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Abstract
Study objectives—Data were analysed
from a large national birth cohort to
examine cumulative and interactive pre-
diction from various risk factors for child-
hood middle ear disease, and to resolve
conflicting evidence arising from small
and incompletely controlled studies. The
large sample size permitted appropriate
covariate adjustment to give generality,
and permit demographic breakdown of
the risk factors.
Setting—A large multi-purpose longitudi-
nal birth cohort study of all births in the
UK in one week in 1970, with multiple
questionnaire sweeps.
Participants—Over 13 000 children were
entered into the original cohort. Data on
over 12 000 children were available at the
five year follow up.
Main outcome measures—For children at
5 years, parent reported data were avail-
able on health and social factors including
data on two markers for middle ear
disease: the occurrence of purulent (non-
wax) ear discharge and suspected or
confirmed hearing diYculty.
Main results—In those children who had
ever had reported hearing diYculty (sus-
pected or confirmed), after control for
socioeconomic status, three of the classic
factors (male sex, mother’s smoking hab-
its since birth, and attending day care)
were significantly more frequent. In those
who had ever had ear discharge reported,
only mother’s smoking habit since birth
was significantly more frequent. However,
it showed an orderly dose response rela-
tion. In addition, a derived general child
health score was found to be significantly
associated with both the middle ear
disease markers. Control for this variable
in the analysis of those having reported
hearing diYculty reduced the eVect size of
mother’s smoking habit, but it remained
statistically significant. For reported ear
discharge, even after control for the
general health score and social index,
mother’s smoking habits and day care
attendance were both significant predic-
tors. Mother’s (but not father’s) smoking
habits and day care attendance were found
to be significant risk factors for middle ear
disease. Breast feeding eVects were weak
and did not generally survive statistical
control.

Conclusions—A child having all three risk
factors (attends day care, a mother who
smokes, and male sex) is 3.4 times more
likely to have problems with hearing than
a child who has none, based on cumulative
risk. Further studies should focus on pre-
ventative risk modification and well speci-
fied intervention.
(J Epidemiol Community Health 1998;52:786–793)

Otitis media with eVusion (OME) is the most
common cause of hearing impairment in
children and the most common reason for sur-
gery in children in most western countries.
Approximately 80% of children have at least
one episode of otitis media with eVusion before
their fourth birthday.1 Recently, political de-
bate on rationing of health care has questioned
the eVectiveness of treatments for OME. The
emphasis has moved towards more “watchful
waiting” in primary care, but this raises several
issues; whether eVective alternative manage-
ment strategies (for example, palliative or pre-
ventative approaches to OME such as modifi-
cation of risk factors by parents with otitis
prone children2 are possible); whether “watch-
ful waiting” can really be defined as more than
benign neglect; and whether classic or newly
established risk factors could select cases more
appropriately for treatment without delay.

Overview
Of over 30 risk factors reported more than
once in the literature, only a handful are repli-
cated in virtually all the adequate studies
addressing them, and the cumulative eVect of
these factors tends not to be very large. Many
studies in the literature consider risk factors
related to episode incidence or to point preva-
lence of OME.3 Few studies have specifically
considered recurrence/persistence,4 which is
more closely related to clinical and parental
concern. The most consistently found risk fac-
tor is day care setting4 5 but it is unlikely that
parents’ economic circumstances and the other
social benefits from day care will permit a dis-
ease not perceived as serious to determine
attendance. Two other risk factors that feature
frequently are passive smoking6–9 and bottle
versus breast feeding.3 10 However, these fac-
tors are not beyond controversy and require
detailed dose response relations to be repli-
cated. Season, allergy,11 sex,3 and race have
emerged in more than one study, but unlike the
preceding two are not amenable to interven-
tion. There is a long list of further possible fac-
tors noted in scattered studies and reviews.3 12–14
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Unless these factors have a strong pathogenetic
rationale, high prevalence or obvious clinical
relevance, the resources are unlikely to be
found to organise studies that overcome the
problems of low statistical power and discrep-
ant results in such a way as to underpin risk
factor determination as a basis of practice.

