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ABSTRACT Fifteen year chronic bronchitis mortality was investigated among 17 717 male civil
servants aged 40-64 years participating in the Whitehall Study. Associations were assessed between
mortality and Medical Research Council standardised questions about chronic phlegm production
and breathlessness, and a measure of lung function. Low FEVI was the most powerful single
predictor of mortality; controlling for age, smoking habits and employment grade, the relative
hazards ratio (RHR) was 20. Using mortality rates standardised for age and smoking, the proportion
ofmortality in the total population statistically attributable to low FEV1 (population excess fraction)
was 57%. Breathlessness while walking on the level was the best predictor among the questions and
combinations ofquestions; the relative hazards ratio was 12 and the population excess fraction, 39%.
A Medical Research Council definition of chronic bronchitis including chronic phlegm production
and breathlessness was also strongly associated with chronic bronchitis mortality (RHR= 13);
however, the population excess fraction was only 20%. This definition identified only 30% of the 64
deaths, and added almost nothing to prediction by FEVy alone. The results suggest that although the
combination ofchronic phlegm production and chronic airflow limitation is strongly associated with
mortality from chronic bronchitis, the presence ofchronic phlegm production alone is not associated
with mortality.

One of the definitions of chronic bronchitis
recommended by the Bronchitis Research Committee
of the Medical Research Council in 1965' 2 includes
report of both chronic phlegm production and
breathlessness, where breathlessness was used as an
indication of chronic airflow obstruction. This
definition was based on the belief that individuals
reporting chronic phlegm production would later
become disabled by chronic airflow obstruction.3
Other definitions of chronic bronchitis have been
proposed, including chronic phlegm production
alone, and cough with expectoration not attributable
to other lung diseases.' 4Recent studies have shown
that chronic phlegm production and chronic airflow
obstruction are two separate disease processes.S'0
Fletcher and Pride" recently advocated that the term
chronic bronchitis be used "only to denote chronic or
recurrent bronchial hypersecretion."
While the design of future epidemiological

investigations can benefit from current knowledge,
analyses of data already collected must be limited to
the questions asked and the measurements taken. Such
analyses have provided, and continue to provide,
valuable insights into the determinants of chronic

diseases. Many studies have used the Medical
Research Council (MRC) questions about chronic
phlegm production and breathlessness walking on the
level, or other questions derived from or comparable
to them. This study was designed to compare those
standardized questions, a standard lung function
measurement, and combinations of questions and
measurement, to determine which provides the most
satisfactory prediction of 15 year mortality from
chronic bronchitis in the Whitehall Study ofmale civil
servants.

Methods

In 1967-69, 18403 male civil servants aged 40-64
years were examined and questioned in the Whitehall
Study. 12 In the present analysis, smokers ofonly pipes
or cigars (n= 640) and men with unknown smoking
habits (n = 46) were excluded, leaving a total
population of 17 717. Death certificates were provided
for each subject who died within the United Kingdom
by the Central Registry of the National Health
Service. Underlying causes of death were coded to the
8th revision of the International Classification of
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Diseases. There were 64 deaths from chronic
bronchitis (ICD8 4910-491-9) in the 15 years of
follow up. Analyses were repeated for the 76 deaths
from chronic airways obstruction (ICD8 490 0-492 9)
and the results were similar (not shown).
The four questions in the shorter MRC bronchitis

questionnaire' 2 were analysed individually and in
combination. These questions were formulated by a

subcommittee of the Medical Research Council's
Committee on the Aetiology of Chronic Bronchitis,'3
and were based on questions which had been shown to
be reliable and valid in diagnosing chronic
bronchitis. 14 The questions about phlegm most
mornings for 3 months (persistent morning phlegm or

simple bronchitis) and about a recent period of
increased cough and phlegm were asked only of men
who responded affirmatively to the question about
regular phlegm in the winter. "Persistent and
increased phlegm" includes both persistent phlegm
and a recent period of increased cough and phlegm
lasting 3 weeks or more. This definition does not
consider the responses to the question about
breathlessness walking on the level. "Persistent and
increased phlegm and breathlessness" is an MRC
definition of chronic bronchitis.
Pulmonary function was assessed by spirometry.

Three blows were recorded, and the mean forced
expiratory volume in one second (FEV1) was obtained
from the two blows with the highest forced vital
capacity (FVC). Predicted values of FEVY were

obtained from a linear regression ofage and height for
men responding negatively to the MRC questions
about winter phlegm and breathlessness, and to
questions about wheeze and weather affecting
breathing (n= 2806). Percent of predicted FEVY was

calculated, and values below 65% ("low FEVY") were

used as a measure of pulmonary impairment. "FEV,
< 65% predicted, without persistent phlegm" includes
only men with low FEVY who did not report persistent
phlegm production. The results for the 2353 men with
persistent phlegm without FEV, are similar to those
for men with "persistent and increased phlegm
without breathlessness" and so are not reported.
Cox proportional hazards regression models were

developed using BMDP-2L'5 for the various measures
of respiratory impairment, controlling for potential
confounding by age, smoking habits and employment
grade. Mean ages were slightly higher and proportions
currently smoking or with high employment grade
were slightly lower for men with breathlessness,
"persistent and increased phlegm and breathlessness,"
low FEVY, or any combination of these measures (not
shown). Age was entered as single years; smoking
habits as never smoker, ex-smoker, or smoker, and
number of cigarettes smoked daily; and employment
grade was entered as low (clerical or other) or high

(administrative, executive, or professional, scientific
and technical). The magnitudes of associations,
adjusting for covariates, were estimated by calculating
relative hazards ratios from the regression coefficients.

