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Abstract
Objective-To assess the contribution of passive

exposure to tobacco smoke to the development of
middle ear underpressure and effusion.
Design-Cross sectional observational study.
Setting-One third of the primary schools in

Edinburgh.
Subjects-892 Children aged 612 to 71/2 were

examined, and satisfactory tympanograms were
obtained in 872. Results of assay of salivary cotinine
concentrations were available for 770 children, and
satisfactory tympanograms were available for 736 of
these.
End point-Correlation of the prevalence of

middle ear underpressure and effusion with concen-
trations of the marker of nicotine, cotinine, in the
saliva of the children.
Measurements and main results-Middle ear

pressure and compliance were measured in both ears
by impedance tympanometry. Salivary cotinine
concentrations were assayed by gas-liquid chromat-
ography. Cotinine concentrations increased with the
number of smokers in the household. Girls had
higher concentrations than boys, and children living
in rented housing had higher concentrations than
those living in housing owned by their parents.
There was a trend towards more abnormal tympano-
metric findings with increasing cotinine concentra-
tion, the odds ratio for a doubling of the cotinine
concentration being 1-14 (95% confidence interval
1-03 to 1-27). After adjustment for the sex of the child
and housing tenure the odds ratio for a doubling of
the cotinine concentration was 1 13 (1.00 to 1.28).

Conclusions-The results of this study are consis-
tent with those of case-control studies of children
attending for an operation to relieve middle ear
effusion. They indicate that the disease should be
added to the list of recognised hazards associated
with passive smoking. About one third ofthe cases of
middle ear effusion in this study were statistically
attributable to exposure to tobacco smoke.

Introduction
Middle ear effusion (glue ear) is the commonest

reason for admitting young children for an operation,'
but little is known about its cause.2 Case-control
studies of children admitted for insertion of a grommet
have shown an increased risk associated with the
presence of smokers in the household,35 particularly in
children who had been exposed to high levels of
tobacco smoke.' Criteria for referral and admission for
middle ear effusion seem to be determined substantially
by the "health culture" of the family6 and by local
clinical practice, which may in turn be affected by the
availability of services. Thus the interpretation of
studies based on patients in hospital is complicated by
selection bias, which may result in either a spurious
relation with parental smoking or an underestimate of a
true effect.

Five studies of children in the general population
have reported on the association between middle ear
effusion and passive exposure to smoke.8'2 Only

Iversen et al found a significant association, and their
results suggested that the risk associated with passive
smoking increased with age.8 If this is so it might
explain the negative results of the other studies, which
were based on children aged less than 5 years old.9'2

Both middle ear effusion and exposure to tobacco
smoke can be measured objectively. Since its introduc-
tion some 20 years ago'3 impedance tympanometry has
been widely used as a diagnostic and screening tool in
young children, and its relation to fluid in the middle
ear has been validated in patients attending for myrin-
gotomy.'3 15 Cotinine, an important metabolite of nico-
tine, is the most suitable marker to measure passive
exposure to tobacco smoke. It is specific, has a half life
ofabout 20 hours, and can be assayed in concentrations
as low as 0 57 nmol/l (0-1 ng/ml) by gas-liquid chroma-
tography. 16 Salivary concentrations of cotinine are
roughly in proportion to those in blood and have been
used to measure exposure to environmental tobacco
smoke in adults'71' and adolescents. 19 20
We investigated the relation between exposure to

smoke and middle ear disease in a sample population of
7 year old schoolchildren who were participating in a
survey of the effects of the home environment on
respiratory health.2'

Subjects and methods
A sample of one in three primary schools in

Edinburgh was chosen at random, and the parents of
all children in the third primary class (aged 61/2-71/2
years in September 1986) were contacted by postal
questionnaire. This asked about respiratory symptoms
and housing conditions relating to the child; more
details are reported elsewhere.2' The current or latest
occupation of the head of the household was coded to a
social class according to the registrar general's classifi-
cation of occupations.22 Written parental consent to
clinical tests was requested, and ethical approval for
the study was obtained from Lothian Health Board and
Lothian Regional Council's education department.

