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ABSTRACT: An independent association between reduced levels of lung function and
increased mortality from nonrespiratory causes has been observed in a number of
studies. Since the total white blood cell count (WBC) has been related to both death
from coronary heart disease and to levels of lung function, the relationship between
these parameters was examined in subjects from the Busselton Health Surveys.
Questionnaires regarding respiratory and cardiac illness and smoking habits were
administered and total WBC, forced expiratory volume in one second (FEV1) and
forced vital capacity measured in 2,105 males and 2,186 females at their initial
attendance at a Busselton Health Survey in 1969, 1972 or 1975. Mortality follow-up to
1995 was completed.
Multiple linear regression showed that smoking, increasing age, reduced FEV1 (%
predicted) and a history of bronchitis were associated with increased WBC. Reduction
of FEV1 (% pred) by 20%, a history of dyspnoea and an increase in WBC of 1,300
cells.mL-1 were predictive of increased mortality from all causes or coronary heart
disease by approximately 20, 100 and 10% respectively, independent of smoking.
Removing WBC from the regression model did not significantly change the relationship between FEV1 and mortality.
The study shows that the white blood cell count, forced expiratory volume in one
second and dyspnoea are independently related to mortality in both males and females
and that the effect of forced expiratory volume in one second on mortality is not
explained by the white blood cell count.
Eur Respir J 1999; 13: 1115±1119.