Population excess rates and population excess
fractions'6 were calculated using mortality rates
standardised for age and smoking.

Results

Prevalence rates ofthe various measures of respiratory
impairment ranged from a high of 23-1% for "usually
have phelgm in winter" to a low of 0-9% for "low
FEV, and persistent and increased phlegm and
breathlessness" (table 1). Approximately half of the
men who reported breathlessness or had a low FEV,
also reported persistent phelgm production. The
numbers of deaths attributed to chronic bronchitis
were small. None of the measures identified all 64
deaths; the majority of deaths were identified by the
presence of low FEVY alone (n = 45) or by low FEVY
plus breathlessness (n= 50). Adding "persistent and
increased phlegm and breathlessness" identified only
one additional death to those identified by low FEVY.
Smoking was a major risk factor for chronic bronchitis
mortality. Only one death occurred among never
smokers; there were 14 deaths (21-9%) among ex-
smokers and 49 (76 6%) among smokers.

All of the measures except "persistent phlegm
without breathlessness" were significantly associated
with chronic bronchitis mortality in Cox proportional
hazards regression models (table 1). The relative
hazards ratios were highest for low FEV, alone or
in combination with breathlessness or "persistent
and increased phlegm and breathlessness"
(RHR= 19-26). The ratios were lower, but still large
(RHR = 12) for "breathlessness walking on the level"
and "persistent and increased phlegm and
breathlessness." Excluding men who also reported
persistent phlegm production markedly reduced the
relative hazards ratios for breathlessness (11-7 to 3 4)
and low FEV, (19-9 to 4 4), which suggests that the
presence of both persistent phlegm production and
airflow limitation predict higher mortality from
chronic bronchitis. However, persistent phlegm
production without breathlessness or low FEV, was
not significantly associated with mortality.
Of men reporting breathlessness, 319 (32-6%) also

had low FEVY; and 153 (52-6%) of men with
"persistent and increased phlegm and breathlessness"
also had low FEV, . Further Cox proportional hazards
regression models were developed to assess the
associations of breathlessness and "persistent and
increased phlegm and breathlessness" with mortality
rates while controlling for FEV, percent predicted
(not shown). The relative hazards ratios were
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Table 1 Prevalence rates andestimatedparameters ofCoxproportional hazards regression modelsfor 15year chronic bronchitis
mortality by various measures of respiratory impairment, males 40-64 years, Whitehall Study

(a) Model Coefficient SE RHR*

Age (single years) 01572 0-0260 1-17
Smoking habits
Ex-smoker v non-smoker 1-7167 10355 5-57
Smoker v non-smoker 21055 1-0372 8-21
Number of cigarettes smoked daily 0-0352 0-0120 1-04

Employment grade (low v high) 1 2727 0-2750 3-57

(b) Measures of respiratory impairment (added individually to model above)
Prevalence
(%) Coefficient SE RHR Deaths

Usually have phlegm in winter 23 1 13807 0-2792 3-98 44
Persistent morning phlegm 15 8 1 3700 0-2628 3-94 37
Recent period of increased cough and phlegm 9-7 0-6794 0 1305 1 97 27
Persistent and increased phlegm 7-2 14213 0-2664 4 14 24
Breathless walking on the level 5-5 2-4594 0-2586 11-70 33
Persistent phlegm without breathlessness 13-6 -0-2508 0-3262 0-78 12
Breathless without persistent phlegm 3-3 1-2082 0-3795 3-35 8
Persistent and increased phlegm and breathless 1-7 2-5216 0-2891 12-45 19
FEVI <65% predicted 6-4 2-9883 0-2839 19-85 45
FEVI <65% predicted without persistent phlegm 3.9 1-4691 0-3058 4-35 14
FEVI <65% predicted or breathless 102 2-9665 03111 1942 50
FEVI <65% predicted and breathless 18 3 1737 0-2659 23-90 28
FEVI <65% predicted or phlegm and breathlesst 7-2 3-2873 0-2833 26-77 46
FEVI <65% predicted and phlegm and breathless 09 2-9726 02975 1954 17

* Relative hazards ratio
t Adjusted for age only

markedly reduced, to 2-89 for breathlessness and to
225 for "persistent and increased phlegm and
breathlessness." Although airflow limitation
confounded the associations between these measures
and mortality, breathlessness and "persistent and
increased phlegm and breathlessness" remained
significantly associated with mortality.