Reported data
In children’s middle ear disease, the term “his-
tory” has two main connotations: what is
reported (awareness) as distinct from examina-
tion, and the cumulative record of episodes,
signs, and symptoms. The connection is not
arbitrary—it is impractical to observe or meas-
ure repeatedly over a long period. As the litera-
ture suggest a great overlap of proneness and
risk factors for the related conditions of recur-
rent acute otitis media (RAOM) and OME, we
use the term middle ear disease (MED) here to
avoid the implications of an AOM-OME diag-
nostic distinction that is increasingly hard to
sustain in terms of history or impact.10 There is
good theoretical and epidemiological reason to
regard persistence as the main basis for
concern in OME15 but only in prospective lon-
gitudinal studies can this be established by
repeated objective measurements. Parental
report, therefore, has to suYce for many
purposes, requiring in turn knowledge of its
limitations to allow cautious interpretation.
Given the fluctuations in OME over time, the
integration of parental judgements over time,
and the selectivity for more severe histories
exercised by memory, parent report data may
be worth more than the objectivity of isolated
measurements. It must, however, be noted that
report will be under-sensitive to mild/short his-
tories, and many parents will be less sensitive to
the behavioural signs than organic symptoms.
Few studies have considered the accuracy of
parental reporting of children’s disease history.
Those that have16 17 show that parental report-
ing (particularly mothers and parents of
younger aged children) can be fairly accurate
when compared with medical records, al-
though further studies are desirable. In practi-
cal terms influences on report from chronicity,
duration of recall, and seriousness of the event,
may in the context of a mild self limiting con-
dition such as OME even be an advantage.

Statistical power and multiple risk factor
models
For clinical targeting and for control in
intervention research, the development of an
aggregate risk score is desirable; this can
include report data and is accepted as a prime
basis of stratification in research and treatment
in the cardiovascular field.18 Many previous risk
factor studies in otitis media have used only
univariate analyses, hence lacking control for
confounders and saying nothing about accu-
mulation or interactions among several factors
acting simultaneously.

Conflicting results between various risk fac-
tor studies may reflect population diVerences,
but are more likely to reflect diVering recruit-
ment biases, poor control for confounders,
sampling fluctuations, eVects that are marginal

overall, and the studies’ low statistical power.
For example, in the literature on passive smok-
ing in otitis media, the number of papers show-
ing some association is almost equalled by that
showing no association.19 The better designed
large studies do show an association.7 In view
of the need to base health promotion advice
about smoking or breast feeding on the widest
range of verified harmful eVects that may acti-
vate individuals’ concerns, it is necessary to use
very large datasets to achieve stable statistical
correction for several possible confounders.

To quantify magnitudes of eVect, any
interactions and the combined predictive value
of the classic triad of risk factors in middle ear
disease, we have analysed data from a national
birth cohort of over 12 000 children. We have
produced an optimal risk factor model of the
data, controlling background variables such as
socioeconomic group, non-specific general
health, and other ENT disease. On such num-
bers, repeated objective measurements are
impractical, therefore integrative report by
parents of significant histories up to age 5 has
been used. One aim of the present analyses was
to establish consistency or otherwise of risk
factors for middle ear disease found in other
studies using diVerent disease markers.

Methods
SAMPLE AND DEPENDENT VARIABLES

The UK 1970 national birth cohort collected
data on children from birth to 21 years by
intermittent sweeps; more detail on the cohort
is given elsewhere.20 At age 5 questionnaires on
the child’s medical and social background were
completed by the mother on some 13 135 chil-
dren. For analysis purposes, the total numbers
included ranged from around 9000 to 11 000
depending on the availability of items. Two
markers for middle ear disease were reported:
whether or not the child had “suspected or
confirmed hearing diYculty” up to the age of 4,
and similarly between 4 and 5; and whether or
not there had been any “purulent (that is, non-
wax) ear discharge” in the same age periods. A
third derived dichotomous variable was used to
describe those children having no reported ear
discharge or hearing diYculty, compared with
those having both ear discharge and hearing
diYculty (that is, the 3% probably “most
severe”). The very few cases (n=23) of perma-
nent hearing impairment were excluded from
analysis.

