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ABSTRACT
Objective Temporal trends in paediatric encounters for
otitis media (OM) were last characterised and observed
to be steadily increasing from 1975 to the mid-1990s.
The present study uses an ecological design to quantify
trends in paediatric encounters for OM concurrent with
a period of decline of an important risk factor,
secondhand smoke (SHS) exposure among children.
Patients and methods Annual paediatric ambulatory
visit and hospital discharge rates for children #6 years
with OM as primary diagnosis were computed with
nationally representative data for 1993e2006.
Percentages of households with children #6 years and
no-smoking rules were computed using Tobacco Use
Supplement to the Current Population Survey data.
Average annual percentage changes were determined
for covariate-adjusted rates of paediatric encounters for
OM using joinpoint analysis.
Results While percentages of homes with children and
no-smoking rules increased by 89% from 45.5% in 1993
to 86.1% in 2006, average annual covariate-adjusted
paediatric encounters for OM decreased by 4.6% (95%
CI 4.5% to 4.8%) for ambulatory visits and by 9.8% (95%
CI 9.1% to 10.6%) for hospital discharges. Coverage by
7-valent pneumococcal conjugate vaccination (PCV7)
increased since 2002, while little variation occurred in
other potentially associated risk factors.
Conclusions Paediatric encounter rates for OM
decreased steadily over a 13-year period reversing
a previously reported long-term increasing trend
reported. Reduced SHS exposure, PCV7 coverage since
2002 and other factors may have contributed to the
decline. Further research is needed to provide direct
estimates of paediatric encounter rates in exposed and
unexposed populations for causal inference.

INTRODUCTION
Otitis media (OM) is the most common paediatric
diagnosis made in physician office practices1 2 and
the leading cause of medical encounters among
children and preschool-aged children in the USA.2 3

The economic burden in terms of annual costs was
estimated in the 1990s to be $3 billion to $5
billion.4e7 Dramatic increases were reported in the
number of clinical visits for OM from 9.9 million in
1975 to 24.5 million in 1990, accounted for
primarily by visits of children less than 15 years of
age.4 5 Increases in paediatric physician office visits
for OM and the prevalence of early onset and
recurrent OM among preschool children through
1994 were also reported, without concurrent

increases in selected risk factors, childcare use,
asthma, breastfeeding duration, allergic conditions
and access to care.8

The possible role of exposure to secondhand
tobacco smoke (SHS) in observed trends of OM
encounters among children was not previously
considered, prior to the increasing awareness of the
health consequences of SHS since the mid-1990s.9 10

SHS, the combination of sidestream smoke released
from a burning cigarette and mainstream smoke
exhaled by an active smoker,11 12 is known to raise
indoor air levels of respirable particles as well as
nicotine, polycyclic aromatic hydrocarbons, carbon
monoxide and other toxic substances.11e13 The US
Surgeon General reported in 2006 that sufficient
evidence exists to infer a causal relation between
parental smoking and OM in children.11 A recent
meta-analysis concluded an increased risk of OM by
an OR of 1.35 for household smoking, 1.46 for
postnatal maternal smoking and 1.27 for paternal
smoking.14 Exposure of children to SHS is of
particular concern because it occurs involuntarily
and predominantly in the home, where young
children spend most of their time.11 15

Recent literature suggests that fewer children
than previously may be exposed to SHS with
a proliferation of smoke-free rules in households,
approximately doubling since the mid-1990s, most
probably because of evolving knowledge and atti-
tudes regarding the adverse health effects of SHS
and possibly the decline in overall smoking preva-
lence.11 16e20 Prospective improvements in child
health resulting from increases in smoke-free rules
among homes with children have yet to be
assessed. Of particular interest is whether the trend
in the frequency of OM clinical encounters among
children has decreased concurrently with expected
home indoor air quality improvement since the
mid-1990s. In order to examine this hypothesis,
the possible influence following introduction of
7-valent pneumococcal conjugate vaccination
(PCV7) in 2000, which was shown in pre-licensure
clinical trials to provide a small reduction in OM
episodes and related office visits,21 22 needs also to
be considered.
The purpose of the present study is to charac-

terise trends in paediatric encounters for OM in the
USA over a 13-year period from 1993 to 2006.
Paediatric encounters across healthcare settings,
including ambulatory care visits and hospital
discharges, with OM as the primary diagnosis, are
quantified using nationally representative data.
This is an ecological analysis investigating temporal
trends in paediatric encounters for OM concurrent
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with the proliferation of smoke-free rules in households and
introduction of PCV7.