Numerous studies have shown an association between
reduced pulmonary function and increased risk of death
from all causes [1±4], pulmonary disease [5], coronary
heart disease [4, 6, 7], cardiovascular disease [8±10] and
cerebrovascular disease [11, 12]. The rate of decline of
lung function also independently predicts an increased
risk of death [13, 14]. The association of reduced lung
function and increased mortality in these studies is independent of sex, age, height, weight, smoking habits or
pre-existing cardiovascular disease. The mechanism(s)
for the association between lung function and mortality
remains unexplained, although may include other factors
which are related to both lung function and risk of death.
An increased white blood cell count (WBC) has been
associated with lower levels of lung function [15, 16] and
an increased rate of decline of lung function [16, 17],
which is only partly explained by smoking habits.
An increased WBC has also been associated with increased risk of myocardial infarction [18]. It is possible
that the association between decreased lung function and
increased mortality is explained by an increase in the
number of white blood cells in the peripheral blood,
owing only in part to cigarette smoking. WEISS et al. [19]
reported 170 deaths over 30 yrs from 1,956 healthy males
in the Normative Aging Study. They found that lung
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function and WBC independently predicted an increased
likelihood of death. In the present study, the association
between WBC, lung function, respiratory illness (asthma,
bronchitis, wheeze, dyspnoea) and mortality was examined in a cohort of males and females from the general
population of a semirural town, followed for up to 25 yrs
for mortality. The specific objectives were to investigate
whether lung function and respiratory illness were related
to the WBC, to establish if WBC is an independent predictor of mortality, and to investigate the extent to which
the association between lung function and mortality can
be explained by the WBC.
Subjects and methods
Busselton is a seaside town of Western Australia, with a
population of predominantly European origin. Cross-sectional surveys of adults listed on the electoral roll were
undertaken at intervals of 3 yrs from 1966 to 1981. Enrolment to vote is compulsory in Australia. This study is
based on an analysis of the data from 2,105 males and
2,186 females at the time of their first survey attendance in
1969, 1972 or 1975, who were 25±79 yrs of age and had
available data for all required variables. Participation rates
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for the total adult populations at the times of these studies
were 90, 86 and 76%, respectively. A wide range of healthrelated data were gathered in each survey including demographic variables, general health and lifestyle variables,
health history variables, and physical, biochemical, haematological and immunological measurements. General descriptions of the surveys have been reported previously [10,
20].
Forced expiratory volume in one second (FEV1) and
forced vital capacity (FVC) were measured in all three
surveys using a McDermott dry spirometer (Pneumoconiosis Research Unit, Penarth, UK). All values obtained
were corrected to body temperature and ambient pressure,
and saturated with water vapour (BTPS), assuming a fixed
room temperature and atmospheric pressure. Results were
recorded as the highest of three successive maximum expiratory manoeuvres, provided that two of the recordings
were within 10% of each other. FEV1, as a percentage of
predicted was calculated by taking the ratio of measured
FEV1 to predicted FEV1. Predicted FEV1 was calculated
separately for males and females from linear regressions of
FEV1 on age and height derived from the Busselton survey
data from 1966 to 1981 and on never smokers without asthma, bronchitis, wheeze, dyspnoea and heart disease. The
prediction equations are FEV1= -3.33 - 0.03 6 age + 4.80
6 height for males, and FEV1= -1.87 - 0.03 6 age + 3.55
6 height for females. The same method was used to calculate predicted FVC. Respiratory illness was assessed
from responses to a self-administered questionnaire based
on the British Medical Research Council questionnaire
[21]. Participants were asked to report if they had been
treated for bronchial asthma (1969 and 1972) or asthma
(1975). Bronchitis was defined as cough and/or phlegm
production for at least 3 months of the year. Wheeze was
defined as a positive response to the question "Does your
chest ever sound wheezing or whistling?". Dyspnoea was
defined as shortness of breath (and having to stop for
breath) when walking on level ground with other people
of the same age. Smoking habits were obtained by
questionnaire. Subjects were defined as smokers if they
had smoked as much as one cigarette per day for 1 yr, and
all subjects were categorized as either current smokers
(smoking at the time of study), exsmokers (previously
smoked, but not smoking at the time of study) or neversmokers.
Mortality follow-up from the baseline survey (1969,
1972 or 1975) to 1995 was available. Deaths among survey participants were identified by linkage to the death
register for Western Australia and through relatives. Survival status was confirmed by linkage to the electoral roll
and Telecom telephone directory, and through relatives.
The length of follow-up ranged from 20 yrs for the 1975
survey participants to 26 yrs for the 1969 survey participants.
As the distribution of WBC was positively skewed, the
natural logarithm (ln) of WBC was used in all analyses.
Multiple linear regression was used to investigate the
associations between lung function and respiratory illness
and WBC after adjustment for age and smoking status.
Cox proportional hazard regression was used to assess the
relationship between WBC, FEV1 % predicted, respiratory
symptoms and mortality after adjusting for age and smoking [22]. The effects of WBC, FEV1 % pred, and respiratory illness on mortality were expressed as hazard

ratios (relative risks). If the 95% confidence interval for
the hazard ratio excludes 1.0 then the estimated hazard
ratio is statistically significant at the 5% level (i.e. p-value
<0.05). The survival time was the time (in yrs) from the
baseline survey (1969, 1972 or 1975) to death or last date
known to be alive (usually December 31, 1995). Individuals who had not died were considered censored.
The SAS software package (SAS Institutes, Cary, NC,
USA) was used to carry out the calculations [23].
Results
The baseline characteristics of the 2,105 males and
2,186 females are given in table 1. The mean age was 49
yrs (range 25±79 yrs) for both males and females, 5% of
males and 5% of females reported having had asthma
ever, 19% of males and 9% of females reported having
bronchitis (persistent cough or phlegm), 11% of males
and 5% of females reported having wheeze, and 3% of
males and 4% of females reported having dyspnoea. A
total of 45% of males and 24% of females were smokers
at their baseline study. For males, the meanSD total WBC
(61,000 cells.mL-1) was 6.301.57 for never-smokers,
6.411.53 for exsmokers and 7.871.98 for current smokers. For females the corresponding values were 6.37
1.68, 6.371.59 and 7.401.90, respectively. A total of
837 males and 645 females died during the follow-up
period. Specific causes of death for males included cardiovascular (51% of total), cancer (26%) and respiratory
(9%). The corresponding values for females were 56, 24
and 5%, respectively.
Table 2 shows the effect of FEV1 % pred, asthma, bronchitis, wheeze, and dyspnoea on ln(WBC.1,000 cells-1)
after adjustment for age and smoking. Among both males
and females, FEV1 % pred (negatively), bronchitis (positively) and wheeze (positively) were significantly related to WBC. When all variables were entered into the
regression model simultaneously, FEV1 % pred (negatively) and bronchitis (positively) remained significant in
both males and females, and hence, were independent
predictors of WBC after adjustment for age and smoking.
Table 1. ± Characteristics of subjects at initial assessment
Subjects n
Age yrs
FEV1 L
FVC L
FEV1 % pred
Asthma
Bronchitis
Wheeze
Dyspnoea
Smoking
Never
Ex
Current
WBC 61000 cells.mL-1
Ln (WBC.1000 cells-1)