CONTROL VARIABLES

Univariate contingency analyses of the ear dis-
charge and hearing diYculty variables with
some of the known risk factors have been pre-
sented elsewhere.20 Table 1 shows the univari-
ate analyses of the conjoint hearing variable. As
a behavioural variable, reported hearing prob-
lem displays a social trend in the reporting
threshold (more reports in the more advan-
taged socioeconomic groups, the reverse of the
social trend for expected prevalence); the pos-
sible diVerential (mis)classification of disease
status will aVect the odds ratios and although
adjustment is made for this in the analysis it
may not remove all the eVects of reporting (or
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recall) bias. Multiple logistic regression was
performed on each of the two middle ear
disease markers, allowing odds ratios and
corresponding 95% confidence intervals to be
computed. These regressions were subject to
covariate adjustment according to social index
(a variable derived from seven socioeconomic
data items,21 including father’s occupation,
highest qualification, neighbourhood, housing
tenure, etc). There was no attrition bias with
respect to social index. This index is an impor-
tant covariate and helps to eliminate confound-
ing, particularly for reported hearing diYculty.

Non-specific ENT disease and the child’s
general health score were controlled for to
compensate for the partly subjective character
of the markers of middle ear disease. These
were: (a) whether or not there had been any
“mouth-breathing or habitual snoring” (partly
related to non-specific ENT disease), and (b) a
measure of the child’s family’s tendency to take
up services and recall episodes reflecting
general health at the time. For the latter, six
individual health items were summed from the
questionnaire (only a limited number of health
items were available for the cohort at 5 years),
categorised as to presence or absence. The
items were: ever having had pneumonia, men-
ingitis, eczema, hayfever/sneezing, a hernia
operation or an appendicectomy. Health items
relating to ENT specific disease, for example,
respiratory tract infection were excluded from
this child health score, as these are known to be
highly correlated with the middle ear disease
markers being studied. The health score was
significantly associated both with ever having
had ear discharge and hearing diYculty up to
age 5. Control for mouth breathing was
introduced as this is known to be associated
with middle ear disease. Control for the child’s
general health provides control for a mixture of
actual health status, service uptake and paren-
tal reporting bias and generally increases the
assurance that associations result specifically
from middle ear disease. A standard trio of
analyses was performed, correcting for neither
of these covariates, then each separately.

Adjustments for these covariates render the
analyses conservative in respect of risk factors
for ear disease. “Over-correction” will gener-
ally arise when more than one of these related
factors is used to correct estimates and will
tend to lead to a reduction in the true eVect,
which is why each was considered separately.

INDEPENDENT VARIABLES

Social and health items from the question-
naires that were considered potential risk
factors for middle ear disease were identified as
independent variables. Issues of reporting bias
and measurement error, particularly for items
such as maternal smoking habits or breast
feeding, apply for the independent variables as
they do for the dependent variables. Variables
included in the logistic models for each middle
ear disease marker were (a) sex, (b) day care,
(c) duration of breast feeding (never, <1
month, 1–3 months, and >3 months), (d)
maternal/paternal smoking habits (dichot-
omised into ever/ never having smoked during

the last 5 years), (e) mother smoking during
pregnancy (dichotomised into not smoking
and smoking some/all of the time during preg-
nancy), (f) birth weight (< 5 lb, 5–9 lb, > 9 lb),
and (g) mother’s age at the time of birth. Day
care (b) was categorised into non-attendance,
those who attended the local education author-
ity run nursery and “infant” (reception class in
primary school) schools, and those attending
privately run nursery and infant schools. As the
available report of current day care attendance
does not take into account day care attendance
in early life, early exposure to infection may be
underestimated in the analyses.

MODELLING STRATEGY

Variables at a value á = 0.05 were included in a
multiple logistic regression model using
GLIM22 in forward stepwise selection, on each
of the binary dependent variables (reported ear
discharge, hearing diYculty or having both
problems). Interactions (multiplicative) were
considered in all regression analyses. Odds
ratios are presented with 95% confidence
intervals. Cumulative odds ratios that represent
the cumulative risk of having all significant risk
factors compared with having none are also
given.

Results
Preliminary analyses suggested little diVerence
between the reported rates of ear discharge and
hearing diYculty in the two periods (up to age
4 and between 4 and 5), although we might
have expected higher rates in the younger age
group. Data in the two age categories were
therefore combined to derive dependent vari-
ables relating to ever or never having reported
ear discharge or hearing diYculty up to age 5.
Results from using the “suspected or con-
firmed hearing diYculty” variable therefore
reflect cumulative OME severity and persist-
ence. For reported ear discharge, an organic
variable, no trend is observed across socioeco-
nomic status. This variable may well reflect net
severity of recurrent acute otitis media. The
association between the two middle ear disease
markers in the study is strong (odds ratio of
4.76), showing suYcient reliability and validity
to justify proceeding to risk factor analyses.