PATIENTS AND METHODS
The time-frame selected for this study begins in 1993, at the crest
of an observed long-term increase in paediatric encounters for OM
and at the outset of a trend towards increasing smoke-free
households. The study period continues through 2006, the most
recent year for which both household smoke-free rules and
nationally representative paediatric encounter data were available.

Percentages of smoke-free households with children
Percentages of smoke-free households among homes with children
aged 6 years or less were derived from the Tobacco Use Supple-
ment to the Current Population Survey (TUS-CPS), a National
Cancer Institute (NCI)-sponsored monthly survey of civilian,
non-institutionalised household units in the USA. Data were
analysed from all survey waves conducted including the years
1992e1993, 1995e1996, 1998e1999, 2001e2002, 2003 and
2006e2007,23e28 and linear interpolation was used for estimates
for the intervening years, 1994, 1997, 2000, 2004 and 2005.

The percentages of households with at least one child aged
6 years or less with a rule allowing no smoking anywhere in the
home were calculated for each wave, based on the question,
“Which best describes the rules about smoking in your home?”
A smoke-free household was defined as the response, “No one is
allowed to smoke anywhere inside your home”. Discrepant
reporting (mean 6%) and non-responses (mean 3%) to the
questions were excluded. The multistage stratified sample design
of TUS-CPS was accounted for in all estimates obtained. A series
of replicate weights provided by NCI were incorporated using
balanced repeated replication with Fay’s adjustment factor of
0.5 to adjust final weights.29

Percentages of children covered by PCV7
Starting in 2000, the American Academy of Pediatrics Committee
on Infectious Diseases and the Centers for Disease Control and
Prevention Advisory Committee on Immunization Practices
recommended that all children aged #23 months be administered
a four-dose series of the 7-valent pneumococcal conjugate vaccine
(PCV7).30 31 The percentage of children covered by this vaccine
was obtained from the child immunisation files of the National
Health Interview Survey (NHIS),32 a nationally representative
cross-sectional household interview survey administered by the
National Center for Health Statistics. Annual percentages of
children aged 6 years or less receiving three or more dosages of the
vaccine were calculated from 2000, its year of introduction,
through 2003, accounting for the complex survey design and
weights. An extrapolation of estimated vaccine coverage was
made based on the linear trend calculated from the National
Immunization Survey (NIS), which is an annual survey of chil-
dren’s immunisation providers representative of children aged
19e35 months,32 and applied to the years subsequent to 2003,
when NHIS last collected this information.

Paediatric encounters for OM
National annual paediatric ambulatory visits and hospital
discharges for OM were computed for children aged 6 years or
less, for whom incidence of OM is highest.20 33 OM encounters
were defined as primary diagnoses inclusive of visits for both
acute and persistent cases identified by International Classifi-
cation of Diseases, 9th Revision Clinical Modification Codes
(ICD-9 CM): 381.00e381.49 and 382.00e382.99.

Data elements primary diagnosis, date of visit and age were
obtained from three national surveys covering clinical encounters
administered annually by the National Center for Health Statis-
tics. Annual physician office visits for OM were obtained from
the National Ambulatory Medical Care Survey (NAMCS).34

Annual emergency department visits and hospital outpatient
visits for OM were obtained from the two corresponding files of
the National Hospital Ambulatory Medical Care Survey
(NHAMCS).35 Annual hospital discharges for OM were obtained
from the National Hospital Discharge Survey (NHDS).36 Survey
weights and adjustment for the multistage probability sample
designs were used to generate national estimates of annual
physician office visits, emergency department visits and hospital
outpatient visits with OM primary diagnosis per 1000 children
from 1993 through 2006. Total annual ambulatory care visit rates
were computed as the sum of these three rates to optimise esti-
mate reliability. Survey weights and adjustment for the multi-
stage probability sample designs were also used to generate
national estimates of annual hospital discharges per 100 000
children with OM primary diagnosis from 1993 through 2006. US
Census Bureau data corresponding to children aged 6 years or less
were used for population denominators.37

Statistical analysis
Stata 10.0 SE was used for calculation of percentage of smoke-free
households, percentage of children covered by PCV7 and annual
ambulatory care visit and hospital discharge rates for OM38