Clinical tests were performed at the schools during
January to June under the supervision of DPS. Middle
ear pressure and compliance, the volume of the ear
canal, and the relative gradient of the tympanometric
curve were measured in both ears with a Microlab
Earscan configured for impedance measurements
(Micro Audiometrics, Florida, United States). This
uses a probe tone of 226 Hz at 85 db and sweeps from
200 to -312 daPa at 100 daPa/s. The children were
asked to swallow a sip of water immediately before the
measurement was made to ensure that patent eustachian
tubes would be ventilated. Table I shows the types of
tympanograms, defined on the basis of the modification
of Jerger's original classification23 that was proposed

TABLE I- Types oftympanograms according to Fiellau-Nikolajsen'

Middle ear Gradient
Type pressure (daPa) (%) Interpretation

A 200to -99-9 >10 Normal
Cl - 100 to - 199 9 >10 Mild underpressure
C2 -200 to -312 >10 Severe underpressure
B No peak <10 Middle ear effusion
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and validated by Fiellau-Nikolaisen.'" To characterise
each child the tympanogram obtained on examination
of the more abnormal ear was used in the analysis.
The children were asked to collect saliva in their

mouths and to spit into a clean plastic container. A
sample of at least 1 ml was frozen within eight hours
after collection for assay of cotinine concentration by
gas-liquid chromatography.'6 Statistical analyses were
performed by the statistical analysis system (SAS),242"
and logistic regression models were fitted by the
generalised linear interactive modelling system
(GLIM).56 Tests for trend with one degree of freedom
used the -procedure proposed by Mantel27 and
implemented for stratified tabulations in the FREQ
procedure in SAS.25

Results
The parents of 1095 children were sent a question-

naire, and 941 (86%) consented to their child being
examined clinically. Twenty of these children left
school before the survey was carried out, and a further
20 were included in pilot studies. Of the remaining 901
eligible children, 892 (99%) were examined, and
satisfactory tympanograms were obtained for one or
both ears in 872. In 23 children results were obtained
for only one ear, but these were included in the
analysis.

Table II shows the relation between findings on
tympanometry and the sex of the child, social class,
housing tenure, and number of smokers in the house-
hold. There was no significant difference in middle ear
pressure with sex or social class (when this was
known), but the prevalence of middle ear effusion
(type B tympanogram) was higher in girls and among

TABLE iI-Prevalence (%) of types of abnormalities on tympanometry of the more abnormal ear in 872
children aged 7 according to sex of child, socioeconomic state, housing tenure, and number of smokers in
household. Numbers ofchildren are given in parentheses

Middle ear pressure (daPa)

100 to -100 -200 to -100 -300 to -200 No peak 2
(type A) (type C1) (type C2) (type B) Trend*

Sex:
Girls 63-1 (275) 17-0 (74) 12-4 (54) 7-6 (33)
Boys 62-2 (271) 17-2 (75) 9-4 (41) 11-2 (49) 0-60

Social class of head of household:
1 63-9 (62) 16-5 (16) 12-4 (12) 7-2 (7)
II 63-9(145) 14-5(33) 14-5 (33) 7-1(16)
IIIN 62-4(108) 21-4 (37) 5-2 (9) 11-0 (19) 0-00
IIIM 65-2 (118) 17-7 (32) 6-6 (12) 10-5 (19)
IVNV 62-9(66) 14-3(15) 17-1 (18) 5-7(6)
Unknownt 52-8 (47) 18-0 (16) 12 4 (11) 16-9 (15)

Tenure of housing:
Owned 64-6 (396) 16-3 (100) 10-6 (65) 8-5 (52)
Rented 57-8 (147) 18-5 (47) 11-8 (30) 11-8 (30) 3-80

No of smokers in household:
0 63-9(292) 17-3 (79) 10-7 (49) 8-1 (37)
1 63-3 (169) 16-5 (44) 10-9 (29) 9-4 (25) 3-97t
>--2 56-4(79) 17-1(24) 12-1(17) 14-3(20)

Fifths of salivary cotinine (nmol/l):
<0-57 64-8 (70) 15-7 (17) 12-0 (13) 7-4 (8)
0-57- 72-6(130) 13-4(24) 8-9(16) 5-0(9)
2-27- 65-4 (104) 20-8 (33) 57 (9) 8-2 (13) 7-015
7-38- 61-0(89) 17-8 (26) 6-9 (10) 14-4 (21)

>19-9 58-3 (84) 16-7 (24) 12-5 (18) 12-5 (18)

* df=l.
t Head of household was a student, a member of the armed forces, or had never been employed; this group was
excluded from the test for linear trend.
t p<O-OS. 5 p<O-Ol.