Table 1 displays the percentage of children
with reported ear discharge or hearing diY-
culty up to age 5, according to the main
independent variables along with univariate
÷2 and p values.

EAR DISCHARGE

There were significant univariate risk eVects on
ear discharge from sex, mother’s smoking hab-
its and smoking habits during pregnancy,
number of household moves and tenure of
accommodation. In the multiple logistic
regression model, without control for the above
covariates, maternal smoking, sex, and day care
were all significantly associated with ear dis-
charge, giving a cumulative odds ratio of 2.4.

In the logistic model controlling for social
status and non-specific ENT disease, 10 710
cases were included (table 2(A)). Only moth-
er’s smoking habit remained significant. The
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dose response relation between maternal
smoking and reported ear discharge is shown in
table 1, where there is a statistical significant
linear trend in the reported ear discharge the
number of cigarettes smoked by the mother.
This relation implicates maternal smoking as a
causal risk factor for ever having ear discharge,
independent of social index. Children whose
mothers smoked were at a 30% increased risk
of ever having purulent ear discharge before 5
years of age. After inclusion of mother’s smok-
ing habits, none of the remaining independent
variables were significant. Mother’s smoking

during pregnancy and father’s smoking habits
at 5 years are highly associated with mother’s
smoking habits at 5 years. Multicollinearity
explains why these eVects do not appear in the
regression model. Current maternal smoking
will be more highly associated with actual
exposure than either of the other two smoking
measures collected but some causal role for
them cannot be ruled out. Male sex, day care,
breast feeding, birth weight, number of house-
hold moves, tenure of housing, and overcrowd-
ing did not significantly aVect the risk of having
ear discharge.

Table 1 Percentages of children at 5 years with ear/hearing problems by social and health factors

Variable
% With ear
discharge

p value
(÷2)

% With hearing
diYculty

p value
(÷2)

% With both
problems

p value
(÷2)

Sex
Male 12.1 0.034 9.3 0.000 3.3 0.070
Female 10.9 7.4 2.7

Duration of breast feeding*
Never 11.9 0.391 7.8 0.009 3.0 0.374
< 1 month 10.6 9.5 2.7
1–3 months 10.1 8.4 2.4
> 3 months 12.1 10.1 4.0

Present placement
Doesn’t attend 9.3 0.191 4.3 0.000 1.1 0.018
State school 11.7 8.6 3.2
Private school 12.3 10.1 3.8

Smoking habits mother since
1970*
Doesn’t 10.1 0.000 7.8 0.134 2.4 0.001
< 1 year 14.7 12.4 3.4
1–3 years 13.3 10.0 4.0
> 3 years 13.2 10.1 4.4
All time 12.8 8.5 3.6

Smoking habits father since
1970*
Doesn’t 10.4 0.06 8.8 0.197 3.0 1.0
< 1 year 13.5 7.8 3.5
1–3 years 11.3 9.9 3.4
> 3 years 12.2 10.0 3.5
All time 11.8 7.9 3.0

Mother’s smoking habits during
pregnancy*
Doesn’t smoke 1.01 0.000 7.8 0.110 2.4 0.001
Stopped before 11.1 8.8 2.8
Stopped during 12.1 9.5 2.9
Continued smoking 1–14
cigs/day

13.0 8.6 3.8

Continued smoking > 15
cigs/day

13.0 8.8 3.5

Number of cigarettes smoked by
mother (per day)*
None 10.5 0.000 8.0 0.025 2.4 0.000
1–14 11.6 8.4 3.5
15 or more 14.1 9.3 4.5

Number of cigarettes smoked by
father (per day)*
None 11.6 0.586 8.3 0.040 3.1 0.636
1–14 10.0 8.0 2.5
15 or more 12.1 7.7 3.0

Social index*
1 (most advantageous) 11.8 0.370 11.3 0.000 3.8 0.013
2 11.6 10.6 3.8
3 11.4 9.4 3.4
4 10.2 7.5 2.1
5 11.2 7.6 2.6
6 12.5 7.3 3.3
7 (most disadvantageous) 12.4 5.8 2.9