Regression models were calculated using SAS 9.1.39 Annual
predicted rates of paediatric ambulatory visits and hospital
discharges for OM were computed from linear regression models,
adjusted for percentage of smoke-free households with children
and percentage of children covered by PCV7 vaccine.
Joinpoint regression analysis using the NCI’s SEER Stat 3.4.3

version software was used to investigate statistically significant
trends in annual covariate-adjusted rates of paediatric encoun-
ters for OM and to test for statistically significant changes in the
temporal pattern of these rates.40 Joinpoint finds the best-fitting
line for data that span a range of years based on an algorithm
that tests whether a multi-segmented line is a significantly
better fit then a single or less segmented line. The procedure fits
a series of joined straight lines on a logarithmic scale to the
trends in the annual covariate-adjusted rates. “Joinpoints”
represent the joining of segments at points at which statistically
significant (p#0.05) changes in trend are identified among the
best fitting lines for each segment. A minimum of zero and
maximum of three joinpoints are tested for statistical signifi-
cance. The estimated annual percentage change (APC) was
computed for each established line segment and tested for
a statistically significant trend (with a two-sided p value#0.05).
Average annual percentage change (AAPC), a summary

measure of the trend over a pre-specified fixed interval, was also
computed, providing a single estimate describing the average
APCs over multiple years. AAPC over a fixed interval is the
weighted average of the slope coefficients of the underlying
joinpoint regression line with the weights equal to the length of
each segment over the interval. AAPCs were computed to
facilitate comparisons of changes in ambulatory visits and
hospital discharges rates over the entire study period.

RESULTS
Smoke-free households and PCV7 coverage
The percentage of smoke-free households among those with at
least one child aged 6 years or less increased 89% from 45.5% in
1993 to 86.1% in 2006 (figure 1). PCV7 vaccine coverage among
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children aged 6 years or less based on NHIS Child Immunization
File data was 0.91% in 2000 and increased to 46.4% in 2003.
Extrapolating from the observed trend in NIS reported vacci-
nation rates, coverage increased to 66.2% in 2006 (figure 1).

Paediatric encounters for OM and temporal trends
Total paediatric ambulatory visits with primary diagnosis OM
among children aged 6 years or less decreased from 17 499 517
encounters in 1993 to 10 934 753 in 2006. Ambulatory visit rates
for OM decreased 40% during this time period from 641.5 to
384.4 visits per 1000 children (figure 2). Total paediatric hospital
discharges with primary diagnosis OM among children aged
6 years or less decreased from 35 832 in 1993 to 10 050 in 2006.
Hospital discharge rates for OM decreased 73% during this time
period from 131.4 to 35.3 per 100 000 children (figure 2).

The adjusted R2 value for the multiple linear regression model
of OM ambulatory visit rates adjusted for smoke-free household
and PCV7 coverage was 0.76. Adjusted ambulatory visit rates
decreased from 1993 to 2006 on the average by 4.6% (95% CI
4.5% to 4.8%) per year (figure 1). The joinpoint model of cova-
riate-adjusted ambulatory visits rates for OM displayed three
distinct slopes having inflexion points at years 1998 and 2002.
The individual slopes were statistically significant with
progressively increasing APCs for the time periods 1993e1998,
1998e2002 and 2002e2006 (table 1). The adjusted R2 value for
the linear regression model of OM ambulatory visit rates
adjusted for smoke-free households prior to 2001 was 0.68.

The adjusted R2 value for the multiple linear regression model
of OM hospital discharge rates adjusted for smoke-free house-
hold and PCV7 coverage was 0.96. The joinpoint model of
covariate‑adjusted hospital discharge rates for OM displayed
a single slope. The covariate-adjusted hospital discharge rates for
OM decreased more than twice as steeply as ambulatory visits
from 1993 to 2006 on the average by 9.8% per year (95% CI 9.1%
to 10.6%) (figure 2; table 1). The adjusted R2 value for the linear
regression model of OM hospital discharges adjusted for smoke-
free households prior to 2001 was 0.89.

DISCUSSION
This research demonstrates that the previous increasing trends
in paediatric encounters for OM in the USA have reversed since
previously reported trends through the mid-1990s and declined
through 2006. Average annual rates of decline in paediatric
encounters for OM were 4.6% and 9.8% in ambulatory and
inpatient hospital settings, respectively. The decreasing trend of
paediatric OM encounters may be attributable to the increasing
trend in smoke-free households with children as SHS exposure is
an important risk factor for OM as well as other paediatric
diseases. Other possible reasons for this decrease in OM

encounters include an increase in coverage of young children by
PCV7 vaccination. The joinpoint analysis marked an accelerated
decline of OM paediatric encounters in the ambulatory care
setting from 2002 to 2006 which suggests a possible role of the
vaccine. However, the observed decline in ambulatory OM visits
began 1993, which was seven years before the vaccine was
introduced and general population protection by PCV7 against
Streptococcus pneumoniae is unlikely to have occurred until its
broader acceptance, two years later in 2002.41 PCV7 also is not
protective against all three bacterial pathogens that have been
isolated from the middle ear fluid of children with OM.42e45 The
monotonic decreasing trend in paediatric hospital discharge rates
for OM and lack of joinpoints over the study period suggests
little or no effect of PCV7 as a time-varying exposure variable on
this temporal trend.
Most other risk factors (eg, childcare, health insurance

coverage, poverty) had little variation during this period. Annual
percentages of 3e5-year old children in centre-based childcare
arrangements showed relatively little variability, the lowest at
52.8% in 1995 and the highest at 59.7% in 1999.46 Annual
percentages of children with any health insurance were rela-
tively steady averaging 88% from 1995 to 2006.47 Annual
percentages of children living below 100% poverty level declined
slightly from 20% to 17% in 2006.47

