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Abstract

Background: Acute otitis media (AOM) is the most common cause of pediatric medical visits and antibiotic
prescriptions worldwide, but its current impact on the US healthcare system is not clear. The aim of this
study was to investigate changes in the incidence of AOM from 2008, just before 13-valent pneumococcal
conjugate vaccine was introduced, to 2014 using US insurance records in the Truven MarketScan® database.
The study also examined the costs associated with index AOM events during the two most recent years for
which data were available (2013–2014).

Methods: AOM cases in the MarketScan database during 2008–2014 were identified using ICD9 diagnosis
codes 381.xx and 382.xx. Incidence rates of healthcare utilization related to the index AOM episode were calculated
using the annual number of enrolled person-years as the denominator and the number of individuals with AOM as the
numerator. AOM-associated costs were calculated as the mean payment per episode during the 2 years from 2013 to
2014.

Results: The overall annual rate of AOM-related healthcare utilization was 60.5 per 1000 person-years and changed
little from 2008 to 2014 (range, 58.4–62.6). Most of this was due to office/outpatient visits (55.7 [range, 52.0–58.8] per
1000 person-years). Emergency department/urgent care visits (4.7 [range 3.7–6.3] per 1000 person-years) and
hospitalization (0.0 [range, 0.0–0.1] per 1000 person-years) contributed little. The rate of AOM-related healthcare
utilization per 1000 person-years was highest in the youngest children and declined with age (474.3 for < 1 year,
503.9 for 1 year, 316.3 for 2–4 years, 94.9 for 5–17 years, 33.1 for 18–49 years, 28.6 for 50–64 years, 23.7 for 65–74 years,
20.2 for 75–84 years, and 16.1 for ≥85 years). The mean cost per AOM episode in 2013–2014 (95% confidence interval)
was $199.0 (198.4–199.6) for office or outpatient visits, $329.6 (328.2–331.0) for emergency department/urgent care
visits, and $1592.9 (1422.0–1763.8) for hospitalization.

Conclusions: In the US, AOM-associated healthcare utilization and costs remain substantial. More effective preventive
measures such as new vaccines are needed to reduce the burden of AOM.

Keywords: Healthcare utilization, Healthcare cost, Acute otitis media, United States, Pneumococcal conjugate vaccine,
Epidemiology
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Background
Every year, an estimated 709 million episodes of acute
otitis media (AOM) occur globally, half of which are in
children < 5 years of age [1]. By 3 years of age, at least
80% of children are expected to have had at least one
episode [2]. This makes AOM the most common
pediatric infectious disease and most common reason
for medical visits, antibiotic prescriptions, and hearing
impairment in children [2].
Streptococcus pneumoniae, non-typable Haemophilus

influenzae, and Moraxella catarrhalis are the most com-
mon causes of AOM [3]. Over the last several decades, a
variety of vaccines have been introduced in the US to
control S. pneumoniae, including a 14-valuent pneumo-
coccal polysaccharide vaccine in 1977, the current 23-
valuent pneumococcal polysaccharide vaccine in 1983, a
7-valent pneumococcal conjugate vaccine (PCV7) in
2000, and a 13-valent pneumococcal conjugate vaccine
(PCV13) in 2010 [4]. Vaccines against non-typeable H.
influenzae and M. catarrhalis, however, are not cur-
rently available in the US. PCV7 greatly reduced the in-
cidence of invasive pneumococcal disease and S.
pneumoniae carriage [5], but the extent to which it
affected AOM rates remains unclear [6], and even after
PCV13 was introduced in 2010, S. pneumoniae remained
one of the most frequent causes of AOM, accounting for
26–36% of cases in the US [7].
Further data on the real burden of AOM and its im-

pact on the healthcare system are needed to assess the
impact of recent interventions, especially PCV13, on
AOM and to inform the development and use of new
vaccines and other preventive measures. The aim of the
current study was therefore to investigate changes in the
incidence of AOM from 2008, just before PCV13 was
introduced, to 2014, the most recent year for which data
were available, based on US insurance records in the
Truven MarketScan database. The study also examined
the costs associated with index AOM events in the US
during the two most recent years for which data were
available (2013–2014).