Birth weight
< 5 lbs 13.1 0.312 7.7 0.687 3.1 0.948
5.5–9 lbs 11.5 8.5 3.1
> 9 lbs 10.9 8.1 3.0

Mother’s age
< 35 11.5 0.715 8.6 0.049 3.1 0.338
> 35 12.0 6.8 2.5

Number of household moves
< 3 11.3 0.002 8.1 0.003 2.9 0.003
> 3 13.9 10.4 4.4

Tenure
Owned/being bought 10.8 0.023 8.9 0.021 2.9 0.330
Public rent 12.4 7.3 3.0
Private rent 12.1 8.2 3.7
Other 14.1 9.3 4.2

* Denotes ÷2 test for linear trend was used. p Values in each column should be compared with a nominal value of á=0.004, if
Bonferroni correction is applied.
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The next logistic regression model consid-
ered as a covariate the highly significant
derived general health score (p<0.01, 10 862
cases ). After controlling for the child’s general
health score and social index, two factors were
found to be significant predictors of having
reported ear discharge at 5 years: mother’s
smoking habits and attending day care. Table
3(A) gives odds ratios and confidence intervals
for these main eVects, with odds of between 1.4
to 1.5 of attending day care and having
reported ear discharge—that is, over a 40%
increased risk of ear discharge with attendance
at day care.

HEARING DIFFICULTY

There were significant univariate eVects on
“suspected/confirmed hearing diYculty” of
male sex, duration of breast feeding, attending
day care, smoking habits of the mother (when
dichotomised into “ever” or “never” smoked),
social index, mother’s age at birth of the child,

number of household moves, and tenure of
accommodation.

In a multiple logistic regression model with-
out control for the standard covariates, the fac-
tors significantly associated with hearing diY-
culty were sex, maternal smoking and day care,
giving a cumulative odds ratio of 4.44.

In the logistic regression model for hearing
diYculty (on 10 880 cases, see table 2(B)),
male sex, attending day care, and mother’s
smoking habits were significant. The risk of
reported hearing diYculty in children attend-
ing day care was almost twice that in children
not attending. The risk of reported hearing dif-
ficulties was 26% higher in boys compared with
girls. Children whose mothers smoked were at
a 30% increased risk (comparable to the eVect
observed on ear discharge). Duration of breast
feeding, birth weight, number of household
moves, housing tenure, and overcrowding did
not contribute significantly to the regression
model for reported hearing diYculty.

The alternative logistic regression model
including the significantly associated child
general health score and social index (on
10 859 cases) confirmed male sex, mother’s
smoking habits, and attending day care as sig-
nificant factors in hearing diYculty at age 5
(see table 3 (B)). The eVect of mother’s smok-
ing habits was slightly increased when adjust-
ing for the general health score (from an odds
ratio of 1.22 to 1.26), because of the negative
association between these two variables.

Smoking during pregnancy was not signifi-
cant when all other factors were taken into
account. Table 1 shows the number of
cigarettes smoked per day by the mother and
the father by the percentage of children ever
having ear/hearing problems. For both, the risk
increases with increased number of cigarettes
smoked, underlining the result for ear dis-
charge with maternal dose as pointer to
causality.

DERIVED MIDDLE EAR DISEASE VARIABLE

(CONJUNCTION OF THE TWO MIDDLE EAR DISEASE

MARKERS)
There were significant univariate eVects of
mothers smoking habits, number of household
moves, and day care attendance.

In the multiple logistic regression without
covariate adjustment, sex, maternal smoking,
and day care were all significantly associated
with having both ear discharge and hearing dif-
ficulty, giving a cumulative odds ratio of 8.2.

Table 2(A) Logistic regression model for purulent (non-wax) ear discharge: significant
main eVects and unadjusted and adjusted* odds ratios

EVect

Odds ratio 95%
Confidence intervals
for adjusted OR p ValueUnadjusted Adjusted*

Mother’s smoking habits
Does not smoke 1.0 1.00
Does smoke 1.34 1.28 (1.13 to 1.45) 0.000

Sex
Female 1.0 1.0
Male 1.12 1.10 (0.97 to 1.24) 0.123

Day care
Does not attend 1.0 1.0
Attends State school 1.46 1.44 (1.04 to 2.01)
Attends Private school 1.59 1.55 (1.06 to 2.28) 0.071

*Adjusted for social index and mouth breathing/snoring; n=10 710.