TABLE III-Distribution of salivary cotinine concentrations according to number of smokers in household

Salivary cotinine (nmol/l)

No of smokers in Third
household Minimum First quartile Median quartile Maximum

0(n=405) ND ND 1.1 2-3 36-9
1 (n=241) ND 4-5 10-2 22-7 205-0

¢2(n=124) 2-3 12-5 25-0 37-5 97-1

Total (n=770) ND 0-6 4-0 16-5 205-0

ND = None detected (<0-57 nmol/l).

children of unknown social class. There was a signifi-
cant trend towards abnormal tympanograms in
the children whose parents were smokers, and the
prevalence of effusion increased with the number of
smokers in the household (X2 for trend in proportions
=4-15, df=1, p<0 05). There was a similar trend,
which was of borderline significance (p=0 051),
associated with rented housing.
The results of the salivary cotinine assay were

available for 770 children (405 from non-smoking
households, 241 from households with one smoker,
and 124 from households with two or more smokers).
Table III shows the distributions of salivary cotinine
concentrations in these three groups. A total of 109
(27%) children from households with no smokers
had concentrations below the limit of the assay
(057 nmol/l), whereas only one child from a house-
hold with one or more smokers had no detectable
salivary cotinine. Six children, five of them from
households with only one smoker, had concentrations
>82 nmol/l, a suggested cut off point to distinguish
between smoking and non-smoking adults and
adolescents.820 These values were 93 1, 97-1, 106 2,
119-3, 144-8, and 205 0 nmol/l.
Table IV shows the relation between cotinine concen-

trations, sex of the children, and housing tenure within
groups with similar numbers of smokers in the home.

TABLE IV-Geometric mean salivary cotinine concentrations* (nmolll)
in 770 children aged 7 according to sex of child, housing tenure, and
number of smokers in household. Numbers of children are given in
parentheses

Tenure of housing

No of Owned Rented
smokers in
household Boys Girls Boys Girls

0 0-85 (176) 1-02 (161) 3 01(35) 8-63 (33)
1 5-62 (67) 6-53 (74) 17-04 (53) 25-95 (47)

¢2 15-61 (28) 17-04 (33) 21.47 (30) 34-36 (33)

* Undetectable concentrations were recorded as 0-28 nmol/l.

In view of the skewed nature of the distributions for
cotinine concentrations the table gives geometric mean
values. For logarithmic transformation undetectable
concentrations were treated as 0-28 nmol/l. Female sex
and rented housing were independently and consis-
tently associated with higher cotinine concentrations
given the same number of smokers in the household.
These effects were apparent even in non-smoking
households, and the difference with sex was particularly
pronounced among children from rented homes.

Satisfactory tympanograms were obtained for 736 of
the 770 children for whom we had data on salivary
cotinine concentrations. When cotinine concentrations
were grouped in fifths of the distribution there was
a highly significant trend towards more abnormal
tympanograms in the children with higher concentra-
tions (table II). In view of the associations between
cotinine concentrations and sex of the child and
housing tenure and the modest effect of these factors
on the prevalence of middle ear effusion the relation
between salivary cotinine concentrations and abnormal
tympanograms was analysed further by multiple logis-
tic regression. Presence or absence of effusion (type B
tympanogram) was treated as a dichotomous outcome
variable. To investigate the form of the dose-response
relation in more detail the data on cotinine concentra-
tions were fitted as a continuous explanatory variable.
The logarithm of the cotinine concentration was found
to give the best fit, its relation to the prevalence of type
B tympanograms being close to linear on a logarithmic
scale (X2 for inclusion of quadratic tern= 00000, df=
1).