Males

Females

2105
49.214.7
3.320.91
4.560.95
94.818.3
4.8
18.7
11.1
2.9

2186
48.814.1
2.360.64
3.130.72
99.618.4
4.6
9.5
4.6
4.0

26.9
27.9
45.2
7.041.91
1.920.27

64.3
11.9
23.7
6.621.78
1.860.27

Data are presented as meanSD or percentages. FEV1: forced
expiratory volume in one second; FVC: forced vital capacity;
WBC: white blood cell count.
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Table 2. ± Univariate effects of forced expiratory volume in one second (FEV1) % predicted, asthma, bronchitis, wheeze
and dyspnoea on ln(white blood cell count.1,000 cells-1) after adjustment for age (in yrs) and smoking (never, ex, current)
Males
Variable

Females

Coefficient (SEM)

FEV1 % pred*
Asthma
Bronchitis
Wheeze
Dyspnoea

-0.025
0.007
0.083
0.043
0.044

p-value

(0.006)
(0.025)
(0.014)
(0.017)
(0.032)

Overall

Coefficient (SEM)

<0.001
0.782
<0.001
0.014
0.175

-0.029
0.040
0.058
0.078
0.016

p-value

(0.006)
(0.026)
(0.019)
(0.026)
(0.028)

Coefficient (SEM)

<0.001
0.122
0.002
0.003
0.578

-0.027
0.023
0.074
0.054
0.027

p-value

(0.004)
(0.018)
(0.011)
(0.015)
(0.021)

<0.001
0.191
<0.001
<0.001
0.199

*: Effect for a change of 20% in predicted FEV1.

Investigation of interactions with smoking status showed
that the effects of FEV1 % pred and bronchitis on WBC
were the same for never-smokers, exsmokers and current
smokers.
Table 3 shows the hazard ratios (age and smoking adjusted) for the effects of FEV1 % pred, asthma, bronchitis,
wheeze, dyspnoea and ln(WBC.1,000 cells-1) in the fitted
Cox regression models for all cause mortality. For both
males and females, FEV1 % pred, dyspnoea and WBC are
significantly and independently predictive of mortality.
The hazard ratios are similar for males and females. An
increase of 20% in FEV1 % pred is associated with a
decrease of ~20% in the mortality rate, the presence of
dyspnoea approximately doubles the mortality rate, and
an increase of 0.2 in ln(WBC.1,000 cells-1), which is
equivalent to an increase of ~1,300 in WBC, is associated
with an increase of ~10% in the mortality rate. Investigation of interactions with smoking showed that the effect of WBC on mortality was similar for never-smokers,
exsmokers and current smokers. When WBC is omitted
from the regression model, the hazard ratio for FEV1 %
pred is about the same, indicating that WBC does not
explain the association between FEV1 % pred and mortality.
Separate analyses using FVC (as a percentage of the
predicted value, using Busselton data) or the FEV1/FVC
ratio also showed that lung function, dyspnoea and WBC
were independently associated with an increased mortality,