Methods
Study design
This was a retrospective analysis of AOM-related
healthcare utilization in the US using data extracted
from the Truven Health MarketScan® Commercial
Claims and Encounters database [8]. The co-primary
objectives were (a) to determine the annual and
monthly incidence rates of AOM-related healthcare
utilization during 2008–2014 and (b) to determine
the AOM-associated costs during the two most recent
years (2013–2014) due to hospitalization, emergency
department (ED)/urgent care (UC) visits, and out-
patient visits.

Data source and extraction
The MarketScan database contains information on individ-
uals in the US who are insured commercially (i.e. privately)
or through the Medicare program [8]. The database col-
lects data on paid claims from employers, health plans, and
state-level Medicaid agencies using a nationwide conveni-
ence sample. It contains complete longitudinal records of
patient demographics, inpatient services, outpatient ser-
vices, long-term care, and prescription drug claims. The
database includes an average of 48,982,662 individuals per
year and covers all census regions of the US. Accordingly,
the database is considered representative of the US popula-
tion with employer-provided health insurance [9, 10] and
is widely used to understand the burden and healthcare
utilization for different illnesses in the US. All database
records are de-identified and fully compliant with US pa-
tient confidentiality requirements, including the Health
Insurance Portability and Accountability Act of 1996.
Accordingly, ethical approval was not required for this
study.
Data from January 1, 2008 to December 31, 2014 were

extracted. Only data from individuals in the enrollment
tables were included. AOM episodes were identified as
(a) inpatient admissions with the principal diagnosis of
AOM (International Classification of Diseases, 9th revi-
sion, Clinical Modification [ICD-9-CM] code 381.xx, or
382.xx) or (b) outpatient visits with a primary or second-
ary diagnosis of AOM (ICD-9-CM 381.xx, or 382.xx). In
addition, the first consultation had to be more than
28 days after any previous consultation with the same
diagnosis code. The index episode was defined as the first
episode of AOM occurring during the calendar year. Data
extracted included total enrollment numbers for each
year; demographic data, including age, sex, geographic
region (Northeast, North Central, South, West, or un-
known), and insurance type (commercial, Medicare); and
amounts paid by insurers, health plans, and patients for
adjudicated claims.

Outcome measures and definitions
Outcome measures included the number of AOM cases
(overall and by insurance type and geographical region);
demographics for the index visit (mean and median age,
age range, and sex distribution); annual incidence of
AOM-related healthcare utilization overall and by set-
ting (hospitalization, ED/UC visits, and outpatient visits)
of the index visit for all ages and each age group; pro-
portions of AOM cases for each setting type for all ages
and each age group; and monthly incidence rates of
AOM. For patients transferred to several services on
the same day, the setting was defined as the most se-
vere (i.e. hospitalization > ED/UC > outpatient). AOM-
associated costs for the 2 years from 2013 to 2014 were
determined overall and by setting for the index visit
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and all follow-up visits with the same diagnosis code
occurring within 28 days. Costs were based on paid
amounts of adjudicated claims, including insurer and
health plan payments and patient cost-sharing in the
form of copayments, deductibles, and coinsurance.
Total costs were estimated as the sum of the costs for
the individual settings.

Statistical analysis
Annual incidence rates of AOM were per 1000 person-
years, calculated as 1000 × [annual number of patients
with an AOM episode] ÷ [annual number of total
enrolled person-years in the MarketScan databases].
Monthly incidence rates for each year were calculated
per 1000 person-months. Proportions were calculated as
100% × [number of index visits for each setting] ÷ [num-
ber of total index visits]. Costs related to the index epi-
sode of AOM were calculated as the mean payment per
episode during the two years from 2013 to 2014. The
95% confidence intervals (CIs) for incidence rates and
costs were calculated using a normal approximation. All
analyses were performed using SAS® Enterprise Guide 7.
1 (SAS Institute, Cary, NC, USA).

Results
AOM cases
Between January 1, 2008 and December 31, 2014, the
database included an average of 41,610,536 person-years
each year. On average, 2,520,207 cases of AOM were di-
agnosed each year.