The 40% decline in annual rates of ambulatory visits for OM
found in this study are consistent with reports in the literature
of a 33% decrease between 1995e1996 and 2005e2006 among
children under five years of age,48 and a 43% decrease from
1997e1999 to 2004 among privately insured children under two
years of age.2 In comparison with previously increased office
visit rates for OM per 100 children under age 15 years from 13.1
in 1975 to 36.0 in 1990,4 the present analyses found decreasing
physician office visit rates for OM among the children under age
15 years from 28.9 per 100 in 1995 to 16.8 per 100 in 2006, now
the lowest they have been in three decades. As of 2007, the total
medical expenditures for OM among children ages 6 years and
less were $2.0 billion,49 approximately half the amount of
previously reported expenditures in the mid-1990s.4e7

The ecological study design does not allow direct estimates of
the paediatric encounter rates in homes with and without
smokers and the results generated cannot be used to infer
causation. Since the calculated rates are based on all paediatric
encounters, the extent to which the observed decreases may
represent reduction of initial and/or repeat visits also could not
be determined. Treatment of mild cases elsewhere or with non-
prescription medications could result in underestimation of OM
incidence. Some unadjusted confounding may remain if, for
example, healthcare utilisation was affected by other factors,
such as more watchful waiting physician advice given by phone
in order to prevent to over-utilisation of antibiotics.50 However,

PCV 7

Smoke-Free Homes

0

20

40

60

80

100

20001999199819971996199519941993 200620052004200320022001

P
e
r
c
e
n

t
a
g

e
 
C

o
v
e
r
a
g

e
 
A

m
o

n
g

C
h

i
l
d

r
e
n

 
 6

 
Y

e
a
r
s
 
o

f
 
A

g
e

predicted 

observed
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Figure 2 Trends in otitis media encounters.
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this possibility seems unlikely in light of evidence that
prescribing of antibiotics for OM in children increased from 1998
to 2004.51e53 The use of self-report data with respect to smoke-
free households has been questioned, but has the offsetting
advantage as a measure of exposure over time with greater
sensitivity than nicotine biomarkers with short half-lives.54

Smoke-free households may be underestimated if smoking were
limited to rare occasional visitors in households reported
without no-smoking rules.

Children might on the other hand be exposed to significant
SHS outside the homedfor example, from grandparents or
caregivers. In addition, parents may have recently adopted
no-smoking rules following previous older children with OM.
Finally, while increases in smoke-free households have been
observed across demographic groups, racial and ethnic popula-
tions of interest are not represented in the healthcare data in
sufficient number for separate estimates.10

An ecological study design is, on the other hand, a valid
method for estimating public health benefit where measure-
ment, analysis and interpretation are at the group level and an
individual level association is evident,55 as is the case with regard
to the relation between SHS exposure and paediatric OM.
Another feature of the present study design is its examination of
both paediatric ambulatory visit and hospital discharge rates for
children at the ages most susceptible to OM.33 The clinical
encounter rates were derived from nationally representative
survey data that have been reviewed and validated to provide
reasonably accurate estimates.

CONCLUSIONS
This is the first study to quantify average annual decreases in
paediatric encounters for OM over the past decade and a half.
The observed steadily increasing trend in smoke-free households
since the mid-1990s is the main explanatory factor whose
influence cannot be excluded over this entire time period. The
importance of smoke-free rules in homes to protect children
from exposure to SHS has further significance, given the range of
adverse effects that SHS exposure has on child health.11 53 Public
health law researchers recently recommended the use of federal
regulatory or contractual mechanisms to ensure that public
housing authorities implement no-smoking policies for the
protection of children and others,56 following strong encour-
agement of such policies expressed in a July 2010 memorandum
by the US Department of Housing and Urban Development.57

While cardiovascular and other health benefits to the general
population resulting from smoke-free indoor air policies in public
places are known,58 the public health benefits to children from
recent advances in smoke-free home policies have not previously
been assessed. Further research could help elucidate relations
between SHS exposure and paediatric outcomes across demo-
graphic groups and analyse trends in paediatric encounters for
these as well as other SHS-related diseases.
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