Using chronic bronchitis mortality rates
standardised for age and smoking, the population
excess rates per 1000 were calculated (mortality rates
in the total population statistically attributed to the
measure) together with the population excess fractions
(proportion of mortality in the total population
statistically attributable to the measure) for selected
measures of respiratory impairment. These results are
shown in table 2. Both statistical measures were
highest for low FEV1 and low FEVy plus either
breathlessness or "persistent and increased phlegm
and breathlessness" (population excess rates= 1-6-1-8
per 1000, population excess fractions= 57-67%).
Persistent phlegm and breathlessness had intermediate
values of population excess rates (1-1-1-2 per 1000)
and population excess fractions (34-39%), with the
other measures having smaller values.
As shown in the figure, the distribution of values of

FEV1 (percent of predicted) for men who died of
chronic bronchitis was much lower than the
distribution for men who did not. Using a cut off of
less than 65% predicted captures most of the deaths
without including too many false positives. The

distributions of values were similar for smokers and
ex-smokers; 70% of the deaths (34 of 49 smokers and
10 of 14 ex-smokers) occurred in men with a low FEVy.

Discussion

These analyses of a group of male civil servants
suggest that low FEV1 is the best single predictor of 15
year mortality from chronic bronchitis; the 6-4% of

Table 2 Population excess rates and population excess
fractions for 15 year chronic bronchitis mortality by various
measures of respiratory impairment, males 40-64 years,
Whitehall Study*

Population Population
Excess rate Excess fraction

Measures of respiratory impairment (per 1000) (%)

Persistent morning phlegm 1 09 34 2
Persistent and increased phlegm 0-78 23-8
Breathless walking on the level 1-20 38-6
Persistent and increased phlegm
and breathless 0-64 19 8

FEVI <65% predicted 1-57 56-7
FEVI <65% predicted or

breathless 1-83 67-1
FEVI <65% predicted and

breathless 0-91 30-1
FEVI <65% predicted or phlegm
and breathless 1-62 59-6

FEVI <65% predicted and phlegm
and breathless 0-53 16-6

Based on mortality rates adjusted for age and smoking
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FEV1 (%predicted)

Figure Distribution of values ofFEVI per cent ofpredicted
for men who diedfrom chronic bronchitis andmen who did not,
Whitehall Study

men in the study with low FEV, experienced 70% of
the chronic bronchitis deaths. This is reflected in the
high relative hazards ratio (20), population excess rate
(16 per 1000), population excess fraction (57%), and
the distribution of values of FEV, (percent of
predicted) for men who died and those who did not.
Adding men with breathlessness slightly increased the
number of deaths identified (to 50), the population
excess rate (to 1 8 per 1000) and the population excess
fraction (to 67%), while increasing the size of the
subgroup by 37%, resulting in a lower subgroup
specific mortality rate. Adding men with "persistent
and increased phlegm and breathlessness" had little
effect on prediction. The population excess rates and
fractions were smaller for combinations of both low
FEVY and either breathlessness or "persistent and
increased phlegm and breathlessness" as were the
number of deaths identified, making these
combinations less useful predictors.

Relative hazards ratios were large (12) for both
"persistent and increased phlegm and breathlessness"
and breathlessness. The population excess rate and
excess fraction was higher for breathlessness than for
"persistent and increased phlegm and breathlessness,"
which suggests that breathlessness may be the better
predictor of chronic bronchitis mortality. Relatively
few deaths occurred among men with "persistent and
increased phlegm and breathlessness" (19 of 64). The
remaining measures of respiratory impairment had
much smaller relative hazards ratios with chronic
bronchitis mortality. Persistent morning phlegm
identified approximately the same number ofdeaths as

breathlessness, and the population excess rates and
fractions were similar. However, the prevalence rate
was about three times that of breathlessness, which
suggests that breathlessness is a more specific
predictor of mortality.

The relatively poor ability ofoneMRC definition of
chronic bronchitis to predict mortality from chronic
bronchitis is interesting. Including in the definition
both chronic phlegm production, which was not lethal
in this study, and breathlessness, which was, may have
weakened its predictive ability. Nearly all ofthe deaths
from chronic bronchitis occurred among smokers.
Mortality rates from chronic bronchitis have been
decreasing,'7 which may in part be due to lower rates
of cigarette smoking and to changes in cigarettes,
specifically lower average tar yields.'8 Lower tar
cigarettes may not have the same influence on chronic
phlegm production and airflow obstruction,'9 further
diminishing the predictive ability of the definition.

In summary, these analyses suggest that a measure
of reduced lung function provides the best prediction
in these data of subsequent mortality from chronic
bronchitis. If lung function measurements are not
available, the next best choice is the question about
breathlessness walking on the level. "Persistent and
increased phlegm and breathlessness" predicts
mortality through its association with airways
obstruction.
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