Demographics of AOM cases
Slightly less than half (range, 45.4%–46.8%) of AOM pa-
tients were male, and the mean age was 20.1 years (Table 1).
Overall, children and adolescents (< 18 years) represented
61% of AOM cases, non-elderly adults (18–64 years) 36%,
and elderly adults (≥ 65 years) only 3%. For all years, more
than 96% of patients with AOM were commercially in-
sured. Most cases were reported in the South (41.4% over-
all) and North Central region (24.8% overall), although
from 2008 to 2014, the proportion increased for the North-
east region (from 9.1% to 20.5%) and decreased (from 50.
8% to 38.8%) for the South region.

Incidence of AOM
The mean annual incidence rate of AOM was 60.5 per
1000 person-years (Table 2). Based on this and the US
population for 2016 (322,762,018), an estimated 19.5
million patients suffer from AOM each year.
The mean rate was highest in young children and de-

clined with increasing age (474.3 for < 1 year, 503.9 for
1 year, 316.3 for 2–4 years, 94.9 for 5–17 years, 33.1 for
18–49 years, 28.6 for 50–64 years, 23.7 for 65–74 years,
20.2 for 75–84 years, and 16.1 for ≥85 years). For

children and adolescents overall (< 18 years of age), the
mean rate was 162.3 per 1000 person-years.
From 2008 to 2014, overall incidence rates changed lit-

tle, with no obvious trend (range, 58.4 to 62.6 per 1000
person-years). When assessed by age group, rates de-
creased over time for the youngest children (≤ 1 year) of
age (− 13.5% from 2008 to 2014) and increased for all
adult groups (+ 13.5% for 18–49 years, + 18.8% for 50–
64 years, + 37.9% for 65–74 years, + 33.1% for 75–84 years,
and + 28.8% for ≥85 years from 2008 to 2014). Seasonality
of AOM was consistent during these years, with a peak in
the winter months in all age groups (Fig. 1).

Proportion of AOM cases by setting
Overall, most of the index AOM episodes (92.1%) were
related to an outpatient visit (Table 3). Only 7.8% of
index cases were related to ED or UC visits and only 0.
1% were related to hospitalization. This was also the case
for each age group, although between 2008 and 2014,
the proportion of AOM diagnoses in the outpatient set-
ting decreased slightly (from 93.8% to 89.1% overall)
while the proportion made in the ED/UC setting
increased from 6.2% to 10.9%.

Costs of index AOM episodes during 2013–2014
During the 2 years from 2013 to 2014, the total mean
cost per AOM episode was $218.3 (95% CI, 217.7–218.
9) (Table 4). Outpatient visits accounted for 91.2% of all
AOM episodes and an average cost of $199.0 (95% CI,
198.4–199.6) per episode. ED/UC visits accounted for
10.7% of all AOM episodes and an average cost of $329.
6 (95% CI, 328.2–331.0) per episode. Hospitalizations
accounted for 0.1% of all AOM episodes and an average
cost of $1592.9 (95% CI, 1422.0–1763.8) per episode.
The cost of AOM ranged from $186.1 to $344.2 for chil-
dren and adolescents, $177.6 to $188.8 for non-elderly
adults, and $201.4 to $218.9 for elderly adults. Based on
our estimate of 19.5 million AOM cases each year for
the full US population, estimated annual costs would be
US$ 4.3 billion.

Discussion
This study showed that AOM-associated healthcare
utilization and costs in the US remain substantial and
changed little between 2008 and 2014. Children < 5 years
of age had the highest rates of AOM. More than 90% of
the AOM cases were seen in the outpatient setting and,
other than rare hospitalizations, the rest were seen in
ED/UC settings.
Randomized clinical trials have shown 0%–9% efficacy

of PCV7 vs. all-cause AOM, suggesting that it would re-
duce AOM incidence, but database studies have not
consistently indicated a decrease in AOM incidence
since PCV7 was introduced in 2000 [6]. Between 2008
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and 2014, incidence rates decreased slightly for children
< 1 year of age but increased for adults, especially those
older than 65 years. We also observed a small increase
in the proportion of cases seen in ED and UC settings
and slight change in the regional distribution of cases.
Overall, however, the total incidence of AOM changed
little and remained primarily an illness of young chil-
dren. This suggests that PCV13, introduced in 2010, has
not provided direct or indirect benefits beyond those
already provided by PCV7.
Like S. pneumoniae, non-typable H. influenzae is a

