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Abstract
Objective—To examine whether behav-
ioural or cognitive sequelae of otitis media
with eVusion (OME) continue into late
childhood and the early teens (11–18
years).
Setting—Data from a large multipurpose
birth cohort study: the Dunedin multidis-
ciplinary health and development study.
Participants—Around 1000 children from
the study. The main independent variable
of interest was otological status of the
child up to age 9.
Main outcome measures—Parent and
teacher rated behaviour problems, includ-
ing antisocial, neurotic, hyperactive, and
inattentive behaviours, and tests of aca-
demic achievement including intelligence
quotient (IQ), reading, and spelling were
available in a high proportion of the
cohort at ages 11 to 18 years.
Results—After adjustments for covariates
such as socioeconomic status, hyperactive
and inattentive behaviour problems were
evident as late as 15 years, and lower IQ
associated with OME remained signifi-
cant to 13 years. The largest eVects were
observed for deficits in reading ability
between 11 and 18 years.
Conclusions—No previous study consid-
ering behaviour problems as an outcome
has followed children long enough to
determine whether some of the early
sequelae of OME are still present in the
early to late teens. Some developmental
sequelae of OME, particularly deficits in
reading ability, can persist into late child-
hood and the early teens.
(Arch Dis Child 2001;85:91–95)
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Evidence of associations between otitis media
with eVusion (OME) during early childhood
and later deficits in language, academic
achievement, or behaviour is controversial. The
number of studies finding such associations is
almost equalled by those that do not, but low
statistical power in most studies makes it
unprofitable to seek a basis for their apparent
“disagreements.” Understandably, most stud-
ies of behavioural, language, and cognitive
sequelae of OME have concentrated on short
or medium term eVects (up to the age of 7
years).1 2 Where sequelae have been found in
the immediate aftermath of OME in mid-
childhood, estimates of their magnitude range
from about one third to one half of a
population standard deviation. For a common

condition, this magnitude—although not
large—merits study and explanation, for exam-
ple by distinguishing the influences of persist-
ent hearing loss from those of related respira-
tory and ear disease.

The duration of each long term eVect of
OME is the chief issue related to intervention
policy. Therefore we examined associations
between early OME and late developmental
and behavioural sequelae in a national birth
cohort. The cohort is based on a whole popu-
lation; it is large enough to permit appropriate
statistical control through adjustment for
covariates. Cumulative history of OME
through mid-childhood is important when
considering late sequelae, since only those chil-
dren with a longer duration of OME would be
likely to have problems with behaviour and
cognitive sequelae later in life. The repeated
otological documentation and high follow up
rates of the Dunedin cohort aVord an oppor-
tunity to address this.

Methods
DUNEDIN MULTIDISCIPLINARY HEALTH AND

DEVELOPMENT STUDY

A longitudinal investigation of health and
development was undertaken on a sample of
over 1000 children born in Dunedin, New
Zealand, between 1 April 1972 and 31 March
1973, with assessments at birth and every sec-
ond year from 3 to 15, and then at 18, 21, and
26 years.4 The sample and methods have been
extensively described elsewhere.3 4 Full otologi-
cal data from the 11, 13, 15, and 18 year
assessments were available on 88%, 80%, 93%,
and 87% of original cases, respectively. General
descriptive data, particularly on the early
sequelae of otitis media with eVusion, are pre-
sented elsewhere.4 5

INDEPENDENT VARIABLE—OTOLOGICAL

ASSESSMENTS FROM AGE 5 TO 9 YEARS IN THE

DUNEDIN STUDY

The otological status of the child, defined from
age 5 to 9 years in the Dunedin study, provides
an objective measurement of the cumulative
history of OME (table 1), thus enabling us to
exclude those with earlier but shorter term his-
tories.

An otological examination was conducted on
each child at 5, 7, 9, 11, 13, and 15 years
according to an assessment protocol, using
otomicroscopy, impedance audiometry, and
pure tone audiometry.4 As the disease generally
resolves with growth, children with positive
signs in this period will have had these
previously. The converse is not true, so we
believe it unlikely that we have missed signifi-
cant cases. Ears were rated by otoscopy into
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five main categories: normal, fluid present,
ventilation tubes present, acute otitis media,
and other abnormalities.

Impedance audiometry (tympanometry) was
performed on each ear, and classified accord-
ing to Jerger.6 Hearing thresholds were ob-
tained by pure tone audiometry for the
complete sample at 500, 1000, 2000, and 4000
Hz. A mean hearing threshold was calculated
across these frequencies for each ear at each
phase. The information on hearing thresholds
could be combined with that for the tympano-
gram and otoscopy to define middle ear status
at each phase (table 1). Those meeting criteria
for surgical treatment received ventilation
(tympanostomy) tubes.