Table 2(B) Logistic regression model for suspected/confirmed hearing diYculty: significant
main eVects and unadjusted and adjusted* odds ratios

EVect

Odds ratio 95%
Confidence intervals
for adjusted OR p ValueUnadjusted Adjusted*

Sex
Female 1.0 1.00
Male 1.29 1.26 (1.10 to 1.45) 0.001

Mother’s smoking habits
Does not smoke 1.0 1.00
Does smoke 1.22 1.31 (1.14 to 1.51) 0.000

Day care
Does not attend 1.0 1.00
Attends State school 2.24 1.78 (1.15 to 2.77) 0.010
Attends Private school 2.83 2.04 (1.25 to 3.32)

Cumulative risk of having all three
risk factors 4.44 3.37 (1.99 to 5.71)

* Adjusted for social index and mouth breathing/snoring; n=10 880.

Table 2(C) Logistic regression model for conjoint ear/hearing variable: significant main
eVects and unadjusted and adjusted* odds ratios

EVect

Odds ratio 95%
Confidence intervals
for adjusted OR p ValueUnadjusted Adjusted*

Mother’s smoking habits
Does not smoke 1.0 1.00
Does smoke 1.56 1.51 (1.17 to 1.95) 0.002

Sex
Female 1.0 1.0
Male 1.24 1.23 (0.97 to 1.57) 0.096

Day care
Does not attend 1.0 1.0
Attends State school 3.10 2.56 (1.04 to 6.29)
Attends Private school 4.13 3.05 (1.15 to 8.06) 0.090

* Adjusted for social index and mouth breathing/snoring; n=9513.

KEY POINTS

x The three main risk factors predicting
reported hearing diYculty up to age 5 are
maternal smoking, day care attendance,
and male sex.

x A child having all three of these risk
factors is 3.4 times more likely to have
problems with hearing than a child who
has none.

x This large study calls into question the
importance of breast feeding as a protec-
tive factor in middle ear disease.
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In a logistic regression controlling for social
index and snoring/mouth breathing (both
highly significant in this analysis), 9513 cases
were included. Only mothers’ smoking habits
remained significant. Children whose mothers
smoked were at a 51% increased risk of ever
having both ear discharge and hearing diY-
culty up to age 5. Table 2 (C) gives the odds
ratio and 95% confidence intervals for mater-
nal smoking habits.

The logistic regression model including the
derived general health score together with
social index, and the above risk factors found
two significant factors: sex and mothers’ smok-
ing habits (table 3 (C) gives odds ratios and
confidence intervals). Although the odds ratio
associated with attending day care and having
both problems was large (approximately 3.0),
the overall eVect of attending day care was on
the margin of significance (p=0.08) because of
the small numbers involved (n=5 in the small-
est cell). Broadly, the combined variable shows
stronger eVects as expected.

In each regression model, for all three
dependent variables, interactions between risk

factor variables were considered but none were
found to be significant (p > 0.05).

Discussion
INTERPRETATION OF THE MARKERS

The two disease markers used are associated,
and strong conclusions are possible where
trends for the two markers agree. True trends
may emerge strongly for the conjunction of the
two markers, as witnessed by the magnitude (in
ratio terms) of the dose response eVect for
maternal smoking in table 1. We have shown
that, on a univariate basis, the reported
markers do replicate the classic otitis media
risk factors overall. The main diVerence
between the models is for sex, not appearing in
the ear discharge model, but this is also a less
prominent risk factor for acute otitis media.
Parental reporting is the only feasible marker
for a very large sample, and the univariate
results we obtain agree well with results based
on more objective measurement.

The two markers also produce absolute
prevalence rates in the right range for a degree
of history justifying concern (8–12%) and cor-
responding with surgical intervention levels in
the UK (3–4%). The present analysis has the
strength of being broadly generalisable because
of its population-based design, of controlling
for influential factors such as socioeconomic
status in a multivariate regression model, of
providing cumulative eVects of risk factors, and
examining interactions often ignored in risk
factor studies; it thus complements smaller
studies having more objective diagnostic mark-
ers but which lack these other virtues.

