symptoms in adult life independently of smoking, social class and birth
weight. No association was found between FEV1 and lower respiratory tract
infection between the ages of 1 and 5 years.

Deaths from COPD were

determined but analyses in relation to childhood illnesses were not reported,
presumably due to lack of power.
In the same year, Martyn21, from David Barker’s group in Southampton,
published a book chapter entitled “Childhood infection and adult disease”.
The section relating to chronic lung disease summarizes the Barker and
Osmond findings13and presents arguments why the results do suggest a causal
effect of infections in childhood.
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Mann et al (1992)22 presented analyses based on a UK population born in
1946, and followed ever since, with additional information obtained from the
parents and firstborn offspring of the subjects. In the population itself, lower
respiratory tract problems at age 36 were best predicted by poor home
environment, parental bronchitis, atmospheric pollution, childhood lower
respiratory illness and later smoking.
Ding et al (1992)23 studied 90 cases in Beijing admitted to hospital for acute
lower respiratory tract infection before 7 year olds who were followed up for
24-31 years. Their siblings without such infection during childhood were the
controls.

The prevalence of CB in the infection group (12.2%) was

significantly higher than in the control group (2.2%), with smoking and
infection noted to have synergistic effects. (Based on an English abstract of an
untranslated Chinese paper.)
Shaheen et al (1994)24, also from David Barker’s group, related respiratory
illness documented in the first 2 years of life to the lung function of 618 men
and women with a mean age of 70 years living in Derbyshire. Pneumonia
before age 2 was associated with a significantly reduced FEV1 in men and a
non-significantly reduced FEV1 in women after adjustment for smoking and
asthma. Bronchitis, measles and whooping cough were not associated with
diminished adult lung function.
Viegi et al (1994)25 present further results from the Italian cross-sectional
study described by Paoletti et al.19 In these multivariate analyses, childhood
respiratory infections were not independently related to chronic cough or
phlegm, wheeze or dyspnoea, were positively related to asthma symptoms (but
only in women), and were not related to abnormalities in lung function.
Shaheen et al (1995)26 summarizes results from the Southampton group’s
studies in Hertfordshire20 and in Derbyshire24 considered above, concluding
that the results “support a causal relationship between LRTI [lower
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respiratory tract infection] in early life and subsequent COPD.” Shaheen et al
(1997)27 is similar.
Silverman and Speizer (1996)28 is a general overview paper on “Risk factors
for the development of chronic obstructive pulmonary disease”. The Section
on “respiratory infections” covers both adult and childhood infections,
summarizing some of the evidence considered above. They note that in adults
acute respiratory illnesses typically are not associated with permanent loss of
lung function, but “more compelling evidence links childhood respiratory
illnesses to slower growth and lower maximal attained level of pulmonary
function, but the definite association of childhood infection to the
development of COPD remains to be proved.”
Shaheen et al (1998)29 presented results from a follow-up study in 1986 of
1070 children born in St Andrew’s from 1921 to 1935 for whom information
on birth weight and respiratory illnesses up to age 14 was available.
Pneumonia before age 2 was associated with a significant reduction in FEV1
and FVC after controlling for age, sex, smoking, height, and other illnesses
before two years.

Similar reductions were seen in men and women.

Bronchitis before two years was associated with smaller deficits in FEV1 and
FVC. The authors consider that the deficits in lung function associated with
pneumonia and bronchitis in the first two years of life “are consistent with a
causal relation”.
Johnston et al (1998)30 describe follow-up of another British birth cohort, this
time born in 1958. A history of pneumonia by age seven years was associated
with a significant reduction in FEV1 (by 102 ml) and in FVC (by 173 ml) at
age 34 or 35, after adjustment for sex, age and smoking.

A history of

whooping cough was associated with smaller deficits, significant only for
FVC. The authors note that “it remains unclear whether pneumonia causes
the deficit in lung function or whether pneumonia is more common among
children who have poor lung function before the disease”.
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Berglund et al31 carried out a cross-sectional study in an elderly nonsmoking
population in California in which a multiple logistic regression analysis
included a self-reported history of childhood respiratory illness (FF 2.15, 95%
CI 1.38-3.20) among the significant risk factors for obstruction on pulmonary
function tests.
A review paper by Hogg in 199932 notes that “many epidemiological studies
have implicated childhood respiratory infections as an independent risk factor
for the subsequent development of persistent asthma and chronic obstructive
pulmonary disease (COPD)”. The possible role of viruses is discussed, but
epidemiological data are not considered. Studies of the molecular mechanisms
of viral infections of the airways are advocated.

Another review paper, mainly considering possible mechanisms, is by
Martinez (1999)33. He concludes that “several lines of evidence suggest that
susceptibility for both asthma and COPD may be at least in part determined
very early in life, or during fetal life”.
Yet another review paper (Sethi, 200034) considers “bacterial infection and the
pathogenesis of COPD”. The long-term follow-up studies of the Southampton
group20,24,29,30 are discussed.

Sethi notes that “Although the association

between childhood lower respiratory tract infection and impaired lung
function in adulthood is now well established, there is ongoing debate as to
whether this association reflects a cause-effect relationship in which the
infectious process damages a vulnerable lung undergoing rapid postnatal
growth and maturation”.

He states that “there are several unanswered

questions regarding bacterial infection in COPD that can be exciting areas of
investigation”.