COVARIATES FOR STATISTICAL CONTROL

Covariates considered were sex, socioeconomic
status,7 and maternal malaise8 (for parent
reported data only), derived from the Rutter
malaise inventory9 at ages 11 to 15, and sex and
socioeconomic status only at age 18. Analyses
at earlier ages had suggested that socioeco-
nomic status does not have an important influ-
ence on OME or its sequelae.4 The children in
the Dunedin Study were slightly more advan-
taged in socioeconomic status than the New
Zealand population as a whole,3 but included
representatives of all socioeconomic groups.
However, they were under-representative of
Maori and Pacific Island children. While this
will undersample the extremes of persistence of
disease in the New Zealand population and
reduce the power to detect associations, it
avoids overestimating the strength of eVect for
prosperous societies.

DEPENDENT VARIABLES—BEHAVIOURAL AND

DEVELOPMENTAL OUTCOMES IN THE DUNEDIN

STUDY

Rutter parent and teacher behaviour scales
were available at ages 11 and 13. At age 15 only
data on parent and self reported behaviour
problems were available, and at age 18 only self
reported behaviour problems, using the more
age appropriate revised behaviour problem
checklist.10 Others,11 using this same cohort of
children, have reported reliability coeYcients
between 0.82 and 0.84. Subscales of antisocial,
neurotic, hyperactive, and inattentive behav-
iour problems were derived by summing the

relevant items from these behaviour question-
naires according to established derivations.9 10

Cognitive tests included verbal and non-verbal
intelligence quotient (IQ) at 11 and 13 years
(using the WISC scale12), the Dunedin spelling
tests at 11 and 13 years,13 and the Burt reading
test14 at 11, 13, 15, and 18 years. The Burt
reading test was used up to age 18, as cohort
members were already familiar with the test
and it has been shown to be a reliable and valid
index of reading ability.14 More details on pro-
cedure and earlier results with these tests are
given elsewhere.4

STATISTICAL ANALYSES

Regression analysis was used to examine the
relation between the ear status and the
outcome of interest, adjusting for socioeco-
nomic group, sex, and—for the parent reported
outcomes only—maternal malaise. This was
performed at 11, 13, 15, and 18 years. The â
coeYcients in the tables provide a standardised
metric for the relative strength of influences. A
standardised partial â coeYcient of 0.1 or more
indicates a moderate association.

The “ear status” variable documents the
degree of persistence or transience of the condi-
tion, emphasising treatment and hearing loss. A
high value indicates no ear or hearing problems.
This variable is scaled as continuous to examine
the association between degree of middle ear
disease history and behavioural and develop-
mental outcomes. All behaviour problem data
are scored such that a higher value indicates
worse behaviour problems, and all cognitive data
in the direction of a higher score indicate better
academic or cognitive attainment. Therefore we
generally expect negative coeYcients (with ear
status) for behaviour outcomes, but positive
coeYcients for cognitive outcomes.

Results
OTOLOGICAL ASSESSMENTS FROM AGE 5 TO 9

YEARS

At age 5, 47.3% of ears were normal (type A or
no fluid present), 8.8% had evidence of fluid
present (type B), and the remainder were
intermediate (type C1 or C2). By age 7 there
were 6.1% type B and 55% type A tympano-
grams. By age 9, there were 1.8% type B and
62.3% type A, and at age 11 the figures were
1.6% and 59.6%, respectively.

Table 1 summarises the results of combining
information on middle ear status on 962
children over the ages 5, 7, and 9 years, to
summarise the OME history of each child over
this period. The cumulative history reflects a
combination of severity and duration so is
likely to be more predictive of long term
outcomes than analyses using single age
predictors.

BEHAVIOUR AND DEVELOPMENTAL OUTCOMES

FROM AGE 11 TO 18 YEARS

Table 2 gives the â coeYcients and 95% confi-
dence intervals for the cumulative OME
variable at age 9 influencing behaviour out-
comes, after adjustment for social group, sex,

Table 1 Children classified in the Dunedin sample according to severity of otological
features from age 5 up to age 9

Classification Number % Description

1 53 5.5 Bilateral tubes on > 1 occasion, for OME with proven
hearing loss

2 45 4.7 Bilateral persistent OME with or without VT but no
evidence of HL exceeding 25 dB on at least one
occasion

3 26 2.7 Unilateral persistent OME with or without VT on at
least one occasion

4 118 12.3 Transient unilateral or bilateral OME on at least one
occasion

5 138 14.3 No evidence of OME but scar tissue present
6 449 46.7 C tympanogram on at least one occasion but no OME

or type B tympanogram
7 133 13.8 Always type A tympanogram in both ears
Total 962 100

HL, hearing loss; OME, otitis media with eVusion; VT, ventilation tube.
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and maternal malaise. The strongest associa-
tions with OME history up to age 9 lie in par-
ent reported total behaviour problem score and
inattentive behaviour at 13 and 15 years, and in
teacher reported inattentive behaviour at 13
years.