Studies examining parental reporting16 17

show an adequate association with data col-
lected via medical records, although it depends
to some degree on the severity of the condition
and length of recall of the parent. A parental
report of ear discharge is presumably based
upon on the severity of acute otitis media.
Reports of hearing diYculty are presumably
based more on OME. However in a child’s
overall history, as distinct from a particular day,
the diagnostic distinction is only approximately
valid. Risk factors for acute otitis media and
OME are virtually identical and this is reflected
here with similar risk factor models for ear dis-
charge and hearing diYculty. The absence of
interactions in our analyses suggests that risk
factors (environmental or otherwise) for mid-
dle ear disease act independently.

PASSIVE SMOKING

Of the risk factors studied, mothers’ but not
fathers’ smoking habits appear an important
factor in the presence or otherwise of ear/
hearing problems of 5 year olds. This could
arise in two ways: because the mother is more
likely to spend time with the child and, if she
smokes, the child is more likely to be exposed
to the tobacco smoke, or because there may be
some damaging eVects to the immune system
in utero. Although smoking during pregnancy
showed a significant dose response relation for
the child having ear discharge at 5 years, it was
prevented from entering into the model
because of the inter-relation with reporting of

Table 3(A) Logistic regression model for purulent (non-wax) ear discharge: significant
main eVects and unadjusted and adjusted* odds ratios

EVect

Odds ratio 95%
Confidence intervals
for adjusted OR p ValueUnadjusted Adjusted*

Mother’s smoking habits
Does not smoke 1.00 1.00
Does smoke 1.35 1.31 (1.16 to 1.49) 0.000

Day care
Does not attend 1.00 1.00
Attends State school 1.46 1.41 (0.96 to 2.06)
Attends Private school 1.59 1.49 (1.07 to 2.09) 0.048

Cumulative risk of having all two risk
factors 1.95 (1.79 to 2.13)

* Adjusted for social index and child health score; n=10 862.

Table 3(B) Logistic regression model for suspected/confirmed hearing diYculty: significant
main eVects and unadjusted and adjusted* odds ratios

EVect

Odds ratio 95%
Confidence intervals
for adjusted OR p ValueUnadjusted Adjusted*

Sex
Female 1.00 1.00
Male 1.29 1.29 (1.12 to 1.50) 0.000

Mother’s smoking habits
Does not smoke 1.00 1.00
Does smoke 1.22 1.26 (1.09 to 1.46) 0.002

Day care
Does not attend 1.00 1.00
Attends State school 2.24 1.77 (1.05 to 2.98)
Attends Private school 2.83 1.97 (1.22 to 3.18) 0.009

Cumulative risk of having all three
risk factors 3.2 (1.82 to 5.62)

* Adjusted for social index and child health score; n=10 859.

Table 3(C) Logistic regression model for conjoint hearing diYculty/ear discharge:
significant main eVects and unadjusted and adjusted* odds ratios

EVect

Odds ratio 95%
Confidence intervals
for adjusted OR p ValueUnadjusted Adjusted*

Sex
Female 1.00 1.00
Male 1.22 1.43 (1.09 to 1.87) 0.014

Mother’s smoking habits
Does not smoke 1.00 1.00
Does smoke 1.56 1.60 (1.21 to 2.11) 0.000

Cumulative risk of having all two risk
factors 1.90 2.29 (1.51 to 3.14)

* Adjusted for social index and child health score; n=9354.
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smoking since birth (in both parents). Mothers
who smoked during pregnancy tend to be the
same mothers who continue after pregnancy
(correlation r= 0.83, p < 0.001), and because
of the strong association between these meas-
ures only one will appear in the regression
model. Others,23 using this same dataset, have
shown that children of mothers who gave up
during pregnancy were at a lower risk of disease
than those continuing, who tended to be the
same mothers smoking after pregnancy. From
those analyses it could not be established in
which trimester smoking was having the great-
est eVect. The strong emergence of smoking in
this very large study adds considerably to the
positive evidence for passive smoking as a risk
factor in middle ear disease. A recent small
study in family practice,14 found the opposite
pattern: no smoking eVect, but did find a breast
feeding eVect. This may have been because of
low power and lack of multivariate adjustment
especially for socioeconomic status, rather than
to any changes in practice over the decades and
recommendation from that work should not be
based on its apparent population generality
because it was based in family practice.