principal cause of AOM [3]. H. influenzae is normally a
commensal microorganism present in the respiratory
tract. Since H. influenzae type b vaccine was introduced
in the late 1980s, non-typeable H. influenzae has become
dominant [11]. Data collected between 2008 and 2010 in
Rochester, New York, indicated that non-typable H.
influenzae accounted for approximately the same pro-
portion of AOM (28–34%) as S. pneumoniae (26–36%)
[7]. The combined non-typeable H. influenzae protein
D-pneumococcal polysaccharide vaccine is not available
in the US, and the H. influenzae type b vaccines rou-
tinely used in the US do not prevent illness caused by
non-typeable strains [12]. Protein-based non-typeable H.
influenzae vaccines are being developed and are hoped
to reduce AOM, but they may not be available for some
years [11, 13]. Influenza is another vaccine-preventable
illness that can cause AOM, although influenza viruses
are minor contributors to the overall burden of AOM,

so vaccination against influenza results in only a small
reduction in AOM incidence [14].
AOM is one the illnesses for which antibiotics are

most commonly prescribed [15, 16], and antibiotic pre-
scription rates per consultation for AOM remain high in
most countries (~ 80% of all consultations), especially in
children < 2 years of age [17]. Other analyses of Market-
Scan data revealed that antibiotics were prescribed for
58% of AOM visits in 1997–2004 [16] and 52%–66% of
ambulatory AOM visits in 2000–2011 [18]. As shown
elsewhere [19], the current analysis showed that AOM
episodes in the US peaks during the winter months,
likely due to increased activity of respiratory pathogens.
Thus, antibiotic prescriptions for AOM can help ac-
count for the increase in antibiotic prescriptions and
antibiotic resistance of S. pneumoniae during winter
months [20–22]. Reducing AOM may therefore not
only reduce healthcare utilization and costs but also
the spread of antibiotic resistance.
The estimated cost per AOM episode during 2013–

2014 was similar to past studies. In 1997, Kaplan et
al. reported that the average total cost of treating an
episode of AOM was $115.8 in the US [23]. Similarly,
a 2012 analysis of data from a large pharmacy net-
work in the US found that, for members < 20 years of
age, the unadjusted average cost per AOM episode
ranged from $102 to $255 depending on whether the
case was seen in a retail clinic or office visit [24].
These costs, however, do not capture indirect

Fig. 1 Seasonality of AOM cases in the US, 2008–2014
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economic consequences of AOM such as out-of-
pocket costs or lost productivity.
The results of this retrospective study are strengthened

by the multiple years covered and the large size and rep-
resentativeness of the MarketScan database [9], which
includes nearly 40 million individuals and more than 2.5
million cases of AOM each year. In addition, the results
reflect real-world outpatient and inpatient settings. We
therefore expect that the estimates of AOM healthcare
resources use and costs are reliable.
Our study has several limitations. Accuracy of the esti-

mates could have been affected by measurement errors
or misclassifications. For example, patients could have
been misclassified because of misdiagnosis or miscoding.

Miscoding could have occurred if a provider mistakenly
submitted the wrong code, used a less descriptive ICD-
9-CM billing code, misclassified a condition, up-coded
to maximize reimbursement, or omitted a diagnosed
condition on the billing forms. Also, data for some indi-
viduals could have been missing if they did not use their
insurance for medical or pharmacy encounters. Another
limitation is that we were unable to compare healthcare
utilization by vaccination status because the information
is not routinely collected by the MarketScan database.
Further, regions were defined according to US Census
categories, so we were unable to obtain for alternative
regions or sub-region. Finally, the study was limited to
individuals insured commercially or through the

Table 3 Proportion of AOM cases by setting, age group, and year

Proportion of AOM cases (%)

Age group Setting 2008 2009 2010 2011 2012 2013 2014 2008–2014 Average (range)

Overall Hospitalization 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 (0.1–0.2)

ED/UC visits 6.2 6.0 6.5 7.2 8.2 9.6 10.9 7.8 (6.0–10.9)