Table 3 gives the standardised â coeYcients
and 95% confidence intervals for the derived
OME variable at age 9 influencing the
developmental/cognitive outcomes, after ad-
justments for social group, sex, and maternal
malaise. The strongest associations with OME
history up to age 9 were with verbal IQ at 11
and 13 years, non-verbal and full IQ at 13
years, reading deficits at 11, 13, 15, and 18
years, and spelling at 13 years. No speech and
language data were available at these ages.

The Burt reading test was available at 11, 13,
15, and 18 years, allowing a repeated measures
analysis to be performed to examine patterns of
association with age. Table 4 gives the mean

scores by ear status across age in years. For this
purpose, the ear status at age 9 was collapsed to
a three category stratification, by grouping cat-
egories 1 and 2, 3 and 4, and 5–7 as given in
table 1, to represent sustained bilateral,
unilateral/transient, and no evidence of OME.
After adjustment for socioeconomic group and
sex, the otological status of the child by age 9
had a marginal eVect on the mean reading
score over all ages (p = 0.054, test for linear
trend over time).

Discussion
Many previous studies considering long term
sequelae have methodological problems, in-
cluding a high rate of attrition and inadequate
control for probable confounding variables.
Only a few studies15–18 have considered eVects
of otitis media after the age of 9. Their results
are inconclusive as to whether behavioural or
developmental sequelae continue into the
teenage years. However, most of these studies
had sample sizes that were too small to detect
the modest eVect that could reasonably be
expected, given the remitting nature of the dis-
ease, or else they used highly selected popula-
tions. One study16 showed that 12 children with
multiple episodes of otitis media in the first
year of life performed less well in a variety of
communication tasks, including language and
speech at age 9, than a group of children who
were eVusion-free in their first year. Secord et
al, in a group of 84 learning disabled children
and adolescents, showed that early onset OME
can lead to serious cognitive deficits at age 9,
particularly in auditory-verbal abilities involv-
ing sequential processing.17 Roberts et al found

Table 2 Standardised partial â coeYcients (95% confidence intervals) for eVects of ear status up to age 9 on reported behaviour problems

Age

11 years 13 years 15 years 18 years

Parent reported behaviour problem†
Total behaviour problem score −0.079* (−0.154 to −0.005) −0.090** (−0.159 to −0.021) −0.100** (−0.165 to −0.035) NA
Antisocial/aggressive −0.015 (−0.090 to 0.060) −0.06 (−0.129 to 0.009) −0.072* (−0.137 to −0.007) NA
Neurotic −0.015 (−0.090 to 0.060) −0.039 (−0.108 to 0.030) −0.047 (−0.112 to 0.018) NA
Hyperactive −0.084* (−0.159 to −0.009) NA NA NA
Inattentive −0.094** (−0.169 to −0.020) −0.095** (−0.164 to −0.026) −0.129*** (−0.194 to −0.064)

Teacher reported behaviour problem‡
Total behaviour problem score −0.041 (−0.116 to 0.034) NA NA NA
Antisocial/aggressive −0.058 (−0.133 to 0.017) −0.083* (−0.152 to −0.014) NA NA
Neurotic 0.015 (−0.060 to 0.090) −0.090* (−0.159 to −0.021) NA NA
Hyperactivity −0.071* (−0.146 to 0.004) −0.037 (−0.106 to 0.032) NA NA
Inattentive −0.054 (−0.129 to 0.021) −0.110** (−0.179 to −0.041) NA NA

NA, data not available.
*p < 0.05; **p < 0.01; ***p < 0.001.
†Adjusted for socioeconomic status, sex, and maternal malaise.
‡Adjusted for socioeconomic status and sex.