in both males and females. The findings were essentially
the same when death from coronary heart disease was used
as the outcome, although the hazard ratio for WBC increased from ~1.10 to ~1.14. For cancer, the effect of FEV1
was similar to all cause mortality, but the effect of the
WBC was very small and not significant. The number of
cases of respiratory death was too small for accurate analysis.
Discussion
This study shows that FEV1 (as a percentage of the
predicted value) and bronchitis are both independently
related to the WBC, that all cause mortality and death from
coronary heart disease are related to FEV1, WBC and
dyspnoea, and that all these relationships are independent
of smoking status. However, the relationship between
FEV1 and mortality is not explained by the WBC.
Many studies have observed an association between
lung function and all cause (including nonrespiratory) mortality [1±6, 8, 9, 11±14]. Possible mechanisms for this
association include reduced lung function owing to diseases which result in death such as congestive cardiac
failure, or illness resulting in both reduced lung function
and increased risk of death from cardiac causes, such as
sleep apnoea. These explanations seem unlikely, since reduced lung function predicts an increased risk of death

Table 3. ± Joint effects of forced expiratory volume in one second (FEV1) % predicted, asthma, bronchitis, wheeze, dyspnoea and In(white blood cell count (WBC).1,000 cells-1) on mortality after adjusting for age (in yrs) and smoking (never, ex,
current)
Males
Variable
Sex Male
Age yrs
Male
Female
Smoking
Never
Ex
Current
FEV1 % pred
Asthma
Bronchitis
Wheeze
Dyspnoea
Ln (WBC.1000 cells-1)

Hazard ratio

Females
95% CI

1.65*

(1.59±1.71)

1.00
0.96
1.29*
0.79*
0.88
1.11
0.99
2.03*
1.09*

(0.78±1.17)
(1.04±1.58)
(0.73±0.85)
(0.61±1.25)
(0.93±1.32)
(0.80±1.22)
(1.50±2.75)
(1.02±1.15)

Hazard ratio

Overall
95 CI

Hazard ratio

95% CI

3.48*

1.88±6.46

1.80*

(1.73±1.88)

1.65*
1.79*

(1.60±1.71)
(1.72±1.86)

1.00
1.07
1.39*
0.80*
1.08
1.21
0.68
1.76*
1.09*

(0.83±1.39)
(1.15±1.69)
(0.74±0.86)
(0.73±1.61)
(0.95±1.54)
(0.46±1.02)
(1.32±2.35)
(1.02±1.16)

1.00
1.10
1.36*
0.79*
0.97
1.15
0.91
1.90*
1.09*

(0.86±1.18)
(1.18±1.56)
(0.75±0.84)
(0.74±1.26)
(0.99±1.32)
(0.76±1.09)
(1.54±2.34)
(1.04±1.13)

The hazard ratio for FEV1 % pred corresponds to an increase of 20%, the hazard ratio for WBC corresponds to an increase of 0.2 in ln
(WBC.1,000 cells-1) and the hazard ratio for age corresponds to an increase of 5 yrs. CI: confidence interval. *: p<0.05.

1118

A.L. JAMES ET AL.