Parental smoking has a generally negative
eVect on child health.24 Cotinine concentration
values as a marker used in some studies6 7 are a
more precise measure of exposure to environ-
mental tobacco smoke and have shown dose
response eVects. The sample size underlying
our results strengthen the recommendation
that smoking in the presence of a child should
be reduced or removed to decrease the risk of
the child having MED among other health
problems.

DAY CARE

The second classic risk factor to show an
association here with middle ear disease was
the child’s current school placement at age 5.
The odds ratio showed an almost doubling of
risk of hearing diYculty, and a tripling of risk of
having both problems, in children who attend
some type of day care compared with those
who do not. This is confirmatory of other
studies,3 5 and is probably because of the
increased risk of exposure to pathogens in a
school environment, compared with staying at
home. The apparently raised prevalence in pri-
vate reception classes of primary schools (but
not in nursery schools) is paradoxical, and may
include some reporting bias related to socio-
economic status. Further investigations on
increased risk in day care centres should focus
on preventative risk modification or interven-
tion. Others have concluded25 that more
frequent handwashing among staV and pupils
and semi-isolation of children with upper
respiratory tract infection in day care could
contribute to the reduction in incidence of
upper respiratory tract infection and subse-
quent AOM.

SEX

There is a small but consistent diVerence in
cumulative incidence and prevalence of OME
and AOM in males compared with females.10

Although some studies do not show an eVect of

sex,3 it occurs widely in epidemiological data
on both AOM and OME. The eVect on
reported hearing diYculty in a large population
of 5 year olds is probably because of the same
underlying predisposition. The odds ratios are
too low to consider sex as any basis for at risk
screening, and within a more reactive surveil-
lance system it would probably be ineYcient to
override data from other observations by using
gender data when considering investigation
and referral.

BREAST FEEDING

Breast feeding could be more closely associated
with reduced OME (immune reaction) than
with reduced AOM (occurrence of infection as
possibly described by ear discharge). For hear-
ing diYculty, one reason for the relative weak-
ness here of breast feeding (that is, not entering
the multivariate model) may relate to social
stratification. Breast feeding was and remains
more common in higher socioeconomic
groups; two eVects may be working in opposi-
tion, a lower prevalence of MED, but a higher
prevalence of breast feeding and otitis media
reporting in more fortunate families.

The paradoxical direction of the breast feed-
ing eVect for reported hearing diYculty shown
here may reflect over-correction, and under-
lines the need for carefully controlled and
interpreted multivariate analyses, and a good
broadly based measure of socioeconomic
status. Some studies have shown a protective
eVect of breast feeding10 26–28 after control for
factors such as size of family, smoking and
socioeconomic group or parental education (as
a marker for socioeconomic group); others
have found no relation.29 Studies showing an
eVect have been interpreted as breast feeding
protecting immunologically against otitis
media, but other hypothesis exist, for example,
a mechanical eVect of feeding position. A
review30 of the relation between breast feeding
and infectious diseases generally, examined the
results from six methodologically sound stud-
ies and found that, after controlling for family
size, smoking, and parental education, the
positive eVect of breast feeding was eliminated.
Our analyses contribute to that conclusion.

We conclude that the general reasons for
encouraging breast feeding remain, but the
precise association of middle ear disease with
breast feeding remains too unclear to include in
evidence-based health promotion advice con-
cerning middle ear disease.

IMPLICATIONS FOR PREVENTION AND

MANAGEMENT

The main replicable risk factors are environ-
mental, but it is questionable whether interven-
tion can reduce them. In one study,2 parents
were given advice to help minimise exposure of
susceptible children to factors such as day care,
overcrowding, and air pollution; where chil-
dren had had five or more middle ear infections
before 30 months, parents were no more likely
to make changes in their daily family life (one
or more of changes in smoking habits, working
hours, housing or day care) than in a matched
control group of parents. However, before a
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pessimistic conclusion is reached, a larger rep-
resentative study should be conducted on a
randomised basis with a maximal and well
specified intervention and strong support for
the advice given to reduce risk factors.

Future risk factor studies should provide
control for the main expected confounders,
preferably at the design stage but at least in the
analysis using regression techniques as used
here. Highly matched case-control studies of
practicably large sample size are also called for
to complement population studies; markers of
middle ear disease are desirable, and better
quantification of persistence, including dura-
tion and severity of the disease, but studies
possessing those virtues have so far not
produced radically new risk factors nor gener-
ally cumulative odds ratios greater than those
observed here.3
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