Table 3 Standardised partial â coeYcients (95% confidence intervals) for eVects of ear status up to age 9 on developmental outcomes

Age

11 years 13 years 15 years 18 years

Teacher reported†
Verbal IQ 0.090** (0.0155 to 0.016) 0.144*** (0.073 to 0.0215) NA NA
Non-verbal IQ 0.062 (−0.012 to 0.136) 0.111** (0.040 to 0.182) NA NA
Full IQ 0.086* (0.012 to 0.161) 0.144*** (0.073 to 0.215) NA NA
Reading 0.099** (0.0245 to 0.174) 0.116** (0.045 to 0.187) 0.115** (0.050 to 0.180) 0.112** (0.047 to 0.177)
Spelling 0.090* (0.016 to 0.165) 0.115** (0.044 to 0.186) NA NA

NA, data not available
*p < 0.05; **p < 0.01; ***p < 0.001.
†Adjusted for socioeconomic status and sex.
IQ, intelligence quotient.

Table 4 Adjusted† means for Burt reading test at 11, 13,
15, and 18 years in the Dunedin study

OME status by age
9 (see table 1)

Burt reading test

Age 11 Age 13 Age 15 Age 18

1 67.0 81.3 86.3 95.7
2 72.3 81.0 86.8 94.3
3 70.0 79.4 88.4 95.0
4 69.6 80.7 87.6 94.3
5 72.1 83.6 91.0 97.3
6 72.3 84.5 90.8 97.6
7 75.4 87.1 92.7 99.2
Maximum

diVerence
8.4 7.6 6.4 4.4

Overall means 72.4 84.1 90.4 97.1
Standard error 2.6 2.2 1.9 1.4

†Adjusted for socioeconomic group and sex.
OME, otitis media with eVusion.
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no association between OME in the first 3
years of life and cognitive, academic and
behaviour problems at 12 years of age in a
group of socially disadvantaged children.18

Unrealistically large eVects (in view of the
modest magnitude of those in younger children)
would have to be postulated to give such small
studies a good chance of finding an eVect. The
magnitude of an eVect found in a study will
depend upon the extremity of definition of the
index group—that is, case severity; this in turn
influences the required sample size and cost of a
population study, especially when studying unu-
sual degrees of disease severity or persistence. To
show a simple group diVerence of modest mag-
nitude (0.33 SD) at p = 0.05 (two tailed test) at
90% power between two equally sized groups of
cases and controls requires around 200 children
per group. With such a powerful design,
observational studies on population cohorts give
somewhat disappointing power relative to the
apparently large sample size. In a population
(rather than case–control) study, numbers of the
order of 1000 are the minimum for showing
eVects on a condition having a nominal
prevalence of 10%; this is partly because of the
few extreme cases in an unselected population.

Overall the results suggest that correlates of
an early OME history, or the sequelae of early
OME history, can still exert some influence
well into late childhood but not beyond.
Against this background, the deficits in reading
ability shown here constitute a substantially
new finding.

BEHAVIOUR PROBLEM OUTCOMES

The strongest finding was OME history associ-
ated with parent reported inattentive behaviour
at 11, 13, and 15 years, but also some residual
antisocial behaviour at 15 years. This would
not necessarily have been expected at such a
late age. Some associations were also found for
teacher reported behaviour problems and
OME history, in particular antisocial, neurotic,
and inattentive behaviour at age 13 but hardly
any at age 11. Behaviour problems may result
from illness related morbidity or absence from
school, but this explanation is unlikely as the
tympanogram prevalences show that by 9 years
of age most children are free from the disease.

In the 1970 British birth cohort study19

significant associations were found between par-
ent reported hearing diYculty up to 5 years and
parent reported behaviour problems (derived
from the Rutter A scale9) at 10 years (including
antisocial, neurotic, and hyperactive behav-
iour).20 Significant associations between parent
reported hearing diYculty up to 5 years and
teacher reported behaviour problems (derived
from the 52 item scale combining items from the
Rutter B scale and the Connors teacher rating
scale9) at 10 years (antisocial and neurotic
behaviour problems)20 and 16 years (antisocial,
neurotic, inattentive, hyperactive, and clumsy
behaviour problems; unpublished data) were
also reported. The strongest of these associa-
tions at 16 years in the 1970 British birth cohort
study appeared to be with hyperactive and inat-
tentive behaviour. This was also found at 15
years in the Dunedin cohort, where parent

reported inattentive behaviour was associated
with cumulative ear history by age 9.

Thus antisocial, neurotic, and some inatten-
tive behaviours in late childhood (10–13 years)
seem to be associated with middle ear disease,
and there is still a residual disposition to
inattentive/hyperactive behaviour at 15–16
years.