many years before death and long before the clinical
development of the disease causing death, and risk factors
(weight, smoking, lipid profiles) for diseases such as heart
disease or sleep apnoea do not account for the relationship between the level of lung function and the risk of
death.
Another explanation for the relationship between the
level of lung function and the risk of death is that both are
related to a third factor which is determined by genetic/
environmental influences. It is hypothesized that this may
be the WBC in the peripheral blood, since previous studies
have shown separate associations between cigarette smoking and WBC, cigarette smoking and lung function,
WBC and lung function and WBC and risk of death or
coronary heart disease (see below). Cigarette smoking is
associated with reduced levels of lung function and increased numbers of white cells in the peripheral blood [15]
and in the lung [24]. Mortality from respiratory illness,
particularly chronic obstructive lung disease and lung
cancer, and from cardiovascular disease, is greatly increased in smokers, and smoking is associated with an
accelerated decline in lung function with time [25±27].
The association of smoking with reduced lung function
and respiratory illness has been attributed to the damaging effects of white blood cells, particularly neutrophils,
on lung tissue [28]. This is supported by the association of
increased WBCs with reduced levels of lung function and
an increased rate of decline in lung function [15, 16],
although in these studies the relationship between lung
function and WBC is independent of smoking status.
The present study demonstrates a relationship between
the WBC and mortality from any cause or from coronary
heart disease. An increase in the WBC of 1,300 cells.mL-1
is associated with an increase of 9% in the risk of death
from any cause for both males and females. The association between WBC and mortality observed in the present
study was independent of smoking, age, height, respiratory
illness, and lung function. A number of other studies have
shown a relationship between the WBC and increased risk
of death [29±32]. The National Health and Nutrition
Examination Survey (NHANES 1) study [30] showed
that in males, a WBC >8,100 cells.mm-3 was associated
with a risk ratio of 1.43 for all-cause mortality and of 1.66
for death from coronory heart disease, compared with a
WBC <6,600 cells.mm-3. This effect was not observed in
females. Similar results were seen in studies which included only males, after adjustments for age and smoking
habits, both in the UK [31] and the USA [32]. The present
study showed an effect of WBC in both males and females.
Mechanisms by which an increased WBC results in an
increased risk of death remain to be determined. Possibilities include increased tissue damage due to the release
of destructive enzymes from white cells, as is thought to
occur in the development of emphysema in smokers [28],
or the release of highly reactive oxygen species causing
widespread tissue damage [33, 34]. There is evidence that
an imbalance between oxidative stress and antioxidant
systems may be important in the development of both
respiratory [35] and cardiovascular disease [36]. Therefore, factors which alter the number of white cells (sources
of oxidative stress) in the peripheral blood may influence
mortality. Constitutional (genetic) factors, and acquired
factors such as exposure to allergens, irritants or infec-

tions may all be important in determining the WBC over
short or long periods. The observations of an association
between the blood monocyte count with an increased risk
for coronary artery disease [37] and increased blood
eosinophils with an increased mortality [38], may reflect
different inflammatory mechanisms contributing to both a
total increase in white cells and an increased risk of
disease and death.
In the present study, it was hypothesized that the WBC
might account for the association between reduced lung
function and increased mortality from respiratory and nonrespiratory causes. Analysis of 170 deaths over 30 yrs from
the Normative Aging Study [19] showed that WBC and
FEV1 independently predicted death. The study was conducted after exclusion of those with known cardiac,
thyroid, renal or hepatic dysfunction or diabetes. The present study included all attendees and analysed a greater
number of deaths in both males and females. In addition
to FEV1 and WBC it was also demonstrated that dyspnoea, possibly reflecting existing disease, independently
predicts mortality. The analysis shows that lung function,
WBC and dyspnoea are all independent risk factors for
mortality, since inclusion of WBC in the regression
model makes little difference to the hazard ratio for lung
func-tion expressed as FEV1 % pred, FVC % pred or
FEV1/FVC. Therefore, it must be postulated that separate
fac-tors account for the association between increased
mor-tality and reduced lung function on the one hand,
and increased mortality and WBC on the other. Other
factors which may partly determine the WBC, lung
function and mortality may include inflammatory stimuli
such as al-lergens, irritants and infections. An association
between antibody titres to infectious agents and lung
function has been observed [39], but there are no studies
relating infections to mortality and lung function or
WBC.
The Busselton population is uniform with regard to race,
and has minimal environmental exposures such as air
pollution or occupations known to impose a risk to respiratory health. Studies of infectious agents in relation to
mortality or lung functions have not been undertaken in
this population to date.
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