Further results from the Italian cross-sectional study were presented by Viegi
in 200035. Three endpoints of COPD were considered, based on differing lung
function criteria.

In multiple regression analyses childhood respiratory
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infections were a significant risk factor in four of the six analyses (3 criteria x
2 sexes) with odds ratios typically about 1.6.
Cerveri et al (2001)36 reported results from a cross-sectional study in almost
18,000 subjects aged 20-44 in 35 centres in 16 countries (the European
Community Respiratory Health Survey = ECRHS). Respiratory symptoms
and pulmonary function were related to various risk factors including a selfreported serious respiratory infection before the age of 5 years.

The

prevalence of chronic bronchitis was not independently related to such
infection in either sex. No analyses were presented relating infection to FEV1,
and the discussion does not refer to childhood infection at all.
Bakke (2003)37 is a general review paper on “Factors affecting growth of
FEV1”. In the section on lower respiratory tract infection, “population studies
of children and adults with retrospective ascertainment of LTRI” are not
reviewed as being “obviously subject to recall bias”. As regards “population
studies of adults with independent ascertainment of LTRI” reference is made
to three studies cited above20,29,30, Bakke concludes that “it seems clear that
LTRI in childhood is related to lower lung function as an adult. However, it
remains to be clarified weather (sic) the childhood pneumonia causes the
observed deficit in lung function or the pneumonia occurs more frequently in
children with a lower pre-morbid lung function”.
Lange et al (2003)38 reported results from the Copenhagen City Heart Study
starting in 1976-1978. Multiple logistic regression included chest infections in
childhood as a significant predictor of chronic bronchitis, with an odds ratio of
2.1 (95% CI 1.602.9).
De Marco et al (2004)39 presented further results from the large ECRHS
survey. In multiple regression analysis, respiratory infections in childhood
were noted to be significantly and homogeneously associated with both GOLD
stage 0 (at risk) and GOLD stages I+ (COPD). After adjustment for smoking,
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ETS exposure, occupational exposure, SES, sex and country, the relative risk
for stage I+ was estimated as 1.62 (1.24-2.12).
Marossy et al (2007)40 used the 1958 British Birth Cohort to examine the
relationship between childhood chest illness and change in FEV1 or in FVC
between age 35 and 45. Analyses were conducted separately for pneumonia,
whooping cough, wheeze by age 7 years or wheeze onset by age 8 to 16 years,
but no significant associations were seen.

The authors conclude that

“childhood chest illness does not adversely affect the rate of decline of lung
function in mid-adult life”. Referring back to the study of Johnston et al30 they
state that “Because it has been shown that childhood pneumonia is associated
with reduced ventilatory function in the fourth decade of life, it is likely that
the disease causes a reduction in the maximal attained lung function rather
than an accelerated decline during adulthood or that premorbid lung function
is a predisposing factor for childhood pneumonia.

3.

Overall comments
It is clearly very difficult to collect together convincing evidence that
the incidence of COPD, which typically occurs at age 60 or older, is causally
affected by infections occurring some 50 years earlier, in childhood.
However, it is a possibility that remains of interest, as it is a major interest of a
number of review papers cited above4,8,21,26,27,32-34. Generally, these reviews
conclude that the evidence is suggestive, but not conclusive.

There are a number of cross-sectional studies which generally report an
association between infection in childhood and either presence of chronic
bronchitis or COPD or reduced lung function1,5-7,10,17-19,25,31,35,36 though in
some studies significant relationships were not seen for all endpoints studied.
One problem of studies of this type is recall bias, with people suffering from
COPD, or symptoms related to it, being likely to be more ready to remember
past infections.
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Another approach is using ecological studies, and here the study of
Barker and Osmond13 reported that areas in England which had a high rate of
mortality from childhood respiratory infection clearly tended years later also
to have high rates of mortality from COPD. However, it is well known that
drawing inferences from such studies is a dangerous procedure.

In principle, the best evidence comes from studies in which details of
childhood infections were recorded at the time they occurred and linked to
subsequent onset of COPD. There are a number of studies of this type, many
conducted in the United Kingdom, where the hypothesis seems of particular
interest. These can be divided into four groups:

(i)

Studies of UK postmen2,3. Here, though a strong relationship was
seen, the earliest age group for which infections were reported is 1524, so the relevance to childhood infection is not direct.

(ii)

Studies of British birth cohorts16,22,30,40. These are limited by the study
group only being quite young (typically 35-45) at the time of the
publication, so do not relate to COPD mortality.

(iii)

Studies by the Barker group in Southampton who followed up
populations in Hertfordshire20, Derbyshire24 or St Andrew’s29 in which
information on infections had been recorded in childhood. While these
studies were consistent in demonstrating that pneumonia in early life
was a predictor of subsequent reductions in lung function, after
adjustment for smoking habits, there were too few deaths from COPD
in those with pneumonia in early life to study mortality.

(iv)

Some other studies where populations with childhood infections had
been followed up over a long period. One of these9, which found no
association with early life “catarrh” or “recurrent bronchitis” was
quite small.

Another23, also quite small, in China, did find an

association with acute lower respiratory tract infection in childhood.

This evidence, taken as a whole, is interesting and strongly suggestive,
but still inconclusive. Possibilities of confounding seem to remain, and there
are no data on the specific type of bacterium or virus involved.
10
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