DEVELOPMENTAL AND COGNITIVE OUTCOMES

At age 13, reading and spelling appeared to be
influenced by OME. More restricted data on
developmental sequelae were available in the
late teens (15–18 years). Reading at 15 and 18
years was significantly associated with ear
status at age 9. The Burt reading test has a
ceiling at a score of 110, so by the latter ages
there is little room for improvement. This
might be expected to reduce the sensitivity of
the test in detecting small diVerences between
groups; however, it has been shown to
discriminate well even up to age 18. The
expected compression of the variance, and
hence of the group diVerences, is a reason why
we believe this result is genuine.

There appeared to be at least a two year
delay in mean reading scores for those in
categories 1 and 2 (persistent bilateral B
tympanograms) compared with category 7
(normal ears throughout) in the Dunedin
cohort. Given the multiple determinants of
reading, the causal pathway from early OME to
reading eVects is unclear. In a review of studies
on reading and OME, Lous21 concluded that
children with early OME had “caught up” in
reading by school age, and that the observed
low correlation of reading deficit with OME
was not of practical importance. Detailed
interpretation should therefore be suspended
pending replication, given the multiplicity of
factors influencing reading and the inconsist-
ent eVects on reading in late childhood.

Nevertheless, the findings of various studies
examining the eVects of OME on children’s
reading at various ages gives grounds for
believing that eVects can be shown under some
circumstances. In a large study, Luotonen et al
found that those children with more than four
OME episodes before age 3 were rated by
teachers as performing less well on reading
comprehension by age 9 than those having
fewer episodes.22 Updike23 found a significant
eVect of OME on reading at 6–7 years and cor-
relations between auditory perception skills
and word recognition and reading comprehen-
sion. In the 1970 British birth cohort study we
found20 an association (p < 0.05) between the
Edinburgh reading test24 at 10 years and parent
reported history of ear discharge up to age 5
years25; reading data were not available for the
16 year cohort. One possible explanation for
the inconsistency between Lous’s overall con-
clusion and certain positive results lies in the
variety of case definitions, and the use of tests
with diVering loadings. As a skill, reading has
visual, linguistic, cognitive, motivational, and
cultural components. A possible mechanism is
less eYcient phonological coding in short term
memory, which is a predictor of early reading
ability. In a well controlled study we have
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shown25 that phonological coding is influenced
in 5–7 year olds by otitis media. However, we
do not suggest this is the main causal route to
the long term reading eVect. The long term
eVect is not necessarily a mystery; it may reflect
an underlying influence that reasserts itself as
reading becomes more an aspect of identity
and motivation than of formal education.

At ages 11 and 13 years, the eVect of OME
history on IQ was statistically significant here,
being more evident for the verbal IQ scale as
expected. Few other studies have examined the
relation between IQ and middle ear disease as
late as this. At 7 years, Teele et al found an
association between middle ear disease and
lower IQ, both verbal and performance.1 At 10
years we found no significant eVect for IQ,20

measured using the British Ability Scale26 (BAS,
similar to the American DiVerential Ability
Scales) in the 1970 British birth cohort study.

In a review of speech and language sequelae
from OME,2 the evidence on very early speech
and language has been found to be quite
strong. No data are available in the Dunedin
cohort on speech and language. However, in
the 1970 British birth cohort study, speech
articulation (questionnaire based) and lan-
guage (English picture vocabulary test) as
reported by the teacher at 10 years in the 1970
British birth cohort study were both influenced
(p < 0.01) by a history of early middle ear dis-
ease.20 Many language studies fail to find
eVects after 5 years, and as few data have been
published on language sequelae after age 8 no
conclusions can be drawn about whether the
reading eVects should be attributed to a more
general linguistic factor.

The relations found between middle ear dis-
ease, behaviour problems, and deficits in
cognition may be the joint eVects of a common
cause rather than any one causing the other.
However, the “dose–response” patterns of
deficits in reading ability in table 4 suggest that
the eVects are disease related. In summary, we
believe there are some continuing eVects of
OME history on academic achievement and
reading in the teenage years, but these are
diminishing by the age of 18.

CONCLUSIONS

The results from the analyses of a national
birth cohort provide new findings on longer
term sequelae of OME. In particular, early
middle ear disease history appears to have a
deleterious eVect on reading ability, verbal IQ,
and behaviour problems, as reported by
parents and teachers, including inattentive and
hyperactive behaviour. Because of the links to
academic performance and social behaviour in
the subset of children persistently aVected by
OME, the future challenge for health profes-
sionals and parents will be to identify persist-
ent, long term cases of OME and to intervene
in ways that evidence shows to be justified.
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