Outpatient visits 93.8 94.0 93.3 92.7 91.7 90.4 89.1 92.1 (89.1–94.0)

< 1 y Hospitalization 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 (0.1–0.2)

ED/UC visits 6.0 6.0 6.0 6.6 6.8 7.2 7.1 6.5 (6.0–7.2)

Outpatient visits 93.9 94.0 93.8 93.3 93.1 92.7 92.8 93.4 (92.7–94.0)

1 y Hospitalization 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 (0.1–0.2)

ED/UC visits 7.0 6.9 7.0 7.6 7.8 8.5 9.0 7.7 (6.9–9.0)

Outpatient visits 92.9 93.0 92.7 92.3 92.1 91.4 90.9 92.2 (90.9–93.0)

2–4 y Hospitalization 0.0 0.0 0.2 0.0 0.0 0.1 0.1 0.1 (0.0–0.2)

ED/UC visits 6.2 6.1 6.3 7.0 7.6 8.6 9.1 7.3 (6.1–9.1)

Outpatient visits 93.8 93.9 93.5 92.9 92.4 91.4 90.8 92.7 (90.8–93.9)

5–17 y Hospitalization 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.1 (0.0–0.1)

ED/UC visits 5.9 5.9 6.5 7.2 8.1 9.5 10.7 7.7 (5.9–10.7)

Outpatient visits 94.0 94.1 93.4 92.8 91.9 90.5 89.3 92.3 (89.3–94.1)

18–49 y Hospitalization 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.1 (0.0–0.2)

ED/UC visits 7.4 7.0 8.0 9.0 10.8 13.0 15.0 10.0 (7.0–15.0)

Outpatient visits 92.5 93.0 91.8 91.0 89.2 86.9 84.9 89.9 (84.9–93.0)

50–64 y Hospitalization 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 (0.1–0.1)

ED/UC visits 4.0 3.8 4.5 5.1 6.3 7.5 9.1 5.8 (3.8–9.1)

Outpatient visits 96.0 96.1 95.4 94.9 93.6 92.4 90.9 94.2 (90.9–96.1)

65–74 y Hospitalization 0.4 0.3 0.4 0.3 0.3 0.3 0.3 0.3 (0.3–0.4)

ED/UC visits 3.3 3.0 3.5 4.0 3.9 5.1 6.0 4.1 (3.0–6.0)

Outpatient visits 96.3 96.7 96.1 95.7 95.8 94.7 93.8 95.6 (93.8–96.7)

75–84 y Hospitalization 0.6 0.6 0.7 0.4 0.5 0.5 0.4 0.5 (0.4–0.7)

ED/UC visits 2.9 2.7 3.0 3.6 3.4 4.1 4.7 3.5 (2.7–4.7)

Outpatient visits 96.4 96.8 96.4 96.0 96.1 95.4 94.9 96.0 (94.9–96.8)

≥ 85 y Hospitalization 1.1 1.0 1.0 0.6 0.6 0.6 0.8 0.8 (0.6–1.1)

ED/UC visits 2.9 2.7 3.2 3.1 3.3 3.7 3.9 3.3 (2.7–3.9)

Outpatient visits 96.0 96.3 95.8 96.3 96.1 95.6 95.4 95.9 (95.4–96.3)

Abbreviations: ED emergency department; UC, urgent care
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Medicare program. Care should be taken when attempt-
ing to generalize these results to other AOM patient
populations (other private insurance, other public insur-
ance, or no insurance) who may have different rates and
types of resource use due to different coverage.

Conclusions
AOM-associated healthcare utilization and costs in the
US remain substantial and changed little between 2008
and 2014. This suggests that AOM caused by non-vaccine
strains of S. pneumoniae, along with non-typeable H.
influenzae and other infections continue to be a signifi-
cant burden, especially for young children. This burden of
AOM translates to frequent antibiotic use and probably
also to bacterial resistance to antibiotics.

Abbreviations
AOM: Acute otitis media; CI: Confidence interval; ED: Emergency department;
ICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical
Modification; PCV13: 13-valent pneumococcal conjugate vaccine; PCV7: 7-
valent pneumococcal conjugate vaccine; UC: Urgent care
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