In single factor models the odds ratio for female sex
was 1-53 (95% confidence interval 0-92 to 1-98), and
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for rented housing it was 1-43 (0-84 to 2 42). The effect
of the logarithm of the cotinine concentration in a
single factor model was significant (x2=6 60, df= 1,
p<002), and the odds ratio for a doubling of salivary
cotinine concentration was 1-14 (IP03 to 1-27). In a
joint model including all three factors the effects of sex
and logarithm of the cotinine concentration changed
little, but there was an appreciable reduction in the
odds ratio for children living in rented housing,
suggesting that passive exposure to smoke accounted
for much of the effect of rented housing in the single
factor models. The adjusted odds ratios were 1-46
(0-87 to 2-44) for female sex, 1-03 (0 55 to 1-91) for
rented housing, and 1-13 (1-00 to 1-28) for a doubling
of salivary cotinine concentration. The effect of the
logarithm of the cotinine concentration remained
significant in the joint model (x2=4 14, df= 1, p<005).
Further adjustment for parental social class, number of
people living in a room, gas cooking, and the presence
of damp walls in the home made no substantial
difference to the coefficient for the logarithm of the
cotinine concentration.
The linear relation between the logarithm of the

cotinine concentration and the prevalence of middle
ear effusion on a logit scale implied that the prevalence
odds were proportional to a power of the cotinine
concentration, the power exponent being the coefficient
(logarithm of the odds ratio) for the logarithm (base e)
of the cotinine concentration in the logistic model.
The data suggested that the odds ratios for type B
tympanograms after adjustment for sex and housing
tenure relative to children with undetectable cotinine
concentrations would be approximately 1-7 at 5 7
nmol/l (1 ng/ml) and 2 3 at 28 4 nmol/I (5 ng/ml). Thus
even low levels of passive exposure to smoke may have
substantial effects on the prevalence of middle ear
effusion. The model predicted that in a population of
the same distributions of age, sex, and tenure in which
all children had undetectable cotinine concentrations
the prevalence of type B tympanograms would be
approximately 5-8%. As the observed prevalence was
9-4% at least one third of the cases of middle ear
effusion in this age group may have been attributable to
passive smoking.

Discussion
We believe that this is the first study to report

biochemical data on passive exposure to smoke in
primary school children. The age group chosen was
young enough to exclude regular active smoking, but
some of the higher concentrations of salivary cotinine
observed were greater than could reasonably have been
attributed to passive exposure. These high concentra-
tions may indicate experimentation with cigarettes,
even at this early age. None of the six children with
cotinine concentrations above 82 nmol/l, however, had
middle ear effusion (five had normal (type A) tympano-
grams), so their inclusion in the analysis will have
tended to diminish any effects attributed to passive
exposure to smoke rather than to generate a spurious
effect.
As expected, cotinine concentrations were related to

the number of smokers in the household, but equally
striking was the variation with sex of the children and
housing tenure within groups with the same numbers
of smokers. Even among the children from non-
smoking households cotinine concentrations were
Iiigher in those living in rented accommodation. This
suggests that considerable exposure to smoke occurs
outside the home, which is strongly related to social
factors. When tenure and number of smokers were
controlled for girls had higher salivary cotinine concen-
trations than boys. This may reflect differences in
cotinine metabolism or in activity patterns, boys being

perhaps more likely to play outdoors or away from
adults who smoke. No difference with sex has been
found in older children. 19
The prevalence of abnormalities on tympanometry

in this population of 7 year old children is consistent
with previous reports.28 29 Tympanometry was per-
formed only once, and many of the abnormalities
detected, including middle ear effusion, tend to resolve
spontaneously.29 This population survey probably
included only a few cases of persistent disease in which
an operation would be indicated. The findings are
therefore complementary to, rather than directly
comparable with, case-control studies of children
admitted to hospital.3'- They do, however, relate to an
age group close to the peak age for admission for an
operation for middle ear effusion.'
Our results show a significant relation between

salivary cotinine concentrations and disease of the
middle ear, whether a range of abnormal tympano-
grams, or tympanograms with and without a definable
peak (taken to indicate effusion) are considered. These
associations were probably not due to bias because
the measurements were objective and the laboratory
analysts were blind to the tympanometric findings.
Adjustment of the crude estimates of the effect of
sex and housing tenure on cotinine concentrations
indicated some confounding by these factors, but
confounding by socioenvironmental factors probably
did not persist in the final model. The coefficient for
housing tenure in the joint model was small, and
further adjustment for social class and a range of more
specific housing characteristics made little difference
to the results.

Salivary cotinine concentrations relate only to passive
exposure to smoke in the previous two or three days,
but Jarvis et al reported that over one year concentra-
tions in non-smoking adolescent girls was reasonably
stable.30 Nevertheless, variation in exposure from week
to week limits the reliability of a single measurement,
and the true association between passive smoking and
middle ear effusion is therefore underestimated in our
data."'
The relation between passive exposure to smoke and

middle ear effusion in the present study is more likely
to be causal than due to chance, bias, or confounding
factors. The common mechanism in the development
of serous otitis media is considered to be loss ofpatency
of the eustachian tube, to which anatomical factors,
impaired mucociliary function, and upper respiratory
infection or allergy may contribute.32 Passive smoking
may increase the risk of blockage of the eustachian
tube in three ways: by directly impairing mucociliary
function; by causing congestion of the soft tissues of
the nasopharynx; or by predisposing people to upper
respiratory infection. Because this was a study of the
prevalence of middle ear effusion we cannot draw
conclusions about whether exposure to smoke
influences the incidence or the persistence of the
disease.
Concern has been expressed recently that the docu-

mented risks of passive smoking have not included
middle ear effusion.33 In view of the important burden
on the health service imposed by this disease' and
suspicions of its long term effects on linguistic and
cognitive development34 middle ear effusion in children
should be regarded as one of the more important
hazards attributable to environmental tobacco smoke.
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Abstract
Objective-To investigate the relation between

mortality and treated systolic and diastolic blood
pressures.
Design-Randomised double blind placebo con-

trolled trial. Mortality in the two treatment groups
was examined in thirds of treated systolic and
diastolic blood pressures.
Patients-339 And 352 patients allocated to

placebo and active treatment, respectively. The
groups were similar at randomisation in sex ratio
(70% women), mean age (71-5 years), blood pressure
(182/101 mm Hg), and proportion of patients with
cardiovascular complications (35%).
Measurements and main results-In the placebo

group total mortality rose with increasing systolic
pressure whereas it had a U shaped relation with
diastolic pressure, the total lowest mortality being in
patients in the middle third of the distribution of
diastolic pressure. In the group given active treat-
ment total mortality showed aU shaped relation with
systolic pressure and an inverse association with
treated diastolic pressure. In both groups cardio-
vascular and non-cardiovascular mortality followed
the same trends as total mortality. The increased
mortality in the lowest thirds of pressure was not
associated with an increased proportion of patients
with cardiovascular complications at randomisation
or with a fall in diastolic pressure exceeding the
median fall in pressure in each group. In contrast,
patients in the lowest thirds of pressure showed
greater decreases in body weight and haemoglobin
concentration than those in the middle and upper
thirds of pressure.

Conclusions-In patients taking active treatment
total mortality was increased in the lowest thirds of
treated systolic and diastolic blood pressures. This
increased mortality is not necessarily explained by
an exaggerated reduction in pressure induced by
drugs as for diastolic pressure a U shaped relation
also existed during treatment with placebo. In addi-
tion, patients in the lowest thirds of systolic and
diastolic pressures were characterised by decreases
in body weight and haemoglobin concentration,
and the patients in the lowest thirds of diastolic
pressure taking active treatment also by an increased
non-cardiovascular mortality, suggesting some
deterioration of general health.

Introduction
Several large studies of hypertension have recently

been reviewed.' 2 The observation in these studies of a
J shaped relation between the risk of myocardial
infarction and treated blood pressure39 has led to the
suggestion that a reduction of pressure induced by
drugs might cause as well as prevent myocardial
ischaemia."'1"0 None of the studies was placebo con-
trolled, and other large hypertension-mortality inter-
vention trials have either not confirmed'2'4 or not
reported 1316 this J shaped relation. In the international
prospective primary prevention study in hypertension
all patients received active drugs but patients with
overt ischaemic heart disease were excluded'4; there
was no evidence for a J curve. In contrast, Coope and
Warrender found that total mortality and deaths from
myocardial infarction showed a J shaped relation with
the diastolic pressure attained in elderly patients with
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